
Sacramento Municipal Utility District 
LIIDGEO #I 

Geothermal Power Plant 

FINAL REPORT 

State/Federal Joint 
Environmental Study 

California Energy Commission 
in cooperation with 

U.S. Department of Interior 
Bureau of 

Land Management 
United States 

Geological Survey 

FEBRUARY 198 1 



DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible in 
electronic image products. Images are produced 
from the best available original document. 



I 
I 304B:16 R8 1/23/81 pd 

SUMMARY 

APPLICANT 

The Sacramento Munic ipa l  U t i l  i t y  D i s t r i c t  (SMUD) i s  a u t i 1  i t y  supply d i s t r i c t ,  
centered i n  Sacramento, which operates under the  1921 S t a t e  of C a l i f o r n i a  
Munic ipa l  U t i l  i ty  D i s t r i c t  Act. SMUD suppl i e s  e l e c t r i c  power t o  Sacramento; i t  
serves more than 300,000 customers i n  an area o f  more than 650 square mi les ,  
encompassing most o f  Sacramento County and a small p o r t i o n  o f  P lacer  County. I n  
1980 SMUD's peak demand c a p a b i l i t y  was 1896 MW. Th is  e l e c t r i c a l  power comes 
from t h r e e  sources: I - 

h y d r o e l e c t r i c  649 MW 

nuc lear  8.87 MW 

purchased power 360 M W  
I 

The proposed Sacramento Munic ipa l  U t i l  i ty D i s t r i c t  Geothermal Power P1 a n t  
(SMUDGE0 #1) represents  the  f i r s t  o f  a planned s e r i e s  o f  geothermal power p l a n t s  
by SMUD. 

SMUD proposes t o  c o n s t r u c t  a 72 gross megawatt* geothermal power p l a n t  i n  t h e  
Geysers-Cal i stoga Known Geothermal Resource Area (KGRA) . SMUDGE0 #1 woul d be 
l o c a t e d  i n  federa l  l a n d  i n  eas tern  Sonoma County, near  t h e  Lake county l i n e .  
The l a n d  i s  admin is tered by t h e  Bureau o f  Land Management. 

Two federa l  agencies and the C a l i f o r n i a  Energy Commission (CEC) have a u t h o r i t y  
t o  rev iew and approve c o n s t r u c t i o n  and opera t ion  o f  the  power p l a n t .  The 
federal  a c t i o n s  addressed by t h i s  environmental a n a l y s i s  a r e  ( 1  j o i n t  approval 
of t h e  P l a n  o f  U t i l i z a t i o n  by t h e  Un i ted  States Geologica l  Survey (USGS) Bureau 
o f  Land Management (BLM) ( 2 )  appoval o f  t h e  use o f  t h e  s i t e  f o r  the  power p l a n t  
by t h e  Un i ted  Sta tes  BLM, and ( 3 )  approval o f  a p e r m i t  t o  c o n s t r u c t  and operate 
the  power p l a n t  on p u b l i c  l a n d  by t h e  USGS. If t h e  o v e r a l l  proposal i s  found t o  
be s u i t a b l e ,  t h e  Energy Commission has the a u t h o r i t y  under s t a t e  law t o  c e r t i f y  
t h e  power p l a n t  f o r  operat ion.  The C a l i f o r n i a  Energy Commission, the  BLM, and 
t h e  USGS have combined t h e i r  e f f o r t s  i n  p repar ing  t h i s  j o i n t  environmental study 
i n  o r d e r  t o  assure t h a t  the environmental conseouences o f  t h e  proposed power 
p l a n t  a r e  adequately addressed i n  terms o f  the Nat iona l  Environmental P o l i c y  A c t  
(NEPA and the  Cal i f o r n i a  Environmental Qual i ty A c t  ( CEQA 1. 

PROJECT FEATURES 

Prepara t ion  o f  a l e v e l  s i t e  f o r  the proposed power p l a n t  and r e l a t e d  f a c i l i t i e s  
w i l l  requ i  r e  a1 t e r a t i o n  o f  approximately 10.5 acres w i  t h  an a d d i t i o n a l  2.5 acres 
a l l o t t e d  t o  the main access road. Approximately 180,000 cub ic  yards  o f  e a r t h  
w i l l  be moved d u r i n g  c u t  and f i l l  a c t i v i t i e s ;  however,  a l l  o f  t h e  excess  
m a t e r i a l  w i l l  e i t h e r  be used as f i l l  on the  power p l a n t  s i t e  i t s e l f  o r  on roads 

*SMUD a c t u a l l y  proposed a 72.3 MW p l a n t ,  which w i l l  o f t e n  be rounded t o  72 
throughout the  t e x t  o f  t h e  E I R .  
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and w e l l  pads w i t h i n  t h e  leasehold.  Thus, t h e r e  w i l l  be no d isposal  problem 
w i t h  excess e a r t h  as a r e s u l t  o f  t h e  proposed power p lan t .  

I n  appearance and operat ion,  t h e  SMUDGEO #1 p r o j e c t  w i l l  be e s s e n t i a l l y  t h e  
same as t h e  geothermal u n i t s  c u r r e n t l y  i n  opera t ion  i n  The Geysers KGRA. The 
steam t o  r u n  t h e  power p l a n t  w i l l  come e n t i r e l y  f rom w i t h i n  t h e  leasehold.  
Steam o r i g i n a t i n g  f rom n i n e  o r  more w e l l s  w i l l  be p iped t o  t h e  power p lan t .  
The steam w i l l  d r i v e  a f o u r  f l o w  t u r b i n e ,  w h i c h  t h e n  t u r n s  t h e  72.3 MW 
generator,  producing e l e c t r i c i t y .  

A f t e r  d r i v i n g  t h e  t u r b i n e ,  t h e  spent steam i s  exhausted onto a sur face- type 
condenser l o c a t e d  beneath t h e  tu rb ine .  The f u n c t i o n  o f  t h e  sur face  condenser i s  
t o  t rans form t h e  steam i n t o  a l i q u i d  form. The condensation o f  t h e  spent steam 
a l lows t h e  t u r b i n e  t o  perform more e f f i c i e n t l y .  I t  prov ides a source o f  water 
t o  rep lace  water l o s t  d u r i n g  t h e  opera t ion  o f  t h e  c o o l i n g  system, changes t h e  
steam i n t o  a form t h a t  can be e a s i l y  hand$ed, and a l lows a g r e a t e r  p o r t i o n  of 
t h e  environmental l y  undesi r a b l  e hydrogen S u l f i d e  t o  be captured w i t h  t h e  non- 
condensab I e gases. Hyd rogen s u l f i d e  i n  t h i s  form is  more e a s i l y  t r e a t e a  t h  an 
i f  i t  i s  d i s s o l v e d  i n  t h e  l i q u i d  condensate. 

I n  o r d e r  t o  e x t r a c t  heat from t h e  spent steam so t h a t  t h e  steam w i l l  condense, 
w a t e r  f r o m  a s t o r a g e  b a s i n  i n  t h e  1 2 - c e l l  c o o l i n g  t o w e r  i s  pumped t o  t h e  
sur face  condenser. The sur face  condenser c o n s i s t s  o f  bundles o f  t i t a n i u m  tubes 
which prov ide  a l a r g e  surface area t o  make contac t  w i t h  t h e  spent steam. The 
temperature o f  t h e  water  r i s e s  as i t  passes through t h e  sur face  condenser tubes 
and e x t r a c t s  heat f rom t h e  spent steam i n  o rder  t o  condense it. The heated 
w a t e r  i s  t h e n  c i r c u l a t e d  back t o  t h e  c o o l i n g  t o w e r  t o  b e  c o o l e d  i n  o r d e r  
t o  re-use it. The condensed spent steam i s  a l s o  sent t o  t h e  c o o l i n g  tower t o  
rep lace  water l o s t  d u r i n g  t h e  c o o l i n g  cycle.  

- 

The c o o l i n g  p r o c e s s  a t  t h e  c o o l i n g  t o w e r  uses e v a p o r a t i o n  as p a r t  o f  t h e  
mechani sm f o r  cool  i ng. The combined q u a n t i t y  o f  t h e  c i  r c u l  a t  i ng cool  i ng water 
and t h e  condensed steam exceeds t h e  amount o f  water l o s t  through evaporat ion 
d u r i n g  t h e  c o o l i n g  process. Therefore,  no e x t r a  source o f  replacement water  
i s  requi red.  The excess water  remaining a f t e r  t h e  evaporat ion losses t a k e  
p lace  i s  r e t u r n e d  back t o  t h e  ground by p i p i n g  i t  t o  a nonproduct ive w e l l .  
S ince no o u t s i d e  source o f  water i s  r e q u i r e d  t o  r e p l e n i s h  t h e  c o o l i n g  water  
l o s t  f rom evaporat ion,  an i n i t i a l  supply has t o  be f u r n i s h e d  f rom independent 
sources i n  o r d e r  t o  s t a r t  o p e r a t i n g  t h e  power p lan t .  Th is  i n i t i a l  supply  i s  
approximately 1,000,000 g a l l o n s  ( 3  acre  f e e t ) .  It i s  placed i n  t h e  c o l l e c t i n g  
bas in  a t  t h e  bottom o f  t h e  c o o l i n g  tower. The steam s u p p l i e r ,  Aminoi l ,  w i l l  
supply t h i s  i n i t i a l  s t a r t - u p  water. T h e i r  i n t e n t i o n  i s  t o  use condensate f rom 
nearby power p lants .  

A number o f  p o t e n t i a l l y  t o x i c  s u b s t a n c e s  a r e  c o n t a i n e d  i n  t h e  i n c o m i n g  
geothermal  s team s u p p l y .  O f  t h e s e ,  hydrogen s u l f i d e  (H S )  p r e s e n t s  t h e  
g r e a t e s t  p o t e n t i a l  f o r  adverse impacts f rom spent steam emigsions. Unabated 
emissions o f  H S may produce an i n c r e a s i n g  number o f  l o c a l i z e d  compla in ts  
about odor and ?he p o t e n t i a l  f o r  d isagreeable phys ica l  r e a c t i o n s  i n  s e n s i t i v e  
pub1 i c  populat ions.  Because o f  t h e  c u r r e n t  1 eve1 o f  geothermal development a t  
The Geysers, t h e  cumulat ive e f f e c t s  o f  H2S emissions have r e s u l t e d  i n  v i o l a t i o n s  
_- of t h e  s t a t e  standard f o r  ambient H S a t  t h e  populgted areas nearest  t h e  pro- 
posed SMUDGEO #1 power p l a n t ,  a l t h o h h  H,S v i o l a t i o n s  have decreased i n  recent  
years. 
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The r e s p o n s i b i l i t y  o f  determin ing whether a power p l a n t  w i l l  be i n  v i o l a t i o n  of 
a i r  q u a l i t y  standards r e s t s  w i t h  t h e  county A i r  P o l l u t i o n  Contro l  O f f i c e r  (APCO) 
who renders h i s  o p i n i o n  i n  t h e  Determinat ion o f  Compliance. The Nor thern Sonoma 
County APCO has determined t h a t  a c o n t r i b u t i o n  t o  an a i r  q u a l i t y  v i o l a t i o n  .- i s  so  
l i k e 1  t o  occur t h a t  SMUD w i l l  be r e q u i r e d  t o  apply  Best A v a i l a b l e  Contro l  4 ec no ogy (BACT). BACT w i l l  l i m i t  t h e  atmospheric emissions t o  5 lbs /h r .  
Depending on t h e  r e s u l t s  o f  ambient a i r  q u a l i t y  m o n i t o r i n g  d u r i n g  1982 and 
1983, t h e  a l lowab le  emission r a t e  may be increased t o  8 lbs /h r .  Based on t h e  
est imated impacts SMUD does n o t  b e l i e v e  t h a t  reducing t h e  a l lowab le  emission 
r a t e  from 8 l b s / h r s  i s  warranted. The a p p l i c a t i o n  o f  BACT t o  t h e  SMUDGEO #1 
p r o j e c t  a lone i s  no t  l i k e l y  t o  prevent a i r  q u a l i t y  v i o l a t i o n s  a t  t h e  KGRA, s i n c e  
t h e  " v i o l a t i o n "  r e s u l t s  f rom t h e  combined emissions from a l l  t h e  geothermal 
power p l a n t s  i n  t h e  area. 

SMUD proposes t o  c o n t r o l  H S emissions by one o r  more abatement systems. The 
pr imary H S abatement systgm uses a sur face condenser t o  " p a r t i t i o n "  t h e  H S 
i n  t h e  s p k t  steam i n t o  condensate and noncbndensi b l  e gases. The noncondensibTe 
gas stream w i l l  be t r e a t e d  by t h e  S t r e t f o r d  process, i n  which t h e  hydrogen 
s u l f i d e  i s  c a t a l y t i c a l l y  o x i d i z e d  i n t o  elemental s u l f u r .  Th is  s u l f u r  can then 
be t r u c k e d  from t h e  s i t e  and s o l d  o r  disposed i n  an approved Class 11-1 d isposal  
s i t e .  

0 

I 

I 

I n  o rder  t o  f u r t h e r  reduce H S emissions, SMUD w i l l  employ hydrogen perox ide 
(H 0 ) and c a t a l y s t  w i t h  i&on as a means o f  remov ing  d i s s o l v e d  H2S f r o m  
t h 8  zondensate stream. 

The proposed p r o j e c t  inc ludes  a 3,180 f o o t  l o n g  230 kV t ransmiss ion  t a p l i n e  
which connects t o  t h e  e x i s t i n g  PGandE 230 kV t ransmiss ion  l i n e ,  west o f  t h e  
s i t e .  

PROJECT IMPACTS AND MITIGATION 

Discuss ion o f  cumulat ive impacts i n  t h i s  document inc ludes  those impacts f rom 
a c t i v i t i e s  o c c u r r i n g  beyond t h e  power p l a n t  s i t e  and o u t s i d e  t h e  t ransmiss ion  
l i n e  r ight -of -way.  To avo id  confusion, such a c t i v i t i e s ,  when o c c u r r i n g  on a 
Federal lease, a r e  permi t ted  by t h e  Federal government (USGS/BLM) . Therefore,  
r e s p o n s i b i l i t y  f o r  m i t i g a t i o n  measures f o r  impacts f rom a c t i v i t i e s  o u t s i d e  t h e  
power p l a n t  s i t e  o r  t ransmiss ion  l i n e  r igh t -o f -way r e s t s  w i t h  t h e  Federal 
government (USGS/BLM). For  f u r t h e r  in fo rmat ion ,  r e f e r  t o  a p p l i c a b l e  USGS 
Environmental Assessments. 

A i  r Qual  i ty 

The SMUDGEO #1 p r o j e c t  w i l l  c o n t r i b u t e  incremental  l y  t o  an e x i s t i n g  a i r  qual i t y  
problem i n  t h e  KGRA. The Nor thern Sonoma County A i r  P o l l u t i o n  Contro l  D i s t r i c t  
O f f i c e r  (APCO) , who has t h e  r e s p o n s i b i l i t y  o f  determin ing whether t h e  p r o j e c t  
w i l l  comply w i t h  a p p l i c a b l e  r u l e s  and standards, issued a Determinat ion o f  
Compliance (DOC) for SMUDGEO #l. T h i s  de terminat ion  r e q u i r e s  SMUD t o  use 
B e s t  A v a i l a b l e  C o n t r o l  Techno logy  (BACT) t o  a b a t e  hydrogen s u l f i d e  ( H  S )  
emissions. I n  essence, t h e  c o n d i t i o n a l  DOC r e q u i r e s  SMUD t o  use BACT t o  liht 
t h e i r  H S emissions t o  5 lbs/hour .  However, SMUD w i l l  be a l lowed t o  inc rease 
t h i s  ern?ssion r a t e  t o  8 lbs/hour ,  i f  d u r i n g  1982-83, SMUD's ambient a i r  moni tor -  
i n g  i n  s e n s i t i v e  receptor  areas i n d i c a t e s  t h a t  t h e  ambient concent ra t ions  do 
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n o t  equal o r  exceed 22 p a r t s  pe r  b i l l i o n  o f  H2S. SMUDGEO's use o f  BACT--even 
a t  zero emiss ions - -w i l l  n o t  l i k e l y  prevent a i r  q u a l i t y  v i o l a t i o n s  a t  t he  KGRA. 
Ne i the r  can a reduced number o f  v i o l a t i o n s  be expected, s ince e x i s t i n g  unabated 
power p l a n t  emissions are t h e  major c o n t r i b u t o r s  t o  these v i o l a t i o n s ,  and t h e  
e x i s t i n g  p l a n t  emissions w i l l  n o t  be reduced s i g n i f i c a n t l y  u n t i l  1985 and 1986 
when emission reduc t i ons  w i l l  be r e q u i r e d  and a re  expected t o  occur. 

Emissions o f  p o t e n t i a l l y  d e l e t e r i o u s  substances which are pres.ent i n  geothermal 
steam and/or the  c o o l i n g  tower plume may be c a r r i e d  i n  the  a i r  and depos i ted  
on so i  1 s , vegeta t ion  , w i  1 d l  i f e ,  and populated areas. The e f f e c t s  o f  smal l  
concent ra t ions  and cumula t ive  depos i t i on  o f  substances such as mercury, a rsen ic ,  
boron, and radon--222 daughters are n o t  s u f f i c i e n t l y  understood, and t h e  s i g n i f -  
icance o f  the impacts i s  unknown. Rates and amounts o f  emissions w i l l  be 
reduced by approp r ia te  design o f  t he  c o o l i n g  towers and o t h e r  f a c i l i t i e s .  

I 

I 

Pub1 i c  Hea l th  

The p r o j e c t  w i l l  c o n t r i b u t e ,  a l b e i t  i n  r e l a t i v e l y  small  amount, t o  e x i s t i n g  
v i o l a t i o n s  o f  t h e  C a l i f o r n i a  Ambient A i r  Q u a l i t y  Standard (CAAQS) f o r  H S. 
Although exper ts  do n o t  know a t  t h i s  t ime i f  adverse h e a l t h  e f f e c t s  r e s u l t  f?om 
exposure t o  l o w  l e v e l s  o f  H S, t he  i n fe rence  i s  t h a t  i nc reas ing  H S concen- 
t r a t i o n s  w i 7 1  i n c r e a s e  the p o G s i b i l i t y  o f  p u b l i c  odor complaints as A l l  as t h e  
p o s s i b i l i t y  f o r  adverse h e a l t h  impacts i n  The Geysers area. I n  a d d i t i o n ,  t h e  
p r o j e c t ' s  emissions o f  nonregulated p o l l u t a n t s ,  combined w i t h  o t h e r  power 
p l a n t  emissions , increase t h e  poss i  b i l  i t y  o f  adverse h e a l t h  impacts f r o m  these 
p o l l u t a n t s .  With on l y  scarce da ta  on steam q u a l i t y ,  ac tua l  emission ra tes ,  and 
t r a n s p o r t  o f  nonregul a t e d  po l  1 u t a n t s  , compari sons t o  suggested sa fe  1 eve1 s or 
proposed standards f o r  exposure t o  nonregulated p o l l u t a n t s  cannot be made w i t h  a 
g r e a t  degree o f  confidence. I n  t h e  face o f  such pervas ive  u n c e r t a i n t y  and 
e v i d e n t  p u b l i c  concern i n  the p r o j e c t  area, CEC s t a f f  recommends t h a t  SMUD be 
r e q u i r e d  t o  e i t h e r  conduct o r  p a r t i c i p a t e  i n  programs t o  mon i to r  steam q u a l i t y  

'r 

I and ambient a i r  p o l  1 u t a n t  c o n c e n t r a t i  ons , and t o  perform mass bal  ance s tud ies.  
The data base prov ided by these programs w i l l  a i d  i n  determining: 

1. The need f o r  f u r t h e r  abatement o f  H2S and o t h e r  nonregulated p o l l u t a n t s  
i n  the  f u t u r e ;  and 

2. The a c c e p t a b i l i t y  o f  a d d i t i o n a l  power p l a n t  p r o j e c t s  i n  the area. 

Growth-Inducing Impacts 

Geothermal development i n  t h e  KGRA has induced some growth i n  bo th  Lake and 
Sonoma count ies .  Roads i n  bo th  coun t ies  a re  a f fec ted ,  w h i l e  t h e  p u b l i c  schools 
i n  Lake County have been p a r t i c u l a r l y  impacted by the  i n f l u x  o f  geothermal 
workers '  f a m i l i e s .  Impacts o f  t h i s  type are cumulat ive i n  nature;  so, w h i l e  t h e  
SMUDGE0 #1 proposal would c o n t r i b u t e  growth impacts t o  bo th  count ies ,  i t  would 
n o t  be the  so le  source. A l l  geothermal developments c o n t r i b u t e  t o  growth w i t h i n  
the  count ies .  

To m i t i g a t e  t h e  more d r a s t i c  impacts t o  Lake County, SMUD o f f e r s  t o  p rov ide  
c o n s t r u c t i o n  workers wi th a van pool f o r  t r a n s p o r t a t i o n  t o  work i n  Sonoma 
County. Designed t o  p rov ide  workers w i t h  i n c e n t i v e s  t o  l o c a t e  i n  Sonoma County, 
t h e  proposed t r a n s p o r t a t i o n  program w i l l  s h i f t  c r a f t  union workers t o  the  Sonoma 

i v  
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County s i d e  of the  KGRA. SMUD w i l l  e n t e r  i n t o  an agreement w i  t h  bo th  c o u n t i e s  
regard ing t h e i r  p r o p o r t i o n a t e  share o f  compensation f o r  upgrading o r  maintenance 
o f  county roads. 

S o i l s  

D i  sturbance o f  topographic features,  s o i l  s and vegeta t ion  r e s u l  ti ng from con- 
s t r u c t i o n  o f  power p l  a n t  f a c i l  i t i e s ,  we1 1 pads, access roads and transmi ss ion  
l i n e s  c o u l d  cause s i g n i f i c a n t  e ros ion  problems. These impacts can be success- 
f u l  l y  m i  t i g a t e d  by appropr ia te  s lope design and p r e p a r a t i o n  d u r i n g  development 
o f  t h e  proposed p r o j e c t  s i t e  and steam s u p p l y  f i e l d .  Adequate d r a i n a g e  
f a c i l i t i e s  w i l l  be prov ided under the  f i l l  areas and on the  slopes t o  m i t i g a t e  
p o t e n t i a l  erosion; exposed s o i l  sur faces w i l l  be revegetated and adequately 
p r o t e c t e d  p r i o r  t o  seasonal r a i n s .  

Water Qual  i ty ; 
It i s  p o s s i b l e  t h a t  a p o r t i o n  o f  the  geothermal f l u i d s  i n  t h e  c o o l i n g  system 
c o u l d  a c c i d e n t a l l y  s p i l l  and r e s u l t  i n  adverse impact t o  sur face waters. To 
prevent  t h i s  p o s s i b i l i t y ,  the  proposed p r o j e c t  s i t e  w i l l  be covered w i t h  an 
impervious surface, and a berm surrounding the s i t e  w i l l  be const ructed.  The 
berm w i l l  be o f  s u f f i c i e n t  s i z e  t o  c o n t a i n  g rea ter  than t w i c e  the maximum 
p o s s i b l e  sp i  11 . 
Transpor t  o f  p o t e n t i a l l y  t o x i c  o r  harmful substances r e l a t e d  t o  t h e  H S abate- 
ment s y s t e d s )  c rea tes  t h e  p o s s i b i l i t y  t h a t  these m a t e r i a l s  c o u l d  be s p ? l l e d  and 
e n t e r  sur face o r  ground waters. The p r o b a b i l i t y  o f  major acc identa l  s p i l l s  
d u r i n g  t r a n s p o r t  i s  r e l a t i v e l y  low and can be m i t i g a t e d  by improved s a f e t y  
precaut ions and t r a i n i n g .  

Geol ogy/Steam Resource 

Consumptive use o f  geothermal steam f o r  power generat ion may eventual  l y  cause 
a l o s s  o f  pressure i n  the  geothermal r e s e r v o i r .  Recent s tud ies  seem t o  i n d i c a t e  
t h a t  pressures may be dropping w h i l e  t h e  r a t e  o f  r e s e r v o i r  recharge, i f  any 
occurs, i s  unknown. Although a p o r t i o n  of  the  spent steam w i l l  be r e i n j e c t e d  
i n t o  t h e  steam r e s e r v o i r ,  t h i s  may n o t  be s u f f i c i e n t  t o  recharge t h e  r e s e r v o i r ,  
and pressures may e v e n t u a l l y  dec l ine .  F u r t h e r  s t u d i e s  a r e  necessary t o  ade- 
quate ly  determine the  r a t e s  o f  r e s e r v o i r  d e p l e t i o n  and recharge as a p o s s i b l e  
m i  t i g a t i o n  measure. 

Other cumulat ive impacts t o  which t h e  SMUDGE0 #1 proposal would c o n t r i b u t e  
inc rementa l l y  a re  induced geo log ic  subsidence and m i c r o s e i s m i c i t y .  A1 though 
these impacts a r e  o f  no d i r e c t  s i g n i f i c a n c e ,  under c e r t a i n  c o n d i t i o n s  they c o u l d  
c o n t r i b u t e  t o  l o c a l  lands1 i d e  s u s c e p t i b i l i t y  o r  f a u l t  movement. R e i n j e c t i o n  o f  
f l u i d s  i n t o  t h e  steam r e s e r v o i r  may h e l p  t o  m i t i g a t e  these impacts, b u t  n o t  
enough i s  known t o  f u l l y  assess t h e  e x t e n t  o f  these cumulat ive impacts o r  t h e  
degree t o  which they can be m i t i g a t e d .  

Wastes 

Hazardous substances s to red  a t  t h e  power p l a n t  would be conta ined i n  a p p r o p r i a t e  
vessels t o  ensure aga ins t  acc identa l  s p i l l s ,  b u t  as a f u r t h e r  precaut ion,  curbs  

V 
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around the  e n t i r e  p l a n t  s i t e  and i n d i v i d u a l  H S abatement and chemical hand l ing  
areas w i l l  be s ized  t o  c o n t a i n  any s p i l l e d  m a & r i a l .  

SMUDGEO # l ' s  S t r e t f o r d  system w i l l  produce approximately 350 cub ic  yards  o f  
s ludge per  year,  and the H O2 secondary abatement system may produce as much 
as 3.5 cy o f  sludge p e r  ye&. SMUD has n o t  y e t  con t rac ted  w i t h  any d isposa l  
s i t e s ,  b u t  a v a i l a b l e  and approved d isposal  s i t e s  capable o f  hand l ing  SMUDGEO #1 
wastes a r e  l o c a t e d  i n  Mart inez,  Middletown, and K e l s e y v i l l e .  

D r i l l i n g  muds and l i q u i d s  a r e  t o  be conta ined i n  impermeable sumps d u r i n g  t h e  
1 i f e t i m e  o f  t h e  w e l l .  When a w e l l  i s  abandoned, these muds w i l l  be t e s t e d  and 
e i t h e r  removed t o  appropr ia te  d isposal  s i t e s  i f  they c o n t a i n  any tox ic /hazardous 
substances, o r  b u r i e d  i n  the  sump i f  t h e r e  are no harmful substances. Geo- 
thermal d r i l l i n g  muds i n  The Geysers KGRA h i s t o r i c a l l y  c o n s i s t  o f  n a t u r a l  s o i l s  
and bentoni  t e  c l  ays, n e i  t h e r  considered harmful t o  t h e  environment . 
B i  ol ogy 

Removal o f  v e g e t a t i v e  cover would reduce t h e  amount o f  food and cover f o r  those 
w i l d l i f e  species which a r e  dependent on chaparra l  h a b i t a t .  No r a r e  o r  endan- 
gered species a r e  known t o  i n h a b i t  t h e  area, b u t  t h e r e  i s  some evidence p o i n t i n g  
t o  t h e  presence o f  t he  f u l l y  p r o t e c t e d  r i n g t a i l .  The proposed revegeta t ion  and 
h a b i t a t  management should m i t i g a t e  impacts t o  w i l d l i f e  and may enhance t h e  
remain ing h a b i t a t .  

r 

A e s t h e t i c s  

The p r o j e c t  s i t e  would n o t  be v i s i b l e  from populated areas o r  highways i n  Lake 
County; however, remote views o f  t h e  r i d g e t o p  s i t e  w i l l  be p o s s i b l e  from areas 
i n  Sonoma County t o  t h e  s o u t h  and t o  t h e  w e s t - n o r t h - w e s t  o f  t h e  p r o p o s e d  
f a c i l i t i e s .  L o c a l i t i e s  capable o f  such remote views i n c l u d e  Santa Rosa and 
p o r t i o n s  o f  C a l i f o r n i a  Route 128 and U.S. Route 101 i n  t h e  Alexander Va l ley .  
Energy Commission s t a f f  does n o t  cons ider  these remote viewscape e f f e c t s  t o  be 
s i g n i f i c a n t ;  however, SMUD has agreed t o  p a i n t  the  f a c i l i t i e s  i n  c o l o r s  t o  
reduce c o n t r a s t  between t h e  f a c i l  i ty and t h e  n a t u r a l  background when viewed from 
a d is tance.  

C u l t u r a l  Resources 

There a r e  no known h i s t o r i c a l  o r  c u l t u r a l  resources l o c a t e d  a t  t h e  SMUDGEO#l 
s i t e  o r  w i t h i n  the  leasehold;  thus,  no c u l t u r a l  resources w i l l  be d i r e c t l y  
impacted by t h i s  geothermal development. However, " L i t t l e  Geysers," l o c a t e d  
3/4 m i l e s  south o f  SMUDGEO#l and o f f  t h e  leasehold,  i s  a ceremonial s i t e  f o r  
N a t i v e  Americans. CEC s t a f f  suggest e s t a b l i s h i n g  a b u f f e r  zone around L i t t l e  
Geysers t o  p r o t e c t  t h i s  c u l t u r a l  resource from the adverse impacts of geothermal 
devel opment. 

I f  a l l  m i t i g a t i o n  measures proposed by SMUD and recommended by r e g u l a t o r y  agency 
s t a f f  a r e  implemented, t h e  proposed SMUDGEO#l p r o j e c t  i s  n o t  expected t o  have a 
s i g n i f i c a n t  adverse impact on t h e  environment. 
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I .  INTRODUCTION 

On February 19, 1980, t h e  Sacramento Munic ipa l  U t i l i t y  D i s t r i c t  (SMUD) f i l e d  an 
A p p l i c a t i o n  f o r  C e r t i f i c a t i o n  (AFC) w i t h  t h e  C a l i f o r n i a  Energy Commission (CEC) 
t o  c o n s t r u c t  and operate SMUDGEO #1 geothermal power p l a n t .  SMUD's proposed 
power p l a n t  w i l l  have a ne t  normal opera t ing  c a p a c i t y  o f  approximately 72 MW. 
It i s  scheduled f o r  opera t ion  i n  December 1983, prov ided t h a t  c o n s t r u c t i o n  
begins i n  s p r i n g  1981. SMUD has i n d i c a t e d  t h a t  t h e  power p l a n t  would be opera- 
t i o n a l  f o r  about 30 years (80-AFC-1). 

Th is  J o i n t  Environmental Study (JES) i s  cons t ruc ted  t o  address environmental 
concerns accord ing t o  t h e  Nat iona l  Environmental P o l i c y  Act  (NEPA) and t h e  
C a l i f o r n i a  Environmental Q u a l i t y  Act (CEQA). The purpose o f  t h i s  study i s  t o  
d iscuss and t o  a l l o w  t h e  p u b l i c  an o p p o r t u n i t y  t o  comment on t h e  environmental 
impacts which would be caused by t h e  proposed 72 MW geothermal power p lan t .  The 
p r o j e c t  would be 1 ocated i n eastern Sonoma County w i t h i n  The Geysers-Cal i stoga 
Known Geothermal Resource Area. 7 

This  environmental study i d e n t i f i e s  t h e  s i g n i f i c a n t  e f f e c t s  o f  t h e  p r o j e c t  on 
t h e  environment, i t  i d e n t i f i e s  a l t e r n a t i v e s  t o  t h e  p r o j e c t ,  and i n d i c a t e s  t h e  
manner i n  which environmental e f f e c t s  can be m i t i g a t e d  o r  avoided. A s i g n i f i -  
cant e f f e c t  on t h e  environment i s  a s u b s t a n t i a l  o r  p o t e n t i a l l y  s u b s t a n t i a l  
change i n  t h e  environment. 

The JES i s  no t  meant t o  present  a conc lus ion  regard ing  t h e  o v e r a l l  a c c e p t a b i l i t y  
of t h e  p r o j e c t .  The Energy Commission w i l l  use t h i s  study, i n  combinat ion w i t h  
o t h e r  m a t e r i a l s ,  t o  determine whether, and under what cond i t ions ,  t h e  p r o j e c t  
should be approved. 

The s t a f f  o f  t h e  Energy Cornmission, h e r e a f t e r  r e f e r r e d  t o  as " s t a f f  , I '  prepared 
t h i s  JES i n  accordance w i t h  t h e  NEPA and t h e  CEQA, t h e  S t a t e  E I R  Guidel ines,  and 
t h e  Energy Commission's r e g u l a t i o n s  t o  implement CEQA. I n f o r m a t i o n  was used 
from both  publ ished and unpubl ished sources. The pr imary document t h e  s t a f f  
used was SMUD's AFC. The s t a f f  c o l l e c t e d  o t h e r  i n f o r m a t i o n  f rom t h e  - AFC pro- 
ceedings ( 8 0 - A F C - x  f rom f e d e r a l ,  s t a t e ,  and l o c a l  agencies, and f rom p r i v a t e  
groups o r  i n d i v i d u a l s .  Although much o f  t he  i n f o r m a t i o n  presented i n  t h i s  JES 
was o r i g i n a l l y  prov ided by SMUD, t h e  s t a f f  examined i t  f o r  i t s  reasonableness 
and t e c h n i c a l  accuracy and conducted i t s  own independent v e r i f i c a t i o n .  The 
a n a l y s i s  o f  t h e  environmental impacts and t h e  de terminat ion  o f  t h e i r  s i g n i f i -  
cance were conducted by and are  t h e  r e s p o n s i b i l i t y  o f  t h e  s t a f f .  

SMUDGEO #1 would be l o c a t e d  on Federal  land  i n  eastern Sonoma County, near t h e  
Lake County l i n e .  The l a n d  i s  admin is tered by t h e  Bureau o f  Land Management 
(BLM) . Two Federal agencies and t h e  Cal i f o r n i  a Energy Commission have a u t h o r i t y  
t o  rev iew and approve c o n s t r u c t i o n  and opera t ion  o f  t h e  power .p lant .  The 
Federal ac t ions  addressed by t h i s  environmental a n a l y s i s  a re  (1) approval o f  
t h e  P lan  of U t i l i z a t i o n  by t h e  Un i ted  States Geologica l  Survey (USGS) and ( 2 )  
approval of t h e  use of t h e  s i t e  f o r  t h e  power p l a n t  by BLM. I f  t h e  o v e r a l l  
proposal i s  found t o  be s u i t a b l e ,  t h e  Energy Commission has t h e  a u t h o r i t y  under 
s t a t e  l a w  t o  c e r t i f y  t h e  power p l a n t  f o r  operat ion.  The Energy Commission, 
BLM, and USGS have combined t h e i r  e f f o r t s  i n  p repar ing  t h i s  JES i n  o r d e r  t o  
assure t h a t  t h e  environmental consequences o f  t h e  proposed power p l a n t  a re  
adequately addressed i n  terms o f  NEPA and CEQA.. 

1 



The sec t ions  t h a t  f o l l o w  d iscuss (1) the p r o j e c t  a s  proposed by t h e  u t i l i t y  
( P r o j e c t  D e s c r i p t i o n ) ;  ( 2 )  the environment i n  t h e  v i c i n i t y  o f  t h e  p r o j e c t  as i t  
e x i s t s  b e f o r e  the  commencement o f  t h e  p r o j e c t ,  from both a l o c a l  and reg iona l  
p e r s p e c t i v e  ( E n v i r o n m e n t a l  S e t t i n g ) ;  ( 3 )  t h e  adverse  consequences o f  t h e  
p r o j e c t ,  any s i g n i f i c a n t  environmental e f f e c t s  which cannot be avoided, and any 
m i t i g a t i o n  measures t o  min imize s i g n i f i c a n t  e f f e c t s  ( Impacts and M i t i g a t i o n s ) ;  
( 4 )  the  p o t e n t i a l  f e a s i b l e  a1 t e r n a t i v e s  t o  the  proposed p r o j e c t  (A1 t e r n a t i v e s ) ;  
( 5 )  the s i g n i f i c a n t  unavoidable, i r r e v e r s i b l e ,  and 1 ong-term environmental 
impacts (Unavoidable Adverse Impacts); and (6) the Growth Inducing Impacts. 

An i n t e r d i s c i p l i n a r y  team o f  environmental ana lys ts  o f  t h e  Engineer ing and 
Environmental D i v i s i o n  o f  t h e  Energy Commission prepared t h i s  JES. S p e c i f i c  
s t a f f  a r e  recognized under "Authors . ' I  

This  J o i n t  Environmental Study was prepared by t h e  C a l i f o r n i a  Energy Commission 
( C E C )  i n  cooperat ion w i t h  the  Un i ted  Sta tqs  Geological  Survey (USGS) and t h e  
Bureau o f  Land Management (BLM). I n  t h e  absence o f  any major problems i n  t h e  
F i n a l  JES, these two federa l  agencies w i l l '  s t i p u l a t e  t o  t h e  j o i n t  e f f o r t  once 
t h e  f i n a l  comment p e r i o d  i s  c losed. 

The depth o f  a n a l y s i s  o f  environmental e f f e c t s  i s  " i n  p r o p o r t i o n  t o  t h e i r  
s e v e r i t y  and p r o b a b i l i t y  of occurrence' '  ( S e c t i o n  15140(e) S t a t e  E I R  Gu ide l ines) .  
E f f e c t s  the s t a f f  considered i n s i g n i f i c a n t  a r e  discussed i n  Appendix A, e n t i t l e d  
I m p a c t s  M a t r i c e s .  Append ix  A f o c u s e s  on  p o t e n t i a l l y  s i g n i f i c a n t  i m p a c t s  
and documents why i n s i g n i f i c a n t  impacts were i d e n t i f i e d  as such. E f f e c t s  t h e  
s t a f f  c l a s s i f i e d  as unresolved o r  p o t e n t i a l l y  s i g n i f i c a n t  i n  t h e  Impacts M a t r i x  
a r e  addressed i n  Chapter I11 "Environmental S e t t i n g ,  Impacts and M i  t i g a t i o n  
Measures. I' 

A ZO-day p u b l i c  r e v i e w  w i l l  f o l l o w  t h e  r e l e a s e  o f  t h e  F i n a l  JES. S t a f f  
encourages comments on t h e  JES, both  w i t h  regard  t o  substance o f  i t s  content ,  
and t o  the  c l a r i t y  o f  i t s  d iscuss ion.  

W r i t t e n  comments should be submi t ted t o :  

V a l e r i e  Campbell 
C a l i f o r n i a  Energy Commission 
1111 Howe Avenue, MS-32 
Sacramento, CA 95825 
(916) 920-7504 
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11. PROJECT D E S C R I P T I O N  

OBJECTIVES 

The Sacramento Munic ipa l  U t i 1  i t y .  D i s t r i c t  proposes t o  c o n s t r u c t  and operate t h e  
SMUDGEO #1 geothermal steam power p l a n t  t o  p rov ide  an economic and non foss i l  
f u e l  source o f  72 M W  gross e l e c t r i c a l  generat ion.  

NEED 

The C a l i f o r n i a  Energy Commission's Geothermal P o l i c y  Report,  dated March 22, 
1978, r e c o g n i z e s  geothermal  ene rgy  as  a prefe%-&d3ec%%l ogy f o r  m e e t i n g  
e l e c t r i c  power needs because ( 1 )  the geothermal resource i s  indigenous t o  
C a l i f o r n i d ;  ( 2 )  i t s  development o f f e r s  a s t imu lus  t o  the  s t a t e ' s  economy; ( 3 )  
t he  environmental impacts and power p l  a n t  techno1 ogy f o r  d ry  steaiii resources are  
w e l l  understood; (4) geothermal power p lan t6  a r e  r e l a t i v e l y  small (50 - 110 M W )  
and thus enable g rea te r  system r e l i a b i l  i t y l a n d  f l e x i b i l  i%y; and ( 5 )  geothermal 
power p l a n t s  aay be planned and cons t ruc ted  i n  a s h o r t e r  t ime  frame than power 
p l a n t s  us ing  f o s s i l  o r  r iuclear f u e l .  

I n  i t s  1979 B ienn ia l  Report, t h e  C a l i f o r n i a  Energy Commission i n d i c a t e d  t h a t  
genera t ion  a1 t e r n a t i  ves such as geothermal shoul d be expanded because o f  t h e i r  
r e l i a b i l i t y  and more s t a b l e  cos ts .  I n  t i le 1979 B i e n n i a l  Report,  t he  C a l i f o r n i a  
Energy Coinmission declared, "We w i l l  con t inue t o  c e r t i f y  t h e  maxiinuin number o f  
geothermal s i t e s  mii f a c i l  i t i e s  t h a t  demonstrate reasonably m i  t i g a b l e  env i ron-  
mental impacts and t h a t  meet e x i s t i n g  a i r  and water q u a l i t y  standards. Any 
f a c i l i t y  t h a t  meets t h e s e  c r i t e r i a  w i l l  be deemed needed." ( C E C ,  1979)  
According t o  the  AFC, t h e  SMUDGEO #1 p r o j e c t  would meet these c r i t e r i a .  

SMUD proposes S4ilDGEO #1 as t h e  f i r s t  i n  a planned s e r i e s  o f  geothermal power 
p lan ts .  Denial o f  t h e  p r o j e c t  w i l l  impede t h e i r  e f f o r t s  t o  d i v e r s i f y  power 
sources and ga in  g rea te r  r e l i a b i l i t y .  I f  the  p r o j e c t  i s  n o t  approved, SMUD w i l l  
r e l y  on mandatory conserva t ion  measures u n t i l  they can b r i n g  o t h e r  power p l a n t s  
on 1 i n e  t o  meet growing energy demands. 

APPLICANT 

Economics 

SMUD's c o n s t r u c t i o n  c o s t  es t imate  i s  about $800 pe r  k i l o w a t t  f o r  gwthe rma l  
steam capac i t y  ( 1979 dol 1 a r s )  . The est imated 1983 i n-serv ice  c o s t  i s  between 
$980-$1,045 per  kW (SMUD's and CEC s t a f f  est imates, r e s p e c t i v e l y ) .  The expected 
c o s t  f o r  the  l i f e  o f  t h e  geothermal p l a n t  i s  7.7-8.0 cents  per  kWh o f  energy 
genera t ion  (based on SMUD's and CEC c o s t  assumptions, r e s p e c t i v e l y ) .  Th i s  
compares w i t h  a l e v e l i z e d  c o s t  o f  new coal  p l a n t  genera t ion  o f  9.6 cents  per  
kWh , f o r  the  same t ime period--1983-2010. 

T h i s  means t h a t  geothermal  g e n e r a t i o n  f o r  SMUD i s  l e s s  c o s t l y  t h a n  new 
c o a l - f i r e d  genera t ion  (8.0 cents  versus 9.6 cen ts )  b u t  s l i g h t l y  more expensive 
than SMUD's systemwide c o s t  o f  genera t ing  e l e c t r i c i t y  (8.0 cents  versus 6.6 
cents ) .  

3 
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Financing 

The estimated 1983 in-service capital cost o f  the SMUDGE0 #1 project i s  between 
$53.9 mill ion and $57.5 mill ion (SMUD's and  CEC s taff  estimates respectively). 

SMUD will finance SMUDGEO#l o u t  of Dis t r ic t ' s  cash flow. These funds are 
generated from internal sources, retained earnings and depreciation, and from 
sales of revenue bonds. 

4 
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OVE R V I  E'rl 

I n  The Geysers KGRA ( F i g u r e  21, a t y p i c a l  geothermal development area conta ins  
steam w e l l s ,  w e l l  pads, access roads, steam supply p i p e l i n e s ,  a power p l a n t ,  and 
t ransmiss ion l i n e s  connect ing the power p l a n t  w i t h  t h e  in tended e l e c t r i c i t y  
s e r v i c e  area. I n  most cases, the  l a n d  o r  leasehold where the  steam w e l l s  
and power p l a n t  a r e  l o c a t e d  i s  owned by p r i v a t e  i n d i v i d u a l s  o r  the Federal  
government. The 1 and i s  then 1 eased t o  a steam developer who suppl i e s  t h e  steam 
t o  an e l e c t r i c a l  u t i l i t y  company. The steam s u p p l i e r  i s  a l s o  respons ib le  f o r  
d ispos ing  of o r  r e i n j e c t i n g  any steam condensate generated by t h e  power p lan t .  

Aminoi l  U.S.A., Inc .  ( A m i n o i l )  i s  the  steam s u p p l i e r  f o r  t h e  SMUDGEO #1 p r o j e c t .  
Both the power p l a n t  s i t e  and geothermal steam f i e l d  a re  l o c a t e d  e n t i r e l y  on a 
Federal  1 easehol d ,  where the  Federal Government i s  respons ib le  f o r  environmental 
documentation. Aminoi l  c u r r e n t l y  p lans  t o  c o n t a i n  the steam t ransmiss ion 
-p i  pel  I nes e n t i  r e l y  w i  t h i n  t h e  Federal  1 ea,sehol d. 
a c t i v i t i e s  on these p r i v a t e  lands r e s t s  w i t h  l o c a l  government agencies. For  
f u r t h e r  i n f o r m a t i o n  regard ing  a c t i v i t i e s  an the  Federal  leasehold,  r e f e r  t o  
U.S.G.S. , Environmental Assessment( s) Nos. 14, 130-9, 136-80. 

Permi tti ng a u t h o r i t y  f o r  1 

P a c i f i c  Gas and E l e c t r i c  Company (PGandE) c u r r e n t l y  operates 15 geothermal 
power p l a n t s  i n  The Geysers KGRA e q u a l l i n g  a t o t a l  i n s t a l l e d  e l e c t r i c  c a p a c i t y  
of 908 MW. PGandE u n i t s  17 and 18 are under c o n s t r u c t i o n  and a r e  scheduled f o r  
opera t ion  i n  1982. These PGandE p l a n t s  w i l l  each have 110 MW of i n s t a l l e d  
capac i ty .  Also,  t h e  Nor thern C a l i f o r n i a  Power Agency (NCPA) has a 110 MW p l a n t  
c u r r e n t l y  u n d e r  c o n s t r u c t i o n ,  w h i c h  i s  s c h e d u l e d  f o r  o p e r a t i o n  i n  1983. 
Completion o f  the c u r r e n t l y  c e r t i f i e d  power p l a n t s  w i l l  b r i n g  the t o t a l  i n -  
s t a l l e d  e l e c t r i c  capac i ty  o f  t h e  KGRA t o  1,238 MW by 1982. 

Power p l a n t s  which are  proposed b u t  n o t  y e t  c e r t i f i e d  by CEC a r e  SMUDGEO #1 (72 

I MW), Department o f  Water Resources, B o t t l e  Rock (55  MWj,  DWR South Geysers ( 5 5  
M W ) ,  and PGandE U n i t  16 (110 MW). I f  these ~ l a n t s  a r e - a l l  c e r t i f i e d  and con- 
s t r u c t e d  on schedule, they w i l l  b r i n g  the ' t o t a l  i n s t a l l e d  capac i ty  a t  t h e  
KGRA t o  1,530 MW by 1986. P r o j e c t i o n s  f o r  maximum development o f  the  KGRA* 
i n d i c a t e  a maximum i n s t a l l a t i o n  o f  2,700 MW o f  d r y  steam produc t ion  by 1992, and 
an a d d i t i o n a l  550 MW o f  h o t  water p roduc t ion  by t h e  y e a r  2000. 

1 

HI STORY 

On February 19, 1980, SMUD f i l e d  an A p p l i c a t i o n  f o r  C e r t i f i c a t i o n  (AFC) w i t h  t h e  
Energy Commission t o  c o n s t r u c t  and operate t h e  SMUDGEO #1 power p l a n t .  They 
have a l s o  f i l e d  a Plan o f  U t i l i z a t i o n  w i t h  USGS and an a p p l i c a t i o n  w i t h  BLM f o r  
a l i c e n s e  t o  cons t ruc t ,  operate and m a i n t a i n  an e l e c t r i c  generat ing p l a n t  on 
p u b l i c  land .  ELM w i l l  a c t  on t h e  a p p l i c a t i o n  a f t e r  the  environmental r e p o r t  has 
been prepared and reviewed. Prev ious ly ,  a lease was issued t o -  Aminoi l  t o  
devel op t h e  geothermal resources o f  t h e  pub1 i c  1 and. Subsequent i n v o l  vernent by 
BLM i n  lease a c t i v i t i e s  i s  through the procedures and under the  d i r e c t i o n  o f  
USGS. 

* C E C ,  R e n e w a b l e s  a n d  A1 t e r n a t i v e  T e c h n o l o g i e s  S y n o p s i s ,  S t a f f  D r a f t ,  
CEC-9/1980, Pub. #500 -80 -01 2 
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0 Currently o n l y  two o f  the a n t i c i p a t e d  9 - 26 steam supply wells have been 
dr i l led.  

A Steam Resource Hearing was held by the C E C  on !?arch 13, 1980, t o  determine the 
adequacy a n d  availabil i ty o f  steam t o  r u n  the proposed geothermal power p l a n t .  
As a resul t  o f  t h i s  hearing, the steam f ie ld  was deemed adeauate. 

LCCATION 

The Geysers KGRA i s  a mountainous, rugged, and sparsely populated area located 
ir! the northern central p o r t i o n  of the Coastal Ranges (Figure 1 ) .  The pro- 
Dosed SP?UDGEO #1 project a n d  steam f ie ld  are located approximately 66 miles 
n o r t h  o f  S a p  Francisco and 61 miles northwest of Sacramento. The s i t e  i s  
located i n  eastern Sonoma County on a ridgetop a t  an approximate elevation 
of 3,700 fee t .  The nearest communities are the unincorporated towns o f  Anderson 
Springs and Fiddletown, located i n  Lake County approximately 2-1/2 miles east  
southeast a n d  9 miles southeast o f  the siite, respectively. The nearest major 
c i ty  i s  S a n t a  Rosa, located in Sonoma County,  approximately 24 miles south 
o f  the s i t e .  

The ent i re  Federal leasehold, C A  1862, including steam f ie ld  and  power plant 
s i t e ,  encorcpasses approximately 396 acres, including the  SW l / 4  section of 
Sect ion 21, the north h a l f  o f  t h e  NW and the NE 1 /4  sections o f  Section 28, and 
the nor th  half of the EJE 1/4 section o f  Section 29 ,  T l l N ,  R861 PlDB&M. 

P,ccess t o  the s i t e  from the nearby community of  Middletown i n  Lske County i s  v i a  
Highway 175 and Socrates Kine Road. Access fror the west i s  via the Healdsburg- 
Geysers road fron Jimtown t o  The Geysers 2esort and  then past PGandE Geysers 1 4  
t o  an emergency f i r e  road. 

A transmission tapline will be constructed from the p l a n t  s i t e  t o  an  existing 
PGandE 230 kV transmission l ine located t o  the west of the s i t e .  This l ine 
will extend a b o u t  3,180 f ee t ,  crossing por t ions  of  the Aminoil leasehold and the 
adjacent Union Oil leasehold. 

PROJECT FEATURES 

The proposed power plant will have the following main features: 

o Two condensing, nonextraction 3,600 rpm turbines operating i n  tandem. 

o The generator will be a 3,600 rpm hydrogen cooled, three phase, synchronous 
u n i t  directly coupled t o  the main turbine shaft .  

o A s tainless steel  surface condenser will condense spent steam exhausted 
from the turbine and effect  an increase i n  partitioning H S and  other 
noncondensibles from previously used direct  contact type conlensers which 
m i x  the cooling water w i t h  the spent steam. 

o A 12-cel l  wet (evapora t ive)  crossflow cooling tower wi l l  be used t o  
dissipate the heat gained by the circulating cool water d u r i n g  i t s  passage 
through the surface condensor. 

0 
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o A Stretford hydrogen sulfide abatement system, i n  which hydrogen sulfide i s  
scrubbed from the vent gas stream a n d  catalytically oxidized t o  elemental 
sulfur. SMUD w i l l  use a secondary abatement system t o  abate H,S contained 
i n  the l i q u i d  condensate. The secondary abatement system ki l l  employ 
hydrogen peroxide w i t h  catalyst .  

o Abatement system chemical storage t anks  (H30p, FeS04, and H A A ) .  

o A shop, warehouse, and administration office b u i l d i n g .  

o Sewage treatment plant. 

o A 3,180 f o o t  long transmission tapline connecting t o  an existing 230 kV 
transmission l ine t o  the west of the s i t e .  

1 o A 2.5 mile long paved access road (from Socrates Mine Road t o  the p l a n t  
s i t 3  

STEAM SUPPLY WEI!LS 

SMUD has contracted w i t h  Aminoil USA, Inc., t o  supply the steam necessary t o  run 
the proposed geothermal power p l a n t .  SMUD anticipates t h a t  u p  t o  26 wells wi l l  
be needed over the lifetime of the power p l a n t .  Nine wells are needed t o  
generate power i n i t i a l l y .  Two extra wells are also required i n  order t o  have 
steam reserve on standby i n  case of well problems. 

A1 though the Steam Resource Heari ng , he1 d March 13 , 1980, determi ned that  there 
i s  adequate steam available t o  run the SMUDGE0 #1 project, the steam production 
of a well typically declines over a period of  time as  the reservoir i t  draws 
from i s  depleted. T h u s ,  as steam production wanes, additional wells will be 
dr i l led.  I n  a d d i t i o n ,  one or two reinjection wells are required t o  dispose of 
excess steam condensates and  cooling tower blowdown. 

To da te ,  on ly  two wel ls  have been d r i l l e d  o n  the s i t e ,  although d r i l l i n g  
operations for more are planned. The permitting authority for wells res ts  
specifically w i t h  the USGS; although the county issues the Authori ty  t o  Con- 
s t ruc t ,  B u i l d i n g ,  Grading, Sanitation, and Use permits. 

STEAM PIPELINES 

Steam will be transported from the wells t o  the power p l a n t  i n  insulated steel  
pipe1 ines supported above ground. Steam transmission 1 ines are generally 
selected for the shortest  distance to  the generating u n i t ,  b u t  the actual layout  
of the pipeline i s  largely dictated by the rugged terrain i n  The Geysers area. 
Where possible, pipelines will follow road alignments and unstable- slopes wi l l  
be avoided. 

WATER SUPPLY 

I I n i t i a l  start-up water for the cooling tower wil l  be supplied by Aminoil us ing  
steam condensate from nearby geothermal wells. Once the power p l a n t  i s  i n  
operat ion,  make-up water f o r  the cooling towers w i l l  come from excess 
condensate. 

7 
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I I I .  EP’VIROt!MEE!TAL SETTIEiG, IP’PACTS, ANG F’ITIC.ATION P’IEASURES 

GE GL OG Y 

SETTING 

Fegi onal Geol aqy 

The proposed project a n d  the entire Geysers KGRA l i e  i n  the Central Mayacmas- 
Mountains o f  the Northern Coast Ranges. The regional Geology of the KGRA has 
been described by McLaughl i n  (1978 , 1977)  and McLaughl i n  and Stan1 ey (1976 ) . 
Recent m a p p i n g  of  the area by the U.S. Geological Survey indicates t h a t  the 
Central Flayacmas Mountains represent a structurally complex mass of rock which 
was uplifted by f o l d i n g  and faulting (Figure 4 ) .  

The Geysers region experienced a ser ies  !! of f o l d i n g ,  fsult ing,  and volcanic 
events over the l a s t  several tens of milTions of years. The present range i s  
the product of accelerated folding and f a u l t i n g  which occurred d u r i n g  the l a s t  
three t o  six m i l l i o n  years. The Collayomi and Maacama faul ts  form the northeast 
and southwest boundaries , respectively, of the Playacmas up1 i f t .  Volcanism 
occurred i n  the a rea  dririncj the  l a s t  f ive rnil’lion years, w i t h  Cobb V o u n t a i n  a n d  
other volcanic features i n  the Clear Lake region being formed w i t h i n  the l a s t  
two million years. Presently a large body of a t  l e a s t  partially molten magma 
exis ts  a t  a depth of a b o u t  6 miles (10 kilometers) below the Clear Lake area 
(Donnelly e t  a1 ., 1977) (Figure 5 ) .  

The principal f a u l t s  w i t h i n  The Geysers region are associated w i t h  the complex 
horst* forming the Mayacmas Mountains. The fumarole act ivi ty  along Big S u l p h u r  
Creek a t  The Geysers i s  a surface phenomenon often associated with faulting in 
an area characterized by recent volcanism (Hamil ton and Muffler, 1972) .  

Recional Seismicity 

The K G R A  i s  in a region of moderate seismic a c t i v i t y  where the  poten t ia l  
seismicity of the San Andreas, Maacama, and  Rodgers Creek fau l t s  overshadow t h a t  
of other possible sources (Figure 6 a n d  Table 1). Few earthquakes of  magnitude 
5.5 or Greater have occurred in The Geysers region. The largest  historical  
earthquakes o f  importance for  T h e  Geysers area are the 1069 S a n t a  Rosa earth- 
Quake ( M  5.6 and 5.7) on the Rogers Creek fau l t  a n d  the 1906 San Francisco 
earthauake (tv1 8.25) on the San Andreas fau l t .  

Geologic and seismic evidence indicates t h a t  bo th  the San Andreas and Rodgers 
Creek fau l t s  have a significant potential f o r  producing strong earthquakes. 
Although few strong seismic events can be confidently associated with the 
Flaacama fau l t ,  recent tectonic interpretations (Herd, 1978; D o t t ,  1979) and 
geologic evidence indicate t h a t  th i s  fau l t  has a significant potential f o r  
generating s t r o n g  earthouakes. 

*A por t ion  o f  the ear th’s  crust  which has been elevated a n d  separated from the 

0 surroundin9 land by faul ts .  
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Structural model for the .Geysers geothermal system. Cross-section through The 
Geysers-Clear Lake region, from the Maacama fault-zone on the southwest, to 
Mount Knocti on the northeast, depicting structural elements of The Geysers- 
Clear Lake geothermal system. 

Source: “Field-trip Guidebook Castle Steam Field, Great Valley Sequence,” 
April 29, 1978, 53rd Annual Meeting, Pacific Sections AAPG, SEPM, SEG. 
Modified by the California Energy Commission, February, 1979. 

Source; Geysers 18 Final EIR 10 
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TABLE 1 

CHARACTERISTICS OF SEECTED QUATEFNARY FAULTS TEE GEYSERS REGION 

CYARACTERISTI CS . 

DISTANCE FRON SITE 

MAPPED LENGTH ( k m )  

TYPE OF FAULT 

(km) 

ACTIVITY STATUS 

1) Historic ac t iv i ty  

2) Features indica t i n s  
Holocene ac t iv i ty  

’3)  features indicating 
Quaternary act ivi ty  

Estimated maximum 
magnitude earthquake 

Remarks 

ti4ARACTERISTICS 

DISTANCE FROM SITE 

MAPPED LENGTH (Am) 

TYPE OF FAULT 

(km) 

ACTIVITY STATUS 

1) Historic ac t iv i ty  

2 )  Features indicating 
Holocene ac t iv i ty  

3 )  Features indicating 
Quaternary ac t iv i ty  

Estimated maximum 
magnitade earthquake 

Remarks 

SkN ANDREA’S 

53 

1,200 

Right-1 a tera 
Strike-slip 

yes 

Yes 
5 

yes 

8.3 

Maximum displacement 
of 613 i n  1906 

About 40 

Right-1 ateral  
S t r i  ke-sl i p 

component 
possibly some vertical  

None known 

None observed 

Yes 

--- 
Offset  terrzce gravels 
with c las t s  dated as 
0 .4  million years o l d .  

32 

42 

R i  gh t-1 ateral  
S tri ke-51 i D  

probably some small 
ver t ical  comoonent 

Yes 

Yes 

Yes 

6.5 

Kagni tude  5 . 7  
earthquake 

i n  October 1969 

U P H U R  CRFFY 

6.4 

Normal w i t h  possibly 
some r i g h t  - 1 a te  ra 1 

stri ke-sl i p  

None known, possibly 
Small earthquakes 

Yes, a1 so geomorphic 
features 

Yes 

--- 

ASSOCIATED IUAACAKA AND FatiLTs 

13 

16.5 

Right-1 a te ra l  
S tri ke-s 1 i p 

Yes 

Yes 

Yes 

6.75-7 .O 

Magnitude 3 to 4 . 5  
earthquakes i n  1969, 

1971 and 1977 

About 30 

Normal, h i g b a n g l e  

None known, b u t  small 
earthquakes i n  ar2a 

Geomorphic features 
suggestive of faul t i n :  

Yes 

Offset Guaternary 
rolcanics of the C l e u  

Lake sequence 

Modified frcm Borcherdt, 1975 
12 
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Other potential sources o f  earthauakes incl tide The Geysers Peak, Konocti Eay, 
a n d  Porter Creek faul ts  which, due t o  the i r  s ize ,  distance from the s i t e ,  
associated historical seismicity, a n d  geologic evidence of act ivi ty ,  are not  
considered t o  be more l ikely t o  produce damacing levels o f  shakinq i n  the steam 
f ie ld  t h a n  presently unrecognized sources closer t o  the s i t e .  

0 

Recent microseismic studies by Flarks e t  a l .  (1978) indicate t h a t  microseismic 
act ivi ty  increases in areas of existing power plant f ac i l i t i e s .  A magnitude 
5 earthauake i s  a reasonable upper bound f o r  t h i s  anomalous "steam production" 
area.* On the assumption t h a t  the entire steam f ie ld  will become a steam 
production area w i t h i n  the next decade, the seismic characterist ics o f  the 
present steam production area are probably  representative of  the ent i re  steam 
f ie ld .  

Leasehold Geol ogy 

The leasehold aeology has been mapped i n  d e t a i l  by the  USGS (McLaughlin, 
1977)  and i s  briefly described in the AFC. The leasehold i s  underlain by 
ubiquitously sheared and sl ightly metamorphosed** graywacke sandstone w i t h  
subordinate amounts of greenstone of the Franciscan formation. The graywacke i s  
apparently repeated in section by two or more thrust fau l t s  which transect 
t h e  lessehold i n  a 9eners.l nortbwest direction a t  a l o w  a y l e .  This period of 
deformation p r o b a b l y  t o o k  p l a c e  i n  t h e  L a t e  Cretaceous, a n d  a l t h o u g h  not 
considered active today, i t  i s  t h o u g h t  t o  be responsible f o r  the discordant and 
h ighly  sheared nature of the Franci scan formation. 

Mapping by PncLaughlin (1978) indicates the presence of short, discontinous, near 
vertical fau l t s  north and south of the Aminoil leasehold, b u t  no major fau l t s  
are known w i t h i n  the property. 

Economic Winera1 DeDosi t s  

The closest  mine i s  the Socrates Nine, located near the ridge c res t  on the south 
side of Big  Sulphur Creek a b o u t  1 .7  mile southwest of the leasehold. This mine 
was developed for the extraction of mercury a n d  i s  now inactive. 

IMPACTS AND MITIGATION MEASURES 

Geologic Hazards 

Potential geclogic hazards which could credibly affect  the leasehold and power 
p lan t  a r e  shown in the  Impact Matrix Sect ion.  Geologic hazards, such as 
1 iquefac t ion ,  expansive a n d  c o l l a p s i b l e  s o i l s ,  tsunamis a n d  se iches ,  a r e  
n o t  l ikely t o  occur within the leasehold. However, earthquake shaking a n d  

*Conclusion reached a t  October 25 and 26 ,  1979, Seismic Hazards Evaluation 
Re thodol ogy Work shop. 

**The mineralogical and structural adjustment of sol id rocks t o  physical and 
chemical conditions, e.S., heat and  pressure, which have been imposed a t  
depths below the zone of cementation a n d  weathering. 0 
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0 

0 

l a n d s l i d e s  cou ld  p o t e n t i a l l y  damage the  power p l a n t  and/or r e l a t e d  f a c i l i t i e s ,  
thereby r e s u l t i n g  i n  p o t e n t i a l  adverse impacts t o  p u b l i c  h e a l t h  and the  env i ron-  
ment o r  f o r c i n g  a p l a n t  shutdown. For example, r u p t u r i n g  o f  steam p i p e l i n e s  
would r e s u l t  i n  unabated steam re leases i n t o  the  atmosphere, o r  c o l l a p s e  o f  
t r a n s m i s s i o n  t o w e r s  and t r a n s m i s s i o n  1 i n e s  c o u l d  s t a r t  f i r e s .  These a r e  
examples o f  " i n d i r e c t "  impacts which may r e s u l t  f rom earthquake shaking o r  
1 andsl i des. 

Earthquake Shaking 

Earthquake ground shaking i s  a r e s u l t  o f  energy re lease when movement occurs 
a long f a u l t s  i n  the e a r t h ' s  c r u s t .  Earthquake shaking a f f e c t s  l a r g e  areas, b u t  
general l y  s t r u c t u r e s  can be designed t o  adequately w i ths tand t h i s  phenomena. 
Based on present  geolog ic  knowledge, C a l i f o r n i a  Energy Commission s t a f f  b e l i e v e s  
i t  u n l i k e l y  t h a t  f a u l t s  w i t h i n  The Geysers steam f i e l d  w i l l  produce any l a r g e  
damaging earthquakes due t o  e i t h e r  n a t u r q l  o r  induced a c t i v i t y  d u r i n g  the  
economic l i f e  of the  proposed f a c i l i t i e s .  The s t ronges t  shaking a t  t h e  proposed 
s i t e  would most l i k e l y  be caused by one o f  the  l a r g e r  reg iona l  f a u l t s ,  such as 
the  Maacama f a u l t .  

These geologic  hazards a r e  d i  scussed i n more d e t a i  1 be l  ow. 

Due t o  i t s  p r o x i m i t y  t o  t h e  steam f i e l d  and t h e  magnitude o f  earthquake which 
may occur a long it, t h e  Maacama f a u l t  i s  the  most s i g n i f i c a n t  p o t e n t i a l  source 
o f  earthquakes.* However, t h e  p o t e n t i a l  ground shaking from earthquakes on t h e  
San Andreas and Rodgers Creek f a u l t s ,  f rom the  steam produc t ion  area, and from 
"random" seismic events n o t  c l e a r l y  assoc iated w i  t h  any source shoul d a1 so be 
considered in e v a l u a t i n g  seismic hazards f o r  The Geysers power p l a n t  u n i t s .  

Earthauake Shaki na M i  ti a a t i o n  

The proposed f a c i l i t i e s  can be designed t o  adequately w i ths tand seismic shak- 
i ng. We1 1 s and t ransmiss ion 1 i nes a r e  re1  a t i v e l y  i n s e n s i t i v e  t o  seismic shaki ng 
and probably r e q u i r e  no specia l  t reatment  except p r o p e r l y  s i t e d  ( i .e. ,  s i t e d  on 
s t a b l e  ground) and engineered w e l l  pads and tower foo t ings .  Because o f  t h e i r  
f l e x i b i l i t y ,  p r o p e r l y  cons t ruc ted  t ransmiss ion l i n e s  and p i p e l i n e s  should s u f f e r  
l i t t l e  damage, even by severe shaking. If damaged, they can u s u a l l y  be q u i c k l y  
r e p a i  red. 

SMUD proposes t o  use a dua l - leve l  approach t o  seismic design. The proposed 
d e s i g n  c r i t e r i a  w i l l  e n s u r e  t h a t  t h e  power p l a n t  w i l l  be o u t  a t  opera t ion  f o r  
o n l y  a week s h o u l d  a peak bedrock  a c c e l e r a t i o n  o f  0.15 g o c c u r  o f  t h e  s i t e  
and f o r  about one y e a r  should a peak a c c e l e r a t i o n  o f  0.28 g occur. Based on 
probabl  i s t i c  se i  smic hazard a n a l y s i s  performed f o r  o t h e r  generat ing u n i t s  a t  The 
Geysers (Shah, 19801, t h e  p r o b a b i l i t y  t h a t  a c c e l e r a t i o n s  o f  .15 g and .28 g o r  
more w i l l  occur a t  the s i t e  i n  a 30-year f a c i l i t y  l i f e t i m y  ercent  
and 5 percent  , r e s p e c t i v e l y  . 
Should damage o f  t h e  SMUDGE0 #1 f a c i l i t y  occur due t o  a seismic event 
t h e n  t h e r e  may be t e m p o r a r y  l o c a l  ou tages .  However, s i n c e  t h i s  f a c i l i t y  
represents  l e s s  than 5 percent  o f  t h e  t o t a l  generat ing c a p a c i t y  and because o f  

*Concl u s i  ons reached a t  October 25, 26 , 1979 , Sei smi c Hazards Eva1 u a t i  on 
Methodology Workshop. 
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the avai  1 ab i  1 
t h e  consumer 
severa l  hours 

t y  o f  s u f f i c i e n t  reserve margin, i t  i s  expected t h a t  
can be r e s t o r e d  w i t h i n  a reasonable t ime, n o t  l i k e  

the  power t o  
y t o  exceed 

Landsl i d e s  an 

Lands l id ing  and slope i n s t a b i l i t y  are among the  most s i g n i f i c a n t  geo log ic  
p rob l  ems f a c i  ng devel opment o f  The Geysers geothermal resource. (Bedrossi  an , 
1978) Landsl ides and uns tab le  s lopes may endanger f a c i l i t i e s  i n  t h r e e  ways: 
1) a sur face f a c i l i t y  s i t e d  a t  the  base o f  an unstable s lope may be b u r i e d  by 
l a n d s l i d e  i f  upslope m a t e r i a l s  f a i l  and encroach upon t h e  s t r u c t u r e ;  ( 2 )  a 
f a c i l i t y  s i t e d  on an unstable s lope may be p u l l e d  downh i l l  and t o r n  a p a r t  i f  t h e  
u n d e r l y i n g  m a t e r i a l s  a re  i n v o l v e d  i n  a l a n d s l i d e ;  and ( 3 )  a subsurface f a c i l i t y  
(such as a w e l l )  may be sheared o f f ,  t o r n  apar t ,  and/or severe ly  deformed below 
t h e  sur face  i f  i t  i s  s i t e d  on unstable m a t e r i a l s  a t  o r  near the  ground surface. 
I n  t h e  case o f  geothermal steam we l ls ,  suc,h an event u s u a l l y  r e s u l t s  i n  w e l l  
b lowouts a t  the surface. 

Landsl i de and S1 ope I n s t a b i  1 i ty M i  ti g a t i  on 

CEC s t a f f  be l ieves  t h a t  the  power p l a n t  f a c i l i t i e s  w i l l  n o t  be endangered by 
7 andsl i d i  ng. Landsl i des have been mapped w i  t h i  n t h e  1 easehol d, b u t  none have 
been revea led  w i t h i n  the  mapped power p l a n t  s i t e .  The generat ing u n i t ,  c o o l i n g  
t o w e r s ,  H S abatement  sys tem and s u b s t a t i o n  w i l l  be l o c a t e d  on b e d r o c k ,  
undi  s t u r b e i  by 1 andsl i des. 

S1 ope I n s t a b i  1 i t y  

t 

Impacts on Geologic Environment 

P o t e n t i a l  impacts on t h e  geo log ic  environment i n c l u d e  e f f e c t s  on l o c a l  fumaroles 
and h o t  spr ings,  on t h e  steam r e s e r v o i  r i t s e l  f , and inducement o f  1 andsl i d i n g ,  
subsi dence, and se i  smic i  ty . Other impacts on commerci a1 geol og i  c resources 
(e.g., ores,  f o s s i l  f u e l s ,  gems, which may be commercial ly e x p l o i t e d  by mining, 
q u a r r y i  ng o r  d r i  1 1 i ng 1 o r  on noncommerci a1 geol og i  c resources ( e. g . ., caves , 
m i n e r a l  c o l l e c t i n g ,  l o c a l i t i e s )  , w h i c h  a r e  o f  r e c r e a t i o n a l  o r  s c i e n t i f i c  
i n t e r e s t  i n  the  v i c i n i t y  o f  t h e  proposed p r o j e c t ,  a r e  n o t  considered s i g n i f i c a n t  
by CEC s t a f f .  

15 
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CUMULATIVE IMPACTS 

Steam Reservoir/Geothermal Features 

Most o f  t h e  i n f o r m a t i o n  necessary t o  d e f i n e  t h e  c h a r a c t e r i s t i c s  o f  t h e  steam 
r e s e r v o i r  i s  t h e  p r i v a t e  p roper ty  o f  t h e  steam developers and i s  cons idered 
h i g h l y  p r o p r i e t a r y .  Therefore,  i t  i s  n o t  p o s s i b l e  t o  c o n f i d e n t l y  determine what 
e f f e c t  t h i s  o r  any o t h e r  development o f  The Geysers steam resource w i l l  have on 
t h e  r e s e r v o i r  and sur face mani festat ions, ’  such as h o t  s p r i n g s  and fumaroles (see 
Energy and M a t e r i a l  Resources). However, t h e  C a l i f o r n i a  D i v i s i o n  o f  O i l  and Gas 
(DOG) , under the  auspices o f  t h e  U.S. Department o f  Energy (DOE) , i s  c u r r e n t l y  
compi l ing  and syn thes iz ino  t h e  produc t ion  data obta ined by t h e  s t a t e  over  t h e  
l a s t  20 years  o f  e x p l o i t a t i o n .  With t h e  a i d  o f  t h e  DOG, t h e  C a l i f o r n i a  D i v i s i o n  
of Mines and Geology (CDMG), and the  C a l i f o r n i a  Energy Commission ( C E C ) ,  t h e  DOG 
hopes t o  be ab le  t o  c h a r a c t e r i z e  t h e  r e s e r v o i r  t o  a i d  i n  answering quest ions 
r e l a t e d  t o  f u t u r e  use, energy p lanning,  and o v e r a l l  e f f e c t s  on the geo log ic  , 
r e s o u r c e s .  
present  t ime, however, and g iven t h e  c u r r e n t  technology , The Geysers geothermal 

A summary r e p o r t  i s  a n t i c i p a t e d  i n  F e b r u a r y  o f  1981. A t  t h e  1 
f i e l d  must be considered a - f i n i t e  resource. Each new power p l a n t  thus  causes 
f u r t h e r  d e p l e t i o n  o f  t h e  once abundant steam resource a t  an ever  i n c r e a s i n g  
r a t e .  

Studies such as t h a t  be ing conducted by t h e  DOG a r e  a f i r s t  s tep  i n  under- 
s tand ing  t h e  resource and e s t i m a t i n g  i t s  use fu l  1 i f e ,  however, more advanced 
model ing s tud ies  are  necessary t o  determine e f f i c i e n t  management p r a c t i c e s ,  
t h e  e f f e c t  o f  r e i n j e c t i o n  p o l i c i e s ,  e v a l u a t i o n  o f  t h e  behavior o f  t h e  r e s e r v o i r  
d u r i n g  e x p l o i t a t i o n ,  subsurface m i g r a t i o n  o f  f l u i d s  and heat,  and t h e  source o f  
t h e  water  t h a t  i s  u t i m a t e l y  be ing  converted t o  steam. The CEC i s  c u r r e n t l y  
determin ing t h e  f e a s i b i l i t y  o f  developing a mathematical model designed t o  
s imu la te  t h e  p h y s i c a l  c h a r a c t e r i s t i c s  o f  t h e  r e s e r v o i r  t o  answer these and o t h e r  
quest ions.  However, cooperat ion o f  developers, u t i 1  i t i e s ,  and r e g u l a t o r s  o f  
t h e  resource must be secured f o r  success o f  such a p r o j e c t .  

Inducement o f  Landsl ides,  Se ismic i ty ,  and Subsidence 

A l l  c u r r e n t  o r  proposed geothermal developments a t  The Geysers steam f i e l d  
w i l l  c o n t r i b u t e  t o  t h e  i m p a c t s  o f  i n d u c e d  s u b s i d e n c e  ( L o f g r e n ,  1978) and 
induced m i c r o s e i s m i c i t y  (Marks e t  a l .  , 19781.. These impacts a re  o f  no d i r e c t  
s i g n i f i c a n c e  but ,  under c e r t a i n  cond i t ions ,  c o u l d  c o n t r i b u t e  t o  l o c a l  land- 
s l i d e  s u s c e p t i b i l i t y  o r  f a u l t  movement. R e i n j e c t i o n  o f  f l u i d s  i n t o  t h e  steam 
r e s e r v o i r  may tend t o  m i t i g a t e  these impacts. I t  i s  n o t  c u r r e n t l y  f e a s i b l e  t o  
assess i n  d e t a i l  e i t h e r  t h e  degree o f  these cumulat ive impacts o r  the  degree t o  
which they  can be mi t iga ted .  
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SOILS 

S E TT I NG 

The o n l y  r e a l l y  impor tan t  c h a r a c t e r i s t i c s  o f  the  environmental s e t t i n g  o f  s o i l s  
i n  t h e  KGRA, i n  general,  and the SMUD p r o j e c t  s i t e ,  i n  p a r t i c u l a r ,  i s  t h e  heavy 
p r e c i p i t a t i o n  ( re ference:  Hydrology s e c t i o n  o f  E I R )  t o  which they a r e  exposed 
and t h e  extremely steep slopes on which t h e  s o i l s  occur. 

The SMUD p r o j e c t  s i t e  encompasses s o i l s  of Los Gatos, Josephine, and Mayman 
ser ies .  The Josephi ne s e r i e s  consi  s t s  of 1 i g h t  brown , we1 1 -dra ined 1 oams 
u n d e r l a i n  w i t h  c l a y  loam subso i l .  Permeab i l i t y  o f  t h i s  s o i l  type i s  moderate, 
r u n o f f  i s  rap id ,  and eros ion  r a t e  i s  h igh.  The Los Gatos s e r i e s  c o n s i s t s  o f  
we l l -d ra ined loams over  c l a y  loams, weathered sandstone, and shale. Perme- 
a b i l i t y  o f  t h i s  s o i l  s e r i e s  i s  moderate, , runof f  i s  r a p i d  t o  very rap id ,  and 
eros ion  p o t e n t i a l  i s  h i g h  t o  very high. THe Mayman s e r i e s  c o n s i s t  o f  l i g h t  t o  
ye1 l o w i  sh brown, we1 1 -drained, gravel  l y  , saridy 1 oams, under1 a i  n by weathered and 
f r a c t u r e d  sandstone. Permeab i l i t y  o f  t h i s  s o i l  s e r i e s  i s  moderate, r u n o f f  i s  
r a p i d ,  and the  e r o s i o n  hazard i s  high. 

Whenever any type o f  c o n s t r u c t i o n  a c t i v i t y  d i s t u r b s  these s o i l s ,  t h e  r e s u l t a n t  
increase i n  t h e  n a t u r a l  r a t e  o f  s o i l  e ros ion  and consequent sedimentat ion w i l l  
be s i g n i f i c a n t  i n  the absence o f  an e f f e c t i v e  e ros ion  c o n t r o l  p lan.  

SMUD est imates t h e  n a t u r a l  eros ion r a t e  f o r  the proposed power p l a n t  s i t e  
t o  be 3.2 tons  p e r  acre per year.  The accuracy o f  t h i s  f i g u r e  i s  open t o  
quest ion s ince  t h e r e  a r e  no suppor t ing q u a n t i t a t i v e  f i e l d  data-- the est imate was 
der ived  from t h e  a p p l i c a t i o n  o f  t h e  Universa l  S o i l  Loss Equation, which was 
o r i g i n a l l y  developed t o  p r e d i c t  s o i l  losses from a g r i c u l t u r a l  l a n d  due t o  
r a i  n f a l l  . 
IMPACTS 

The increase i n  e ros ion  and consequent sediment r e s u l t i n g  from c o n s t r u c t i o n  will 
be s i g n i f i c a n t  d u r i n g  the t ime p e r i o d  between t h e  i n i t i a t i o n  o f  c o n s t r u c t i o n  
a c t i v i t i e s  and the  successful implementat ion o f  t h e  eros ion  c o n t r o l  program 
proposed by SMUD. Previous est imates o f  t h i s  temporary inc rease have been i n  
the  order  of 20 t imes t h e  n a t u r a l  e ros ion  r a t e .  

I d e a l l y  , a f t e r  es tab l  i s h i n g  the eros ion  c o n t r o l  p lan,  the  p o s t c o n s t r u c t i o n  
r a t e  o f  s o i l  l o s s  w i l l  be no l a r g e r  than t h e  p r e c o n s t r u c t i o n  r a t e ,  except f o r  
roadways, which are  a cons tan t  source o f  sediment. The access road t o  t h i s  
p r o j e c t ,  c u r r e n t l y  a graded f i r e  road, w i l l  t o  be widened i n  p a r t s  and paved. 
Also, a new s h o r t  road from the  w e l l  pad s i t e  t o  the  p l a n t  s i t e  i s  proposed. 
New road c o n s t r u c t i o n  and widening o f  t h e  e x i s t i n g  road w i l l  increase the  
eros ion  p o t e n t i a l .  Unfor tunate ly ,  a t  present  t h e r e  a r e  no data a v a i l a b l e  t o  
a l l o w  a q u a n t i t a t i v e  f i e l d  e v a l u a t i o n  o f  any e r o s i o n  o r  sediment y i e l d  r a t e s  i n  
t h e  KGRA, e i t h e r  p recons t ruc t ion  o r  pos tcons t ruc t ion .  

The major  reasons f o r  c o n t r o l l i n q  eros ion  a r e  t o  avoid: 

1. The l o s s  of s o i l  resources; 
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2 .  The loss o f  associated b i o l o g i c a l  h a b i t a t  and  watershed resource; 

3. The loss of f ish h a b i t a t  due t o  sedimentation i n  the streams; and 

4. The degradation of  water quality caused by sediments. 

MITIGATION MEASURES 

I n  order t o  control erosion on the proposed power plant s i t e  and the access 
road,  SMUD proposes mitigation measures which, i f  implemented correctly, may 
prove t o  be effective. These measures include items such as paving the plant 
s i t e  and the access road, upgrad ing  and paving the f i r e  road ‘down t o  Socrates 
Mine Road, l i m i t  on steepness and height o f  cut and till slopes, Stockpiling the 
topsoil for  better revegetation a f t e r  the construction phase, hydro-mulching t o  
enhance rapid revegetation, u s i n g  diversion ditches, and ditch sedimetation 
collection systems t o  prevent any soil  from entering Cobb Creek and Calm Creek. 
All these measures, along w i t h  an earth !moving moratorium during the winter 
rainy season, will help t o  curb the erosion from the affected area. 

I n  order  t o  evaluate  the  e f fec t iveness  of the  erosion control plan,  SMUD 
offers t o  annually quantify the amount of sediments accumulated in the sedimen- 
t a t i o n  c o n t r o l  system and t o  repor t  t h i s  i n f o r m a t i o n  t o  b o t h  the  C E C  a n d  

If these d a t a  show the amounts of soil  loss are e i ther  larger t h a n  expected, not  
decreasing with time back t o  the na tura l  erosion rate ,  or b o t h  of the above, 
SMUD will be required t o  appropriately modify the erosion control p l an  i n  
consultation w i t h  the CEC and the USGS. 

I -  

I 
the . U.S. Geological Survey. I 
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C UMULAT I V E IMPACTS 

Although the  SMUD geothermal p r o j e c t  w i l l  be by i t s e l f  a l i m i t e d  c o n t r i b u t o r  t o  
the  adverse impacts 1 i s t e d  under t h e  "Impacts" s e c t i o n  above, t h e  incremental  
e f f e c t s  o f  t h e  p r o j e c t  a r e  considerable when viewed i n  connect ion w i t h  the  
e f fec ts  o f  completed pro jec ts ,  p r o j e c t s  p r e s e n t l y  under c o n s t r u c t i o n ,  and 
probably  f u t u r e  p r o j e c t s .  

B i g  Sulphur Creek Watershed 

The SMUDGEO#l p r o j e c t  i s  l o c a t e d  w i t h i n  the  B ig  Sulphur Creek watershed. Other 
p r o j e c t s  c o n t r i b u t i n g  t o  t h i s  watershed are  PGandE p r o j e c t s  1 through 12, 14, 
and 15 which t o t a l  773 MW. Completion o f  PGandE p r o j e c t s  1 7  (110 MW), and 
18 (110 MW), NCPA 2 (110) and SMUDGEO#l (72  MW) w i l l  b r i n g  t h e  B i g  Sulphur 
Creek watershed t o  an i n s t a l l e d  l e v e l  o f  1,4;75 MW by f a l l  1983. 

Using t h e  rough approximat ion o f  .50 acres o f  vegeta t ion  l o s t  f o r  each megawatt* 
( t h i s  i n c l u d e s  a l l  a c t i v i t i e s ,  power p l a n t ,  as w e l l  as steam f i e l d ) ,  t h e  
devel opment-re1 a t e d  area c o n t r i b u t i n g  sediment t o  the  B i g  Sul phur Creek water-  
shed w i l l  be 587 acres by f a l l  o f  1983. 

THE KGRA 

I n c l u d i n g  B i g  Sulphur Creek watershed, t h e  e n t i r e  KGRA c u r r e n t l y  houses 908 MW. 
By 1992 CEC s t a f f  est imates t h a t  d ry  steam development i n  t h i s  r e g i o n  w i l l  t o t a l  
2,700 MW, w i t h  an a d d i t i o n a l  550 MW from h o t  water sources expected by t h e  
y e a r  2000.** Using the rough approximat ion o f  .50 acres o f  vegeta t ion  l o s t  per  
MW, and assuming no change i n  c u r r e n t  m i t i g a t i o n  p r a c t i c e s  f o r  e ros ion  c o n t r o l  
and t h a t  t h i s  approximat ion a p p l i e s  t o  h o t  water development as w e l l ,  t h e  
cumul a t i v e  r e s u l  t w i  11 be 1625 acres o f  devel opment re1 ated d i  sturbance ( 1 o s t  
vegeta t ion)  c o n t r i b u t i n g  sediment t o  the  B i g  Sulphur Creek watershed by t h e  y e a r  
2000. O f  t h i s  amount, SMUDGEO#l w i l l  c o n t r i b u t e  approximately 36 acres o r  1.1 
p e r c e n t  o v e r a l l  . S i n c e  t h e r e  a r e  many assumpt ions  i n c a l  c u l  a t i  ng t h e s e  
cumulat ive environmental impacts, t h e  f i g u r e s  should be viewed merely as an 
approximation. 

More accurate a n a l y s i s  o f  cumulat ive impacts t o  the  KGRA w i l l  be found i n  CEC's 
for thcoming cumulat ive study, t i t l e d  Developmental E f f e c t s  a t  The Geysers. T h i s  
study i s  t a r g e t e d  f o r  re lease t o  t h e  p u b l i c  i n  1983 , and w i l l  address cumul a t i v e  
impacts i n  the  areas o f  h e a l t h  e f f e c t s ,  water  r e l a t e d  resources, b i o l o g i c a l  
resources, socioeconomics, seismic performance and des ign c r i t e r i a ,  e r o s i o n  and 
sedimentat ion,  t ransmiss ion systems, and a i r  q u a l i t y  model ing o f  t h e  KGRA. 
Resu l ts  of the  ongoing KGRA eros ion/sedimentat ion study, a j o i n t  e f f o r t  by CEC 

*CEC, Cumul a t i v e  B i o l o g i c a l  Impacts o f  Geothermal Development i n  

**Cal i f o r n i  a Energy Commi ss ion  , Renewabl es and A I  t e r n a t i v e  Techno1 og 

KGRA Summary. Table 3, October 1, 1980. 

S t a f f  D r a f t ,  September 1980, CEC, Pub. #500-80-012. 
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0 technical s t a f f  a n d  t h e  Oepartment o f  Conservation, will he published d u r i n c  
the interim. This erosionlsedirnentation s tudy  w i l l  q u a n t i f y  sediment yields f o r  
certain projects presently under construction and adjacent watersheds which 
a r e  undisturbed, a n d  w i 1 7  Drovide C E C  s t a f f  w i t h  a basis  t o  evaluate  the 
effectiveness o f  the current erosion/sedirnentation m i  t i g a t i o n  practices employed 
a t  The Geysers. 
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BIOLOGY 

VEGETATION 

SETTING 

The A p p l i c a t i o n  f o r  C e r t i f i c a t i o n  (AFC) by Sacramento Munic ipa l  U t i 1  i t y  D i s t r i c t  
(SMUD, 1980, pp. 5-48 t o  5-76) descr ibes t h e  b i o l o g i c a l  s e t t i n g  o f  t h e  SMUDGE0 
#1 p r o j e c t .  The f o l l  owi ng paragraphs a r e  general l y  based upon t h e  i n f o r m a t i o n  
conta ined i n  t h e  AFC document. The Energy Commission s t a f f  has v e r i f i e d  t h i s  
i nformat ion  and suppl emented i t  through examinat ion o f  t h e  s i t e  , d i  scussion w i  t h  
appropr ia te  agencies and i n d i v i d u a l s ,  and review o f  o t h e r  p e r t i n e n t  in fo rmat ion .  

The vegeta t ion  found i n  the  v i c i n i t y  o f  t h e  proposed p r o j e c t  i s  t y p i c a l  o f  t h e  
c e n t r a l  coas t  ranges n o r t h  o f  San Franc isco Bay. It i s  c h a r a c t e r i z e d  by a 
composi t e  of  brush ( p r i m a r i l y  chaparra l  1 an@ deciduous and mixed evergreen p l  a n t  
communities r e s u l t i n g  from a v a r i e t y  o f  f a c t o r s  i n c l u d i n g  topography, exposure, 
s o i l  v a r i a t i o n ,  l a n d  use, and response t o  f i r e .  

The p l a n t  communities o r  h a b i t a t s  [based on the c l a s s i f i c a t i o n  o f  Cheatham and 
H a l l e r  (197511 found on the  proposed power p l a n t  s i t e  and surrounding steam 
f i e l d  and shown i n  F igure  7 inc lude:  

o Mixed evergreen f o r e s t ;  

o Knobcone p i n e  f o r e s t ;  

o Cal i f o r n i  an mixed chaparra l  ; 

o Serpent ine chaparra l  ; 

o Chami se chaparra l  ; and 

o Barrens. 

The m i x e d  e v e r g r e e n  f o r e s t  i s  composed o f  dec iduous  and c o n i f e r o u s  t r e e s  
i n c l u d i n g :  madrone (Arbutus menz ies i i ) ,  C a l i f o r n i a  bay ( U m b e l l u l a r i a  c a l i -  
f o r n i c a )  , canyon oak (0- c h r y s o l e  i s ) ,  b i g - l e a f  maple (Acer m a c r o p h y x )  
a n d g l a s  fir ( P s e u d o m m e d  The f o r e s t  community i s  found on t h e  

t h e  lease a long t h e  Cobb Creek drainage, and i n  an area near t h e  midd le  o f  
t h e  lease a long the  Calm Creek drainage. I n  t h e  more m o i s t  p o r t i o n s  a long 
the  bottom o f  t h e  drainages are  species associated w i t h  r i p a r i a n  h a b i t a t s ,  
p a r t i c u l a r l y  where the road t o  PGandE U n i t s  9 and 10 crosses Cobb Creek. 

southwest p o r t i o n  + o t h e  ease a long Panic Creek, on t h e  nor theas t  p o r t i o n  o f  

Knobcone p i n e  f o r e s t s  a r e  charac ter ized  by a c losed canopy formed by knobcone 
p i  ne ( P i  nus a t tenuata)  w i  t h  a dense understory  o f  entangl  ed dead branches. 
A s s o c i a t e a s p e c i e s  w i t h i n  the  understory  a r e  manzanita (Arc tos taphy los  spp. 
and C a l i f o r n i a  l i l a c  (Ceanothus spp.). T h i s  community i s  normal ly  assoc iated 
w i t h  serpent ine s o i l s  and areas t h a t  have been s u b j e c t  t o  f i r e s .  A l a r g e  s tand 
i s  i d e n t i f i e d  along the southern boundary o f  t h e  leaseho ld  a long Calm Creek, 
F i g u r e  7, w i t h  o t h e r  communities l o c a t e d  o f f  the  leaseho ld  t o  t h e  south and 
west. 
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The C a l i f o r n i a  mixed chaparra l  i s  common on t h e  leasenold.  The shrubs f r e -  
quent ly  found i n  t h i s  mixed chaparra l  form dense, impenetrable t h i c k e t s .  The 
p l a n t  species i n c l u d e  chami se (Adenostoma fasc icu la tum)  , buckbush (Ceanothus 
cuneatus  1 and o t h e r  s p e c i e s  o f  Ceanothus , rnountai  n mahogany ( C e r c o c a r p u s  
b e t u l o i d e s ) ,  chaparra l  pea ( P i c k e r i n g i a  montana) , manzanita (Arc tos taphy los  
spp.), shrub oak (quercus spp.), and s i l k  tasse l  (Garrya spp.). Character-  
i s t i c a l l y ,  s o i l s  a r e  dry,  rocky and low i n  n u t r i e n t s  and the  species composi t ion 
i s  r e l a t e d  t o  s l o p e ,  exposure ,  a v a i l a b l e  m o i s t u r e ,  s o i l  t y p e ,  and f i r e  
frequency. Most o f  the  vegeta t ion  t o  be c l e a r e d  f o r  the power p l a n t  s i t e  w i l l  be 
i n  C a l i f o r n i a  mixed chaparra l .  

C h a r a c t e r i s t i c  o f  the  serpent ine chaparra l  community a r e  clumps o f  vegeta t ion  
where s u f f i c i e n t  t o p s o i l  ana mois ture e x i s t .  The serpent ine s o i l s  a r e  h i g h l y  
erodable,  n u t r i e n t  d e f i c i e n t ,  and c o n t a i n  elements t o x i c  t o  many p l a n t  species, 
thus e f f e c t i v e l y  r e s t r i c t i n g  the  growth and establ ishment  o f  many species. 
P l a n t  species which do occur on the  serpent ine s o i l s  a r e  Jepson's ceanothus 
(Ceanothus j e p s o n i i )  , chamise, l e a t h e r  o a l  (Quercus durata)  , Sargent cypress 
(Cupressus  s a r g e n t i  i 1 , and whi t e l  e a f  m a n z a m A r c t o s t a p h y 1  os  v i  s c i  da) . 
Serpent ine chaparra l  i s  found on the  southwest p o r t i o n  o f  t h e  l e a s m n d  
o u t s i d e  o f  the  '1 easehol d t o  t h e  northwest.  

The chami se chapparal p l  a n t  community i s domi nated by chami se ( Adenostoma 
fasc icu la tum) ;  o t h e r  brush species do occur b u t  w i t h  much lower  f requencies.  
Chamise chaparra l  occurs on hot,  d ry  south and west f a c i n g  slopes. The stands 
a r e  sca t te red  through the  c e n t r a l  p o r t i o n  o f  t h e  leasehold.  C l e a r i n g  f o r  t h e  
power p l a n t  s i t e  w i l l  remove p a r t  o f  a chamise chaparra l  stand. 

The barren h a b i t a t s  a r e  areas n e a r l y  devoid o f  vegeta t ion  due t o  s o i l  condi-  
t i o n s .  I n  the  v i c i n i t y  n o r t h  o f  the  p r o j e c t ,  a long t h e  r i d g e  o f  t h e  Mayacmas 
mountains, areas o f  serpent ine rock outcropping occur. To t h e  south o f  t h e  
p r o j e c t  a re  areas o f  geothermal ly a1 t e r e d  s o i l s ,  which a1 so have r e s t r i c t e d  
development o f  p l a n t  communities. L i t t l e  Geysers i s  one o f  these areas. These 
two types o f  h a b i t a t s  a r e  p a r t i c u l a r l y  impor tan t  b o t a n i c a l l y  because they 
suppor t  s i g n i f i c a n t  numbers and k i n d s  o f  unique p lan ts .  Found on t h e  serpent ine 
barrens a r e  the  jewel  f l o w e r  ( S t r e  tanthus spp.), o f  which some species a r e  

a n t  Society .  The h o t  spr ings  panic  
grass (Dichanthel  i um 1 onugi nosum var.  thermal e)  , a s t a t e  -designated endangered 
p l a n t ,  i s  found i n  the geothermal ly a l t e r e d  areas. 

l i s t e d  as r a r e  by t h e  C a l i f o r n i a  __e_pT Nat ive  

The p l a n t  communities found a t  t h e  proposed SMUDGEO#l power p l a n t  s i t e  a r e  t h e  
C a l i f o r n i a  mixed chaparra l  and t h e  chamise chapar ra l .  The chamise chaparra l  i s  
l o c a t e d  on the  southern p a r t  o f  t h e  power p l a n t  s i t e  w i t h  the  mixed chaparra l  
occur ing  over t h e  r e s t  o f  t h e  area. 

No r a r e  o r  endangered p l a n t  o c c u r r i n g  on federa l  o r  s t a t e  l i s t s  have been found 
on t h e  power p l a n t  s i t e  o r  on areas t h a t  w i l l  be d i s t u r b e d  d u r i n g  development o f  
t h e  leasehold.  Species on t h e  C a l i f o r n i a  Nat ive  P l a n t  Society  l i s t s  a r e  known 
t o  occur i n  The Geysers KGRA b u t  have n o t  been repor ted  i n  t h e  leasehold.  

An o n - s i t e  f i e l d  survey f o r  r a r e  and endangered p l a n t s  was conducted d u r i n g  
June 16 - 18, 1980, a t  the  power p l a n t  s i te,and a h a b i t a t  search was conducted 
f o r  areas w i t h i n  a one m i l e  r a d i u s  zone o f  t h e  s i t e  ( O s t e r l i n g ,  1980; AFC 
Response August 11, 1980). Eighteen p l a n t  species p o t e n t i a l l y  occur i n  t h e  area 
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based on a v a i l a b l e  i n f o r m a t i o n  and agency l i s t s  o f  p o t e n t i a l  p l a n t  species. 
None o f  the  r a r e  and endangered p l a n t  species were found, a l though p o t e n t i a l  
h a b i t a t  areas were i d e n t i f i e d  and examined. 

IMPACTS 

The pr imary vegeta t ion  impacts associated w i t h  t h e  proposed p r o j e c t  w i  11 r e s u l  t 
from (1) d i r e c t  d is turbance o r  removal o f  vegeta t ion  dur ing  c o n s t r u c t i o n  and 
maintenance a c t i v i t i e s ,  and ( 2 )  aerosol  d e p o s i t i o n  o f  t o x i c  substances on vege- 
t a t i o n  o r  accumulation o f  these substances i n  t h e  s o i l .  These impacts w i l l  
r e s u l t  from a c t i v i t i e s  associated w i t h  t h e  power p l a n t ,  t ransmiss ion 1 ines,  and 
steam f i e l d s .  These two impacts a r e  a l s o  o f  concern because o f  t h e i r  cumula t ive  
na ture  over  t ime and over t h e  f u l l  Geysers KGRA. 

Losses Related t o  Const ruc t ion  

Development o f  the  proposed power p l a n t  anh i t s  assoc iated steam supply f i e l d  
w i l l  r e s u l t  i n  removal o f  - 57.4 acres o f  vegeta t ion  based on est imates f rom I 
F i g u r e  8 and t h e  AFC (AFC, p. 5-76); r e v e g e t a t i o n  w i l l  occur on some o f  t h e  c u t  
and f i l l  slopes. The t o t a l  l o s s  i n c l u d e s  10.5 acres f o r  the  power p l a n t ,  one 
acre  f o r  the  t ransmiss ion l i n e  towers, access roads, and l i n e  c l e a r i n g ,  22.5 
acres f o r  w e l l  pads,* 7.3 ac res  f o r  steam pipel ines ,*  and 16.1 acres  f o r  roads. 
The g r e a t e s t  vegeta t ion  l o s s ,  approx imate ly  90 percent,  w i l l  be t o  mixed C a l i -  
f o r n i a  chaparral  vegetat ion.  Because o f  the abundance o f  chaparra l  i n  The 
Geysers area, t h i s  l o s s  i s  n o t  considered s i g n i f i c a n t  f o r  SMUDGEO#l p r o j e c t  
by i t s e l f .  There w i l l  be some l o s s  from o t h e r  p l a n t  communities a t  t h e  w e l l  
pad on the  southwest corner  o f  t h e  leasehold,  a long t h e  main access road and 
steam p i p e l i n e s .  Cumulative b i o l o g i c a l  impacts a r e  discussed l a t e r  i n  t h i s  
sec ti on. 

I 

Losses Re1 a ted  t o  Operat ion 

Whi le vegeta t ion  removal i s  an e a s i l y  understood and documented impact asso- 
c i a t e d  w i t h  geothermal development, impacts from t o x i c  substances a r e  not .  
Geothermal steam conta ins  boron, hydrogen s u l f i d e  ( H  S)  and s a l t s ,  a l l  o f  
which a r e  p o t e n t i a l l y  t o x i c  t o  vegetat ion.  Cool ing &wer d r i f t ,  steam w e l l  
vent ing,  and o t h e r  re leases o f  steam o r  steam condensate have r e s u l t e d  i n  
damage, s t r e s s  o r  even l o s s  o f  some p l a n t s .  Vegetat ion s t r e s s  has occurred a t  
o t h e r  power p l a n t  u n i t s ,  a l though t h e  e x t e n t  and s e v e r i t y  o f  s t r e s s  d i f f e r s  a t  
each u n i t .  

A v a i l a b l e  i n f o r m a t i o n  a l s o  i n d i c a t e s  t h a t  the zone o f  a f f e c t e d  v e g e t a t i o n  a t  
some of t h e  e x i s t i n g  power p l a n t  u n i t s  has increased over a p e r i o d  o f  years.  
This  may be associated w i t h  increased l e v e l s  o f  boron o c c u r r i n g  i n  t h e  c i r c u -  
l a t i n g  water  o f  t h e  c o o l i n g  towers (Mal loch,  1979). The s i g n i f i c a r l c e  o f  these 
vegeta t ion  impacts from c o o l i n g  tower d r i f t  f o r  t h e  l i f e  o f  t h e  power p l a n t  can 
n o t  be determined from a v a i l a b l e  data.  

*For i n f o r m a t i  on and environmental documentation on 1 easehold development as ide  
from the power p l a n t ,  r e f e r  t o :  Environmental Assessment, USGS. 
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0 

I 

PGandE i s  conduct ing a study on t h e  e f f e c t  o f  c o o l i n g  tower d r i f t  on vegetat ion.  
The study w i l l  measure vegeta t ion  s t r e s s  and damage near opera t iona l  and pre- 
opera t iona l  u n i t s .  The mixed chaparra l  vegeta t ion  around SMUDGEO#l i s  s i m i l a r  
t o  t h a t  around PGandE Geysers U n i t  17, except f o r  the chamise chaparra l  stands. 
Studies on d r i f t  e f f e c t s  t o  mixed chaparral  w i l l  be inc luded i n  t h e  PGandE d r i f t  
m o n i t o r i n g  program. 

Experience a t  e x i s t i n g  p l a n t s  i n d i c a t e s  t h a t  the  type o f  H S abatement system 
used a f f e c t s  t h e  impact o f  d r i f t .  A f t e r  U n i t s  5 and 6 were A t r o f i t t e d  w i t h  t h e  
i r o n  c a t a l y s t  abatement system, increased v e g e t a t i v e  dieback was observed. 
PGandE does n o t  y e t  have enough i n f o r m a t i o n  on t h e  S t r e t f o r d  abatement system t o  
assess i t s  impact on vegetat ion,  b u t  p r e l  im inary  r e s u l  t s  i n d i c a t e  1 ess damage 
than under the  i r o n  c a t a l y s t  system.* 

The d r i f t  e l  i m i  n a t i o n  s p e c i f i c a t i o n  f o r  the SMUDGEO#l power p l  a n t  coo l  i ng tower 
i s  s e t  a t  a d r i f t  l o s s  r a t e  o f  .001 percenf o f  t h e  125,000 g a l l o n s  per  minute 
(gpm) c i r c u l a t i n g  water mass, o r  1.25 gpm.! T h i s  i s  below s p e c i f i c a t i o n  d r i f t  
loss r a t e s  f o r  e x i s t i n g  Geysers u n i t s  f o r  which t h e r e  i s  i n f o r m a t i o n  on vege- 
t a t i o n  e f f e c t s .  Whi le t h e  1.25 gpm d r i f t  i s  a r e d u c t i o n  i n  water loss from t h e  
tower, t h e  impacts on vegeta t ion  a l s o  a r e  a f f e c t e d  by t h e  amount o f  boron i n  t h e  
steam supply, which i s  t h e  source o f  boron i n  t h e  c i r c u l a t i n g  water. Therefore,  
i t  i s  n o t  c e r t a i n  t o  what e x t e n t  d r i f t  w i l l  h ave an impact on the  SMUDGEO#l 
p r o j e c t  area. CEC s t a f f  does n o t  b e l i e v e  t h a t  t h i s  impact c o u l d  prec lude 
development o f  the  p r o j e c t ;  however, i t  i s  n o t  p o s s i b l e  t o  say a t  t h i s  t i m e  t h a t  
the impact i s  i n s i g n i f i c a n t  (See M i t i g a t i o n  Measures). 

I 

Rare and Endangered P l a n t s  

Since no species have been i d e n t i f i e d  w i t h i n  t h e  development areas o r  a one-mile 
r a d i u s  o f  t h e  power p l a n t  s i t e ,  no i m p a c t s  t o  p l a n t  s p e c i e s  o c c u r r i n g  on  
the  s t a t e  and federa l  r a r e  and endangered p l a n t  l i s t s  w i l l  occur ( O s t e r l i n g ,  
1980; AFC Response August 11, 1980). 

P l a n t  Species of Special  Concern and Areas of C r i t i c a l  Concern 

O f  the  18 species, which inc luded species on t h e  C a l i f o r n i a  N a t i v e  P l a n t  Soc ie ty  
l i s t ,  species on t h e  Bureau o f  Land Management and U.S. F i s h  and W i l d l i f e  
Serv ice  l i s t s  f o r  The Geysers area, which were considered i n  t h e  s i t e  s tud ies ,  
none were found. No impacts w i l l  a f f e c t  p l a n t  species o f  spec ia l  concern. 

Areas o f  c r i t i c a l  c o n c e r n  n e a r  t h e  p r o j e c t  l e a s e h o l d  i n c l u d e  Cobb Creek,  
Calm Creek spr ing,  Birdsong Meadow, r i p a r i a n  areas, and bar ren  areas. O f  these 
areas o n l y  t h e  barrens a r e  areas o f  c r i t i c a l  vegeta t ion  concern. The importance 
o f  the  barrens areas which support  r a r e  and endangered p l a n t s  i s  discussed i n  
p rev ious  paragraphs on these species. The o t h e r  areas o f  c r i t i c a l  concern were 
considered dur ing  the p l a n t  surveys and no p l a n t  species o f  spec ia l  concern were 
found w i t h i n  t h e  one m i l e  zone o f  i n f l u e n c e .  

0 *Source: Frank Cahn, PGandE H o r t i c u l  t u r i s t ,  October 6, 1980. 
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PI IT I GAT I ON MEASURES 

Construction 

The disturbed areas associated w i t h  the power p l a n t  pad development and  the m a i n  
access road will be revegetated. The power plant s i t e  revegetation methods are 
described i n  the AFC ( p p .  5-85 t o  5-87Ay Revised June 1980). Information on 
proposed grass, herbaceous, and shrubs species t o  be used a t  the s i t e  and the 
density of the plantings are presented i n  the Wildlife Mitigation P l a n  (AFC 
Response, 9/3/80).  The cuts and f i l l s  resulting from upgrading of  the existing 
f i r e  road from Socrates Mine Road t o  the power p l a n t  w 11 be revegetated. 

Vehicle access t o  nonessential t r a i l s  i n  the vicinity o f  the 
restricted.  This will a1 low natural vegetation t o  re-establ 
t r a i l s .  

power plant will be 
sh i t s e l f  along the 

Disturbed areas  a r o u n d  the t ransmissiod towers w i  1 1  be hydromul ched and 
seeded. Where possible, r o o t  crowns and bur'ls will be l e f t  intact  t o  f ac i l i t a t e  
resprouti ng. 

In order t o  preserve a portion of the mixed evergreen forest ,  SCIUD altered i t s  
o r i g i n a l  p l a n  f o r  a sed imenta t ion  b a s i n  t o  be c o n s t r u c t e d  be low t h e  power p l a n t  
t o  the northeast i n  a drainage i n t o  Cobb Creek. Instead, a check dam drainage 
system w i t h  cross ditches will be constructed on the f i l l  slope. This system 
will be designed t o  t r a p  sediments from slope runoff and provide f o r  the removal 
of the sediment. 

When implemented, the revegetat ion e f f o r t s  wil l  t o  the ex ten t  t h a t  they 
include native species, par t ia l ly  compensate for the loss of existing plant 
communi t i e s  and wi 11 contribute t o  early re-establ i shment of vegetation i n  
disturbed areas. 

Mitigation effor ts  associated with well pad development and steam pipe1 ines 
are d i  scussed i n  the federal Environmental Assessments (USGS, 1975 1979, 
1980). Revegetation of cut and f i l l  areas using grass and herbaceous species 
consti tutes the principle mitigation measure. 

Operati on 

The 0.001 percent d r i f t  design for the cooling towers i s  a reduction from 
ear l ie r  designs f o r  towers in use i n  The Geysers area. SMUD will monitor the 
effects  of  d r i f t  on vegetation (AFC, p .  5-878, Revised June 1980). A detailed 
monitoring program - was submitted t o  the CEC f o r  review i n  December 1980. 1 
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WILDLIFE 

SETTING 

The w i l d l i f e  r e s o u r c e s  o f  t h e  s i t e  a r e  d e s c r i b e d  i n  t h e  A p p l i c a t i o n  f o r  
C e r t i f i c a t i o n  by Sacramento Munic ipa l  U t i 1  i t y  D i s t r i c t .  (SMUD, 1980, pp. 5-48 
t o  5-76 and Appendix H )  I n  a d d i t i o n  t o  a l i t e r a t u r e  survey and general s i t e  
reconnai ssance, smal 1 mammal 1 i v e - t r a p  t r a n s e c t s  were conducted near the  p l  a n t  
s i t e  i n  October and November 1979, songbi rd t r a n s e c t s  were made i n  May 1980 (AFC 
Response, 6-3-80), aquat ic  surveys were conducted i n  B i g  Sulphur Creek i n  
October 1979, and a study t o  determine the  presence o f  r i n g t a i l  was conducted i n  
May 1980. (AFC Response, 6-3-80) 

The power p l a n t  s i t e  i s  l o c a t e d  on a spur r i d g e  o f  t h e  Mayacmas Mountains. 
The power p l a n t  and adjacent  w e l l  pad are l o c a t e d  on t h e  n o r t h  s i d e  o f  t h e  
r idge;  the  o t h e r  w e l l  pads a r e  l o c a t e d  on the south slopes. Most o f  t h e  lease- 
ho ld,  a south f a c i n g  slope, i s  covered by 'chaparra l .  The nor thern  p o r t i o n  o f  
t h e  leasehold,  a n o r t h  f a c i n g  slope above Cobb Creek, con ta ins  mixed evergreen 
f o r e s t s .  These f o r e s t s  a r e  a l s o  found along t h e  creek drainages on t h e  south 
fac ing  slopes. About 1,155 f e e t  south o f  t h e  power p l a n t  s i t e  on Calm Creek i s  
a s m a l l  s p r i n g  w h i c h  p r o v i d e s  a y e a r  r o u n d  s o u r c e  o f  w a t e r  f o r  w i l d l i f e .  
I n t e r m i t t e n t  sources o f  water occur a long o t h e r  p o r t i o n s  o f  Calm Creek and Panic 
Creek, which d r a i n  the  south f a c i n g  slopes o f  t h e  leasehold,  and Cobb Creek, 
which rece ives  drainage from t h e  n o r t h  f a c i n g  s l  ope. A1 1 o f  these creeks d r a i n  
i n t o  B i g  Sulphur Creek. 

Evidence o f  an ex tens ive  burn w i t h i n  the  l a s t  15 years  covers much o f  t h e  
leasehold.  On t h e  n o r t h  f a c i n g  slope many o f  t h e  o l d  c o n i f e r s  k i l l e d  d u r i n g  
the  f i r e  remain as snags, impor tan t  h a b i t a t  f o r  some w i l d l i f e  species. Young 
c o n i f e r s  a r e  now growing and r e p l a c i n g  t h e  l o s t  t rees .  

The chaparra l  i s  the  most extens ive h a b i t a t  i n  t h e  p r o j e c t  area. It suppor ts  
a v a r i e t y  o f  small  mammals, m i g r a t o r y  and r e s i d e n t  b i r d s ,  and a year  round 
p o p u l a t i o n  o f  b l a c k - t a i l e d  deer (Odocoi l  eus hemionus columbianus). Mixed 
chaparra l  s form an excel l e n t  h a b i t a t  f o r  sinal 1 mammal s. Popul a t i o n  d e n s i t i e s  
a r e  u s u a l l y  high, and t h e r e  i s  a g r e a t e r  v a r i e t y  o f  species than i n  any o t h e r  
h a b i t a t .  Overa l l  w i l d l i f e  va lue f o r  l a r g e  stands o f  chaparra l  h a b i t a t  by i t s e l f  
i s  n o t  considered t o  be h i g h  because o f  t h e  absence o f  water and t h e  1 i m i t e d  
d i v e r s i t y  i n  vegeta t ion  type and species. Value depends p a r t i a l l y  on t h e  age o f  
t h e  stand; chaparra l  stands over  30 years  o l d  a r e  considered decadent and o f  low 
w i l d l i f e  value. 

O f  g r e a t e r  w i l d l i f e  va lue a r e  t h e  mixed evergreen f o r e s t  and associated r i p a r i a n  
h a b i t a t s  along the  creeks and drainages. These h a b i t a t s  a r e  composed o f  a 
v a r i e t y  o f  p l a n t  types and species and, as a r e s u l t ,  suppor t  a l a r g e  and d i v e r s e  
assemblage o f  b i r d s ,  l a r g e  and small mammals, r e p t i l e s ,  and amphibians. The 
presence o f  water and m o i s t  c o n d i t i o n s  f u r t h e r  increases t h e  va lue o f  t h e  
r i p a r i a n  h a b i t a t  and mixed evergreen f o r e s t .  On t h e  leaseho ld  t h e  r i p a r i a n  and 
f o r e s t  h a b i t a t s  enhance the  va lue of t h e  ad jacent  chaparra l  h a b i t a t .  

Based on the survey o f  the  l i t e r a t u r e  and on v i s u a l  surveys, no f i s h  species 
were i d e n t i f i e d  as o c c u r r i n g  i n  t h e  upper reaches o f  Cobb Creek and Calm Creek 
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which occur w i t h i n  the leasehold.  Rainbow t r o u t  (Salmo g a i r d n e r i )  , C a l i f o r n i a  
roach (Hes eroleucus symmetricus) , and suckers (Catostomus occ identa l  i s )  occur 

The f l o w  o f  cool  waters from Cobb Creek i n t o  B i g  S u l f u r  Creek i s  impor tan t  i n  
ma in ta in ing  the t r o u t  popu la t i on  i n  the  s e c t i o n  o f  B ig  Sulphur Creek below Cobb 
Creek. Natura l  thermal discharges i n t o  Panic Creek and i t s  i n t e r m i t t e n t  f l  ow 
have precluded development o f  f i s h  popu la t i ons  i n  t h i s  creek. 

Three l e g a l l y  p ro tec ted  w i l  d l  i f e  species ( f e d e r a l l y  designated " th rea tened o r  
endangered species" and s t a t e  designated " ra re ,  endangered, and f u l  l y  p r o t e c t e d  
species")  have ranges which i n c l u d e  the p r o j e c t  area: the American peregr ine  
fa1 con (Fa lco  peregr inus  anatum) , go1 den eagle ( A q u i l  a chrysaetos) and r i n g t a i l  
(Bassar i  scus a s t u t u s l  . 
The Amer ican p e r e g r i n e  f a 1  con, a f e d e r a l  and s t a t e  d e s i g n a t e d  endangered 
w i l d l i f e  species, c o u l d  occur w i t h i n  the  p t o j e c t  area. Th is  b i r d  i s  l i s t e d  by 
both t h e  s t a t e  and fede ra l  governments as endangered. The p r o j e c t  area i s  about 
10 m i l e s  northwest o f  t he  neares t  pe reg r ine  f a l c o n  e y r i e  which i s  i n  c u r r e n t  
use. Th is  e y r i e  i s  i n  t h e  v i c i n i t y  o f  M t .  S t .  Helena, an area which has been 
designated as " C r i t i c a l  H a b i t a t "  f o r  t he  peregr ine  fa lcon.  (U.S. F i s h  and 
Wild1 i f e  Service, 1977)  A1 though ex tens ive  observat ions have been made of  
c l i f f s  on the south and west s ides o f  Cobb Mountain, l o c a t e d  approximately one 
and one-hal f  m i l e s  no r theas t  o f  t h e  p r o j e c t  area, t he re  i s  no evidence o f  a 
peregr ine  f a l c o n  e r y i e  i n  c u r r e n t  use. The p o s s i b i l i t y  e x i s t s  t h a t  peregr ines 
do hunt  over the  p r o j e c t  area occas iona l l y ,  b u t  such usage i s  b e l i e v e d  t o  be 
extremely i n f r e q u e n t .  

Go1 den eagles, a s t a t e  designated f u l  l y  p r o t e c t e d  species, a r e  regul  ar ly s i t e d  
i n  t h e  v i c i n i t y  o f  Cobb Mountain. No a c t i v e  nests a r e  known w i t h i n  The Geysers- 
Ca l i s toga  KGRA. Due t o  t h e  l a c k  o f  p o t e n t i a l  n e s t i n g  a r e a s - - c l i f f s  and t a l l  
t r ees - - the  p r o j e c t  area i s  n o t  considered t o  be s u i t a b l e  n e s t i n g  h a b i t a t .  
The p r o j e c t  area i s  w i t h i n  t h e  general f o rag ing  areas used by t h i s  species. 

The r i n g t a i l  , a small raccoon- l i ke  mammal , i s  a s t a t e  designated f u l l y  p r o t e c t e d  
species. A 1 i v e  t r a p p i n g  survey by Biosystems Analysis,  Inc.  , (AFC Response, 
June 3, 1980) d i d  n o t  r e s u l t  i n  any captures  o f  t h i s  species, b u t  s igns  o f  t h e i r  
presence were evident,  and the area judged t o  be h i g h l y  s u i t a b l e .  Based on 
a v a i l a b l e  i n f o r m a t i o n ,  t h e  p r o j e c t  a r e a  may be used f o r  f o r a g i n g  by t h i s  
species . 

i n  Cobb + Cree be ow the  major f aT ls ;  these f a l l s  p rec lude f i s h  passage upstream. 

Species o f  r e c r e a t i o n a l  va lue  which a re  known o r  expected t o  occur i n  the area 
i n c l u d e  the mountain q u a i l  (Oreor tyx  p i c t u s )  , C a l i f o r n i a  q u a i l  (Lo h o r t y x  
c a l i f o r n i c u s )  , band- ta i l ed  p i g e n u m b a  f a s c i a t a )  , mourning dove re-- Zenaida 
rnacroura) , brush r a b b i t  (Sy l  v i  1 agus b a c h m a n i l x - t a i  1 ed j a c k  r a b b i  tm 
m i c u s )  , western gray squirr-urus r i s e u s )  , b l a c k - t a i l e d  deer 

O f  
these, t h e  b l a c k - t a i l e d  deer i s  by f a r  o f  t h e  g r e a t e s t  r e c r e a t i o n a l  importance. 
D e n s i t i e s  f o r  t he  deer may range as h i g h  as 0.4 t o  0.7 deer pe r  acre i n  the 
chaparral  h a b i t a t s  (Meneghi n , e t  a1 . , 1977). The 1 easehol d i s used e x t e n s i v e l y  
by deer throughout t h e  year,  S u i t a b l e  h a b i t a t  f o r  food, cover, and water i s  
found w i t h i n  the leasehold,  and moderate fawning h a b i t a t  i s  p resent  i n  the  
no r the rn  edge o f  the 1 easehol d. 

XOdocoileus hemionus columbianus) , and b l a c k b e a r  9-c Ursus americanus). 
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Trcut ,  a recreational f ish species, do not. occur w i t h i n  the creeks on the 
leasehold. No fish or wildlife species o f  commercial importance are f o u n d  
on the leasehold. 

A few animals are identified i n  the AFC ( p .  5-69 t o  5-71) as occurring i n  the 
KGRA and possibly occassionally occurring in the project area which have been 
considered by the California Department of Fish a n d  Game as species of special 
concern. These species i ncl uded the mer1 i n  (Fa1 co col umbarius) , Cooper' s hawk 
(Accipiter cooperii) , the sharp-shinned h a w m c c i p i  t e r  s t r i a tus )  , prair ie  
falcon (Falc-nus), purple martin (Proane subis) , a n d  mountain l i o n  (Fe l i s  
concol o r T 0 . F  the b i  r d  species , only t-rp-arti n was observed bre- 
on the s i t e  d u r i n g  the bird survey by Biosystem Analysis, Inc. (Response, 
6-3-80) Purple martins were observed using a large snag in the n o r t h  portion o f  
the leasehold. The other species may occassionally use the leasehold d u r i n g  
f o r a g i n g  ac t iv i t ies .  

E!o areas of c r i t i ca l  concern have been iddrttified for  the power plant s i t e ,  b u t  
areas have been identified on the leasehold and within areas subject t o  influ- 
ence by the power plant development. The areas of c r i t i ca l  concern are ( 1 )  t o  
the northeast, a rather dense riparian habitat along Cobb Creek, including the 
upstream area below the SMUD power plant, ( 2 )  a small s p r i n g  and the r ipa r i an  
associated hardwood-coni fe r  vegetation surrounding the spring which extends 
along the Calm Creek drainage located on the south facing slope d o w n h i l l  from 
the power p l a n t  s i te ;  a n d  ( 3 )  Douglas f i r  s n a p  in the northern por t ion  of the 
leasehold a n d  along the upper por t ion  o f  Cobb Creek. I n  general, these areas of 
c r i t i ca l  concern are of  local wildlife value, providing a diversity of h a b i t a t  
and a water source not  abundantly f o u n d  i n  the area. 

Another area o f  cr i t ica l  concern identified during the project review i s  B i r d -  
song Meadow ( C D F G  l e t t e r ,  April 18, 1980). This area i s  a b o u t  two miles south- 
east  of the power plant s i t e .  The main access road for  the project passes 
through th i s  meadow. Studies conducted on Birdsong Peadow and  Oatgrass Meadow, 
a nearby meadow, conclude t h a t  these meadows support a diverse f l o r a  a n d  receive 
more wildlife use than most habitat types w i t h i n  the B i g  Sulphur a n d  Kelsey 
Creek watersheds (Hal 1 , e t  a1 . , 1979) .  

There are no known unique wildlife ecological relationships identified as 
occurring i n  the planned project area or that  are expected t o  be affected by the 
project. Existing relationships are typical o f  those f o u n d  in similar habitats 
th roughou t  The Geysers KGRA. The nearby streams, Cobb Creek and Calm Creek, and 
the spring on Calm Creek, provide water sources which enhance local wildlife 
use above t h a t  which would be found i n  locations far ther  from permanent water 
sources. Because of the variety o f  habitats w i t h i n  and near the project area, 
there i s  locally a h i g h  diversity of wildlife.  

IMPACTS 

The primary impacts t o  wildlife from development o f  the power plant a n d  the 
associated steam fac i l i t i e s  will occur as  a resul t  o f  vegetative losses, distur- 
bance from construction ac t iv i t ies ,  and the release of potentially toxic sub- 
stances d u r i n g  operation. The loss of any vegetation will necessarily resul t  
i n  the loss of  some wildlife. The significance of t h i s  impact depends on the 
extent of vecetation loss ,  the number and k i n d  of  wildlife permanently residing 
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0 i n  the area cr usin9 i t  transiently,  a n d  the amount of  h a b i t a t  loss relative t o  
other habitats of similar value a n d  Q u a l i t y .  Because the p o p u l a t i o n  levels for  
most wildlife species are not k n o w n  for  the leasehold, a auantifiable estimate 
of impacts cannot be made. 

Development of the project, including b o t h  the power p l a n t  s i t e  and  well pads ,  
wi l l  affect  wildlife by loss of chaparral habitats (mixed chaparral, serpentine 
chaparral , and chamise chapa r ra l ) .  The power p l a n t  construction i n  the north- 
western portion of the leasehold will el iminate primarily mixed chaparral 
h a b i t a t .  The wildlife species most impacted will be the smaller species w i t h  
restricted home ranges, such as b r u s h  rabbit, dusky-footed woodrat,  deer mouse, 
pinyon mouse, and brush mouse. There wi l l  be some displacement and a result ina 
decrease in the number of larger species such as the black-tailed deer, grayfox, 
a n d  coyote due t o  a decrease i n  foraging h a b i t a t .  The loss of about 55.7 acres 
of chaparral vegetation has the potential for  reducing the number of deer [.4 t o  
.7 per acre (Weneghin, e t  a l . ,  1977) ]  by approximately 25 t o  39 individuals. In 
dense chaparral , creating such openings arl woul d occur a1 ong roads, pipe1 i nes , 
well pads, and power p lan t  c l ea r ings ,  ,could enhance w i l d l i f e  h a b i t a t  by 
improving access for larger species such as deer, and create areas of grass o r  
low herbaceous cover which would improve the habitat t o  some extent f o r  the 
b lack- ta i led  deer a n d  seed-eating rodents a n d  b i rds .  W i t h  the d i v e r s i t y  
of  h a b i t a t  and e x i s t i n g  roads  and  t r a i l s  on the l e a s e h o l d ,  t h i s  potential 
enhancement value i s  1 ikely t o  be minimal. 

Disturbance t o  wildlife will also resul t  from increased human act ivi ty  and  noise 
i n  the area d u r i n g  construction and operation ac t iv i t ies .  This will occur a t  
the power p l a n t ,  steam wells, a n d  along roads associated with the project. The 
extent of t h i s  impact i s  uncertain. Some reduction in bird nesting a n d  wildlife 
use i s  l ikely t o  occur adjacent t o  areas of high human act ivi ty  and noise, 
particularly in habitats adjacent t o  the power plant and well pads. Species 
sensit ive t o  human ac t iv i ty ,  such as gray fox, bobcat, and m o u n t a i n  l ion,  may 
e n t i r e l y  avoid the  area.  These species  may be replaced by species  l e s s  
sensitive t o  disturbance. 

B o t h  Cobb Creek and Calm Creek can be potentially affected by increased soil  
erosion and possible accidental releases of toxic materials from the proposed 
project. S o i l  erosion and sediment deposition i n  these creeks will increase 
because o f  vegetation removal and  soil disturbance d u r i n g  constructiov. The 
amount of sediment deposition and resulting impacts t o  aauatic l i f e  i n  these 
streams will depend on the effectiveness of the m i t i g a t i o n  measures described 
in the water quality and so i l s  section of t h i s  EIR. Increased sedimentation in 
Cobb Creek o r  removal of vegetation which would cause an increase i n  the temper- 
ature o f  the creek could affect  the t r o u t  population in the lower portion o f  
Cobb Creek a n d  in B i g  Sulphur Creek, since local t r o u t  distribution i n  B i g  
Sulphur Creek i s  par t ia l ly  dependent on the inflow of cool water from Cobb 
Creek. 

Potential erosion into Calm Creek, particularly from cut a n d  f i l l  act ivi ty  i n  
constructing and maintaining the main access road in the vicinity of the power 
plant, could cause a decrease in the availabil i ty of water t o  wildlife a t  the 
spring on the upper p o r t i o n  of the creek. There i s  a1 so a possibil i ty t h a t  the 
extensive c u t  and f i l l  operations associated w i t h  development of the power p a d ,  
roads, and  well pads i n  the area above the spring could a l t e r  natural drainage 
patterns which contribute to  the flow of water a t  the spring. 
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Development o f  t h e  main access road c o u l d  a l t e r  water f lows which suppor t  t h e  
wet p o r t i o n  o f  Birdsong Neadow and eros ion  from the  road c o u l d  depos i t  s i l t  
i n  t h e  meadow. The a1 t e r e d  n a t u r a l  drainage p a t t e r n  caused by t h e  e x i s t i n g  
road has caused deep g u l l y  e r o s i o n  i n  the meadow. The development o f  the 
road between Birdsong Meadow and the power p l a n t  s i t e  cou ld  a l s o  increase 
eros ion  i n t o  Anderson Creek, which c o u l d  a f f e c t  t h e  downstream r e s i d e n t i a l  t r o u t  
popul a t i o n .  

The increased s i 1  t a t i o n  i n t o  these streams from development i s  1 i k e  
i n  a s i g n i f i c a n t  impact, un less e f f e c t i v e l y  mi t iga ted .  

Re lease o f  t o x i c  m a t e r i a l s  such as steam condensate ,  r e i n j e c t  
d r i l l i n g  wastes o r  acc identa l  s p i l l s  d u r i n g  chemical t r a n s p o r t  i n t o  
Calm Creek, and Anderson Creek can p o t e n t i a l l y  cause l o s s  o f  f i s h  
organi  sms. Acc identa l  sp i  11 s o f  these m a t e r i a l  s have been recorded 
occasions i n  t h e  geothermal development area. The e x t e n t  o f  t h e i r  

y t o  r e s u l t  

on f l  u i d s ,  
Cobb Creek, 
and aquat ic  
on numerous 
mpac t s  w i  1 1 

depend on the  amount and k i n d  o f  m a t e r i a l  re jeased, t h e  stream they  a r e  re leased 
i n t o ,  and the  volume and f l o w  o f  water present  i n  t h e  stream. Release o f  these 
m a t e r i a l s  may cause a s i g n i f i c a n t  impact. 

The proposed p r o j e c t  w i l l  impact areas o f  c r i t i c a l  b i o l o g i c a l  concern t o  v a r y i n g  
degrees. There w i l l  be l i m i t e d  d i r e c t  d is turbance o f  the r i p a r i a n  h a b i t a t s ;  
however, t h e r e  i s  a p o t e n t i a l  f o r  impact on the  creeks from erosion, sedimen- 
t a t i  on , and acc identa l  s p i l l  s as discussed above. 

The dense r i p a r i a n  h a b i t a t  a long Cobb Creek and Calm Creek i s  w i t h i n  2000 
f e e t  o f  the power p l a n t ,  a zone which may be a f f e c t e d  by c o o l i n g  tower d r i f t  
(Mal loch, e t  a l . ,  1979). Vegetat ion w i t h i n  t h i s  d is tance a t  e x i s t i n g  power 
p l a n t  u n i t s  have shown evidence o f  s t r e s s  and damage. I n  a d d i t i o n  t o  t h e  
p o t e n t i a l  f o r  some l o s s  o f  the mixed evergreen f o r e s t  vegeta t ion  from d r i f t ,  
t h e r e  would be t h e  associated p o t e n t i a l  f o r - a n  increase i n  water temperature i n  
Cobb Creek and Calm Creek due t o  t h e  l o s s  o f  shade from the  t rees .  Any upstream 
increase o f  water temperature i n  Cobb C reek cou ld  c o n t r i b u t e  t o  cumul a t i v e  
e f f e c t s  on l o c a l  t r o u t  d i s t r i b u t i o n  i n  B i g  Sulfur Creek. Also, the loss o f  
v e q e t a t i v e  cover caused bv d r i f t  c o u l d  increase t h e  eros ion  D o t e n t i a l  i n t o  t h e  
creeks. Increased sedimentat ion c o u l d  a f f e c t  t h e  t r o u t  popu la t ions  i n  Cobb 
Creek and B i g  Sulphur Creek and decrease t h e  a v a i l a b i l i t y  o f  water f o r  w i l d l i f e  
a t  the  s p r i n g  on Calm Creek. The s i g n i f i c a n c e  o f  these p o t e n t i a l  impacts cannot 
be determined a t  t h i s  t ime because they  a r e  dependent on t h e  boron l e v e l s  i n  t h e  
steam supply, on technology used t o  remove o t h e r  p o l l u t a n t s  from t h e  d r i f t ,  and 
on l o c a l  wind pa t te rns .  

The p r o j e c t  i s  n o t  expected t o  have a s i g n i f i c a n t  impact on t h e  r a r e  peregr ine  
f a l c o n  o r  t h e  pro tec ted  golden eagle and r i n g t a i l .  The peregr ine  f a l c o n  and t h e  
golden eagle a r e  uncommon i n  t h e  p r o j e c t  area, and no p r o j e c t  a c t i v i t i e s  a r e  
1 i k e l y  t o  s i g n i f i c a n t l y  d i s r u p t  any f o r a g i n g  t h a t  may i n f r e q u e n t l y  occur here. 
The e x t e n t  o f  use o f  t h e  area by t h e  r i n g t a i l  i s  uncer ta in .  While t h e  p r o j e c t  
w i l l  e l i m i n a t e  p o t e n t i a l  r i n g t a i l  h a b i t a t ,  no known breeding o r  c r i t i c a l  feeding 
areas have been i d e n t i f i e d  i n  t h e  v i c i n i t y  o f  t h e  power p l a n t ,  w e l l  pads, o r  
access roads. 

Recreat ional  species w i l l  be adverse ly  a f f e c t e d  by t h e  p r o j e c t .  As i n d i c a t e d  i n  
the vegeta t ion  impacts subsect ion,  the loss o f  chaparra l  h a b i t a t  has t h e  poten- 
t i a l  f o r  reducing the  number o f  deer by approximately 28 t o  39 i n d i v i d u a l s .  
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The potential loss 
affect  deer as we1 
mountain q u a i l ,  a n d  
r a b b i t ,  a n d  b l a c k  
vegetation. Black 
human activity . 

o f  mixed everareen forest  from d r i f t  could a1 so adversely e 
as feeding and nestinp areas for western grey squirrels,  

band-tailed pigeon. Ca'l i f o r n i a  ouail , mourning dove, brush 
t a i l e d  h a r e  wil l  be impacted by the l o s s  of chaparral  
bear may abandon the area because of  increased noise and  

As discussed above, potential impacts t h a t  c o u l d  affect  water quality and 
temperature of Cobb Creek could have adverse effects  on the distribution of the 
local  t r o u t  population a n d  o ther  aquat ic  organisms i n  Cobb Creek a n d  B i g  
Sul  p h u r  Creek. 

The rap to r  species identified as species of special concern were not frequently 
observed i n  the project area, and disruption of this  small p o r t i o n  of their  
f o r a g i n g  area, when considered by i t se l f , ,  would n o t  be significsnt.  The i n -  
creased human act ivi ty  a n d  noise associatdd w i t h  construction and  operation o f  
the project will likely cause an alteration and decrease in mountain lion usage 
of the area f o r  forag ing .  

The purple martin nest s i t e s  in the snags are close enough t o  the power plant t o  
be i n  t h e  zone af fected by c o o l i n g  tower d r i f t .  Studies indicate t h a t  i n  
the house martin (Delichon urbica), a bird closely related t o  the purple mar t in ,  
nestin9 i s  reduced i n  a r e a s m i g h  pollut.ion levels (Newman, 1980). Depending 
on the local d r i f t  pattern, there i s  a potential f o r  a decrease i n  nesting use 
around the power p l a n t  by the purple martin.  

The potential effects  on the forested areas a n d  the spring on Calm Creek from 
d r i f t  have been discussed above. Additional potential impacts could occur t o  
the spring i f  development o f  the pad s i t e s  a n d  road disrupt the water source to  
the spring or i f  erosion from cut and f i l l  construction cause sediments t o  f i l l  
up the spring. 

No direct  impacts are expected to  affect  the Douglas f i r  snags. These snags are 
outside of the area t h a t  will be cleared f o r  development. Noise and other 
construction ac t iv i t ies  may temporarily reduce b i r d  usage a n d  nesting in the 
snags. 

Unless most of the individual impacts upon the areas of c r i t i ca l  concern, 
legally protected species, and recreational species are effectively r i t iga ted ,  
the t o t a l  impact of the p ro jec t  would be s i g n i f i c a n t  t o  the  biological  
resources. 

VITIGATION MEASURES 

SMUD discussed general mitigation measures i n  the AFC ( p .  5-85 t o  5-89) and 
submitted a Wi ld l i fe  Mit igat ion Plan ( A F C  Response, 9 / 3 / 8 0 ) .  Additional 
detai ls  of the plan will be developed during public workshops w i t h  the CEC 
biology s t a f f ,  and other concerned agencies: California Department of Fish and 
Game, United States Fish and Wildlife Service, Bureau of Land Management, and  
United States Geological Survey. 
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The measures proposed by SMUD i n  t h e i r  W i l d l i f e  M i t i g a t i o n  Plan c o n s i s t  o f :  

1. Sediment c o n t r o l .  The sediment pond o r i g i n a l l y  descr ibed i n  t h e  AFC has 
been rep laced by a check dam drainage system a long the f i l l  on the  nor th -  
e a s t  f a c i n g  s l o p e .  The check dams w i l l  b e  d e s i g n e d  so t h a t  c o l l e c t e d  
sediments can be removed. The check dam design w i l l  e l i m i n a t e  t h e  adverse 
e f f e c t s  o f  l o c a t i n g  a l a r g e  sedimentat ion bas in  i n  t h e  Cobb Creek drainage 
and a s s o c i a t e d  removal  o f  m i x e d  e v e r g r e e n  f o r e s t .  I f  t h i s  check  dam 
f u n c t i o n s  as planned, sediment w i l l  be e f f e c t i v e l y  c o n t r o l 1  ed from e n t e r i n g  
Cobb C reek i n  t h e  drainage trom t h e  power p l a n t  p o r t i o n  o t  t h e  p r o j e c t .  
However, t h i s  i s  a combined pad on which bo th  t h e  power p l a n t  and a we17 
pad w i l l  b e constructed. No Sedimentation r e t e n t i o n  s t r u c t u r e  has been 
proposed as m i t i g a t i o n  tor c o l l e c t i n g  sediment i n  t h e  dra inage o t f  o f  t h e  
w e l l  Dad p o r t i o n  o t  t h e  combined pad. 

2 .  P r o t e c t i o n  o f  B i  rdsong Meadow. T h e j m i t i g a t i o n  f o r  w i d e n i n g  t h e  r o a d  
through Birdsong Meadow f o r  c o n s t r u c t i o n  t r a f f i c  w i l l  i n c l u d e  paving the 
road and 1 i m i  t i n g  v e h i c l e  access onto t h e  meadow. The pav ing and dra inage 
improvements w i l l  reduce impacts o f  r u n o f f  and f u g i t i v e  d u s t  on t h e  ad- 
j a c e n t  roadside h a b i t a t s .  The paving should a l s o  decrease t h e  amount o f  
sediment e n t e r i n g  the l o c a l  drainages d u r i n g  the r a i n y  season. With t h e  
permission o f  the landowner, the meadow w i l l  be fenced a long the access 
road t o  prevent  nonessent ia l  v e h i c u l a r  use o f  roads now t r a v e r s i n g  the  
meadow. 

I n  a d d i t i o n  t o  these measures, t h e  Cal i f o r n i a  Department o f  F i s h  and Game 
has recommended measures t o  reduce t h e  i m p a c t  t o  w i l d l i f e  caused b y  
i n c r e a s e d  v e h i c u l a r  t r a f f i c  and n o i s e  (CDFG l e t t e r ,  4-18-80) .  These 
measures i n c l u d e  t h e  use o f  shrub p l a n t i n g s  a long the road t o  screen the  
meadow from the  t r a f f i c ,  and t o  p rov ide  a d d i t i o n a l  w i l d l i f e  cover.  Some o f  
t h e  mature t r e e s  removed from c l e a r i n g  areas along the  road should be 
erec ted  as snags i n  t h e  meadow t o  increase w i l d l i f e  h a b i t a t  d i v e r s i t y ,  and 
t o  p rov ide  nest ing,  roos t ing ,  and feeding areas. 

The CEC b io logy  s t a f f  i s  p a r t i c u l a r l y  concerned about adverse impacts t o  
Birdsong Meadow s ince  i t  was designated as an o f f - s i t e  area t o  be used in 
compensation f o r  impacts t o  Oatgrass Meadow associated w i t h  development o f  
PGandE Geysers U n i t  18. CEC s t a f f  recommends t h a t  the  measures presented 
by CDFG be a requirement o f  the  SMUD p r o j e c t ,  t h a t  t h e  new road be designed 
t o  avo id  g u l l y  e ros ion  i n  the  meadow, and eros ion  caused by t h e  e x i s t i n g  
road be corrected.  

WUD w i l l  mon i to r  t h e  w i l d l i f e  use o f  t h e  meadow and t h e  e f f e c t i v e n e s s  o f  
t h e  eros ion c o n t r o l  measures. I f  imp1 emented measures are i n e f f e c t i v e ,  
SMUD w i l l  take c o r r e c t i v e  a c t i o n .  

3. L i m i t i n g  access t o  nonessent ia l  t r a i l s .  Access t o  some o f  the e x i s t i n g  
v e h i c l e  t r a i l s  i n  t h e  v i c i n i t y  o f  t h e  poyer p l a n t  w i l l  be l i m i t e d .  

4. Minimum development o f  t h e  emergency access road. Development o f  t h i s  road 
which w i l l  connect the power p l a n t  w i t h  t h e  road t o  PGandE U n i t s  9 and 10 
w i l l  be kept  t o  a minimum. Access from the main road w i l l  be l i m i t e d  by 
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0 i n s t a l l i n g  a locked gate, and branch t r a i l s  o f  the  access road w i l l  be 
blocked. 

5. The main access road from Socrates Mine Road t o  t h e  power p l a n t  w i l l  be 
upgraded t o  accommodate c o n s t r u c t i o n  t r a f f i c .  Fo l low ing  cons t ruc t ion ,  t h i s  
road w i l l  be paved t o  c o n t r o l  sedimentat ion i n t o  l o c a l  drainages. Cuts and 
f i l l s  w i l l  be revegetated t o  c o n t r o l  sur face eros ion.  

6. Revegetat ion o f  c u t s  and f i l l s .  To a i d  i n  e ros ion  c o n t r o l ,  the  c u t  and 
f i l l  slopes a t  the  power p l a n t  and a long t h e  main access road w i l l  be 
revegetated w i t h  grass and herbaceous species. Also, shrub species o f  
va lue  t o  w i l d l i f e  w i l l  be p l a n t e d  i n  se lec ted  areas a t  the  power p l a n t  s i t e  
and Birdsong Meadow. The l i s t  o f  species t o  be used and t h e i r  d e n s i t i e s  i s  
g iven  i n  the  W i l d l i f e  M i t i g a t i o n  Plan (AFC Response, 9/3/80).  The methods 
o f  p l a n t i n g  are descr ibed i n  the  Revegetat ion Mon i to r ing  Plan (Response 
6-3-80). A m i x t u r e  o f  t o p s o i l  and chipped vegeta t ion  removed d u r i n g  p l a n t  
s i t e  c o n s t r u c t i o n  w i l l  be s t o r e d  nearj the  s i t e  and spread on t h e  s lopes 
p r i o r  t o  hydroseedi ng . 

7. C o n t r o l l e d  burns. C o n t r o l l e d  burns i n  chaparra l  h a b i t a t s  can inc rease t h e  
amount of  browse a v a i l a b l e  t o  deer, and increase h a b i t a t  d i v e r s i t y  which 
c a n  b e  b e n e f i c i a l  t o  o t h e r  w i l d l i f e  s p e c i e s .  T h i s  t e c h n i q u e  i s  m o s t  
e f f e c t i v e  i n  o l d e r  chaparra l  stands which are ve ry  dense, have a h igh  
amount o f  woody m a t e r i a l  , and where un i fo rm stands cover  l a r g e  areas. 
Three areas on t h e  leaseho ld  have been proposed f o r  c o n t r o l l e d  burns t o  
compensate f o r  loss o f  h a b i t a t  caused by power p l a n t  development. The 
burns w i l l  cover approx imate ly  12 acres i n  each 10-year p e r i o d  d u r i n g  
t h e  l i f e  o f  the  power p l a n t .  A l l  burns are  l o c a t e d  w i t h i n  the  Aminoi l  
(CA-1862) leasehold and w i l l  be approx imate ly  two t o  f i v e  acres i n  s ize.  
Eva lua t ion  f o r  s p e c i f i c  burn s i t e s  w i l l  i n c l u d e  f a c t o r s  such as s lope, 
exposure, m a t u r i t y  o f  vegetat ion,  q u a l i t y  o f  surrounding h a b i t a t ,  topo- 
g raphy ,  i n c r e a s e d  e r o s i o n  p o t e n t i a l  as a r e s u l t  o f  b u r n i n g ,  and t h e  
p o t e n t i a l  increased q u a l i t y  o f  edge h a b i t a t .  The burns w i l l  be conducted 
t o  manage f o r  e x i s t i n g  c h a p a r r a l  h a b i t a t  and w i l l  n o t  b e  d e s i g n e d  t o  
f u n c t i o n  as f i r e b r e a k s .  SMUD w i l l  c o n t r i b u t e  funds t o  BLM so t h a t  t h i s  
federa l  agency can s e l e c t  and conduct t h e  prescr ibed burn ing.  

8. C o o l i n g  t o w e r  d r i f t .  SMUD w i l l  p r e p a r e  a d r i f t  m o n i t o r i n g  program. 
Emphasis w i l l  be p laced on m o n i t o r i n g  p o t e n t i a l  e f f e c t s  upon t h e  mixed 
evergreen f o r e s t  n o r t h e a s t  o f  the  power p l a n t  s i t e .  CEC s t a f f  recommends 
t h a t  SMUD mon i to r  t h e  p u r p l e  m a r t i n ' s  use o f  t h e  snags d u r i n g  the n e s t i n g  
season. 

I n  a d d i t i o n  t o  the above measures, t h e  W i l d l i f e  M i t i g a t i o n  Plan discusses 
measures t h a t  w i l l  be taken t o  p r o t e c t  t h e  Calm Creek dra inage and. the spr ing .  
The access road t o  t h e  power p l a n t  which crosses t h e  upper drainage a long the  
spur r i d g e  w i l l  be about 1,000 f e e t  above t h e  spr ing.  The road design w i l l  
d i r e c t  most o f  t h e  r u n o f f  from the road and c u t  s lopes t o  a r ip - rapped d ischarge 
on t h e  nor theas t  s lope o f  t h e  s i t e  which d r a i n s  i n t o  Cobb Creek. Some r u n o f f  
w i l l  d r a i n  i n t o  Calm Creek. Const ruc t ion  a c t i v i t i e s  and t h e  dra inage design 
should n o t  d i s r u p t  o r  d i s t u r b  t h e  s p r i n g  on Calm Creek. To assure no s i g n i f i -  
can t  a l t e r a t i o n  o f  Calm Creek occurs,SMUD w i l l  mon i to r  water  q u a l i t y  and t l o w  i n  
t h e  area o t  the spr ing.  I n  t h e  event  o t  adverse impacts, SMUD W l  '11 d eve1 op 
m i t i c l a t i o n  i n  cooDerat ion w i t h  C t C ,  CDtG,  BLM and USGS s t a f f .  0 
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C1!IIULATIVE VEGETATION AND WILDLIFE INPACTS 

Vegetat ive losses associated w i t h  c o n s t r u c t i o n  and opera t ion  o f  power p l a n t s  
w i l l  be s i g n i f i c a n t  on a cumulat ive bas is  from t h e  f u l l  geothermal develop- 
ment o f  The Geysers KGRA. I n  view o f  c u r r e n t  and proposed geothermal develop- 
ment, an est imated 2,000 MW by 1987 (CEC,  1979), t h e  p o t e n t i a l  e x i s t s  f o r  
l o s i n g  a s u b s t a n t i a l  amount o f  vegeta t ive  cove,r i n  The Geysers KGRA. The 
s i g n i f i c a n c e  o f  t h i s  impact w i l l  depend on i t s  l o c a t i o n  and d i s t r i b u t i o n  i n  t h e  
KGRA and t h e  development, implementation, and e f f e c t i v e n e s s  o f  m i  t i g a t i o n  
p lans.  Around e x i s t i n g  opera t ing  u n i t s ,  PGandE U n i t s  1-11, a maximum t o t a l  o f  
100 hectares (247 acres)  o f  vegeta t ion  e x h i b i t s  s t r e s s  from c o o l i n g  tower d r i f t  
(Mal loch, e t  a l .  1979). Th is  acreage va lue a l s o  inc ludes  losses  associated w i t h  
c l e a r i n g  o f  vegeta t ion  f o r  pads and roads t h a t  happen t o  be w i t h i n  t h e  zone o f  
d r i f t  in f luence.  A t  t h i s  t ime, no a u a n t i f i c a t i o n  o f  t o t a l  vegeta t ion  l o s s  
associated w i t h  o t h e r  aspects o f  f u l l  geothermal developmevt, such as c l e a r i n g s  
f o r  power p l a n t  pads, w e l l  pads, steam p i p e l i n e s ,  roads, maintenance f a c i l i t i e s  
s n d  o t h e r  d i  s t u r b a n c e  f a c i  1 i t i e s  and o t h e r  d i  s t u r b a n c e s  i s a v a i l  a b l e .  
Rami f icat ions o f  vegeta t ion  losses w i l l  cause p o t e n t i a l  impacts t o  f i s h e r i e s  
f rom increased eros ion  and associated sedimentat ion l o s s  o f  w i l d l i f e  h a b i t a t  and 
reduced n a t u r a l  a e s t h e t i c  Val ues as geothermal i n d u s t r i  a1 development d i  spl  aces 
t h e  e x i s t i n g  n a t u r a l  p l a n t  communi t i e s .  

I n  a d d i t i o n  t o  i n d i v i d u a l  p r o j e c t - s p e c i f i c  impacts, f u l l  development o f  The 
Geysers KGRA i s  l i k e l y  t o  r e s u l t  i n  a s i g n i f i c a n t  cumulat ive e f f e c t  on t h e  f i s h  
and w i  1 d l  i f e  o f  t h e  reg ion.  Combi ned habi t a t  1 osses , i ncreased human a c t i v i t y  
and d is turbance,  increased s o i l  e ros ion  and sediment d e p o s i t i o n  i n  streams 
which now support  f i s h  populat ions,  decreased a i r  q u a l i t y ,  accumulated t o x i c  
substances from c o o l i n g  tower o r  steam we l ls ,  improved access and t h e  associated 
increase i n  v e h i c u l a r  use and t r a i l s ,  and a g r e a t e r  p o t e n t i a l  f o r  acc identa l  
s p i l l s  w i l l  r e s u l t  i n  a loss i n  numbers and q u a l i t y  o f  w i l d l i f e  and f i s h e r i e s .  
Most of  these i p p a c t s  cannot be q u a n t i f i e d  o r  evaluated a t  t h i s  t ime because 
of incomplete data on the  long-term nature o f  t h e  impacts and t h e  geothermal 
areas which w i l l  be developed. Studies should be conducted t o  o b t a i n  t h e  needed 
i n f o r m a t i o n  and a p l a n  should be prepared t o  m i t i g a t e  the  impacts of f u l l  
Geothermal devel opment. 

However, i t  i s  c e r t a i n  t h a t  t h e  accumulat ion o f  many i n s i g n i f i c a n t  impacts 
over  a l o n g  p e r i o d  o f  t ime and over  t h e  e n t i r e  Geysers KGRA w i l l  r e s u l t  i n  
s i l n i f i c a n t  b i o l o g i c a l  e f f e c t s  un less proper  p lann ing  and m i t i g a t i o n  a r e  agreed 
t o  and e f f e c t i v e l y  implemented by a l l  t h e  groups i n v o l v e d  and a t  a l l  stages o f  
t h e  geothermal development. I f  unmi t igated,  t h e  impacts o f  t h e  SMUD geothermal 
u n i t  would comprise a s u b s t a n t i a l  c o n t r i b u t i o n  t o  such s i g n i f i c a n t  cumulat ive 
e f f e c t s .  
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WATER QUALITY 

SETTING 

The 396-acre leaseho ld  ( U n i t  No. 7 West, CA 1862) d r a i n s  t o  Cobb and B i g  Sulphur 
Creeks and Anderson Creek watersheds (AFC, 1-1). A l l  b u t  about 15 acres o f  
t h i s  l easeho ld  i s  i n  Sonoma County and the  B i g  Sulphur Creek drainage, which i s  
t r i b u t a r y  t o  the  Russian River .  The 15-acre p o r t i o n ,  l o c a t e d  i n  t h e  nor th-  
eas tern  corner  o f  the eas tern  arm o f  t he  leaseho ld  boundary, l i e s  i n  Lake County 
and i s  t r i b u t a r y  t o  the  headwaters o f  Anderson Creek. Anderson Creek i s  t r i b -  
u t a r y  t o  Putah Creek, which f l ows  i n t o  Lake Berryessa and even tua l l y  t o  the  
Sacramento R ive r  and San Franc isco  Bay. 

B e n e f i c i a l  uses o f  these streams a re  de f i ngd  by the  approp r ia te  Regional Water 
Qual i t y  Contro l  Board (RWQCB) i n  t h e i r  Water Qual i t y  Contro l  P1 an (WQCP) f o r  t h e  
approp r ia te  watershed. The Cobb Creek-Big Sulphur Creek drainages a r e  under t h e  
j u r i s d i c t i o n  o f  t he  Nor th  Coast RWQCB, and b e n e f i c i a l  uses a re  p resc r ibed  i n  
t h e i r  WQCP, Nor th  Coast Basin (1B). The Anderson Creek drainage i s  w i t h i n  t h e  
Cen t ra l  V a l l e y  RNQCB reg ion ,  and i t s  b e n e f i c i a l  uses a r e  i d e n t i f i e d  i n  the  WQCP 
Sacramento R ive r  Bas1 n ( 5a). 

P r i n c i p a l  b e n e f i c i a l  uses o f  Cobb Creek and B ig  Sulphur Creek, as i d e n t i f i e d  by 
t h e  NCRWQCB and du r ing  past  CEC geothermal r e g u l a t o r y  cases, a re  r e c r e a t i o n  and 
aquat ic  and w i l d l i f e  h a b i t a t .  S i g n i f i c a n t  i n f o r m a t i o n  on the  q u a l i t y  o f  t he  
waters o f  these two creeks i s  a v a i l a b l e  as a r e s u l t  o f  s tud ies  done by PGandE 
(1978) , Parametr ix (1975),  NCRWQCB, CDFG, and Ecoview (1974) , At1 a n t i s  Scien- 
t i f i c  (1975) , Env i ros  (19731, and RFL (cont inuous)  , who have undertaken i n d i v -  
i d u a l  p r o j e c t - s p e c i f i c  s t u d i e s  which c o n t a i n  i n f o r m a t i o n  a p p l i c a b l e  t o  t h i s  
watershed. 

The r e s u l t s  o f  w a t e r  q u a l i t y  m o n i t o r i n g  i n  Anderson and Pu tah  Creeks  a r e  
a v a i l a b l e  through the  CDFG, CVRWQCB, Parametr ix (19751, A t l a n t i s  S c i e n t i f i c  
(1975)  , and E n v i r o s  ( 1 9 7 3 ) .  B e n e f i c i a l  uses  o f  t h i s  w a t e r s h e d  i n c l u d e  
rec rea t i on ,  aquat ic  and w i l d l i f e  h a b i t a t ,  domestic water supply, and i r r i g a t i o n  
and s tockwater i  ng . 
These r e p o r t s  show t h a t  water q u a l i t y  i n  t h e  study areas i s  adequate t o  p r o t e c t  
t h e  b e n e f i c i a l  uses throughout most o f  t h e  year. However, du r ing  the  summer 
season t h e  q u a l i t y  o f  t h e  streams i s  marginal ,  e s p e c i a l l y  i n  the  B i g  Sulphur 
Creek Basin. The increased human a c t i v i t y  o f  t h e  summer months coupled w i t h  
warmer water temperatures and lower  f l ows  r e s u l t s  i n  lower q u a l i t y  sur face  
waters. These c o n d i t i o n s  , whether n a t u r a l  o r  introduced, he1 p to '  concent ra te  
p o l l u t a n t s  i n  the waterway systems, thereby posing p o t e n t i a l  harm t o  aquat ic  
l i f e  and l i m i t i n g  the use o f  these waters. 

Water q u a l i t y  o f  groundwater i n  the  area i s  d i f f i c u l t  t o  assess, due t o  the  
absence o f  a v a i l a b l e  water w e l l s  i n  the  area (AFC 1.3.1.1.2). The leaseho ld  
con ta ins  no known groundwater a q u i f e r  o r  spr ings  t h a t  w i l l  be d i r e c t l y  a f f e c t e d  
by t h e  power p l a n t  c o n s t r u c t i o n  (AFC 5.7.4.2.5). 
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INPACTS A N U  CIITIGATION MEASURES 

Steam F i e l d  Development--Impacts 

Steam f i e 1  d development i n v o l v e s  c o n s t r u c t i n g  o f  roads and we1 1 pads , d r i  11 i ng 
geothermal we1 1 s, and the c o n s t r u c t i n g  steam t ransmiss ion pipe1 ines.  Impacts 
f rom these opera t ions  i n c l u d e  eros ion  and an increase i n  t h e  o p p o r t u n i t y  f o r  
s p i l l s  o f  p o t e n t i a l l y  t o x i c  substances. 

I n i t i a l  development o f  the  steam f i e l d  inc ludes  roadways, w e l l  d r i l l i n g  pads, 
w e l l  d r i l l i n g  ( b o t h  e x p l o r a t o r y  and produc t ion)  , mud sumps, and equipment 
landings.  Arninoi l ,  t h e  developer o f  t h e  steam f i e l d ,  must comply w i t h  waste 
d ischarge requirements f rom both t h e  NCRWQC6 and the  CVRWQCB, land-use permi ts  
from Sonoma and Lake count ies,  and, because t h i s  i s  a Federal leasehold,  t h e  
Geothermal Resources Operat ional  (GRO) Orders 1-4, admin is tered by t h e  U.S.G.S. 
Aminoi l  w i l l  be respons ib le  f o r  c o n t r o l  and m i t i g a t i o n  o f  water q u a l i t y  impacts 
due t o  development i n  leaseho ld  U n i t  No. 7 west, except f o r  those r e s u l t i n g  from 
c o n s t r u c t i o n  o f  the  ac tua l  power p l a n t .  I SMUO i s  respons ib le  f o r  m i t i g a t i n g  
power p l  a n t  i mpac t s  . 
The waste d ischarge requirements spec i fy  c r i t e r i a  f o r  c o n s t r u c t i o n  and o p e r a t i o n  
o f  d r i l l i n g  pads and sumps. Tne pads w i l l  be b u i l t  t o  minimize eros ion  and 
w i l l  De adequately contoured t o  c o n t r o l  drainage p r o b l e m .  The d r i l l i n g  mud 
sumps w i l l  be designed t o  c o n t a i n  a l l  waste water discharged d u r i n g  t h e  l i f e t i m e  
o f  t h g  w e l l ( s ) ,  and must be l i n e d  t o  p rov ide  a p e r m e a b i l i t y  c o e f f i c i e n t  o f  
1x10- cm/sec ( a l l o w i n g  a p e r c o l a t i o n  r a t e  o f  one f o o t  p e r  y e a r  o r  l e s s )  
(CVRWQCB, Order No. 78-184, and MCRWQCB, Order No. 78-17) .  @minoi l  i s  de- 
s i g n i n g  t h e  sumps w i t h  a c l a y  l i n e r  compacted t o  0.4 x 10- cm/sec--more 
s t r i n g e n t  than s t a t e  requirements) (AFC 1.2.2.2). I n  add i t ion ,  t h e r e  w i l l  be no 
i n t e n t i o n a l  d ischarge o f  wastes from the  d r i l l i n g  pad t o  any sur face  water 
drainage course. SMUO i s  r e q u i r e d  t o  measure the  qual i t y  o f  t h e  waters i n  t h e  
area d u r i n g  c o n s t r u c t i o n  per iods,  and i n  the event  o f  a s p i l l  o r  d ischarge the  
RWQCB's r e q u i r e  Aminoi l  t o  perform such mon i to r ing .  

The county use p e r m i t  f o r  the  s t e a m f i e l d  o u t l i n e s  eros ion  c o n t r o l  p r a c t i c e s  t o  
be u t i l i z e d ,  s t i p u l a t e s  setbacks or areas n o t  t o  be d is turbed,  and r e s t a t e s  t h e  
requirements o f  the  RWQCB. 

GRO O r d e r s  1-4 o u t l i n e  r e q u i r e m e n t s  and d e f i n i t i o n s  f o r  t h e  f o l l o w i n g  
a c t i v i t i e s :  proper  w e l l  d r i l l i n g ,  spacing, completion, t e s t i n g ,  p lugging,  and 
abandonment; e x p l o r a t o r y  operat ions;  requirements and plans; and an env i ron-  
m e n t a l  m o n i t o r i n g  program, t o  b e  i n i t i a t e d  one y e a r  p r i o r  t o  commerc ia l  
opera ti on . 
Well sumps have occas iona l l y  f a i l e d  i n  the  past,  r e l e a s i n g  the  contents  i n t o  
nearby drainages , and sometimes d i  r e c t l y  i n t o  streams. The e f f e c t s  resemble 
those o f  e ros ion  and sedimentat ion ( t u r b i d i t y  and s i 1  t a t i o n ) ,  b u t  the  pos- 
s i b i l i t y  o f  t o x i c  components be ing  present  i n  the  d ischarge f l u i d s  a l s o  e x i s t s .  
The concent ra t ion  o f  any such component conta ined i n  t h e  discharge would be 
h i g h l y  d i l u t e d  w i t h  the  f l o w  reduced by over land t r a v e l .  Therefore d i r e c t l y  
a t t r i b u t a b l e  impacts f rom such d ischarge would be i n s i g n i f i c a n t .  

Well blowouts a r e  another source f o r  water q u a l i t y  problems. The re lease o f  
steam, d r i l l i n g  muds, and h o t  water c o u l d  a f f e c t  t h e  water q u a l i t y  o f  a stream. 
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The steam condensate ( h o t  water)  does c o n t a i n  hicjh concent ra t ions  o f  d i s s o l v e d  
minera ls  and o t h e r  t o x i c a n t s ,  which c o u l d  adverse ly  a f f e c t  the b e n e f i c i a l  uses 
o f  t h e  stream. 

Sump f a i l u r e  and w e l l  b l o w o u t s  a r e  r a r e  and o n l y  o c c u r  u n d e r  u n u s u a l  
circumstances. 

Steam F i e 1  d Development--Mi t i g a t i o n  Measures 

Measures i d e n t i f i e d  t o  m i t i g a t e  water qual i t y  impacts associated w i t h  steam 
f i e l d  development i n c l u d e  t h e  f o l l o w i n g :  

- L i n e  d r i l l i n g  mud sumps f o r  containment; 

- Design, cons t ruc t ,  and s t a b i l i z e  t h e  d r i l l i n g  pad t o  minimize eros ion;  

- Min imize  t h e  number o f  pads and access? roadways; 

- P r o p e r l y  dispose t h e  d r i l l i n g  mud from the sumps; and 

- Cement and case t h e  w e l l s  t o  6,500 f e e t ,  and u t i l i z e  new headworks 
and pressure re lease valves.(NCPA, AFC, 1979).  

Aminoi l  w i l l  u t i l i z e  t h e  above measures t o  c u r t a i l  environmental impacts f rom 
steam resource devel opment. 

Power P l a n t  Operat ion,  Acc identa l  Sp i l l s - - Impacts  

A geothermal power p l a n t  u t i l i z e s  condensed steam f o r  c o o l i n g  water. T h i s  water 
i s  r e c y c l e d  numerous times, which r e s u l t s  i n  a m u l t i f o l d  increase i n  t h e  concen- 
t r a t i o n s  o f  t h e  conta ined c o n s t i t u e n t s  (ammonia, boron, su l  fa tes ,  a rsen ic ,  
mercury, e t c . ) .  T h i s  f l u i d  i s  cons idered tox ic /hazardous by t h e  C a l i f o r n i a  
Department o f  Hea l th  Services,  Hazardous M a t e r i a l s  Management Sec t ion  (Batham, 
1979, NCPA). 

The power genera t ion  system a l s o  i n c l u d e s  a S t r e t f o r d  hydrogen s u l f i d e  (H2S) 
abatement u n i t .  T h i s  system u t i l i z e s  Vanasol, ADA, and an a l k a l i  s o l u t i o n  t o  
remove H S f rom the condensate stream b e f o r e  i t  e n t e r s  the  c o o l i n g  towers. 
The by-p?odqct o f  t h i s  t rea tment  i s  s u l f u r .  CDOHS, HMMS cons iders  b o t h  o f  t h e  
chemicals used i n  the  S t r e t f o r d  system and the s u l f u r  by-product t o  be t o x i c  o r  
hazardous (Batham, 1979, NCPA). 

S p i l l s  a l lowed t o  leave the power p l a n t  pad and reach sur face  waters c o u l d  have 
t o x i c  e f f e c t s  on the  aquat ic  l i f e ,  change the chemical composi t ion o f  t h e  water, 
cause vegeta t ion  d i e - o f f  (which c o u l d  r e s u l t  i n  f u t u r e  e ros ion  -and sedimen- 
t a t i o n ) ,  and o t h e r w i s e  i m p a i r  t h e  b e n e f i c i a l  uses o f  t h e s e  w a t e r s  i n  t h e  
immediate area and downstream. The impact s i g n i f i c a n c e  o f  such a s p i l l  i s  
dependent on several  f a c t o r s ,  i .e.,  the type o f  condensate c o n s t i t u e n t s  and 
t h e i r  concent ra t ion ,  s p i l l  l o c a t i o n ,  amount o f  s p i l l ,  the e x i s t i n g  q u a l i t y  
o f  t h e  r e c e i v i n g  water, and t h e  weather. 
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B o t h  on-site and off-s i te  sp i l l s  o f  condensate have occurred a t  existing Geysers 
geothermal power plants and are likely t o  continue on an occasional basis. 
These spi 11 s have resul ted from broken or 1 eaki ng condensate pi pel ines , cool ing 
tower basin or r e in j ec t ion  sump overflows, and other  operational e r r o r s .  
Major s p i l l s  have been documented the past  15  years  by C D F G  a n d  NCRWKB. 
Impacts appear t o  be short-term, and there have been few reported fish k i l l s  
resul ti  ng from known s p i  1 1 s . 
Power P l a n t  Operation, Accidental Spill s--Mi tigation Measures 

Spi l ls  have usually originated th rough  human error,  and i t  i s  unlikely t h a t  they 
can be completely curtailed. However, action taken t o  prevent s p i l l s  and their  
off-si t e  discharge can be improved. 

Currently operating geothermal power pl ants (constructed prior t o  the authority 
of the CEC 1 were designed and b u i  1 t wi t h o u ?  on-si t e  sp i l l  containment systems. 
SMUD proposes (AFC 5.4.2.3) t o  pave the en'tire power plant pad w i t h  an  imper- 
vious material , t o  provide containment areas w i t h i n  berms and sumps t o  col lect  
and contain any materials w h i c h  spi l l  on the plant pad. These sumps, basins, 
e tc . ,  will be constructed t o  contain greater t h a n  twice the maximum potential 
sp i l lg  and the linings will be designed t o  meet a permeability coefficient of 
1x10 cm/sec (SWRCB, 1979) .  

Spil ls  in the Stretford system will be contained in a separate retention basin, 
a n d  the chemicals will  be routed t o  the cooling tower b a s i n ,  then t o  the  
reinjection sump. Rainwater collecting in this  area will also be redirected t o  
the cooling basin f o r  recirculation and ultimate disposal by reinjection. 

I Spil ls  from the cooling tower basin will be contained in an area surrounding the 
basin. The basin i t s e l f  i s  below "grade" (ground level)  t o  minimize sp i l l s ,  and 
the pad i s  sloped t o  promote containment and collection of any spi l l .  Spilled 
condensate will be returned t o  the basin fo r  recirculation o r  routed t o  the 
reinjection disposal system (AFC 5.4.2.2).  

1 
Spi l ls  of materials o r  chemicals a t  other locations throughout the power p l a n t  
f ac i l i t y  w i l l  be contained on s i t e  and transported th rough  sumps and drains t o  
the cooling tower basin for recirculation -or reinjection (AFC 5.4.2.2). The 
impermeable surface layer o f  the power plant pad and the berms a n d  sumps will 
be constructed of either asphaltic concrete, asphalt, or concrete, and will 
prevent spilled materials from being absorbed i n t o  the so i l s  percolating t o  
groundwater, or being washed into a surface stream, and will provide for  more 
immediate recovery and disposal of those materials. 

The cooling tower basin i s  the primary receiving station f o r  drainage and spi l l  
effluent, and  i s  equipped with pumps capable of handling up  t o  400 gpm ( the  
capacity of the reinjection system). The basin and the reinjection sump are 
equipped w i t h  alarm systems to a l e r t  power plant personnel i n  cases of mal- 
function. All systems which handle potentially tox ic  liquids, including the 
Stretford system. will be eQUiDDed w i t h  alarms t o  a l e r t  Dersonnel i n  case of a / 

I malfunction o r  spil l  , higher t h a n  normal pressures, 'or h i g h  liquid levels. 
( A F C  .1 .3.3.) 

SMUD also agreed t o  contain and inject  a l l  possible on-site rainfall  runoff 
into the steam reservoir ( A F C  1.3.13). This will minimize the potential of 
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0 stray pol  'lutants from general power pl a n t  operation and material spi 11 s from 
being washed from the power p l a n t  pad i n t o  off-s i te  surface water drainages. 

Injection of condensate and other chemical substances into the geothermal 
reservoir i s  a common practice i n  the KGRA,  and i s  acceptable t o  the regulatory 
agencies (KWQCB, DOHS, USGS, CDFG, and  C E C ) .  No adverse effects are anticipated 
from this practice for  the following reasons: 

- The reservoir l i e s  f a r  beneath the ground surface and useable groundwater; 

- T i g h t  and clayey soil s and rock s t ra ta  are present; and 

- Deep well casings will be installed (CEC-SRI study, 1 9 7 7 ) .  

For control of  off-s i te  drainages, and in the rare event of a n  off-s i te  dis- 
charge of ra infa l l ,  9 1 U D  proposes t o  construct lined ditches across the toe 
of the f i l l s  t o  the northeast o f  the p l @ t  pad and along the access roads. 
These ditches along the power p l a n t  f i l l  area will incorporate check dams 
and energy dissipators for sediment containment and control. These ditches 
will intercept runoff from the f i l l  and cut areas, allow most of the soil  
par t ic les  t o  s e t t l e  o u t ,  and channel the runoff water t o  eventual discharge 
t h r o u g h  energy d i s s i p a t i o n  devices t o  the natural drainage tributary t o  Cobb 
Creek. Water discharged froin this  system t o  the natural  drainage courses 
probably will n o t  contain unnatural ( introduced) substances; nor will i t  be more 
turbid t h a n  other natural drainages in the vicinity.  

SMUD will f i l e  w i t h  the CEC a "Spill Contingency Plan" in conformance w i t h  
NCRWQCB guidelines, NCRWQCB Order No. 74-151. This plan, similar t o  the one 
required of Aminoil for  their  steam f ie ld  development, will cover operation of 
the power plant i t s e l f  and includes general procedures f o r  (1) notifying company 
and regulatory agency personnel; (2) sp i l l  containment and cleanup; and (3) 
sampl i ng , moni tor i  ng , and reporting sp i l l  materi a1 s and resul t a n t  impacts. 

Power Pl a n t  Operation, -- Sanitary - Wastes--Impacts 

Sanitary wastes will be of limited volume b u t ,  due t o  the slope and type of 
so i l s  a t  the power plant s i t e ,  these wastes cannot be disposed in a common 
septic t a n k  - 1 eac h f i e 1 d sy s tern . 
Sani tary Wastes--Mi t iga t i  on 

SMUD will provide two lavatory f a c i l i t i e s ,  w i t h  individual sewage 1 i f t  stations,  
discnargi ng t o  a secondary sewage treatment plant, outfi t ted w i t h  chlorination 
f a c i l i t i e s  f o r  disinfection of the effluent. The effluent will be discharged 
into the Condensate reinjection system af te r  the cooling tower o r  reinjection 
sump basins t o  minimize the opportunity for  contact with, or dispersion o f ,  
these wastes (AFC, 1.2.12). 

This practice i s  acceptable to the RWQCB and CDOHS, responsible regulatory 
agencies (RWQCB, 1979) .  Any pathogens, or other waste by-products, will be 
killed or rendered harmless by the intense heat and pressure of the steam 
reservoir. 
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e C 001 i ng Tower D r i  f t-- I mpacts 

The e f f e c t s  on water q u a l i t y  o f  the d e p o s i t i o n  o f  boron, ammonia, and o t h e r  
c o n s t i t u e n t s  e m i t t e d  i n  the c o o l i n g  tower plume i s  unknown a t  t h i s  t ime. The 
c o o l i n g  tower system employed by SMUD i s  designed t o  a l l o w  o n l y  .001 percent  o f  
the c i r c u l a t i n g  water t o  be emi t ted  as " d r i f t , "  averaging about 625 lbs /hour  
(AFC, 5.3.1.2). The chemical composi t ion o f  t h e  d r i f t  depends upon t h e  incoming 
steam q u a l i t y  and the e f f e c t i v e n e s s  o f  the abatement systems w i t h i n  t h e  power 
generat ion system. Tes t ing  and e v a l u a t i o n  o f  PGandE's U n i t s  13 and 15, when 
these u n i t s  a r e  on 1 i n e  and o p e r a t i n g  dependably, w i l l  p rov ide  t h i s  in fo rmat ion .  

The Lawrence Livermore Laboratory  document, An Environmental Overview o f  Geo- 
thermal Development; The Geysers-Cal istoga KGRA, Volume 6, Water Q u a l i t y ,  1918, 
analyzed the d r i f t  d e p o s i t i o n  problem and concl  uded t h a t  coo l  i ng tower d r i f t  
from the newer u n i t s  i s  n o t  p r e s e n t l y  a s i g n i f i c a n t  water  q u a l i t y  concern. 

C o o l i n g  Tower D r i f t - - M i t i g a t i o n  Measures 

Because t h e  d i r e c t  e f f e c t s  o f  c o o l i n g  tower d r i f t  on water  q u a l i t y  have been 
s t u d i e d  and a r e  considered i n s i g n i f i c a n t ,  SMUD proposes no d i r e c t  m i  t i g a t i o n  
measures. However, i f  appropr ia te,  SMUD w i l l  eva luate water q u a l i t y  impacts 
and w i l l  mon i to r  s o i l  and vegeta t ion  as needed. Water q u a l i t y  degradat ion may 
come from f l u s h i n g  accumulated contaminants, b u t  would most l i k e l y  be due t o  
vegeta t ion  losses and ensuing eros ion  and sedimentation. SMUD w i l l  o r i e n t  i t s  
c o o l i n g  towers p a r a l l e l  t o  t h e  d i r e c t i o n  o f  the p r e v a i l i n g  winds a t  t h e  p r o j e c t  
s i t e  i n  o r d e r  t o  reduce t h e  amount o f  emission from the c o o l i n g  tower and t o  a i d  
i n  d i s p e r s i o n  c h a r a c t e r i s t i c s .  

42 



188B:09 R 4  11/03/80 d r  

CUMULATIVE IMPACTS 

Geothermal development has many common denominators. Steam fie1 d exploration 
and development practices of the various developers i n  the KGRA are similar 
regard1 ess o f  the county or watershed; terrain and geotechnical characterist ics 
are similar throughout  the KGRA; and the design, construction and operation of 
geothermal power p l a n t s  are  similar regardless o f  ownership. 

Cumulative impacts of steam f ie ld  development i n  the KGRA which can directly 
a f fec t  water quality include the loss o f  vegetation, increased erosion, i n -  
creased roadway construction and use, more d r i l l  i ng pads , construction and use 
of  sumps f o r  disposal of d r i l l i n g  muds, al teration of  drainages by spoil d i s -  
posal and construction of the above physical features, the increase i n  heavy 
equipment t r a f f i c  (increasing the opportuni ty  f o r  accidental sp i l l s )  and the 
increase i n  overall activity associated w i t h  numerous projects i n  th is  con- 
centrated area. 

Cumulative impacts o f  power generation w h i G h  can have a direct  effect  on water 
quality i n  the KGRA are primarily re1 ated , t o  erosion, sedimentation, and acci- 
dental spi l l  s o f  potentially hazardous/toxic substances. Mechanisms by which 
the above could occur are as follows: 

( a )  Construction, use and operation of  wider roadways, steam transmission 
l ines ,  and the power p l a n t  i t s e l f ;  

( b )  The need t o  dispose of increased amounts of spoil material; 

( c )  The transport of heavy equipment, w i t h  an attendant increase i n  heavy truck 
t r a f f i c ;  

( d )  The t ranspor t  of toxiclhazardous materials and wastes w i t h  an associated 
increased potential for accidental sp i l l s  tha t  could reach surface waters; 

( e )  Storage and handl ing of large volumes of steam and condensate; 

( f )  An increase i n  H2S abatement f a c i l i t i e s ;  

( g )  Emission of po ten t i a l ly  harmful cons t i t uen t s  from cooling towers and 
venting mechanisms r e s u l t i n g  i n  vegetation l o s s ,  s o i l  contamination, 
erosion, and water quality degradation; and 

( h )  The overall increase i n  human and construction-associated activity i n  th i s  
small, confined area wil l  also contribute to overall KGRA impacts. 

Most of these impacts are f e l t  immediately, and can be directly measured w i t h i n  
the KGRA,  and may eventually b r i n g  water pollution and the loss of beneficial 
uses to downstream users. Erosion and sedimentation, and the cumulative effects  
of pollutant discharges or sp i l l s ,  would present the greatest potential for a f -  
fecting downstream water quality directly or as a continuing decline i n  upstream 
water qual i t y  aquatic resources. 

The enforcement of requirements i n  regard t o  revegetation and erosion control 
methods and  containment of wastes a t  d r i l l i n g  pads and power plant s i t e s  wil l  be 
the most effect ive mode of mi t iga t ion  for cumulative effects.  Conscientious 
construction and operation of f a c i l i t i e s  w i t h i n  the KGRA i s  imperative t o  the 
success o f  any m i  t i  g a t i  on measure. 
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TABLE 2 

Water Quality of  Riq Sulphur Creek, 
A t  Points Celow Cohb Creek Pi Calm Creek Influences 

P' 
P 

i 

i 

STATION BS 17.8 

1974 
Characteristic Units May July SCDt. 

Date 
Time 
Air Temperature 
Water Temperature 
Stream Flow 
Total Colifom 
Turbidity 
Color 
PH 
Alkalinity 
Settleable Solids 
Residue, Filtrable 
Res id ue , No 11- f i 1 t ra b 1 e 
Residue, Total 
Boron 
Carbon, Total organ ic  
Nitrogen, Total 
Nitrite Nitrogen 
Nitrate Nitrogen 
Ammonia Nitrogen 
Ammonia, Un- ionized 
Oxygen, Dissolved 
Sulfates ' 

Hydrogen Sulfide 
Chlorine, Free 
Chlorine, Total 
Chromium 
Copper 
Zinc 
Arsenic 
Se l e n i  um 
B.romine 
Silver 
Cadmiurn 
t!c rcu r y 
Lead 
Cyanide 
Oi 1 

c f s  
MPN/100 ml' 
JTU 
AP HA 

mg / 1 iter 
ml/liter 
mg/ 1 iter 
rng / 1 iter 
mg/litei 
mg/li ter 
mg/ 1 iter 
mg/li t er  
mg/ 1 it e r 
mg/liter 
mg / 1 i ter 
mq/liter 
mg/l i t er 
mg/ 1 i te r 
mg/l i ter 
mg/ 1 iter 
mg /1 i t er 
ug/li ter 
ug/li ter 
LI g / 1 i te r. 
ug/l iter 
u g/1 j ter 
mg/ 1 it e r 
ug/li tcr 
ug/li ter 
ug/liter 
ug/liter 
mg/ 1 iter 
mg/ 1 iter 

--- 

5/12 7/12 -- 1150 
11.7 18.8 
14.6 20.5 -- 6.8 
93 64 
<1 a1 
<5 
8.0 8.0 
124.2 156.4 
<O.l 
20 
0 
20 
6.0 16.0 
21.0 
0.1 
<0.01 0.13 
0.3 0.45 
0.10 0.14 
0.01 0.01 
9.3 9.6 
31.0 27.0 
CO.02 -- -- CO.1 -- 0.15 

-- 

-- -- -- -- 
-- -- 

<0.2 -- 
0.50 -- 
1 3  
2.5 0.5 
<1 
1.0 -- 
co.02 -- 
1.G2 '1.90 
4.5 -- 
~0.05 -- 
< l o  -- 

-- 
- .. 

0.35 ' -- 

STATION B S  16.7 

Sour e: The Effects of Geothermal Energy Utilization on Stream Riota 
Final Report, 1975, Parametrix, Inc. 6 

5/13 

28.3 
20.3 

-- 
-- -- 
<1 
< 5  
8.2 
128.2 
<0.1 
10 
0 
10 
12.0 
51 

7/12 
1025 
19.5 
18.2 -- -- 
<1 

8.2 
160.6 

-- 

-- -- -- -- 
17.0 -- -- 0.1 

<0.01 <0.01 
0.3 0.35 
<0.1 CO.1 

9.5 9.6 
17.0 27.0 
<0.02 -- 
-- do. 1 -- 0.1 
<0.2 -- 
0.10 -- 
< 3  -- 
3.5 0.9 
<1 -- 
0.5 -- 
<0.02 . - - .  
0.25 -- 
3.0 -- 
CO.5 ' -- 
a lo -- 

-- -- > 

1.13 116.0 

R( Water Quality a t  The Geysers, Califormi2 
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TABLE 3 

Water Quality Monitoring, October 1979 
o f  SMUDGE0 # 1 Project Area 

P A M H E T E R  UNITS 

Tempe r d  care 
Conduc: i v i  t y  
PH 
Oisso lved Oaygen 
A I k a l i n i t y  ( T o t a l )  
A l h a l i n i t y  (E icarbonate)  . 
Alhnl i n i  t y  (Carbonate) 
T o t a l  Hardness 
BOOS 
c o o  
50s 
T S S  . 
T u r b i d i  t y  
A m n i a  - rl 
N i t r a t e  - N 
Orthophosphate - P (Total) 
S i l i c a  
O i  1 and Grease 
Aluminum 
Arsen ic  
Bar ium 
Bomn 
Cadm i urn 
Ca lc ium 
C h l o r i d e  
Chromi uh  
Copper 
FI uor i de 
1 ron 
Lead 
nagnes i um 
fianganase 
3ercu ry  
N i c k e l  
Potass i,um 
Se leci urn 
Sod i bm 
S c  rant i iilp. 
SUI f a t e  
S u l f i d e  
T i t a n i u m  . 
Vanad i um 
Zinc 

OC 

Jnhos/cm 

xg/l  i t e r  
mg/l I t e r  
mg/l i t e r  
mg/ I i t e r  
mg/ 1 i t e r  
m g / l  i t e r  
mg/l  i t e r  
m q / l i t e r  
mg/\ i t e r  
(NTU) 
mg/l i t e r  
mg/l  i te r  
m g / l  i t e r  
ny/l  i t e r  
mg/l i t e r  
mg/l i t e r  
u g / l i t e r  
t.g/l i t e r  
mg/l i t e r  
k g / l  i t e r  
mg/l i t e r  
r q / l  i t e r  .. g/ 1 i cer 

g / l  i t e r  
m g / l  i t e r  
y g / l  i t e r  

g / l  i t e r  
-/I i t e r  
y g/ 1 i fer  

g / l  i t e r  
2 g / l  i t e r  
mg/l i t e r  
, g / l i t e r  
mg/l i t e r  
bg/I i t e r  
mg/l i t e r  
m g / l  i t e r  
C g / l  i t e r  
ug/l i t e r  
~ g / l  i t e r  

B I G  
SULPHUR 

20 .8a  

17. I 
279.5 

; 8.2 

298.0 

8.50 
' 250.0 

6.0 
250.0 

c o .  5 
c l . 0  

347.0 
2.0 
6.9 

c0.02 
0.031 
0.12 
71.0 
~ 3 . 0  

I 3.0 
20.0 
0.019 
0.007 

3 4 . 5  
I .7  

20.0 
0.4 
0.220 
13.0 

< 0.05 
31  .o 
2.3 

< 0.2 
4.9 
I .80 

10.0 
16.30 

< 1.0 
30.0 
0.2 

(20.0 
c , S . O  

3.4 

0. I IO 

B I G  
SULPHUR 

1 7 . ? a  

18.7 
204 .5  

8. I 
8.36 

246.0 
297.0 

3.. 0 
236.5 

0.5 
c 1.0 
340.0 . 

1 .5 
1.3 
0.02 
0.039 

c 0.01 
35.0 

c 3.0 

. 6.0 
17.0 
0.027 

. 0.01 I 
37.3 
2.6 
20.0 
0.4 
0. I20 

12.0 
0 .05  
30.0 

0.2 
. 7.0 
2.00 
20.0 
13.60 

<. 1.0 
26.0 

< 0.2 
c20.0 
5 5 . 0  

1.2 

0.075 

. 8.3 

CALM 
C R E E K  

1 . 2  - 
12.8 
97.0 

7.8 
8.35 
86.0 

105.0 
1.0. 
78.0 
c o . 5  
c 1 . 0  
102.0 

1 5 . 5  
2.4 

<0.02 
0.003 

co.01 
11.0 

s 3.0 
0.061 
0.5 
60.0 
0.005 
0.007 
20.0 

I .2 
40.0 
0.5 
0.680 

10.0 
< 0 . 0 5  
7.0 
3 .  I 

< 0.2 
6.0 
0.44 
9.0 
4.45 

c 1.0 
9.3 . 

< 0.2 
.20.0 
c 5 .0  

4.0 

c o m  
C R E E K  

2 . 5 a  

13.2 
92.0 

6.9 
6.18 
80.0 
97.6 

< 1.0 
81 . 5  

c 3 . 5  
< 1.0 
116.0 
4.0 
0.8 . 
0.02 
0.006 

c 0.01 
i1 .4 

< 3.0 
0.047 
9.0 

15.0 
0.004 
0.009 
16.5 

1.7- 
11.0 
0.7 

c 0.010 

0 . 0 5  
8.1 
3 . 3  

c 0.2 
5.0 
0.47 

9.0 
4 .  I5  - 1.0 
11.0 

< 0.2 
-20.0 

5.0 
4.q 

- 

a.0 

S.M'.U.D. , AFC, Table 5.4-15 
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HYDROLOGY 

SETTING 

The proposed 8.8 acre level s i t e  f o r  SMUDGEO #1 will be located a t  an ele- 
vation of 3,673 fee t  i n  the Big Sulphur Creek drainage basin i n  Sonoma County. 
The s i t e  wi 11 be created by level ing a ridge, and the only runoff from the s i t e  
will be from precipitation t h a t  f a l l s  on the s i t e .  

PreciDi t a t i o n  

The mean annual precipitation a t  the s i t e  i s  abou t  80 inches. Normal snowfall 
i s  about 20 inches; however, the snow seldom stays on the ground longer than a 
few days. Approximately 80 percent o f  the precipitation i s  received i n  the 
months of November t h r o u g h  March by fronta1,type general storms. 

Maximum recorded values of precipitation for  24 hours or less from California 
Department of Water Resources Bulletin No. 195 are presented on the following 
table for  The Geysers S t a t i o n  No. F908865. The recorded values were transposed 
by a procedure given by Rantz (Technical Report No. 3 ,  Open File Report, USGS, 
Menlo Park, California, 1971). 

'1 

Duration (hours) 1/4 1/2 1 2 3 6 12 24 

The Geysers Station 

Transposed Values 

F908665 ( i n  inches) 0.92 1.25 1.74 2.03 2.48 3.74 5.91 9.58 

a t  the SMUDGEO #1  1.12 1.53 2.12 2.58 3.27 5.09 8.16 13.51 

Rainfall frequency d u r a t i o n  data f o r  the s i t e  i s  l i s t ed  on the following table. 

RAINFALL FREQUENCY--DURATION AT THE SMUDGEO tyi s ITE' 

Return Period Duration ( Hours 
(Years 1 1/2 1 2 3 6 12 24 

2 .52 .62 1.40 1.91 3.22 5.40 8.08 
5 .70 1.10 1.88 2.57 4.34 7.27 10.89 

10 .83 1.27 2.20 3.01 5.06 8.47 12.69 
25 .98 1.49 2.57 3.52 5.93 9.94 14.88 
50 1.07 1.65 2.84 3.89 6.56 10.98 16.45 

100 1.18 1.81 3.10 4.26 7.15 12.01 17.98 

1. Data from California Department of Water Resources Bulletin No. 195 f o r  
The Geysers S t a t i o n  (F908665) transposed t o  the SMUDGEO #l s i t e  using 
procedure outlined by Rantz. 
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Surface Water 0 
The stream f low gaging  station i n  the area i s  B i g  S u l p h u r  Creek near Cloverdale. 
T h i s  gage was maintained by the USGS (11-4632) from 1957 to 1972, and was 
rebuilt  by PGdrE i n  1978. Annua l  runoff from the f u l l  82.3 square mile drainage 
area i s  about 139,100 acre-feet for the period 1957 t h r u  1972 (Geysers #17, 
NO1 1. 

Maximum overland flow a t  the s i t e  would resul t  from a thunderstorm or short 
d u r a t i o n - h i g h  intensity storm. Runoff will be collected a t  the s i t e  w i t h  a 
drainage system of manholes and catch basins. From the catch b a s i n ,  storm 
water wil l  be pumped t o  the cooling tower basin f o r  reinjection or use as 
cooling water. Overflow from the s i t e  catch b a s i n  w i l l  be routed t o  the 
sedimentation collection system, then i n t o  Cobb Creek, t r i b u t a r y  of  Big S u l p h u r  
Creek. 

Groundwater :r 

No regional groundwater aquifer of significant yield has been reported i n  the 
rock formations o f  the Mayacmas Mountains i n  The Geysers KGRA area. The area 
i s  principally under1 a in  by var iab ly  fractured rock belonging t o  the Franciscan 
formation of the Jurassic-Cretaceous age. Franciscan rocks are general l y  
c lass i f ied as  nonwater-bearing except a long  fracture zones, which may yield 
suff ic ient  water for minimal domestic needs. Test borings a t  the project s i t e  
indicate t h a t  no groundwater aquifers are present w i t h i n  125 fee t  of the existing 
ground surface. Investigation of the leasehold revealed no significant ground- 
water resources. 

IMPACTS 

Water Supply 

Makeup water for power p l a n t  cooling wi l l  come from condensed geothermal steam. 
There will be a minimal requirement for sanitation, maintenance, and irrigation 
purposes (approximately one-acre f o o t  per year a t  other Geysers developments), 
which w i l l  be b rought  t o  the  s i t e  by t rucks .  

Groundwater 

The paved power p l a n t  s i t e  i s  located over no known groundwater basin; there- 
fore, the probabil i t y  of  contaminating groundwater i s  minimal. The imperme- 
a b i l i t y  o f  the  paved power p l a n t  pad  sur face  wi l l  minimize the  chance o f  
drainage or chemicals s p i l l e d  on the pad surface from percolat ing t o  any 
groundwater aqui  f i  ers. 

Flood Hazard 

Because the p l a n t  s i t e ,  as well as the transmission l ine ,  wi l l  be located h i g h  
above the surrounding stream channels, flood hazard from stream-flow f l o o d i n g  i s  
precluded. The flooding concerns involve s i t e  flooding from over1 and flow 
(precipitation runoff 1 on the pl ant s i t e  and accidental spi 11 s. 
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M I T I GAT I ON 14 E ASU RES 

Sf4UD will mitigate any possible environmental impacts due t o  the 100-year storm 
by constructing a drainage system as follows. Potential concerns o f  a 100 year 
storm center on the great volume of rain in a very short time period, 4 - 6 
hours o f  intense rainfal l .  Containment, drainage, and diversion o f  th i s  vast 
amount of water ( u p  t o  1 million g a l l o n s )  are measures important to preventing 
adverse impacts from such a storm. The ent i re  s i t e  will be surrounded by a 
6-inch berm which will form a retention b a s i n  t o  contain rainfall  and accidental 
spi l l  s (see Water Quality section f o r  additional information on the retention 
basin). The s i t e  will be graded t o  slope toward catch basins. From the catch 
basins, water will be pumped t o  the cooling tower bas in  or  conveyed by culverts 
t o  the sedimentation control ditches. Energy dissipation will be installed 
a t  the discharge t o  the natural  drainage course t o  minimize further channel 
erosion. 
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ENVIRONMENTAL SETTING 

Legal Requirements 

Sonoma County 

Sonoma County has adopted a Noise Element t o  t h e  County General Plan. The Noise 
Element i n d i c a t e s  t h a t  no ise  l e v e l s  between 50 dBA and 60 dBA L a r e  acceptable 
f o r  r e s i d e n t i a l  l a n d  uses, no ise l e v e l s  between 60 dBA and 74"BA L r e q u i r e  
no ise  m i t i g a t i o n s  f o r  r e s i d e n t i a l  l a n d  uses, and no ise  l e v e l s  g rea t@ than 70 
dBA L a r e  unacceptable f o r  r e s i d e n t i a l  l a n d  uses (Noise Element Table 42 ) .  
The n@se e l e m e n t  a l s o  s t a t e s  t h a t  t h e  above s t a n d a r d  s h o u l d  be used i n  
e v a l u a t i n g  a l l  new l a n d  uses. The noise l e v e l s  f o r  geothermal p r o j e c t s  have 
been s e t  i n  t h e  i n d i v i d u a l  use permits.  The most r e c e n t  use p e r m i t  (Geothermal 
K i n e t i c s  Reso lu t ion  No. 58299) has a standard f o r  c o n s t r u c t i o n  a c t i v i t i e s  o f  65 
dBA day and 55 dBA n i g h t ,  and f o r  opera t ion  o f  60 dBA day and 50 dBA n i g h t ,  as 
measured a t  a residence. 

I _  

S t a t e  

The appl i c a b l e  s t a t e  r e g u l a t i o n s  are  t h e  Cal-OSHA Occupational Noise Exposure 
R e g u l a t i o n s ,  T i t l e  8 CAC,  A r t i c l e  105, Genera l  I n d u s t r i a l  S a f e t y  O r d e r s .  
Cal-OSHA r e g u l a t i o n s  a r e  enforced by t h e  D i v i s i o n  o f  Occupational Safety  and 
Hea l th  (DOSH) o f  t h e  Department o f  I n d u s t r i a l  Re la t ions  and apply  p r i m a r i l y  t o  
o n - s i t e  cond i t ions .  These r e g u l a t i o n s  s e t  a 90 dBA employee exposure l i m i t  f o r  
an 8 hour p e r i o d  and a h a l v i n g  i n  t h e  exposure t ime f o r  each 5 dBA increase i n  
t h e  no ise  l e v e l  above 90 dBA. There i s  no d i r e c t  s t a t e  r e g u l a t i o n  o f  o f f - s i t e  
cond i t ions .  

Federal  

The EPA has i d e n t i f i e d  an L o f  55 dBA as p r o v i d i n g  reasonable p r o t e c t i o n  
a g a i n s t  community annoyance at@ a c t i v i t y  i n t e r f e r e n c e  due t o  no ise.  ( U . S .  EPA, 
1971) The a p p l i c a b l e  federal  o f f - s i t e  no ise  r e g u l a t i o n s  a r e  conta ined i n  t h e  
Geothermal Resources Operat ion Order No. 4 as pub l ished by t h e  Conservat ion 
D i v i s i o n  o f  t h e  U.S.G.S. e f f e c t i v e  August 1, 1975. These r e g u l a t i o n s  s e t  t h e  
s tandard o f  65 dBA f o r  a l l  geothermal- re la ted a c t i v i t i e s  as measured a t  t h e  
lease boundary l i n e  o r  0.8 km (one-hal f  m i l e )  from the  source, whichever i s  
g rea ter .  However, t h e  65 dBA may be exceeded under emergency c o n d i t i o n s  o r  w i t h  
t h e  Geothermal  A r e a  S u p e r v i  s o r '  s a p p r o v a l  i f  w r i t t e n  p e r m i s s i o n  i s  f i  r s t  
obta ined by t h e  leasees from a l l  r e s i d e n t s  w i t h i n  0.8 km (one-ha l f  m i l e ) .  

S e t t i  na 

The s e n s i t i v e  r e c e p t o r  n e a r e s t  t o  t h e  p r o p o s e d  p l a n t  s i t e  i s  a r e s i d e n c e  
o f f  P ine F l a t  Road (survey p o i n t  81, approx imate ly  2.1 m i l e s  south o f  t h e  
proposed s i t e .  See at tached F i g u r e  10 f o r  l o c a t i o n  o f  t h e  proposed f a c i l i t y  
and these and o t h e r  s e n s i t i v e  r e c e p t o r  l o c a t i o n s .  

Ambient no ise l e v e l s  a t  t h e  nearest  r e s i d e n t i a l  r e c e p t o r  range between 38 dBA 
(L1)  and 24  dBA ( L g 9 ) .  The t i m e  energy  average l e v e l  f rom t h e  15 m i n u t e  
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sample was 29dBA (Le ) (see at tached Table 4;  a l s o  see Table 9 f o r  minimum 
l e v e l s  a t  o t h e r  recepqor p o i n t s ) .  Noise l e v e l s  a t  o t h e r  l o c a t i o n s  i n  the s i t e  
v i c i n i t y  were prov ided i n  PG&E Geysers U n i t  18 AFC Table 5.6-1 (see a t tached 
Table 5 ) .  Noise l e v e l s  i n  t h e  s i t e  v i c i n i t y  t y p i c a l l y  range between 25 dBA and 
46 dBA w i t h  occasional  peaks as h i g h  as 70 dBA. Noise sources i n  t h e  s i t e  
v i c i n i t y  a r e  l o c a l  and remote steam development a c t i v i t i e s ,  l o c a l  t r a f f i c ,  wind, 
i n s e c t  and w i l d l i f e  a c t i v i t i e s ,  and human a c t i v i t i e s .  Noise l e v e l s  i n  the 
v i c i n i t y  o f  a s i t e  a r e  t y p i c a l  f o r  a q u i e t  r u r a l  environment (see a t tached Table 
6 from PG&E Geysers 16 NO1 1. 

0 

The neares t  w e l l  pad t o  a s e n s i t i v e  receptor  i.e., a s i n g l e  fami ly  residence, 
i s  approx imate ly  2.1 m i l e s  away. Other receptors  a r e  f a r t h e r  away. 

IMPACTS 

The g e n e r a l l y  accepted c r i t e r i o n  f o r  determin ing the ex is tence o f  a no ise  
impact i s  a u d i b i l i t y .  To determine a u d y b i l i t y ,  one must examine the  back- 
ground or ambient no ise l e v e l s ,  the noise,' source 's  p r o j e c t e d  noise l e v e l s  and 
t h e  tona l  c o n t e n t  o f  t h e  noise. I f  a source 's  p r o j e c t e d  noise l e v e l  i s  g r e a t e r  
than o r  equal t o  the ambient no ise  l e v e l ,  i t  would probably be audib le .  A 
source whose t o n a l  con ten t  is d i f f e r e n t  than the  e x i s t i n g  ambient would tend t o  
be more aud ib le  than one whose c o n t e n t  i s  s i m i l a r  t o  the  e x i s t i n g  ambient. 

Steam F i e l d  

The p r i m a r y  s o u r c e s  o f  n o i s e  f r o m  steam f i e l d  deve lopment  and o p e r a t i o n  
are  g i v e n  i n  Table 7. The l e v e l s  shown are  w i t h  m i t i g a t i o n s  app l ied .  Pro- 
d u c t i o n  t e s t i n g ,  unmuf f led w e l l  vent ing,  and wel l -head master va lve  changes a r e  
p o t e n t i a l l y  s i g n i f i c a n t  n o i s e  sources i n  the immediate v i c i n i t y  o f  t h e  w e l l  
pad. T h i s  source w i l l  n o t  be s i g n i f i c a n t  a t  the  neares t  r e c p p t o r  because o f  t h e  
remoteness o f  the  s i t e .  These a c t i v i t i e s  occur i n f r e q u e n t l y  and can be con- 
ducted d u r i n g  d a y l i g h t  hours. The no ise  c o n d i t i o n s  i n  the steam f i e l d  p e r m i t  
i ssued by Sonoma County i n d i c a t e  t h a t  n o i s e  l e v e l s  a t  t h e  neares t  res idence may - 
reach 65 dBA between the  hours o f  7 a.m. and 10 p.rn., and 45 dBA f rom 10 p.m. t o  
7 a.m. 

P 1 a n t  C o n s t r u c t i o n  

The h i g h e s t  c o n s t r u c t i o n  noise ranges between 75 dBA and 95 dBA a t  50 f e e t  (see  
T a b l e  8 ) .  The h i g h e r  l e v e l s  o f  no ise  can be a t t r i b u t e d  t o  l a r g e  e a r t h  moving 
equipment and b l a s t i n g .  Measurements made a t  Geysers U n i t  13, w i t h  n i n e  p ieces  
o f  equipment operat ing,  showed an average L l e v e l  o f  76 dBA a t  about 360 
feet,  f rom the center  o f  t h e  equipment (PG% Geysers U n i t  18, Page 5-85). 
The no ise  l e v e l s  d u r i n g  s i t e  p repara t ion ,  p r o j e c t e d  t o  the  nearest  s e n s i t i v e  
receptor  (survey p o i n t  8 )  i n  Sonoma County, a r e  expected t o  range from 17-27 dBA 
L . P r o j e c t e d  c o n s t r u c t i o n  no ise  l e v e l s  d u r i n g  o t h e r  phases o f  c o n s t r u c t i o n  
a$@ expected t o  be much lower. The p r o j e c t e d  no ise  l e v e l  t o  t h e  nearest  recep- 
t o r s  i n  Lake County a r e  shown on at tached Figure 10 or i n  a t tached Table 9. 
Dur ing  s i t e  p repara t ion ,  c o n s t r u c t i o n  no ise  may be b a r e l y  a u d i b l e  a t  t h e  neares t  
r e c e p t o r  i n  Sonoma County when t h e  c o n s t r u c t i o n  no ise  l e v e l  i s  i n  t h e  h i g h  range 
and ambient l e v e l s  a r e  low. Since c o n s t r u c t i o n  occurs o n l y  d u r i n g  d a y l i g h t  
hours, un less unforeseen circumstances r e q u i r e  opera t ions  d u r i n g  nondayl i g h t  
nours, t h e  p o t e n t i a l  impact would be i n s i g n i f i c a n t .  Const ruc t ion  no ise  l e v e l s  
would meet t h e  standards o f  Lake and Sonoma County. 0 
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TABLE 4 

EXISTI l lG 3OISE ENVIRCINPENT D U R I N G  QUIET CONDITIONS 
LCCATIOM 8 

Coments L1 L I O  L50 L90 L9 9 Leq 

38 32 26 24 24 29 Noise 
environment 

daA dBA c o n t r o l l e d  by dBA dBA dBA dBA 

7 

un i d  en ti f iabie  
natural sounds 
and occasional 
j e t  and far 
off general 
aviation 
aircraft  . 

. . -. . 
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TABLE 5 

6 / 2 3 / 7 7  1 4 0 0  

1 0 / 2 b /  7 7  0 3 4 5  t o  
1 3 4 5  

cn 
P 

10/25/77  1 7 0 5  t o  
1 7 1 7  

AXBILNT SOUHD LEVELS I N  dBA, RE. 20 l4ICROPASCAL. AT .WD AROUND UNIT 18 

Sound Level, dBA, re 20 Hlcroposcel 
Sample  

%O L~~ L~~ '99 L eq C m w  n t  s L1 h a t .  Heas. Uurntion RanGe -- Point - 
1 A Cont. 5 ?tin. - 38.8 35.5  33.0 31.0 30.3 33.5 H a t u r e l  S o u n d s ,  F a l r  Wentliur 

2 ( S l t c  1 8 )  A C o n t .  15 l l r s .  - 6 3 . 3  36.9 31.8 29 .8  23.8 3 4 . 4  N J t u r a 1  Sounds. Pcmote  S t r . i m  R l r * q , . l  t o  S t .  
Very  calm - Quie t  c ~ d i t i < ) i ~ .  ! . i l r  vca t l i cr  

2 ( S i t e  18) C o n t .  5 l lrs .  - 4 6 . 3  38.0 33.0 2 1 . 3  25.0 37.7 89 above 

3 KO 7 B D.O. - 32/10 - - - - --. _ >  N a t u r a l  sounds. calla quiet coi id i t  l o i s  a f t e r  
working h o u r s  a t  U n t t  13. - 

.NOTES: 

1. Abhrevldtions: I n s t .  - I n s t r u m e n t r t l o n ;  Yeati. - M c a s u r u ~ ~ n t .  Cont .  - Continudus; D.O. - Dlrect  O b s e r v a t i o n  

2 .  Instruzcntntion ( I n s t . )  Column 

A ( S y b t r m  A): 1" Elec t re ! -Condenser  Xlcruphone t o  Ccn Rad 1558-EP A n a l y z e r  t o  B r u r l  6 Kjaer 4 4 7 6  Sotbe Level A n a l y z e r .  
C o n t i n u o u s  Yeasuremcir t  S y s t e m  with S a m p l e  R a t e  of 1 S a m p l e l S e c .  

8 ( S y s t e m  B): 1" Electret-Condenser Hlcrophonc t o  C e n  Rad 1 9 3 3  P r c c l s i o n  S o u i ~ J  L e v e l  Meter. Direct Observat ion  
(D.0.) of reter  S c a l e  A p p r o x i m c e l y  1 nln./Obhervarion 

Callbracton of both S y s t e m s  A 6 B above ln F i e l d  w i t h  Cen Rad 1562-A Sound L e v e l  C a l l b r a t o r  

I 0 



S u b J c c t i v c  
I iprasston 

TABLE 6 

OM 

130 

- 

! 20 

1 LO 

100 

90 

80 

60 

so 

00 

30 

20 

J u s t  Audible  IO 

Ilhrestvld of 0 
h a r i n g  

Cwmiunlcy** 
( Uu c do or j 

Xilicary fe r  Alrcrafr  
Take-Of! from Alrcraf c 
CIrrier 4 50'. (130) 

Turbo-Fan Aircrrl t 
Paka-Off @ 209'. ( l i 3 )  

Jet  Ply Qmr 3 190'. 
(103) 

Psucr rawer (96) 
aoaing i 1 7 ,  DC-9 $ W R O '  
beforo landing ( 9 1 )  

Prcevoy .! 5A)' Cror edge 
( 7 6 ~ 6 )  
Zcbao S b p p t n g  Center 
(60-70) 

Daytima L'tboa Re~Ldcncla l  
(50-60) 

ifcmc or  1ndue:ry.a 
( indoor)  

Cmvcrrrcton 9 1 ' - 5 ' .  (60) 
L r g a  S:orc ( 6 0 )  

trrga Ttanafomers \!IO' ( 5 0 )  AVstage D.yttmm Resldurce ( 8 0 - 5 0 )  
>4yCiaa S u b u r b a n  IeridenciAl 
(LO- SO) 

buer thlt Urban b b l c n t  
Souad ( b o )  
Farm h Valley (30-40)  

Studio Speech (30) 
@lac  ecdrooo a t  Xtght (10-39) 

Daycisre Grand Curyon 
(North Ua) (20) 

3 r c s b l d  o f  Hcarhq far  
Youth8 - 1COO-GOOO HZ 

* The noise K u r c c s  m d  typfC.1 I4ve;o vcrc c~Km fro- t h e  fo l lovtng ?)O'JCCc'S:  

. Peterson, A. P. C. 6 Grorr, L. E. J r . ,  "Hmdbook of !tolre Heu~urmmc". 
General Radio bopany 7th Edfrlar 1972. 

. S c h u l t r ,  T. J . ,  801: Bcranek 6 Jscmun k c . ,  "!lotse hsse5smmt Cuidcllao, 
f c c h n l c d l  Erckaround" Repot: Xo. E / N A  1 7 2  prepared f o r  U. S .  Deparcsntr 
- f  P.ou-lnq and L'rbo 'Gsvefopmmc. 

. Vyla irboraror:cs, "ComnJniry Nolrc". Re;orc .*. NTID 100.3 prepared for 
U .  5 .  E n v l r o n a n t d l  Prjtccclsn Agency. fccrdbcr j l ,  1971.  

** :iunbrrs ~3 parear%s!s a r e  A - p l & h t e d  sound lcvclr .  
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TABLE 7 

Activltg 

Nearest Receptora 
W e  Noise Projected Noise 
Levels ct Levels a t  

in &A in dBA 
(50') 0 5 . w  WQ') (33584  

Comtmction of roads 
a d  drill pads sob 25-35' 

Mtd drEling 85d 20-30' 

fir drilling (cyClorric m f f l e r )  ead 25-35' 

Wr drilling in s t e m  
( c y c l d c  muffler) I 
N e U  c lemart  

Production t e s t i n g  (cyclonic 
muffler) 
(portable t e s t  d f l e r )  

(cyclonic muffler) 

Steam venting a t  generating 
unit (rock-med muffler) 70e 

b 120 

25-35' 

25-35' 

C 25-35, 
3 5-45 

15 

10 

10 

3%SC 

45-5SC 

a. Estimated projected 1ereI.s made by me 
b e  E&lmrrted ficm noise measurements. 
co M&sr nd38 levels a m  based on worst case westher conditions; lower levels 

are based 011 nornral attenuaticn of noise. 
d e  E93d VParJ 3 S S u r e E c n t S  P b  kitner. 
6 0  Baxd  apan neanL-emeats by xmd~ and LWO~ oil. 
m e :  FkkJan, 1m; C a s t l o  Xmk S p m s  Geothermal S t e m  Area EIR, 1975; 

Ceuthermal P ipe lha  S p t e m  Wt 16 Castle Rock Springs Area GIR, 199. 
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~ TABLE 8 

PROJECTED CCNSTKUCTION EQUIPMENT USE 

Range of 
Heasu r ed 

Number T h e  Use dEA - Item Used Factor ($1 Maxima 
( a t  50 ft) 

SITE PREPARATION 

Bu 1 ldoze r 2 
3unrp Truck 2 
Loader 1 
C o m p a c t o r  -.! 
Water T r u c k  1 
Scraper 2 

PLANT ERECTION 

Lift Crane 
Backhoe 
Batch Plant 
Transit Mixer 
Concrete Punp 
Welder 
Air Cmpressor 
Louboy 
Light and 
Nod lum 
Trucks 
Water Truck 

TRANSMISSION LINE 
CONSTRUCTION 

2 
1 
1 
1 
1 
2 
2 
1 

3 
1 

Crawler Tractor 2 
Grader 1 
Hauling trucks 2 
Mobile Crane I 
Air Compressor 1 
Concrete U e r  
Trucks 2 
Light Truck:, 2 
Hediiun Trucks 2 
Chain Saw 1 
He li cop tepa* 

*Section 5.8.2.1.3 

75 77-90 
50 04-87 
75 77-90 
75 ,. 75-82 
50 81 -94 
75 I 88-91 

70 
75 
40 
50 
50 
60 
75 
10 

50 
50 

75 
75 
75 
70 
75 

50 
50 
50 
25 

80-85 
86-90 
83 
84-87 
74-84 
73 
76-89 
04-87 

81 -84 
81-84 

65-90 
86-39 
86-88 
80-85 
76-89 

84 -87 
8 1-84 
84 -87 
72-88 

Raae dBA 
Used f o r  
E s t  im t i n q  

89 
86 
89 
81 

90 
a3 

64 
89 

86 
83 
73 
88 
86 

83 

83 
83 

89 
88 
87 
84 
88 

86 
83 
86 
87 
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Lomtions of Nearest Noise Level fioIja Level 
Sensit ive Receptors 

N urn b e r 

1 

- 

2 

3 

Ir 

5 

6 - 

7 

8 

Description 

Pine Grove 
near Bottle 
Rock Road 

Hobems overlooking 
Bottle Rock Road 

'4, 

Anderson Springs 

Whtsperira Pfnes 

Socrates Mine Road 

Verdant Vales 
School Castle 
Flock Springs 

Metcuryville 

Pine F l a t  Road 

Dur irg; During 
Construct  Ion Operaticn 
(Leq) ( Leq 

20 dOA 10 dBA 

10 dBA 20 dBA 5 

21 dBA 10 dRA 

22 dBA 11 dBA 

26 dBA 17 dBA 

25 dBA 16 dBA 

20 dBA 10 dBA 

27 dBA 18 dBA 

Mlnircum 
Measured 
L99 

20 dBA 

27 dBd 

34 dBA 

32 dBA 

38 dBA 

48' dBA 

26 dBA 

24 dBA 

@Dominated by grading activities a t  location of U n l t  16 s i te .  
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Const ruc t ion  t r a f f i c  no ise  est imates a re  prov ided i n  a t tached Table 10. Based 
on these l e v e l s ,  conimunities o r  s i n g l e  residences a long the  access rou tes  may be 
exposed t o  some short-terrr i  no ise impacts. 

P l a n t  UDeration 

SMUD p r o v i d e d  e s t i m a t e d  p r o j e c t e d  n o i s e  l e v e l s  due t o  o p e r a t i o n  shown on 
a t tached F igu re  8 and i n  a t tached Table 9. SMUD est imates a p r o j e c t  no i se  l e v e l  
a t  t h e  neares t  recep to r  t o  be 15 dBA Le . Actual no ise  l e v e l s  may be l e s s  due 
t o  ground e f f e c t s  and poss ib le  b a r r i e r  g f f e c t s .  I n  any case, t h i s  no i se  l e v e l  
w i l l  comply w i t h  t h e  e x i s t i n g  and proposed Sonoma County standards and the  USGS 
standards. Operat ional  no i se  w i l l  n o t  be aud ib le  a t  t h e  neares t  receptor .  

Noise Tonal Impacts 

I n  t h e  PG8rE Geysers U n i t  17 AFC, PG&E p rov ided (Appendix G, F igures  9.4-1 
through 9.4-3 1 one - th i rd  octave band no is& frequency spectrum from opera t i ng  
Geysers u n i t s .  SMUD agrees t h a t  these frequency spec t ra  a re  r e p r e s e n t a t i v e  
o f  t h e  no ise  expected from the  proposed SMUDGEO #1 f a c i l i t y .  Whi le  c e r t a i n  
t o n a l i t i e s  would be d iscernab le  i n  the  immediate v i c i n i t y  o f  t h e  s i t e ,  i t  i s  t h e  
CEC s t a f f ' s  o p i n i o n  t h a t  t h e  t o n a l i t i e s  would n o t  be d iscernab le  a t  any o f  t h e  
receptors  i n  the  s i t e  v i c i n i t y  due t o  the  low p r o j e c t e d  no ise  l e v e l s  t o  t h e  
receptor .  Th i s  means t h a t  t he  no ise  r e s u l t i n g  from SClUD's geothermal develop- 
ment w i l l  n o t  be n o t i c a b l e  a t  t he  neares t  res idence t o  the  p l a n t .  

Cal -OSHA Requirements 

SMUO s t a t e d  (AFC, Page 1-32) t h a t  they w i l l  take  t h e  f o l l o w i n g  steps t o  ensure 
compl i ance w i t h  Cal -OSHA no ise  regu la t i ons :  

1. Any unavoidably  h i g h  no ise  areas w i l l  be posted w i t h  s igns.  

2. As necessa ry ,  p e r s o n a l  h e a r i n g  p r o t e c t o r s  w i l l  b e  s u p p l i e d  and t h e i r  

3.  The hear ing  o f  employees r o u t i n e l y  sub jec ted  t o  h i g h  no ise  l e v e l s  w i l l  be 

use en forced du r ing  bo th  t h e  c o n s t r u c t i o n  and opera t i ona l  per iods.  

p e r i o d i c a l l y  checked. 

If t h e s e  measures a r e  implemented, t h e  CEC s t a f f  w i l l  c o n c l u d e  t h a t  SMUD 
w i l l  adequately meet the  hear ing  conserva t ion  requirements o f  Cal-OSHA. 

M I T  1 GAT1 ONS 

SMUD i d e n t i f i e d  (SMUDGEO, AFC pp. 1-32) t h e  f o l l o w i n g  noise m i t i g a t i o n s  t o  be 
a p p l i e d  t o  the  proposed f a c i l i t y :  

1. Mechan ica l  equ ipment  w i l l  b e  pu rchased  on t h e  b a s i s  o f  a p r o c u r e m e n t  
s p e c i f i c a t i o n  t h a t  w i l l  encourage manufacturers t o  supply reduced-noi se 
motors, pumps, valves, and o the r  components. 

2. Noisy steam-handl i n g  equipment, steam p ip ing ,  and steam e j e c t o r  housings 
w i  11 be i nsul a ted  w i t h  ma te r ia l  s possessing good acous t ic  and thermal 
p r o p e r t i e s .  
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Assumed Condition 

50% of traffic in each 
direction (65 autos, 4 
heavy trucks) 

TABLE 10 

ESTIMATED CONSTRUCTION TRAFFIC NOISE 

Distance ( f t  ), 

200 

Leq (dBA)*  

43 

Same as above 2,000 3s 

90% of traff ic  uiifhg 
one a x e 3 3  
( 1  17 autos, 9 heavy 
trucks) 

7 

200 5 1  

Sane a s  above 2,000 37 

10% of trafPic using 
one access 
(13 autos, 1 heavy truck) 200 42 

Same as above 2,000 28 

sAasumes a low straight road on a 7 percent grade, the line of sight 
Vehicle to r~ceIver, and nsoftn ground between vehicle and receiver. 

from 
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3. Waste steam w i l l  be rou ted  when necessary through an e f f e c t i v e  m u f f l i n g  
system w h i c h  w i l l  be i n s t a l l e d  and m a i n t a i n e d  by t h e  steam s u p p l i e r ;  

4. A low-noise o f f i c e  enc losure f o r  the  opera tors  w i l l  be prov ided i n s i d e  the  
t u r b i n e  b u i  1 ding; 

5 .  The t u r b i n e  b u i l d i n g  w a l l s  and r o o f  w i l l  reduce the  propagat ion o f  no ise  t o  
t h e  o u t s i d e  environment; and 

6. Any excess ive ly  no isy  a n c i l l a r y  equipment w i l l  be s i l e n c e d  as f e a s i b l e .  

It i s  the  CEC s t a f f ' s  o p i n i o n  t h a t  these a r e  adequate m i t i g a t i o n s  prov ided t h a t  
t h e  f o l l o w i n g  steps are  made i n  app ly ing  those m i t i g a t i o n s :  

1. With regard  t o  m i t i g a t i o n  #1 above, t h e  A p p l i c a n t  should take t h e  f o l l o w i n g  
s t e p s  t o  "encourage"  equipment  m a n u f a c t u r e r s  t o  s u p p l y  r e d u c e d - n o i  se 

a. Except f o r  t h e  t u r b i n e  generator s e t  which s h a l l  be s p e c i f i e d  f o r  90 
dBA, a no ise s p e c i f i c a t i o n  s h a l l  be made a p a r t  o f  s p e c i f i c a t i o n s  f o r  
mechanical equipment purchases. This  no ise s p e c i f i c a t i o n  r e q u i r e s  
equipment t h a t  produces a maximum sound l e v e l  o f  85 dBA a t  th ree  
f e e t .  

equi pmen t : I 

I 

b. I f  t h e  s u p p l i e r  cannot meet t h e  85 dBA requirement,  SMUD s h a l l  under- 
t a k e  a p p r o p r i  a t e  m i  ti g a t  i o n  measures t o  c o n f o r m  w i  t h  OSHA/DOSH 
Standards. 

2 .  With regard t o  m i t i g a t i o n  #3 above, steam-drain l i n e s  should be rou ted  back 
i n t o  t h e  condenser so t h a t  steam w i l l  n o t  be discharged i n t o  t h e  atmosphere 
d u r i n g  u n i t  s t a r t  ups. 

3. W i t h  r e g a r d  t o  m i t i g a t i o n  #3  above, t h e  A p p l i c a n t  s h a l l  e n s u r e  t h a t  
the  steam s u p p l i e r  u t i l i z e s  a rock m u f f l e r  o r  i t s  e q u i v a l e n t  ( e q u i v a l e n t  
n o i  se r e d u c t i o n  1 t o  m i  ti gate n o i  se dur ing  u n i t  outages. 

\ 
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CUMULATIVE IMPACTS 

Other p ro jec ts  i n  the area o f  the  proposed SMUDGEO #1 p r o j e c t  are PG&E Geysers 
Un i t s  9 and 10, U n i t  18, U n i t  13, and U n i t  16 (see F igure  9 ) .  The proposed 
SMUDGEO #1 p r o j e c t  i s  remote from these u n i t s  and po ten t i a l  noise s e n s i t i v e  
receptors.  The other  u n i t s  i n  the SMUDGEO #1 s i t e  area may r a i s e  the ambient 
noise l e v e l  i n  receptor  loca t ions ,  such as Camp Verdant Vales and Anderson 
Springs. Because the SMUDGEO #1 p r o j e c t  i s  remote, i t  w i l l  n o t  add t o  the 
impact o f  t he  o ther  un i t s .  

The e f f e c t s  o f  the we l l  development and steam f i e l d  operat ion noise l e v e l s  
genera l ly  exceed the  l e v e l  s f o r  p l  an t  cons t ruc t ion  and operat ion.  These cumul a- 
t i v e  a c t i v i t i e s  w i l l  no t  increase the impact on the  receptors over the  we l l  
development and we l l  operat ion noise l e v e l s  (see Impacts sect ion) .  Therefore, 
the  CEC s t a f f  concludes t h a t  no s i g n i f i c a n t  impact w i l l  r e s u l t  from the  combined 
a c t i v i t i e s .  

y 
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CULTURAL RESOURCES 

SETTING 

Archaeology 

Cobb Mountain marks the  geographical boundaries o f  t e r r i t o r i e s  t r a d i t i o n a l l y  
c la imed by t h e  Western and Northern Wappo and Centra l  and Eastern Pomo and Lake 
Miwok Ind ians.  (Kroeber, 1925) Kroeber r e p o r t s  a Western Wappo town, Tekenant- 
sonoma, was l o c a t e d  w i t h i n  t h e  developed geothermal f i e l d .  I t s  l o c a t i o n  has 
n o t  been p r e c i s e l y  determined, a1 though a 1 arge archaeologica l  s i t e  has been 
recorded by Fredr ickson ( 1974). T h i s  1 arge, d i  spersed archaeologica l  s i  t e  i s 
charac ter ized  by a l a r g e  house depression, p o s s i b l y  t h e  remains o f  a dance 
house, and a number o f  i s o l a t e d  groups o f  ho.use p i t s  suggest ive of s i n g l e  f a m i l y  
ham1 e ts .  .! 

A dispersed community o r g a n i z a t i o n  such as a t  Tekenantsonoma was common f o r  
ethnographic groups i n  t h e  Nor th Coast Ranges.(Heizer, 1975) I n  general , 
each l o c a l  community appears t o  have had a s ing le ,  permanently i n h a b i t e d  town 
which served as a p o l i t i c a l l y  autonomous group, which may have numbered from 
about 100 t o  perhaps 300 i n d i v i d u a l s .  Smaller s i t e s ,  o c c a s i o n a l l y  made up o f  
o n l y  a s i n g l e  household, would a l s o  be a p a r t  o f  t h e  se t t lement  system, as 
would be t a s k - s p e c i f i c  s i t e s  such as camp s i t e s ,  hunt ing  s t a t i o n s ,  food pro- 
cess ing s t a t i o n s ,  q u a r r i e s  and manufactur ing s t a t i o n s ,  and s i t e s  o f  r e l i g i o u s  
s i g n i f i c a n c e .  

Because o f  d i f f e r e n t  economic focuses , exper ts  b e l  i eve t h a t  se t t lement  systems 
c o n t r a s t i n g  w i t h  t h e  ethnographic Wappo e x i s t e d  i n  the  Nor th Coast Range d u r i n g  
e a r l  i e r  t ime per iods.  D e t a i l  s o f  e a r l  i e r  s o c i a l  and environmental r e l a t i o n -  
sh ips a r e  scant, s ince  l i t t l e  archaeologica l  work has been done w i t h i n  t h e  Nor th 
Coast Ranges. 

No p r o p e r t i e s  l i s t e d  on, o r  i n  process o f  nominat ion to ,  the Nat ional  Regis ter  
o f  H i s t o r i c  Places a r e  present  w i t h i n  the  leasehold.  While no p r o p e r t i e s  
w i t h i n  t h e  KGRA appeared i n  t h e  l a t e s t  r e v i s i o n  o f  t h e  N a t u r a l  Landmarks 
Nat iona l  Reg is t ry  (Federal Regis ter ,  1978) , t h e  Mayacmas Mountains have been 
proposed as a Natura l  Landmark. 

IMPACTS AND MITIGATION 

o Impacts 

A survey f o r  archaeologica l  resources i n  t h e  p r o j e c t  area and steam f i e l d  
was conducted by D r .  David A. F redr ickson i n  November 1979. The survey met 
the  requirements o f  an i n t e n s i v e  archaeologica l  survey as prescr ibed by 
the  Society  f o r  Cal i f o r n i a  Archaeol ogy/Archaeological  Impact Evaluat ion,  
1976. Due t o  the rugged t e r r a i n  and t h e  l a c k  o f  archaeologica l  s e n s i t i -  
v i t y  i n  the  area, the  proposed p l a n t ,  t ransmiss ion c o r r i d o r ,  and r e l a t e d  
steam f i e l d  w i l l  n o t  i m p a c t  upon a r c h a e o l o g i c a l  r e s o u r c e s ;  no s i t e s  
were recorded i n  the p r o j e c t  area. 

63 



185A:09 R5 11/03/80 d r  

o M i t i s a t i o n  

SFilUD w i l l  make arrangements t o  have an a r c h a e o l o g i s t  a v a i l  ab1 e shoul d 
a r t i f a c t s  o r  p r e v i o u s l y  unknown s i t e s  be uncovered d u r i n g  i n i  ti a1 grading 
and t r e n c h i  ng. 

Ethnography 

As p a r t  o f  t h e  ethnographic study prepared by David A. Fredr ickson, severa l  
N a t i v e  American consu l tan ts  made an o n - s i t e  inspec t ion .  While no s i t e s  o f  known 
s o c i o c u l t u r a l  s i g n i f i c a n c e  were i d e n t i f i e d  w i t h i n  the leasehold,  L i t t l e  Geysers 
s i t u a t e d  about 3/4 m i .  south o f  the p r o j e c t  and j u s t  o u t s i d e  o f  t h e  leasehold,  
was i d e n t i f i e d  by the N a t i v e  American c o n s u l t a n t s  as h o l d i n g  specia l  s o c i a l  
s i g n i f i c a n c e .  L i  ttl e Geysers i s  one o f  many r e c e n t l y  recorded e thnograph ica l l y  
s i g n i f i c a n t  s i t e s .  

IMPACTS AND MITIGATION 7 

o Impacts 

The c o n s t r u c t i o n  and opera t ion  o f  the power p l a n t  and steam f i e l d  w i l l  n o t  
d i r e c t l y  impact  L i t t l e  Geysers. However, adverse i n d i r e c t  impacts c o u l d  
r e s u l t  f rom the cont inued development o f  geothermal resources. Access by 
N a t i v e  Americans t o  L i t t l e  Geysers may be r e s t r i c t e d ,  and the  f u r t h e r  
development i n  the area may degrade th i s  s i g n i f i c a n t  ceremonial s i t e .  

o M i t i g a t i o n  

The e l i g i b i l i t y  of  t h e  L i t t l e  Geysers s i t e  i s  c u r r e n t l y  under c o n s i d e r a t i o n  
f o r  i n c l u s i o n  i n  the Nat iona l  R e g i s t e r  o f  H i s t o r i c  Places. Due t o  the 
s i g n i f i c a n c e  o f  the  ceremonial s i t e ,  CEC s t a f f  recommends t h a t  a b u f f e r  
zone be determined through consul t a t i o n  w i t h  N a t i v e  Americans and ethno- 
graphers f a m i l i a r  wi th t h e  area and s i t e  i n  quest ion.  

Paleonto logy 

With respec t  t o  pa l  e o n t o l o g i c a l  resources, s i g n i f i c a n t  rad io1  a r i a n  m i c r o f o s s i  1 
( s k e l e t o n s  o f  s i n g l e  c e l l  marine animals)  l o c a l i t i e s  do n o t  e x i s t  w i t h i n  t h e  
leasehold.  No m i t i g a t i o n  i s  requi red.  

H i s t o r y  

The h i s t o r i c  study revea led  no evidence o f  s i g n i f i c a n t  use o f  the  leaseho ld  
area. F i e l d  surveys d isc losed no evidence of e i t h e r  h i s t o r i c  o r  p r e h i s t o r i c  
archaeologica l  resources wi th in  t h e  1 easehol d. 

IMPACTS AND MITIGATION 

There w i l  l be no impact t o  h i s t o r i c a l  reosurces and no m i t i g a t i o n  measures a r e  
necessary. 
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SMUDGEO #1 FINAL JES 
TRANSPORTATION 

SETTING 

Access t o  t h e  proposed p r o j e c t  i s  e i t h e r  from the  eas t  v i a  S t a t e  Route 175 t o  
Middletown, then t o  Socrates Mine Road and t o  a f i r e  road l e a d i n g  t o  t h e  pro- 
posed s i t e ,  o r  from t h e  west v i a  Healdsburg-Geysers Road from Jimtown t o  The 
Geysers Resort  and then pas t  Geysers 14 ( v i a  unpaved Union O i l  Road) t o  the  f i r e  
road l e a d i n g  t o  the  s i t e  (AFC, F igure  1.1-2). I n  most cases, t h e  county roads 
are  paved two-lane roads except Socrates Mine Road, which i s  most ly  an unpaved, 
graded road. For  re fe rence t o  t h e  roads discussed below, see a t tached F i g u r e  
11.5. A paved, spur road about 2/3 o f  a m i l e  l o n g  w i l l  be cons t ruc ted  t o  
connect t h e  f i r e  road and t h e  ad jacent  w e l l  pad s i t e  t o  t h e  proposed power p l a n t  
s i t e .  

7 
Road Cond i t ion  o f  Concern 

Socrates Mine Road--For t h e  most p a r t ,  Socrates Mine Road i s  a narrow, winding, 
unpaved road. T h i s  road, p a r t i c u l a r l y  t h e  p a r t  which leads through, t h e  Aminoi l  
1 easeho ld ,  has r e p o r t e d l y  been a s o u r c e ' o f  i n c r e a s e d  e r o s i o n * '  w h i c h  can 
r e s u l t  i n  increased t u r b i d i t y  and o t h e r  water q u a l i t y  problems i n  Anderson and 
Gunning Creeks. These creeks supply domestic water t o  t h e  Anderson Spr ings 
Community i n  a d d i t i o n  t o  o t h e r  b e n e f i c i a l  and r i p a r i a n  uses. I n  a d d i t i o n ,  t h e  
damage i s  c r e a t i n g  excessive dus t  and i s  l e a d i n g  t o  severe ly  d e t e r i o r a t e d  road 
sur face.  

The road g e n e r a l l y  has poor al ignment;  t h e  grades o f  t h e  road exceed minimum 
county standards i n  many places. The road i s  t o o  narrow i n  most p a r t s  and 
w i t h o u t  adequate shoulders o r  g u a r d r a i l s  where needed. There a r e  two b r i d g e  
s t r u c t u r e s  l o c a t e d  on s h o r t  r a d i u s  curves. The br idges  a r e  i n  poor c o n d i t i o n  
because o f  excess ive use. 

2 Lake County est imates an average d a i l y  t r a f f i c  o f  684 v e h i c l e s  p e r  day t r a v e l  
t h i s  r o u t e  and th3 i r  s tud ies  i n d i c a t e  about 20 percent  o f  t h i s  f i g u r e  c o n s i s t s  
of t r u c k  t r a f f i c .  Dur ing t h e  pas t  few years,  t h e r e  has been an average o f  
f rom $wo t o  f o u r  major  acc idents  r e p o r t e d  t o  t h e  C a l i f o r n i a  Highway P a t r o l  per  
y e a r .  C o n s i d e r i n g  t h e  p r e s e n t  c o n d i t i o n  o f  t h e  r o a d ,  one c o u l d  e x p e c t  
h i g h e r  acc ident  r a t e s  as t h e  amount o f  t r a f f i c  increases on t h i s  road. 

I n  summary, S o c r a t e s  Mine  Road i s  b e l o w  c o u n t y  s t a n d a r d s  and b e f o r e  any 
a d d i t i o n a l  t r a f f i c  i s  added t o  t h i s  road, i t  should be upgraded (e.g., improved 
a1 ignment, c o n s t r u c t i o n  of adequate sur face and base w i t h  drainage and eros ion  
c o n t r o l  f a c i l i t i e s ,  improved s a f e t y  measures . such as g u a r d r a i l s -  and proper 
s a f e t y  s igns,  and improved b r i d g e  s t r u c t u r e s  over Anderson and Gunning Creeks). 
Negot ia t ions  i n  regard  t o  these improvements have been going on among t h e  
r e s p e c t i v e  road users; as y e t ,  no d e f i n i t e  conclus ions have been reached. 

*For  r e f e r e n c e s ,  see T r a n s p o r t a t i o n  e n t r i e s  i n  t h e  " A g e n c i e s  and P e o p l e  
Contacted" s e c t i o n  o f  t h e  F i n a l  J o i n t  Environmental Study. 0 
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Healdsburg-Geysers Road--This i s  a two-lane, paved county road and a major 
access t o  The Geysers f r o m  Sonoma County. This  road, i n  sect ions,  has poor 
al ignment, sharp curves, and s h o r t  s i g h t  d is tances.  The pavement s t r u c t u r e ,  
a l though f a i r  i n  most par ts ,  i s  damaged and i s  i n  need o f  r e p a i r  i n  some o t h e r  
par ts .  

Sonoma County' est imates t h a t  870 veh ic les  t r a v e l  t h i s  road i n  an average 
24-hour p e r i o d  and t h a t  the  t r a f f i c  mix cou ld  range from 2 t o  5 percent  t r u c k  
t r a f f i c .  The road i s  considered by t h e  county t o  have h i g h  p o t e n t i a l  f o r  
acc idents .  C a l i f y n i a  Highway P a t r o l  r e p o r t s  i n d i c a t e  an average o f  10 t o  15 
acc idents  per year  on t h i s  road. 

I n  summary, sec t ions  o f  the  Healdsburg-Geysers Road a r e  below county standards 
and CEC s t a f f  cons ider  them inadequate and unsafe w i t h  respec t  t o  heavy loads  
and m u l t i - a x l e  veh ic les .  To assure s a f e r  t r a v e l l i n g ,  S t a f f  recommends upgrading 
and improvement t o  Healdsburg-Geysers Road. 

C 1  overdal  e-Geysers Road--Thi s road i s a poohly mai n t a i  ned, narrow Sonoma County 
road which connects The Geysers t o  Cloverdale and Highway 101. The sur face i s  
extremely rough, s i g h t  d is tances  are  inadequate, and heavy t r u c k s  w i l l  have 
prob l  ems n e g o t i a t i n g  sharp r a d i  i curves. 

There i s  a one-lane b r i d g e  over Squaw Creek which may be inadequate f o r  heavy 
t r u c k  cross ings.  The t ravelway and shoulders, i n  some p a r t s ,  a re  eroded away 
l e a v i n g  the e f f e c t i v e  w id th  o f  t h e  road a t  about e i g h t  f e e t  which i s  b a r e l y  
enough f o r  one l a n e  o f  t r a f f i c .  

I n  conclus ion,  t h i s  road i s  i n  poor c o n d i t i o n  and i t s  use by c o n s t r u c t i o n  
t r a f f i c  must be p r o h i b i t e d  u n t i l  proper maintenance and s a f e t y  measures are  
implemented. The a b i l i t y  t o  implement t h i s  m i t i g a t i o n  measure r e s t s  w i t h  Sonoma 
County . 
Ford  F l a t  Road--This i s  a th ree-mi le  long,  narrow, winding, d i r t ,  mountain road. 
I t  connects Socrates Mine Road t o  the Whispering Pines and Cobb area i n  Lake 
County. It c o u l d  a l s o  be used as a s h o r t - c u t  t o  Highway 175 and B o t t l e  Rock 
Road l e a d i n g  t o  K e l s e y v i l l e  waste f i sposa l  s i t e .  T h i s  road i s  inadequate f o r  
heavy t r u c k  t r a f f i c .  Lake County emphasizes t h e  f a c t  t h a t  commute t r a f f i c  
on t h i s  road causes excessive dus t  and no ise  problems f o r  t h e  residences a long 
t h e  road and i t s  use must be l i m i t e d  t o  l o c a l  res idents .  

B u t t s  Canyon Road--This Lake County road g ives  access t o  t h e  Middletown waste 
d isposal  s i t e  owned by Geothermal Incorporated. Excessive use by heavy geo- 
thermal d isposal  t r u c k  t r a f f i c  has caused t h e  f a i l u r e  o f  t h e  road surface. The 
s t r u c t u r e  s e c t i o n  and drainage o f  t h i s  road i s  n o t  adequate f o r  heavy t r a f f i c .  
Even though SMUD has n o t  i n d i c a t e d  where they w i l l  dispose o f  t h e i r  geothermal 
wastes (CEC s t a f f  est imates one o r  two t r u c k s  per  month), i t  i s ' l i k e l y  they 
w i l l  use the Middletown waste s i t e .  Adding more heavy t r u c k  t r a f f i c  t o  t h i s  
road w i l l  o n l y  aggravate the  e x i s t i n g  impai red cond i t ions .  

IMPACTS 

L i g h t  T r a f f i c  

Dur ing t h e  peak c o n s t r u c t i o n  phase o f  the  p r o j e c t ,  SMUD est imates t h a t  6 5  
a u t o s / l i g h t  t r u c k s  w i l l  t r a v e l  t o  and from the  p r o j e c t  area per  day. The 
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m a j o r i t y  o f  t h e  t r u c k s  w i l l  use the  Healdsburg-Geysers Road, and t h e  l i g h t  
t r a f f i c  i s  e x p e c t e d  t o  b e  d i v i d e d  e q u a l l y  between S o c r a t e s  Mine Road and 
Heal dsburg-Geysers Road. T h i s  small  increase i n  1 i g h t  t r a f f i c  w i l l  n o t  s i g n i -  
f i c a n t l y  a f f e c t  the l o c a l  t r a n s p o r t a t i o n  network. To f u r t h e r  decrease t h e  
l i g h t  t r a f f i c  impact, SMUD w i l l  f u r n i s h  a van-pool f o r  t h e i r  workers (see 
"Socioeconomic" sec t ion  o f  .the JES).  

Heavy Equipment T r a f f i c  

Const ruc t ion  t r a f f i c  w i l l  reach t h e  power p l a n t  s i t e  bo th  from Middletown, u s i n g  
Sta te  Route 175 and Socrates Mine Road, and from t h e  west, us ing  Healdsburg- 
Geysers Road and e x i s t i n g  roads through developed geothermal areas which a r e  
most ly  owned and mainta ined by t h e  Union O i l  Company. SMUD est imates t h a t  an 
average o f  f i v e  heavy t r u c k s  w i l l  t r a v e l  t o  and from t h e  s i t e  each day d u r i n g  
c o n s t r u c t i o n  (80-AFC-1). T h i s  number w i l l  reduce t o  about 10 t r u c k s  p e r  week 
d u r i n g  t h e  o p e r a t i o n  phase o f  t h e  p l a n t .  

The main impacts o f  SMUDGEO c o n s t r u c t i o n  'on t h e  roads a r e  summarized below: 

Socrates Mine Road--SMUD est imates t h a t  about 40,000 tons o f  cement, aggregate, 
gravel  and aspha l t  w i l l  be t ranspor ted  v i a  Socrates Mine Road. Assuming an 
average pay load per  t r u c k  a t  25 t o n s ,  i t  will take 1,600 t r i p s  t o  take t h e  
r e q u i r e d  m a t e r i a l  t o  t h e  c o n s t r u c t i o n  s i t e .  I n  a d d i t i o n ,  t h e r e  may be heavy 
c o n s t r u c t i o n  equipment and water t r u c k s  t ranspor ted  over t h i s  road. 

The c o n d i t i o n s  descr ibed i n  t h e  s e t t i n g  w i l l  be aggravated by c o n s t r u c t i o n  o f  
SMUDGEO #l. Unless these c o n d i t i o n s  a r e  m i t i g a t e d ,  s i g n i f i c a n t  adverse impacts 
t o  t r a n s p o r t a t i o n  and s a f e t y  w i l l  r e s u l t .  

Healdsburg-Geysers Road--SMUD est imates t h a t  about 1,900 tons  o f  s t e e l  and 
concrete b l o c k s  w i l l  be t r a n s p o r t e d  v i a  t h i s  road. I n  a d d i t i o n .  heavy con- 
s t r u c t i o n  equipment such as D8 ' t r a c t o r s ,  concrete mix t r u c k s  and heavy eqi ipment  
components f o r  t h e  power p l a n t  w i l l  be moved v i a  t h i s  road. Again assuming t h e  
t r u c k s  a r e  c a r r y i n g  25 tons o f  payload each, an est imated number o f  100 t r i p s  
w i l l  be r e q u i r e d  t o  haul necessary m a t e r i a l  and equipment t o  the  s i t e .  

Consider ing the c o n d i t i o n s  o f  t h e  road exp la ined i n  t h e  above Transpor ta t ion  
S e t t i n g  s e c t i o n  , t h e  c o n s t r u c t i o n  o f  SMUDGEO #1 w i  11 f u r t h e r  d e t e r i o r a t e  t h i s  
road and unless m i t i g a t e d ,  c o u l d  cause s i g n i f i c a n t  t r a n s p o r t a t i o n  and s a f e t y  
p r o b l  ems. 

Cloverdale-Geysers Road--SMUD i n d i c a t e s  t h a t  t h e r e  w i  11 be no c o n s t r u c t i o n  t r u c k  
t r a f f i c  u s i n g  t h i s  road and t h e r e  i s  no accurate es t imate  o f  passenger c a r  t r i p s  
which w i l l  occur due t o  t h e  proposed development. S t a f f  est imates t h a t  an 
increase i n  t r a f f i c  on t h i s  road, due t o  SMUDGEO #1 const ruct ion;  may n o t  be 
s i  gn i  f i  cant.  

Ford F l a t  Road--Some t r a f f i c  on Ford F l a t  Road, i n  a d d i t i o n  t o  t h e  present  45 
v e h i c l e s  per  day, may be generated by c o n s t r u c t i o n  o f  SMUDGEO #l. This  c o u l d  
on ly  aggravate t h e  c o n d i t i o n s  descr ibed i n  t h e  S e t t i n g .  S t a f f  est imates t h a t  an 
increase i n  t r a f f i c  on t h i s  road, due t o  SMUDGEO #1 c o n s t r u c t i o n ,  may have minor 
s i g n i f i c a n c e .  
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B u t t s  Canyon Road--This i s  a major access road t o  t h e  Middletown waste d isposal  
area and i f  SMUD decides t o  use t h i s  waste d isposal  area, t r u c k s  h a u l i n g  geo- 
thermal waste t o  t h e  s i t e  c o u l d  exacerbate t h e  c o n d i t i o n s  descr ibed i n  t h e  
S e t t i n g .  S t a f f  est imates t h a t  an increase i n  t r u c k  t r a f f i c  due t o  opera t ion  o f  
SMUDGEO #1 may n o t  be s i g n i f i c a n t  on t h i s  road. 

I n  summary, t h e  SMUDGEO #1 p r o j e c t  may add t o  t h e  o v e r a l l  road d e t e r i o r a t i o n  
w i t h i n  The Geysers KGRA and, due t o  an i n c r e a s e  i n  t r a f f i c  volume, may 
c o n t r i b u t e  some increase i n  t r a f f i c  hazards. 

Access Road--Access t o  the  p l a n t  w i l l  be gained from an e x i s t i n g  graded f i r e  
road through Birdsong Meadow t o  a w e l l  pad (approx imate ly  two m i l e s  d is tance)  
and then v i a  a new access road (2/3 m i l e  long)  t o  t h e  power p l a n t  s i t e .  SMUD 
proposes t o  widen t h i s  road i n  p a r t s  and pave i t  i n  o r d e r  t o  handle c o n s t r u c t i o n  
t r a f f i c .  Improvements t o  t h e  road through Birdsong Meadow w i l l  be completed by 
w i n t e r  o f  1981, b u t  t h e  remainder o f  t h e  f i r e  road t o  t h e  w e l l  pad w i l l  n o t  be 
paved u n t i l  c o n s t r u c t i o n  i s  completed duriing t h e  summer o f  1983. Paving t h e  
r o a d  w i l l  a l l e v i a t e  d u s t  p rob lems f r o m , ' v e h i c l e s  and d e c r e a s e  e r o s i o n  and 
sediment t r a n s p o r t  t o  streams. CEC s t a f f  cons iders these proposed access 
road improvements t o  be acceptable.  The proposed m i t i g a t i o n  measures such as 
eros ion  c o n t r o l  measures, hydroseeding exposed d i s t u r b e d  surfaces, and p l a c i n g  
and m a i n t a i n i n g  c u l v e r t s ,  should decrease o r  p revent  sediment from impact ing  t h e  
Cobb Creek and Calm Creek drainage. (See B io logy  s e c t i o n  o f  t h e  E I R  f o r  impact 
and m i t i g a t i o n  t o  b i o l o g i c a l  resources. 1 

MITIGATION MEASURES 

Roads w i t h i n  t h e  l e a s e h o l d  a r e  m a i n t a i n e d  by A m i n o i l  ( t h e  steam f i e l d  
developer) .  County roads a r e  mainta ined by t h e  r e s p e c t i v e  county. I f  t h e  
county determines t h a t  t h e  roads w i t h i n  i t s  j u r i s d i c t i o n  a r e  being abused by 
heavy t r u c k  and c o n s t r u c t i o n  equipment ( l o a d  l i m i t s  a r e  s e t  by t h e  County Road 
Commission) , t h e  county w i l l  requgst  t h e  i n v o l v e d  developers t o  p a r t i c i p a t e  i n  
improvement and maintenance costs .  

Socrates Mine Road--As mentioned above, Socrates Mine Road, i n  i t s  present  
c o n d i t i o n  and al ignment, i s  below county standards and c o u l d  pose a t r a v e l l i n g  
hazard. S t a f f  f e e l s  t h a t  improv ing t h e  road i s  necessary. Major  road users 
(Aminoi l  , PGandE, Union O i l ,  SMUD, Occidenta l ,  S h e l l  and NCPA) a re  n e g o t i a t i n g  
w i t h  Lake County t o  improve and upgrade t h e  road. The p r e l i m i n a r y  p lans  pre- 
pared by Veizades and Associates i n c l u d e  widening t h e  road i n  c e r t a i n  sect ions,  
b e t t e r  a1 ignment through t i g h t  curves, improv ing o r  r e p l a c i n g  s t r u c t u r e s  over  
Anderson and Gunning Creeks, proper  base and sur face  throughout  t h e  improved 
sect ion,  and proper drainage and eros ion  m i t i g a t i o n  measures. I f  these p lans 
are  implemented, they w i l l  l i k e l y  r e s u l t  i n  s a f e r  t r a v e l l i n g  on Socrates Mine 
Road. 

Heal dsburg-Geysers Road--As descr ibed '  i n  t h e  S e t t i n g ,  p a r t s  o f  t h e  Heal dsburg- 
Geysers Road, i n  i t s  p resent  c o n d i t i o n  and al ignment, a r e  below county standards 
and c o u l d  c o n t r i b u t e  toward t r a f f i c  hazards; Sonoma County f e e l s  t h a t  t h e  
b r i d g e  s t r u c t u r e  on t h i s  road i s  inadequate f o r  heavy c o n s t r u c t i o n  t r a f f i c .  The 
a d d i t i o n a l  t r a f f i c  generated by SMUDGEO #1 c o n s t r u c t i o n  c o u l d  n o t  o n l y  speed 
d e t e r i o r a t i o n  o f  t h e  pavement, i t  c o u l d  a l s o  increase t r a f f i c  acc idents  on 
t h i s  road, thus making t h e  county l i a b l e  f o r  damages. To m i t i g a t e  these adverse 
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impacts ,  the county may r e g u l a t e  both  the  n a t u r e  and f low of t r a f f i c  o v e r  t h i s  
road. They cou ld  l i m i t  truck t r a f f i c  t o  d a y l i g h t  hours  only  o r  even c l o s e  the 
road  e n t i r e l y  t o  heavy truck use. Another  p o s s i b l e  m i t i g a t i o n  measure t o  
d e c r e a s e  the c o u n t y ' s  l i a b i l i t y  i n  the event o f  a t r a f f i c  a c c i d e n t  would be f o r  
SMUD t o  purchase  l i a b i l i t y  i n s u r a n c e  t o  p rov ide  coverage  du r ing  the c o n s t r u c t i o n  
p e r i o d  o f  this  p r o j e c t .  

The  above-mentioned m i  t i g a t i o n  measures  a r e  c o n s i d e r e d  temporary and r e a l  ly  do 
n o t  s o l v e  the inadequacy o f  the road c o n d i t i o n .  S t a f f  f e e l s  t h a t  an a p p r o p r i a t e  
measure would be t o  upgrade and r e a l i g n  the road  where needed, r e i n f o r c e  the 
b r i d g e  t o  make i t  a d e q u a t e  f o r  c a r r y i n g  heavy t ruck  l o a d s ,  a n d  i m p l e m e n t  
adequa te  d ra inage  and e r o s i o n  measures .  Coord ina t ing  e f f o r t s  among the c o u n t y ' s  
g e o t h e r m a l  d e v e l o p e r s  t o  determi ne the s p e c i f i c  r o a d  p l  a n s  a n d  f i nanci a1 
mechanisms t o  e q u i t a b l y  shoul der the c o s t s  , w i  11 a s s i s t  i n  imp1 ementing these 
m i  t i  g a t i o n  measures .  

Butts Canyon Road--The s e c t i o n  of  Butts Cpnyon Road l e a d i n g  t o  the Livermore 
waste d i s p o s a l  a r e a  should  be improved and ,main ta ined  w i t h  p rope r  base, s u r f a c e ,  
and d r a i n a g e  systems.  

Ford F l a t  Road--If S o c r a t e s  Mine Road i s  improved, geothermal t r a f f i c  on Ford  
F l a t  Road may d e c r e a s e  t o  an i n s i g n i f i c a n t  l e v e l .  This assumes t h a t  t r a v e l e r s  
would prefer a paved, f a s t e r  and better a l i g n e d  road  t o  the  w i n d i n g ,  graded Ford 
F l a t  Road. 

T h e  e x t e n t  of  d e t e r i o r a t i o n  of  o t h e r  p r i v a t e  and county roads  due t o  SMUDGE0 #1 
a l o n e  will l i k e l y  be i n s i g n i f i c a n t  i f  t h o s e  roads  a r e  p r o p e r l y  managed and 
main ta ined .  However, cumula t ive  impacts  t o  such roads  r e s u l t i n g  from a l l  
geothermal development may s t i l l  be s i g n i f i c a n t .  
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CUMULATIVE IMPACTS 

The c o n s t r u c t i o n  o f  SMUDGEO #1 i s  expected t o  s t a r t  A p r i l  1981 and cont inue 
through December 1983. Dur ing t h i s  p e r i o d  t h e r e  w i l l  be f i v e  o t h e r  geothermal 
p r o j e c t s  u n d e r  d i f f e r e n t  phases o f  c o n s t r u c t i o n  and some 15 p l a n t s  u n d e r  
commercial opera t ion  wi th in  t h e  KGRA reg ion.  

The cumulat ive work f o r c e  w i l l  peak a t  about 550 t o  590 workers around 1982 and 
s t e a d i l y  decrease t o  about 60 a t  end o f  1984 (80-AFC-1). To decrease t h e  number 
o f  veh ic les  t r a v e l i n g  w i t h i n  The Geysers area, the  c o n s t r u c t i o n  personnel w i l l  
be bussed t o  work, and r i d e - s h a r i n g  f o r  smal le r  work forces w i l l  be encouraged. 

The CEC s t a f f  est imates an average o f  20 t o  30 heavy t r u c k s  p e r  day t r a v e l i n g  
The Geysers reg ion.  As t h e  development and the  t r a f f i c  volume i n  The Geysers 
area increases, so do the  t r a v e l  hazards on the  road i n  t h i s  area. F o r  1979 t h e  
d a i l y  t r a f f i c  average on Highway 175 i s  e s t i p a t e d  t o  be 800 (CALTRANS, O f f i c e  o f  
T r a f f i c  Engineer ing)  and a 1980 es t imate  o f  , t r a f f i c  on Socrates Mine Road i s  684 
v e h i c l e s  per  day (Lake County, 1980). T r a f f i c  volume data on o t h e r  Geysers 
roads i s  n o t  a v a i l a b l e  a t  t h i s  t ime. 

I n  summary, t h e  SMUDGEO #1 p r o j e c t  may add t o  the  o v e r a l l  road d e t e r i o r a t i o n ,  
and due t o  increases i n  t r a f f i c  volume, may c o n t r i b u t e  some increase i n  t r a f f i c  
hazards. To m i t i g a t e  these impacts, SMUD w i l l  n e g o t i a t e  w i t h  the  a f f e c t e d  

I count ies  t o  determine i t s  p r o p o r t i o n a t e  share o f  maintenance cos ts  and methods 
o f  f i n a n c i a l  reimbursement t o  t h e  count ies.  
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LAND USE 

SETT I NG 

B e f o r e  t h e  a d v e n t  o f  t h e  geothermal  development  i n  The Geysers KGRA, t h e  
p r i n c i p a l  l a n d  uses i n  the  area were r e c r e a t i o n  (predominant ly  hunt ing)  and 
mining. Min ing  a c t i v i t i e s  have l o n g  been d iscont inued,  and r e c r e a t i o n  has been 
l i m i t e d  by d i f f i c u l t  access t o  some p o r t i o n s  o f  the area. Extens ive use o f  
nearby areas (e.g. , Cobb Mountain) f o r  r e c r e a t i o n a l  purposes cont inues, b u t  
geothermal development has r i n g e d  the SMUDGEO s i t e  area i n  recent  years.  With 
the  d iscont inuance o f  mining, the  on ly  l i k e l y  l a n d  use, a s i d e  from geothermal 
development., i s  r e c r e a t i o n a l  i n  nature,  i .e., hunt ing,  h i k i n g ,  and of f -h ighway 
v e h i c l e  a c t i v i t y .  Most o f  t h e  r i d g e  i s  d i f f i c u l t  t o  access, except  along 
e x i s t i n g  roads and jeep t r a i l s .  

PGandE's Geysers U n i t s  9 and 10 l i e  c l o s e  to the proposed s i t e  t o  t h e  northwest,  
and U n i t s  13 and 1 4  l i e  t o  the  west and southeast, r e s p e c t i v e l y .  Al though no 
f a c i l i t i e s  c u r r e n t l y  e x i s t  t o  the nor theas t  o f  t h e  proposed s i t e ,  t e n t a t i v e  
proposals  f o r  development i n  t h a t  area have been made by PGandE (80-AFC-1, 
F i g u r e  1.1 - 2 ) .  

The s i t e  area i s  l o c a t e d  on federa l  land; t h e  Un i ted  Sta tes  Department of t h e  
I n t e r i o r ,  Bureau o f  Land Management, under the p r o v i s i o n s  o f  t h e  Federal  Land 
P o l i c y  and Management A c t  o f  1976 regu la tes  i n  l a n d  use by developers. BLM 
issued a lease t o  Burmah O i l  Company (now named Aminoi l  U.S.A., Inc. )  f o r  the  
development o f  the geothermal resource i n  1971 ( lease agreement f o r  U n i t  7 West 
Ca 1862, March 25, 1971), i n d i c a t i n g  c l e a r  i n t e n t i o n  t o  develop t h e  geothermal 
resources on the  s i t e .  Noreover, surrounding p r i v a t e  lands  l i e  w i t h i n  t h e  area 
designated i n  the Sonoma County General P lan  as a pr imary geothermal resource 
area (Sonoma County General Plan, pp. 72 - 73).  Geothermal development i s  
t h e r e f o r e  an express ly  p e r m i t t e d  land use. CEC s t a f f  f i n d  use o f  t h e  area as a 
power p l a n t  s i t e  t o  be c o n s i s t e n t  w i t h  county and federa l  l a n d  use p lans and 
i n t e n t i o n s .  

To l o c a t e  the  p r e f e r r e d  and a l t e r n a t i v e  power p l a n t  s i t e s ,  SMUD f i r s t  performed 
a 1 easehol d eval  u a t i o n  ( F i  gure 12) which e l  i m i  nated steep and geol o g i c a l  l y  
u n s t a b l e  areas from considerat ion.  T h i s  l e f t  o n l y  two p o t e n t i a l  development 
s i t e s ,  the p r e f e r r e d  and a l t e r n a t i v e  s i t e s .  They used a s i m i l a r  process t o  
e s t a b l i s h  t h e  p r e f e r r e d  and a1 t e r n a t i v e  t ransmiss ion 1 i n e  c o r r i d o r s  ( F i g u r e  13) .  
The a1 t e r n a t i v e s  s e c t i o n  o f  t h i s  document discusses the s e l e c t i o n  processes more 
thoroughly,  b u t  f o r  the purposes o f  d iscuss ing  land use, i t  i s  impor tan t  o n l y  
t o  r e a l i z e  t h a t  SMUD f i r s t  considered the  geologic  p o t e n t i a l  o f  t h e  e n t i r e  
leasehold t o  e s t a b l i s h  t h e  p r e f e r r e d  and a l t e r n a t i v e  p l a n t  s i t e s ,  and then 
used a scoping process t o  f u r t h e r  eva lua te  the placement o f  t ransmiss ion  l i n e  
c o r r i d o r s .  

IMPACTS 

Development o f  the SMUDGEO #1 p r o j e c t  w i l l  con t inue t h e  c u r r e n t  and prospec t ive  
p r i n c i p a l  use o f  the l a n d  i n  t h i s  p o r t i o n  o f  t h e  KGRA. As such, t h i s  f a c i l i t y  
w i l l  c o n t r i b u t e  t o  a cumulat ive loss o f  r e c r e a t i o n a l  use and open-space values 
which has a l ready occurred due t o  prev ious geothermal development i n  the area. 
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A 1  t h o u g h  1 ong-term effects o n  t h e  scenic and envi ronmental qual i t y  will resul t 
from t h i s  l a n d  use change, these e f f e c t s  wil l  n o t  adversely a f f e c t  p l a n t  
neighbors, which themselves are geothermal developers holding leases on private, 
s ta te ,  and  federal lands. Therefore, the SFiUCGEO 81 project by i t s e l f  wi l l  
promote no significant adverse environmental effects  upon the basis o f  land 
use. 

M I T I GAT I ON MEA S UR ES 

No m i  ti ga t i  on measures are  proposed nor deemed requi red. 
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AESTHETICS 

SE TT I IJG 

The s i t e  i s  l o c a t e d  i n  an area o f  steep slopes and r idges ,  immediately t o  the 
west o f  tne dominant r i d g e l i n e  forming the c e n t r a l  c o r r i d o r  o f  t h e  Mayacmas 
range. The s i t e  i t s e l f  i s  on a r i d g e  i n  t h e  area, a t  an approximate a l t i t u d e  o f  
3,700 f e e t .  E l e v a t i o n s  t o  t h e  nor th ,  west and south are lower  than the  s i t e ,  
w h i l e  h i g h e r  e l e v a t i o n s  a r e  found t o  the  eas t  and nor theast .  Vegetat ion cur-  
r e n t l y  on s i t e  c o n s i s t s  o f  mixed chaparral  , t y p i f i e d  by dense, s h r u b l i k e  vege- 
t a t i o n  l e s s  than 10 f e e t  i n  he ight .  Surrounding sec t ions  o f  the  leaseho ld  and 
ad jacent  t r a c t s  ( e s p e c i a l l y  t o  t h e  near southeast and southwest) c o n t a i n  mixed 
evergreen f o r e s t s  (AFC, pp. 5 - 1 1 7 ) .  

Prominent n a t u r a l  fea tures  which are i n  the area i n c l u d e  The Geysers Rock (1.5 
m i l e s  n o r t h  o f  the  s i t e ) ,  t h e  L i t t l e  Geysers (1 m i l e  south) ,  Cobb Mountain (1.5 
m i l e s  n o r t h e a s t ) ,  and assor ted meadow lands. Man-made fea tures  i n  the  area 
c o n s i s t  predominant ly o f  o t h e r  geothermal, power p l a n t  f a c i l  i t i e s  and re1 ated 
t ransmiss ion  l i n e s  and roads. PGandE Geysers U n i t s  9, 10, 12 ,  13, 14, and 18 
a r e  a l l  l o c a t e d  w i t h i n  2.5 m i l e s  o f  the s i t e .  Abandoned mine areas and cab ins  
i n  the Cobb Mountain area c o n s t i t u t e  t h e  on ly  o t h e r  man-made fea tures  i n  the 
immediate v i c i n i t y  o f  the p l a n t .  The s i t e  does n o t  l i e  i n  any areas designated 
by e i t h e r  Sonma County o r  the  Sureau o f  Land Management as being o f  c r i t i c a l  
scenic value. The p r i n c i p a l  highways i n  the  area, C a l i f o r n i a  Route 128 and U.S. 
Route 101, however, a r e  bo th  designated as scenic highways under the  Sonoma 
County General P lan (Sonoma County General Plan, P a r t  11, pp. 127 - 132).  

I PIPACTS 

Foreground views o f  t h e  f a c i l i t y  a r e  p o s s i b l e  o n l y  w i t h i n  the geographical 
boundar ies o f  The Geysers KGRA. h e  t o  l a n d  forms and vegetat ion,  c l o s e - i n  
views would be r e s t r i c t e d  i n  areas t o  t h e  south and e a s t  o f  t h e  p l a n t  s i t e .  The 
t ransmiss ion  t a p  l i n e  would be v i s i b l e  from these screened areas t o  the eas t  o f  
t h e  f a c i l  i t y .  Peopl e exposed t o  near- f ie1 d viewscape impacts o f  t h e  proposed 
f a c i l i t i e s  would t y p i c a l l y  i n c l u d e  o n l y  ( i )  i n d i v i d u a l s  i n  t h e  area i n  con- 
n e c t i o n  w i t h  t h e  ongoing geothermal development, and (ii) r e c r e a t i o n a l  users 
i n  the  Cobb Mountain area o r  dominant r i d g e s  o f  the Lake County s i d e  o f  the 
KGRA. I n  l i g h t  o f  the  e x t e n t  t o  which t h e  s i t e  v i c i n i t y  i s  a l ready  i n  use f o r  
geothermal power generat ion,  the  viewshed impact o f  t h e  proposed generat ing 
s t a t i o n  and associated t ransmiss ion t a p  l i n e  should be understood t o  represent  a 
cumulat ive a d d i t i o n  t o  viewscape impacts r a t h e r  than a q u a l i t a t i v e  change i n  t h e  
c h a r a c t e r  o f  viewscapes from the surrounding area. That  i s ,  i n d i v i d u a l s  who 
would be a f f e c t e d  by v i s u a l  i n t r u s i o n  a t t r i b u t a b l e  t o  t h e  f a c i l i t y  a r e  a l ready  
s u b j e c t  t o  views o f  the e x i s t e n t  power p l a n t s  and t ransmiss ion l i n e s  i n  t h e  
area. For  t h i s  reason, n e a r - f i e l d  viewscape e f f e c t s  o f  t h e  proposed f a c i l i t i e s  
a r e  n o t  expected t o  be s i g n i f i c a n t .  

Because t h e  f a c i l i t y  s i t e  i s  l o c a t e d  on a r i d g e l i n e  w i t h  lower  e l e v a t i o n s  t o  t h e  
south, and northwest, remote views f rom o u t s i d e  o f  t h e  KGRA w i l l  be poss ib le .  
Views o f  t h e  f a c i l i t i e s  w i l l  b e  p o s s i b l e  f rom v a r i o u s  l o c a t i o n s  t o  the south o f  
t h e  Alexander Va l ley ,  and from Santa Rosa. These same areds a r e  c u r r e n t l y  
s u b j e c t  t o  views o f  c o o l i n g  tower plumes o f  o t h e r  generat ing s t a t i o n s  i n  the  
KGRA. The SMUD f a c i l i t i e s ,  however, w i l l  i n t r o d u c e  remote views o f  a power 
p l a n t  i t s e l f  upon t h e  area. 
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The distances from the s i t e  t o  the areas affected are l o n g .  Viewers t o  the 
south of the s i t e  generally will see i t  from a distance i n  excess o f  10 miles, 
while those in the northeastern area would De in excess o f  15 miles from the 
s i t e .  Some of  these will view the f a c i l i t i e s  from Route 101, which has been 
designated as a scenic highway by Sonoma County. In l igh t  of  the l o n g  distances 
involved and the current v i s ib i l i ty  o f  cooling tower plumes o f  existent geo- 
thermal f a c i l i t i e s  a t  higher elevations, these remote viewscape effects should 
n o t  be significant. 

MITIGATION CIEASURES - 

SMUD will paint the facil i t i e s  in colors t o  reduce contrast between the facil i t y  
and the natural background as  viewed by distant viewers. 
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WASTE f#l  A MA G EM E PIT 

SETTING 

A number of  potentially hazardous liquid and solid wastes are produced d u r i n g  
the construction and operation of a geothermal power plant. These wastes 
include contents of steam well dr i l l ing sumps, construction wastes, condensate 
from the spent geothermal steam, by-products from the H S abatement system(s1, 
and sanitary wastes. Potential health hazard mi t igat ioz regarding toxic waste 
d i  sposal i s  assured t h r o u g h  a ser ies  o f  safety-oriented regul a t ions  devel oped by 
Cal i f o r n i a  Department o f  Health, Environmental Protection Agency, and the Water 
Qual i t y  Control Board. 

Currently, a l l  power plants a t  The Geysers are operated by PGandE. PGandE i s  
haul i ng a1 1 hazardous wastes produced by i t s  operations t o  Geothermal , Inc. ' s 
Class 11-1 hazardous waste disposal s i t e  near Middletown i n  Lake County. Since 
SMUD i s  proposing t o  begin a similar operation, the CEC staff  has assumed that  
the impacts of their  operation will be similar t o  PGandE's. 

Dri 11 i ng Nastes 

D r i l l i n g  wastes c o n s i s t  o f  d r i l l i n g  mud used i n  developing the geothermal 
resource and the borings produced by such d r i l l i n g .  

Construction Wastes 

Construction wastes wi 11 i ncl ude excess s o i  1 and rock materi a1 s , cleared vege- 
tation, miscellaneous debris, oi ly  discharge and residues, unsalvageable wooden 
s h i p p i n g  crates and skids, cardboard boxes, lumber scraps, concrete wastes, 
paper, and plast ic  wrapping .  

Operational Wastes 

Potentially toxic wastes from the geothermal power generation process include 
the excess condensate, water from the cooling tower Dasin, and f luid wastes from 
a i r  pollution control equipment. 

Sanitary Wastes 

Sanitary wastes consist o f  those produced in sanitary f a c i l i t i e s  used by on-site 
workers. 

Potential Disposal Si tes  

Wastes produced by geothermal power p ? a n t  operations must be disposed o f  a t  
s i t e s  approved by the responsible regulatory agencies: the Regional Water 
Q u a l i t y  Control Board,  the  Department o f  Health Services ,  and the local 
agencies . 

environmental pro 
constraints estab 

These agencies approve the use of any Class I disposal s i t e  or Class 11-1 
disposal s i t e s  t h a t  have been approved specifically for these wastes. For 

according t o  
a Department 

ection, a1 1 offi'cia'l disposal sites- are  designed 
ished by the regulating agencies: the Californ 
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of Health Services and the Regional Water Qual i ty  Control Board. C l a s s  I 
d i s p o s a l  s i t e s  a r e  s e p a r a t e d  from u s a b l e  g r o u n d w a t e r  by n a t u r a l  g e o l o g i c  
formations and a r e  n o t  subject t o  f looding .  C l a s s  11-1 disposa l  s i tes  a r e  
s e p a r a t e d  from u s a b l e  g r o u n d w a t e r  by a r t i f i c i a l  means,  u s u a l l y  must be 
monitored, and a r e  p r o t e c t e d  from f looding  by a storm o r  f lood  having a pre- 
dicted frequency of  once i n  100 y e a r s .  

Geothermal Inc. o p e r a t e s  a Class  11-1 disposal  s i t e  near  Middletown i n  Lake 
County, about  s i x  miles from the proposed p r o j e c t  a r e a .  T h i s  o p e r a t o r  has a 
permit t o  a c c e p t  a l l  wastes  produced by the geothermal power p l a n t s  i n  The 
Geysers KGRA.(Kritikos, 1979; Central  Val ley RWQCB, 1979) 

The IT Corporat ion o p e r a t e s  a Class  11-1 disposal  s i t e  near  K e l s e y v i l l e  i n  Lake 
County, about  17 miles from the proposed p r o j e c t  a r e a .  T h e  s i t e  o p e r a t o r  i s  
f u l l y  licensed f o r  d i sposa l  of  a l l  wastes  produced by the e x i s t i n g  power p l a n t s  
i n  the KGRA.  Based upon the c u r r e n t  r a t e  of waste product ion from Geysers 
Units 1 - 1 2 ,  t h e  cur ren t  s i t e  h a s  a d e k i g n  l i f e  o f  seven y e a r s .  I f  t h e  
o p e r a t i o n  proves f i n a n c i a l l y  f e a s i b l e  f o r  'IT Corpora t ion ,  a d d i t i o n a l  c a p a c i t y  
coul d be devel oped. (Simonsen , 1979 1 

IT Corporat ion a l s o  o p e r a t e s  a Class  I d i sposa l  s i te  near  the City of  Martinez 
i n  Contra Costa County, about  75 miles from the proposed p r o j e c t  a r e a .  T h i s  
s i t e  i s  l i c e n s e d  t o  a c c e p t  wastes  o f  the type produced i n  geothermal power 
pl a n t  o p e r a t i o n s .  

IMPACTS 

Hazardous was tes  a r e  o f  s p e c i a l  concern because of the i r  p o t e n t i a l  f o r  caus ing  
s i g n i f i c a n t  adverse  impacts on publ ic  h e a l t h  and the environment. The  C a l i -  
f o r n i a  Department o f  Health S e r v i c e s  c o n s i d e r s  geothermal d r i l l  ing  wastes ,  
c o o l i n g  tower s ludge ,  and the elemental  s u l f u r  produced as a by-product from the 
S t r e t f o r d  process ,  a s  hazardous wastes.  (DOHS, 1979) Other hazardous wastes  
i n c l u d e  o i l s ,  thinners, and s o l v e n t s .  

Dri 11 i ng Wastes 

See Water Q u a l i t y  Impacts. 

Cons t ruc t ion  Wastes 

During the 32-month c o n s t r u c t i o n  p e r i o d ,  the p r o j e c t  w i  11 produce approximately 
3,500 cubic y a r d s  o f  o t h e r  c o n s t r u c t i o n  wastes . (Geysers  U n i t  18 Fina l  EIR, 
Appendix C )  I f  such wastes  were t o  be s t o r e d  on s i t e ,  there would be s i g n i f i -  
c a n t  p o t e n t i a l  a e s t h e t i c ,  b i o l o g i c a l  , and water  q u a l i t y  impacts .  

Operat ional  Wastes 

Based upon d a t a  provided f o r  Geysers U n i t  17 (PGandE, 1979b1, the o p e r a t i o n  o f  a 
110 M W  geothermal power p l a n t  using a s u r f a c e  condenser  and S t r e t f o r d  system f o r  
H S abatement can be expected t o  produce approximately 350 cubic y a r d s  o f  1 
system would approximately one cubic y a r d  of  sulfur and used process  s o l u t i o n  
per day. 

I 

s ? udge (20 percent s o l i d s ,  80 percent w a t e r )  every y e a r .  Theproposed  S t r e t f o r d  

1 
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I n  a d d i t i o n ,  a secondary H S abatement system will be required. This'system 
wi 1 1  a d d  a chelated i r o n  catalyst  and  hydrogen peroxide t o  the steam condensate 
before i t  passes t h r o u g h  the cooling tower. The hydrogen peroxide will oxidize 
the  dissolved hydrogen s u l f a t e s  o r  elemental su l fu r .  Side react ions with 
the  c a t a l y s t  may r e s u l t  i n  t he  production of i r o n  sulfide precipitants. The 
elemental sulfur and i r o n  sulfide solids are expected t o  amount t o  less  t h a n  3.5 
cubic yards of 20 percent solid sludge per year. 

Unl ess properly disposed of , operational , wastes might cause s i  gni f i cant adverse 
environmental impacts on water quality, public health, and vegetation. 

S a n i t a r y  Wastes 

Exposure of people t o  sanitary wastes t h r o u g h  inadequate disposal can result  in 
nuisance odors and the spread of communicable diseases. 

MITIGATION MEASURES 

Hazardous Wastes 

There are number of federal, s ta te ,  and local laws which regulate the safe 
handling of toxic waste materials. Compliance with the following requirements 
w i l l  reduce t h e  risk o f  impacts from hazardous wastes t o  an  acceptable level: 

Federal 

o Hazardous Materials Transportation Act, Public L a w  93-633, 49 U.S. Code 
1801 e t  seq.--The regulations adopted pursuant t o  th i s  act are codified i n  
T i t le  49 of the Code of Federal Regulations, Parts 100 t h r o u g h  199. These 
regulations provide authority t o  the Secretary of Transporation t o  guard 
against risks t o  l i f e  and property which are inherent in the transportation 
of hazardous materials. 

o Federal Resources Conservation and Recovery Act of 1976--Provides the 
federal requirements for  waste management. A1 though final regulations have 
been promulgated, the i r  effect  upon t h i s  project cannot be assessed a t  t h i s  
time. 

Cal i forni a 

o Cal i forn ia  Water Code, Division 7 . 5 ,  "Transportation and Disposal of 
Waste"--Each Regional Water Quality Control Board (RWQCB) may approve s i t e s  
suitable for  the disposal o f  different kinds of wastes. Section 13360 
allows RWQCB t o  specify the design, location, or type of construction of 
evaporation ponds and solid waste disposal s i tes .  California Administra- 
t ive  Code, Ti t le  23,  Chapter 3 ,  Subchapter 15, "Waste Disposal of Land," 
contains the regulations imp1 ementi ng these statutes.  

0 California Health and Safety Code, Division 14, Chapter 6.5, "Hazardous 
Waste Control"--A1 lows the Department of Health Services t o  specify stan- 
dards and procedures for  determining the appropriate classification of 
wastes and, i f  hazardous, the proper disposal and transportation methods. 
California Administrative Code, Ti t le  22 ,  Division 4 ,  Chapter 30, contains 
the regulations implementing those statutes.  
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e o C a l  i f o r n i a  Governmental  Code, T i  tl e 7 . 3 ,  " S o l  i d  Waste Management and 
Resource Recovery"--A1 lows the Sol i d  Waste Management Board t o  l i c e n s e  
d i s p o s a l  s i t e s  o r  t o  g i v e  t h e  p e r m i t t i n g  a u t h o r i t y  t o  c o u n t i e s  w h i c h  
have an approved program. C a l i f o r n i a  A d m i n i s t r a t i v e  Code, T i t l e  4, Div-  
i s i o n  7, Chapter 3, "Minimum Standards f o r  S o l i d  Waste Handl ing and Dis- 
posal , I '  conta ins  the  regul  a t i o n s  imp1 ementing these s ta tu tes .  

o " C a l i f o r n i a  Assessment Manual f o r  Hazardous Wastes," publ ished by t h e  
Department o f  Heal th  Services--Gives DOHS guide1 i n e s  - f o r  determin inu the 
c l a s s i f i c a t i o n  o f  wastes. 

o "Waste Discharge Requirements f o r  Non-Sewerable Waste Disposal t o  Land," 
pub1 i shed by t h e  Sta te  Water Resources Contro l  Board--Provides d isposal  
s i t e  design and opera t iona l  in fo rmat ion .  

o C a l i f o r n i a  V e h i c l e  Code, S e c t i o n s  p402 and 34501 and t h e  r e g u l a t i o n s  
adopted pursuant  t o  i t  conta ined i n  T , i t l e  13 o f  the  C a l i f o r n i a  Administra- 
t i v e  Code, A r t i c l e  1.3, "Hazardous M a t e r i a l s  D e f i n i t i o n s , "  and A r t i c l e  1.5, 
"Hazardous M a t e r i a l  s Transportat ion"--These r e g u l a t i o n s  p r e s c r i b e  r e q u i r e -  
ments f o r  sh ipp ing hazardous m a t e r i a l s  by highway. They a r e  enforced by 
t h e  Cal i f o r n i a  Highway P a t r o l  . 

Local  

o Sonoma County Code, Chapter 22, "Refuse." Th is  code p r o h i b i t s  un lawfu l  
waste d isposal  i n  Sonoma County. 

L i m i t e d  quant i  t i e s  o f  p o t e n t i a l  l y  t o x i c  o r  hazardous wastes may be s to red  
on s i t e  f o r  a l i m i t e d  p e r i o d  o f  time. Storage f a c i l i t i e s  must be mainta ined i n  
conformance w i t h  regul  a t i o n s  o f  t h e  C a l i f o r n i a  Deparlment o f  Hea l th  Serv ices and 
the  Regional Water Qual i t y  Contro l  Boards. 

T r a n s p o r t a t i o n  o f  these wastes i s  a l s o  under r e g u l a t i o n  by t h e  Department o f  
Hea l th  Services,  Hazardous M a t e r i a l s  Management Section. Hazardous wastes be ing  
removed f r o m  the s i t e  f o r  d isposal  must be c a r r i e d  i n  t r u c k s  by r e g i s t e r e d  
hau lers  who must comply w i t h  a p p l i c a b l e  sec t ions  o f  the C a l i f o r n i a  Hea l th  and 
Safety  Code and pursuant  t o  DOHS r e g u l a t i o n s .  

I 
The producer o f  hazardous wastes i s  respons ib le  f o r  t h e i r  d isposal  even a f t e r  
they have been d e l i v e r e d  t o  the  hauler .  I n  the  event of a s p i l l  dur ing  hand l ing  
o r  t r a n s p o r t i n g  o f  these wastes, p r o t e c t i v e  s e r v i c e  agencies, such as t h e  
county s h e r i f f ,  highway p a t r o l ,  highway department and f i r e  deDartment, gene- 
r a l l y  respond t o  a s s i s t  i n  needed abatement, clean-up o r  o t h e r  p r o t e c t i v e  
measures. The Department o f  Hea l th  Serv ices and Regional Water Qual i ty Contro l  
Boards may p r o v i d e  c o n s u l t i n g  serv ices  i f  requested. 

Hazardous wastes must be disposed o f  a t  approved Class I o r  Class 11-1 s i t e s .  
A v a i l a b l e  s i t e s  are l o c a t e d  i n  Mar t inez,  Middletown, o r  K e l s e y v i l l e .  SMUD o r  
i t s  c o n t r a c t o r (  s) should determine whether the  proposed disposal  s i t e (  s )  has 
adequate capac i ty  f o r  est imated wastes produced d u r i n g  the l i f e t i m e  o f  t h e  
proposed p r o j e c t ,  and i f  not,  SMUD should determine an a l t e r n a t e  d isposal  
s i t e .  SMUD.has n o t  y e t  con t rac ted  w i t h  any waste d isposal  s i t e s .  0 
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Elemental s u l f u r  produced a s  a by-product o f  the  S t r e t f o r a  process i s  cons idered 
hazardous. As such i t  i s  s u b j e c t  t o  the r e g u l a t i o n s  shown above. However, as a 
n e a r l y  pure s u l f u r  cake t h i s  by-product  i s  a l s o  sa leable,  and there fore ,  SIWD may 
op t  t o  s e l l  t h i s  waste t o  i n d u s t r y .  

D r i  11 i na Wastes 

By order  o f  t h e  Regional Water Q u a l i t y  Contro l  Board (CVRWQCB Order No. 78-184 
and NCRWQC8 Order No. 78-17), a f t e r  the  l i q u i d  p o r t i o n  o f  t h e  conten ts  o f  
d r i l l i n g  sumps evaporates, the w e l l  f i e l d  opera tor  should analyze t h e  s o l i d  
p o r t i o n .  I f  i t  i s  hazardous, i t  w i l l  be disposed o f  as descr ibed i n  the Hazar- 
dous Wastes M i t i g a t i o n  Measures subsect ion above. I f  i t  i s  not, i t  w i l l  be 
covered w i t h  ear th ,  and t h e  surface w i l l  be revegetated. Compliance w i t h  these 
measures and those descr ibed i n  the Water Qual i t y  s e c t i o n  o f  t h e  E I R  w i l l  render  
d r i l l i n g  waste impacts i n s i g n i f i c a n t .  

Cons t r u c  ti on Wastes ;I 

Cleared vegeta t ion  and miscel laneous d e b r i s  may be disposed o f  on s i t e  o r  a t  an 
approved d isposal  s i t e .  Wastes which a r e  n o t  hazardous can be t r a n s p o r t e d  by 
u n r e g i s t e r e d  haulers  and disposed o f  i n  ,any s i t e  which has been approved by t h e  
Regional W a t e r  Q u a l i t y  Cont ro l  Board and respons ib le  l o c a l  agencies. T h i s  
procedure w i l l  render impacts o f  such wastes i n s i g n i f i c a n t .  

Ooerat ional  Wastes 

Underground I n j e c t i o n  

A t  o t h e r  u n i t s  p o t e n t i a l l y  t o x i c  wastes have been disposed o f  by i n j e c t i o n  i n t o  
t h e  steam r e s e r v o i r  through nearby d r y  o r  under-product ive we l ls .  Tests  o f  t h e  
hydrogen s u l f i d e  abatement system( s )  c u r r e n t l y  i n  progress a t  PGandE's U n i t  15 
a l s o  i n c l u d e  an i n v e s t i g a t i o n  i n t o  the  t o x i c i t y  o f  the  wastes produced by 
the  abatement system( s )  . 
Although t h e r e  have been no s t u d i e s  made t o  determine t h e  e f f e c t s  o f  i n j e c t i o n  
o f  any o f  these geothermal wastes, no adverse e f f e c t s  a re  a n t i c i p a t e d  by e i t h e r  
RWQCB o r  CEC s t a f f  because t h e  r e s e r v o i r  l i e s  f a r  beneath any groundwater 
a q u i f e r s  and i s  separated from these a q u i f e r s  by n a t u r a l  b a r r i e r s  ( t i g h t  and 
c l a y  l i k e  so i l s )  and deep w e l l  casings.(CEC-SRI, 1977) 

S a n i t a r y  Wastes 

San i ta ry  wastes a t  t h e  SMUD s i t e  w i l l  be of l i m i t e d  volume, b u t  they cannot be 
disposed o f  on s i t e  because the s lope and s o i l s  o f  the  proposed s i t e  do n o t  
a l l o w  f o r  c o n s t r u c t i o n  o f  an adequate l e a c h f i e l d  disposal  system. . 

The respons ib le  regul  a t o r y  agencies (Regional  Water Qual i ty Cont ro l  Boards and 
Oepartent o f  Hea l th  Serv ices)  have i n d i c a t e d  t h a t  i n j e c t i o n  o f  s a n i t a r y  1 i q u i d  
wastes back i n t o  the steam r e s e r v o i r  i s  an acceptable p r a c t i c e . ( C e n t r a l  V a l l e y  
RWVCB, 1978; Ed Crawford, CVRWQCB, 1979) I f  i n j e c t e d  i n t o  the  steam r e s e r v o i r ,  
any pathogens i n  t h i s  waste would be k i l l e d  by t h e  in tense heat  and pressure o f  
t h e  steam r e s e r v o i r .  T h i s  m i t i g a t i o n  will render t h i s  impact i n s i g n i f i c a n t .  
Sol ids,  however, must be disposed o f  o f f  s i t e .  
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C UFI U LA T I VE IMPACTS 

Approximately 2,000 cubic  yards o f  sludge (waste from water processing systems 
a t  PGandE Geysers U n i t s  3, 4, 5, 6 ,  and 11, and waste from c o o l i n g  tower bas ins  
a t  U n i t s  1-11) p e r  month i s  produced by e x i s t i n g  power p l a n t s  and i s  p r e s e n t l y  

. disposed o f  a t  a s i t e  near Middletown i n  Lake County. T h i s  s i t e  i s  owned 
by Geothermal, Inc., and i s  est imated t o  have a 50-year capac i ty  t o  accept 
wastes a t  the  c u r r e n t  p roduc t ion  rates.  I n  a d d i t i o n ,  I T  Corporat ion owns 
several  s i t e s  which can dispose o f  these wastes ( K r i t i k o s ,  1979; Simonsen, 
1979; Cent ra l  V a l  1 ey RWQCB, 1979). SMUDGE0 #1' s S t r e t f o r d  sys tern w i  11 produce 
a p p r o x i m a t e l y  350 c u b i c  y a r d s  o f  s l u d g e  p e r  y e a r ,  and t h e  H202 secondary  
abatement system may produce as much as 3.5 c o f  sludge p e r  year .  The cumu- 

d isposal  s i t e ,  b u t  i f  disposed o f  p r o p e r l y ,  the  adverse e f f e c t s  upon water  
q u a l i t y  and p u b l i c  h e a l t h  w i l l  be m i t i g a t e d .  

I l a t i v e  impacts o f  geothermal wastes w i  T-74  a e c t  the  c a p a c i t y  o f  the  waste 

85 



435B:16 R$ 10/27/80 (11 

AIR QUALITY 

SETTING 

The most d i f f i c u l t  environmental e f f e c t s  t o  analyze and evaluate  a r e  the impacts 
of power p l a n t  e m i s s i o n s  on ambient  a i r  q u a l i t y  and the  e f f e c t s  t h a t  
d e t e r i o r a t i o n  i n  a i r  q u a l i t y  have on surrounding p lan t ,  animal, and human 
populations.  Several f a c t o r s  account f o r  t h i s  d i  f f i c u l  ty:  

a.  Rel iab le  up-to-date information on the existing ambient a i r  q u a l i t y  i s  
seldom a v a i l a b l e  f o r  the s p e c i f i c  p lan t  s i t e ;  

b. Emissions from the p l an t  cannot be accura te ly  predicted p r io r  ' to  ac tua l  - 
opera t ions  because the exac t  composi t i  on and concentrat ion of cheini cal  s i n 
the  inconring steam a r e  not known; 

'I  

c.  The e f f ec t iveness  o f  po l lu t ion  contrdl  equipment has not  been determined 
o v e r  a p e r i o d  o f  time long  enough t o  a s s u r e  t h e  assumed f igures  a r e  
re1 i ab1 e;  and 

d .  There i s  l i t t l e  sc ien t i f ic  c e r t a i n t y  regarding the nature  and e x t e n t  of 
harmful e f f e c t s  of  geothermal p l a n t  einissions, even a f t e r  abatement t o  
meet governmental s tandards , upon pl a n t s ,  animal s and humans. 

This sec t ion  examines a v a i l a b l e  information on the ambient a i r  q u a l i t y  a t  the 
proposed s i t e ,  and the clir i iatic condi t ions  t h a t  a f f e c t  a i r  qua l i t y .  I t  a l s o  
examines a v a i l a b l e  information on steam content  and ambient a i r  condi t ions .  The  
purpose of the discussion i s  t o  provide base1 ine information aga ins t  w h i c h  the 
proposed p r o j e c t ' s  emissions and the changes i n  ambient a i r  q u a l i t y ,  which 
r e s u l t  from those emissions,  can be measured and their e f f e c t s  evaluated. 

C 1  imate 

Prepro jec t  Meteorological Conditions-- 

!Jeather condi t ions  i n  the general v i c i n i t y  of the s i t e  have been monitored a t  
var ious times f o r  several  yea r s .  Air qual i t y  and meteorological monitoring 
s t a t i o n s  e s t ab l i shed  by the Stanford Research Ins t i tu te  (SRI) a r e  loca ted  near 
enough t o  the proposed SMUD s i t e  so t h a t  data  co l l ec t ed  tnere can be used t o  
determine ambient and meteorological condi t ions  a t  the p l an t  s i t e . *  

T h e  neares t  SRI s t a t i o n ,  SRI-2, i s  loca ted  on Anderson Ridge, (on the same 
general r i dge l ine  of the idayacrnas Flountains a s  the p lan t  s i t e ) ,  about one and a 
ha l f  miles ( 2 . 4  k i lometers )  southeas t  of the p lan t  s i te .  S ta t ion  SKI-6 i s  

*The data  and results from a l l  e i g h t  of S R I ' s  meteorological s t a t i o n s  a r e  
contained i n  a r epor t  prepared in  November 1979; see Ronald E. Ruff ,  Leonard 
A. Cavanaugh, J a n e t  D. Carr ,  "1978 Executive Summary Spec ia l ized  Monitoring 
Serv ices ,"  (SRI In te rna t iona l  1979) , herea f t e r  c i t e d  a s  Ruff Cavanaugh, and 
Carr.  
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l o c a t e d  about 4 m i l e s  (6.4 km) t o  the  east-southeast,  near t h e  eastern end o f  
Anderson Spr ings. Between 1976 and 1977, these s t a t i o n s  monitored ambient 
concent ra t ions  o f  hydrogen s u l f i d e  (H2S) and meteoro log ica l  c o n d i t i o n s  such as 
temperature , w i  nd speed, and d i  r e c t i  on. 

Another source o f  da ta  i s  a network o f  s t a t i o n s  l o c a t e d  a t  t h e  s i t e s  l i s t e d  i n  
F i g u r e  14. The s t a t i o n s  were es tab l i shed by SMUD and t h e  C a l i f o r n i a  Department 
o f  Water Resources t o  p rov ide  a more complete and c u r r e n t  data base o f  ambient 
H S concent ra t ions  a t  t h e  KGRA. These data have n o t  y e t  been c o l l a t e d  and 
p6bl ished. When pub1 ished, they w i l l  p rov ide  approx imate ly  one y e a r  o f  data 
f o r  review. 

Meteoro log ica l  c o n d i t i o n s  a t  t h e  proposed p l a n t  s i t e  a r e  t y p i c a l  o f  t h e  general 
c l i m a t e  i n  the reg ion,  which i s  charac ter ized  by wet w i n t e r s  and dry summers. 
This  general c l i m a t e  i s  a f f e c t e d  by t h e  P a c i f i c  High, a semipermanent h i g h  
pressure system o f f  t h e  P a c i f i c  Coast which i n f l u e n c e s  a i r  f l o w  and p r e c i p i -  
t a t i o n  over t h e  e n t i r e  s ta te .  The c lockwise f l o w  o f  a i r  around t h i s  h i g h  
pressure area r e s u l t s  i n  northwest winds over Cal i f o r n i a  and i s  a1 so respons ib le  
f o r  the  p e r s i s t e n t  subsidence i n v e r s i o n  which extends over  much o f  t h e  s t a t e  
d u r i n g  the  summer months. 

Ambient A i r  and Dew P o i n t  Temperatures-- 

The complex t e r r a i n  o f  t h e  KGRA r e g i o n  i s  a major f a c t o r  which a f f e c t s  l o c a l  
c l imate .  The Mayacmas r i d g e  d e f l e c t s  incoming marine a i r ,  moderat ing temp- 
e ra tu res  w i t h i n  the region. Even so, monthly temperatures a t  t h e  s i t e  can range 
from 20°F (-6.6"C) i n  January t o  over 100°F (37.8"C) i n  August. Monthly average 
ambient temperatures measured a t  SRI-2 and a t  the  NCPA-2 s t a t i o n  a r e  shown i n  
Table 11. These values should be r e p r e s e n t a t i v e  o f  t h e  temperatures a t  t h e  
SMUDGEO#l s i t e .  
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Figure 14: SMUDIDWR MONITORING STATIONS 

88 



TABLE 11 

. 

MONTHLY AVERAGE AMBIENT TEMPERATURES I N  PROJECT AREA ('C) 

Locat ion Jan Feb M a r  Ap r May Jun J u l  Aug Sep oc t Nov Dec 

Anderson 
Ridge 
SRI -21 7O 7O 5.5O loo 18' 20° 21 O 2 2 O  16' 14' 1 oo 7 O  

NCPA-2* -1 -1.6' 2.6' 4.3' 11.7' 13' 19.3' 18.4' 14.9' 13.6' 3.4' l o  0 

1. R u f f ,  Cavanaugh and Carr, 1977. 

2. 

Data shown were measured from February 1976 through September 1977. 

Data shown were measured Environmental Systems and Service (cont rac tor  f o r  t he  NCPA-2 met s t a t i o n ) .  
f rom A p r i l  1978 through March 1979. 
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The c o l d  w i n t e r  temperatures i n d i c a t e d  by t h e  NCPA-2 s t a t i o n  data inc luded i n  
Table 11 are impor tan t  f o r  several  reasons. F i r s t ,  t h e  H2S abatement system 
proposed by SMUO must be mainta ined a t  temperatures a t  o r  above 50°F (10°C). 
Second, 1 ow w i n t e r  temperatures associated w i t h  h i g h  wind speeds may r e s u l  t i n  
a 'Idownwash" c o n d i t i o n  i n  which p o l l u t a n t s  from the  p r o j e c t  s i t e  c o u l d  be 
d r i v e n  down the  Mayacmas Ridge towards Anderson Springs. Downwash c o n d i t i o n s  
may a1 so occur d u r i n g  s p r i n g  and summer months. Such temperatures a1 so a m e a r  
1 1  ra inage con i t i o n s  a t  Anderson Spr ings d u r i n g  wnich 
c o l d  a i r  c o n t a i n i n g  p o l l u t a n t s  can be p u l l e d  down the  r i d g e  towards t h e  com- 
m u n i t y .  An e a r l i e r  a n a l y s i s  o f  t h e  S R I  d a t a , '  c o n d u c t e d  b y  E n v i r o n m e n t a l  
Research and Technology, Inc .  ( E R T ) ,  i n d i c a t e d  t h a t  t h e  h i g h e s t  concent ra t ions  
o f  H S measured a t  Anderson S p r i n g s  ( S R I - 6 )  o c c u r  d u r i n g  d r a i n a g e  f l o w  
condi?ions ,* ( 1 i m i  t e d  m i x i n g  c o n d i t i o n s  were determined t o  r e s u l  t i n t h e  maximum 
impacts from the SMUDGE0 ##l f a c i l i t y ;  see impact s e c t i o n ) .  

i 

The h o t  summer temperatures c o n t r i b u t e d  $0 i n v e r s i o n  c o n d i t i o n s  which t r a p  
p o l  1 u t a n t s  b e l  ow h o t  a i  r 1 ayers, p r e v e n t i  hg d i  spers i  on. A c o n d i t i o n  c a l l  ed 
" fumigat ion"  can a1 so occur i n  h o t  weather, causing p o l l u t a n t s  t o  be t rans-  
p o r t e d  downward f r o m  v i g o r o u s  v e r t i c a l  m i x i n g  o f  a i r  f l o w s  b e n e a t h  a l o w  
i n v e r s i o n .  I n  t h i s  c o n d i t i o n ,  h i g h  concent ra t ions  o f  p o l l u t a n t s  can accumulate 
i n  r e l a t i v e l y  small  areas. 

The i n v e r s i o n  can l e a d  t o  " l i m i t e d  mix ing"  c o n d i t i o n s  which can " t r a p "  p o l l u -  
t a n t s  between t h e  i n v e r s i o n  and t h e  ground and i n t e n s i f y  c o n c e n t r a t i o n s .  
L i m i t e d  m i x i n g  i s  d i s t i n c t  f rom fumigat ion  i n  t h a t  the  p o l l u t a n t s  a r e  n o t  
i n j e c t e d  i n t o  t h e  s t a b l e  l a y e r  ( i n v e r s i o n ) .  Th is  l i m i t e d  m i x i n g  c o n d i t i o n  
f r e q u e n t l y  i n c l u d e s  winds which t r a n s p o r t  the  pol  1 u t a n t s  over the  Mayacmas 
Ridge towards populated areas such as Anderson Spr ings and Whispering Pines. 

A i r  q u a l i t y  i s  a l s o  a f fec ted  by t h e  r e l a t i o n s h i p s  between dew p o i n t  tempera- 
t u r e s  and c o o l i n g  tower plume r i s e .  I n  general ,  i f  t h e  dew p o i n t  temperature 
i s  h igher ,  water vapor o r  steam e m i t t e d  from a c o o l i n g  tower plume condenses 
more s lowly .  T h i s  a l l o w s  t h e  h o t  vapor o r  steam t o  r i s e  h igher ,  be c a r r i e d  
a l o f t  by wind streams, and be d ispersed over wider  areas. Conversely, when dew 
p o i n t  temperature i s  lower,  t h e  water vapor o r  steam tends t o  condense more 
r a p i d l y .  Heat energy i s  l o s t ,  t h e  r e s u l t i n g  plume r i s e  i s  lower ,  and g e n e r a l l y  
d i s p e r s i o n  i s  l e s s  extens ive.  

The e f f e c t s  o f  dew p o i n t  temperature on plume r i s e  a r e  n o t  as s t r o n g  as t h e  
e f f e c t s  o f  wind speed. I n  f a c t ,  mean dew p o i n t  temperatures recorded a t  PGandE 
Geysers U n i t  13 (PGandE, 1979d) d u r i n g  1977-78 show a f a i r l y  narrow range o f  
34°F (November) t o  43°F (August) .  Al though a wider range c o u l d  be expected a t  
SMUD's r i d g e - t o p  s i t e  (Geysers 13 i s  a t  a lower,  more s h e l t e r e d  l o c a t i o n )  , CEC 
s t a f f  do n o t  b e l i e v e  t h i s  d i f f e r e n c e  would make dew p o i n t  the  predominant 
f a c t o r  i n  determin ing plume r i s e  or would have a major e f f e c t  on- determin ing 
"worst  case'' meteoro log ica l  c o n d i t i o n s  f o r  a i r  qual i t y  ana lys i  s purposes. 

*D. Ste f fan ,  L. Wang, G. Hidy, The Geysers Geothermal Area Emissions and 
Aerometr ic D a t a  Set (1976-771, (ERT, August 1918 1 prepared f o r  The Geysers 0 - 
Geothermal Environmental Committee , h e r e i n a f t e r  r e f e r r e d  t o  as "ERT Report." 
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Precipitation-- 

I n  general, the amount o f  precipitation can affect  the ambient a i r  concen- 
trations o f  total  suspended particul ates (TSP) . Heavy rains and snow ''scrub" 
or "wash" these particles from the a i r .  Precipitation also helps dissolve 
certain water soluble gases or particulates t h a t  can be emitted from geothermal 
p l a n t s ,  such as hydrogen sulfide, ammonia, and boron. 

Average annual precipitation a t  the . proposed pl a n t  s i t e  i s  approximately 76 
inches (see Water Resources f o r  additional discussion). Winter precipitation 
often occurs as snow above 2,000 fee t  (610m) and averages a b o u t  20 inches 
annually. Average relative humidity near The Geysers ranges from about  30 
percent d u r i n g  the dr ies t  months t o  near 80 percent in the winter. 

The high levels o f  precipitation during winter months are responsible f o r  the 
fact  t h a t  the ambient a i r  concentrations o,f H2S measured a t  the SRI stations 
were generally lower i n  the winter t h a n  in the summer. 

Wind Speed and Direction-- 

Wind speed i n  the project area generally increases with elevation. The pro- 
posed project s i t e  i s  a t  a b o u t  3,700 fee t  elevation. Measurements taken a t  the 
SMUD meteorological station a t  the s i t e  indicate average wind  speeds of approx-  
imately 15 mph. SRI data indicate that the frequency of calms (winds less  than 
1 or 2 m p h )  i s  significantly less  t h a n  10 percent a t  exposed elevated peaks. 

The directional frequency distribution of  local wind flow i s  more complex. A t  
elevations above 3,000 fee t  (900m), the predominant wind i s  e i ther  from the 
NE +45" or the SW +45". This distribution pattern i s  observed during al l  
seasons. The 1 i kel ixood of westerly and southwesterly winds i s  particul arly 
important since emissions from the plant can be carried toward Anderson Springs 
( 4  miles t o  the eas t ) ,  Whispering Pines ( 3  miles t o  the northeast), or down 
into the Col 1 ayomi Val 1 ey toward Mi ddl etown . 
Directional frequency of wind flows a t  the SRI-2 meteorological s t a t i o n  located 
on the ridge southeast o f  the proposed project s i t e  exhibits the typical NE/SW 
high elevation pattern. Figure 15 presents "wind rose" patterns f o r  the SRI-2 
s i t e  f o r  the years o f  1976 and 1977. Figure 16 presents wind rose patterns f o r  
the SRI-6 (Anderson Spr ings)  s i t e  for the period from October 1979 t o  July 
1980. Additionally, Figure 1 7  also presents wind rose patterns f o r  the SMUDGEO#l 
s i t e ,  located northwest of the SRI-2 s i t e  on the ridge. Comparison of  these 
sets  of wind roses i l l u s t r a t e s  the effect  of local terrain upon wind direction 
distribution and frequency. 

A t  lower elevations, directional patterns bear 1 i t t l e  similarity - t o  patterns 
found a t  h i g h  elevations, as local terrain becomes increasingly important in 
determining directional distribution. As indicated by the wind rose pattern 
f o r  SRI-6, there i s  no dominant wind direction, and t h i s  lower area exhibits a 
h i g h  frequency o f  relative calms although 1976-78 d a t a  would indicate a westerly 
component. Topographic features may cause channeling of moderate or strong 
'flows within valleys and around obstacles. Heating and cooling of slopes tends 
t o  create upslope flows over sun heated surfaces and downslope flows a t  night. 
Downslope drainage flows are most developed in winter and upslope flows are 
strongest and most frequent in summer. 

I 
0 
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U o r s t  Case Meteoro log ica l  Condi t ions--  

Several s tud ies  have been conducted f o r  o t h e r  CEC r e g u l a t o r y  cases t o  determine 
wors t  case meteoro log ica l  c o n d i t i o n s .  S R I ' s  study e s t a b l i s h e d  a data base f o r  
determin ing the predominant meteoro log ica l  c o n d i t i o n s  a t  several  p o i n t s  i n  
the KGRA, i n c l u d i n g  r i d g e - t o p  and v a l l e y  l o c a t i o n s .  An o b j e c t i v e  o f  t h i s  
p r o j e c t  was t o  p rov ide  data t o  he lp  c l a r i f y  c o r r e l a t i o n s  between s p e c i f i c  
cond i t ions ,  such as temperature and wind speed/d i rect ion,  and the h i g h  H2S 
concent ra t ions  which have been recorded. 

Th is  data base and subsequent analyses and f i e l d  t r a c e r  t e s t s  d i d  n o t  r e s u l t  
i n  d e f i n i t i v e  r e l a t i o n s h i p s  between p a r t i c u l a r  sources (power p l a n t s )  and t h e  
receptors  which they a f f e c t .  Therefore, SMUD conducted t r a c e r  t e s t s  f o r  each 
regime o r  s e t  o f  c l i m a t i c  c o n d i t i o n s  (see Impacts and M i t i g a t i o n  Measures). The 
purpose o f  t r a c e r  t e s t s  i s  t o  determine t r a n s p o r t  and d i s p e r s i o n  o f  a plume 
under the  c o n d i t i o n s  recorded on t h a t  t e s t  day. However, those c o n d i t i o n s  may 
n o t  r e s u l t  i n  wors t  case impacts. Therefare, a model s i m u l a t i o n  was expected 
t o ,  i n  a sense, e x t r a p o l a t e  t r a c e r  t e s t  metdorology t o  wors t  case c o n d i t i o n s  ( b y  
worsening some parameters) and thereby r e s u l ' t  i n  expected wors t  case a i r  q u a l i t y  
impacts a t  receptors .  

As s t a t e d  i n  the AFC (Appendix A ) ,  SMUDGE0 #1 c o u l d  be expected t o  a f f e c t  
receptor  areas under the f o l l  owi ng meteoro log ica l  cond i t ions :  

a. 

b. 

C .  

d. 

L i m i t e d  V e r t i c a l  Mix ing:  a l a y e r  o f  s t a b l e  a i r  above the  Mayacmas Ridge 
(which reduces the t o t a l  volume o f  a i r  f o r  d i s p e r s i o n - - t h i s  concentrates 
the p o l l u t a n t )  c o i n c i d e n t  w i t h  cross r i d g e  winds t r a n s p o r t i n g  the plume 
i n t o  Lake County receptor  areas. 

Downwash: h i g h  speed r i d g e  winds d e f l e c t  t h e  plume downward by mechanical 
f l u i d  mot ion i n t o  an ad jacent  v a l l e y  ( e i t h e r  i n t o  Alexander V a l l e y  o r  i n t o  
the Lake County s i d e  o f  t h e  r i d g e ) .  

Drainage: h i g h  sur face c o o l i n g  and l i g h t  winds a l o f t  can c a r r y  t h e  plume 
down i n t o  B i g  Su l fu r  Creek and p o s s i b l y  over  the  r i d g e  i n t o  Lake County 
around daybreak. 

Fumigation: t h e  plumes can be t ranspor ted  v i a  a n e u t r a l  o r  s t a b l e  l a y e r  
t o  Alexander Va l ley  where t h e  p o l l u t a n t s  can be c a r r i e d  down t o  t h e  ground 
by dra inage winds and subsequent convec t ive  m i x i n g  as sunr ise occurs. 
Fumi q a t i o n  may a1 so o c c u r  i n  t h e  a f t e r n o o n  because o f  Val  1 ey-shadow 
i n d i r e c t  c i r c u l a t i o n .  I 

A i r  Qual  i ty  

Ambient a i r  q u a l i t y  i n  the  r e g i o n  i s  i n f l u e n c e d  predominant ly by geothermal 
steam emissions. Water vapor c o n s t i t u t e s  about 99.8 percent  o f  these emissions; 
noncondensible gases and sol i d s  corn r i s e  the  remaining .2  percent.  Seventy-one 
b i l l i o n  pounds o f  steam were used _p_s/ i n  19 6 by t h e  11 opera t ing  u n i t s  o f  PGandE's 
Geysers Power P1 ant. 

C h a r a c t e r i s t i c s  o f  Steam Content as They Re la te  t o  A i r  Q u a l i t y - -  

I 

Composition o f  the steam v a r i e s  according t o  t h e  l o c a t i o n  o f  the  source w i t h i n  
the  KGRA. A comparison o f  the composi t ion o f  geothermal steam produced from 
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w e l l s  supply ing e a r l i e r  PGandE u n i t s  and one which w i l l  supply the SMUDGE0 power 
p l a n t  a re  presented i n  Table 12. The f i g u r e s  i n  t h i s  t a b l e  i d e n t i f i e d  as The 
Geysers a r e  averages based upon the  range o f  values measured f o r  severa l  pro-  
ducing steam w e l l s  i n  the KGRA. 

As the t a b l e  demonstrates, t h e  concent ra t ion  o f  regu la ted  p o l l u t a n t s  i n  the  
steam from the  Aminoi l  w e l l  i s  g e n e r a l l y  much lower  than the  average concen- 
t r a t i o n s  from o t h e r  geothermal p r o j e c t s .  Only one o f  t h e  Aminoi l  w e l l s  has been 
d r i l l e d  a t  t h i s  t ime. A t o t a l  o f  10 w e l l s  w i l l  be r e q u i r e d  f o r  opera t ion  o f  t h e  
p l a n t .  Thus, no f i r m  conc lus ion  about u l t i m a t e  concent ra t ions  o f  these p o l -  
l u t a n t s  can be made. However, i n f o r m a t i o n  from w e l l s  d r i l l e d  f o r  nearby u n i t s  
(PGandE U n i t s  9 and 10, 13, 16, and 18)  suggests t h a t  the concent ra t ions  o f  
p o l l u t a n t s  i n  the southern p a r t  o f  t h e  KGRA w i l l  be l e s s  than t h a t  seen i n  most 
o t h e r  developed areas o f  the  KGRA. These f a c t s  imp ly  a g rea ter  l i k e l i h o o d  
o f  meet ing a i r  qual i ty standards as we1 1 3s a g rea ter  1 i k e l  ihood o f  avo id ing  I adverse environmental impacts. 1 

C h a r a c t e r i s t i c s  o f  E x i s t i n g  Ambient A i r  Q u a l i t y - -  

As geothermal development i n  t h e  KGRA r e g i o n  increases, observat ion o f  ambient 
a i r  q u a l i t y  and me teo ro log i ca l  c o n d i t i o n s  a t  key l o c a t i o n s  i d e n t i f y  cor res-  
ponding changes. 

I n  1975, the  C a l i f o r n i a  A i r  Resources Board measured seven major a i r  q u a l i t y  
contaminants a t  two s i t e s  i n  southern Lake County. The two s i t e s  a r e  Kelsey- 
v i l l e ,  about  10 m i l e s  nor thwest  o f  t h e  s i t e ,  and Middletown, about 6 m i l e s  t o  
the west. The ARB moni tored ozone, carbon d iox ide,  s u l f a t e s ,  t o t a l  hydro- 
carbons, methane, nonmethane hydrocarbons, and c o e f f i c i e n t  o f  haze (reduced 
v i s i b i l i t y ) .  According t o  the  ARB, t h e  C a l i f o r n i a  ambient a i r  q u a l i t y  standards 
f o r  each o f  these parameters was n o t  exceeded d u r i n g  the  m o n i t o r i n g  p e r i o d  o f  
A p r i l  14 through May 12, 1975. No s i m i l a r  o r  more r e c e n t  m o n i t o r i n g  f o r  t h e  
parameters has been undertaken, d e s p i t e  t h e  f a c t  geothermal development has 
increased s ince 1975. 

P o l l u t a n t s  associated w i t h  development o f  geothermal resources which are o f  
c o n c e r n  i n  m a i n t a i n i n g  a m b i e n t  a i r  q u a l i t y  i n c l u d e  suspended p a r t i c u l a t e  
mat te r ,  hydrogen s u l f i d e ,  s u l f u r  d i o x i d e  and radon. The ambient a i r  condi -  
t i o n s  f o r  each o f  these p o l l u t a n t s  i s  descr ibed below. 

Suspended P a r t i c u l a t e  M a t t e r  ( T S P I - -  

Lake and Nor thern Sonoma County A i r  P o l l u t i o n  Contro l  D i s t r i c t s  conducted a 
s i x - m o n t h  program t o  m o n i t o r  suspended p a r t i c u l a t e  m a t t e r  i n  t h e  r e g i o n .  
Dur ing t h e  p e r i o d  o f  February through August 1977, 24 h o y  average suspended 
p a r t i c u l a t e  m a t t e r  concent ra t ions  r y g e d  from 1.74 ug/m on Socrates Mine 
Road (March 14, 1977) t o  76.05 ug/m i n  Middletown (August 11, 1977). The 
h i g h e r  values observed i n  Middl  etown probably  r e f 1  e c t  the c o n t r i b u t i o n s  from 
nongeothermal sources i n  Middletown such as v e h i c u l a r  t r a f f i c ,  c o n s t r u c t i o n  
a c t i v i t i e s ,  and a g r i c u l t u r a l  a c t i v i t i e s .  A1 1 repor ted  c o n c e n t r y i o n s  are  
below t h e  C a l i f o r n i a  ambient a i r  q u a l i t y  standard - (JSP) of 100 ug/m averaged 
over  24 hours. i 
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T A B L E  1 2  

NONCONDENSIBLE GASES AND SOLIDS IN STEAM (AVERAGED) 

FROM WELLS SUPPLYING GEOTHERMAL POWER PLANTS 

Percent  by Weight 

Noncondensi bl e Gases 

Carbon Dioxide 
Hydrogen Sul f i d e  
Methane 
Ammon i a 
Nitrogen 
H yd r og en 
Ethane 

~~ ~ 

Total Noncondensibles 

Sol i d s  

Arsenic*** 
Boron*** 
Mercury*** 

The Geysers* 

0.3260 
0.0222 
0.01 94 
0.01 94 3 

' 0.0052 
0.0056 
Neg 1 

0.398 

0.019 

0.005 
16.0 

SMUDGEO** 

0.1500 
0.0060 
0.01 00 
0.0025 
0.0050 
0.0020 
No Data 

0.176 

0.01 
10.0 
0.001 

* Overall average from 61 producing we1 1 s supplying The- Geysers 
Power P lan t ,  measured i n  1972-1974 (NSCAPCD, 1974). C h a r a c t e r i s t i c  
o f  wells change w i t h  time, v a l i d i t y  of 1972-1974 da ta  may be ques t ionable .  
Based on one well proposed t o  suoply SMUDGEO; measured by Aminoil 
USA (May 1980). 
Pa r t s  per mi l l i on ,  by weight. 

** 

*** 
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Hydrogen S u l f i d e  (H2S)- -  

As p a r t  o f  i t s  study, S R I  measured ambient concentrat ions o f  H2S a t  e i g h t  
l o c a t i o n s  i n  the  r e g i o n  from 1976 t o  1978. S R I  then der ived  h o u r l y  averaged 
concent ra t ions  o f  H S. F igures  18 and 19 and Table 13 present  t h e  d i s t r i -  
b u t i o n  and frequenc5 o f  t imes when the  concent ra t ion  equal 1 ed o r  exceeded 
t h e  s t a t e  ambient a i r  q u a l i t y  standard o f  0.03 p a r t s  p e r  m i l l i o n  (ppm) o f  H S 
a t  each m o n i t o r i n g  p o i n t  d u r i n g  1976-77 and dur ing  1978. Exceeds may be u n d e k  
s t a t e d  by today 's  standard, e.g., t h e  ARB has determined t h a t  concent ra t ions  
which equal o r  exceed 25 ppb c o n s t i t u t e  v i o l a t i o n s .  

The S R I  data i n d i c a t e  t h a t  H2S l e v e l s  i n  the  Geysers Rock area ( S R I - 1 1 ,  and on 
the r i d g e c r e s t  above Anderson Spr ings (SRI-2) are  somewhat h igher  than those o f  
o t h e r  monitored areas. Both s i t e s  a re  near producing geothermal f i e l d s .  SRI-2 
i s  t h e  m o n i t o r i n g  s t a t i o n  neares t  t h e  proposed p r o j e c t  s i t e  ( 1 . 5  m i l e s  t o  t h e  
southeast ) .  The data i n d i c a t e  t h a t  1976; H S l e v e l s  a t  t h i s  s i t e  exceeded 
t h e  s t a t e  standard approximately 10 percent ,  03 t h e  t ime (640 hours f rom a t o t a l  
o f  7,325 hours moni tored) .  Dur ing 1977, the  30 ppb standard was exceeded 
approx imate ly  5 percent  o f  the  t ime (360 hours from a t o t a l  o f  8,372 hours 
moni tored) .  Data f o r  1979 are n o t  a v a i l  able.  

SRI-2 g e n e r a l l y  records h i g h  H S l e v e l s  when the  winds a r e  from the southwest. 
The d i s t r i b u t i o n  o f  H S concen?rat ions versus t ime o f  day a l s o  peak d u r i n g  the  
n i g h t  o r  e a r l y  mornirfg hours. It i s  probable t h a t  n a t u r a l  fumarole a c t i v i t y  
coupled w i t h  emissions from geothermal development a c t i v i t i e s  ( o p e r a t i n g  PGandE 
u n i t s  and w e l l s )  t o  the  southwest o f  Cobb Mountain a re  the  pr imary c o n t r i b u t o r s  
t o  H2S concent ra t ions  recorded a t  SRI-2 d u r i n g  west o r  southwest winds. 

Data from SRI-6 f o r  1977, l o c a t e d  below t h e  r i d g e  i n  Anderson Spr ings, i n d i c a t e s  
t h a t  t h e  s t a t e  standard o f  30 ppb H2S was exceeded about . 3  percent  o f  the 
t ime ( 2 5  o u t  o f  8,201 hours moni tored) .  Most o f  the  v i o l a t i o n s  i n  1977 occur red  
d u r i n g  evening hours w i t h  low southwester ly  winds. For  SRI-2 and SRI-6, F igures  
20, 21, and 22 p r o v i d e  H S da ta  f o r  each major wind d i r e c t i o n ,  i n d i c a t i n g  the  
percentage o f  t ime v a r i o u g  wind speeds occurred and the  percent  o f  t ime v a r i o u s  
l e v e l s  o f  H S occur.  The most r e c e n t  da ta  f o r  Anderson Spr ings, p r o v i d e d  
b y  SMUD's m i n i t o r  e s t a b l i s h e d  i n  l a t e  1 9 7 9 ,  i n d i c a t e  r e l a t i v e l y  l o w  H S 
concentrat ions.  AlsG, 
t h i s  m o n i t o r  was removed i n  June 1980--before excessive H2S concent ra t ions  
h i s t o r i c a l l y  occur.  

1 

Th is  may be due t o  an unseasonable c l i m a t e  d u r i n g  1980. 

It i s  extremely d i f f i c u l t  t o  determine t h e  exac t  sources o f  H S d u r i n g  per iods  
when ' s t a t e  standards a r e  v i o l a t e d .  The e x i s t i n g  Geysers develotment c o n t r i b u t e s  
t o  these v i o l a t i o n s .  Winds west o f  t h e  Mayacmas r i d g e  c a r r y  H S e m i t t e d  from 
the  p l a n t s  and steam f i e l d s  over  t h e  r i d g e c r e s t .  Drainage f l o w  %ownslope c o u l d  
s ,ubsequent ly  dominate  t h i s  w i n d  f l o w  and cause p o l l u t a n t s  t o  f l o w  t o w a r d  
Anderson Springs. 

S u l f u r  D iox ide  (SO2)-- 

As p a r t  o f  i t s  study, S R I  measured SO concent ra t ions  a t  Anderson Spr ings 
(SRI-6) and Pine Summit (SRI-4). Over 7,800 measurements ( h o u r l y  average) were 
taken a t  each s t a t i o n  between February and December 1976. A t  no t ime d i d  SO2 0 I 
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Station 

I Geyser Rock 

2 Anderson Ridge 

3 Kahm Ranch 

4 Pine Summit  

5 Whispering Pine 

5 Anderson Springs 

7 Sawmill Flats 

S Aidlin Ranch 

.Monthly totals: 

>30: 
Days 
c o u  n ISC 

3 30: 
Days 
c o  u n tsc 

2 30: 
Days 
c o u  n tsc 

2 30; 
Days 
CounrsC 

> 30: 
Days 
c o u  n tsc 

3 30a 
Days 
CountsC 

3 30' 
b Days 

Counts' 

2 30a 
b Days 

Counts' 

2 ,30  
2 30 

b 

TABLE 13 
DISTRIBUTIOS OF H2S HOURLY AVERAGES (30 ppb): 1978 

- 
Jan 

5 
1. 

597 

3 
2 

600 

0 
0 

470 

0 
0 

607 

0 
0 

562 

0 
0 

- 

587 

0 
0 

605 

I2 
9 

552 

20 
I2 
- 

_. 

Feb 

2 
2 

602 

1 
I 

539 

0 
0 

605 

0 
0 

595 

1 
I 

57 I 

0 
0 

60 I 

0 
0 

613 

9 
6 

3 sa 
13 
IO 
- 

I 
I 

719 

2 
2 

712 

0 
0 

727 

0 
0 

61 I 

7 
5 

687 

0 
0 

609 

0 
0 

734 

0 
0 
0 

IO 
a 

- 
A PI 

14 
7 

675 

I 
1 

679 

0 
0 

673 

0 
0 

692 

2 
I 

- 

683 

0 
0 

689 

0 
0 

655 

0 
0 
0 

17 
9 

- 

I 
I 

69 I 

13 
6 

676 

0 
0 

694 

0 
0 

335 

0 
0 

698 

0 
0 

705 

0 
0 

696 

0 
0 
0 

14 
7 

- 
Jun 

23 
9 

590 

- 

a4 
i a  

575 

0 
0 

645 

3 
I 

646 

0 
0 

634 

2 
I 

645 

I 
I 

546 

0 
0 
0 

I13 
30 

- 

- 
Jul 

56 

723 

62 
14 

591 

0 
0 

719 

18 
7 

714 

3 
2 

723 

0 
0 

726 

3 
2 

725 

66 
16 

573 

- 

l a  

loa 
59 
- 

- 
A ug 

2a 

- 

I I  
687 

22 
7 

48 I 

I 
I 
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.I 8 
a 

728 

0 
0 
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2 
2 

719 

0 
0 

719 

41 
10 

689 

112 
39 

- 
Ser - 

7 
5 
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33 
14 

497 

0 
0 
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IO 
6 

712 

3 
2 

666 

0 
0 
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0 
0 
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7 
3 

617 

60 
30 
- 

- 
OCl 

23 
9 

724 

23 
13 

596 

I 
I 

- 

682 

14 
5 

547 

6 
4 

648 

0 
0 

687 

4 
2 

33 1 

94 
17 

592 

165 
51 

- 

- 
Nov 

12 
7 

558 

IO 
6 

659 

0 
0 

372 

0 
0 

242 

3 
3 

537 

0 
0 

697 

0 
0 

380 

62 
IO 

50 I 

87 
26 

- 
Dee 

16 

657 

46 
16 

71 I 

0 
0 

- 

a 

578 

0 
0 

553 

0 
0 

420 

0 
0 

142 

0 
0 

125 

9 
6 

716 

71 
30 
- 

- 
To la I 

I aa 
79 

7835 

300 
100 

7316 

2 
2 

7575 

63 
27 

6982 

i a  
25 

7545 

4 
3 

a097 

a 
5 

7539 

300 
77 

4758 

890 
311 

Percen 

2 
22 
a9 

4 
27 
a4 

0.03 
0.5 

86 

0.9 
a 

80 

0.3 
5 

86 

0.05 
0.8 

92 

0. I 
I .4 

86 

6 
21 
54 

a 330 ppb - number of H2S hourly averages J I  or above 30 ppb. (The actual measurement per hour must have averaged 29.5 
or  more.)  

b Days - number of days with at  least one  hour reading at o r  above 30 ppb. 

c Counts - number of valid hourfy averages (percent counis  correspond to valid data capture for I January through 31 
December). 

Source: Ruff and Cavanaugh (1979) 
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concent ra t ions  ever exceed the s t a t e  standards f o r  SO (0.5 ppm hour ly  average 
o r  0.05 ppm d a i l y  average). I n  f a c t ,  o n l y  r a r e l y  (1.8 percent  o f  t h e  t ime)  d i d  
the  h o u r l y  average concent ra t ions  o f  SO a t  Anderson Spr ings exceed .005 ppm.* 
Thus, SO concent ra t ions  are  n o t  expe&ed t o  approach o r  exceed ambient a i r  
qual i t y  s?andards. 

Radon (Rn)-- 

General f i n d i n g s  regard ing  emi s s i  on and presence o f  radon-222 , r a d i  um-226 , and 
lead-210 from The Geysers and surrounding areas have been issued i n  a r e p o r t  
by LFE, Environmental Ana lys is  Labora tor ies  (LFE, 1977). The f i n d i n g s  a r e  
summari zed bel  ow: 

o Emission sources a t  The Geysers c o n t a i n  concent ra t ions  o f  radon-222 above 
average ambient a i r  concentrat ions.  Most o f  t h e  radon-222 passes through 
steam p i p e l i n e s  i n t o  power p l a n t s  and o u t  o f f  gas e j e c t o r s  through t h e  
S t r e t f o r d  u n i t  t o  the  c o o l i n g  tower.7 Free v e n t i n g  w e l l s  and p a r t i c l e  
separators  c o n s t i t u t e  o t h e r  sources o f  'emissions. 

o Some h a b i t a b l e  areas a t  The Geysers show concent ra t ions  o f  radon-222 above 
average environmental l e v e l s ,  b u t  n o t  o u t s i d e  the  range o f  p e r m i s s i b l e  
e n v i r o n m e n t a l  1 eve1 s. A1 1 measured Val ues, e x c e p t  i n i n f r e q u e n t l y  
encountered o f f  gas e j e c t o r  plumes, were below 3 p C i / l i t e r ,  t h e  C a l i f o r n i a  
Depar tment  o f  Heal  t h  S e r v i c e s  a m b i e n t  a i r  s t a n d a r d  f o r  radon-222 i n  
u n c o n t r o l l e d  areas. 

o Populated areas around The Geysers were found t o  have no more than average 
ambient environmental concent ra t ions  o f  radon-222. 

o Near s i t e  environment and popu la t ion  areas near The Geysers d i d  n o t  show 
any s i g n  o f  accumulating radium-226 and/or lead-210 i o  s o i l  , vegetat ion,  o r  
water. 

F ind ings  on accumulat ion o f  radium-226 and 1 ead-210 are  nonconclusive, as s o i l  
s a m p l i n g  w i  1 I n o t  n e c e s s a r i l y  show s i g n i f i c a n t  a c c u m u l a t i o n .  See Pub1 i c  

-Heal t h  s e c t i o n  f o r  d i  scussion o f  poss i  b l  e t e s t i  ng methods. 

*See Ruf f ,  Cavanaugh, and Carr,  page 6, Table 3, D i s t r i b u t i o n  o f  SO2 Hour ly  
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A I R  OljALITY 

IMPACTS A 1.1 D 1.1 I T  I GAT I O  14 f4 E AS UR ES 

C1 imate 

Impacts Associated w i t h  t h e  Proposed P r o j e c t - -  

P e r s i s t e n t  emission o f  heated water vapor can a f f e c t  several  m i c r o c l  imate 
v a r i a b l e s .  A d d i t i o n  o f  t h i s  vapor t o  the  atmosphere sl i g h t l y  increases ambient 
temperature and humid i ty  and reduces i n s o l a t i o n  ( incoming s o l a r  r a d i a t i o n ) .  Due 
t o  t h e  r e l a t i v e l y  low volume o f  emissions i n  r e l a t i o n  t o  the  absorp t ion  c a p a c i t y  
o f  t h e  o v e r l y i n g  a i r  mass, CEC s t a f f  does n o t  expect emissions from t h e  proposed 
p r o j e c t  t o  s i g n i f i c a n t l y  a f f e c t  l o c a l  humid i ty  and temperature. 

Dur ing calm w i n t e r  n i g h t s  when dra inage o r  dbwnslope wind f lows are  predominate, 
emission o f  water vapor may s l i g h t l y  increase t h e  frequency and d u r a t i o n  o f  f o g  
w i t h i n  one-hal f  t o  one m i l e  o f  the  proposed p r o j e c t  s i t e .  

A i r  Qual  i t y  

Geothermal emi s s i o n s  i n f l  uence a m b i e n t  a i r  q u a l  i t y  i n  The Geysers KGRA. 
Water vapor c o n s t i t u t e s  about 99.8 percent  o f  these emissions, and nonconden- 
s i b l e  gases and d i s s o l v e d  minera l  s a l t s  comprise the  remaining 0.2 percent .  As 
i n d i c a t e d  p r e v i o u s l y ,  noncondensible gases i n  geothermal steam i n c l u d e  carbon 
d iox ide ,  hydrogen s u l f i d e ,  methane, ammonia, n i t rogen,  hydrogen, and ethane. 
S a l t s  may i n c l u d e  mercury, boron, a rsen ic ,  and o t h e r  suspended p a r t i c u l a t e  
mat te r .  

O f  t h e  gases present  i n  t h e  steam, CEC s t a f f  expects a l l  except hydrogen s u l f i d e  
t o  have no s i g n i f i c a n t  environmental impact. Ambient hydrogen s u l f i d e  ( H  S) 
i s  due bo th  t o  n a t u r a l  sources, such as fumeroles, and t o  man-made sources, s6ch 
as w e l l  d r i l l i n g  o r  power p l a n t  operat ion.  The p o r t i o n  o f  H S p resent  f rom 
n a t u r a l  sources i s  o n l y  a f r a c t i o n  o f  t h a t  p resent  from man-madeGauses. 

The Nor thern Sonoma County A i r  P o l l u t i o n  Contro l  D i s t r i c t  (NSCAPCD) r e p o r t s  t h a t  
compla in ts  about H2S odor from The Geysers began i n  1972 and concludes t h a t  an 
emission t h r e s h o l d  was reached a t  t h a t  t ime. Emission data show an average 
annual H2S emission r a t e  o f  482 l b s / h r  i n  1971, 919 l b s / h r  i n  1972, 850 l b s / h r  
i n  1980, and a p r o j e c t e d  1984 r a t e  o f  699 l b s / h r  (NSCAPCD). 

Complaints about H S odor had a l ready  occur red  i n  Lake County p r i o r  t o  1972. 
Winds t r a n s p o r t  H 4 e m i t t e d  i n  Sonoma County across t h e  Mayacmas r i d g e c r e s t  
i n t o  southern Lakg County. Geothermal emissions a f f e c t  l o c a l  a i r  q u a l i t y  t o  
such a degree t h a t  the Lake County A i r  P o l l u t i o n  Contro l  D i s t r i c t  (LCAPCD) 
dec lares s i g n i f i c a n t  l e v e l s  o f  contaminants t o  be present  i n  Cobb V a l l e y  and 
a d j o i n i n g  areas. I 
P o t e n t i a l  Sources o f  Pol 1 u t a n t  Emissions-- 

A i r  p o l l u t a n t s  from a t y p i c a l  geothermal power p r o j e c t  can be e m i t t e d  from two 
p r i n c i p a l  sources: ( 1 )  the power p l a n t  i t s e l f ,  i n c l u d i n g  c o o l i n g  towers, and 
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( 2 )  steam wells  a n d  steam transmission l i n e s .  The f i r s t  source produces 
emissions d u r i n g  rout ine operation o f  the steam turbine-generator ,  while 
the l a t t e r  sources produce significant emissions only when the steam turbine- 
generator shuts down and steam from the transmission l ines vents into the 
atmosphere. This condition i s  called "stacking." 

SMUDGEO #1 will be desiqned w i t h  a turbine bypass mechanism which, unlike 

I existing plants, will significantly reduce stacking occurrences a n d -  corres- 
Dondins emissions. SMUDGEO #1 and DWR/Bottle Rock are the o n l y  new p l a n t s  - 1 'kommitted t o  use th i s  bypass mechanism. 

I n  a d d i t i o n ,  small quantities of pollutants can be emitted from the steam 
transmission l ine  from the well bleedlines, leaky gaskets, or the clean-out of 
particul ate col1 ectors. These emi ssi ons are continually re1 eased a t  numerous 
points th roughou t  the leasehold, b u t  the& impacts are general l y  considered 
insignificant. 

The two most important  air pollutants t h a t  will be emitted from the SMUD project 
are hydrogen sulfide (H2S)  and particul ates ( to ta l  suspended particul ates or 
TSP). Both pollutants are present i n  the incoming steam and must be controlled 
by various abatement systems. 

Particul ate Sources and Quant i  ties-- 

The amount of particulates entering the p l a n t  i s  expected t o  be less  t h a n  3 
lbs/hr. Particulates can be emitted from several points i n  the steam cycle. 
Particulates t h a t  are n o t  removed by the strainers i n  the steam transmission 
l ine will proceed through the turbine and ,  during the condensation process, 
become part of the condensate. The condensate will eventually pass i n t o  the 
cooling towers, where p a r t  of the p a r t i c u l a t e s  will  be released in to  the 
atmosphere i n  the form of d r i f t .  Additional particulates can be transported by 

I 
noncondensed gases i n t o  the Stretford H S abatement system where the'majority 
o f  p a r t i c u l a t e s  a re  scrubbed o u t ,  a l k o u g h  S t r e t fo rd  chemicals may be an 
additional source o f  particul ates. The particul ates w i  11 then be emitted w i  t h  
the qases from the Stretford system's coolinq tower or transported t o  the plant 
cool i n g  tower , then emitted t o  -the atmosphere-. 

A t h i r d  potent ia l  source of p a r t i c u l a t e s  i s  the secondary H S treatment 
process. SMUD will use peroxide treatment i f  the other metho& now under 
investigation do not prove viable. Condensate treatment systems often use 
peroxide/iron sulfate catalyst  t o  transform dissolved hydrogen sulfide (H SI 
into ammonium sulfate [(NH ) SO I ,  which can be emitted as a solid or partfc- 
ulate. Until the 
required ex ten t  and  method o f  secondary H S t reatment  i s  determined, the  
amount of particulates that  could resul t  from chis process cannot be determined. 

Other solids may & i o  be formed i n  the chemical reaction: 
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I n c l u d i n g  an assumed c o n t r i b u t i o n  from secondary H2S t reatment,  t h e  p l a n t ' s  
t o t a l  p a r t i c u l a t e  emissions w i l l  be approximately 3.4 lbs/hr , *  which i n c l u d e s  
0.8 l b s / h r  from the  main c o o l i n g  towers and 2.6 l b s / h r  from the S t r e t f o r d  
cool  i ng tower. 

Hydrogen Sul f i d e  Sources and Q u a n t i t i e s - -  

The g r e a t e s t  p o t e n t i a l  source o f  H S emissions from t h e  proposed power p l a n t  
i s  the  amount o f  H S d i s s o l v e d  i n  &e spent steam. L e f t  unt reated,  t h e  spent 
steam would c o n t r i l f u t e  s i g n i f i c a n t l y  t o  v i o l a t i o n  o f  a p p l i c a b l e  standards f o r  
H2S emi ssions. 

For the proposed p r o j e c t  (as  i n  o t h e r s  r e c e n t l y  proposed) the pr imary H S 
abatement equipment w i l l  c o n s i s t  o f  a sur face condenser and the  S t r e t f o F d  
process. 

7 

*To a r r i v e  a t  p a r t i c u l a t e  emission f i g u r e s ,  CEC s t a f f  used the  f o l l o w i n g  
assumptions: 

(1) Tota l  concent ra t ion  o f  a l l  s o l i d s  
maximum o f  an est imated range (AFC 

( 2 )  Hydrogen s u l f i d e  c o n t e n t  i n  the  
expected range--80 ppm (AFC) ; 

n the steam condensate i s  38 ppm--the 
I 

ncoming steam i s  t h e  maximum o f  t h e  

( 3 )  Steam condensate f l o w  i s  983,000 l b s / h r  (AFC); 

( 4 )  

( 5 )  

The percentage o f  H2S remain ing i n  steam condensate a f t e r  p a r t i t i o n i n g  
i s  35 percent  o f  t h e  incoming H2S; 

A l l  o f  t h e  HZS d i s s o l v e d  i n  t h e  condensate i s  conver ted t o  ammonium 
s u l f a t e  (NH4)2S04 (see Table 12, t h e r e  maybe i n s u f f i c i e n t  ammonia i n  
SMUDGE0 steam t o  complete t h i s  r e a c t i o n ,  assumption i s  wors t  case based 
upon ammonia concent ra t ions  i n  o t h e r  geothermal we1 1 s )  ; 

Up t o  10 ppm o f  c a t a l y s t s  a r e  added t o  t h e  condensate; and 

i s  a t  the  maximum o f  i t s  range--approximately 6: 1; 

(6) 

( 7 )  The r a t i o  of t o t a l  c i r c u l a t i n g  water s o l i d s  t o  t o t a l  condensate s o l i d s  

( 8 )  AFC s t a t e d  p l a n t  o p e r a t i n g  f l o w  r a t e s ,  i n c l u d i n g :  
3 o a c o o l i n g  tower a i r  f l o w  o f  9,240,000 f t  /min.; 

o a maximum c o o l i n g  tower d r i f t  r a t e  o f  0.001 percent  o f  t h e  h o t  water  
f l o w  r a t e ;  and 

o a maximum h o t  water f l o w  r a t e  o f  139,260 g a l l o n s  p e r  minute.  

With these assumptions, t h e  c o o l i n g  tower p a r t i c u l a t e  emissions due t o  the  
addi ti onal sol  i d s  conten t  o f  t h e  condensate a f t e r  secondary t reatment  w i  1 1 
be approximately 0.8 l b s / h r .  

I 

0 
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1 The success o f  t h e  H S abatement system depends i n  p a r t  on t h e  e f f i c i e n c y  o f  
t h e  p a r t i t i o n i n g  whi& occurs i n  the  su r face  condenser. That p o r t i o n  o f  t h e  
spent steam which i s  p a r t i t i o n e d  i n t o  noncondensible gases w i l l  be d i v e r t e d  t o  
the  S t r e t f o r d  process f o r  t reatment,  which w i l l  remove v i r t u a l l y  a l l  o f  t h e  
H S i n  t he  noncondensibles. Any remain ing gases can then be exhausted t o  t h e  
aZmosphere f rom the  S t r e t f o r d  c o o l i n g  towers o r  t h e  p l a n t  c o o l i n g  tower. 

T h a t  p o r t i o n  o f  t h e  s p e n t  steam w h i c h  condenses a t  t h e  s u r f a c e  condenser  
eventual  l y  c i  r c u l  a t e s  through t h e  main power p l  a n t  cool  i ng towers, becoming t h e  
most s i g n i f i c a n t  p o t e n t i a l  source o f  H2S emissions. I f  t h e  su r face  condenser 
i s  unable t o  p a r t i t i o n  most o f  t h e  H S i n  the  spent steam i n t o  t h e  nonconden- 
s i b l e  gases, SClUD w i l l  have t o  reso& t o  some form o f  secondary H S removal 
from t h e  condensate i n  t h e  f l o w  between t h e  su r face  condenser and t 6 e  c o o l i n g  
towers. Thus, t h e  c r i t i c a l  task o f  t h e  su r face  condenser i s  t o  p r o v i d e  c o o l i n g  
i n  such a way t h a t  i t  maximizes t h e  p a r t i t i o n i n g  o f  H S and o t h e r  nonconden- 
s i b l e  gases from the  steam so t h a t  t h e  H2S. gas can be K e a t e d  i n  t h e  S t r e t f o r d  

Based on the l i m i t e d  da ta  from t h e  i n i t i a l  Aminoi l  steam w e l l ,  SMUD est imates 
t h e  range o f  H2S c o n c e n t r a t i o n  i n  t h e  steam e n t e r i n g  t h e  power p l a n t  w i l l  be 
40 t o  80 p a r t s  per m i l l i o n ,  by we igh t  (ppmw) (SMUD AFC, Table 1.2-3). The t o t a l  
amount o f  ti S e n t e r i n g  t h e  p l a n t ,  based on an expected incoming steam f l o w  o f  
983,000 l b s h r ,  c o u l d  range from 39 t o  79 l b s / h r .  

u n i t .  il 

A combinat ion of  p r imary  and secondary abatement systems must meet t h e  degree o f  
power p l a n t  emi ss ions abatement requ i  r e d  by a i r  qual i t y  standards and emission 
1 i m i t a t i o n s .  

Compliance With Emissions L i m i t a t i o n s - -  

The New Source Review Rules and emission l i m i t a t i o n s  o f  t h e  Nor thern Sonoma 
County A i r  P o l l u t i o n  Contro l  D i s t r i c t  (NSCAPCD) r e g u l a t e  emissions from t h e  
proposed p r o j e c t .  Under t h e  fede ra l  Clean A i r  Act, t h e  d i s t r i c t  must de te r -  
mine whether a proposed p r o j e c t ' s  emissions w i l l  p reven t  t h e  at ta inment ,  i n t e r -  
f e r e  w i t h  t h e  maintenance, o r  cause a v i o l a t i o n  o f  a n a t i o n a l  ambient a i r  
qual i ty standard.  

Under s t a t e  law, t h e  same de te rm ina t ion  must be made w i t h  r e s p e c t  t o  s t a t e  
ambient a i r  q u a l i t y  standards which may be i n  a d d i t i o n  t o  o r  more s t r i n g e n t  than 
f e d e r a l  ambient standards. The C a l i f o r n i a  A i r  Q u a l i t y  Standard f o r  H S i s  
0.03 ppm ( p a r t s  pe r  m i l l i o n )  f o r  a l -hou r  average. Th is  standard rzduces 
annoyance caused by H S odors. I n  a d d i t i o n ,  NSCAPCD r u l e s  impose c e r t a i n  
emissions l i m i t a t i o n s  f%r var ious  p o l l u t a n t s  which must be met b e f o r e  a p e r m i t  
can be granted. 

Emissions L im i  t a t i o n + -  I 

The NSCAPCD adopted H S emission r e g u l a t i o n s  which reduce t h e  t o t a l  emissions 
f rom e x i s t i n g  as w e l l  $s f u t u r e  sources. 

These r e g u l a t i o n s  a t tempt  t o  b r i n g  the  KGRA i n t o  a t ta inmen t  w i t h  t h e  C a l i f o r n i a  
H S ambient a i r  q u a l i t y  standard. Under NSCAPCD Rule 455(b) ,  H S emissions 
f k m  a geothermal p l a n t  cannot exceed 100 grams per  gross megawa?t-hour (100 
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0 g/GMWh). F o r  the 72.3 MW ( g r o s s )  SMUDGE0 #1 power p l a r ? t ,  t h e  100 g/GFIWh 
l i m i t a t i o n  conver ts  t o  15.9 l b s / h r .  

Rule 455 ( b )  a lso  s t a t e s  t h a t ,  beginn ing January 1, 1985, a l l  power p l a n t s  must 
meet  t h e  d o u b l y  s t r i n g e n t  l i m i t  o f  50 g/GtlWh. SMUDGEO c o u l d  n o t  exceed 
approximately 8 l b s  H2S/hr under t h i s  r e v i s e d  emission 1 i m i t .  

SMUD c o n d i t i o n a l l y  committed t o  the  50 g/GMWh l i m i t  i n  the  AFC. A f t e r  a s e r i e s  
o f  workshops between i n t e r e s t e d  p a r t i e s ,  SMUD s e t  8 l b s  H S / h r  as t h e i r  
emission r a t e  un less t h e  r e s u l t s  o f  t h e i r  a i r  qual i t y  assessmen$ show they can 
increase i t  t o  no h igher  than t h e  mandated 100 g/GMWh. 

Emi ss ions Ana lys is  o f  Primary H2S Abatement System-- 

I f  one assumes t h a t  the H2S c o n t e n t  i n  incoming steam remains w i t h i n  t h e  range 
expected by SMUD (60 + 20 ppmw, o r  40 t o  80,. ppmw) , then t h e  t o t a l  amount o f  H S 
e n t e r i n g  t h e  p l a n t  win range from about 39 ko 79 l bs /h r . *  To meet t h e  8 l b s / i r  
l i m i t a t i o n  w i l l  r e q u i r e  an o v e r a l l  abatement e f f i c i e n c y  o f  79.5 percent  t o  89.8 
percent,  depending on t h e  H2S c o n c e n t r a t i o n  i n  incoming steam. 

The Ralph Iy. Parsons Corporat ion,  manufacturer o f  the  S t r e t f o r d  u n i t s  f o r  
PGandE's Geysers U n i t s  15, 17,  and 18, now o f f e r s  guarantees t h a t  the  t r e a t e d  
gas stream l e a v i n g  i t s  S t r e t f o r d  u n i t  c o n t a i n s  no more than 10 ppm by volume 
H S. The S t r e t f o r d  process e x h i b i t s  removal e f f i c i e n c i e s  exceeding 99 percent  
a i d  emission r a t e s  o f  l e s s  than 1 l b / h r .  The SMUDGEO #1 S t r e t f o r d  u n i t  s u p p l i e r  
w i l l  be Peabody; removal e f f i c i e n c y  would be s i m i l a r .  

Thus, the  f e a s i b i l i t y  o f  meeting the 80 percent  t o  90 percent  t o t a l  abatement 
e f f i c i e n c y  w i t h o u t  secondary t rea tment  o f  t h e  steam condensate depends upon the  
a b i l  i t y  o f  t h e  s u r f a c e  condenser  t o  p a r t i t i o n  a p p r o x i m a t e l y  t h e  same 
percentage--80 t o  90 percent  o f  H2S from t h e  steam as noncondensed gas. 

When SMUD f i l e d  i t s  AFC wi th  t h e  Energy Commission, i t  expected t o  achieve a 
p a r t i t i o n i n g  e f f i c i e n c y  f rom t h e  sur face condenser o f  90 p e r c e n t  o r  higher;  
t h a t  i s ,  90 percent  o f  t h e  H S p resent  i n  t h e  t u r b i n e  exhaust steam would 
be separated from t h e  steam c h d e n s a t e  as noncondensed gas. As stated,  an 
e f f i c i e n c y  o f  90 percent  w i l l  meet t h e  present  emissions l i m i t a t i o n  f o r  H2S. 

However, t e s t  r e s u l t s  f rom PGandE's U n i t  15, t h e  f i r s t  Geysers U n i t  t o  empl oy a 
sur face condenser, suggest t h a t  p a r t i t i o n i n g  e f f i c i e n c i e s  of 90 percent  may n o t  
be f e a s i b l e .  The f o l l o w i n g  t e s t  r e s u l t s  f rom the  U n i t  15 p r o j e c t  a r e  r e l e v a n t  
t o  t h e  proposed p r o j e c t :  

I 

*Based on the  f o l  low ing  c a l  c u l  a t i o n s :  

1 hour 6 1 x 10 l b s  o f  steam 

(The same c a l c u l a t i o n  f o r  80 ppmw g i v e s  a f i g u r e  o f  78.6 l b s  H2S/hr.) 
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a 

a 

a. 

b. 

C. 

The p a r t i t i o n i n g  e f f i c i e n c y  so f a r  achieved by U n i t  1 5 ' s  sur face condenser 
i s  about 67 percent .  A comparable e f f i c i e n c y  a t  SMUD's p l a n t ,  g iven  an 
H S i n p u t  r a t e  o f  39 t o  7 9  l b s / h r ,  r e s u l t s  i n  H2S e m i s s i o n s  o f  13 t o  
28 l b s / h r  i n  the absence o f  secondary t reatment.  

The t e s t  r e s u l t s  suggest t h a t  p a r t i t i o n i n g  e f f i c i e n c y  decreases as t h e  
c o n c e n t r a t i o n  o f  H2S i n  i n c o m i n g  steam decreases .  F o r  U n i t  15 t h e  
concent ra t ion  o f  H S i s  180 + 10 ppm. SMUD expects i t  t o  be 60 + 20 ppm. 
SlvlUD's p a r t i t i o n i n 5  e f f i c i e n c y  may t h e r e f o r e  be l e s s  than 67 percent.  

U n i t  15 t e s t  r e s u l t s  i n d i c a t e  t h a t  t h e  r e l a t i v e  a c i d i t y ,  o r  pH, o f  t h e  
steam condensate  i s  an i m p o r t a n t  f a c t o r  i n  m a i n t a i n i n g  p a r t i t i o n i n g  
e f f i c i e n c y .  H S tends t o  remain i n  the  condensate i f  t h e  condensate i s  
bas ic  (pH greaeer than 7.0) .  The presence o f  ammonia i n  incoming steam 
tends t o  make the  condensate bas ic  i n  the  absence o f  compensating a c i d i c  
chemicals. The pH l e v e l  o f  steam e n t e r i n g  SMUD'S  p l a n t  cannot be de ter -  
mined u n t i l  a d d i t i o n a l  steam w e l l s  art? d r i l l e d .  Data f rom SMUDGEO's o n l y  
w e l l ,  p rov ided by Aminoi l  , i n d i c a t e  a pH range o f  5.0 t o  7.0. PGandE 
attempted t o  determine the probable pH o f  steam condensate from a sur face 
condenser by sampl i n g  steam from U n i t  3. The r e s u l t s  f rom U n i t  3 i n d i c a t e  
a pH o f  7.1.  

These f a c t s  i n d i c a t e  t h a t  the  probable l e v e l  o f  H S emissions f o l l o w i n g  pr imary 
condensate  t r e a t m e n t  c o u l d  range f r o m  13 t o  2% l b s / h r .  T h i s  exceeds t h e  
8 l b s / h r  emission r a t e  t o  which SMUD c o n d i t i o n a l l y  committed. 

M I T I GAT ION fyi E AS U R E S 

SlvlUD w i l l  i n s t a l l  a secondary H S abatement system which w i l l  begin o p e r a t i o n  
s imul taneously  w i t h  the  generat fng u n i t .  SMUD w i l l  cont inue t o  operate and 
main ta in  the H S abatement systems as l o n g  as needed t o  meet e x i s t i n g  and 
f u t u r e  appl icab?e a i r  qual i t y  standards and regu la t ions .  

Emissions Ana lys is  o f  Secondary H2S Abatement System-- 

Whether i t  i s  f e a s i b l e  t o  p rov ide  s u f f i c i e n t  secondary t reatment  t o  meet Rule 
4 5 5 ( b )  was addressed by t h e  CEC i n  i t s  c e r t i f i c a t i o n  proceedings f o r  PGandE's 
U n i t  17. The incoming H2S concent ra t ion  f o r  PGandE U n i t  17 i s  350 - + 100 ppm. 
T h i s  corresponds t o  a H2S f l o w  r a t e  o f  516 t o  957 l b s / h r .  

- 

Applying the  67 percent  p a r t i t i o n i n g  e f f i c i e n c y  data t o  t h e  h ighes t  expected 
H S c o n t e n t  o f  t h e  steam s u p p l i e s  t o  t h e  U n i t  17, and SMUDGEO #1, t h e  H S 
r imoval  requirement by secondary t reatment  woul d be approximately 315 1 bs/hr  i f  
H S f o r  U n i t  17 and 26 l b s / h r  f o r  SMUDGEO. T h i s  i n d i c a t e s  t h a t  t h e  r e q u i r e d  
c8pac i ty  o f  storage tanks and s i z e  o f  o t h e r  system components, a s ' w e l l  as t h e  
r e d u c t i o n  of  s i d e  e f f e c t s  such as sludge c r e a t i o n ,  make the  problems o f  a 
secondary H2S t reatment  system s u b s t a n t i a l l y  smaller: f o r  t h e  proposed p r o j e c t  
than those expected f o r  U n i t  17. The Commission found the  PGandE proposals f o r  
secondary t rea tment  f e a s i b l e ,  and t h e r e f o r e  s t a f f  expects they a r e  a1 so f e a s i b l e  
f o r  the  SMUD p r o j e c t .  

SMUD agreed t o  i n s t a l l  a secondary condensate t reatment  system (SMUDGEO AFC, 
page 1-30). Three p r e l  im inary  abatement methods were i n v e s t i g a t e d  by SMUD: 

( 
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1. liydrogen Perox 

2. S t r i p p i n g  w i t h  

de ( w  t h  o r  w i t h o u t  c a t a l y s t )  , 

i n e r t  gas, and 

3. Condensate pH c o n t r o l  w i t h  carbon d i o x i d e  (Ammonia f i x a t i o n ) .  

Peroxide ox ida t ion ,  t h e  f i r s t  method l i s t e d  above, i s  s u c c e s s f u l l y  employed a t  
e x i s t i n g  u n i t s  a t  The Geysers. Th is  method chemical ly  a1 t e r s  the H S i n  t h e  
condensate t o  a more innocuous form. Tests o f  t h i s  type o f  system at? PGandE's 
U n i t s  3, 4, 5, 6, and 11 showed average abatement o f  92 t o  95 percent .  Assuming 
85 percent  o f  H S i n  the condensate i s  removed along w i t h  50 p e r c e n t  p a r t i -  
t i o n i n g  (wors t -?ase)  and 99+ p e r c e n t  H S removal  by t h e  S t r e t f o r d  u n i t ,  
o v e r a l l  H S emissions w i l l  amount t o  5 . 6  l b s / h r  ( a t  79 ppm incoming H S I .  
T h i s  i s ,  ' o f  c o u r s e ,  s i g n i f i c a n t l y  l o w e r  t h a n  t h e  15.9 l b s  H S / h r  lkit 
r e q u i r e d  by NSCAPCD Rule 455(b).  Only 60 percent  abatement meets & l e  455(b),  
and 80 percent  secondary abatement contro,l meets t h e  50 g H2S/ GMWh 1 i m i t  
which a p p l i e s  t o  SMUD. (See Table 14.) I 

S t r i p p i n g  and ammonia f i x a t i o n  a f f e c t  the condensate chemist ry  so t h a t  t h e  H2S 
can be removed as a gas and t r e a t e d  by t h e  S t r e t f o r d  Unit. 

The s t r i p p i n g  process uses an i n e r t  gas t o  d r i v e  H2S from the condensate. The 
s t r i p p i n g  gases move up a v e r t i c a l  column ( t h e  s t r i p p i n g  tower) w h i l e  the 
condensate f lows down through the  column. The s t r i p p e r  gas conta ins  carbon 
d i o x i d e  which r e a c t s  w i t h  t h e  ammonium hydrogen s u l f i d e  i n  the  condensate and 
r e s u l t s  i n  hydrogen s u l f i d e  gas format ion.  The hydrogen s u l f i d e  gas i s  sen t  t o  
the  S t r e t f o r d  u n i t  f o r  o x i d a t i o n .  Ammonia f i x a t i o n  increases p a r t i t i o n i n g  i n  
the  condenser by a f f e c t i n g  the way ammonia chemical ly  p a r t i c i p a t e s  d u r i n g  
condensation. Carbonic a c i d  can be manufactured from the  noncondensible gas 
l e a v i n g  the S t r e t f o r d  u n i t  and subsequently i n j e c t e d  i n t o  t h e  condenser. The 
carbonic  a c i d  r e a c t s  w i t h  the  ammonia i n  the  steam and. reduces the  amount o f  
hydrogen s u l f i d e  i n  the condensate which leaves the  condenser by reducing the 
condensate pH. 

P r e l i m i n a r y  techn ica l  and economic analyses o f  the  i n e r t  gas s t r i p p i n g  and 
ammonia f i x a t i o n  techniques encouraged SMUD t o  f u r t h e r  i n v e s t i g a t e  these methods 
under bench scale t e s t i n g .  SMUD has committed t o  litse hydrogen perox ide  w i t h  
f e r r o u s  su l  f a t e  and hydrokyacet ic  a c i d  f o r  condensate t reatment  i f  t e s t  o f  
a 1  t e r n a t i v e s  a r e  p o s i t i v e  $ M U D  may m o d i f y  t h e  d e s i g n ,  w i t h  NSC A P C D  a n d  
Commi ss ion a m r o v a l  . 1 
Recommended P o s t c e r t i f i c a t i o n  Procedures-- 

Areas o f  u n c e r t a i n t y  concern (1) H S concent ra t ions  and pH l e v e l s  i n  incoming 
steam, ( 2 )  achievable p a r t i t i o n i n 6  e f f i c i e n c i e s  f o r  the surface' condenser, 
( 3 )  e x t e n t  o f  necessary secondary t rea tment  systems, and ( 4 )  r e l i a b i l i t y  o f  and 
amounts o f  s o l i d  wastes produced by t h e  secondary t rea tment  system ( r e c e n t  da ta  
i n d i c a t e  t h a t  no s i g n i f i c a n t  amounts o f  s o l i d s  would/ be formed; however, s t a t t  
s t i l l  h as u n c e r t a i n t i e s )  . Because o f  these uncer ta in l t ies ,  CEC s t a f f  recommends 
t h e  p o s t c e r t i  t i c a t i o n  procedures descr ibed below t o  ensure compl iance w i t h  Rule 
455(b).  Due dates for  responses expected from p o s t c e r t i f i c a t i o n  procedures w i  11 
be developed dur ing  the Energy Commission's p o s t c e r t i f i c a t i o n  proceedings on 
compl i ance and mon i to r ing  requ i  rements. 

1 

1 

0 
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TABLE 14 

CON DENSATE TREATMENT REMOVAL E F F I  C I EN I C I ES 

TO MEET 50 g/GMWh* ( @  72.3 GMW) 

Condensate 
H2S i n  H2S i n  Removal 
Steam P a r t i t i o n i n g  Condensate E f f i c i e n c i e s  
( 1 bs/ h r )  ( % I  % l b s / h r  Required ( % )  

7 

200 95 
90 

75 
50 

25 

100 

80" 

50 

95 
90 
75 
50 
25 

95 
90 
75 
50 
25 

95 
90 
75 
50 
25 

5 
70 
25 
50 

75 

5 

0 

25 
50 
75 

5 
10 
25 
50 
75 

5 

10 
25 
50 

75 

10 ' 

2 0  
50 

100 

150 

5 
10 
25 
50 
75 

4 

8 

20  
40 
60 

2.5 

5 
12.5 

25 
37.5 

20.0 
60.0 
84.0 
92.0 

94.7 

- 
20.0 
68.0 
84.0 
89.3 

- 
- 

60.0 
80.0 
86.7 

- 
- 

36.0 
68.0 
78.7 

0 
*Ant ic ipa ted  case, based on 80 ppb H2S i n  steam and 1,000,000 l b s / h r  steam f l o w  r a t e .  

Source: SMUDGE0 #I AFC 113 
**Grams per g r o w  megawatt hour. 
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1. The A p p l i c a n t  s h a l l  p rov ide  the Uni ted States Geological  Survey ( U S G S ) ,  
Commission S t a f f  ( th rough the Compl iance Aud i t  Manager--CAM) , and NSCAPCD, 
f o r  t h e i r  review, design i n f o r m a t i o n  on t h e  f o l l o w i n g :  e 
a. S t r e t f o r d  system, 

b. Turbine by-pass, 

c. Condensate Treatment, 

d. Condenser/sparger system, and 

e. S o l i d s  removal system ( i f  r e q u i r e d ) .  

The i n f o r m a t i o n  w i l l  be prov ided when i t  becomes a v a i l a b l e ,  b u t  no l a t e r  
than 60 days be fore  manufacture o f  equipment i s  ordered. 

. I f  the  A p p l i c a n t  proposes a secondarb t reatment  system o ther  than the  
hydrogen perox ide system, t h e  Appl i car r t  s h a l l  submit i n f o r m a t i o n  t o  USGS, 
NSCAPCD, and CEC demonstrat ing t h a t  t h e  system can achieve H2S emissions 
o f  no more than 5 l b s / h r .  

MONITORING AND COMPLIANCE 

1. 

2. 

3 .  

4. 

5. 

6 .  

The A p p l i c a n t  s h a l l  as a minimum undertake the  f o l l o w i n g  mon i to r ing  and 
compliance programs. As descr ibed i n  2-6, t h e  A p p l i c a n t  s h a l l  submit a 
m o n i t o r i n g  program a t  l e a s t  60 days p r i o r  t o  s t a r t  up o f  t h e  SMUDGEO #1 
f a c i l i t y  t o  USGS, NSCAPCD, and the CAM. Continous H S and t o t a l  volume 
f l o w  r a t e s  measuring methods w i l l  be considered. N S C h C D  w i l l  adv ise t h e  
ARB, USGS, and CAM on t h e  a c c e p t a b i l i t y  o f  t h e  programs. 

The A p p l i c a n t  s h a l l  develop and implement a program t o  measure a t  l e a s t  
q u a r t e r l y  i n 1  e t  steam c o n s t i t u e n t s .  

The A p p l i c a n t  s h a l l  develop and implement a program t o  measure H S i n  t h e  
noncondensible gas f l o w  and i n  the  o f f -gas  vents o f  t h e  S t r e t f o r g  u n i t  t o  
the cool i n g  tower. I 

1 

The A p p l i c a n t  s h a l l  d e v e l o p  and i m p l e m e n t  a program t o  measure H S 
concent ra t ions  and 1 i q u i d  f l  owrate o f  t h e  condensate H S concent ra t iogs  
downstream o f  t h e  secondary c o n d e n s a t e  t r e a t m e n t  syseem p r i o r  t o  i t s  
re1 ease t o  cool  i ng tower c i r c u l  a t i  ng water. The Appl i c a n t  s h a l l  a1 so 
p r o v i  de a measuring p o i n t  upstream o f  t h e  t reatment  p o i n t  i f design a1 1 ows 
a1 though o n l y  one m o n i t o r i n g  dev ice  s h a l l  be requi red.  

The App l ican t  and NSCAPCD s h a l l  develop and imp1,ement a program t o  mon i to r  
ambient H S and TSP concent ra t ions  and/or o t h e r  p o l l u t a n t s  p r i o r  t o  and 
d u r i n g  op&at ion o f  t h e  SMUDGEO # 1  f a c i l i t y  a t  l o c a t i o n s  and f o r  a d u r a t i o n  
t o  be m u t u a l l y  agreed upon. The A p p l i c a n t  s h a l l  submit t h e  m o n i t o r i n g  p l a n  
t o  CAM f o r  approval a t  l e a s t  120 days p r i o r  t o  s t a r t  up o f  t h e  program. 

The A p p l i c a n t  s h a l l  develop and implement a program t o  mon i to r  t h e  H S 
abatement system' s performance. Resu l ts  o f  t h i s  m o n i t o r i n g  program s h a h  
be submi t ted t o  NSCAPCD, USGS, and CAM as f o l l o w s :  

I 
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a .  The A p p l i c a n t  shall provide a compliance report on the results o f  
the m o n i t o r i n g  program w i t h i n  100 days a f te r  the fac i l i ty  has been 
declared operational. The monitoring activity i s  t o  cover a m i n i m u m  
period o f  7 5  days a f t e r  the time the f a c i l i t y  has been declared 
operational. The report shall contain d a t a  obtained d u r i n g  the 75 day 
monitor ing period. A m i n i m u m  of 30 days of d a t a  ( n o t  necessarily 
consecutive days) a t  90 - 100 percent rated power generation shall be 
required ( a  compliance report shall be issued by the Applicant--in any 
case--within 100 days the fac i l i ty  has been declared operational). 
The repor t  shal l  contain as a minimum H S concentrat ions i n  the  
off-gas and condensate, power generation $ates , abatement systems' 
sett ings a t  time o f  t es t s ,  a description of the abatement system's 
failures,  i f  any, and data obtained i n  Items 2 ,  3, 4,  and  5 above. 

b .  I f ,  d u r i n g  the f i r s t  75 days of  monitorl'ng described i n  Item a ,  90 - 
110 percent rated power has n o t  been achieved for a m i n i m u m  total 
equal t o  30 days, monitor ing shall continue a n d  a second report i s  t o  
be submitted w i t h i n  25 days of  obtaining 30 t o t a l  days a t  90 - 110 
percent rate power. The second report shall include a summary s ta te-  
ment of why 90 percent rated power was not being achieved, and a 
description o f  any corrective action taken. 

c .  Upon review of  the in fo rma t ion  i n  Items a and b t h e  Air P o l l u t i o n  
Control Officer of the NSCAPCD shall w i t h i n  30 days present t o  the 
Applicant, USGS, and  CAM f i n d i n g s  o n  conformity o f  a i r  qua l i ty  
standard( s )  . 

d.  I f  the APCO finds t h a t  the f ac i l i t y  has n o t  met applicable emissions 
limitations, the Applicant shall prepare and submit i t s  response t o  
the USGS, the CAM, and NSCAPCD. The response shall be submitted 
w i t h i n  30 days a f te r  the submittal of the report(s)  t o  be applied t o  
the f ac i l i t y  or other actions taken t o  meet the emission limitations. 
The report will also describe a schedule f o r  implementation of these 
measures. 

e. Upon review of the information i n  Item d ,  the USGS, CAM, and NSCAPCD 
shall joint ly  determi ne whether actions proposed by the Appl icant w i  1 1 
comply w i t h  emission 1 imitations. 

f. After the implementation of the approved m i t i g a t i o n  measures the 
Applicant shall conduct monitoring programs described in Items a and 
b .  The NSCAPCD shall perform the actions described i n  Item c. 

7 .  After obtaining a f inding of conformance described i n  Item 6.c, the  
Applicant sha l l  continue t o  monitor the  H S emissions from the power 
plant and report on the status o f  complianc2 as required by NSCAPCD, b u t  
n o t  less  than on a quarterly basis. In case of noncompliance, actions 
identified i n  Items 6 .d ,  6.e, and 6 . f ,  will be required t o  return t o  a 
condi t i  on of  compl i ance. 

The SA1 

Air qua 
SMUDGE0 
impact 

Study-- 

i t y  impacts a t  nearby receptor areas due 
$1 were investigated by Systems Applicat 
issessment integrated fie1 d tracer t e s t  

t o  the projected emissions from 
ons , Incorporated (SA1 ) . SAI' s 

w i  t h  computer model i ng . The 
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objective of  t h i s  approach was t o  incorporate real-worl d i n fo rma t ion  from the 
tracer studies i n t o  a mathematical computer simulation. Also, the results o f  
the tracer studies provided a base l ine  against which the modeling results 
coul d be compared. After making these comparisons t o  improve model performance, 
the model was expected t o  be capable of predicting ambient a i r  quality a t  The 
Geysers when SMUDGEO #1 begins operation i n  1984. 

Basically there were four components involved i n  predicting impacts from SMUDGEO 
#1: 

1. 

2. 

3.  

4. 

Plume Rise Model--The height which the plume r i ses  from the cooling tower 
significantly affects where ground level pollutant concentrations will be 
detected and how h i g h  these concentrations wi l l  be. From several equations 
describing the plume r i se ,  SA1 decided on the Winniarski and Frick (1978) 
equations . 
Transport and Dispersion Model --Once the pol 1 u t an t s  enter the atmosphere, 
numerous meteorological c h a r a c t e r i s t i c s  ( w i n d  speed and  d i r ec t ion  a t  
various al t i tudes,  a i r  and ground temperatures, e tc . )  affect  the plume in 
which the pol lutants travel. Another consideration i s  how the factors 
which affect  plume r i se  (plume temperature, humid i ty ,  ex i t  speed, e tc . )  
interact w i t h  the atmosphere. SA1 developed and used a numerical , gridded 
model cal led "Ai  rshed." The Airshed Model incorporates three components: 
the P1 ume R i  se Model (discussed above) ; a three-dimensional w i  nd model 
which describes wind speed and direction i n  complex (o r  extremely moun- 
tainous) terrain;  and a "Puff Model" which characterizes, as the name 
implies, small puffs of gas released t o  the atmosphere. The Puff Model 
was required so that  the travel and dispersion of gases could be more 
accurately characterized as they leave the cooling towers. Once these 
puffs grow sufficiently large, they enter the "gridded" port ion of  the 
Airshed Model where their  travel and dilution are more correctly charac- 
terized a t  the 1 arger scale. The incorporated Airshed-P1 ume R i  se-Puff 
Model i s  called The Geysers Hybrid Model. 

Worst-case Meteorol ogy--As described earl i e r ,  meteorology p l  ays a key role  
i n  determining under w h a t  conditions one partiOul a r  emission source w i l l  
affect  a receptor area and how significant the impacts will be. To deter- 
m i  ne w h a t  rneteorol ogical conditions woul d 1 ead t o ,  the worst-case con- 
cen t r a t ions  contr ibuted by SMUDGEO required (several public workshops 
between SMUD's consultants and regulatory repTesentatives. Determining 
worst-case meteorology required coll ective experience and a review of 
available d a t a  so t h a t  several complex atmospheric phenomena could be 
described i n  ranges of relatively simple parameters. 

Tracer Tests--Gases were released under several candidate-worst-case 
weather conditions under which SMUDGEO #1 would l o s t  1 ikely affect  receptor 
areas. Detectors in these receptor areas inpicated cumulative hourly 
concentrations o f  tracer gases. SMUD conducted six tracer t e s t s  (one being 
unsuccessful for five meteorological conditions. 

1 

I 

Both the modeling and the tracer t e s t  program rely on 'historical d a t a  (discussed 
in the "Setting") t o  characterize the meteorological conditions w h i c h  prevail 
when SMUDGEG could be expected t o  affect  receptor areas. Regulatory agencies 
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a n d  SPiUU established the tracer t e s t  c r i t e r i a  by reviewing the historical record 
and setting a range of atmospheric conditions d u r i n g  which a plume from the 
proposed p l a n t  would travel toward receptors. The computer simul a t i o n  model i n g  
e f f o r t  required use o f  the  atmospheric f ie1 d i n f o r m a t i o n  from the t r a c e r  
t e s t s  t o  ensure t h a t  the model treated the plume i n  approximately the same 
way t h a t  the atmosphere a t  The Geysers would. T h e  model also required results 
o f  t r a c e r  t e s t s  conducted a t  the s i t e  t o  provide f o r  evaluation o f  model 
performance. 

Meteorological regimes are associated w i t h  particular seasons. For example, 
limited m i x i n g  occurs usually d u r i n g  spring through summer. Table 15 shows the 
resul t  of combining the SRI d a t a  base and,  using the parameters established 
t o  describe each regime, determining months when the stated conditions typically 
exis t .  In the case of limited mixing, i t  i s  apparent t h a t  SMUD conducted the 
tracer t e s t  d u r i n g  a period when one would not normally expect the occurrence 
of  limited mixing  conditions. Though the, tracer t e s t  methodology i s  always 
sub jec t  t o  concerns t h a t  the  r e s u l t s  mak n o t  r e a l l y  represent  worst-case 
impacts, testing dur ing  a season when a particular meteorological regime woul d 
not be expected t o  develop further confounded SMUD's attempts t o  establish 
worst-case impacts. This i s  where the SA1 Geysers Hybrid Model played an 
important  role i n  addressing the aforementioned concerns. 

Projected Impacts-- 

Based on the SblUDGEO #1 emission rate of eight l b s  H S per h o u r ,  SAI* deter- 
mined peak H S concentrations. Fumigat ion and 
nocturnal drafnage were not simulated by modeling because CEC s t a f f  expects 
impacts due t o  SMUDGEO under these two regimes t o  be significantly l e s s  than 
those d u r i n g  limited mixing  and downwash conditions ( the  peak observed concen- 
t r a t i o n s  under drainage and fumigation were significantly l e s s  t h a n  0.1 p p b ) .  

(Summarized i n  Tabfe 16.) 

Figures 23 t h r o u g h  26 i l l u s t r a t e  predicted impacts d u r i n g  1 imited conditions. 
The l ines on these figures, called "isopleths," indicate places where the 
ambient H S concentrat ion i s  equivalent .  Figures 23 and 25 present  the 
concentratfons which resulted when gas was released a t  1,150 f ee t  and a t  350 
fee t  above the ground, respectively. These heights represent the a1 t i tude t o  
which plumes could be expected t o  r ise:  the 1,150 f o o t  release should represent 
plume height under normal operating conditions while the 350 f ee t  release should 
simulate plume height d u r i n g  stacking. Figures 24 and 26 present the resul ts  
of simulating, w i t h  the Hybrid Model , plume motion and diffusion under tracer 
t e s t  conditions. 

The equivalent  worst-case H S impact observed d u r i n g  the t r a c e r  t e s t  was 
approximately one ppb** (Fi s i r e  25) .  T h i  s Val ue was observed approximately 

*T.W. Tesche e t  a l . ,  Assessment o f  the Sacramento Municipal Uti l i ty  Distr ic ts  
Proposed Geothermal Power P 1  ant--Vol ume 111. Final Worst-case Air Quality 
Analysis (SAI), October 3, 1980. 

**The Deak value i n  Figure 25 i s  .118, SMUDGEO #1 i s  limited t o  8 lbs H,S/hour, 
L -  so the predicted ambient H2S value i s  8 lbs H2S/hour X 0.118 equals 0.94 
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Sonoma County 0 0 0 0 4 5 12 t  8 13 10 0 0 
fumigat ion 

0 0 0 5 1 9 13 14 10 O t  0 

Lake County 1 1 2 13 14 1 7 t  15 19 13  7 4 t  9 

--.I 
-I 

03 L imi ted  Mix ing 0 
- v: 

downwash 

Sonoma County 2 t  3 3 3 5 4 3 1 1 2 3 7 
downwas h 

Nocturnal 5 1 1 l t  0 0 2 1 2 3 8 3 
drainage 

*Overlapping weather regimes cause some days t o  f a l l  i n t o  the  category o f  more than one weather pa t te rn  (e.g., 
fumigat ion and drainage). 

tMonths dur ing which SMUD t race r  t e s t s  were conducted. 

Tesche, T.W. and, G.E. Moore, “Assessment o f  The Sacramento Municipal U t i1  i ty D i s t r i c t ’ s  Proposed Geothermal 
Power P lan t  -- Volume 111”, Systems Appl icat ion,  Incorporated, June 15, 1980. 



TABLE 1 6  PEAK CONCENTRATIONS DUE TO SMUDGE0 #1 

Tracer 1984 Me teoro 1-ogi ca 1 
Condi t ion Receptor Areas Test S imulat ion Simulat ion 

Limi ted  M i  x i  ng Anderson Springs , 0.9 ppb 0 . 6  ppb 0.8 ppb* 
Whispering Pines, 
Co 1 1 ayomi Va 1 1 ey 

II Downwash 0!8 ppb 0.3 ppb -- 
Down wa s h Sonoma County 0.9 ppb 0.1 ppb -- 

(A1 exander Val 1 ey)  

*Impacts o n l y  under l i m i t e d  mix ing  cond i t ions  were s imulated f o r  1984 emissions a t  
The Geysers. 

0 

0 
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FIGURE 23 EQUIVALENT H2S ISOPLETHS FOR L I M I T E D  H I X I N G  -- 1150' TRACER RELEASE 
- 

Source: 8 A I  (1980) ( P P ~  H z S / l b )  
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FIGURE 24 

'EQUIVALENT H2S ISOPLETHS FOR LIMITED MIXING c - 7  11 50' MODEL SIMULATION ( p p t )  
Source: SA1 (1980) 



FIGURE 25 EQUIVALENT H2S ISOPLETHS FOR L I M I T E D  MIXING -- 350' TRACER RELEASE 

Source: SA1 (1980) (PPb H2S/ lb )  



NBRTH 

FIGURE 26 

EQUIVALENT H2S ISOPLETHS FOR LIMITED MIXING --- 350' MODEL SIMULATION ( p p t )  

Source: SA1 (1980) 
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two miles west o f  Anderson Springs. For simulating impacts a t  receptors  
i n  t h i  s area, i nvol ved parties assume t h a t  worst-case concentrations occurri  n y  
u p  t o  two miles from Anderson Springs represent worst-case impacts a t  sensitive 
r e c e p t o r s . y i n g  pertinent data describing the meteorology which occurred 
d u r i n g  the tracer t e s t  day,  the Hybrid Model simulated plume t r anspor t  and 
diffusion. The model predicted a peak concentration of approximately 0.6 
ppb a t  the same geographic location as 1 ppb was observed d u r i n g  the tracer 
t e s t .  

1 

The mountairfous or "complex" terrain a t  The Geysers makes i t  extremely d i f f i cu l t  
t o  simulate plume motion in the atmosphere. Complexity notwithstanding, com- 
paring the tracer t e s t  results w i t h  those of the modeling shows a promising 
degree of correlation. I n  fact ,  as discussed before, the tracer t e s t  approach 
includes the  ma jo r  uncertainty a s  t o  whether the gas was re leased d u r i n g  
"worst-case" weather conditions. Therefore, the reader should view resul ts  from 
b o t h  methodologies i n  terms of their  relative uncertainties. 

Hybrid Model simulations of other tracer'  t es t s  resulted i n  predicted peak 
concentrat ions t h a t  d i f f e r  from observed values by a f a c t o r  of 1 .5  t o  3. 
Applying this  t o  the peak value of 0.6 p p b ,  from Figure 26, resul ts  i n  a range 
of 0.9 ppb t o  1.8 ppb.  There i s  no way of te l l ing how f a r  off the tracer 
value of 0.94 ppb H S i s  from a worst-case impact. The fac t  t h a t  the tracer 
t e s t  was n o t  conduc&d d u r i n g  a m o n t h  when limited mixing c o n d i t i o n s  typically 
occur further confounds the issue. 

The range established, when accounting ' f o r  uncertainties in the modeling, 
also appears reasonable f o r  impacts expected f o r  a power p l a n t  located close t o  
the ridgecrest and emitting H2S a t  a comparatively low rate. 

Conclusions based on the tracer t e s t  and simulation indicate t h a t  SMUDGEO #1 
will  cont r ibu te  ambient H2S concentrat ions o f  no  g rea te r  t h a n  two ppb a t  
sensitive receptor areas. 

Predicted Impact-- 

To overcome the concern t h a t  the weather was n o t  suited f o r  worst-case impacts 
d u r i n g  tracer tes t s ,  a day was selected, from t h e  SRI data base, d u r i n g  which 
elevated H S readings occurred in receptor areas .  J u l y  28, 1976,  was 
selected, a6d pertinent data conditions were i n p u t  t o  the model. Figure 27 
i l lus t ra tes  the impacts predicted for emissions of eight lbs/hour of H2S from 
SMUDGEO #l. The peak value predicted i s  0.75 ppb H S. Applying the 1.5 t o  3 
factors yields a range of 1.1 p p b .  t o  2.2 ppb H2S--s?ightly higher than tracer 
t e s t  and simulation results. 

Considering the uncertainties involved w i t h  the approaches (establ ished tracer 
t e s t  methodology and state-of-the-art model ing) used i n  these analyses, a 
reasonable estimate of the worst-case impact from SMUDGEO #1 emissions i n  1984, 
under limited mixing conditions, will be no greater t h a n  approximately two ppb 
H2S a t  sensitive receptor areas. 

T h i s  contribution, i n  and of i t s e l f ,  will not constitute a violation o f  the 
s t a t e  ambient a i r  qua l i ty  standard for H2S. However, the background or 
"cumulative" concentration t o  which existing plants contribute must be added t o  
SMUDGEO's incremental impact t o  determine i f  there will be violations o f  the 
standard i n  populated areas when SMUDGEO #1 begins operation. 
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A I R  QUALITY 

CUF-IULATIVE EFFECTS 

Cl imate 

M o i s t  a i r  p lumes f rom a c o o l i n g  t o w e r  g e n e r a l l y  d i s p e r s e  r a p i d l y  i n  t h e  
atmosphere due t o  t h e i r  buoyancy, a i r  entrainment, and atmospheric turbulence. 
Beyond a r a d i u s  o f  about o n e - t h i r d  m i l e  (about one-hal f  k i l o m e t e r )  from a 
p a r t i c u l a r  c o o l i n g  tower s t r u c t u r e ,  t h e  combined c o n t r i b u t i o n  from a l l  opera t ing  
c o o l i n g  towers a f f e c t s  the  environment. 

I n  the  absence o f  an in tense i n v e r s i o n ,  t h e  cumulat ive c o n t r i b u t i o n  o f  water 
vapor t o  the atmosphere from a l l  power p l a n t s  p r e s e n t l y  opera t ing  i n  The Geysers 
KGRA would r e s u l t  i n  on ly  minor changes t o  @ e  a r e a ' s  c l imate .  

For the  annual average wind speed o f  15 m i l e s  per hour (SMUD meteoro log ica l  

k i l o m e t e r s )  from the opera t ing  u n i t s  a t  The Geysers i s  l e s s  than 0.1 gram o f  
water  vapor per cub ic  meter o f  a i r .  A t  t h e  c o l d e s t  temperatures expected i n  t h e  
area, sa tura ted  a i r  would c o n t a i n  a t  l e a s t  t h r e e  grams o f  water vapor per  cubic  
meter. T h i s  a d d i t i o n  o f  water vapor corresponds t o  a change o f  l e s s  than 1°F i n  
wet-bul b temperature readings. 

I s t a t i o n ) ,  t h e  c o n t r i b u t i o n  a t  downwinda is tances  o f  5 t o  10 m i l e s  . ( 8  t o  15 

Dur ing the  d r y  season o f  A p r i l  through October, t h e  c a p a c i t y  o f  t h e  a i r  f o r  
water vapor ranges from 6 t o  40 grams per  cub ic  meter, so the  a d d i t i o n  o f  
c o o l i n g  tower water vapor from a l l  u n i t s  d u r i n g  t h i s  p e r i o d  w i l l  n o t  change the 
wet-bulb temperature more than 0.5"F. During t h i s  d r y  season, the  area i s  
g e n e r a l l y  i n  o r  above t h e  i n v e r s i o n  so t h a t  the  r e l a t i v e  humid i ty  i s  low and t h e  
a d d i t i o n  of  c o o l i n g  tower water vapor causes an i n s i g n i f i c a n t  change (CEC S t a f f  
Analys is ,  1979). 

However, one concern expressed by members o f  t h e  s c i e n t i f i c  community i s  t h a t  
even minor changes i n  temperature and humid i ty  may impact s e n s i t i v e  p l a n t  
species and t h e i r  a b i l i t y  t o  s u r v i v e  (Nei lson,  1975a; Ecoview 19755; L e i t n e r ,  
1978). 

A i r  Qual  i ty 

Comparisons between the  t r a c e r  t e s t s  and 'the model s imu la t ions  focused on 
model c a p a b i l i t y  i n  p r e d i c t i n g  f u t u r e  incremental  a i r  qual i t y  e f f e c t s  from 
SMUDGEO #l. These r e s u l t s  i n d i c a t e  model p r e c i s i o n  and accuracy i n  p r e d i c t i n g  
H S concentrat ions,  e s p e c i a l l y  peak va lues a t  s e n s i t i v e  receptor  areas, due t 6  emissions from a s i n g l e - p o i n t  source. 

SMUDGEO #1 w i l l  begin opera t ion  i n  l a t e  1983, and it w i l l  be one o f  several  
u n i t s  opera t ing  a t  The Geysers KGRA a t  t h a t  t ime. Therefore,  i t  i s  necessary t o  
determine t h e  background a i r  q u a l i t y  ( t o  which SMUDGEO w i l l  be c o n t r i b u t i n g )  t o  
conclude what the  o v e r a l l  o r  cumulat ive r e s u l t  w i l l  be. As w i t h  t h e  incremental  
impacts s imu la t ion ,  t h e  cumulat ive e f f e c t s  p r e d i c t i o n  r e q u i r e s  some form o f  
e v a l u a t i o n  t o  e s t a b l i s h  c r e d i b i l i t y  and f o r  use as a " y a r d s t i c k " ,  i.e., how 
c l o s e l y  the  model s imulates observed r e a l  -wor ld  concentrat ions.  
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Mode Eva1 uat ion--  

To a c c o m p l i s h  t h i s ,  a day ( J u l y  28, 1976)  w a s  s e l e c t e d  d u r i n g  w h i c h  H2S 
s t a n d a r d  v i o l  a t i o n s  o c c u r r e d  a t  s e n s i t i v e  r e c e p t o r s .  The m e t e o r o l o g i c a l  
p a r a m e t e r s  f o r  t h a t  day were i n p u t  and t h e  model p r e d i c t e d  i m p a c t s  w h i c h  
should have been seen under those weather cond i t ions .  F igures  28 and 29 and 
Table 17 summarize the  H2S concent ra t ions  observed a t  several  l o c a t i o n s  d u r i n g  
J u l y  -28, 1976, and the corresponding concent ra t ions  p r e d i c t e d  by t h e  model. 

F o r  Geyser Rock ( S R I - 1 )  and Anderson R idge ( S R I - 2 )  s t a t i o n s ,  t h e  model 
g e n e r a l l y  underpred ic ts  w h i l e  a t  s e n s i t i v e  receptor  s i t e s  such as Whispering 
Pines (SRI-5),  Anderson Spr ings (SRI-61, and Sawmill F l a t  (SRI-71,  t h e r e  i s  
r e l a t i v e  agreement between p r e d i c t e d  and observed concentrat ions.  

To ta l  P r o j e c t e d  Impacts-- $ 

P r o j e c t i n g  ambient a i r  q u a l i t y  i n  1984 r e q u i r e d  t h e  i n p u t  i n f o r m a t i o n  f o r  
worst-case meteorology and the  expected emission r a t e s  f o r  u n i t s  operated by 
t h e  P a c i f i c  Gas and E l e c t r i c  Company (PGandE), t h e  Department of Water Resources 
( D i d R ) ,  Northern C a l i f o r n i a  P o w e r  A g n e c y  ( N C P A ) ,  and SMUD. 

From the  r e s u l t s  descr ibed i n  the  prev ious d iscuss ion  o f  p r o j e c t  impacts, 
maximum ground l e v e l  concent ra t ions  p r e d i c t e d  a t  one 1 o c a t i o n  a c t u a l l y  occur as 
f a r  away as approx imate ly  1.5 t o  2 k i l o m e t e r s  (0.9 t o  1.2 m i l e s ) .  Th is  degree 
o f  l a t i t u d e  should a l s o  apply t o  i n t e r p r e t i n g  the  r e s u l t s  o f  t h e  cumulat ive 
impacts p r e d i c t i o n .  

F igures  30 and 31 show t h e  p r e d i c t e d  worst-case background concent ra t ions  
expected i n  t h e  v i c i n i t y  o f  s e n s i t i v e  r e a c t o r s  a t  Anderson Spr ings d u r i n g  
the  s imulated worst-case day. The SA1 s i m u l a t i o n  shows approximately 24 ppb 
c o n t r i b u t e d  by t h e  NCPA-1 and PGandE u n i t s ,  w h i l e  approximately 0.1 ppb r e s u l t s  
f rom DWR emissions. When the  0.75 ppb value from F i g u r e  27 i s  added t o  t h i s  
background, t h e  t o t a l  concent ra t ion  i s  approximately 25 ppb o f  H S. It should 
be noted t h a t  emissions from proposed NCPA-2 (3.2 km southwes? o f  Anderson 
S p r i n g s )  were n o t  i n c l u d e d  i n  t h i s  p r e d i c t i o n .  NCPA-2 e m i s s i o n s  c o u l d  
reasonably be expected t o  c o n t r i b u t e  approximately as much as SMUDGEO #1 t o  
concent ra t ions  i n  Anderson Spr ings. 

The A i r  Resources Board, which s e t s  and enforces ambient a i r  qual i t y  standards, 
determined t h a t  ambient concent ra t ions  o f  H S which equal o r  exceed 25 ppb 
(0.025 ppm) c o n s t i t u t e  v i o l a t i o n s ,  ( A R B ,  %omas A u s t i n  l e t t e r  t o  M i c h a e l  
Tolmasoff dated A p r i l  2, 1980). 

The u n c e r t a i n t i e s  i n  the  p r e d i c t e d  background concent ra t ions  t o  which SMUDGEO 
emissions w i l l  add a l s o  bear  cons idera t ion ,  s ince  the  peak s imulated va lue i s  
so c l o s e  t o  the  25 ppb l e v e l .  Values f o r  several  o f  t h e  parameters f o r  the  
model sirnul a t i o n  were i n t e n t i o n a l l y  i n p u t  a t  the  most extreme o r  conserva t ive  
end so t h a t  t h e  model would tend t o  o v e r p r e d i c t  r a t h e r  than underpredic t .  
The p r e d i c t e d  cumulat ive concent ra t ion  i s  so c lose  t o  the  v i o l a t i o n  l e v e l  t h a t ,  
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TABLE 17 PEAK PREDICTED AND OBSERVED H2S CONCENTRATIONS FOR SEVEN STATIONS 

Maximum Hourly 
Equivalent H2S Concentration 

( P P t  1 
S ta t i on  Predicted - Hour Observed Hour 

Geyser Rock 68 0800 114 1000 

Anderson Ridge 79 0900 111 1000 

Kahn Ranch 3 1000 43 1200 

Pine Summit 20 0700 33 1100 

Whispering Pines 33 0800 31 0800 

Anderson Springs 45 1000 36 1900 

Sawmill F l a t  48 0700 55 1300 

Rat io  of Predicted 
t o  Observed 

Maxi mum Concentrations 

0.60 

0.71 

0.07 

0.61 

1.06 

-. ..z-.- 

1.25 

0.87 

Source: SA1 (1980) 
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g iven the u n c e r t a i n t i e s  o f  the accuracy and p r e c i s i o n  o f  t h e  model r e s u l t s ,  i t  
appears p o s s i b l e  t h a t  v i o l a t i o n s  w i l l  occur a f t e r  SMUDGEO's s ta r t -up .  The b u l k  
o f  t h i s  p r e d i c t e d  cumulat ive c o n c e n t r a t i o n  i s ,  o f  course, the 24 ppb background 
value. Therefore,  SMUDGEO w i l l  n o t  i n d i v i d u a l l y  cause a v i o l a t i o n  o f  the  
H S ambient a i r  q u a l i t y  standard, b u t  i t  i s  l i k e l y  t h a t  the cumulat ive e f f e c t  
w f l l  be considerable,  i.e., t h e  e f f e c t s  o f  s i t i n g  SMUDGEO #1 a r e  s i g n i f i c a n t  
when examined i n  connect ion w i t h  e x i s t i n g  power p l a n t  emissions and those o f  
proposed p l  ants.  

M i  ti g a t i  on Measures 

The obvious method of lessening the e leva ted  H2S concent ra t ions  i s  t o  reduce 
e x i s t i n g  power p l a n t  e m i s s i o n s .  The A i r  Resources B o a r d  d e t e r m i n e d  t h a t  
Bes t  A v a i l  ab1 e Contro l  Techno1 ogy (BACT can 1 i m i  t geothermal p l  a n t  emissions t o  
f i v e  l b s  H2S/hour. ( T h i s  r e p r e s e n t s  a t h r e e  l b s  H2S/hr r e d u c t i o n  f r o m  
SPIUDGEO's c u r r e n t l y  proposed e i g h t  l b s  H S/hr  emission rate. )  F o r  a t y p i c a l  
55 MW p l a n t ,  t h e  5 lbs/hour  r a t e  conv&ts t o  approximately 38 grams/gross 
megawatt lhour (g/GMW-hr) compared t o  the NSCAPCD Rul e 455 ( b )  1 i m i  t expected, by 
1985, t o  be 50 g/GMW-hr feor new p l a n t s .  It i s  c u r r e n t l y  200 g/GMW-hr f o r  
e x i s t i n g  p l a n t s .  

In comparison, e m i s s i o n s  from e x i s t i n g  p l a n t s  range from approximately 2,180 
g/GMWh from the o l d e s t  p l a n t  down to about 36 g/GMWh f o r  t h e  newest opera t ing  
p l a n t - - t h i s  does n o t  inc lude,  o f  course, t h e  35 l b s  H S/hr  e m i t t e d  f rom the  
" W i  1 d We1 1 .I' A fundamental approach t o  reducing e x f s t i  ng emissions coul  d 
i n c l u d e  one o r  a l l  o f  t h e  f o l l o w i n g :  

(i) Acce lera te  t h e  r e t r o f i t  schedule f o r  the  e x i s t i n g  p l a n t s  ( t h e y  a r e  n o t  
e x p e c t e d  t o  be i n  c o m p l i a n c e  w i t h  t h e  200 g/GMWh r e q u i r e m e n t  u n t i l  
1984-86 1; and/or 

( i i )  Contro l  the  H S emissions from the "Wi ld  Wel l"  ( s t a f f  i s  n o t  aware o f  any 
proposed p l a n g  t o  c o n t r o l  i t s  emissions);  and/or 

( i i i )  D i v e r t  steam from the l e a s t  c l e a n  p l a n t s  and/or those p l a n t s  which degrade 
t h e  a i r  q u a l i t y  most s i g n i f i c a n t l y  and use t h i s  r e r o u t e d  steam t o  generate 
e l e c t r i c i t y  a t  newer o r  r e t r o f i t t e d  c leaner  power p lan ts .  The u n i t s  whose 
steam had been d i v e r t e d  c o u l d  then be shut  down. 

These op t ions  a r e  presented n o t  as t h e  on ly  a l t e r n a t i v e s  f o r  reducing t h e  I 

l i k e l i h o o d  o f  H S v i o l a t i o n s  a t  The Geysers  b u t  r a t h e r  t o  i l l u s t r a t e  t h e  
p o s s i b i l i t i e s .  #I so, i n v e s t i g a t i n g  any o f  these o r  o t h e r  avenues would neces- 
s a r i l y  r e q u i r e  t e c h n i c a l  and economic f e a s i b i l  i t y  s tud ies .  However, u n t i l  such 
s t u d i e s  a r e  r e q u i r e d  and conducted, reduc t ions  o f  H2S emissions cannot be 
expected by the  t ime SMUDGEO #1 begins operat ion,  w h i l e  newer proposed p l a n t s  
w i l l  be r e q u i r e d  t o  c o n t r o l  H S emissions t o  extremely low l e v e l s - - w i t h o u t  
any apparent 1 i k e l  i hood o f  a f f e c t i n g  e x i  s t i  ng a i  r qual i ty  problems a t  The 
Geysers . 
Determinat ion o f  Compl iance-- 

Given t h e  maximum 1984 background H S concent ra t ion  a t  receptor  areas and the  
incremental  impact expected from d4UDGEO #1, the l a s t  s tep  i n  determin ing 
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conipliance w i t h  a i r  q u a l i t y  standards i s  t o  add the  worst-case impacts p r e d i c t e d  
from these analyses. 

As descr ibed i n  the  prev ious sect ion,  the  p r e d i c t e d  worst-case background 
i s  approximately 24 ppb and i s  p r o j e c t e d  t o  occur i n  the  Anderson Spr ings area. 
The incremental  concent ra t ion  expected from SMUDGEO i s  l e s s  than two ppb i n  t h e  
same v i c i n i t y .  Therefore, the  analyses i n d i c a t e  t h a t ,  g iven  t h e  u n c e r t a i n t i e s ,  
a v i o l a t i o n  t o  the H S ambient a i r  q u a l i t y  standard o f  0.03 ppm may occur i n  
s e n s i t i v e  receptor  ar$as. The Nor thern Sonoma County APCO i ssued a Condi ti onal 
Determinat ion o f  Compliance which r e q u i r e s  t h a t  SMUDGEO $1 meet t h e  5 l b s / h r  
BACT emi s s i  on r a t e  unless ambient moni t o r i  ng , d u r i  ng 1981-83, i n d i c a t e s  t h a t  
concent ra t ions  are  below 21 ppb H2S. Lower concent ra t ions  w i l l  a l l o w  SMUD t o  
increase up t o  e i g h t  l b s / h r .  

Data c o l l e c t e d  regard ing  ambient t o t a l  suspended p a r t i c u l a t e s  (TSP)  i n d i c a t e  
no h i s t o r i c a l  occurrences o f  p a r t i c u l  a t e  standard v i o l  a t i o n s  a t  s e n s i t i v e  
receptors .  SMUDGEO tl, as proposed, i s  no! a major source o f  TSP and i s  l i k e l y  
t o  n e i t h e r  c o n t r i b u t e  t o  nor  cause a v i o l a t i o n  o f  the  standard. 

Assuming the  TSP i s  t ranspor ted  t o  the  same receptor  areas a s  were p r o j e c t e d  
f o r  H2S emissions and assuming TSP impacts a r e  p r o p o r t i o n a l  t o  t h e i r  emission 
ra te ,  an approximat ion o f  the expected ambient concent ra t ion  i s  c a l c u l a t e d  
be l  ow. 

8 l b s  H2S/hr = 1 ppb am$ient concent ra t ion  

3.4 l b s  TSP/hr = 42% H S gmbient concent ra t ion  
= 1.4 ug/m ambient concent ra t ion  

= 0.6 u&m ambient concent ra t ion  

I n  c o n t r a s t  t o  the 100 ug/m3 (24-hour average) ambient a i r  qua 
f o r  TSP, t h e  impact from SMUDGEO #1 appears i n s i g n i f i c a n t .  

i t y  standard 

Compliance Dur ing  Abnormal Condi t ions--  

Ana lys is  o f  p r o j e c t  impacts must cons ider  both a n t i c i p a t e d  emissions d u r i n g  
r e g u l a r  opera t ion  ( e i g h t  l b s  H S/hr emission r a t e )  and dur ing  abnormal con- 
d i t i o n s .  A geothermal power p l g n t  p e r i o d i c a l l y  ceases operat ions due t o  e i t h e r  
scheduled r o u t i n e  maintenance or Decause o f  an unscheduled fo rced shutdown. 
When t h i s  occurs a t  most power p l a n t s  a t  The Geysers, t h e  steam supply i s  
vented d i r e c t l y  t o  the  atmosphere ( w i t h o u t  any abatement) i n  a mode r e f e r r e d  t o  
as "s tack ing."  SMUDGEO #l would emi t ,  d u r i n g  stacking, approximately 79 l b s  
H2S/hr w i t h o u t  abatement (80 ppn dzS x 983,000 l b s  stearnlhr = 79 l b s  H2S/hr). 

The r e s u l t s  o f  modeling and t r a c e r  analyses i n d i c a t e  t h a t  SiiUDGEO #1 emissions 
w i l l  cause no grea ter  than 2 ppb H S concent ra t ion  c o n t r i b u t i o n - a t  Anderson 
Spr ings d u r i n g  normal operat ion.  6 u r i n g  s tack ing,  t h i s  c o n t r i b u t i o n  would 
increase approximately 10 t imes ( 7 9  l b s / 8  l b s  = 9.9). Whi le t h i s  does n o t  
c o n s t i t u t e  a v i o l a t i o n ,  i f  s tack ing  occurred d u r i n g  t h e  worst-case c o n d i t i o n s  
when 1984 background H S c o n c e n t r a t i o n s  a r e  a p p r o x i m a t e l y  24 ppb, t h e  
combinat ion o f  these conc$nt ra t ions  would exceed t h e  s t a t e  ambient a i r  qual t i y  
standard o f  0.03 ppm (30 ppb). 
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0 Northern Sonoma County APCD Rule 230 (New Source Review) s t a t e s  t h a t  a new 
source cannot be permi t ted  i f  i t s  c o n t r i b u t i o n  r e s u l t s  i n  a v i o l a t i o n  o f  an 
ambient a i  r qual i t y  standard.  

M i  t i g a t i o n  Measures-- 

F o r  abnormal o p e r a t i n g  c o n d i t i o n s ,  SMUD and A m i n o i l  s h o u l d  e x e r c i s e  t h e  
f o l l o w i n g  measures: 

o SMUD w i l l  use a mechanism f o r  bypassing steam around the t u r b i n e  t o  t h e  
condenser which w i l l  be designed t o  r o u t e  steam t o  the  r e g u l a r  abatement 
systems ( S t r e t f o r d  u n i t  and condensate t reatment)  d u r i n g  s t a r t - u p  and 
shutdown. 

o The t u r b i n e  bypass mechanism w i l l  r o u t e  f u l l  steam f l o w  t o  t h e  condenser 
d u r i n g  t u r b i n e - g e n e r a t o r  shutdown. I f  t h e  c o r r e c t i v e  a c t i o n s  c a n  be 
completed w i t h i n  96 hours o f  t h e  t r i p &  Aminoi l  w i l l  reduce steam f l o w  t o  
35 percent  of normal. I f  a l o n g e r  outage i s  expected, then each w e l l  f l o w  
w i l l  be reduced t o  a small  b leed f low.  H2S abatement w i l l  con t inue t o  
operate i n  t h i s  bypass mode. 

o The proposed p l a n t  w i l l  use 100 percent  backup systems f o r  most c r i t i c a l  
components ( i n c l u d i n g  condensate pumps, a i r  compressors, and c o o l e r s )  and, 
where economical ly f e a s i b l e ,  SMUD w i l l  p rov ide  components w i t h  spare p a r t s  
i n s t a l l e d  (SMUDGEO #1 AFC, page 7-1) .  

Prevent ion o f  S i g n i f i c a n t  D e t e r i o r a t i o n  (PSD)-- 

The federa l  Clean A i r  A c t  Amendments o f  1977 prevent  s i g n i f i c a n t  d e t e r i o r a t i o n  
o f  t h e  e x i s t i n g  a i r  q u a l i t y  i n  those p laces where t h e  a i r  q u a l i t y  i s  p r e s e n t l y  
b e t t e r  than the  Nat ional  Ambient A i r  Q u a l i t y  Standards. Areas a r e  ca tegor ized  
i n t o  one o f  t h r e e  classes: Class I areas p e r m i t  p r a c t i c a l l y  no d e t e r i o r a t i o n  
and l i m i t  t h e  s i t i n g  o f  new sources g r e a t l y ;  Class I 1  areas a l l o w  a moderate 
amount o f  d e t e r i o r a t i o n ;  and Class I11 areas can accept g rea ter ,  b u t  def ined,  
amounts o f  d e t e r i o r a t i o n .  I n  any event,  Class I, 11, o r  I11 areas do n o t  a l l o w  
new source impacts t o  such a degree as t o  exceed the Nat iona l  Ambient A i r  
Qual i ty Standards. 

The proposed p r o j e c t  i s  l o c a t e d  i n  an area p r e s e n t l y  designated as Class 11. 
A l l  assessed impact areas a r e  a l s o  c l a s s i f i e d  as Class 11. The neares t  Class I 
area i s  approximately 50 m i l e s  n o r t h  o f  t h e  proposed p r o j e c t  s i t e .  A r e c e n t  EPA 
l e t t e r  t o  SMUD dated November 26, 1980, would i n d i c a t e  t h a t  the SMUDGEO #1 
f a c i l i t y  would acqui re a PSD p e r m i t  f o r  H,S. 

Under PSD r e g u l  a t i o n s ,  t h e  maximum p e r m i s s i b l  e3 d e t e r i o r a t i o n   in a m b i e n t  
p a r t i c u l a t e  l e v e l s  i n  a Class I 1  area i s  37 ug/m (24-hour averaging t i m e ) .  
Assuming the est imated p a r t i c u l a t e  emission r a t e  o f  approximately 3.4 l b s / h r ,  
t h e  maxi3um impacts from the p r o j e c t  on ambient TSP w i l l  be on t h e  o r d e r  o f  
0.6 ug/m (averaged over  one hour)  a t  s e n s i t i v e  receptor  areas. This  impact 
would be even l e s s  i f  averaged over  2 4  hours, as s p e c i f i e d  by t h e  PSD Class I 1  
a1 lowabl e d e t e r i o r a t i o n  increment. Consequently, the  impact o f  the  proposed 
SMUDGEO #1 f a c i l i t y  would be f a r  below t h e  a l lowab le  Class I 1  increment,  and 
t h e  f a c i l i t y  would be too f a r  from the nearest  Class I area t o  cause any 
s i g n i f i c a n t  a i r  qual i t y  d e t e r i o r a t i o n .  
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P S D  regul a t ions  a1 so require  t h e  a p p l  i c a t i o n  o f  bes t  a v a i l  ab1  e c o n t r o l  
technology ( B A C T )  t o  sources o f  any regulated pollutants. Although H S i s  n o t  
directly regulated by PSD regul ations, H2S i s a federal l y  regul ated $01 1 u t a n t  
i n  some circumstances. Consequently, EPA requires  BACT f o r  H2S a t  t h i s  
f ac i l i t y .  Since the federal definition o f  BACT i s  similar to  reasonably 
available ( s t a t e  o f  the a r t )  control technology," and less  stringent t h a n  
s ta te  BACT requirements, the CEC s taff  expects the use o f  Stretford abatement 
supplemented by secondary condensate treatment t o  sat isfy the federal BACT 
requi rement. 

I 
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HEALTH AND SAFETY 

PUBLIC HEALTH SETTING 

Two aspects o f  t he  e x i s t i n g  environmental s e t t i n g  o f  the  proposed f a c i l i t y  
r e l a t e  t o  p o t e n t i a l  impacts on p u b l i c  heal th:  e x i s t i n g  l e v e l s  o f  p o l l u t a n t s  i n  
the  environment and the human populat ion which cou ld  experience adverse hea l th  
e f f e c t s  . 
E x i s t i n s  P o l l u t a n t  Levels  

The e x i s t i n g  ambient a i r  concentrat ions o f  hydrogen sul  f i de ,  t o t a l  suspended 
pa r t i cu la tes ,  s u l f u r  d ioxide, and s u l f a t e s  i n  the  v i c i n i t y  o f  the p r o j e c t  s i t e  
a r e  d i s c u s s e d  i n  t h e  A i r  Resources S e t t i n g .  R e f e r  t o  Appendix B f o r  a 
d iscuss ion o f  t he  e f f e c t s  o f  these p o l l u t a n t s  on human heal th.  

Ambient a i r  concentrat ions o r  steam concentrat ions o f  asbestos have n o t  been 
measured i n  The Geysers KGRA (Robertson, " 1980; Weslowski , 1980; CEC, 1980a). 
The con tac t  o f  asbestos-contai n i  ng serpent ine rock fo rmat i  ons w i  t h  the  geo- 
thermal steam r e s e r v o i r  o r  steam we l l  appears t o  be minimal due t o  the we l l  
cas ing i n  the upper l e v e l s  where serpent ine i s  found. E x i s t i n g  asbestos l e v e l s  
i n  tfre ambient a i r  o f  The Geysers KGRA a re  probably t o o  low t o  present a s ig -  
n i f i c a n t  h e a l t h  hazard, due t o  t y p i c a l l y  low l e v e l s  ( roughly  1 percent)  o f  
asbestos i n  serpent ine rock o f  C a l i f o r n i a ;  however, a mapping study i s  c u r r e n t l y  
under way t o  character ize the geologic  format ions o f  The Geysers KGRA (Ross, 
1980). CEC s t a f f  and LCAPCD are c u r r e n t l y  developing programs t o  quan t i f y  any 
asbestos emissions and resul  t a n t  ambient concentrat ions produced by geothermal 
power p l  ants . 
Ambient a i r  concentrat ions o f  radon-222, mercury, arsenic,  ammonia, boron, 
s i 1  i ca ,  benzene, and anthraquinone d i su l  f on i c  a c i d  have n o t  been recen t l y  
measured i n  the immediate v i c i n i t y  o f  the p r o j e c t  o r  i n  areas which cou ld  be 
impacted by the  p lan t .  However, these measurements and measurements i n  r u r a l  
areas elsewhere i n  the country  may suggest concentrat ions t o  be expected i n  
The Geysers KGRA ( see Impacts). The f o l l  owing paragraphs summarize a v a i l  ab1 e 
moni t o r i  ng resul  t s  from The Geysers KGRA. 

Radon-222 (222Rn) i n  t h e  atmosphere a t  The Geysers KGRA was measured by 
Lawrence Livermore Laboratory f o r  PGandE dur ing  1975-77 when 11 geothermal pyyer  
p l a n t  u n i t s  were operat ional  (Anspaugh, 1978). The h ighes t  recorded Rn 
concentrat ions i n  a i r  were 0.5 picoCuries* per l i t e r  ( p C i / l )  a t  Un i t s  1 and 2 
and 1.4 p C i / l  a t  t he  S R I  S t a t i o n  7 ( S a y $ h l  F l a t ) .  These peak values are below 
the  C a l i f o r n i a  emission l i m i t a t i o n  f o r  Rn o f  3 pC i / l  (annual average) above 
background i n  uncont ro l led  areas. 

Ambient a i r  concentrat ions o f  mercury have n o t  been monitored i n  populated areas 
near The Geysers XGRA. Two s tud ies  on mercury concentrat ions i n  ambient a i r  
i n  nonpopul ated areas w j t h i n  The Geysers GRA r e p o r t  concentrat ions ranging from 
l e s s  t h a n  0.001 m t o  0.018 u g h  (Rober tson,  1 9 7 7 1 ,  and f rom 0.005 
ug/m3 t o  0.400 ug/m Mercury mining was very common i n  the  
area a t  one time; thus, abandoned mercury mines and t a i l i n g s  may con t r i bu te  
s i g n i f i c a n t  amounts o f  mercury t o  ambient a i r  l eve l s .  

3K Y (Jepsen, 1973). 

- 
*p icocur ie  = 10 " cur ie .  A c u r i e  i s  a u n i t  o f  r a d i o a c t i v i t y .  
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Other environmental sources o f  mercury i n c l u d e  d r i n k i n g  w a t e r  and food. D a t a  on 
e x i s t i n g  w a t e r  concent ra t ions  o f  mercury a r e  minimal.  S i n g l e  samples o f  sur face  
waters i n  the  v i c i n i t y  o f  Anderson Spr ings i n  October 1976 y i e l d e d  l e v e l s  
below 1 mg/l (PGandE, 1977). The c r i t e r i a  es tab l i shed by t h e  Un i ted  Sta tes  
Environmental P r o t e c t i o n  Agency f o r  d r i n k i n g  water  i s  0.05 u g / l  (€PA,  1976). 

High concent ra t ions  o f  mercury have been measured i n  f i s h  a t  Clear  Lake, n o t  f a r  
from The Geysers KGRA (Week, 1978). Although the  mercury c o n t e n t  i n  most f i s h  
t e s t e d  was below t h e  recommended safe l e v e l  o f  1 .O ppm i n  e d i b l e  f i s h ,  a small  
number o f  t h e  f i s h  sampled exceeded t h i s  value. CEC s t a f f  b e l i e v e s  such h i g h  
l e v e l s  a r e  caused by sources o t h e r  than mercury emissions from geothermal power 
p l a n t s  a t  The Geysers KGRA, y e t  by i n f e r e n c e  r e s i d e n t s  o f  t h i s  area may c a r r y  a 
s i g n i f i c a n t  burden o f  body mercury a l ready  and any a d d i t i o n  t o  the environment 
woul d increase t h i s  burden. 

I 

PGandE r e p o r t s  t h a t  ambient a i r  arsenic  concent ra t ions  a t  U n i t  11 i n  1977 
r a n g e  f r o m  l e s s  t h a n  0.010 ug/m3 t o  0.0@4 ug/m3 (PGandE, 1979) .  Ambien t  
concent ra t ions  of boron i n  the  atmosphere have n o t  been measured a t  t h i s  t ime. 

There has been re1 a t i v e l y  1 i ttl e m o n i t o r i n g  o f  ambient a i r  concent ra t ions  o f  
ammonia a t  The Geysers KGRA. P e r i o d i c  m o n i t o r i n g  d u r i n g  1976 and 1977 a t  a 
number o f  l o c a t i o n s  i n  The Geysers KGRA r e p o r t e d  one hour average ammonia 
concent ra t ions  rang ing  from 0 t o  0.263 p a r t s  p e r  m i l l i o n  (ppm) (DWR, 1978). 

E x i s t i n g  Human P o p u l a t i o n  i n  t h e  V i c i n i t y  o f  t h e  Proposed S i t e  

PGandE r e p o r t s  t h a t  i n  January 1977, 3,737 r e s i d e n t s  l i v e d  w i t h i n  10 m i l e s  o f  
Cobb Mountain, as shown i n  Table 18 (PGandE, 1978b). Th is  f i g u r e  inc ludes  
r e s i d e n t s  o f  communities near t h e  p r o j e c t  s i t e ,  b u t  i t  does n o t  i n c l u d e  seasonal 
r e s i d e n t s  i n  the  area t h a t  may cause the p o p u l a t i o n  t o  t r i p l e  d u r i n g  summer 
months (Ecoview , 1978). The approximate age d i s t r i b u t i o n  f o r  these peopl e i s 
g iven i n  Table 18. Human r e c e p t o r  s i t e s  neares t  t h e  proposed s i t e  a r e  discussed 
i n  t h e  Noise and Land Use S e t t i n g  sect ions.  

From data prov ided i n  Table 18, CEC s t a f f  i n f e r s  t h a t  approximately 22 percent  
of the  p o p u l a t i o n  i n  t h a t  area cou ld  be c l a s s i f i e d  as s e n s i t i v e  t o  p o l l u t a n t s  
due t o  age (e.g., the  very young and the  e l d e r l y ) .  I n  a d d i t i o n ,  t h e  percentage 
of p o l l u t a n t - s e n s i t i v e  persons tends t o  increase from l a t e  s p r i n g  t o  e a r l y  f a l l  
(LCAPCD, 1980 1. 

No r e p o r t e d  s t u d i e s  descr ibe  e x i s t i n g  s t a t u s  o f  p u b l i c  h e a l t h  i n  the v i c i n i t y  o f  
The Geysers, and no r e p o r t e d  cases o f  adverse p u b l i c  h e a l t h  e f f e c t s  c l e a r l y  
a t t r i b u t e  the  cause t o  p o l l u t a n t s  f rom The Geysers power p lan ts ,  a l though some 
r e s i d e n t s  o f  Lake County have repor ted  h e a l t h  e f f e c t s  which they a t t r i b u t e  
t o  the emissions from geothermal operat ions (Grew, 1978; M a d i l l ;  1978; and 
Schaaf, 1978). A survey o f  142 Cobb V a l l e y  r e s i d e n t s  repor ted  t h a t  72 p e r c e n t  
o f  the  respondents disagreed t h a t  geothermal development would have no odor 
impacts ( V o l l  i n t i  ne and Weres, 1976). 
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Age Group* 

0- 5 

6-17 

18-34 

35-64 

65+ 

Total Population 

Total Area 

Population 
density 
(persons/mi ) 

TABLE 18 

POPULATION D I S T R I B U T I O N  I N  THE GEYSERS KGFU 

Area 

Within 7 Miles 
of U n i t s  5 & 6 

182 
(10.5%) 

439 
( 25.3% 

33 5 
(19.3%) 

586 
(33.8% 1 

194 
( 11.2% ) 

* January 1977 ages 

1,735 

154 m i 2  

11.3 

Within 10 Miles 
of Cobb Mountain 

Within 30 Miles 
of Units 5 & 6 

3 22 
( 8.6%) 

888 
(23.8%) 

7 
t 685 

(18.3%) 

1,321 
(35.3% 1 

521 
(13.9%) 

3,737 

314 mi2 

11.9 

14,487 
( 8.8%) 

36,342 
(22.1%) 

34,715 
(21.1%) 

53 , 999 
(32.8%) 

25,188 
(15.3%) 

164,731 

2,827 m i 2  

58.3 

Source: PGandE, 1978h 
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HEALTH AblD SAFETY 

PUBLIC HEALTH IFIPACTS 

INTRODUCTION 

The p o t e n t i a l  f o r  p u b l i c  h e a l t h  impacts from the p r o j e c t  depends on the ambient 
a i r  c o n c e n t r a t i o n s  of p o l l u t a n t s  t o  wh ich  the populat ion would be exposed, 
d u r a t i o n  of exposure,  ana t o x i c i t y  o f -  the p o l l u t a n t s  (see Appendix B ) .  These 
ambient a i  r c o n c e n t r a t i o n s  c o n s i s t  of e x i s t i n g  o r  background 1 eve1 s p l u s  the 
increment added by the proposed p r o j e c t .  The p r o j e c t  w i l l  emit and i n c r e a s e  
e x i s t i n g  c o n c e n t r a t i o n s  of hydrogen sulf ide,  radon-222, ammonia, t o t a l  sus- 
pended p a r t i c u l a t e s ,  mercury, a r s e n i c ,  boron, anthraquinone d i s u l f o n i c  a c i d ,  and 
vanadium. In a d d i t i o n ,  p r o j e c t  emissions may i n c r e a s e  l e v e l s  of s u l f u r  d i o x i d e ,  
s u l f a t e s ,  s i l i c a ,  and benzene. 

The p u b l i c  h e a l t h  a n a l y s e s  and conclus ions  .contained i n  this document a r e  based 
on the a i r  q u a l i t y  a n a l y s e s  conducted by SMUD and CEC s t a f f ,  SMUD's responses  t o  
d a t a  requests from CEC s t a f f ,  and independent  C E C  s t a f f  a n a l y s i s .  Table  19 
l i s t s  atilbient a i r  q u a l i t y  s t a n d a r d s  f o r  r e g u l a t e d  p o l l u t a n t s ,  and Table 20 l i s t s  
va lues  f o r  assessing p o t e n t i a l  p u b l i c  h e a l t h  impacts from nonregulated pol- 
l u t a n t s  i n  ambient a i r .  

7 

Standards f o r  both occupat ional  exposure and ambient a i r  q u a l i t y  e x i s t  f o r  
c e r t a i n  geothermal contaminants .  Occupational s t a n d a r d s  a r e  in t ended  t o  p r o t e c t  
g e n e r a l l y  h e a l t h y  workers exposed t o  c e r t a i n  p o l l u t a n t s  f o r  l imi t ed  time per iods  
(e .  g .  , work hours )  , o f t e n  under c o n t r o l  1 ed c o n d i t i o n s .  Ambient a i  r qual i t y  
s t a n d a r d s  a r e  g e n e r a l l y  in t ended  t o  p r o t e c t  a more diverse popula t ion  c o n t a i n i n g  
p o t e n t i a l l y  sensitive i n d i v i d u a l s  (e .g . ,  the very young, the e l d e r l y ,  the 
a c u t e l y  o r  c h r o n i c a l l y  i l l ,  e t c . )  f rom l o n g e r  term e x p o s u r e .  Both t y p e s  
of s t a n d a r d s  a r e  based on concern f o r  human h e a l t h ,  b u t  they o f t e n  provide 
d i f f e r e n t  l e v e l s  of p r o t e c t i o n .  A n  a p p r o p r i a t e  ambient a i r  q u a l i t y  s t a n d a r d  f o r  
a given p o l l u t a n t  may be s e v e r a l  o r d e r s  o f  magnitude lower (more r e s t r i c t i v e )  
than an occupat ional  exposure s t a n d a r d  f o r  the same p o l l u t a n t .  

Since C a l i f o r n i a  Ambient Air Qual i ty  S tandards  (CAAQS)  a r e  based a t  l e a s t  it1 
p a r t  on p u o l i c  h e a l t h  p r o t e c t i o n ,  CEC s t a f f  b e l i e v e s  t h a t  compliance w i t h  the 
s t a n d a r d s  should r e s u l t  i n  adequate  p r o t e c t i o n  of  p u b l i c  h e a l t h .  The absence o f  
an  a m b i e n t  a i r  s t a n d a r d  t o  p r o t e c t  p u b l i c  h e a l t h  f rom a g i v e n  p o l l u t a n t ,  
however, does not  n e c e s s a r i l y  mean t h a t  the p o l l u t a n t  poses no t h r e a t  t o  human 
h e a l t h .  Rather ,  such absence may ref lect  a lack  of s u f f i c i e n t l y  r e l i a b l e  d a t a  
upon which t o  base a l e g a l  s t a n d a r d ,  o r  the c o n s i d e r a b l e  time r e q u i r e d  f o r  the 
rule-making procedures  t o  e s t a b l i s h  s t a n d a r d s  r a t h e r  than a lack  of  need o r  
concern.  For example, there i s  no adopted ambient a i r  q u a l i t y  s t a n d a r d  f o r  
a rsen ic- -ye t  a r s e n i c  and c e r t a i n  a r s e n i c  compounds a r e  known t o x i c a n t s  and 
suspected carcinogens.  

The 1977 Antendments t o  the Clean Air Act direct  the U.S. Environmental Pro- 
t e c t i o n  Agency ( E P A )  t o  determine the h e a l t h  risk posed by c e r t a i n  nonregulated 
p o l l u t a n t s  inc luding  a r s e n i c ;  and i f  a p o t e n t i a l  danger t o  p u b l i c  h e a l t h  exists,  
e s t a b l i s h  c r i t e r i a  and r e g u l a t i o n s  f o r  their  c o n t r o l .  To d a t e ,  the EPA has 
n o t  adopted r e g u l a t i o n s  o r  s t a n d a r a s  f o r  any p o t e n t i a l l y  harmful power p l a n t  e 
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Table 19 

AMBIENT A I R  QUALITY STANDARDS 

Primary 
Po 11 u t  a n t  Averaging T i m e  C a l i f o r n i a  Standard 

Carbon Monoxide 1 2  hours  10 ppm(l1 mg/m3) 

8 hours  - 
1 hour 40 ppm(46 mg/m3) 

Hydrogen S u l f i d e  1 hour  0 .03  ppm(4 mg/m3) 

Non-Methane 3 hours  
Hydrocarbons 

Lead 30 day 1.5 ug/m3 

Nitrogen Dioxide Annual Average - 

1 hour 0.25 ppm(2.47 mg/m3) 

Oxidant (Ozone) 1 hour  0.10 ppm(0.20 mg/m3) 

S u l f u r  Dioxide Annual Average - 

24 hours  0 .05 ppm(l31 ug/m3)* 

1 hour  0.5 ppm(1310 ug/m3> 

S u l f a t e s  24 hours  25 ug/m3 

Suspended P a r t i c u -  Annual Geo- 60 ug/m3 
l a t e  Matter metric Mean 

24 hours  100 ug/m3 

Radon-222 Annual Average 3 pCil l** *** 

Federa l  Standard 

160 ug/m3 (0.240 ppm) 

- 

100 ug/m3 (0.0500 ppm) 

- 

240 ug/m3 (0.120 ppm) 

80 ug/m3 (0.03 ppm) 

365 ug/m3 

- 

3 75 ug/m 

160 ug/m3 

3 pCi/l** *** 
1 p C i / l  **** 

* When s t a n d a r d s  f o r  t o t a l  suspended p a r t i c u l a t e s  o f  ox idant  are b e i n g  
exceeded. 

**, Above n a t u r a l  background, a t  p o i n t  of release t o  t h e  environment, i n  
u n c o n t r o l l e d  areas. 

**J: Secondary s t a n d a r d s  f o r  radon-222 i t s e l f .  
**** The same c o n d i t i o n s  a s  t h e  o t h e r  radon s t a n d a r d s ,  bu t  radon-222 i n  

combination w i t h  i t s  s h o r t  l i v e d  daughters  i s  considered.  0 
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0 emissions. In the i n te r im ,  the  CEC should be concerned about emissions f r o m  
geothermal power p lan ts  such as arsenic and o ther  nonregulated po l l u tan ts ,  which 
are genera l ly  known t o  be o r  suspected o f  being harmful t o  human heal th .  

For those p o l l u t a n t s  which are  n o t  subject  t o  adopted ambient a i r  q u a l i t y  stan- 
dards, several agencies and research groups have suggested what they consider t o  
be safe l e v e l s  o f  maximum permiss ib le  ambient a i r  concentrat ions o f  c e r t a i n  
po l lu tan ts .  Methodologies and c r i t e r i a  f o r  determining these l e v e l s  vary, o f ten  
r e s u l t i n g  i n  q u i t e  d i f f e r e n t  values. Nei ther  CEC nor o ther  s t a t e  o r  federa l  
agencies have adopted any o f  these suggested l e v e l s  as standards. CEC S t a f f  
analys is ,  therefore,  appl i e s  the range o f  those values suggested by agencies 
and research groups as a guide f o r  assessing the po ten t i a l  f o r  pub l i c  hea l th  
i mpac t s  . 

R Threshold L i m i t  Values (TLV ) adopted by the American Conference o f  Govern- 
mental I n d u s t r i a l  Hygienists,  ". . . r e f e r  t o  a i rborne concentrat ions o f  sub- 
stances t o  which near ly  a l l  workers may be Bxposed day a f t e r  day w i thout  adverse 
ef fect .  Because o f  wide v a r i a t i o n  i n  i nd i v idua l  s u s c e p t i b i l i t y ,  however, a 
small percentage o f  workers may experience discomfort from such substances a t  
concentrat ions a t  o r  below the  threshold l i m i t ;  a smaller percentage may be 
a f fec ted  more ser ious ly  by aggravat ion o f  a p re-ex is t ing  cond i t i on  o r  by develop- 
ment o f  an occupat ional  illness. . .Threshold  limits are based on the ava i l ab le  
in fo rmat ion  f r o m  i n d u s t r i a l  experience, experimental human and animal studies,  
and, when poss ib le ,  from a combination o f  the  these. The bas is  f o r  estab l ished 
values may d i f f e r  f rom substance t o  substance; p ro tec t i on  against  impairment o f  
h e a l t h  may be a g u i d i n g  f a c t o r  f o r  some, whereas reasonab le  f reedom f rom 
i r r i t a t i o n ,  narcosis,  nuisance, o r  o ther  forms o f  s t ress  may form the bas is  f o r  
others" (ACGIH,  1979). As prev ious ly  noted, safe 1 evel s f o r  genera l l y  heal thy 
workers  exposed f o r  l i m i t e d  d u r a t i o n  under  c o n t r o l l e d  c o n d i t i o n s  may n o t  
represent  safe l e v e l s  f o r  cont inual  exposure o f  the  general publ ic ,  which can 
inc lude p o l l u t a n t  s e n s i t i v e  i nd i v idua ls .  

The Mu1 t imedia Environmental Goal s f o r  Environmental Assessment 
(EPA, 1977) 1 i s t s  ' ' l eve ls  o f  s i g n i f i c a n t  contaminants.. . i n  ambient a i r . .  . t h a t  
are judged t o  be appropr ia te f o r  prevent ing c e r t a i n  negat ive e f f e c t s  i n  sur- 
rounding popul a t ions.  '' The Mu1 t imedi  a Environmental Goal s ( MEGs ) devel oped 
as a f i r s t  e f f o r t  a t  es tab l i sh ing  "a procedural approach t o  evaluate and rank a 
1 arge number o f  p o l l u t a n t s  f o r  the purpose o f  environmental assessment." Such 
assessments can be used t o  determine f u r t h e r  research needs and t o  se t  p o l l u t i o n  
con t ro l  s t ra tegy devel opment p r i o r i  t i e s .  

Estimated permiss ib le  concentrat ions f o r  the MEGs were der ived us ing  TLV s o r  
recommendations o f  the Nat ional  I n s t i t u t e  f o r  Occupational Safety and Health 
( NIOSH) , ad jus t i ng  the val ues f o r  cont inual  exposure and i ncorporat i  ng a margin 
o f  safety.  For some p o l l u t a n t s  two values are  l i s t e d :  one basedqon t o x i c i t y ,  
the other  based on carcinogenic p o t e n t i a l  . Estimated permiss ib le  concentrat ions 
based on carcinogenic p o t e n t i a l  i n d i c a t e  estimated acceptable r i s k  1 evel s ra the r  
than es tab l i shed safe concentrat ions,  s ince threshold 1 evel s f o r  carcinogenic 
e f f e c t s  may no t  e x i s t  (EPA, 1977). 

pub1 i cat ion ,  

R 

The MEGs rece ive  c r i t i c i s m  f o r  t h e i r  r a t h e r  simple de r i va t i on  and o ther  inherent  
l i m i t a t p n s  o r  inconsis tenc ies (such as the d i f f e r i n g  end po in ts  used i n  s e t t i n g  
the TLV s upon which the MEGs are based). CEC s t a f f  i s  c u r r e n t l y  f o l l ow ing  
e f f o r t s  by EPA t o  r e f i n e  the MEGs. 0 
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The Wilcox (1973) study was p a r t  o f  a progam w i t h  the EPA " t o  p rov ide  the 
a n a l y s i s  n e c e s s a r y  t o  f o r m  a b a s i s  f o r  p l a n n i n g  and d e v e l o p i n g  hazardous  
p o l l u t i o n  c o n t r o l  technology." The presumed safe ambient a i r  q u a l i t y  l e v e l s  
repor ted  by t h i s  study c o n s t i t u t e  est imates made by a panel o f  s i x  experts.  
These exper ts  i n  the  f i e l d s  o f  epidemiology, a i r  p o l l u t i o n ,  and t o x i c o l o g y  took 
exper imental  r e s u l t s ,  s t a t i s t i c a l  data, and s u b j e c t i v e  ph i losoph ies  o f  1 i f e  i n t o  
cons idera t ion  t o  a r r i v e  a t  l e v e l s  below which they would n o t  expect  any adverse 
h e a l t h  e f f e c t s .  Ideal  ly, these proposed concentrat ions should be s a f e  f o r  the  
e n t i r e  popu la t ion  t o  breathe d a i l y .  However, n o t  a l l  o f  t h e  est imates f o r  
each p o l l u t a n t  a r e  s i m i l a r ;  n o t  a l l  o f  the exper ts  have i d e n t i c a l  bases f o r  
t h e i r  op in ions.  Table 20 l i s t s  the average o f  t h e  s i x  l e v e l s  suggested by t h e  
exper ts  . 
CEC s t a f f  inc ludes  these values, a long w i t h  o t h e r  values i n  Table 20, f o r  use as 
a gu ide f o r  determin ing which p o l l u t a n t s  do n o t  pose a h e a l t h  hazard, and where 
a more in-depth a n a l y s i s  migh t  be requi red.  

Most a v a i l a b l e  a i r  qual i t y  data f o r  The Geysers KGRA a r e  expressed i n  terms o f  
maximum hour ly  average p o l l u t a n t  concentrat ions.  I n  o rder  t o  make comparisons 
w i t h  suggested safe annual average concentrat ions,  CEC s t a f f  assumes, as a 
w o r s t  case, t h a t  annual average p o l l  u t a n t  concent ra t ions  are  one- t e n t h  the  
maxiinurn h o u r l y  averages. S t a f f  bases t h i s  assumption on h i s t o r i c a l  H S data 
f o r  The Geysers KGRA ( R u f f  e t  a1 ., 1978). Th is  value compares favorgb ly  t o  
the value o f  rough ly  0.1 p r e d i c t e d  by a model used t o  compare p o l l u t a n t  con- 
c e n t r a t i o n s  i n  u r b a n  s e t t i n g s  a t  v a r i o u s  a v e r a g i n g  t i m e s  ( L a r s e n ,  1971 ) , 
and t o  the  wors t  case va lue o f  0.09 + 0.02 c a l c u l a t e d  by Tesche e t  a l .  (1980) 
f rom h i s t o r i c a l  data f o r  The Geysers KZRA. CEC s t a f f  assumes t h a t  t h e  r e l a t i o n -  
sh ip  between maximum hour ly  average and annual average concent ra t ions  i s  s i m i l a r  
f o r  geothermal p o l l u t a n t s  o t h e r  than H2S. 

A l i s t  o f  assumptions used i n  t h i s  a n a l y s i s  i s  found i n  Appendix C. 

Regulated P o l l u t a n t s  - _. 

Hydrogen S u l f i d e  (H ?)--The C a l i f o r n i a  Ambient A i r  Q u a l i t y  Standard (CAAQS) 
f o r  H S-fi--TT.O=& (1 hour average). Although p u b l i c  hea l th  p r o t e c t i o n  was 
cons i ie red ,  t h i s  va lue was based on t h e  average H S odor t h r e s h o l d  obta ined 
i n  a study conducted by t h e  C a l i f o r n i a  Departmen? of P u b l i c  Hea l th  (CARB, 
1970). I n  t h a t  study H S odor th resho lds  f o r  16 i n d i v i d u a l s  ranged from 0.012 
t o  0.069 ppm; t h e  g e o % e t r i c  mean v a l u e  was 0.029 ppm H S. A more r e c e n t  
r e p o r t ,  prepared by Lawrence Berkeley Labora tor ies ,  s t a t e s  & a t  i f  t h e  standard 
i s  t o  be based on known odor threshold,  " then the standard should be lowered by 
a f a c t o r  o f  3 t o  5 t o  t h e  more r e c e n t l y  accepted va lue f o r  t h e  odor threshold."  
(Case, 1977) The c u r r e n t  standard i s  under rev iew by DOHS and may be lowered, 
ra ised ,  o r  l e f t  unchanged by CARB (Beard, 1980 1. 

7 

Adverse  h e a l t h  e f f e c t s  r e p o r t e d  t o  r e s u l t  f r o m  exposure  t o  l o w  H S con- 
c e n t r a t i o n s ,  e.g., nausea, headaches, and d izz iness,  a r e  n o t  associa&d w i t h  
concent ra t ions  below 0.03 ppm. Assuming these symptoms a r e  caused by H S 
exposure, compl iance w i t h  t h e  CAAQS f o r  H S appears t o  p r o t e c t  pub1 i c  heal  t6. 
However, even a t  these l e v e l s ,  t h e  odor 03 H2S would be n o t i c e a b l e  t o  a t  l e a s t  
some o f  t h e  general p u b l i c  (Fl iner, 1969). 
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Table 20 

SUGGESTED LEVELS FOR NONREGULATED 
POLLUTANTS I N  AMBIENT AIR* 

Averaging 
T i m e  

8 hours  

Concentrat ion 

25 PPm 

Po 1 l u t  an t Type of  Value Source 

Ammonia C a l i f o r n i a  Occupat ional  CallOSHA 
Standard 

annual  
average** 

Suggested Ambient 
Level Goal 

EPA, 1277 
‘I 

0.06 ppm 

Russia  and 
East European 
Count r ies  

0.14-0.71 ppm 24 h o u r s  Foreign Ambient A i r  
Q u a l i t y  Standards 

2.0 ug/m3 NIOSH 15 minutes Arsenic  Suggested Occupat ional  
Standard 

50 ug/m3 8 hours  Threshold L i m i t  
Value 

ACGIH 

5.9 ug/m3 

0.005 ug/m3 

24 hours  Presumed Safe Level Wilcox, 1973 

EPA, 1977 annual  
average** 

Suggested Ambient_ 
Level Goal 

50 ug/m3 

7.4 ug/m3 

24 hours  Boron Presumed Safe Level Wilcox, 1973 

EPA, 1977 Suggested Ambient 
Level Coal 

annual  
ave 1: age * * 

10 mg/m3 
boron oxide  

CallOSHA 8 hours  C a l i f o r n i a  Occupat ional  
Standard 

0 .8  ug/m3 

0.1 ug/m3 

Mercury Presumed Safe Level Wilcox, 1973 

EPA, 1977 

24  hours  

annual  
aver  age * * 

Suggested Ambient Level 
Goal(based on t o x i c i t y )  

0.01 ug/m3 Suggested Ambient Level 
Goal(based on carc in-  
ogenic  p o t e n t i a l )  

EPA, 1977 annual  
aver age ** 

50 ug/m3 C a l i f o r n i a  Occupat ional  
Standard 

Cal /OSHA 8 hours  
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Table 20, cont inued 

Po 1 lu t an t Type of  Value Source 

Vanadium Presumed Safe  Level Wilcox, 1973 

Suggested Ambient EPA, 1977 
Level Goal 

Threshold L i m i t  ACGIH 
Value 

'! 

C a l i f o r n i a  Cal/OSHA 
Occupat ional  Standard 

ADA Suggested Ambient EPA, 1977 
(anthraquinone Level Goal Supplement 2 
d i s u l f o n i c  a c i d )  

Hydrogen Peroxide Threshold L i m i t  ACGIH 
Value 

I r o n  

Copper 

C a l i f o r n i a  Cal/OSHA 
Occupat ional  Standard 

Threshold L i m i t  ACGIH 
Value 

C a l i f o r n i a  Cal /OSHA 
Occupat ional  Standard 

Suggested Ambient EPA, 19-77 
Goal 

Thresh0 I d  L i m i t  ACGIH 
Value 

145 

Averaging 
Concentrat  i o n  T i m e  

6 .8  pg/m3 24  hours  

1 . 2  pg/m3 annual  
a v e r  age * 

0.5 mg/m3 8 hours  
( d u s t )  
0 .05 mg/m3 
( fume) 

0 .5  mg/m 
( d u s t )  
0.1 mg/m3 
(mis t )  

260 @g/m 

8 hours  3 

annua 1 
average* 

3 

1 PPm 8 hours  

1 PPm 8 hours  

10.0 mg/m3 8 hours  
( i r o n  oxide  
fumes) 
1.0 mg/m3 
( i r o n  s a l t s )  
0.08 mg/m3 
(iron penta- 
carbonyl)  

10.0 mg/m 3 8 hours  

annual  
aver  ag e* 

8 hours  

3 0.5 pglm 

3 0.2 mg/m 
Cme t a l l i  c 
copper 
fume) 

1 mg/m3 
(dus ts  and 
m i s t s )  



T a b l e  20, (cont inued)  

Po 11 u t  an t Type o f ,  Value Source 

Benzene Threshold L i m i t  ACGIH 
Value 

Emergency Temporary U.S. Labor 
Occupat ional  Standard Department 

(EPA, 1977) 

C a l i f o r n i a  Occupat ional  C a l / O S H A  
Standard 

‘r 

S i l i c a  C a l i f o r n i a  Occupat ional  Cal/OSHA 
Standard 

Suggested Occupat ional  NIOSH 
Standard 

Averaging 
Concentrat ion T i m e  

30 mg/m3 
(10 ppm) 

8 h o u r s  

8 h o u r s  

8 h o u r s  

10 mg/m3 8 hours  
1% Si02+2 
( r e s p i r a b l e )  

50 ug/rn3 8 hours  

* See I n t r o d u c t i o n  f o r  a d i s c u s s i o n  of t h e  v a l i d i t y  o f  t h e s e  v a l u e s .  

** Although an averaging t i m e  f o r  Suggested Ambient Level Goals i s  n o t  
s t a t e d  w i t h i n  t h e  document, EPA-600/7-77-136, t h e  a u t h o r s  have in-  
d i c a t e d  t h a t  t h e s e  g o a l s  are most a p p l i c a b l e  t o  annual  average con- 
c e n t r a t i o n s .  Contact person a t  EPA - G. L. Kingsbury, Research 
T r i a n g l e  I n s t i t u t e ,  (919)  541-6000 

Abbrevia t ions :  Cal/OSHA - C a l i f o r n i a  Occupat ional  S a f e t y  and Heal th  

NIOSH - N a t i o n a l  I n s t i t u t e  f o r  Occupat ional  S a f e t y  

ACGIH - American Conference of Governmental and 

Adminis t ra t ion ;  

and Heal th ;  

I n d u s t r i a l  H y g i e n i s t s ;  
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CEC s t a f f  est imates the  H s conten t  i n  the un t rea ted  steam t o  be a maximum of 
80 ppm, based upon t e s t  r i s u l  t s  from one we l l  (see A i r  Q u a l i t y  Impacts).  The 
accuracy o f  t h i s  va lue i n  represent ing  average steam l e v e l s  f o r  the  e n t i r e  steam 
f i e l d  i s  d o u b t f u l .  Est imates based on a steam f l o w  r a t e  o f  approximately 1 
m i l l i o n  l b / h r  i n d i c a t e  t o t a l  unabated H2s emissions a t  a maximum of 80 l b / h r .  

SMUD p r o p o s e s  t o  l i m i t  H S e m i s s i o n s  d u r i n g  o p e r a t i o n s  t o  8 l b / h r  w i t h  a 
sur face  condenser, a non2ondensibl e gas removal system, hydrogen perox ide 
t reatment  o f  condensate ( i f  necessary) , and S t r e t f o r d  process equipment (AFC, 
p. 5-4). Th is  abatement l e v e l  w i l l  r e q u i r e  a system having an e f f i c i e n c y  i n  
excess o f  90 percent .  The f e a s i b i l i t y  o f  a t t a i n i n g  t h i s  l e v e l  o f  abatement 
e f f i c i e n c y  and associated recommendations are  discussed i n  the A i r  Resources 
Impacts sec t ion .  

CEC s t a f f  determined t h a t  an emission l i m i t a t i o n  o f  5 l b / h r  o r  8 l b / h r  o f  
H S d u r i n g  normal opera t ion  and s tack ing  k o u l d  a l l o w  t h e  p r o j e c t  t o  comply 
w?th emission regul  a t i o n s  and 1 i m i t a t i o n s  (see A i r  Qual i t y  Impacts).  However, 
exceedances of  the  CAAQS f o r  H S a l ready  occur, and t h i s  p r o j e c t  w i l l  increase 
t h e  l i k e l i h o o d  o f  f u t u r e  excAdances. See A i r  Resources and Pub l ic  Hea l th  
Cumulative Impacts and M i  t i g a t i o n s  f o r  f u r t h e r  ,d iscuss ion o f  t h i s  issue. 

T o t a l  Suspended P a r t i c u l a t e s ,  S u l f u r  Diox ide,  Carbon Monoxide, N i t r o g e n  Diox ide,  
Oxidant,  Lead, Nonmethane Hydrocarbons, and Sul fates--CEC s t a f f  bel  ieves t h a t  
>ated, t h e  p u b l i c  should be 
s u f f i c i e n t l y  p r o t e c t e d  from adverse h e a l t h  impacts associated w i t h  i n h a l a t i o n  
o f  these p o l  1 u tan ts .  From prev ious exper ience w i t h  geothermal power p l  a n t  
p r o j e c t s ,  CEC s t a f f  expects p o t e n t i a l  p u b l i c  h e a l t h  impacts due t o  emission of 
these p o l l u t a n t s  from the p r o j e c t  t o  be i n s i g n i f i c a n t  (CEC,  1980 a and b) .  

Radon-222 (222Rn)--Reports i n d i c a t e  222Rn concentra i n i n  t h e  p r o j e c t  steam 
supply t o  be 15 + 10 nCi/kg (AFC, Table 1.2-3). 321Rn steam concentrat ions 
monitored a t  U n i t s  1 through 11 ranged from 5 t o  30.5 n C i / l  and averaged 16.2 
n C i / l  ( A n ~ p a u g h ~ ~ 3 9 7 8 ) .  Resul ts  o f  these m o n i t o r i n g  programs f o r  U n i t s  1 - 11 
i n d i c a t e  t h a t  Rn emissions from a geothermal power p l a n t  meet a p p l i c a b l e  
standards . 
DOHS submi t ted the minimum program requirements f o r  mon i to r ing  222Rn t o  t h e  
CEC. DOHS bases these requirements on the c o n t e n t i o n  t h a t  t h e r e  i s  s u f f i c i e n t  
u n c e r t a i  n t y  about t h e  emission 1 eve1 s o f  opera t ing  geothermal power p l  an ts  and 
t h e i r  cumul a t i v e  impact downwind. To reduce t h i s  u n c e r t a i n t y ,  DOHS r e q u i r e s  
t h a t  p e r i o d i c  sampl i n g s  be cont inued t o  a l l o w  f o r  adequate impact assessment. 
SMUD agreed t o  i n c l u d e  a 222Rn m o n i t o r i n g  program as a c o n d i t i o n  o f  c e r t i f i -  
c a t i o n  f o r  the  proposed p r o j e c t  (AFC, p. 6-4). 

Nonregulated P o l l u t a n t s  (Ammonia, Arsenic,  Benzene, Boron, Mercury, S i l i c a ,  ADA, 
and V anadi urn) 

The f o l l o w i n g  a n a l y s i s  o f  impacts from nonregulated p o l l u t a n t s  i s  based on steam 
composi t ion da ta  l i s t e d  i n  Table 12. The maximum expected emission r a t e s  and 
the maximum incremental  impact on ambient a i r  concent ra t ions  of nonregul a ted 
p o l l u t a n t s  f r o m  t h e  p r o j e c t ' s  e m i s s i o n s  a r e  e s t i m a t e d  i n  T a b l e  21. The 
assumptions used i n  t h i s  a n a l y s i s  a r e  found i n  Appendix C. CEC s t a f f  determined 
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TABLE 21 

NONREGULATED POLLUTANT IMPACTS FROM SMUDGE0 fl POWER PLANT 

Concentration i n  Maximum Expected Impact 'on Ambient Background Resul tant  Amb i e n  t Amb i en t Le ve 1 
Steam Supply Emission Rate Concentration Ambient Concentrationc,d Goa l -Ai r  
(ppm) a ( lb /h r )b  Conce t r a t i o n c  (ug/m') (ug/m3) 

(uglm ) 
(us/m3> '1 

Ammonia 25215 
(NH3) 

/ 
40 4.8 

Arsenic <O .l5?0.05 0.20 0.024 
( A S )  

--1 Boron 3.123.3 
P 
Q, 

Benzene < 0.050-0. 
(C6116) +O. 050k 

Mercury (0.Q01 
(Hg) 

(Si02) 
S i l i -ca  (5. Ok 

Anthraquinone - 
Disulfonic  
Acid (ADA) 

Van ad ium - 
(V) 

6.2 0.74 

50 0.200 

0.001 

5 

0.005" 

0.01" 

0.024 

0.00012 

0 .6  

0.0006 

0.0012 

1. 4-7f 

0.001-0.0044h 

-. 
0.054 

5.2-11.8 43 

0 .  a25-0.030 0.005 

0.74 7 4 

0.078 7 . P  

0,001-0,4 0 . 1  
0 .01p  

0 . 6  - 

0.0006 260 

1 . 2  0.006-0.025 

See next  page f o r  footnotes .  



TABLE 21 continued 

a. Based on a n a l y s i s  of  a s i n g l e  w e l l  (Revised AFC, p.  1-7 and Tab le  1 .2-3) .  

b .  Based on incoming steam flow rate  of 1,000,000 l b / h r  (Revised AFC, T a b l e  1 .3-2) .  ,.- 

c. Expressed as annual. average;  obtained by m u l t i p l y i n g  h o u r l y  average by 0 .1  (See I n t r o d u c t i o n ) .  
Based on a i r  q u a l i t y  a n a l y s i s  showing t h a t  each pound of H2S e m i t t e d  from t h e  proposed f a c i l i t y  w i l l  
add a maximum of l . h g / m 3  t o  ambient H2S c o n c e n t r a t i o n  a t  Anderson Spr ings  ( S e e  I n t r o d u c t i o n  and Appendix D)  

d. Summation of e s t i m a t e d  background c o n c e n t r a t i o n  and impact on ambient c o n c e n t r a t i o n .  

e .  Estimated p e r m i s s i b l e  concen t r a t ion ;  t o x i c i t y  based on h e a l t h  e f f e c t s  (EPA, 1977).  

f .  Measurements of urban a i r  c o n c e n t r a t i o n s  (Wagoner, 1976).  

g. Monitor ing i n  Geysers KGRA (DWR, 1978). 

h .  Measured n e a r  Unit  11 (PG and E ,  1979). 

i. De le t ed  

j. No background d a t a  a v a i l a b l e .  

---I 

P 

k .  SMUD Response t o  I n t e r r o g a t o r i e s ,  Pub l i c  H e a l t h ,  June 3, 1980. 

1. P a r t i c u l a t e  mercury measurements i n  Geysers KGRA (Robertson,  1977). 

m. Vaporou,s mercury measurements i n  Geysers KGRA (Jepsen,  1973).  

n .  Assuming a 55 MW f a c i l i t y  emits h a l f  t h e  amount of t h e s e  p o l l u t a n t s  emi t t ed  by a 110 MW f a c i l i t y  
(PG and E Geysers Unit  16 AFC, Vol. I, Appendix H ,  p. 1 4 ) .  

0. Measurements o f  r u r a l  a i r  concen t r a t ions  (Wagoner, 1976).  

p. Est imated p e r m i s s l b l e  c o n c e n t r a t i o n ;  t o x i c i t y  o f  ze ro - th re sho ld  p o l l u t a n t s  based on geno tox ic  e f f e c t s  
(EPA, 1977).  

Based on lO*lO ppm B2O3, 31% boron (SMUD Response t o  I n t e r r o g a t o r i e s ,  June  3 ,  1980 - P u b l i c  H e a l t h ) .  

Est imated p e r m i s s i b l e  c o n c e n t r a t i o n ;  t o x i c i t y  based on genotoxic  e f f e c t s  would be no more than  0.7 ug/m3, 
i n  accordance w i t h  the NIOSH recommended o c c u p a t i o n a l  level of 1 ppm. 

q.  

r. 
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t h a t  an emission r a t e  o f  5 l b / h r  would3 increase ambie t H S concentrat ions i n  
Anderson S p r i n g s  by 3 ppb o r  6 ug/m ( o r  1 . 2  ug/mg peq 1 b H S e m i t t e d )  . 
The value of 1.2 ug/m per  l b  nonregulated p o l l u t a n t  emi t ted i s  $sed i n  t h i s  
analys is .  

0 
Data on actual  emission rates,  environmental t ranspor t ,  and background ambient 
a i r  concentrat ions o f  these nonregulated p o l l u t a n t s  i n  The Geysers KGRA i s  
e i t h e r  absent, o f  quest ionable v a l i d i t y ,  o r  no t  app l i cab le  i n  t h i s  analys is .  
Thus, the estimates presented i n  Table 2 1  are t e n t a t i v e  a t  best. Where numerous 
sources o f  uncer ta in ty  reduce the  l e v e l  o f  confidence i n  such analyses o f  
s i g n i f i c a n t  e f fec ts ,  CEC s t a f f  removed unce r ta in t i es  by r e q u i r i n g  source and 
environmental moni tor ing as a cond i t i on  o f  compl iance (see M i  t i g a t i o n  Measures 1. 
I n  concurrence w i t h  t h i s  approach, Lake County A i r  P o l l u t i o n  Contro l  D i s t r i c t  
inc luded steam and ambient a i r  moni tor ing of nonregulated p o l l u t a n t s  as a 
cond i t i on  o f  compliance f o r  s i m i l a r  p ro jec ts  (LCAPCD, 1980a and b ) .  

There i s  a h igh  p r o b a b i l i t y  t ha t ,  due t o  cu r ren t  l i m i t e d  use o f  H2S abatement 
systems, n e g l i g i b l e  amounts o f  ADA e x i s t  kin the background a i r  o f  The Geysers 
KGRA. CEC s t a f f  conclude t h a t  r e s u l t a n t  ambient concentrat ions o f  ADA, i n -  
c lud ing  con t r i bu t i ons  from the  p ro jec t ,  would be s i m i l a r  t o  the  ADA concen- 
t r a t i o n s  presented i n  Table 21 and t h a t  they should no t  cause adverse h e a l t h  
impacts. 

I 
I 

The p r o j e c t ' s  maximum c o n t r i b u t i o n  t o  the ambient boron concentrat ion (annual 
aver jge)  i s  much l e s s  than the most s t r i n g e n t  suggested ambient l e v e l ,  7.4 
ug/m (annual average). Based on ava i l ab le  data, i t  appears t o  be h i g h l y  
improbable t h a t  the p r o j e c t ' s  boron emissions would adversely impact p u b l i c  
heal th .  

A s i g n i f i c a n t  p r o b a b i l i t y  e x i s t s  t h a t  t he  p r o j e c t ' s  con t r ibu t ions ,  espec ia l l y  
i n  combination w i t h  con t r i bu t i ons  from o ther  power p lants ,  t o  ambient a i r  
concentrat ions o f  arsenic,  ammonia, benzene, mercury, s i l i c a ,  and vanadium w i l l  
r e s u l t  i n  ambient a i r  concentrat ions exceeding the  MEG's suggested ambient goals 
(see Cumulative Impacts). The f a i l u r e  t o  meet these goals do n o t  necessar i ly  
mean t h a t  adverse hea l th  impacts woul d occur;* ra ther ,  these f a i l u r e s  demon- 
s t r a t e  the need f o r :  

o B e t t e r  m o n i t o r i n g  and c h a r a c t e r i z a t i o n  of  n o n r e g u l a t e d  p o l l u t a n t  
emi s s i on s ; ** 

o Add i t iona l  research regard ing t ranspor t  and heal t h  impacts o f  nonregul a ted 
pol  1 utants;*** and 

o Development o f  ambient a i r  q u a l i t y  standards f o r  these nonregulated po l -  
l u t a n t s  based upon the p r o t e c t i o n  o f  p u b l i c  health.*** 

*For example, a recent  study (Larson e t  a l . ,  1378) repor ted mean concen- 
t r a t i o n s  o f  ammonia i n  human breath o f  157 ug/m (0.23 ppm) which exceeds 
the MEG value by near ly  a f a c t o r  o f  4 .  

**Within the  s ta tu to ry  a u t h o r i t y  of  t he  CEC. 

***Within the s t a t u t o r y  a u t h o r i t y  and r e s p o n s i b i l i t y  o f  CARB, DOHS, and EPA. 
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Based on the large degree o f  uncertainty, C E C  s taff  recommends implementation o f  
a m o n i t o r i n g  program for ammonia, arsenic, asbestos, benzene, mercury, si1 ica, 
and vanad ium.  Included in this  program should  be monitor ing o f  ambient a i r  
concentrations i n  Anderson Springs and other affected popu l  a t i o n  centers, and 
steam concentrations, as described in the Compliance Monitoring Report. This 
report will be j o i n t l y  developed by CEC and  SMUD. 
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CUi.1ULATI VE ICIPACTS 

Future  development a t  The Geysers w i l l  increase the t o t a l  q u a n t i t y  o f  p o l l u t a n t s  
e m i t t e d  i n t o  the  atmosphere and may increase ambient p o l l u t a n t  concent ra t ions  
l o c a l l y  and p o s s i b l y  r e g i o n a l l y .  Th is  p r o j e c t  w i l l  c o n t r i b u t e  t o  the  cumulat ive 
impacts o f  t o t a l  geothermal development. 

Regulated Pol 1 u t a n t s  

Hydrogen Sul f ide--The NSCAPCD has adopted regul  a t i o n s  f o r  r e t r o f i t  H S abate- 
ment a t  e x i s t i n g  u n i t s ,  which w i l l  reduce t h e  p o t e n t i a l  cumulat ive imp$cts f rom 
H2S emissions a t  The Geysers KGRA. 

I f  t h e  CAAQS f o r  H2S i s  enforced, t h e  p u b l i c  should n o t  be exposed t o  H,S 
concent ra t ions  o f  0.03 ppm o r  g rea ter .  However, e x i s t i n g  hydrogen sul f i d e  
Concentrat ions i n  populated areas near The Geysers KGRA occas iona l l y  v i o l a t e  the  
standard w i t h  o n l y  15 u n i t s  on l i n e .  U n i t s  on l i n e  now t o t a l  15, and 20 u n i t s  
a r e  expected t o  be on l i n e  once t h e  p r o j e c t . b e g i n s  operat ion.  Unless compliance 
w i t h  t h e  standard i s  enforced, even g r e a t e r  and more f requent  v i o l a t i o n s  c o u l d  
r e s u l  t froin f u t u r e  development ( see A i  r Resources Impacts).  A1 though exper ts  do 
n o t  know a t  t h i s  t ime i f  adverse h e a l t h  e f f e c t s  r e s u l t  from exposure t o  low 
levels  of ti S, by inference, i n c r e a s i n g  H S concent ra t ions  w i l l  increase t h e  
p o s s i b i l i t y  6 f  adverse h e a l t h  impacts (see h p e n d i x  B y  Table B - 1 ) .  

Radon-222 ( 2 2 2 R n ) - - I f  t&y p r o j e c t  and f u t u r e  f a c i l i t i e s  comply w i t h  t h e  
C a l i f o r n i a  and f e d e r a l  Rn e f f l u e n t  & a n d a r d s ,  t h e  p u b l i c  @ p l d  n o t  be 
exposed t o  g r e a t e r  t h a n  3 p C i / l  o f  Rn, o r  1 p C i / l  o f  Rn and i t s  
daughter products,  above n a t u r a l  Dac&round r a d i a t i o n  a t  t h e  p o i n t  o f  re lease. 
SivlUD w i l l  be r e q u i r e d  t o  mon i to r  Rn concentra&ifns i n  incoming steam, as 
s p e c i f i e d  by DOHS, t o  ensure compliance w i t h  these Rn standards. 

N o n r e g u l a t e d  P o l l u t a n t s  (Ammonia, A r s e n i c ,  Asbestos, Benzene, S i l i c a ,  Boron, 
Mercurv. ADA. and Vanadium) 

Operat ion o f  t h i s  p r o j e c t ,  e x i s t i n g  power p lan ts ,  and f u t u r e  power p l a n t  u n i t s  
a t  The Geysers KGRA w i l l  increase t h e  concent ra t ions  o f  these p o l l u t a n t s  i n  
nearby populated areas. A t  t h i s  t i m e  i t  i s  n o t  p o s s i b l e  t o  a c c u r a t e l y  determine 
t h e  r e s u l t a n t  ambient a i r  o r  water concentrat ions.  

P o t e n t i a l  cumulat ive impacts on ambient a i r  concent ra t ions  o f  nonregul a ted  
p o l l u t a n t s  a t  Anderson Spr ings, Whispering Pines, and o ther  popu la t ion  centers  
f rom e x i s t i n g  power p l a n t s  can be c rude ly  est imated us ing  r e s u l t s  f rom H S 
s t u d i e s  (Knuth and Giroux, 1979; Tesche e t  a l . ,  1980). PGandE c u r r e n t l y  COG- 
ducts  water q u a l i t y  s t u d i e s  o f  upper Putah Creek (CEC, 19801, and a reg iona l  
water qual i t y  m o n i t o r i n g  program devel oped by t h e  CEC , geotherma-1 u t i 1  i t i e s ,  
and o ther  s t a t e  agencies w i l l  be implemented soon. 

- 

For  the  reasons s t a t e d  i n  t h e  I n t r o d u c t i o n  and e a r l i e r  i n  t h i s  sect ion,  pro-  
j e c t e d  exceedances o f  t h e  iviEGs o r  o t h e r  suggested l e v e l s  do n o t  necessar i l y  
i n d i c a t e  t h a t  adverse h e a l t h  impacts w i l l  occur. Th is  can o n l y  be determined 
a f t e r  e s t a b l i s h i n g  safe l e v e l s  o f  exposure t o  the  p o l l u t a n t s .  
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MITIGATION MEASURES 

Mi t i g a t i  on of potentially adverse health effects from exposure t o  geothermal 
pollutants could be achieved by reducing emissions of  those pollutants where 
possible (methods of H S abatement are discussed in the Air Resources Impact 
22s t ion ) .  There are $0 demonstrated technologies f o r  a b a t i n g  emissions of 

Rn o r  nonregulated pollutants from geothermal power p l a n t s ,  although H S 
abatement systems, particularly, upstream treatment, may scrub pollutants o thg r  
than H2S t o  some degree (Accurex, 19801. 

Heal t h  Re1 ated Monitoring Programs 

Moni tor ing  alone would n o t  mitigate any potential public health impacts; rather 
i t  would a s s i s t  i n  determining the impact o f  the  p ro jec t ,  a n d  geothermal 
development in general , on ambient pollutant concentrations a n d  ultimately on 
public health DOHS i s  involved w i t h  EPA in a p l a n  t o  study f ie ld  and source 
sampling for'222Rn and i t s  daughter prodkts .  Plans exis t  fo r  indoor radio- 
logical mon i to r ing  as well. These effor ts  represent an  attempt t o  minimize 
uncertainty in anticipating the dose impact associated with the operation of The 
Geysers units (Vold, 1980). CEC s taff  proposes a program for  1981 - 1982 t o  
assess the health status of residents i n  The Geysers KGRA. 

The need f o r  establishing a baseline ambient a i r  monitorins and  incoming steam 
monitoring program, i s  based upon the following: 

o Avail ab1 e d a t a  on background a i r  concentrations of nonregul ated pol 1 u- 
t a n t s  a r e  outdated a n d  inadequate f o r  use i n  determining r e s u l t a n t  
concentrations in populated areas. 

o Ongoing and future development will increase pollutant emissions a t  The 
Geysers d u r i n g  the operating lifetime of this  project. 

CEC s taff  recommends the following moni to r ing  programs: 

o Baseline ambient monitoring (preoperational) for ammonia, arsenic, benzene, 
mercury, s i l i c a ,  and vanadium f o r  one y e a r  p r i o r  t o  commencement o f  the 
project operati on. 

Incoming steam monitoring (Ef4operational) f o r  ammonia, arsenic, benzene; 
mercury, s i l i ca ,  boron, and Rn.  

o 

o Mass balance measurements (operational for arsenic and mercury. 

o Ambient monitoring ifperational)  f o r  ammonia, arsenic, benzene, mercury, 
s i l i c a ,  boron, and Rn i f  incoming steam monitoring d a t a  indicates the 
need for such moni tori ng. 

These programs will be described in the Compliance Monitoring Report t o  be 
developed by CEC s taff  and SMUD d u r i n g  the AFC proceedings. 
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e idorker Health and  Safety Programs 

Geothermal power p l a n t s  can pose risks t o  workers' health and  safety. These 
risks pr imari ly  re1 ate  t o  toxic and potentially carcinogenic chemical compounds 
associated w i t h  geothermal steam and H S abatement systems t o  which workers 
may be exposed. Such exposures may OCCUT d u r i n g  routine operation, accident or 
upset conditions, repair and maintenance ac t iv i t ies ,  and process or system 
modification ac t iv i t ies .  

Workers may accidentally come i n t o  contact w i t h  many of the po&ytially toxic 
and potentially carcinogenic substances (e.g., H2S, ammonia, Rn, mercury, 
a r sen ic ,  boron, a n d  chemicals associated with H S abatement systems) in 
geothermal steam, waste streams and d u r i n g  h a n d l i n g  c?f chemicals used in abate- 
ment systems. Adverse effects of  such exposures could include dermatitis, acute 
chemical poisoning, chronic i l lnesses and ,  potentially, cancers a f te r  some 
induction latency period (see Appendix B ) .  

General Industry Safety Order 3203 (Subchapter 7 of  Chapter 4, California 
Administrative Code, Ti t le  8 )  requires employers t o  have an accident prevention 
program t o  reduce or prevent occupational injuries and i l lnesses,  and t o  conduct 
periodic inspections t o  correct unsafe conditions. Employers must comply w i t h  
C a l i f o r n i a  A d m i n i s t r a t i v e  Code, T i t l e  8 ,  Chapter 4 ,  Group 16 ( A r t i c l e s  107 - 
11 2 )  which refers t o  control of hazardous substances. The Cal i fo rn i  a D i v i  s i  on 
of Occupational Safety and Health ( D O S H )  enforces compl iance with s ta te  occupa- 
tional safety and health standards. DOSH must inspect the p l a n t  i f  there i s  a 
complaint from an employee. I f  worker conditions are found t o  violate an 
occupational standard, DOSH wi l l  determine w h a t  corrective actions are required. 
There i s  generally no means f o r  ensuring t h a t  an employer has an adequate 
accident prevention program until DOSH receives a worker complaint regarding 
worker health or safety. 

I n  1976, NIOSH received reports t h a t  Geysers U n i t  11 workers, while performing 
maintenance of the H S abatement system, developed skin rashes (dermatit is)  
and sore throats (phhyngi t i s )  (NIOSH, 1978). As a resul t ,  the process was 
automated, and only a few cases of skin rashes and sore throats were reported in 
the l a s t  few years. Such incidents lead t o  the conclusion t h a t  the medical 
problems may be associated w i t h  exposure t o  H S abatement system residues, b u t  

SMUD will  request  recommendations from the Cal/OSHA Consultation Service 
regarding the adequacy of SMUD's worker health and safety program d u r i n g  project 
construction (AFC, p .  6 -6) .  CEC s ta f f  recommends t h a t ,  i n  a d d i t i o n ,  SMUD 
should request the assistance of the Cal/OSHA Consul tation Service i n  evaluating 
the  program proposed f o r  operation of the p ro jec t .  Ver i f ica t ion  o f  the  
program's adequacy will be described i n  the Compl iance Monitoring Report. 

. the precise causal agent has yet  t o  be identif?ed. 

- 

I Shoul d a n  emerqency occur which requi res  emergency medical or evacuation 
response, SMUD can call  Sonoma County for assistance. SMUD agrees t o  reimburse 
the county f o r  the costs of such an emergency response. 
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I V .  PROJECT ALTERNATIVES 

There a r e  a wide v a r i e t y  o f  p o t e n t i a l  a l t e r n a t i v e s  t o  t h e  proposed p r o j e c t  power 
p l a n t .  These a l t e r n a t i v e s  assume t h a t  t h e  bas ic  need and purpose of t h e  p r o j e c t  
i s  t o  supply 65.2 MW n e t  o f  base l o a d  generat ion c a p a c i t y  t o  SlvlUD by l a t e  1983. 
The a1 t e r n a t i v e s  a r e  no p r o j e c t ,  a1 t e r n a t i v e  1 ocat ion,  a1 t e r n a t i v e  f a c i l i t i e s ,  
a1 t e r n a t i  ve s i z e  , a1 t e r n a t i  ve designs, a1 t e r n a t i  ve means o f  accompl i s h i  ng 
p r o j e c t  ob jec t ives ,  a1 t e r n a t i v e  t ransmiss ion f a c i l  i t i e s ,  a1 t e r n a t i v e  steam 
gather ing  f a c i l i t i e s ,  and a l t e r n a t i v e  uses o f  geothermal steam. 

NO PROJECT 

The c o n s t r u c t i o n  and opera t ion  o f  t h e  SMUDGE0 #1 power p l a n t  would generate 
491 m i l l i o n  k i l o w a t t  hours (kWh) o f  energy each year  (based upon an 80 percent  
capac i ty  f a c t o r ) .  Without t h i s  p r o j e c t  V U 0  would cont inue t o  generate i t s  
power f r o m  e x i s t i n g  sources ,  and w o u l d  r e l y  more h e a v i l y  on  mandatory  
conserva t ion  measures u n t i l  they c o u l d  bri'ng o ther  proposed power p l a n t s  on 
l i n e .  Denia l  o f  t h i s  p r o j e c t  w i l l  impede SMUD's e f f o r t s  t o  d i v e r s i f y  power 
sources and w i l l  impede SMUD's e f f o r t s  t o  ga in  increased r e l i a b i l i t y .  

ALTERNATIVE LOCATIONS 

The l o c a t i o n  o f  a geothermal power p l a n t  i s  l i m i t e d  t o  areas c o n t a i n i n g  proven 
geothermal resources w i t h i n  a designated 1 easehol d and t o  s p e c i f i c  areas w i t h i n  
t h a t  1 easehol d i n  regard  t o  topographic and geo log ic  f e a t u r e s  and environmental 
concerns. I n  a d d i t i o n ,  t h e  power p l a n t  must be l o c a t e d  a t  a d is tance no g r e a t e r  
than one m i l e  from each geothermal steam supply w e l l .  Transpor t  beyond t h i s  
d is tance causes t h e  steam t o  l o s e  t h e  temperature and pressure r e q u i r e d  t o  
e f f i c i e n t l y  operate t h e  steam tu rb ine .  

SMUD se lec ted  t h e i r  proposed and a l t e r n a t i v e  s i t e s  based on t h e  s i t e  s e l e c t i o n  
c r i t e r i a *  l i s t e d  below: 

S I T E  SELECTION CR 

Category I (Mandatory) 
o On t h e  leasehold.  
o Slope l e s s  than 2:l .  
o Adequate space a v a i l a b l e .  
o No geologic  hazard ( f a u l t ,  lands1 

Category I 1  (Avo id  o r  M i t i g a t e )  
o Rare and endangered species. 

T E R I A  

de).  

o C r i t i c a l  h a b i t a t s .  
o S e n s i t i v e  p a l e o n t o l o g i c a l ,  a rchaeo log ica l ,  or e t h n i c  areas. 
o Adverse atmospheric d i s p e r s i o n  c h a r a c t e r i c s .  

Category I11 (Eva1 uate)  
o Minera l  resources. 
o Earthwork r e q u i r e d  f o r  s i t e  preparat ion.  
o S i t e  development costs .  
o Centra l  l o c a t i o n  t o  minimize steam l i n e s .  

*SMUDGtO#l A t  C, Tab1 e 1.1-1. 155 
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Figure 1 2  i l lus t ra tes  the application of  the s i t e  selection c r i t e r i a  on the 
leasehold. The major factors determining potentially suitable s i tes  are the 
topography ( sl ope) and  geol ogic hazards such as 1 andsl ides and f a u l  t s .  These , 
combined w i t h  the other c r i t e r i a ,  resulted i n  on ly  two potential s i t e  areas, 
1 abel ed "preferred" and "a1 ternate" on Figure 12.  

Both potential s i t e s  are on a ridge, which normally corresponds w i t h  favorable 
atmospheric dispers ion c h a r a c t e r i s t i c s .  As discussed i n  the appropriate  
sections of AFC Chapter 5.0, the other c r i t e r i a  of Category I1 are sat isf ied.  
As discussed i n  AFC Section 5.5.6 (Geology), there are no known commercial 
mineral resources (other than geothermal steam) anywhere on the leasehold, and 
b o t h  s i t e s  are approximately equally central f o r  the transmission o f  steam. 
Thus, the choice between the two potential s i t e s  i s  reduced t o  an economic 
eval u a t i  on. 

Site development plans were prepared f o r  the two s i t e s  and compared. Pre- 
para t ion  of the preferred s i t e  will r e q u i d  c u t t i n g  approximately 180,000 cy of 
material o f f  the t o p  of the hi l l  and p l a c i n g  approximately 71,000 cy a s  f i l l  
along the northern side o f  the s i t e .  (The remainder of the excavated material 
will be used by the steam supplier.) The area w i t h i n  the fence i s  approximately 
5.3 acres, a n d  the area of the access road on the south and west of the fence 
a n d  the p a r k i n g  a rea  outside the fence i s  a b o u t  1 .6  acres. Al l  major structures 
w i l l  be constructed on in-place bedrock w i t h i n  the cut area. An exploratory 
boring program was performed t o  qualify th i s  s i t e .  

The a1 ternate s i t e  development would require cutting approximately 264,000 cy 
of  material, considerably more t h a n  f o r  the preferred s i t e .  All o f  the cut 
material would be used for f i l l .  The level area would be approximately 5.6 
acres. Areas t h a t  would have t o  be avoided are a possible f a u l t  along the 
nor th  side and an existing Aminoil well pad (Well No. 37-21). Aminoil plans 
further development on the well pad. One bor ing  (No. 10)  was placed a t  the 
extreme northern side of  the s i t e ;  th i s  boring encountered a fau l t  o r  shear zone 
a t  a depth of approximately 70 feet .  For these reasons, th i s  potential s i t e  was 
relegated t o  an "alternate" o r  backup status.  

ALTERNATIVE FACILITIES 

The primary determinate for consideration of a1 ternative f a c i l i t i e s  i s  the time 
required f o r  p l a n n i n g ,  design, licensing, and construction of a n  a1 ternative 
fac i l i ty  in relation t o  the date when the e lec t r ic i ty  i s  required t o  be on l ine.  
Due t o  the long lead times required t o  construct coal-fired, nuclear, and 
hydroelectric generating plants, these types of pl a n t s  are n o t  considered as 
feasible a1 ternatives t o  the project. 

New energy sources such as fuel ce l l s ,  solar ,  tidal energy, magnetohydro- 
dynamics, and w i n d  power have limited applications, will n o t  be commercially 
available within the necessary time frame, and would n o t  provide sufficient 
base load re l iab i l i ty  comparable t o  th i s  project. Oil-fired generating p l a n t s  
such as combined-cycle units, the repowering of existing generating plants, and 
cogeneration are a l l  possible a1 ternatives because the lead time required from 
planning t o  operation varies from slightly less  t o  a l i t t l e  more than the time 
required f o r  a geothermal project. However, using fuel oil for combustion 
purposes i s  cont ra ry  t o  the Federal Powerplant a n d  Industrial Fuel Use Act, 
which precludes the use o f  fuel o i l  f o r  new generation f ac i l i t i e s  w i t h  cnly a 
few exceptions. 
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ALTERNATIVE S I Z E  

SMUD be l ieves  t h a t  a 72  MW p l a n t  i s  t h e  opt imal  s i z e  based on the  q u a l i t y  and 
q u a n t i t y  o f  t h e  steam w i t h i n  the steam f i e l d .  Geothermal power p l a n t s  o f  a 
smal ler  magnitude a r e  f e a s i b l e ,  b u t  they do n o t  s i g n i f i c a n t l y  reduce t h e  i n i t i a l  
environmental l o s s  due t o  power p l a n t  cons t ruc t ion .  Therefore, an opt imal 
design i s  des i rab le .  Geothermal power p l a n t s  can be l a r g e r  o r  smal le r  i n  s ize.  
I n  The Geysers KGRA, t h e  PGandE Geysers U n i t  13 power p l a n t  c u r r e n t l y  produces 
135 MW, t h e  l a r g e s t  i n  The Geysers. PGandE's Geysers U n i t s  17 and 18 ( r e c e n t l y  
c e r t i f i e d  by t h e  Commission) and i t s  proposed Geysers U n i t  16 a r e  a l l  r a t e d  a t  
110 MW.  Some geothermal p l a n t s ,  such as PGandE U n i t  15 and the  CDWR B o t t l e  Rock 
p r o j e c t ,  a r e  each 55 MW. The smal les t  power p l a n t  i n  The Geysers i s  PGandE U n i t  
1, which produced o n l y  11 MW. 

The components o f  a geothermal generat ing f a c i l i t y  which a l l o w  some f l e x i b i l i t y  
o f  design are  the cool  i n g  systems and the !  hydrogen sul  f i d e  abatement systems. 

Proposed Cool i ng System 

The proposed c o o l i n g  system i s  comprised o f  a sur face condenser, which condenses 
the  steam exhausted from t h e  tu rb ines ,  and a twe lve-ce l l  , fan-ass is ted,  wet- type 
c o o l i n g  tower, which coo ls  t h e  water heated d u r i n g  i t s  passage through the  
sur face condenser. 

P r i o r  t o  s t a r t - u p  o f  the  power p l a n t ,  the  c o o l i n g  system w i l l  be charged w i t h  
approximately 1,000,000 ga l lons  o f  water. The steam s u p p l i e r ,  Arninoi l ,  w i l l  
s u p p l y  t h i s  w a t e r  f r o m  w i t h i n  t h e  l e a s e h o l d .  Once t h e  power p l a n t  i s  i n  
operat ion,  the i n i t i a l  s t a r t - u p  water l o s t  d u r i n g  the evaporat ive cool  i n g  
process a t  the  c o o l i n g  tower w i l l  be supplemented by steam condensate f rom t h e  
sur face condenser. Excess condensate n o t  needed t o  rep lace  cool  i n g  water l o s t  
through evaporat ion and d r i f t  emissions w i l l  be r e i n j e c t e d  i n t o  the  steam 
r e s e r v o i  r. 

A l t e r n a t i v e  Coo l ing  Methods 

o D i r e c t  Contact  Condenser-This system has been used by PGandE i n  t h e i r  
Geysers Power P l a n t  U n i t s  1 through 12. I n  t h i s  c o o l i n g  method, steam 
exhausted from the  t u r b i n e s  i s  mixed d i r e c t l y  w i t h  the  c o o l i n g  water and 
then pumped t o  the  c o o l i n g  tower. The i n i t i a l  c o s t  o f  t h i s  system i s  l e s s  
than a sur face condenser, b u t  i t  does n o t  g i v e  the  degree o f  H S p a r t i t i o n -  
i n g  t h a t  can be achieved w i t h  t h e  sur face condenser i n  conjuncgion w i t h  t h e  
S t r e t f o r d  process f o r  H2S abatement. 

i ncreased c o s t  , and decreased opera t ing  e f  f i ciency  . An a i  r -cool  ed 
ser  r e q u i r e s  an extremely l a r g e  sur face  area i n  orde,r t o  be e f f e c t  
the  chemical and phys ica l  p r o p e r t i e s  o f  t h e  steam i n  The Geysers 
use o f  h igher-cost  m a t e r i a l s ,  thereby i n c r e a s i n g  costs.  The e f f i c  

o A i  r-Cool ed Condenser--Wi t h  t h i s  system, the  exhaust steam from t h e  t u r b i n e s  
i s  condensed i n  a t u b u l a r  type o f  heat  exchanger by a i r  passing over t h e  
tubes. This  system has t h r e e  major disadvantages: l a r g e  s ize,  g r e a t l y  

conden- 
ve, and 
r e q u i r e  
ency o f  
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0 t h e  power p l a n t  and S t r e t f o r d  H S abatement  u n i t  wou ld  p r o b a b l y  b e  
reduced because o f  s i z e  f a c t o r s  asgociated w i t h  an a i r -coo led  condenser, 
which would increase t u r b i n e  back-pressure much o f  the  time. 

o C1 osed-Cycl  e Cool  i ng--The c o o l  i ng w a t e r ,  i n  a c l  o s e d - c y c l  e system, 
c i r c u l a t e s  w i t h i n  a c losed system us ing  sur face  condensers and i n d i r e c t  
contact ,  water - to -a i r ,  "d ry "  c o o l i n g  towers. A l l  t h e  condensate would be 
r e i n j e c t e d  i f  such a system were used f o r  the  proposed p l a n t  s i t e .  The 
noncondensible gases i n  t h e  steam would s t i l l  have t o  be removed from t h e  
condenser and t r e a t e d  t o  comply w i t h  a i r  q u a l i t y  standards. However, 
complete r e i n j e c t i o n  would e l  im ina te  H2S emissions t h a t  occur i n  d i r e c t  
w a t e r - t o - a i r  c o n t a c t  type towers. 

The use o f  a c losed-cyc le c o o l i n g  system would approximately double t h e  
t o t a l  c o s t  o f  t h e  proposed power p l a n t .  The c a p i t a l  c o s t  o f  a c losed-cyc le  
system c o u l d  be reduced by reducing t h e  c a p a c i t y  o f  t h e  p l a n t  d u r i n g  t h e  
summer peaking per iod,  b u t  t h i s  would7 reduce t h e  va lue o f  t h e  genera t ing  
capac i ty  . 

o No Coo l ing  System--In t h i s  system, the  t u r b i n e  exhaust steam i s  discharged 
d i r e c t l y  t o  the atmosphere from the  t u r b i n e  and r e q u i r e s  no coo l ing .  Th is  
system was considered i n  e a r l y  geothermal power c y c l e  s t u d i e s  b u t  was found 
t o  be very i n e f f i c i e n t  due t o  t h e  l e v e l  o f  back pressure i n  t h e  t u r b i n e  
u n i t s .  I n  o rder  t o  generate t h e  same amount o f  power much more steam i s  
r e q u i r e d  per u n i t  o f  power generated. D i r e c t  d ischarge o f  t h e  exhaust 
steam t o  t h e  atmosphere a1 so r e q u i r e s  c o n s i d e r a t i o n  o f  no ise  m i t i g a t i o n  and 
would n o t  comply w i t h  a i r  q u a l i t y  standards. 

o Once-Through Coo l ing  System--Use o f  t h i s  system would e l i m i n a t e  t h e  need 
f o r  a c o o l i n g  tower b u t  i s  n o t  cons idered p r a c t i c a l  f o r  t h e  SMUDGE0 #1 
p r o j e c t  s i n c e  t h e  l a r g e  water supply r e q u i r e d  i s  n o t  a v a i l a b l e  i n  The 
Geysers a r e a s  n o r  w i t h i n  e c o n o m i c a l l y  r e a s o n a b l e  t r a n s p o r t  d i s t a n c e .  

o N a t u r a l - D r a f t  Coo l ing  Tower--A n a t u r a l - d r a f t  c o o l i n g  tower i s  n o t  p r a c t i c a l  
f o r  a power p l a n t  of  t h i s  s ize,  s i n c e  i t  would have t o  be very l a r g e  t o  
c r e a t e  the  r e q u i r e d  a i r  f low.  I n  a d d i t i o n  t o  c r e a t i n g  g r e a t e r  v i s u a l  
impact,, t h e  l a r g e r  n a t u r a l - d r a f t  towers would a l s o  compound t h e  d i f f i c u l t y  
o f  l o c a t i n g  s a t i s f a c t o r y  p l a n t  s i t e s  i n  the  mountainous t e r r a i n  o f  The 
Geysers KGRA. The c o s t  of  t h i s  t y p e  of  tower i s  several  t imes g r e a t e r  than 
the  c o s t  o f  the  proposed mechanica l -draf t  c o o l i n g  tower. 

Proposed H2S Abatement Systems 

SMUD w i l l  use the  combinat ion o f  an improved sur face  condenser t u r b i n e  by-pass 
t o  d e a l  w i t h  o c c a s i o n a l  steam v e n t i n g  c o n d i t i o n s *  and S t r e t f o r d  chemica l  
scrubbing process t o  i n i t i a l l y  reduce t h e  H S emissions. F u r t h e r  r e d u c t i o n  o f  
H S emissions, as r e q u i r e d  by t h e  APCO i t ?  the Determinat ion of Compliance, 
w f l 1  be accompl i shed w i t h  a secondary abatement system u s i n g  hydrogen perox ide 
w i t h  c a t a l y s t .  

. 

*Steam v e n t i n g  occurs d u r i n g  p l a n t  s t a r t - u p  o r  shut-down. Th is  c o n d i t i o n ,  known 0 a s  "s tack ing,"  would send un t rea ted  steam i n t o  the a i r  un less c o r r e c t i v e  
measures a r e  taken. 
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The Stretford Process 

The S t r e t f o r d  and  H 0 abatement systems scrub the steam once i t  i s  
exhausted by the turb?n%. After leaving the turbine the steam condenses 
a n d  s p l i t s  i n t o  two f low paths.  One p a t h  contains  gaseous chemical 
constituents including H S ,  .while the other flow p a t h  contains l i q u i d s .  
The gas f l o w  path c o n d i n s  the majority of  the H S .  T h i s  gas stream 
passes t h r o u g h  the primary abatement system which gmploys the Stretford 
chemical scrubbing process t o  t r ea t  the H2S. 

H 0 w i t h  Catalyst -2-2 
The second flow path contains l i q u i d s  resulting form the condensed steam 
and includes chemical constituents such as H S which are absorbed by the 
l i q u i d .  This second path containing the h a l l e r  a m o u n t  o f  H S ,  a l s o  
requires treatment i n  order f o r  the p l a n t  t o  meet H S emission szandards. 
SMUD ' s secondary abatement system w i  11 empl oy hydgogen peroxi de w i  t h  a 
catalyst  t o  promote a h i g h  H2S removal ,efficiency. 

Turbine By-Pass 

As p a r t  o f  the  overal l  H2S abatement system, a p i p i n g  system w i l l  be 
installed t o  divert steam around the turbine t o  the surface condenser 
d u r i n g  p l a n t  start-up or shut-down conditions. This w i l l  give the steam 
access t o  the abatement systems; w i t h o u t  this system steam would vent i n t o  
the a i r  untreated. 

Alternative H,S Abatement Systems 
L 

o The Metal Catalyst System--Hydrogen sulfide dissolved i n  water, i n  the 
presence of a i r  and a t  normal temperatures, i s  unstable and undergoes 
oxidation t o  form free sulfur. This reaction i s  ordinarily slow b u t  can 
be accelerated by use o f  appropriate catalysts such as dissolved f e r r i c  
ion. I n  the process the fe r r ic  ion i s  regenerated so that more hydrogen 
s u l f i d e  i s  oxidized. The i r o n  concentration i n  the  cooling water i s  
maintained a t  30 ppm by weight o r  h i g h e r .  T h e  condenser  o f f - g a s  i s  
released i n  the cooling water so  t h a t  i t s  hydrogen su l f ide  content i s  also 
oxidized. The major problems associated w i t h  the i r o n  catalyst  system are 
corrosion of metal parts i n  contac t  w i t h  the  cooling water a n d  r a p i d  
accumulation of sludge. 

A metal c a t a l y s t ,  supplemented e i t h e r  w i t h  hydrogen peroxide or w i t h  
caustic soda, i s  being used continuously a t  PGandE Units 3 and 6 and U n i t  
11. This system wil l  a l s o  be used a t  other PGandE Units only d u r i n g  H2S 
episodic a1 e r t  days. 

PGandE repor t s  t h a t  they have achieved 90 percent abatement i n  t h e i r  
existing direct  condenser units by/use  of h i g h  concentrations o f  iron 
c a t a l y s t .  However, systems u s i n g  t h i s  form of  abatement experienced 
ser ious  operational problems which caused reduced r e l i a b i l i t y  due t o  
sludge formation and induced corrosion. By u s i n g  a n  iron catalyst  w i t h  
their  H 0 system,- SMUD can probably a v o i d  such re l iab i l i ty  problems. 
This i s  *die t o  the smaller quantities of H2S as well as the nature of the 
catalyst  i t s e l f .  
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o S u l f u r  Dioxide pH Control--Injection of sulfur dioxide (SO ) i n t o  the 
condensate t o  control the pH of  the conaensate and t o  disp3ace the H2S 
dissolved i n  the condensate i s  an a t t ract ive method fo r  reducing the amount 
of  H S i n  the condensate. Sulfur obtained from the Stretford process 
coul2be burned t o  provide a readily available source of SO2. 

Significant development and prototype testing remain t o  be done on t h i s  
system before i t  can be adapted f o r  commercial use. However, i f  the  
Stretford process does not provide the necessary H S abatement, the use 
o f  s u l f u r  dioxide pH control should be considere% and  evaluated as  a 
secondary H2S abatement method. 

Other H S abatement systems which have been or could be used are discussed 
below. %ost have proven ineffective o r  have been displaced by the Stretford and 
surface condenser/partitioning process. 

o EIC Process 
I 

This process i s  one t h a t  can t r e a t  steam upstream of the power plant. I t  
removes the  H S i n  the steam by a scrubbing process s imi la r  t o  the 
Stretford procrks. I t  uses a chemical solution whose main constituent 
i s  copper sulfate.  The system has n o t  been used commercially; however, i t  
has undergone  p i l o t  p l a n t  testing on one well a t  a PGandE p l a n t  i n  The 
Geysers under a development contract funded by the DOE.  The at t ract ive 
features of the process appear t o  be: 

( a )  Potential for  h i g h  H S abatement efficiency and partial removal of 
other undesi rabl e stea& constituents. 

( b )  Potential ly superior combined capi tal/operational cos t  aspects t h a n  
the Stretford and hydrogen peroxide system combination costs. 

( c )  Regeneration capability of the chemical solution and i n  the scrubbing 
process. 

( d )  Potentially cleaner steam supply t o  the power p l a n t ,  which i n  turn 
reduces potential problems or maintenance a t  the plant. 

( e )  

( f )  

( 9 )  Potenti a1 f o r  re t rof i t t ing  exi sting power pl ants. 

The unknown aspects are: 

( a )  Actual abatement efficiency as a commercial process. 

H2S abatement capability in a steam stacking process. 

Waste that i s  generated i n  the €IC process i s  joined w i t h  the cooling 
tower purge stream t o  be reinjected. 

( b )  Reliability of the system. 

( c )  Carry-over o f  chemical products t o  the power p lan t  t h a t  may be 
detrimental t o  the plant. 

( d )  Costs, including steam penal t i es .  

1 
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Although the  E I C  process has n o t  been used commercial ly, t h e  Department o f  Water 
Resources proposes t o  use i t  on t h e i r  B o t t l e  Rock p r o j e c t  i n  Lake County. The 
H S concent ra t ion  f o r  the  B o t t l e  Rock p r o j e c t  i s  so h i g h  t h a t  the  E I C  process 
w ? l l  be i n s t a l l e d  i n  a d d i t i o n  t o  two o t h e r  abatement techniques. SMUDGE0 P1 
does n o t  have such h i g h  H S concentrat ions;  so, SMUD can reduce i t s  emissions 
adequately u s i n g  on ly  S t r e h o r d  and H202 w i t h  c a t a l y s t .  

o Steam Converters--An o l d  geothermal i n d u s t r y  process, the  steam conver ter ,  
was t h e  o n l y  e f f e c t i v e  way o f  reducing the  h igh  gas conten t  o f  t h e  steam. 
However, the  process s e r i o u s l y  degrades t h e  q u a l i t y  o f  t h e  steam, and 
near ly  double the  mass o f  steam i s  r e q u i r e d  t o  produce the  same amount o f  
power as unconverted steam. 

o Prep lan t  Oxidation--PGandE has b r i e f l y  experimented w i t h  t h e  i n j e c t i o n  o f  
oxygen ( 0  1 i n t o  the  incoming geothermal steam, upstream o f  t h e  t u r b i n e  
u n i t s .  h e  r e s u l t s  were n o t  encouraging, s ince  i n j e c t i o n  o f  t w i c e  t h e  
amount o f  0 t h e o r e t i c a l l y  r e q u i r e d  , f o r  f u l l  o x i d a t i o n  o n l y  caused an 
H S reduct io$ of 5 percent.  Upstream i n j e c t i o n  o f  H202 has a l s o  been 
d i e d  b u t  w i t h  poor r e s u l t s .  

o The Burner-Scrubber System--This system mixes t h e  condenser of f -gases w i t h  
a i r  and b u r n s  them. The system was used on PGandE's U n i t  4 b u t  was 
d iscont inued because i t  was unable t o  reduce H S emissions by more than 
o n e - h a l f  o f  t h a t  r e q u i r e d  and because t h e  o f f - g a s e s  a r e  o n l y  m a r g i n -  
a l l y  flammable. 

o The Deuterium Process--The Deuterium Corporat ion has i n s t a l l e d  and t e s t e d  a 
i q u i d  absorp t ion  type o f  scrubber t o  remove H S from a p o r t i o n  o f  t h e  

tncoming steam a t  PGandE's U n i t  7. D e t a i l s  o f  &e process a r e  considered 
p r o p r i e t a r y  in fo rmat ion ,  b u t  e a r l y  t e s t  r e s u l  t s  i n d i c a t e d  90 percent  o r  
b e t t e r  H S abatement. There were problems associated w i t h  regenera t ion  
o f  scrubder s o l u t i o n s  which have y e t  t o  be resolved. 

The D e u t e r i u m  p r o c e s s  has been deve loped t o  p roduce "heavy"  w a t e r  
(deuterium) and requires copious amounts o f  process steam, electrical 
power, and hydrogen s u l f i d e .  Therefore,  t h e  process would be a secondary 
geothermal i n d u s t r y  r a t h e r  than an abatement system. 

ALTERNATIVE MEANS OF ACCOMPLISHING PROJECT OBJECTIVES 

Energy Conservat ion 

The d iscuss ion of  need i n  t h e  chapter  on " P r o j e c t  Descr ip t ion"  r e f e r s  t o  the  
Energy Commi s s i o n l  s adopted f o r e c a s t  f o r  energy and peak demand. -The f o r e c a s t  
incorpora tes  some conservat ion measures. New and expanded measures w i l l  be 
implemented by SMUD, thereby reducing e l e c t r i c a l  demand i n  t h e  SMUD s e r v i c e  
area. 

Geothermal base l o a d  e l e c t r i c a l  generat ion i s  s p e c i f i e d  by t h e  Energy Commission 
as a " p r e f e r r e d "  t e c h n o l  ogy ( C E C ,  1978 1 and i -s r e 1  a t i v e l y  c o s t - e f f e c t i v e  
compared t o  o t h e r  a1 t e r n a t i v e  e l e c t r i c a l  generat ion technol  ogy. Conservat ion i s  
an a l t e r n a t i v e  technology t h a t  would be more a p p l i c a b l e  as an a l t e r n a t i v e  t o  
o ther  1 ess p r e f e r r e d  and l e s s  c o s t - e f f e c t i v e  forms o f  e l e c t r i c a l  generat ion.  
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ALTERNATIVE TRANSMISSION FACILITIES 

Transmission S t r u c t u r e s  

Any number o f  designs f o r  towers, i n s u l a t o r s ,  and conductors a r e  p r e s e n t l y  
a v a i l a b l e .  SMUD proposes t o  use double c i r c u i t ,  s t e e l  l a t t i c e  towers and ACSR 
conductors. An a1 t e r n a t i v e  design cons1 s t i n g  o f  large-diameter,  s t e e l  po le- type 
towers was i n i t i a l l y  considered b u t  l a t e r  d iscarded due t o  t h e  d i f f i c u l t y  i n  
e s t a b l i s h i n g  a firm f o o t i n g  f o r  t h e  pole-type towers. 

An underground, low pressure,  o i l - f i l l e d ,  s e l f - c o n t a i n e d  cab le  c o u l d  be used as 
an a1 t e r n a t i v e  f o r  t h e  overhead t ransmiss ion 1 ine .  Underground t ransmiss ion  
would r e q u i r e  excessive c l e a r i n g ,  grading, and t rench ing  and would s i g n i f i c a n t l y  
increase t h e  est imated c o s t  o f  t h e  p r o j e c t .  Undergrounding the proposed t rans-  
miss ion  l i n e  would reduce t h e  v i s u a l  impact and phys ica l  o b s t r u c t i o n ,  b u t  the  
g r e a t l y  increased i n s t a l l a t i o n  c o s t s  and t h e  p o s s i b l e  e f f e c t s  o f  e ros ion  o r  
s lope f a i l u r e s  on cab le  r e l i a b i l i t y  makd t h i s  an undesi rab le a l t e r n a t i v e .  

Transmission Routes 

A t ransmiss ion t a p l i n e  w i l l  be cons t ruc ted  from t h e  p l a n t  s i t e  t o  an e x i s t i n g  
PGandE 230 k V  t r a n s m i s s i o n  l i n e  l o c a t e d  t o  the w e s t  o f  t h e  s i t e .  SMUD proposed 
t h r e e  a1 t e r n a t i v e  r o u t e s  f o r  t h e  t ransmiss ion t a p l i n e .  Refer t o  at tached 
F i g u r e  13. 

I - 

A1 t e r n a t i  ve A 

A l t e r n a t i v e  A i s  approx imate ly  3,000 f e e t  l o n g  and r e q u i r e s  3 double c i r c u i t  
s t e e l  l a t t i c e  towers. A l l  o f  t h e  s t r u c t u r e s  c o u l d  be reached by e x i s t i n g  roads 
( o r  l a n d  t h a t  i s  a l ready c l e a r e d  and graded) w i t h  t h e  except ion  o f  Tower A-3, 
which would r e q u i r e  approx imate ly  600 f e e t  o f  new access road. T h i s  l i n e  
woul d te rmina te  a t  PGandE Tower 0/3. 

A1 t e r n a t i  ve B 

A l t e r n a t i v e  B i s  approx imate ly  3,400 f e e t  l o n g  and r e q u i r e s  4 double c i r c u i t  
s t e e l  l a t t i c e  towers. As w i t h  A l t e r n a t i v e  A, a l l  o f  t h e  towers c o u l d  be reached 
by e x i s t i n g  r o a d s  ( o r  l a n d  t h a t  i s  a l r e a d y  c l e a r e d  and g r a d e d )  w i t h  t h e  
except ion  o f  Tower B-3 (same as Tower A-31, which would r e q u i r e  approximately 
600 f e e t  o f  new access road. This  l i n e  would a l s o  te rmina te  a t  PGandE Tower 
0/3. 

A1 t e r n a t i  ve C 

A l t e r n a t i v e  C i s  approximately 3,180 f e e t  l o n g  and r e q u i r e s  3 double c i r c u i t  
s t e e l  l a t t i c e  towers. Th is  a l t e r n a t i v e  i s  t h e  same as A l t e r n a t i v e  A except t h e  
l a s t  Tower C-3 i s  l o c a t e d  approximately 600 f e e t  south o f  t h e  l a s t  tower f o r  
A l t e r n a t i v e s  A and B, and t h e  l i n e  te rmina tes  a t  PGandE Tower 0/4. A l l  o f  t h e  
towers c o u l d  be reached by e x i s t i n g  roads w i t h  t h e  except ion  o f  Tower C-3, which 
would r e q u i r e  approximately 300 f e e t  o f  new access roads. 

Both SMUD and CEC s t a f f  cons ider  A l t e r n a t i v e  C t o  be the  p r e f e r a b l e  a l t e r n a t i v e .  
It r e q u i r e s  o n l y  300 f e e t  of access road as compared t o  600 f e e t  f o r  A l t e r -  
n a t i v e s  A and B ,  thus min imiz ing  c o s t  and environmental impact. Also, i t  has 
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a l e s s  t ransmiss ion losses than e i t h e r  o f  the o t h e r  a1 t e r n a t i v e s ,  as i t  terminates 
on the  PGandE l i n e  a t  a p o i n t  c l o s e r  t o  the d e s t i n a t i o n  o f  the  power and there-  
f o r e  has a s h o r t e r  e l e c t r i c a l  path. A l t e r n a t i v e  C i s  s l i g h t l y  longer  than 
A l t e r n a t i v e  A b u t  i s  n o t  s i g n i f i c a n t l y  more expensive, as i t  r e q u i r e s  t h e  same 
number o f  towers, w i t h  o n l y  minimal a d d i t i o n a l  c o s t  f o r  the  a d d i t i o n a l  con- 
ductors.  Accordingly,  A l t e r n a t i v e  C i s  o v e r a l l  the  l e a s t  expensive and, i n  
a d d i t i o n ,  conserves energy by prevent ing  unnecessary t ransmiss ion losses. 

ALTERNATIVE STEAM GATHERING FACILITIES 

A1 t e r n a t i  ve S t r u c t u r e s  

I n  o rder  t o  ma in ta in  the  h igh  temperature o f  the  geothermal steam, i t  must be 
t ranspor ted  i n  i n s u l a t e d  pipes. Phys ica l  and chemical p r o p e r t i e s  o f  t h e  steam 
resources c o n s t r a i n  the  types o f  m a t e r i a l s  f e a s i b l e  f o r  use i n  c o n s t r u c t i o n  o f  
t h e  ga ther ing  system. Since the steam o f t e n  c a r r i e s  s o l i d  d e b r i s  and o t h e r  
f o r e i g n  m a t e r i a l s  which s e t t l e  o u t  as t h e  steam i s  t ranspor ted,  t h e  steam 
gather ing  system must have vents and c e n t r i f u g a l  f i l t e r s  a t  i n t e r v a l s  along 
t h e  p i p e l i n e .  These vents  and t r a p s  must be access ib le  f o r  p e r i o d i c  c l e a n i n g  
and maintenance. For these reasons an above-ground c o n s t r u c t i o n  o f  t h e  steam 
gather ing  system i s  p re fe r red .  

A1 t e r n a t i v e  Routes 

I n  o rder  t o  ma in ta in  t h e  maximum usefu lness of  t h e  n a t u r a l  steam resource, t h e  
d is tance between t h e  steam supply and the  power generat ing f a c i l i t i e s  must be 
minimized. The exac t  l o c a t i o n  o f  t h e  steam supply p i p e l i n e s  and suppor t  towers 
associated w i t h  the  SMUDGE0 #1 p r o j e c t  a r e  n o t  y e t  a v a i l a b l e .  The p o l i c y  o f  t h e  
federal  agencies which manage t h e  lands w i t h i n  t h e  proposed p r o j e c t  area i s  t o  
encourage t h e  lessee o f  t h e  lands t o  r o u t e  the  steam gather ing  system a long t h e  
e x i s t i n g  system o f  access roads cons t ruc ted  d u r i n g  t h e  development o f  t h e  
geothermal  r e s o u r c e .  The steam d e v e l o p e r  a l s o  w o u l d  p r e f e r  t o  r o u t e  t h e  
ga ther ing  system a1 ong a7 ready e x i  s t i n g  roads, s ince  i t  prov ides  easi  e r  access 
f o r  maintenance o f  the  system and reduces costs.  

ALTERNATIVE USES OF GEOTHERMAL STEAM 

In a d d i t i o n  t o  i t s  use f o r  e l e c t r i c a l  generat ion,  geothermal steam can be used 
f o r  a v a r i e t y  o f  domestic and i n d u s t r i a l  processes. T y p i c a l l y ,  these processes 
depend on a resource w i t h  a 100" t o  150" temperature range, which i s  considered 
"moderate." D i r e c t  heat ing  uses o f  geothermal energy i n c l u d e  water heat ing,  
space h e a t i n g  and cool  ing,  food processing, r e f r i g e r a t i o n ,  and process-heat ing 
app l ica t ions .  The most common o f  these uses a r e  d i r e c t  heat ing  f o r  b u i l d i n g s  o r  
f o r  i n d u s t r i a l  dehydrat ion processes. The most e f f i c i e n t  uses o f  t h i s  heat  
r e q u i r e  t h a t  t h e  user be n o t  more than a m i l e  away from t h e  resource due t o  
heat  l o s s  i n  t r a n s p o r t a t i o n ,  and t h e r e  a r e  no residences w i t h i n  t h i s  d is tance.  
Geothermal resources above 150°C a r e  considered t o  be p o t e n t i a l  f o r  commercial 
power product ion;  these a d d i t i o n a l  temperature resources coul  d a1 so prov ide  
process heat  t o  favorab ly  l o c a t e d  i n d u s t r i e s .  The steam resourc'es a t  The 
Geysers a re  about 250°C. 
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V. GROWTH I N D U C I N G  IMPACTS 
S O C I O E C O N O M I C S  

SETTING 

The s i t e  i s  l o c a t e d  i n  Sonoma County near  the border  separa t ing  Lake and Sonoma 
count ies  i n  the  KGRA. These count ies  h i s t o r i c a l l y  share i n  the growth e f f e c t s  
a t t r i b u t a b l e  t o  geothermal development i n  the KGRA and CEC s t a f f  expects them t o  
share i n  t h e  development d i r e c t l y  a t t r i b u t a b l e  t o  the SMUDGEO #1 f a c i l i t y .  

Sonoma County has a popu la t ion  o f  approximately 284,400 ( C a l i f o r n i a  Department 
o f  Finance, January 1, 1980) and grew moderately i n  recent  years  due p r i n c i p a l l y  
t o  s p i l l o v e r  growth from the San Franc isco  Bay area. Overa l l  p o p u l a t i o n  growth 
o.f the county has been 3.2 percent  per  y e a r  s ince 1970. Growth i n  the geo- 
t h e r m a l  development  a r e a  was more mode,st. P o p u l a t i o n  i n  H e a l d s b u r g  and 
Cloverdale,  the  two towns c l o s e s t  t o  the kGRA, increased by 2.6 percent  and 2 
percent,  r e s p e c t i v e l y ,  o v e r  the same p e r i o d  ( I b i d .  - , and C a l i f o r n i a  Department o f  
F i  nance, September 1975 1. 

The county economy i s  a d iverse  one, as would be expected w i t h  an area de- 
ve lop ing a more urban character .  The nor thern  p o r t i o n  of the county near the 
KGRA, however, i s  o f  more d i s t i n c t l y  r u r a l  charac ter .  P r i n c i p a l  economic 
a c t i v i t i e s  center  on n a t u r a l  resource development and a g r i c u l t u r e ,  wi th f o r e s t  
products,  d a i r y  and p o u l t r y  farming, and vineyards p r o v i d i n g  the bas is  f o r  the  
l o c a l  economy. H i s t o r i c a l  geothermal development a lso  p l a y s  a r o l e  i n  t h e  
econoniic growth o f  t h e  area. 

Lake County has a popu la t ion  o f  35,200 ( C a l i f o r n i a  Department o f  Finance, f o r  
January 1, 1980) and has grown r a p i d l y .  High i n - m i g r a t i o n  c rea ted  growth o f  6 
percent  per  year  s i n c e  1970, ( I b i d . ,  and C a l i f o r n i a  Department o f  Finance, 
September 1975) which i s  s u f f i c i e r t o  double t h e  p o p u l a t i o n  every 12 years.  A 
s i g n i f i c a n t  p a r t  o f  t h i s  i n - m i g r a t i o n  has been r e t i r e d  persons seeking the  
l o w - c o s t  h o u s i n g  and a s c e n i c  r u r a l  a tmosphere,  w h i c h  Lake County has  
h i s t o r i c a l l y  o f f e r e d .  Permanent p o p u l a t i o n  i n  the towns c l o s e s t  t o  the  Socrates 
Mine Road, l e a d i n g  t o  the  SMUDGEO #1 s i t e ,  i s  approximately 2,400. These 
communities a l l  l i e  w i t h i n  15 m i l e s  o f  the s i t e  by road and i n c l u d e  Anderson 
Springs, Cobb, Hobergs, Loch Lomond, Middletown, and Whispering Pines. F u r t h e r  
growth takes p l  ace i n  un i  ncorporated areas a1 ong the Cobb Mountai n/Bo ttl e Rock 
Road area. P r i n c i p a l  i n d u s t r i e s  o f  the  county c o n s i s t  o f  r e c r e a t i o n  and tour ism 
( e s p e c i a l l y  i n  t h e  area o f  Clear Lake) and general s e r v i c e  sec tor  a c t i v i t i e s ,  
a l though a g r i c u l t u r e  and t imber  p roduc t ion  a r e  i n  evidence as w e l l  (AFC, pp. 
5-109, and Table 5.10-3). 

Curren t  pub1 i c  s e r v i c e  c a p a c i t i e s  d iverge  markedly between the  two count ies.  
Nor thern Sonoma County has exper ienced moderate growth, y e t  no major s t r a i n s  o f  
p u b l i c  serv ices  d e s p i t e  a general t i g h t e n i n g  o f  housing suppl ies i n  recent  
years.  Vacancy r a t e s  i n  Healdsburg and Cloverdale were 8 percent  and 6 percent ,  
r e s p e c t i v e l y ,  i n  1975 ( C a l i f o r n i a  Department o f  Finance, September 1975). By 
J u l y  o f  1979, however, these r a t e s  had f a l l e n  t o  1.8 percent  and .9 percent,  
r e s p e c t i v e l y  (Federal  Home Loan Bank o f  San Francisco, November 1979). None- 
the less,  school age popu la t ions  a r e  down i n  Sonoma County, w i t h  o n l y  t h r e e  o f  
the  seven school d i s t r i c t s  l o c a t e d  i n  the nor theastern p a r t  o f  t h e  county be ing  
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I a t  o r  near p resent  c a p a c i t y  (AFC, pp. 5-113). Roads i n t o  t h e  area do n o t  meet 
county standards needed f o r  the  t r a n s p o r t  o f  heavy equipment (see Transpor ta t ion  
Sect ion o f  the  JES f o r  more d e t a i l s ) .  CEC s t a f f  be l ieves  p u b l i c  s a f e t y  serv ices  
are  adequate. 

Lake County, however, has been unable t o  accommodate i t s  more r a p i d  growth 
r a t e .  Al though no vacancy data has been c o l l e c t e d  i n  the l a s t  10 years,  housing 
stocks a r e  known t o  be i n  s h o r t  supply. P a r t l y  because o f  resource c o n s t r a i n t s  
a t  the  l o c a l  government l e v e l ,  county l a n d  use p lann ing  e f f o r t s  have n o t  y e t  met 
standards o f  the  O f f i c e  o f  P lanning and Research; and i n  the i n t e r i m  p e r i o d  
c o u n t y  l a n d  use c o n t r o l s  have been i n e f f e c t i v e .  The c o u n t y  r e p o r t s  hap- 
hazard d i s t r i b u t i o n  o f  mobi le  homes a long county roads. Growth has s t r a i n e d  
l o c a l  school c a p a c i t i e s ,  w i t h  bo th  school d i s t r i c t s  i n  c l o s e s t  p r o x i m i t y  t o  the  
s i t e ,  Middletown and K e l s e y v i l l e ,  p r e d i c t i n g  overcrowded f a c i l i t i e s  by t h e  f a l l  
of  1980 (AFC, pp. 5-113). Geothermal worker f a m i l i e s  have h i s t o r i c a l l y  p layed 
an i n c r e a s i n g  r o l e  i n  t h e  growth o f  t h e  Middletown D i s t r i c t  (Reany, June 1980). 

Moreover, t h e  i n a b i l i t y  o f  t h e  county t o  r a i s e  s u f f i c i e n t  t a x  revenue t o  expand 
i t s  pub1 i c  i n f r a s t r u c t u r e  compl icates these problems. C h a r a c t e r i s t i c a l l y ,  
housing p r i c e s  a r e  low i n  t h e  area, i n d i c a t i v e  o f  t h e  l a r g e l y  r e c r e a t i o n / a g r i -  
c u l t u r a l  charac ter  o f  t h e  county, and hence prov ide  low assessed values on a 
per- fami ly  bas is .  Reductions i n  assessments requ i  r e d  by passage o f  P r o p o s i t i  on 
13 i n  1978 have f u r t h e r  r e s t r i c t e d  t a x  revenues. To ta l  t a x  revenues rece ived by 
the  County f e l l  t o  $3.6 m i l l i o n  i n  f i s c a l  1978-79 from $5.4 m i l l i o n  on ly  one 
year  e a r l i e r  ( C a l i f o r n i a  S t a t e  C o n t r o l l e r ,  January 1980). T o t a l  revenues ( i n -  
c l u d i n g  a l l  s t a t e  subvent ions) f e l l  over  the  same p e r i o d  by 5.5 percent ,  d u r i n g  
a p e r i o d  when i n f l a t i o n  (as measured by p r i c e  i n d i c e s  f o r  s t a t e  and l o c a l  
government  p u r c h a s e s )  was a p p r o x i m a t e l y  9.4 p e r c e n t  (Bureau o f  Economic 
Analys is ,  1980). Real purchasing power o f  the  county t h e r e f o r e  d e c l i n e d  by 
almost 15 percent  w h i l e  county popu la t ion  (and hence p u b l i c  s e r v i c e  r e q u i r e -  
ments) increased r a p i d l y .  Since o n l y  Geysers U n i t  13 i s  c u r r e n t l y  l o c a t e d  i n  
Lake County, geothermal t a x  revenues have n o t  c o n t r i b u t e d  s u b s t a n t i a l  l y  t o  
lessen s e r v i c e  capac i ty  problems accompanying t h e  county 's  r a p i d  growth. The 
r e s u l t i n g  p i c t u r e  i s  t h e r e f o r e  one o f  a county w i t h  over loaded i n f r a s t r u c t u r e  
which i s  f i s c a l l y  cons t ra ined from t h e  c a p i t a l  expendi tures r e q u i r e d  t o  ease t h e  
shortages. 

I 

Locat iona l  C h a r a c t e r i s t i c s  o f  Geothermal Development 

O f  a l l  geothermal power p l a n t s  c u r r e n t l y  on l i n e  i n  the  KGRA, o n l y  Geysers U n i t  
13 i s  l o c a t e d  i n  Lake County. Because o f  t h i s ,  and t h e  good roads from t h e  B i g  
S u l f u r  Creek Basin t o  Sonoma County communities, t h e  d i s t r i b u t i o n  o f  con- 
s t r u c t i o n  worker residences has been h i g h l y  skewed i n  f a v o r  o f  Sonoma County. 
An informal survey taken be fore  e a r l y  1979 by PGandE revea led  t h a t  about 75 I 
percent  o f  p l a n t  c o n s t r u c t i o n  workers then i n  t h e  area r e s i d e d  i n  Sonoma County 
(1979-AFC-3 , pp. 5-106). Recent test imony i n  the  Geysers 16 proceedings , 
however, i n d i c a t e s  t h a t  25 t o  50 percent  o f  t h e  PGandE geothermal const ruc-  
t i o n  f o r c e  c u r r e n t l y  res ides  i n  t h e  Middletown/Cobb Mountain area alone, w i t h  
o thers  l i v i n g  i n  communities around C lear  Lake (Car te r ,  August 1980). Fu ture  
development p lans c u r r e n t l y  known f o r  a l l  u t i l i t i e s  seeking p r o j e c t s  i n  t h e  
a r e a ,  r e v e a l  a g e n e r a l  s h i f t i n g  o f  development  p r o p o s a l s  f r o m  t h e  B i g  
Sulphur Creek eastward toward t h e  border  areas j o i n i n g  t h e  count ies  and t h e  Lake 
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County s ide o f  the  KGRA (AFC, F igure  1.1-2).  As t h i s  occurs, l oca t i ona l  incen- 
t i v e s  favor ing  Lake County residences f o r  new cons t ruc t ion  workers w i l l  be 
enhanced, as the l ayou t  o f  p u b l i c  roads i n  the area lead most e a s i l y  i n t o  the  
Lake County communities. The recent  c losure o f  Pine F l a t  Road has completed the 
gradual r e s t r i c t i o n  o f  f r e e  access t o  i n d i v i d u a l s  across the KGRA from Lake t o  
Sonoma count ies.  A l l  roads i n t o  the area are now being paved and maintained by 
resource developers , and are c l  osed t o  pub1 i c t r a f  f i  c. As a1 t e r n a t i v e  routes 
from the s i t e  area t o  Sonoma County communities us ing major thoroughfares would 
requ i re  commuting distances i n  excess o f  50 mi les,  c losure o f  these roads w i l l  
p o t e n t i a l l y  r e s t r a i n  a b i l i t y  o f  geothermal cons t ruc t ion  workers t o  commute t o  
residences i n  Sonoma County. 

IMPACTS 

In t roduc t i on  

The SMUDGEO #1 s t a t i o n  i s  on ly  one o f  e i g h t  proposals which would c u r r e n t l y  be 
expected t o  be under cons t ruc t ion  dur ing  tt$e t ime frame envis ioned f o r  the  SMUD 
pro jec t .  Other proposals inc lude PGandE Un i t s  16 - 18, Northern C a l i f o r n i a  
Power Agency Un i t s  1 and 2, and C a l i f o r n i a  Department o f  Water Resources B o t t l e  
Rock and South Geysers p ro jec ts .  Socioeconomic impacts are reg ional  r a t h e r  than 
s i t e - s p e c i f i c  i n  character;  hence, i t  i s  appropr ia te t o  view the  impacts a t t r i b -  
u tab le  t o  cons t ruc t ion  o f  any s ing le  u n i t  w i t h i n  the context  o f  the  cumulat ive 
development occur r ing  f r o m  the  cons t ruc t ion  o f  a l l  f a c i l i t i e s .  F a c i l i t y - r e l a t e d  
growth e f f e c t s  should there fore  be assessed both as a cumulative add i t i on  t o  
ongoing development dur ing  the cons t ruc t ion  pe r iod  and as a proposal i n  i t s  own 
r i g h t .  An assessment o f  cumulat ive e f f e c t s  i s  inc luded below. 

0 

Pooul a t i o n  

Under cu r ren t  plans, the  cons t ruc t ion  fo rce  requ i red  f o r  the cons t ruc t ion  o f  t he  
SMUDGEO #1 f a c i l i t i e s  w i l l  be i n  the area between A p r i l  1981 and February 
1984. SMUD est imates the  peak work fo rce  t o  be approximately 125 by October 

(AFC, p. 5-110), w i t h  60 - 70 represent ing an average l e v e l  o f  a c t i v i t y  a t  
the s i t e .  SMUD has est imated the  t o t a l  popu la t ion  increase i n  each countx  
. a t t r i b u t a b l e  t o  cons t ruc t ion  o f  the  f a c i l i t i e s  t o  be 110--45 cons t ruc t ion  
workers and fami 1 i es and 65 i nduced newcomers a t t r i  butabl  e t o  enhanced general 
business and employment oppor tun i t i es  i n  the reg ion  due t o  the d i r e c t  f a c i l i t y -  
r e l a t e d  growth. These est imates are  based upon the f o l l o w i  rig assumptions (AFC, 
pp. 5-111 - 112): 

o F o r t y  workers w i l l  migrate i n t o  the area, 20 l o c a t i n g  i n  each county; 

o H a l f  o f  immigrat ing workers w i l l  b r i n g  fam i l i es ,  cons i s t i ng  o f  a spouse and 
1.5 c h i l d r e n  on the average; 

o One i n d i r e c t  j o b  i s  assumed created per  each immigrant cons t ruc t ion  worker. 

CEC s t a f f  concurs w i t h  these assumptions as being reasonable i n  l i g h t  o f  a v a i l -  
ab le data. 

Cumulative Pooul a t i o n  Growth 

Incorpora t ing  the i nd i v idua l  cons t ruc t ion  fo rce  p ro jec t i ons  made by PGandE , 
N.C.P.A., DWR, and SMUD i n  t h e i r  NOI/AFC submi t ta ls  leads t o  a t o t a l  construc- 
t i o n  work fo rce  i n  the area as shown i n  F igure  32 below. Peak cons t ruc t ion  
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FIGURE 32 
ESTIMATED CONSTRUCTION PERSONNEL 

GEYSERS KGRA: 1976-1984 

1984 1976 1977 1978 1979 1980 1981 1982 1983 
TIME 

Source: Interrogatory response from the Pacific Gas and Electric Company, June 1979 and individual 
construction work schedules as included in u t i l i t y  NOI/AFC submittals in the following 
proceedings: 
and SMUD Geothermal #I-. Schedules have been adjusted t o  re f lec t  delays in regulatory 
proceedings as they have occurred through May, 1980. Personnel represent power plant 
construction forces only, and do not include steamfield workers. 

PGandE Units 16-18, NCPA Units 1 and 2, DWR Bottle Rock and South Geysers, 
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work f o r c e  ( e x c l u s i v e  o f  steam f i e l d  crews) i s  expected t o  be approximately 610 
by e a r l y  1982, and would decrease r a p i d l y  a f t e r  the  Summer o f  1983. Assuming 
f u r t h e r  t h a t :  

o A l l  o f  the  approximately 300 workers t h a t  were employed dur ing  t h e  1978 
peak c o n s t r u c t i o n  p e r i o d  s t i l l  r e s i d e  i n  t h e  Lake, Sonoma, Napa, and 
Mendocino County area and are  a v a i l a b l e  f o r  f u r t h e r  work on geothermal 
p r o j e c t s  ; 

o One-half o f  immigra t ing  c o n s t r u c t i o n  workers s e t t l e  i n  each county; 

o F o r t y  percent  ofl t h e  a d d i t i o n a l  c o n s t r u c t i o n  f o r c e  a l ready l i v e  i n  the 
four-county area; and 

o One-half o f  immigra t ing  c o n s t r u c t i o n  workers b r i n g  famiJ ies  w i t h  them, each 
on the  average c o n s i s t i n g  o f  a spouse and 1.6 c h i l d r e n .  

The t o t a l  p o p u l a t i o n  growth i n  Lake and Sqnoma count ies  would be approximately 
214. T h i s  i s  almost 9 percent  o f  t h e  c u r r e i t  p o p u l a t i o n  i n  the  southern p o r t i o n  
of Lake County c l o s e s t  t o  t h e  KGRA, w h i l e  c o n s t i t u t i n g  l e s s  than 2 percent  o f  
t h e  c u r r e n t  p o p u l a t i o n  o f  C1 overdal  e and Heal dsburg combined. Given the  c u r r e n t  
c o n d i t i o n s  i n  southern Lake County, CEC s t a f f  b e l i e v e s  t h e  e f f e c t s  o f  t h i s  
cumulat ive growth i n  Lake County t o  be s i g n i f i c a n t .  Impacts w i l l  - be i n s i g n i -  
f i c a n t  upon Sonoma County. i 
Labor Market and Housing 

On the  bas is  o f  c u r r e n t  in fo rmat ion ,  p r o j e c t - r e l a t e d .  p o p u l a t i o n  impacts w i l l  
p robably  exacerbate c u r r e n t  housing supply problems i n  Lake County. T h i s  e f f e c t  
i s  a c o n t r i b u t i o n  t o  t h e  cumulat ive impacts o f  a l l  c o n s t r u c t i o n  r a t h e r  than a 
p r o j e c t - s p e c i f i c  problem. I n  l i g h t  o f  h i s t o r i c a l l y  g r e a t e r  housing supp l ies  i n  
nor thern  Sonoma County, bo th  i n  the  Healdsburg-Cloverdale area and a1 so i n  
nearby Santa Rosa, pressure upon housing s tocks a t t r i b u t a b l e  t o  t h e  SMUDGE0 #1 
p r o j e c t  i n  Sonoma County w i l l  n o t  be s u b s t a n t i a l .  

An adequate l a b o r  pool e x i s t s  i n  bo th  Sonoma and Lake count ies  t o  assure t h a t  
problems i n  s t a f f i n g  l o c a l  concerns do n o t  arise as c u r r e n t  employees leave t o  
work i n  the  geothermal f i e l d s .  The c o n s t r u c t i o n  f o r c e  r e q u i r e d  i n  general  is 
h i g h l y  s k i l l e d ,  and should n o t  t h e r e f o r e  draw l a r g e  numbers o f  l e s s - s k i l l e d  
employees o f  t h e  a g r i c u l t u r a l  /na tura l  resource sec tors  which form t h e  h e a r t  o f  
t h e  l o c a l  economy. Moreover, unemployment r a t e s  ( i n d i c a t i n g  a v a i l a b i l i t y  o f  
l a b o r )  a re  h igher  i n  bo th  Lake and Sonoma count ies  than i n  t h e  s t a t e  as a whole 
( C a l i f o r n i a  Employment Development Department). Therefore no adverse l a b o r  
market shortages i n  l o c a l  i n d u s t r i e s  w i l l  occur i n  e i t h e r  county due t o  p r o j e c t  
o r  cumulat ive e f f e c t s  over  t h e  near term. . 

1. T h i s  i s  t h e  average f o u n d - b y  M o u n t a i n  West Research, I n c . ,  i n  t h e i r  
research o f  demographic p a t t e r n s  and c o n s t r u c t i o n  worker o r i g i n .  See 
C o n s t r u c t i o n  Worker P r o f i l e :  Summary Report  (Tempe, Ar izona, December 
19751, pp. 1 - 7. 

168 2. I b i d . ,  w i t h  rounding. 
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Pub l ic  Services 

Populat ion i n f l u x  a t t r i b u t a b l e  t o  SMUDGEO #1 and o ther  f a c i l i t i e s  dur ing  the  
e a r l y  1980s w i l l  f u r t h e r  s t r a i n  the already over burdened p u b l i c  serv ices i n  
Lake County. Schools i n  the county, espec ia l l y ,  w i l l  experience problems as 
c h i  1 dren o f  in-migrant fami l  i es augment cu r ren t  capaci ty shortages. It must, 
however, be r e i t e r a t e d  here t h a t  p u b l i c  serv ice  capaci ty  d i f f i c u l t i e s  o f  the  
county are caused by the  r a p i d  r a t e  o f  general populat ion increase, o f  which 
the geothermal work fo rce  i s  a small pa r t .  Cont inuat ion o f  the  7 percent 
populat ion growth r a t e  over the  1980 - 1984 span would mean an add i t i ona l  10,000 
inhab i tan ts ,  o f  which on ly  214 would be t i e d  t o  power p l a n t  cons t ruc t ion  forces 
(exc lus ive  o f  steam f i e l d  crews). Adverse impacts a t t r i b u t a b l e  t o  geothermal 
work fo rce  in -migra t ion  w i l l  be conf ined t o  the southern p o r t i o n  o f  the  county, 
where geothermal development has already been a s i g n i f i c a n t  f a c t o r  s t r a i n i n g  

No evidence c u r r e n t l y  avai  1 ab1 e suggests s t rong adverse pub1 i c serv ice e f f e c t s  
i n  Sonoma County a t t r i b u t a b l e  t o  cont inued geothermal development. The county 's  
modest growth, r e l a t i v e l y  l a r g e  populat ions,  and lack  o f  cu r ren t  capaci ty  
problems a r e  b e l i e v e d  s u f f i c i e n t  c o n d i t i o n s  t o  assure  t h a t  geothermal  
development-induced populat ion w i l l  no t  promote s i g n i f i c a n t  e f f e c t s .  

I 

pub l i c  resources (AFC, - p. 5-115). ;; 

I 

F isca l  Impacts 

As the SMUDGEO #1 f a c i l i t i e s  are owned by a municipal  u t i l i t y ,  these f a c i l i t i e s  
are n o t  sub jec t  t o  l o c a l  proper ty  taxa t ion .  The s i t e  and steam f i e l d  equipment . 

I . .  
a l l  l i e  on - fede ra l  land, b u t  a re  sub jec t  t o  taxa t i on  on the  value o f  improve- 
ments. A D o r t i o n  o f  f e d e r a l  qeothermal  steam r o y a l t i e s  and r e n t  w i l l  be 
r e f u n d a b l e '  t o  b o t h  c o u n t i e s  under  t h e  prov is ion ;  o f  Assembly B i l l  1905. 
Payments c u r r e n t l y  p ro jec ted  f o r  Lake and Sonoma count ies a t t r i b u t a b l e  t o  
completion o f  the SMUDGE0 #1 f a c i l i t i e s  under the prov is ions  o f  AB 1905 are 
$42,930 per  year  f o r  Lake County and $116,070 per  year  f o r  Sonoma County (Van 
Horn, J u l y  1980). Payments w i l l  n o t  begin, however, u n t i l  operat ion commences. 
Otherwise, no d i r e c t  proper ty  taxa t i on  i s  expected. Both Lake and Sonoma 
count ies are expected t o  i n c u r  economic costs  a t t r i b u t a b l e  t o  the p r o j e c t  i t s e l f  
(as opposed t o  the at tached populat ion,  as discussed above). These costs  
c o n s i s t  p r i n c i p a l l y  of t r uck - re la ted  road damage and miscellaneous expenses - such 
as occasional p o l i c e  pa t ro l s ,  permi t  inspect ions,  e tc .  

MITIGATION MEASURES 

SMUD proposes t o  coord inate a p lan  t o  prov ide a bus t ranspor ta t i on  program f o r  
cons t ruc t ion  workers t o  Sonoma County v i a  the  Union O i l  Company's p r i v a t e  road. 
Designed ' t o  prov ide l oca t i ona l  incent ives  f o r  worker l o c a t i o n  i n  Sonoma County, 
the  proposed t ranspor ta t i on  program w i l l  serve t o  s h i f t  c r a f t  union workers t o  
the Sonorna County s ide o f  the KGRA. Th is  w i l l  s u b s t a n t i a l l y  reduce the  c o n t r i -  
b u t i  on o f  geothermal f a c i  1 i ti es t o  adverse socioeconomic impacts promoted by 
cumulative geothermal development upon southern Lake County. 

SMUD w i l l  come t o  agreement f o r  compensation o f  i t s  p ropor t ionate  share o f  I 
incu r red  costs  w i t h  both Lake and Sonorna count ies.  

I 

0 
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V I  . SUMMARY OF EIdVIROi.li~lENTAL COI.ISEC)lJENCES 

Unavoidable Adverse Environmental E f f e c t s  

For  p r o j e c t  impacts judged t o  be s i g n i f i c a n t  un less m i t i g a t e d ,  t h i s  s e c t i o n  
summarizes adverse e f f e c t s  remaining a f t e r  imp1 ementation o f  a1 1 proposed 
m i t i g a t i o n  measures. T h i s  summary i n c l u d e s  t h o s e  i m p a c t s  w h i c h  w o u l d  b e  
s i g n i f i c a n t  as w e l l  as t h o s e  r e n d e r e d  i n s i g n i f i c a n t  t h r o u g h  e f f e c t i v e  
m i t i g a t i o n .  For  more thorough d iscuss ion  o f  each t o p i c ,  r e f e r  t o  t h e  s p e c i f i c  
s e c t i o n  o f  t h e  Environmental Ana lys is  Chapter o f  t h i s  EIR.  

A I R  QUALITY 

The Nor thern Sonoma County A i r  P o l l u t i o n  Control  O f f i c e r  (NSCAPCO) i ssued a 
c o n d i t i o n a l  Determinat ion o f  Compl iance (DOC) f o r  SMUDGEO #1 which i n d i c a t e s  
t h a t  the  p r o j e c t  w i l l  c o n t r i b u t e  inc remehta l l y  t o  an e x i s t i n g  v i o l a t i o n  o f  
the  C a l i f o r n i a  Ambient A i r  Q u a l i t y  Standards (CAAQS). To achieve compliance, 
the  APCO r e q u i r e s  SMUD t o  l i m i t  t h e i r  H2S emissions t o  from 5 t o  8 l b s / h r ,  
depending on the  r e s u l t s  o f  ambient a i r  q u a l i t y  mon i to r ing  d u r i n g  1982 and 
1983. SMUD w i l l  employ Best A v a i l a b l e  Contro l  Technology (BACT) t o  reduce t h e i r  
emi ss ions accord ing ly  ; however, even i f they coul  d reduce t h e i r  emi s s i  ons t o  
zero, i t  would n o t  e l i m i n a t e  the  p r o b a b i l i t y  o f  v i o l a t i o n s  o c c u r r i n g  i n  t h e  
KGRA. Fac tors  c o n t r i b u t i n g  t o  the a i r  q u a l i t y  v i o l a t i o n  are  cumulat ive i n  
nature,  w i t h  e x i s t i n g  power p l a n t s  c o n t r i b u t i n g  h e a v i l y .  The main p o i n t ,  
i n  terms o f  environmental consequence, i s  t h a t  a i r  q u a l i t y  i n  The Geysers 
i s  reaching the  p o i n t  o f  impending v i o l a t i o n .  SMUDGEO #1 w i l l  c o n t r i b u t e  
inc rementa l l y  t o  t h i s  v i o l a t i o n ,  b u t  on a very small  scale. 

Small q u a n t i t i e s  o f  p o t e n t i a l  l y  d e l e t e r i o u s  substances conta ined i n  geothermal 
steam may be c a r r i e d  i n  the  c o o l i n g  tower plume, l i f t e d  i n t o  the a i r ,  and 
deposi ted on s o i l s ,  vegetat ion,  w i l d 1  i f e ,  and populated areas. The e f f e c t s  
o f  s m a l l  c o n c e n t r a t i o n s  a n d  c u m u l a t i v e  d e p o s i t i o n  o f  s u b s t a n c e s  such as 
radon, mercury, arsenic ,  and boron are  n o t  s u f f i c i e n t l y  understood, and t h e  
s i g n i f i c a n c e  o f  the  impacts i s  unknown. The use o f  BACT, mentioned above, 
w i l l  reduce these emissions considerably ;  never the less,  small  amounts w i l l  be 
deposi ted on the  l o c a l  environment as a resu l  t o f  SMUDGEO #l. 

PUBLIC HEALTH 

The p r o j e c t  w i l l  c o n t r i b u t e  inc rementa l l y  t o  v i o l a t i o n s  o f  the CAAQS f o r  H S, 
and w i l l  increase the p o s s i b i l i t y  o f  p u b l i c  odor compla in ts  as w e l l  as {he 
p o t e n t i a l  f o r  adverse  h e a l t h  i m p a c t s  i n  The Geysers area.. The p r o j e c t ' s  
emissions o f  nonregul a ted  pol  1 u t a n t s  , i n combinat ion w i  t h  o t h e r  power p l  a n t  
emissions w i l l  increase t h e  p o s s i b i l i t y  o f  adverse h e a l t h  e f f e c t s  from these 
p o l  1 utants .  Comparison t o  suggested safe l e v e l  s o r  proposed standards f o r  
exposure t o  nonregul a ted p o l l u t a n t s  i s  d i f f i c u l t  due t o  the s c a r c i t y  o f  data on 
steam qual i ty , a c t u a l  mi ss ion ra tes ,  and t r a n s p o r t  o f  nonregul ated pol  1 u tan ts .  

I n  v i e w  o f  t h e  d a t a  u n c e r t a i n t i e s  and p u b l i c  c o n c e r n  w i t h  h e a l t h  i s s u e s ,  
CEC s t a f f  recommends t h a t  SMUD mon i to r  steam q u a l i t y ,  ambient a i r  p o l l u t a n t  
concentrat ions,  and the h e a l t h  s t a t u s  o f  l o c a l  res idents  i n  o r d e r  t o  determine 
A )  t h e  need f o r  f u r t h e r  abatement o f  H2S and o t h e r  nonregulated p o l l u t a n t s ,  
and 6 )  the  a c c e p t a b i l i t y  o f  a d d i t i o n a l  power p l a n t s  i n  t h e  area. 

170 
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GROWTH I N D U C I N G  IMPACTS 

SMUDGE0 #l by i t s e l f  w i l l  n o t  induce s i g n i f i c a n t  growth i n  e i t h e r  Sonoma o r  Lake 
County; however, cumula t ive ly  a1 1 geothermal developments c o n t r i b u t e  t o  growth 
o f  the  count ies.  Roads i n  both count ies  a re  impacted, as a re  many p u b l i c  
f a c i l  i t i e s .  Pub1 i c  schools i n  Lake County have been p a r t i c u l a r l y  impacted by 
t h e  i n f l u x  o f  geothermal workers '  f a m i l i e s .  SMUD w i l l  a t tempt  t o  reduce t h e  
d i s p r o p o r t i o n a t e  impact t o  t h e  Lake County school system by p r o v i d i n g  i n c e n t i v e s  
f o r  workers t o  l o c a t e  i n  Sonoma County. A d d i t i o n a l l y ,  SMUD w i l l  n e g o t i a t e  w i t h  
bo th  count ies  regard ing  compensation f o r  road maintenance. 

GEOLOGY 

Topographic M o d i f i c a t i o n  

The o r i g i n a l  r i d g e t o p  w i l l  be reduced 40 f e e t  i n  e l e v a t i o n ,  i n  o rder  t o  prepare 
a l e v e l  s i t e  f o r  the  power p l a n t .  

;; 
Earthauake Shakinq 

There may be an increase i n  microseismic a c t i v i t y  due t o  the  presence o f  a 
geothermal power p l  ant ;  however, accurate p r e d i c t i o n s  regard ing  such a c t i v i t y  
a r e  not possible. Not enough i s  known about the  phenomenon as r e l a t e s  t o  
geothermal power p l a n t s .  However, i t  i s  a n t i c i p a t e d  t h a t  such microseismic 
a c t i v i t y  w i l l  n o t  have fa r - reach ing  e f f e c t s .  Some degree o f  subsidence i s  
expected due t o  r e d u c t i o n  o f  t h e  geothermal steam r e s e r v o i r .  

Compliance w i t h  design c r i t e r i a  w i l l  reduce t h e  r i s k  o f  earthquake-induced 
s t r u c t u r a l  damage t o  an acceptable l e v e l .  

Lands l ide  and Slope S t a b i l i t y  

Proposed des ign and c o n s t r u c t i o n  methods combined w i t h  the  s i t e  s p e c i f i c  geology 
would probably  reduce t h e  hazard t o  i n s i g n i f i c a n c e .  

D i f f e r e n t i  a1 S e t t l  emen t 

Proposed d e s i g n  and c o n s t r u c t i o n  methods woul d r e d u c e  t h e  h a z a r d  t o  
i n s i g n i f i c a n c e .  

Eros ion and Drainage 

A p r e s e n t l y  inde terminab le  amount o f  s o i l  w i l l  be d isp laced because o f  t h e  
p r o j e c t  due t o  c o n s t r u c t i o n  and subsequent eros ion.  CEC s t a f f  est imates t h a t  
t o t a l  development ( i n c l u d i n g  w e l l  f i e l d  and power p l a n t )  w i l l  e l i m i n a t e  about 56 
acres o f  vegeta t ion  i n  t h e  1 easehol d. O f  t h i s  d i s t u r b e d  acreage, approximately 
36 acres w i l l  c o n t r i b u t e  eroded sediments t o  the watershed. 

The a c t u a l  r a t e  o f  e r o s i o n  i s  d i f f i c u l t  t o  d e t e r m i n e ,  b u t  c o n s e r v a t i v e  
est imates* o f  t h e  n a t u r a l  e ros ion  r a t e  a t  the  s i t e  i n d i c a t e  3.2 tons p e r  acre 
per  year  o f  sedimentat ion.  The r a t e  o f  e ros ion  w i l l  increase considerably  

0 *Der ived from Universa l  S o i l  Loss Equation, used i n  p r e d i c t i n g  a g r i c u l t u r a l  

171 
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dur ing  cons t ruc t ion ,  b u t  should r e t u r n  c l o s e l y  t o  the n a t u r a l  r a t e  once SMUD's 
eros ion  c o n t r o l  p lan  i s  i n s t i t u t e d .  The proposed design, cons t ruc t ion ,  and 
m i t i g a t i o n  measures w i l l  reduce eros ion  and drainage hazards t o  i n s i g n i f i c a n c e .  

Loss o f  Minera l  Resources (Geothermal Steam) 

Reduction ' o f  the  geothermal steam r e s e r v o i r  may occur; i f  so, t h e  impact c o u l d  
be s i g n i f i c a n t .  Because t h e  s i z e  and e x t e n t  o f  t h e  steam r e s e r v o i r  a r e  unknown, 
t h e  p o t e n t i a l  r a t e  o f  d e p l e t i o n  i s  a l s o  unknown. To some e x t e n t  r e i n j e c t i o n  o f  
geothermal f l u i d s  and steam condensate may m i t i g a t e  t h i s  hazard, b u t  t h e  e x t e n t  
o f  p o s s i b l e  m i t i g a t i o n  i s  unknown. 

HYDROLOGY 

Flood Hazard 

M i  t i g a t i o n  measures such as proper d r a i n a g i  c o n t r o l s  and c o n s t r u c t i o n  o f  berms 
should prec lude environmental damages t o  the  power p l a n t  o r  t o  t h e  adjacent  
area. Through proposed design and c o n s t r u c t i o n  methods, t h e  hazard w i l l  be 
reduced t o  i n s i g n i f i c a n t .  

WATER QUALITY 

D r i  11 i n s  ODeration 

Sump Wall F a i l u r e  

Release o f  d r i l l i n g  mud i n t o  a nearby waterway as a consequence o f  sump w a l l  
f a i l u r e  c o u l d  cause a s i g n i f i c a n t  increase i n  stream t u r b i d i t y .  Although the  
e f f e c t  on water q u a l i t y  would be o f  s h o r t  durat ion,  sedimentat ion o f  t h i s  s o r t  
s e t t l i n g  i n  a stream cou ld  have s i g n i f i c a n t  long-term impacts on f i s h e r i e s .  
Mandatory compl iance w i t h  Regional Water Qual i t y  Contro l  Board r u l e s  and t h e  
f e d e r a l  Geothermal Resource O p e r a t i o n a l  Orders ,  as we1 1 a s  t h e  proposed 
engineer ing p r a c t i c e s  w i l l  minimize t h e  r i s k  o f  sump w a l l  f a i l u r e ,  b u t  w i l l  
n o t  reduce the  impact o f  such an i n c i d e n t  should it occur. 

Well Blowouts and Well Pad Design 

A w e l l  b lowout c o u l d  cause e j e c t e d  d r i l l i n g  mud, h o t  water, and condensed steam 
t o  e n t e r  a waterway, r e s u l t i n g  i n  an adverse e f f e c t  on t h e  stream. Furthermore, 
steam from such a w e l l  b lowout would t y p i c a l l y  damage vegeta t ion  i n  a r a d i u s  o f  
as much as 100 yards  f rom the w e l l .  I f  Aminoi l ,  t h e  steam s u p p l i e r ,  avoids 
uns tab le  areas f o r  w e l l  pads and complies w i t h  t h e  s t a t e  D i v i s i o n  o f  O i l  and Gas 
Regulat ions,  blowouts should be uncommon. The r i s k  o f  a blowout, r a t h e r  than 
i t s  impacts, would be reduced by such m i t i g a t i o n .  

WATER RESOURCES 

A t o t a l  o f  4.5 m i l l i o n  g a l l o n s  o f  water w i l l  be i r r e v o c a b l y  committed t o  t h e  
p r o j e c t .  O f  t h i s ,  3.5 m i l l i o n  g a l l o n s  w i l l  be used d u r i n g  cons t ruc t ion ,  and 
w i l l  be t rucked i n t o  t h e  s i t e  from a source i n  Middletown. The remaining 1 
m i l l i o n  g a l l o n s  needed f o r  i n i t i a l  charge t o  t h e  c o o l i n g  towers w i l l  come from 
condensed steam from w i t h i n  the  leasehold.  Beyond t h e  4.5 m i l l i o n  g a l l o n s  a 
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needed for construction and i n i t i a l  s tartup, less  t h a n  one acre-foot of  water 
per year wi l l  be needed f o r  power p l a n t  operation. This water will be supplied 
from outside sources, b u t  i n  view o f  the relatively small amount required 
yearly, there should be no significant adverse effect  on the water resources of 
the area. 

Acci denti a1 SDi 11 s 

I f  chemicals used in the H S abatement process were t o  spi l l  and reach surface 
waters, they could cause aiverse effects on the f ish population in Cobb Creek. 
The ent i re  power plant will be bermed adequately t o  h o l d  the maximum possible 
s p i l l .  The proposed design and construction and operation measures should serve 
t o  adequately n i  t i g a t e  aga ins t  the possi b i l  i t y  o f  adverse e f f e c t s  from 
accidental spi 11 s .  

VEGETATION 

Development of the power p lan t  s i t e  wbl1 r e s u l t  in the permanent l o s s  o f  
approximately 6.9 acres of vegetation. The majority of t h i s  vegetation i s  
chaparral, b u t  because of the abundance of chaparral in the KGRA, t h i s  loss i s  
n o t  considered t o  be significant. 

‘I 

Total  development, including power p l a n t  s i t e ,  well pads ,  steam pipel ines ,  and 
access roads will resul t  i n  the loss o f  appoximately 56 acres o f  vegetation. 
A g a i n  t h i s  i s  mostly chaparral. 

Additional ye t  unpredictable losses and damage t o  vegetation may occur near 
the plant s i t e  due t o  the presence of toxic substances such a s  boron, H S, and 
s a l t s  in cooling tower d r i f t .  I t  i s  possible that d r i f t  may cause some T o s s  t o  
the adjacent mixed evergreen forest .  

Because i t  i s  a ridge-top s i t e ,  atmospheric dispersion may occur a t  a h i g h  ra te ,  
and could conceivably lessen the negative impacts from cooling tower d r i f t .  The 
magnitude o f  the impact t o  vegetation from cooling tower d r i f t ,  however, i s  
unknown a t  t h i s  time. 

Rare and Endangered Plants 

No known rare and endangered plants have been identified i n  the areas proposed 
fo r  development a t  the power plant s i t e .  

Areas of Crit ical  Concern 

Two types o f  barrens (serpentine and  geothermally altered areas) are found 
northeast of the leasehold. These are considered t o  be of c r i t i ca l  concern 
because of their  unique plants (see Biological Section f o r  de ta i l s ) ;  however, 
because of the i r  distance from the power plant, no impact i s  expected. 

W I LO L IF E 

Three 1 egal ly protected wi 1 dl i fe  species have ranges which include the project 
areas: the American peregrine falcon; the golden eagle; and the r ingtai l .  Use 
of the area by peregrine falcons i s  infrequent, whereas the golden eagle a n d  
r ingtail  b o t h  forage within the project area. 
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Dur ins  the c o n s t r u c t i o n  phase these species will  l i k e l y  avoid the s i t e  and 
adjacent  areas. Uhether they w i l l  r e t u r n  t o  t h e i r  o r i g i n a l  forage once the 
p l a n t  i s  opera t ing  remains unknown; however, SMUD has taken p a r t i c u l a r  care i n  
des ign ing an environmental l y  s e n s i t i v e  sediment catchment system t o  m i  n imi  ze 
p o t e n t i a l  impact t o  Cobb Creek and the r i p a r i a n  zone frequented by t h e  r i n g t a i l .  

0 

Species o f  r e c r e a t i o n a l  value i n c l u d e  var ious species o f  q u a i l  , t h e  band- ta i led  
pigeon, mourning dove, brush r a b b i t ,  b l a c k - t a i l e d  j a c k  r a b b i t ,  western gray 
s q u i r r e l  , b l a c k - t a i l e d  deer, and b lack  bear. O f  these, t h e  deer a re  o f  t h e  
g r e a t e s t  r e c r e a t i o n a l  value. The deer w i l l  s u f f e r  some l o s s  o f  chaparral  
h a b i t a t ,  b u t  t h i s  should be m i t i g a t e d  by t h e  proposed c o n t r o l l e d  burn program 
which w i l l  increase browse and should o f f s e t  the  i n i t i a l  loss o f  chaparra l .  

NOISE 

The nearest  s e n s i t i v e  receptor ,  a s i n g l e - f a m i l y  residence, i s  1 ocated over two 
m i l e s  away from the s i t e .  Noise l e v e l s ?  from the s i t e ,  n e i t h e r  d u r i n g  con- 
s t r u c t i o n  nor  d u r i n g  opera t ion  should exceed acceptable l e v e l s  a t  t h i s  d is tance.  
The proposed m i t i g a t i o n  measures should render noise impacts on s e n s i t i v e  
receptors  i n s i g n i f i c a n t .  

Provided t h a t  SMUD compl i e s  w i t h  Cal/OSHA requirements d u r i n g  c o n s t r u c t i o n  and 
o p e r a t i o n  o f  t h e  p l a n t ,  and t h a t  t h e y  i n c o r p o r a t e  t h e  d e s i g n  m i t i g a t i o n  
measures, t h e  noise impact on workers should be i n s i g n i f i c a n t .  

WASTE MA NA GEM E NT 

Dur ing  the c o n s t r u c t i o n  phase, t h e  p r o j e c t  w i l l  produce approximately 3,500 
cub ic  yards o f  c o n s t r u c t i o n  waste. Dur ing operat ion,  t h e  S t r e t f o r d  system 
( H  S abatement )  w i l l  p r o d u c e  a p p r o x i m a t e l y  350 c u b i c  y a r d s  o f  s l u d g e  and 
su?phur p e r  year.  Other waste est imates i n c l u d e  100 g a l l o n s  p e r  y e a r  o f  waste 
o i l  and 2,SUU ga l lons  per  y e a r  o f  sewage. 

I 
Based on est imates by PGandE (Geysers 16 AFC), wastes from the secondary H 0 
abatement system c o u l d  amount t o  as much as - 3.5 cub ic  yards  p e r  y e a r  o f  s luggg I 
(40 percent sol ids /60  percent water). 

SMUD has agreed t o  comply w i t h  s a f e t y  standards and r e g u l a t i o n s  concerning the  
storage, handl ing,  t ranspor t ,  and d isposal  o f  wastes. Through implementat ion o f  
design, cons t ruc t ion ,  and opera t iona l  safeguards, t h e  p o t e n t i a l  hazard o f  waste 
d isposal  i s  reduced t o  i n s i g n i f i c a n t .  

CULTURAL RESOURCES 

No s i g n i f i c a n t  impact. 

LAND USE 

No s i g n i f i c a n t  impact. 

AESTHETICS 

T h i s  r i d g e t o p  s i t e  w i l l  be v i s i b l e  from p o r t i o n s  o f  Routes 101 and 128, which 
have been designated as scenic highways by Sonoma County. Viewers from the 
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south wil 
e a s t  wi l  

see i t  a t  a distance o f  
be i n  excess o f  1 5  m i  

involved and the current visibil  
0 from 9 - 12 miles, while those i n  the north- 

es away. I n  l i g h t  o f  the  l o n g  d i s tances  
t y  of cool ing  tower plumes from existing 

f a c i l i t i e s  a t  higher elevations, CEC s taff  does n o t  consider these distant views 
of the power plant t o  be significant. Nevertheless, SMUD has agreed t o  mitigate 
these impacts by painting the f a c i l i t i e s  t o  minimize contrast w i t h  the natural 
background. 

TRANSPORTATION 

During  the construction period (April 1981 - December 19831, an average of f ive 
heavy trucks will travel t o  and from the s i t e  each day. This number will reduce 
t o  a b o u t  10 trucks per week d u r i n g  the plant operation phase, a f te r  December 
1983. Construction t r a f f i c  will reach the s i t e  e i ther  from Middletown v i a  State 
Route 175 and Socrates Mine Road or from the west v i a  Healdsburg-Geysers- 
and existing roads th rough  the geothermal de,vel opment area. 

Heavy truck usage causes r a p i d  deterioration t o  roads; thus, the project will 
contribute t o  road maintenance problems. 

I 

I 
? 

Because SMUD has proposed a van  pool system t o  transport i t s  workers t o  and 
from the s i t e ,  the modest increase i n  l ighter t r a f f i c  on the roads due t o  the 
project will n o t  be significant. 
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IRREVERSIBLE ENVIRONMENTAL CHANGES AND IRRETRIEVABLE 
COMMITMENTS OF ENERGY AND MATERIALS 

Environmental ca tegor ies  n o t  l i s t e d  have no i r r e v e r s i b l e  changes. 

A i r  Qual  i ty 

Dur ing the  30-year l i f e t i m e  o f  the  p l a n t ,  t h e r e  w i l l  be a l i m i t e d  c o n t r i b u t i o n  
t o  p o l l u t a n t  concent ra t ions  i n  the  ambient a i r .  Once the  p l a n t  i s  decom- 
missioned and t h e  steam w e l l s  a r e  no longer  producing, t h e  c o n t r i b u t i o n s  t o  a i r  
p o l l u t i o n  w i l l  cease. Thus a i r  q u a l i t y  w i l l  n o t  be a f f e c t e d  permanently and 
i r r e v o c a b l y ,  b u t  i t  w i l l  be a f f e c t e d  dur ing  the l i f e t i m e  o f  the  p r o j e c t .  

Hea l th  

CEC s t a f f  cannot determine from a v a i l a b l 4  data whether p l a n t  emissions w i l l  
cause i r r e v e r s i b l e  adverse h e a l t h  e f f e c t s ,  b u t  adherence t o  e x i s t i n g  h e a l t h  
standards on regul  a ted  pol  1 u t a n t s  shoul d render impacts from regul  a ted  po l  1 u- 
t a n t s  i n s i g n i  f i c a n t .  M o n i t o r i n g  nonregul a ted po l  1 u t a n t s  and t h e i r  e f f e c t s  w i  11 
determine t h e  need f o r  a d d i t i o n a l  abatement. 

Soi 1 s 

A p r e s e n t l y  undeterminable amount o f  s o i l  w i l l  be l o s t  because o f  t h e  p r o j e c t  
due t o  c o n s t r u c t i o n  and subsequent eros ion.  

Hydro1 ogy 

The 3,500,000 ga l lons  o f  water  needed d u r i n g  power p l a n t  c o n s t r u c t i o n  and t h e  
1,000,000 ga l lons  o f  water needed t o  i n i t i a l l y  charge t h e  c o o l i n g  tower b a s i n  
w i l l  be i r r e t r i e v a b l y  committed t o  t h e  p r o j e c t ,  b u t  c o n s t i t u t e  i n s i g n i f i c a n t  
amounts. 

Vegetat ion and W i l d l i f e  

11.3 acres of vegeta t ion  and w i l d l i f e  which p r e s e n t l y  occupy t h e  p r o j e c t  s i t e  
w i l l  be l o s t .  6.9 acres w i l l  not  be revegetated. To ta l  development, i n c l u d i n g  
s t e a m f i e l d  and power p l a n t  s i t e ,  w i l l  r e s u l t  i n  the l o s s  o f  about 56 acres o f  
v e g e t a t i o n ,  some o f  w h i c h  w i l l  b e  r e v e g e t a t e d .  I f  SMUDGE0 #1 o p e r a t e s  
i n d e f i  n i  t e l y  , t h e  vegeta t ion  1 o s t  t o  the  p r o j e c t  w i  11 c o n s t i t u t e  an i r r e v e r s i b l e  
change. However, i f  t h e  p r o j e c t  i s  e v e n t u a l l y  decommissioned, t h e  f a c i l i t i e s  
s h o u l d  be removed and t h e  s i t e  r e v e g e t a t e d .  T h i s  l a t t e r  p r o c e d u r e ,  i f  
successful , woul d a1 so r e s t o r e  t h e  w i  1 d l  i f e  h a b i t a t  1 o s t  t o  the  p r o j e c t .  

Noise 

If Cal/OSHA requirements a r e  met, t h e r e  should be no s i g n i f i c a n t  i r r e v e r s i b l e  
no ise e f f e c t s  (e.g., hear ing loss) as a r e s u l t  o f  t h e  p r o j e c t .  

Sa fe ty  

Some ser ious o r  f a t a l  acc idents  may occur as a r e s u l t  o f  t h e  p r o j e c t  ( e s p e c i a l l y  
from v e h i c l e  acc idents ) ,  b u t  these would n o t  be abnormal f o r  energy resource 
development p r o j e c t s .  
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Land Use and Aesthe t ics  

The commitment of the  leaseho ld  area t o  geothermal development w i l l  l i k e l y  be an 
i r r e v e r s i b l e  change. Other l a n d  uses w i l l  be permanently precluded i n  t h e  area. 
The a e s t h e t i c  impacts of t h e  f a c i l i t y  w i l l  a l s o  be permanent. However, i f  t h e  
p r o j e c t  i s  e v e n t u a l l y  decommissioned, t h e  area c o u l d  be used f o r  r e c r e a t i o n  and 
w i l d l i f e  h a b i t a t ,  and i f  t h e  f a c i l i t y  i s  removed and the  s i t e  revegetated, t h e  
a e s t h e t i c  impact w i l l  be s u b s t a n t i a l l y  reduced. However, m o d i f i c a t i o n  o f  t h e  
l a n d f o r m ,  i .e . ,  r e d u c t i o n  o f  t h e  r i d g e t o p  e l e v a t i o n  b y  40 f e e t ,  w i l l  b e  
permanent. Cumulative l a n d  use impacts i n  the  KGRA may be i r r e v e r s i b l e ,  s ince  
areas once developed t y p i c a l l y  remain t h a t  way. Even i f  p l a n t  f a c i l i t i e s  a r e  
removed and s i t e s  a r e  revegetated, roads would remain p r o v i d i n g  access t o  
fo rmer ly  und is tu rbed w i l d l i f e  h a b i t a t .  

Energy and M a t e r i a l  Resources 

Implementat ion o f  t h i s  p r o j e c t  would e n t a i l  $ t h e  commitment o f  the  workers '  t i m e  
t o  c o n s t r u c t  it and a p o r t i o n  of t h e  use fu l  l i f e  o f  the  equipment t h a t  c o u l d  
otherwise have been used t o  implement a d i f f e r e n t  p r o j e c t .  

Mater i  a1 

Much o f  the  m a t e r i a l  used i n  the  p r o j e c t  such as concrete would be i r r e v e r s i b l y  
committed, b u t  some p o r t i o n s ,  such as var ious  systems, components, and equip- 
ment, o r  s t r u c t u r a l  s t e e l ,  expensive metal a l l o y s ,  and c a t a l y s t s  may be reused. 
F o s s i l  f u e l s  used would be i r r e t r i e v a b l y  committed. 

Steam Resource 

The geothermal steam which w i l l  be used t o  power t h e  proposed f a c i l i t y  w i l l  be 
i r r e t r i e v a b l y  committed t o  use and i r r e v e r s i b l y  discharged. Approximately 
983,200 pounds per  hour o f  steam w i l l  be used t o  power t h e  tu rb ines .  A smal l  
p e r c e n t a g e  o f  t h a t  steam w i l l  be condensed and r e i n j e c t e d  i n t o  t h e  steam 
r e s e r v o i r .  The present  and p r o j e c t e d  use o f  t h e  geothermal steam t o  produce 
e l e c t r i c a l  power prec ludes i t  from be ing  used f o r  o ther  purposes. 

Dep le t ion  o f  t h e  geothermal resource would be a s i g n i f i c a n t  environmental  change 
i f  t h e  steam r e s e r v o i r  does n o t  recharge. It i s  unc lear  whether geothermal 
steam i s  a renewable resource, and i f  so, what p e r i o d  o f  t ime i s  r e q u i r e d  f o r  
t h e  resource t o  be renewed. 

177 



6B:24 R4 1/23/81 cp 

THE RELATIONSHIP BETWEEP4 LOCAL SHORT-TERM iJSES OF THE EF,lVIRONMENT 

AND THE MAINTENANCE AND ENHANCEMENT OF LONG-TERM P R O D U C T I V I T Y  

SHORT-TERM USES 

The proposed SMUDGEO#l p r o j e c t  w i l l  o f f e r  shor t - term ( 3 0  o r  more years )  b e n e f i t s  
by p r o v i d i n g  e l e c t r i c i t y  t o  the  SMUD s e r v i c e  area w h i l e  a l l o w i n g  $MUD t o  
d i v e r s i f y  i t s  e l e c t r i c a l  g e n e r a t i o n  r e s o u r c e  base. The p r o j e c t  p r o v i d e s  
shor t - term empl oyment and o t h e r  f i s c a l  b e n e f i t s  t o  i n d i v i d u a l s  and Sonoma and 
Lake c o u n t i e s .  I t  w i l l  a l s o  cause s t r e s s  on some o f  t h e  p u b l i c  s e r v i c e s  
and f a c i l i t i e s  such as schools and roads, e s p e c i a l l y  d u r i n g  the  c o n s t r u c t i o n  
phase o f  the p r o j e c t .  

LONG-TERM PRODUCTIVITY AND CUMULATIVE IMPACTS 
I 

Long-Term P r o d u c t i v i t y  

The proposed p r o j e c t  w i l l  have p o t e n t i a l  long-term ( g r e a t e r  than t h e  l i f e  o f  t h e  
p r o j e c t )  adverse e f f e c t s  on vegetat ion,  w i l  d l  i f e ,  1 and use, aes the t ics ,  and t h e  
geothermal resource (see I r r e v e r s i b l e  Environmental Changes Sect ion) .  Because 
use o f  geothermal resources f o r  e l e c t r i c a l  generat ion i s  r e l a t i v e l y  new, t h e  
s i g n i f i c a n c e  o f  some o f  i t s  e f f e c t s  i s  unknown, i n c l u d i n g  t h e  p o t e n t i a l  h e a l t h  
e f f e c t s  o f  long- term exposure t o  vary ing  concent ra t ions  o f  hydrogen sul  f i d e  and 
o t h e r  p o t e n t i a l l y  d e l e t e r i o u s  components o f  geothermal steam and emi ssions, and 
t h e  long-term produc t ion  capac i ty  o f  the  KGRA. 

I I f  t h e  steam f o r  the p r o j e c t  proves t o  be a r e l i a b l e  long-term source f o r  
e l e c t r i c a l  power, t h e  b e n e f i t s  o f  development w i l l  be long-term, b u t  t h e  a d v e F Z  
impacts coul  d a1 so increase p r o p o r t i o n a l  ly .  
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SMUDGE0 #1 72 
DWR B o t t l e  Rock 55 
DWR South Geysers 55 

1 Id PGandE l b  - i 

C UP1 U LA T I V E IF4 PACTS 

The p r o j e c t  w i l l  c o n t r i b u t e  t o  the  cumulat ive impacts o f  geothermal development 
i n  The Geysers KGRA, which a re  s i g n i f i c a n t  and inc reas ing .  

These c u m u l a t i v e  i m p a c t s  a r e  made no l e s s  s i g n i f i c a n t  by t h e  f a c t  t h a t  
s u b s t a n t i a l  p o r t i o n s  o f  t he  KGRA have, i n  e f f e c t ,  become " i n d u s t r i a l i z e d "  due t o  
geothermal development. The p r o l i f e r a t i o n  o f  w e l l  pads, access roads, steam 
conveyance 1 i nes, t ransmi  s s i  on 1 i nes, and power p l  an ts  i s gradual l y  a1 t e r i  ng the  
und is tu rbed  n a t u r a l  environment o f  The Geysers KGRA, and no amount o f  m i t i g a t i o n  
a t  i n d i v i d u a l  p r o j e c t  s i t e s  can a l t e r  t h i s  bas i c  f a c t .  

C u r r e n t  and A n t i c i p a t e d  Development 

The f o l l o w i n g  1 i s t  summarizes t h e  s t a t u s  o f  geothermal devel opment w i t h i n  t h e  
KGRA. $ 

T a r g e t  F o r  
N e t  MW Commerci a1 Operat ion Opera t i  on PGandE U n i t  -- 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
17 
18 

NCPA 2 

Proposed U n i t s  

U n i t  - 

11 
13 
27 
27 
53 
53 
53 
53 
53 
53 

106 
106 
135 
110 

55 
110 
110 
110 

M W  - 

9 12 5 /6 9 
9 /13 /6 3 
4/2 8/67 
3 I O  2 /68 

12 /15 /7 1 
8/18 I 7 2  

11 /23/72 
11/23/72 
10 /2 5 /7 3 
11 /30/7 3 

5/3 1 /7 5 
3/01/79 
4/15/80 
9/12/80 
6/17/79 

Under Const. 
Under Const. 
Under Const. 

1 , 530 - T o t a l  
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CEC s t a f f  p r e d i c t s  maximum development o f  the KGRA a t  2,700 M W  d ry  steam pro-  
duc t ion  by 1992, w i t h  an a d d i t i o n a l  550 MW from h o t  water p roduc t ion  by t h e  y e a r  
2000. 

Accurate assessment o f  t h e  cumul a t i v e  impacts o f  geothermal development a t  t h e  
KGRA i s  i n  a f l e d g l i n g  stage. Al though an at tempt  has been made i n  each s e c t i o n  
o f  t h i s  environmental document t o  address cumulat ive impacts, each o f  these 
e f f e c t s  should be viewed as extremely speculat ive.  There s imply  i s  n o t  enough 
data t o  make an accurate statement a t  t h i s  t ime; nor  i s  i t  l o g i c a l  t o  propose 
m i t i g a t i o n  o f  these impacts u n t i l  the needed data i s  a v a i l a b l e .  For  t h i s  reason 
CEC w i l l  make a specia l  cumulat ive impacts study t o  be publ ished i n  1983. T h i s  
study, Development E f f e c t s  a t  t h e  Geysers, w i l l  address t h e  f o l l o w i n g  top ics :  
heal  t h  e f f e c t s  o f  H2S; water-re1 ated resources; b i o l o g i c a l  resources; socio- 
economics; seismic performance and design c r i t e r i a ;  eros ion/sedimentat ion 
p o t e n t i a l  ; t ransmiss ion  system; and a i r  q u a l i t y  modeling. Once t h i s  study i s  
complete, we w i l l  have an accurate p i c t u r ?  o f  t h e  cumulat ive impacts o f  geo- 
thermal development a t  the  KGRA. A t  t h a t  t h e  i t  w i l l  be appropr ia te  t o  d iscuss 
proposed m i  ti g a t i o n  o f  these impacts. 

CATEGORICAL CONCERNS 

I t  i s  d i f f i c u l t  t o  d e t e r m i n e  t o  what  degree i m p a c t s  a s s o c i a t e d  w i t h  t h e  
SMUDGEO#l p r o j e c t  w i l l  c o n t r i b u t e  t o  t h e  cumulat ive impacts o f  the  o v e r a l l  
development i n  t h e  KGRA. Cumulative impacts a re  o f  concern i n  the  areas o f  l a n d  
use and aes the t ics ,  a i r  qual i ty , pub1 i c  heal t h y  water qual i ty , eros ion  and 
sedimentat ion,  b i o l o g i c a l  resources, and sa fe ty .  

Land Use and A e s t h e t i c s  I 
Increas ing  development o f  geothermal resources w i t h  r e l a t e d  s o i l  and vegeta t ion  
d is turbance and removal , and t h e  c o n s t r u c t i o n  o f  large,  v i s i b l e  s t r u c t u r e s  w i l l  
i n e v i t a b l y  a l t e r  the charac ter  o f  t h e  landscape and t h e  p o t e n t i a l  uses and 
c h a r a c t e r i s t i c s  o f  t h e  1 and. Proposed and recommended eros ion  c o n t r o l  measures, 
r e v e g e t a t i o n  procedures, and landscape and design fea tures  should reduce t h e  
p o t e n t i a l  f o r  s i g n i f i c a n t  adverse impacts. 

I 

I There i s  a growing concern t h a t  geothermal development ( i n  the  KGRA) may have 
a l ready o r  soon w i l l  reach an impact s a t u r a t i o n  p o i n t  which would p rec lude 
f u r t h e r  development of geothermal resources f o r  e l e c t r i c a l  generat ion o r  o t h e r  
uses. 

A i r  Q u a l i t y  

Emissions o f  p o t e n t i a l  l y  d e l e t e r i o u s  substances i n c l u d i n g  boron and mercury 
p resent  i n  the geothermal steam and i n  t h e  c o o l i n g  tower plume may be c a r r i e d  i n  
t h e  a i r  and deposi ted on s o i l s ,  vegetat ion,  w i l d l i f e ,  and populated areas. 
A1 though s t u d i e s  o f  p o t e n t i a l  e f f e c t s  have been i n i t i a t e d ,  t h e r e  i s  i n s u f f i c i e n t  
i n f o r m a t i o n  a v a i l a b l e  t o  determine what, i f  any, a r e  the  e f f e c t s  o f  c o o l i n g  
tower emissions and d r i f t  depos i t ion .  Proposed and recommended design fea tures  
f o r  c o o l i n g  towers should reduce t h e  p o t e n t i a l  f o r  s i g n i f i c a n t  adverse impacts 
re1 ated t o  d e p o s i t i o n  of cool  i ng tower d r i  ft. Recommended m o n i t o r i n g  programs 
s h o u l d  p r o v i d e  a d a t a  base f o r  s t u d y  o f  p o t e n t i a l  i m p a c t s  o f  c u m u l a t i v e  
depos i t ion .  
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Pub1 i c  Heal th 

Emission o f  hydrogen s u l f i d e  i n t o  l o c a l i z e d  and reg ional  a i r  sheds cou ld  produce 
an i n c r e a s i n g  number o f  c o m p l a i n t s  about  odor  and d i s a g r e e a b l e  p h y s i c a l  
react ions i n  sens i t i ve  populat ions o f  the  general pub l i c .  The p o t e n t i a l  f o r  
harmful phys ica l  e f f e c t s  r e l a t e d  t o  long-term exposure t o  low l e v e l s  o f  H S 
remains an unanswered question. Proposed and recommended hydrogen su l  f i 6 e  
abatement system(s1 are expected t o  reduce H2S emissions t o  l e v e l s  requ i red  t o  
meet standards f o r  ambient concentrat ions o f  H S. Recommended moni t o r i  ng 
programs should prov ide a data base f o r  study o f  ?ong-term e f f e c t s  o f  exposure 
t o  low l e v e l s  o f  H2S. 

Water Qual i ty  

Use o f  geothermal steam produces a number o f  t o x i c  substances i nc lud ing  boron, 
mercury, and arsenic  which are present i n  the spent steam condensate. Proposed 
and recommended design features t o  prevent discharge o f  t o x i c  substances i n t o  
n a t u r a l  wa te rcou rses  and/or  groundwatek s h o u l d  reduce t h e  p o t e n t i a l  f o r  
s i g n i f i c a n t  impacts. A1 though SMUD appears t o  have designed adequately t o  
prevent the  s i g n i f i c a n t  hazard o f  a t o x i c  s p i l l ,  as the  number o f  opera t ing  
power p lan ts  i n  the  KGRA increases, t he  p r o b a b i l i t y  o f  major, ser ious t o x i c  
s p i l l  s would a1 so increase. 

Erosion and Sedimentation 

By the  year  2000, CEC s t a f f  est imates t h a t  1,625 acres o f  l and  i n  the Geysers 
KGRA w i l l  be d is tu rbed due t o  geothermal development. Each acre o f  d isturbance 
w i l l  con t r i bu te  an unknown amount o f  sedimentation. O f  the 1,625 c o n t r i b u t i n g  
acres, SMUDGEO#l w i l l  have added 36 acres, o r  2.2 percent ove ra l l .  

B io logy 

For t h i s  p r o j e c t  the  na tu ra l  vegetat ion 1 osses and associ ated w i  1 d l  i f e  h a b i t a t  
are est imated a t  10.5 acres f o r  the  power p l a n t  and a combined steam f i e l d  and 
ower p l a n t  development l o s s  of 5 /  .4 acres. Th i s  represents about 14.5 percent  

$f the 396-acre leasehold o r  1.04 acres/MW f o r  the 55 MW power p l a n t  s i z e  and 
0.80 acres/MW f o r  the 72 MW power p lan t .  These pro jec ted  losses are based 
on a 30 year  operat ing l i f e  o f  the  p ro jec t .  If the  power p l a n t  cont inues i n  
operat ion for a longer per iod,  the  need f o r  development o f  add i t i ona l  w e l l s  can 
be expected i n  order  t o  compensate f o r  the dec l ine  o f  steam from t h e  i n i t i a l  
we l l s .  Th is  would r e s u l t  i n  add i t i ona l  vegetat ion and associated w i l d l i f e  
1 osses. 

While the  l o s s  o f  57 acres may seem i n s i g n i f i c a n t  when considered as a s ing le  
p ro jec t ,  the  cumulative unmi t igated loss o t  na tura l  vegetat ion and associated 
n d l i f e  a r e  s i g n i f i c a n t  when c o n s i d e r e d  on t h e  bases o f  f u l l  q eotherma I 

An est imate f o r  e x i s t i n g  geothermal development,is 11.5 percent vegetat ion l o s s  
per  leasehold which amounts t o  0.93 acres/MW.' t o r  geothermal development o f  

a 1. l rom a CEC s t a f f  r e p o r t  on cumulat ive b i o l o g i c a l  impacts i n  preparat ion 
( D r a f t  re lease expected about February 1981). 
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2,000 M W  t h i s  would be 1,860 acres o f  vegeta t ion  loss o r  2,790 acres f o r  devel -  
opment o f  3,000 M W .  Loss o f  t h i s  acreacle i s  s i s n i f i c a n t  and the  r e m a i m  
- h a b i t a t  may -become so d i s r u p t e d  and/or qragmented as t o  be undes i rab le  a n i  
u n u s a b l e  f o r  w i l d l i f e  use. T h i s  c o u l d  cause a c o r r e s p o n d i n g  d e c l i n e  i n  
6 i o l o g i c a 7  species numbers and d i v e r s i t y .  Attempts t o  enhance remaining habits€ 
associated w i t h  power p l a n t  d is turbance through eros ion  c o n t r o l  , r e v e g e t a t i o n  
programs, and prescr ibed burn ing o f  chaparra l  may be successful  , b u t  cou ld  
p o t e n t i a l l y  be overcome by t h e  cumulat ive e f f e c t s  o f  combined disturbances. 
Imp1 ementation o f  proposed and recommended eros ion  c o n t r o l  measures, revege- 
t a t i o n  procedures ,  and t h e  p r e s c r i b e d  b u r n i n g  programs f o r  f u l l  f i e l d  
development should reduce the p o t e n t i a l  f o r  s i g n i f i c a n t  adverse impacts on 
h a b i t a t .  

Safety and TransDortat ion 

Transpor t  by t r u c k  over  the  narrow Geyseqs area access roads increases t h e  
p o s s i b i l i t y  o f  s p i l l a g e ,  probably by an a c t i d e n t  such as a wreck w i t h  another  
v e h i c l e  o r  the  t r u c k  going o f f  the  road. As the number o f  power p l a n t s  i n  The 
Geysers KGRA increases, so will t h e  number o f  t r a n s p o r t  vehic les.  This  w i l l  
increase t h e  p o s s i b i l i t y  o f  acc idents  on t h e  roads and the  chances f o r  any t y p e  
of o f f  s i t e  a c c i d e n t i a l  s p i l l .  Proposed and recommended s a f e t y  precaut ions and 
procedures w i l l  reduce t h e  p o t e n t i a l  f o r  s i g n i f i c a n t  adverse impacts from the 
s torage o r  t r a n s p o r t i n g  o f  t o x i c  o r  hazardous mater i  a1 s .  

REASONS FOR DEVELOPMENT AT THIS TIME 

The p r o j e c t  i s  proposed by SMUD a t  t h i s  t ime because i t  heightens t h e i r  s e r v i c e  
c a p a c i t y  and permi ts  them t o  d i v e r s i f y  t h e i r  power sources, thereby improving on 
o v e r a l l  system r e l i a b i l i t y .  Geothermal i s  a r e l a t i v e l y  inexpensive source o f  
base l o a d  power a v a i l a b l e  t o  SMUD, and reduces t h e  need f o r  c o n s t r u c t i n g  o t h e r  
types o f  power p lan ts .  The p o l i c y  o f  t h e  Energy Commission i s  t o  encourage and 
exped i te  t h e  processing o f  geothermal power p l a n t s  c o n s i s t e n t  w i t h  need and 
environmental p r o t e c t i o n .  
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- 18. CEC ca t a log  79-AFC-3 (1979) p. 5-106. 

Waste Management 

- Central Valley Regional Water Q u a l i t y  Control Board - Cal i forn ia  Department of Health Services  
- Barney Simonsen, Vice President ,  IT Corporation, l e t t e r  dated 9/10/79 
- W.T. Kr i t ikos ,  General Manager, Geothermal , Inc. , l e t t e r  dated 7/16/79 
- PGandE Geysers U n i t  17, Application f o r  C e r t i f i c a t i o n ,  1979 
- PGandE Geysers U n i t  16, Application f o r  C e r t i f i c a t i o n ,  1979 

Biology 

- Frank Cahn, PGandE h o r t i c u l t u r i s t ,  10/6/80 

Geo 1 ogy 

- October 25, 26, 1979 - Seismic Hazards Evaluation Methodology Workshop, 
sponsored by CEC w i t h  p a r t i c i p a t i o n  by: 
U.S.G.S.: G.R.I.P.S.: SMUD: PGandE; Union O i l ;  NCPA; Earth Science Assoc.; 
Department of  Water Resources; Cal i forn ia  Division of Mines and Geology; 
Cal i forn ia  Div is ion  o f  O i l  and Gas; CNEN, I t a l y ;  and the consul t ing  
services of :  
Dames and Moore; Harding-Lawson; McCulloch Geothermal Corporation; R u t h  
and Going; SA1 Engineers; SLC; Stone and Webster 

Converse Ward Davis Dixon; Cooper Clark and Associates;  

Water Oual i t v  

- Cal i forn ia  Department of  Health Services ,  Hazardous Mater ia l s  Management 
Sect ion,  phone conversation from Lloyd Batham re: c l a s s i f i c a t i o n  o f  
geothermal f l u i d s  and wastes,  1979. - Central  Valley Regional Water Q u a l i t y  Control Board, Order No. 78-184, "Waste 
Discharge Requirements f o r  Aminoil USA, Inc. ,  Ford F l a t ,  Cas t l e  Rock 
Springs,  and Davies Estate Geothermal Leaseholds," Lake County 

- Crawford, Ed. CVRWQCB l e t t e r ,  signed by Ed Crawford, re: a c c e p t a b i l i t y  of 
r e i n j e c t i o n  techniques,  1979, for Bo t t l e  Rock EIR 

- North Coast Regional Water Q u a l i t y  Control Board. Order No. 74-151, "Sp i l l  
Contingency and Containment Plan," 1944; Order No. 78-17, "Waste Dis- 
charge Requirements for Aminoil USA, Inc. , Federal Lease U n i t  No. 7 ,  
Sonoma County, 'I 1978 - SMUD In te r roga to r i e s ,  2nd set ,  dated 23 April 1980, response t o  Hydrology - 
Water Qua 1 i t y  

- S t a t e  Water Resources Control Board. Le t t e r  dated 9/25/78, re: impermeable 
l aye r  f o r  pad of NCPA #2 geothermal power p lan t ;  ( i d e n t i c a l  l e t t e r  on 
DWR B o t t l e  Rock, dated 12/11/78) and ( t o  DWR So. Geysers dated 1/8/80) .  
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Transportation 

1. Don Pape, Lake County's Environmental Off icer ,  1980. 

2 .  

3 .  

Lake County Department o f  Public Works, Ju ly  1980. 

Lake County's Comments on the Draf t  Environmental Impact Report f o r  SMUDGE0 
#l. 

4 .  Lieutenant J .  F l i n  of the Cal i forn ia  Highway P a t r o l ,  Lakeport, December 

5. 

6.  Off icer  Gardner of the Cal i forn ia  Highway Pa t ro l ,  Santa Rosa, December 

7.  Eugene Col l ins ,  Road Commission, LakeXounty, 1981. 

8. Mr. Carmiggel t, Assistant Road Commissioner, Lake County (Telephone Con- 

1980. 

Ron Nickel, Sonorna County Department of Publ ic  Works, January 1981. 

1980. 
7 

versation, Ju ly  1979). 
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GLOSSARY 

.ALGAE Simple p lan ts  containing chlorophyl and having uo true 
root ,  stem, o r  l e a f ,  and typ ica l ly  found i n  water o r  damp 
places.  

AT,LIIVIATEII Refers to  sediments deposited by, and/or landforms 
or iginated by, streams o r  r i ve r s .  

Spending most of t h e i r  l i f e  in the ocean, but re turning t o  
f r e sh  water t o  spawn. 

ANADROMOUS FISH 

.4RCHAEOLOGICU SITE Any locat ion where people have done something i n  the pas t  
and l e f t  something from which useful information can be 
derived. An archaeological s i t e  cons is t s  of a r t i f a c t s ,  
debr i s ,  and s o i l  in contexts. 

I 

ARTIFACT .Any portable  objec t  used and/or modified by man. (Par t i -  
cu la r ly  during p reh i s to r i c  t imes.)  

BODY BURDEN The amount of a specified toxicant present in an animal or 
human body at a specified time. 

BUS 

CORE - 

CUTmFILL 

DECIDUOUS 

EARTE FLOWS 

An e l e c t r i c a l  conductor which serves as a common connec- 
t i o n  f o r  two o r  more e l e c t r i c a l  c i r c u i t s .  A bus may be in 
the  form of r ig id  bars ,  e i t h e r  c i r c u l a r  o r  rectangular in  
cross section, o r  i n  form of stranded-conductor overhead 
cables held under tension. 

A stone from which - f l a k e s  have been s t ruck.  Often 
retouched and/or used as  a hammer, chopper o r  plane. 

Construction term refer r ing  t o  ea r th  removal a t  a s i te  
(cu t )  and d ispos i t ion  of the excess d i r t  ( f i l l ) .  

Vegetation that loses  its leaves annually,  general ly  i n  
fall o r  winter. 

Downslope movements of a d i sc re t e  mass o f  s o i l  and/or 
highly weathered near-surface bedrock; commonly show a 
spoon-like bowl a t  the top of the mass and a tongue-like 
bulge a t  the t oe .  

A f i e l d  o f  force t h a t  is made up o f  associated e l e c t r i c  
and magnetic components that r e s u l t  from the  motion o f  an FIELD 
e l e c t r i c  charge. 

ELECTROSTATIC FIELD A f i e l d  o f  force surrounding a charged object .  

ENDANGERED SPECIES Any species o r  subspecies o f  p lan t  o r  animal threatened 
with ext inct ion.  

A species r e s t r i c t e d  t o  a given geographic locat ion.  
Species native to  a given locale .  
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ExP.4LuS IVE so IL 

ETRNOGXAPHIC SITE 

FAULT 

FAUNA 

IZcAKE 

FLORA 

GENOTOXIC 

GEOTEERHAL STEAM 

GEYSER 

Clay r i ch  s o i l  which swells when wetted and shrinks upon 
loss of  water by percolation, evaporation, e t c .  Commonly 
shows la rge  open "shrinkage" cracks during the dry season. 

A s i t e  o r  loca t ion  which is  known t o  ( o r  is ethnographic- 
a l l y  recorded) as a habi ta t ion ,  sacred, ceremonial, 
p reh i s to r i c ,  o r  resource procurement place important t o  
the  presemat ion  and perpetuation o f  Native American 
c u l t u r a l  i den t i ty .  

a 

A f r ac tu re  o r  f r ac tu re  zone i n  the e a r t y ' s  crust along 
which p a r a l l e l  slippage o €  adjacent ea r th  mater ia l  has 
occurred. 

Animals of a spec i f ied  region. 

A chip knocked o f f  a stone during production of  a t oo l .  
Flakes a re  often" "retouched" ( i . e . ,  flaked along the  
edges) t o  form cut t ing  and scraping too ls .  

Plants o f  a spec i f ied  region. 

Causing tumors, congeni ta l  birth defec t s ,  o r  a permanent 
change in cellular hereditary material. 

Steam created by the  heat of the  ear th .  

Spring t h a t  throws f o r t h  continuous o r  i n t e rmi t t en t  je ts  
of  heated water and steam. 

GROUNDWATER RECEARGE The process by which water is  added t o  groundwater within 
the voids of subsurface soil and/or rock units. 

HABITAT The environment where a p lan t  o r  animal Lives. 

HERBACEOUS Like o r  per ta in ing  t o  herbs (any seed p l an t  whose stem 
withers away a f t e r  each season's growth). 

HEIiBICIDE A tox ic  substance capable of kil l ing vegetation. 

HISTORIC SITE An archaeological s i t e  as discussed herein is h i s t o r i c  i f  . 
it represents f o r  the  most p a r t  occupation o r  use by any 
population a f t e r  the general missioaization of the study 
area  a t  t he  end o f  the  18th century. 

HOLOCENE An i n t e r v a l  of geologic time; an epoch. Generally used t o  
r e f e r  t o  the time between the present and about 10,000 
years ago. 

IXACTIVE FAULT A f a u l t  considered not capable o f  generating earthqudces 
o r  rupturing the ground surface. Commonly r e f e r s  t o  
f a u l t s  which have not been ac t ive  during the  l a s t  1.8 
mill ion years. 

INTERMITTENT STREAM A stream flowing only during the wet season. 
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INTERSPERSION 

INVERTEBRATE 

KILOWATT (KW) 

KILOWATT-HOUR (XWR) 

LATERAL FAULT 
GROUND RUPTURE 

LIQmACTION 

MEAN MONTHLY FLOW 

MEGAWATT (MW) 

MESIC 

MIDDEN 

PALEONTOLOGICAL 
SITE 

PERENNIAL STREAM 

PETROGLYPX 

PLEISTOCENE 

POTENTIALLY 
ACTIVE FAULT 

The s p a t i a l  r e l a t ionsh ip  t o  other h a b i t a t s  o r  l i f e  
requirements. 

An animal having no backbone o r  sp ina l  column. 

1,000 watts. 

The bas ic  u n i t  of e l e c t r i c  energy equal t o  one k i lowat t  
(1,000 wat ts)  o r  power supplied t o  o r  taken from an elec- 
t r i c  c i r c u i t  s t e a d i l y  for one hour. 

Ground rupture  in which one block o f  ground moves hor i -  
zon ta l ly  w i t h  respect  t o  adjacent  ground across  a gener- 
a l l y  v e r t i c a l  f a u l t .  

A general  term t o  descr ibe severe loss o f  s t r e n g t h  o f  
suscept ib le  sa tura ted  'granular s o i l s ,  u sua l ly  i n  response 
t o  s t rong  earthquake 'ground shaking; in the extreme case 
t h e  l i que f i ed  s o i l  behaves as a f l u i d  mass. 

Daily stream flows averaged over a per iod o f  one month. 

1,000 k i lowat t s ,  1 mi l l ion  wat ts .  

Requiring a moderate moisture content  t o  ca r ry  out  l i f e  
funct ions.  

Mzny Cal i forn ia  archaeological  si tes a r e  "middens": a reas  
of rich organic s o i l  f u l l  of food debr i s$  a r t i f a c t s ,  
f ire-cracked rocks, e t c .  Technical ly ,  a midden is a 
garbage heap, decomposed i n t o  r i c h ,  u sua l ly  dark-colored 
s o i l .  

Geologic phenomena in the form of foss i l -bear ing  
formations. 

A stream flowing year-round. 

A p i c t u r e  inc ised  on a rock. In archaeology, t he  term is 
o f t e n  used t o  descr ibe any drawing, i n sc r ip t ion ,  o r  inci- 
s ion  on a rock by e a r l y  man. 

An i n t e r v a l  of geologic time; an epoch, general ly  used t o  
refer t o  the time between about 10,000 years  and 1.8 
mi l l i on  years  ago. 

A f a u l t  considered t o  have been a c t i v e  during the  l a s t  1.8 
mi l l i on  years  and which could become a c t i v e  i n  the  fu tu re .  
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RAPTOR 

RARE SPECIES 

RIPARIAN 

ROOKERY 

RUNOFF 

SEDIMENTATION 

SEISMICITY 

SERPENTINE 

SIGNIFICANT 

SOIL COMPACTION 

son CREEP 

TAP LINE 

TERATOGEN1 C I T Y  

THREATENED 

TOPOCRAPHS 

A p r e h i s t o r i c  s i t e  i s  one t h a t  was a p p a r e n t l y  occupied f o r  
the most p a r t  p r i o r  t o  m i s s i o n i z 3 t i o n .  By d e f i n i t i o n ,  
p r e h i s t o r i c  s i t e s  i n  the s t u d y  area Are s i t e s  u t i l i z e d  by 
C a l i f o r n i a  Native :bnerica.n p o p u l a t i o n s .  

B i r d s  o f  prey  such a s  hawks, e a g l e s ,  and owls. 

General ly  cons idered ,  a s p e c i e s  o r  subspec ies  which 
a l though not  p r e s e n t l y  t h r e a t e n e d  w i t h  e x t i n c t i o n  i s  i n  
such l i m i t e d  numbers throughout i t s  range t h a t  i t  may 
become endangered i f  i t s  environment worsens.  

Associated w i t h  o r  a d j a c e n t  t o  a water  source .  

A c o l o n i d  nesting s i t e .  

That  p o r t i o n  of p r e c i p i t a t i o n  on t h e  land t h a t  u l t i m a t e l y  
reaches s t reams;  waFer from r a i n  or melted snow t h a t  f lows 
over  t h e  s u r f a c e .  ' 

The s e t t l i n g  o u t  of  s o l i d s  i n  a liquid. 

The phenomenon of e a r t h  movements. A l l  t h a t  r e l a t e s  t o  
ear thquakes ,  t h e i r  l o c a t i o n s ,  p e r i o d i c i t y ,  s i z e ,  e f f e c t s ,  
e t c .  

A rock o r  minera l  c o n s i s t i n g  e s s e n t i a l l y  of a hydrous 
magnesium s i l i c a t e ,  u s u a l l y  having a d u l l  Qreen  c o l o r  and 
o f t e n  found along f a u l t  zones and l a n d s l i d e  a r e a s .  

Within t h e  c o n t e x t  of t h e  C a l i f o r n i a  Environmental  
Q u a l i t y  Act, " s i g n i f i c a n t "  r e f e r s  t o  a n  a d v e r s e  
environmental  impact of consequence. Per  t h e  
N a t i o n a l  Environmental P o l i c y  A c t ,  " s i g n i f i c a n t '  
impact means any major environmental  impact,  whether 
adverse  o r  b e n e f i c i a l .  

The process  by which s o i l  p a r t i c l e s  a r e  packed more 
t i g h t l y  t o g e t h e r  t o  form a denser  mass; can be caused by 
loading  soil ( i . e . ,  wi th  a d d i t i o n a l  soil, c o n c r e t e  
f o o t i n g s  o r  mats ,  e t c . )  and i n  some cases  by s t r o n g  
ear thquake shaking.  

Slow, more o r  less cont inuous downslope movement o f  s o i l  
i n  respons'e t o  g r a v i t y  and/or  s e a s o n a l  shr inkage  and 
swel l ing  o f  t h e  soils. 

A short e l e c t r i c a l  t r a n s m i s s i o n  l i n e  connect ing a power 
p l a n t  t o  a main t r a n s m i s s i o n  l i ne .  

Causing b i r t h  defects or malformations.  

Any s p e c i e s  o r  subspec ies  o f  p l a n t  o r  animal l i k e l y  t o  
become endangered w i t h i n  the  f o r e s e e a b l e  f u t u r e  throughout  
a l l  o r  a s i g n i f i c a n t  p o r t i o n  o f  i t s  range. 

Physical  features of  a d i s t r i c t  o r  region such a s  a r e  
represented on maps; t h e  r e l i e f  a i d  contour  o f  t h e  Land. 
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TRANSMISSION LINE S t r u c t u r e s  and conductors t h a t  c a r r y  bulk s u p p l i e s  of 
e l e c t r i c a l  energy from power genera t ing  u n i t s  f o r  system 
needs.  By d e f i n i t i o n ,  t ransmiss ion  vol tage  is 50 kV o r  
above. 

UNCONSOLIDATED 
SFDIMENTS S o i l  p a r t i c l e s  and/or  rock fragments t h a t  a r e  l o o s e l y  

arranged and n o t  cemented; generally a s u r f i c i a l  o r  n e a r  
s u r f a c e  d e p o s i t .  

VERNAL POOL A small seasonal  water  body. 
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IMPACT IDENTIFICATION MATRIX 

Environmental Category : CULTURAL RESOURCES 

P o t e n t i a l  Impact 

WELL FIELD 

Disturbance o r  des t ruc t ion  of c u l t u r a l  re- 
sources  due t o  explora t ion ,  d r i l l i n g  and 
cons t ruc t ion  r e l a t e d  t o  development of 
geothermal resources .  

Disturbance o r  des t ruc t ion  of paleontolo-  
g i c a l  resources  r e s u l t i n g  from construct ion.  

ru 
0 
a. Disturbance or  des t ruc t ion  of h i s t o r i c a l  

resources .  

Destruct ion o f  valuable  resources  by on- 
going power p l a n t  maintenance and opera- 
t i o n  and v i s i t o r s .  

Increased access and r e s u l t i n g  dis turbance 
of c u l t u r a l  o r  h i s t o r i c a l  resources .  

Y 

POWER PLANT 

Poss ib le  d is turbance  or  des t ruc t ion  of ar- 
chaeologica l  resources  r e s u l t i n g  from con- 
s t r u c t i o n .  

S igni f icance  

None 

None 

None 

None 

None 

None 

Source 

AFC, pages 5-105 t h r u  5-106 and 
"Cul tura l  Resource Survey of t h e  
Aminoil 7 W e s t  Geothermal Lease- 
hold",  Sonoma and Lake Counties,  
by D r .  David Fredrickson, 11/79. 

Same 

Same 

Same 

Same 

same 



IMPACT IDENTIFICATION MATRIX 

Environmental Category: CULTURAI, RESOURCES 

P o t e n t i a l  Impact 

POWER PLANT (cont . )  

Disturbance o r  des t ruc t ion  o f  pa leonto logica l  
resources  r e s u l t i n g  from cons t ruc t ion .  

Disturbance or d e s t r u c t i o n  of  h i s t o r i c a l  re- 
sources .  

Disturbance o r  d e s t r u c t i o n  o f  educa t iona l ,  
r e l i g i o u s ,  s c i e n t i f i c  or o t h e r  c u l t u r a l  
resources .  

fu 
0 
W 

Dest ruc t ion  of va luable  resources  by on- 
going p o w e r  p l a n t  maintenance and opera- 
t i o n  and v i s i t o r s .  

Increased access and r e s u l t i n g  d is turbance  
of c u l t u r a l  or  h i s t o r i c a l  resources .  

TRANSMISS ION LINES 

Poss ib l e  d is turbance  o r , d e s t r u c t i o n  of ar- 
chaeologica l ,  pa leonto logica l ,  h i s t o r i c a l ,  
educa t iona l ,  r e l i g i o u s ,  s c i e n t i f i c  o r  o t h e r  
c u l t u r a l  resources, r e s u l t i n g  from construc- 
t i o n  and operation/maintenance a c t i v i t i e s .  

Signif icance 

None 

None 

None 

- -.- 

None 

None 

None 

Same 

Same 

Same 

Same 

Same 

Same 

Source 



IMPACT I DENTI F ICATI GN KAT R I X 

Er.*Jircr.rcnt;l Catcyor;,: t!i."l'ER CrJALITY 

' P o t e n t i a l  Impact  

i r PI r..;:'? ( C o n t .  ) 

I - o t e i l t i c l  dc le te r ious  e f f e c t s  of wastewater d i s -  
r c c a l  (jn cjromd and s u r f a c e  waters. 

- 

Cr:sraddt i c n  cjf water q u a l i t y  ( s u r f a c e  and ground)  
zrcr;. d iLc i , a rge  of chemica l  e f f l u e n t s  (demineralizer 
rcger ,e rLt ic ,n  v:astes, b i o c i d e  and blowdown from 
5, t r cn cj r. ri c r it to r s I h e a t  i n q  bo i 1 er s and closed c y c l e  
cc;olir.cj syster , ls)  i n  r e c e i v i n g  waters. 

E 
oCk-.sngc- i q  the t e n F e r a t u r e  of receiving waters 

frcm t t . c r r t&l  e f f l u e n t s .  

Lcc.rakticr-. o f  ground w a t e r  q u a l i t y  from s p i l l s  
c1.d lc,karjc of o i l s ,  t o x i c  chemicals, l i q u i d  . * -  h C J t € 5 ,  c ctc. I 

f e g r t d : i t i c n  of ground water q u a l i t y '  from l i q u i d  
wcste d l  SI c.sal  on the f a c i l i t i e s  s i te.  

~ 

S i g n i f  i c n n c c  
_II 

I n s i g n i f i c a n t  - a l l  wastewaters 
are t o  be' r e i n  jected. 

S i g n i f i c a n t  - a n y  s p i l l  of chemi- 
cals o r  waste streams a t  t h e  
power p lan t  c o u l d  p l l u t e  s t r e a m s  
and impact aquatic l i f e  and vege- 
t a  t i o n .  

I n s i g n i f i c a n t  - controlled by 
RWQCB - no d i s c h a r g e s , t o  streams. 

I n s i q n i f i c a n t  - powor p l an t  p a d .  
w i l l  be c o m p l e t e l y  paved and 
bermed t o  c o n t a i n  spills, also 
m i n i m a l  g roundwate r  a t  area. 

I n s i g n i f i c a n t  - see above,  o t h e r  
. l i q u i d s  are r e i n j e c t e d  f a r  below 
any groul idwater  and i n t o  t h e  
steam reservoir. 

Source 

. 

AFC, S e c t i o n s  1 .2 .5 ;  1 .3 .12;  
1 .3 .13;  1.3.7.2; and 5 .4 .2 .2 .  

DFG/RWCCB c o m p i l a t i c c  and re- . 
c o r d s ,  on s p i l l  i n c i d e n t s  ir. tk.e 
Geysers KGPJI. 

AF'C, S e c t i o n  5 .4 .2 .3  ( s e e  k a c t c  
disposal i t e m )  and  i%'cxE rccjilire- 
ments  o f  no d i s c h a r g e .  

AE'C, S e c t i o n s  1.3.1.1.2;  5.4.1.4; 
5.4.2.2; and 5.4.2.3. 

See  above, and S e c t i o n  1 .3 .E .  



IMPACT IDEMTIFICATION MATRIX 

Lr :.; i r c ;.r EL t u  1 CL t e5or;r : bXTER QUhLITY 

P o t e n t i a l  Impact 

Increszcd  l e v e l s  o f  suspended sol ids  i n  s u r f a c e  
!:;lters dcc t o  i n c r e a s e d  e r o s i o n .  

Cischalrqe of geothermal f l u i d s  to s u r f a c e  waters .  

F o t e r, t ii. 1 g ro undwa t er pol  1 ii t ion. 

2 
d 

1r.crca scd water  p o l l u t i o n  due t o  damage caused 
t y  er.vir cr.rc-ntal hazards .  

P c t e n t i a l  d c l e t e r i o u s  e f f e c t s  of wastewater ais- 
r o s a 1  G T ~  cjrocrd and s u r f a c e  waters .  ' 

crgradht ic r !  cf water  c p a l ' i t y  (surface and ground) 
:rcm d i  rcharqe o f  chemical e f f l u e n t s  (deminera- 
l i z e r  rcgcccra t icc  was tes ,  t iocfde and blowdobm 
frcn s t c i n :  y e r . t r a t o r s ,  h e j t i n g  b o i l e r s  and c l o s e d  
cycle c c o l i n y  s y s t e m s )  i n  r e c e i v i n g  waters, . * 

Chai igc  In  t h e  tempera ture  of r e c e i v i n g  waters 
f r-om th ' ;y:  e f f l u e n t s .  

S igni f icance  

S igni f ica ; t  .- (under t h e  c o n t r o l  
of Sorionia Count>, t h e  fICRWQCB, 
and CDF&G> 

S i g n i f i c a n t  - see above. . 
I n s i g n i f i c a n t  - minimal ground- 
water i n  t h e  a r e a ,  n o t  g e n e r a l l y  
enough f o r  b e n e f i c i a l  uses .  

S i g n i f i c a n t  - b y  e r c s i o n ,  land- 
slides, s p i l l s ,  d ischarges  - 

(unde; Sonoma County, MCRWQCB, 
and CDF&G jur i sd ic t ion . )  

I n s i g n i f i c a n t  - a l l  wastes  to be 
conta ined  i n  l i n e d  sumps or d i s -  
posed a t  approved s i tes .  

Not a p p l i c a b l e  - n o  such systems 
used i n  well d r i l l i n g .  

I n s i g n i f i c a n t  - no d i s c h a r g e s  t o  
s u r  face waters'. 

Experiences i n  €'.GI& a r e h  f 5r.d 
Geysers K(;F'P. E I P s .  

AFC, S e c t i o n s  5.4.1.4;1.2.2.2;  
and o t h e r  KWP. E1P.s. 

O the r  KGPA EIRs. 

NCRWQCB requiremerits Gn >.xir.oiI, 
(Steam Developer) , Order  1:o. 78-17. 

IXF.WQCB requirements  and L'::FCC 
Basin P lans .  
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II4PACT IDENTIFICATION PJiTRIX 

Er.vi rcr.7 er.:tl Catr-Gory : GILTER QUALITY 

, ’  Potent ia l  Impact 

UeqradGticn of water qua l i ty ,  resu l t ing  from 
construct icn and/or operation of transmission 
l i c e  f a c i l i t i e s .  

Curr .ulat ive impacts upon water qual i ty .  

. 

Significance 

S igni f icant  - po ten t i a l  for 
s.hort-term erosion, etc: 

S igni f icant  - short-term impacts. 
of f 1 eld development and power 
p lan t  .construction,and long-term 
impacts of added sediments and 
any s p i l l s  which can occur from 
the  power p lan t  o r  the  matepials 
and waste disposal  t ranspor ta t ion  

Source 

Geysers KCPA EIIG,  K P h  cine F:p’<.CE 
experiecces,  PC;iX s t u d i e s .  



Eriv - i roninen t a l  Category - SPFETY 

Pot (i n t i a 1 hpac t 

POblCK 1'1 NIT 

Possibi I i t y  o f  a c c i d e n t s  a s s o c i a t e d  w i t h  a 

c o n s t r u c t i o r i  o f  power p l a n t  f a c i l i t i e s  

___ .- - 

P o s s i b i l i t y  o f  acc i d c n t s  a s s o c i a t e d  w i t h  
use  o f  e x p l o s i v e s ,  heavy equipment  
opcraf i o n  

Iu, 
w 

? o s s i b i l i t y  o f  a c c i d e n t s  a s s o c i a t e d  w i t h  
opera t i G n  and maintenance o f  g e n e r a t i o n  
s y s t cni t qu i pme n t 

Possibility G f  a c c i d e n t s  a s s o c t a t e d  with 
t ra l i spo i - ta  t i o n  systems c o n s t r u c t e d  a s  a 

. d i r e c t  a d j u n c t  t o  t h e  power p l a n t  (exam- 
p l e s :  11w SUpfJly road) ' 

P o s s i b i l i t y  of s e c u r i t y  problems a s s o c i a t e d  
w i t h  qc:riet-d 1 o p e r a t i o n s  and ma in tenance  
o f  t h o  [ ) l a l i t  

Sign1 f 4 cance 

Insignificant: Isolated cdnstruc- 
t i on  location, re la t ively smal l  
work force* 

Insignificant : Relatively 'mal 
use of heavy eqlulpnent. No L 

blasting expected. 1 

Insignificant: Control room w i l l  
moni tor  plant deviations, equipped 
with automatic and manual shut- 
offs. 

Insignificant: Mnimd, 2/3 mi. 
w i l l  be required t o  provide access 

Insignificant: Isolated location, 
re la t ively low hazard level ,  auto- 
matalc and manual shutdown provi- 
sions. 

SMUDGM) #I. AFC Sec. 9. Staff Analysis 

SMJNEo #l AFC Sec. 1 6 3 . 3 .  Staf f  fh1aiysi.s 



I t4PACT 1 PEflTI F l  CAT IOti biATRI X 

Possibiltt,y of accidents associated with 
well drilling and steam o r  hot water 
extraction. 

Nnissioris rnay be caused by accident hazard 
during m11 operations. 

2 
P 

Sign I f  Icance 
I I_ ---- - 

! 
I 

I 

Insignificant: No unusual risk or 
hazard. 

Insignificant: "here has  been only 
a single incident where a well has 
fa i led  and steam is escaping 
freely. 

- --> 

Staff Analysis 

Staff Analysis: Geyser.:; 16  lirn 



POWER PLANT 

Ch‘inge i i t  currefits, flows, teiii(Jtat.atut-e, 
ctieiiiicdl corrsti tuents,  e t c .  0 1  the 
t eceivirig kiatet-s from discharye of cooling 
waters, blowdown discharge, t reated 
service water systeins, o r  accidents.  

I_-_-- - - 

Increased ovct-ldiid flow, storiri t -u i io f f .  
Iii~t.easw1 discharge fr-urn cleared areas 
(especial ly  vegetated a r e a s ) .  Increased 
f l o o d  potr-ritial and  channel erosion, 

3 increased stream water teniperature, 
m volunie drid velocity.  

D i s t-up t i o ti o F g roundwa t e r  movtfiiien t s hy 
cuts for  access roads o r  tacility bi tes .  
Change i i t  9roundivater a n d  recliarge areas 
due t o  iaipervious surfaces (increased 
surfdce areas impe;*vious t o  b d a t e r  

i n f i l t r a t i o i ) )  a n d  s i t e  dewater-irlg. 

c 0 

Impact I d e n t i f i c a t i o n  ?iatr ix  

Insignificant - Discharges a re  allowed o n l y  
d u r i n g  h i g h  f l o w  periods. 

Insignificant - S 1  i y h t  inct.ease in overland 
flows a n d  s t o l w  r-urioff due t o  s i t e  clearin! 
a n d  p a v i n g .  

Insignificant because no qruiindwater 
aquifers ex is t  i n  Thc Ccysers area except 
along fracture zones. 

Page 5-23 ,  AFC 



Impact Ideriti fi.catian bkt r ix  

_- POWEP - - - PLhiIT - - - - (Contitiued) 
Potentidl destruction f rom flooding, e i t h e r  

n d t u r a l  or' in tensif ied by construction 
a c t i v i t i e s .  

impacts froiii consumptive use o f  water i n  
rjeneratiiig plant operat i o n s .  

blodification o f  exis t ing stream flows arid 

--I and construction o f  reservoi rs , lakes,  
i n f i l t r a t i o n  patterns due t o  the location 

J i tches , pi  pel ines,  towers, cool i ng ponds, 
c t c .  Includes stream charinel relocation 
or diversions and a1 tered s i t e  drainage 
charact-erist ics.  

IU 

rn 

Potential fot-  flooding from reservoirs 
a n d  ponds i f  dams or. levees break. 

Cumul a t i t v  c 
reservoir 
geothetirtii 

mpacts on the geothermal 
fi-oiii consuniptive us? of condmsed 
steam for  power plant cooling. 

Insignificant - Flooding o f  the s i t e  i s  not 
considered t o  be a probleiri due t o  i t s  
physical location. 

Insignificant - Conderisrd geotherrridl stxcllti 
w i l l  be used f o r  coolirq w t e r  supply. 

Insignificant - The power p l  
located on a r idge.  Thet*e 
niodificatiori t:, the riattrr'd 
pattern.  

n t  s i t e  w i l l  be 
will be rio 

d r a i  r iaqtt 

Insignificant - Power plant s i t e  will be 
located on a ridge h i g h  atJove t he  natural 
drainage channels. A l s o ,  no dains or 
levees ex is t  upstrea'iii frovi the p l a n t  s i t e  
area.  

(See geclogy) 

Page 5-22 ,  A F C  

Page 1-26, A C C  

Page 5-20. AFC 

Page 5-20, A P C  
(persorjal krrowledge o f  t i12  r l :  r r i j  



C -)rict? rri 

!!ELL F I F L  LI 
P o t e n t i a l  dmagr; t o  w l l  o r  p : p c l i n c  f a c i l i t -  
i es froiri f 1 ood i ng . 

Increased ove r land  f l o w ,  storni  r u n o f f .  
Incveasec! d i  scharyc f ro i i i  c l e a r e d  t~rr.c~s.  
1ricr;)ased f l o o d  p o t e n t i a l  and channel 
c r -os ion .  Increased st ream w t e r  tciliperatiir6 
voliiiw and v c l o c i  t y .  

3 
qssr.upi i o n  c f  groundwater move:iients by ci : ts 

f o r  E C C C ‘ L ; ~  roads o r  f a c i l i t y  s i t e s .  Changc 
i n  gr-oiiiid;.ia t e r  arid rechdrge areas due t o  
ia ipervi  OIJS surfaces ( i n c r e a s e d  s u r f a c e  
atreas in iporvious t o  water i n f  1 t r a t i o n )  and 

’ s i  t e  dew3 t e r i  ng . 

A 1 t e r a  t i o n  o f  groundvia t e r  hydro 

M w i i f i c d t i o n  o f  e x i s t i n g  s t r e a m  f lows and 
i r i f i  1 t r a t i o n  p a t t e r n s  due t o  t h e  l o c a t i o n  
d n d  c o n s t r u c t i o n  o f  r e s e r v o i r s ,  lakes,  
d i  tct ies , p i p e l  ines,  towers, cool i n g  ponds, 
e t,c . I n c l  udcs s treain channel r e 1  oca t i  on 
o r  divcrr , ior is  and a 1  t e r e d  s i t e  drair!dge 
cnarac  t c r  i s t i  cs . 

P o t e r i t i a l  d e s t r u c t i o n  from f l o o d i n g ,  e i t h e r  
na turd l  o r  i n t e n s i f i e d  by  c o n i t r u c t i o n  
a c t i v i t i e s .  

I n s i g n i f i c a n t  - :!c*ll pdds  w i l l  be l o c a t e d  
idel 1 d h o w  the nat i i t ’n l  drainage c t i anw1%.  

I n s i g n i f i c a n t  - Sm11 area5 vJi11 b e  c l e a r e d  
b u t  they a r c  small ill co::ipat‘ison with 
t t t e  wdter5ht.d. Revcget< l t ion o f  a l l  c u t  
and f i l l  slopes w i l l  tske p l a c e  p r i o r  t o  
the wet S ~ ~ S O I I .  

tlo known groundwater b a s i  t i  ( - x i  s t s  i ti t h e  
a r e a .  Groundv:ater e x i s t s  i n  the  T n t c r s t i c c  
o f  the f r a c t u r e  rock i n  rninor amounts. 
Therefore,  d i s r u p t i o n  a l t e r a t i o n  o f  
qrO!rndW;lter movements i s  i n s i g n i f i c a n t .  

(See above) 

I 

l he re  w i l l  be no m o d i f i c a t i o n  o r  r e l o c a t i o n  
o f  any streal i i  channel f o r  w e l l  pad 
c o n s t r u c t i o n :  

I n s i g n i f i c a n t  - \le11 pads c o n s t r u c t i o n  w i l l  
r e s u l t  i n  rcincrr increase o f  r u n o f f  due t o  
l a n d  c l e a r i n g  and paving. 

Figure 1 . 2 - 2  

Page 1 - 7 ,  W C  

Page 1-11 & 1 2 ,  P I  i, 

Figure  1.2-2 

Page 1-7 
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TRAI4SPI S S  I O N  L I NES 
A 1  t c r  exis t ing flow pdtterns ( m t e r  courses, 

over1 and f 1 ow, 9 t.oundwa t e r  recharge) by 
pldceiwnl of tower pads atid substation and 

--I_ - -__ - . - __ - 

swi tchyard f x i  1 i t i e s .  

Potentidl 1 0 ~ ; s  o f  tower, transmiss 
or  otht-r. f a c i  l i t i e s  due to flood 

on l i n e s ,  
ng . 

Impact Tdcrlt if icti t iorl  Matrix 

patterns and  groundwLi t c r  recharge i s  
caused by pla5ement o f  tower pads and 
substation and switch yard f a c i l i t i e s .  

Unknown a t  t h i s  time. Proper placexcnt 
tower pads showed iiiiniriii:e potential  
due t o  f looding .  

~ _ _ _  

Insignif icant  - Hirior alierdtion o f  f l o w  

O t  
os s 

0 

-I --"I--- 



l a c t e n t i  a1 2eqradation of water q u a l i t y  r e l a t e d  to: 

e 

0 

0 

. 
2 
u3 

a 

e 

Ir:oresrcci sur face  runoff increas ing  erosion 
p t e n t i a l ,  s i l t a t i o n ,  t u r b i d i t y .  

Gir.;c.arcicd o r  discharged cons t ruc t ion  materials, 
f u e l s ,  f l u i d s .  

l:ert~ic:ic?c:s used tG r e t a r d  vege ta t ive  growth, 
pes t i c idec .  

h'astev.:ilter (construction, s a n i t a r y ) .  

DreCcJing end sr.oj.1 d i sposa l  

' K u t r i e n t  loading from f e r t i l i z e r s  

, 

& 

.b 

e 1ncrcar:cd water terrperaturcs due t o  increased 

e Scil rtc!c!itives ( such s s  l i m e ,  f l y  ash, a s p h a l t ,  

o 'L~-.j.c-ruture increase  due t o  removal o f  vege- 

t CistcrtAar.ce of strear:; Led f o r  road, p ipe l ine ,  

tl.iri:.i(:i t y .  

i-i-.cj2pl.~,i-ic a c i d ,  sodiw,,  and calcium, chlorides). 

t-l t 1 ci.. 

cr.d cik;l.e c rors ing .  

Construction of 2/3 mile of .access road a 

.. 

Gigni f icant  

1nsignif . icant  - minimal  p r a c t i c e  

I n s i g n i f i c a n t  - unresolved. 

I n s i g n i f i c a n t  - por tab les  t o  be 
used, r e in j ec t ion  during operat ior  

Not appl icable  . - _ -  

I n s i g n i f i c a n t  - minimal anlourit 
appl ied . 
I n s i g n i f i c a n t  - unresolved, high 
background temperature data .  

I n s i g n i f i c a n t  - no t  app l i cab le ,  
pinimal appl$catiop 

rns ign i f i capc  - not  r e l a f l v e  to  
p r o j e c t  . 
p s i g n i f i c a n t  - none planned. 

Significant 

Work experience with Fb;k:CL cnd 
t h e  Geysers a rea .  

Work experience and h T C ,  rect icr ,  
1.3.12, page 1 - 3 4 .  

AE'Cs in-house for o t h e r  l i k e  pra- 
j e c t  i n  KCHA. 

Experience in Geysers KGRA 



hhvirarx::eritnl C n t  Icnr.: 

Poten t ia l  Impact 

POWER PLANT FACILITIES 
Ha z a rds 

Seismic shaking/ fau l  t rupture 

Mass was t i  ng or genera 
i ns t a b i  1 i ty  

L ique fac t i on  

bi f f e r e n t i a l  set t lement 
N 
N 
'0 

Vol cani  sm 

Subsidence 

s 1 ope 

. Impact Ident i f icat ion Matrix 

# 

I n s i g n i f i c a n t  - Good des ign arid cons t ruc t ion  
pract ices can prevent 'unacceptable damage. 

I n s i g n i f i c a n t  - Normally a c r i t i c a l  concern 
i n  power p l a n t  design f o r  the Geysers area, 
however, the SMUDGE0 proposed s i t e  area 
appears t o  be f r e e  o f  unstable slopes. 

I n s i g n i f i c a n t  - L i q u i f i a b l e  s o i l s  are not  
known t o  occur i n  the leasehold. 

I n s i g n i f i c a n t  - Low p r o b a b i l i t y  o f  causing 
f a c i l i t y  damage us ing good cons t ruc t ion  
and maintenance prac t ices .  

I n s i g n i f i c a n t  - Low p r o b a b i l i t y  o f  
occurrence. 

t l inor  s ign i f i cance :  Induced subsidence 
f r o m  withdrawal o f  subsurface f l u i d s  may 
r e s u l t  i n  a minor hazard t o  the  f a c i l i t y ,  
but t h e  po ten t ia l  f o r  operational difficul- 
t i e s  i s  considered low. 

AFC, pages 5-41-42 

RFC, page 5-42 

AFC, page 5-42 

AFC, page 5-44 

AFC, page 5-43 

AFC, page 5-43 



Envi  rG:79r.<::ital Cotegory 

P o t e n t i a l  Impact 

- I r y c t s  

Unique g e o l o g i c a l  f e a t u r e s  

f - f i  ne ra l  resources 

STEAM FIELD - (we1 1 s , we1 1 pads, roads 
and p i p e l i n e s )  

Hazards 
4 

F a u l t  r u p t u r e  

Seismic shaking 

Resource r e l i a b i l i t y  

Significarice 

I n s i g n i f i c a n t  - There are  no unique 
geo log ica l  resources o f  h i s t o r i c a l ,  
s c i e n t i f i c  o r  r e c r e a t i o n a l  i n t e r e s t  w i t h i n  
the  boundaries o f  the  1 easehol d. 

, 

There are  no s i g n i f i c a n t  minera l  resources 
on t h e  leasehold o ther  than the geothermal 
steam. 

-- \\- Probably i n s i g n i f i c a n t  

Probably i n s i g n i f i c a n t  - Wells, p i p e l i n e s ,  
and roads a r e  g e n e r a l l y  i n s e n s i t i v e  t o  
shaking.  
e a s i l y  repa i red .  Good c o n s t r u c t i o n  and 
rnaintenanc,e p r a c t i c e s  w i l l  reduce hazard t o  
a l l  f a c i l i t i e s .  

P i p e l i n e s  and roads car] u s u a l l y  be 

Probably i n s i g n i f i c a n t  - 7he  leaseho ld  
appears capable o f  suppor t ing 55 M’de of 
e l e c t r i c  power genera t ion  for a p e r i o d  o f  
a t  l e a s t  30 years .  

A F C ,  page 5-44 

AFC, page 5-44 

AFC , page 5-42, 8-0 

AFC, page 5-41 

SMUDGE0 Reference Dwmer.11 
Page 1 



Volcanic a c t i v i t y  and subsidence 

Slope i n s t a b i l i t y  

TRANSMISSION L I N E S ,  CONSTRUCTION AND 
N OEKATI%@-(-EZ between r o a q -  
1u ---- -- 
N 

Hazards 

Slope ins tab i  1 i ty l su r face  f a u l t  
rup ture  

Sei sr!ii c shaki ng/subs i dence 

Impact Ident i f ic a t i 311 Matrix 

Si@Pi  c m c e  

1. 
I n s i g n i f i c a n t  - The p r o b a b i l i t y  o f  e i t h e r  o f  
these phenomena damaging the  f a c i l i t i e s  i s  
remote. I 

I n s i g n i f i c a n t  - Geneia l ly  i n  the Geysers 
area, t h i s  hazard i s  p a r t i c u l a r l y  acute, 
however, a t  the SMUDGE0 s i t e  there are no 
ac t i ve  o r  p o t e n t i a l l y  a c t i v e  lands l ides  o r  
unstable slopes which could a f f e c t  the we l l s  
wel l  pads, roads, o r  even p ipe l i nes .  

-. __ 
S i g n i f i c a n t  - Only t o  the ex ten t  t h a t  the  
s i t i n g  of towers must take i n t o  considera- 
t i o n  such p o t e n t i a l  hazards. Eas i l y  
m i t i ga tab le  through avoidance o r  by good 
const ruct ion and maintenance procedures. 

I n s i g n i f i c a n t  - Due t o  normal cons t ruc t i on  
pract ices.  

0 

S9urce 
--,- 

AFC,  page 5-43 and Harding-Lawson 
Associates Report dated March  28, 
1980. 

NO1 , page 5-42 and Hardi rig-Liiwsor1 
Associates, dated March 28, 1980; 
Aminoi,l Plan o f  Development 
Operati on. 

AFC, pages 8-7, t3 

AFC, pages 8-7, 8 
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I KPACT I CEtiT I F I CAT I Ot i  MATR I X 

EtlV IROWE!iTAL CATEGORY - NOISE - 
I ---. 

Poi  i t i c a l  1rr.pact 
-c_-- 

TRANSMISS ION LINES 

Exposure to  noise i n  excess o f  90 dB(A) f o r  
8 hours f o r  workers, \ 

Potent ial  radio and television interference. . 

Corona caused audible noise. 
N 
N 
P 

I_ I C L I  

S i g n i f i c a n c e  I Source 
-_-- --- I 

Lt__ -- -- - 

I n s i  gn i f icant  ,workers a re protected 
by WSH safety orders. 

1 )  CEC s t a f f  analysts 

2 )  Experience o f  numerous Geo- 
thermal s i t i n g  cases. 

N e a r  term impact a n t i c i p a t e d  t o  be CEC staff  analysis. 
i n s i g n i f i c a n t  due t o  p r o x i m i t y  and 
q u a n t i t y  o f  no ise  receptors .  I 

i 

Near term impact a n t i c i p a t e d  t o  he., 
i n s i g n i f i c a n t  due t o  p r o x i m i t y  and 
q u a n t i t y  o f  n o i s e  receptors .  

CEC s t a f f  analysis. 

I 



TRANSMISSION LINES 

P o s s i t l l i t y  o f  accidentsassociated w i t h  the  
e l e c t r i c  transmission system. 

P o s s i b i l i t y  o f  induced shock from e l e c t r i c  
f i e l d  IU 

N 
cn 

- 
Significance 

I n s i g n i f i c a n t  ,few or no sa fe ty  
accidents would be expected due t o  
exce l l en t  sa fe ty  record o f  230 kV 
1 ines . 

I n s i g n i f i c a n t  ,Appl i can t  w i l l  
ground fences. 

Saut-ce 

1)  CEC s t a f f  analys is .  

2 )  Report on u t i l i t y  accidents 
and Admini s t r a t i o n  o f  Generul 
Orders Nos. 95 and 128. 
t h r u  1979) 

(1972 

1 )  CEC s t a f f  analysis. 

2) Experience on numerous geo- 
thermal s i t i n g  cases. 



WELL FIELD I I 

Exposure-to noise i n  excess o f  90 dB(A) for 
8 hours for  workers or  i n  excess of 55 dB(Ldn) 
to  sensf t ive environmental receptors. 

POWER PLANT 

Exposure to  noise during construction i n  
excess o f  90 dB(A) for 8 hours for workers or 
i n  excess of 55 dB(Ldn) to  sensitive receptors. 

Exposure during operation o f  power plant 
to  noise i n  excess o f  90 dB(A) for 8 hours 
for worker or in’excess of 55 dB(Ldn) to 
sensi t lve receptors. 

10. 
lu 
o\ 

Insignificant: Project noise levels 
are  below standards. 

I 
1 

I 

SMUD Geothermal #1 AFC. 

Insignlficant: Project noise levels SMUD Geothermal P1 AFC pages 1-32 
are below standards, the Applicant 
will supply hearing protection t o  
m i  t igate  exposure to  workers. 

and Section 5.8. 
- --: 

Insignificant: Project noise levels 
a re  below standards, the Applicant 
will supply hearing protection to  
m i  t i g a t e  exposure to  workers. 

SMUD Geothermal #1 AFC pzgcs 1-32 
and Section. 5.8. 



Impact Ident i f icat ion Matrix 

Enviromental Category - Soi 1 s 

Potential -. Impact 

WELL FIELD 
Potential for  landslides or mass so i l s  
novement - (Geology Section) 

Potential for significant erosion from 
road .cuts,  d r i l l i ng  pads, blowouts, e tc .  

Loss of prime agricultural s o i l s  

Potential for  accelerated erosion rates  as  
a resul t  o f  construction and operation 
ac t iv i t i e s .  

N 
ro 
4 

POWER PLANT 

Increased erosion potential due t o  
construction ac t iv i t i e s  

Loss o f  prime agricultural so i l s  

TRANS14 I SS I ON L I NES 

Increased erosion potential due to  
construction ac t iv i t i e s  * 

Loss o f  prime agricultural  s o i l s  
I 

CIJIWLATIVE IMPACTS 
Increased soi l  loss and consequent sediment 
yield to streams i n  KGRA 

‘Significance 

s i  gni f i  cant 

Insi gni  f i cant 

.Significant 

I 

S i  gni f i cant 

Insignificant 

‘Significant 

Insignificant 

Indeterminate 

Soils technical s ta f f  experience 
in KGRA 

SCS Determination 
. .  

Soils technical s t a f f  experience 
in KGRA 

Soils technical s t a f f  experience 
in KGRA 

SCS Determi nation 

Soils technical s ta f f  experience 
i n  KGRA 

SCS Determination 

Soils technical s t a f f  experience 
in KGRA 



Environmental Cateqory 

Fotcntial impact 

POWER PLANT 
Loss of vegetation (native or agricul- 
tural) and wildlife habitat (food cover 
nesting locations, 'breeding ground, 
winter ranges, etc.), resulting from 
construction 

Iu Increase fire hazard caused by work- 
men and equipment resulting from 
construction 

Potential loss of flora and fauna 
related to the increased fire hazard 

. caused by operation an'd maintenance 
o f  the facility 

Potential for harm tc flora and fauna 
from liquid and gaseous effluents 
discharged during operation of geother- 
ma? facilities 

Potential loss of agricultural 
production 

IIOLOGICAL RESOURCES 

Significance 

Insignificant- Chaparrel is major 
vegetation type in area and is the 
type to be cleared for power plant. 

Insigni f icant-1s appropriate pre- 
cautions are followed. 

Insignifjcant- Power plant site 
cleared of vegetation. Chaparrel 
can recover f rorn f i re. 

UnresolSed - Cooling tower drift may 
cause local damage to vegetation. 

DNA- No agriculture production 
on site. 

Source 

AFC, p. 5-76, p. 5-88. 

AFC, p. 5-82. 

AFC, p.  5-81. 

AFC, p. 5-47, p. 5-54. 



Environmental Category 4 

Pot en t ial Impact I 
POWER PLANT (continued) 
Change in species composition (both 
floral and faunal) due to habitat 
changes (e.g. , degradation of water 
quality) resulting from construction. 

' Potential harm to vegetation and wild- 
life from the degradation of water 

Peman,ent loss of vegetation and wild- 
life habitat due to project facilities 

supported' by the habitat . Loss of rare, endangered, unique or 
' unusual species of plants and wild- 

life, communities or habit ts. 

lu 

u3' 
R) quality from wastewater systems 

' . Loss o f  displacement of.wildlife 

Loss o f  wildl ife from construction 
activities from lack of available 
habitat after displacement. 

Direct loss 'bf wildl ife from construc- 
tion activities: . Loss of aquatic communities if a 

stream is relocated . Loss of aquatic organisms (fresh 
water) 

0 .- 
I (  

RIOLOGIlJAL RESOURCES 

S i  gn i .' icance 

Insignificant- Loss of chaparral 
from site clearing. Earth moving 
not planed for rainy season. 

Insignificant- Mi tigation proposed 
to retain spills on-site and for 
reinjection of geothermal fluids. 

Insignificant- Site specific losses- 
are not significant. Mitigation 
Insignificant- Some Jess o f  wildlife 
habitat. 
Insignificant- No loss for power 
plant site identified. 

Insignificant-' Site specific loss 
not of large magr:itude. Mitigation 
proposed. 

Unresolved - Calm spring may be 
impacted by roadiconstruction. 

Source 

AFC, p.5-47, p. 5-54. 

AFC, p. 5-88, p. 5-32 

-AFC, p.5-76, p. 5-851 

AFC, p. 5-77, p. 5-87. 

AFC, p. 5-77, p. 5-88, 

AFC, p. 5-77, p. 5-87. 

AFC, p. 5-80, p. 5-87. 
AFC, p. 5-80, p. 5-23. 



Env i ronnien t a l  Ca teSory 

Potential Impact 

POWER PLANT (continued) 
Loss o f  rare, endangerdd, unique o r  
unusual species oJ; habi ta t  resu l t i ng  
from construct ion a c t i v i t i e s  

Accumulation o f  harmful Substances i n  
some species due t o  uptake o f  
pesticides, herbicides, construction 
chemicals, etc. 

Chanqe i n  w i l d l i f e  species composition 
species number i n  v i c i n i t y  o f  genera- 
t i n g  f a c i l j t y  . .  

Deleterious e f fec ts  on aquat’ic organ- 
isms and other w i l d l i f e  from surface 
water contamination from cooling tower 
o r  pond d r i f t  o r  cool ing pond leakage. 

ru 
0 

WELL FIELD 

Vegetation damage and destruction 

Potent ia l  loss o f  agr icul-ural  
production 

? 

Impact Ident  i f i  c a t  i on  at r i x 

BIOLOGICAL RESOURCES 

Significance 

I ns ign i f i can t -  No rare o r  endangered 
species i d e n t i f i e d  . 
Unresol ved- Cool i ng tower d r i  f t 
contains tox i c  materials. 

I ns ign i f i can t -  Changes w i l l  occur. - 

I ns ign i f i can t -  No deleterious 
ef fects on aquatic organisms o r  
w i l d l i f e  have been iden t i f i ed .  
M i t i ga t i on  proposed. 

Unresolved - Can be mit igated but 
no condit ions establ ished. 

DNA- No ag r i cu l tu re  use i den t i f i ed .  

Source 

AFC, p. 5-77. 

AFC, p. 5-82. 

. AFC, p. 5-82. 

AFC, 5-82, 5-881 

AFC, p. 5-54 



Ifipzct Tdcqti Ficatio;? M::tri:x 

Environmental Category 

Poten t  i a1 Impact  

WELL FIELD (continued) 
Potential for harm to flora and fauna 
from liquid and gaseous effluents 
discharged during operation of geo- 
thermal facilities. 

L o s s  of wildlife habitat or significant 
N habitat components 
If), 

Disturbance of wild1 ife by human 
activity and noise 

Hazards to fish and wildlife from sumpi 
disposal of drilling muds, releases o f  
geothermal fluids, etc. 

Creation of new habitat features and 
availability of new habitat areas after 
abandonment 

Potential for loss of flora and fauna 
from fire 

0 

B IOLOG I CAL RESOURCES 

S i g n i f i c a n c e  

Insignificant- Normal venting 
impacts are localized. Potential 
significant impacts from accidental 
spills. 

Unrelolved- Can be mitigated but no 
conditions established. 

Insignificant- Temporary disturbance 
during construction and some 
displacement of sensitive species. 

Significant- If accidental spills 
occur, materials are toxic to fish. 

' Unresolved- areas may be returned 
to near natural conditions but no 
conditions established 

Ins i g n i f i cant -General 1 y 1 oca 1 i zed ; 
ohaparral , the major vegetation type 
is a fire a4Jociated community. 

. 

Source 

The Geysers KGRA wildlife Study, 1979. 

. 



Environment a1 Category 

Potential Impact 

TRP,NSMISSION LINES 
Increased human access (secondary impact 
on and near transmission corridors such 
as increased hunting (increased loss of 
animal species and disturbance and 
destruction of habitat) , increased 
recreation potential ) 

Disturbance, expecially of sensitive 
species from human encorachment 
(sensitivity depends on species, time 
of year, life history stage, etc.) 

Restriction of migration routes and 
daily movement corridors 

Collision mortalities, especially in , 

waterfowl migration routes , between 
birds and towers, cables or other 
facilities 

Loss of vegetation and supported 
wildlife by selective th’inning of 
vegetation during maintenance activities 

N 

BIOLOGICAL RESOURCES 

S i g n i f i c a n c e  

Insignificant- Area already has 
numerous access roads; relatively 
short line, approx. 3,000 ft. 

Insignificant- No sensitive species 
i den t i f i ed . 

0 

Insignificant- No routes have been 
identified 

Insignificant - Not in a flyway area. 

Insignificant- Limited vegetation 
clearing required 

Source 

AFC, p. 8-2 

AFC, p. 8-4. 

AFC, p. 8-3. 

AFC,p. 8-3. 

AFE, p. 8-3. 



Envi ronmenta? Category 

Potential Inpact 

TRANSMISSION LINES (continued 
Potential damage to lines and towers 
from fire supported by vegetation 
beneath the lines 

Electrocution of large birds on towers 
and cables 

n, 2 Permanent loss of habitat under tower 
footings, paved access roads, switch- 
yard.and substation facilities. , Loss 
of rare and endangered and unique or 
.unusual species or habitat. Loss of 
wildl ife species supported by habitat 
permanently lost (if adjacent areas 
unable to support displaced wildl ife) 

Change in species composition and in 
food and cover value of transmission 
right-of-way 

Loss of vegetation and wildl ife habitat 
through "clean" maintenahce of access 
roads and facility sites 

0 

BIOLOGICAL RESOURCES 

Sign i f icance 

Insignificant- Vegetation o f  low 
height. 

Insignificant- Design factors will 
minimize impacts. 

Insignificant- Clearing for pads of 
about 30 feet radius 

Insignificant- Minor disturbance 
indicated 

Insignificant- Minimal clearing of 
right-of-way required 

Source 

AFC, p. 8-1 

AFC, p. 8-1, p. 8-5. 

AFC, p. 8-1, p. 8-5. 

AFC, p. 8-1. 



Impact Identification M z t r i x  

Potential Impact 

TRANSMISSION LINES (continued ) 
Potential for loss of agricultural 
production 

CUMULATIVE IMPACTS 
Loss of vegetation and wildlife habitat 
due to full field development 

p\3 
w 
P 

LOGICAL RESOURCES I 

Significance 

Insignificant- No agricultural use 
identified in righ-of-way 

Significant- Mitigation is not being 
implemented on site specific basis 
nor is mitigation proposed to off-set 
full field development 

. 

Source 

AFC, p. 8-3 

Comments received from USFWS, and CDFG 



Impact Identi ficstion Z i t r i x  

Environmental Categcry S( 

Potential IqXICt 
d 

POWER PLANT 
Project area will experience increased 
employment and income directly attri- 
butable to construction of power plant 
and related facilities (Primary employ- 
ment) 

Power plant construction will compete 
N for workers with other projects or 
cn existing economic sectors. w 

Project area will experience increased 
empl.oyment and income directly att.ri- 
butable t o  operation and maintenance of 
power plant 

Project area population will increase 
due to increases in direct and indirect 
empl oymen t' 

Possible changes in community structure, 
1 ifestyle 

0 , , 

IOECONOMI CS 

Significance 

Not Significant - Total peak employ- 
ment i s  125 workers 

Non Significant- Historical unempl oy- 
ment rates exceed those o f  the State 
as a whole 

Not Significant- Operating Contingent 
consist of only 20 employees 

No& Significant-Total population 
increase will resideBin the area of 
110 each in Lake and Sonoma Counties. 
Cululative impact is potentially 
significant upon Lake County. 

Not Significant- Total population 
growth is small relative to existing 
popul ati on. 

Source 

AFC, p. 5-10. 

AFC, Table 5.10-4 and 5.10-5, 
Cal ifornia Employment Development 
Department Statistics. 

AFC, p. 5-116. 

AFC, pp. 5-111-6. 

APC, pp. 5-111-113, 5-108. 

0 



Enviromental Category 

Potential Impact 

POWER PLANT (continued) 
Possible changes in community structure, 
1 ifestyle 

Housing units willLbe required to 
accommodate households o f  construction 

N and secondary workers 
cc) cn 

Operation and maintenance of power plant 
.may result in new households. in project 
area 

Presence of power plant may diminish 
employment in other sectors, 

Change in basic economic activities of 
affected region, primarily rural/ 
agricultural and recreatlon areas. 

SOCIOECONOMICS * 

Si gni ficance 

Not Significant- Total population 
growth is small relative to existing 
popul at ion; 

Not Significant- Total population 
impact is small. Cumulative effects 
will strain housing supplies in Lake 
County 

Not Sign if i cant- Operating con ti ngent 
consist of only 20 employees 

Not Significant - No existent employ- 
ment will be supplanted by the pro- 
posed facilities. Site is currently 
undeveloped. - 
Not Significant- Project is continua- 
tion of existent geothermal develop- 
ment in the area 

Source 

AFC, pp. 5-111-113, 5-108. 

AFC, p. 5-114. 

AFC, p. 5-116. 

AFC, p.  5-107. 

AFC, p. 5-107 



Impact Identification Xa t r i x  

Envi ronnen t a l  Ca teyory 

Potential Ivpact 

- 
POWER PLANT (continued)? 
Impact of additional population on 
adequacy of commercial services 

WELL FIELD 
Population increase attributable to 
development of the geothermal resource 
required for the proposed facil ities 
(direct and induced in-migration) 

Impact on supply of labor ,available 
to other sectors in the local economy 

TRANSMI S S  ION LINES 
Population and housing effects due to' 
construction of transmission 1 ines 

0 

SOCIOECONOMICS 

Significance 

Not Significant- Population increase 
is small relative to that already 
in the area 

Not Significant- Workers migrate from 
site to site. 
crews would contribute to adverse 
cumulative impacts in Lake County) _. 

(Addition o f  further 

Not Significant- Hi stor i cal unempl oy- 
ment rates are high, indicating 
adequate supply of labor 

Not Significant - Employment required 
is only a'single 10 person crew for 
one month 

~- 

Source 

AFC, pp 5-1111113; p. 5-108. 

AFC, Tables 5.10-4. and 5.10-5. 
Cal ifornia Employment Development 
Department Stat i s t i cs 

Interrogatory response, April 23 , 1980. 
Socioeconomics - question 1. 



C' 

0 .  0 
Impact I d m  t i f i cz t i on Rz t i x 

PUBLIC SERVICES E nv i r o nne n t a 7 Ca t ego ry 

Pot en t i a1 Impact 

POWER PLANT 
Adequacy of community serv 
due to plant requirements, 
water, sol id waste, 'police 

ces/facilitie 
e,g., waste 
fire 

N 
ZC: Adequacy of community services/ 

facilities due to increased population 
(construction and operation work force). 
Serv,ices/faci 1 ities demanded could 
include: . Sewer . Water . Transportation . Police protection . Fire Protection . Solid waste . General aovernment . Schools . Medical care . Electrical and gas utiiities . Parks and recreation . Flood control and drainage . Telephone and communications . Housing 

Significance 

Not Significant- Applicant will have 
to  supply own water, provide for 
disposal of solid waste outside of 
venue of local government. Fire, 
police, will be required only on rare 
occasions. 

Not Significant- Population increase 
is small relative to existent local - 

population. Cumulative impacts are 
known significant for the Middletown 
Unified School District, and may be 
significant for other pub1 ic services 
as well in Lake County 

~- ~ 

Source 

AFC, p. 5-113-114 

AFC, pp. 5-111-113, p. 5-108 
Staff memo from William Reany t o  
Greg Newhouse, May, 1980. 



Environmental Ca teqory 

Potential irnpect 

- 
POWER PLANT (continued) 
Change in capitoal requirements, 
operating costs and revenues of local 
service providers 

Adequacy of local transportation 
systems t o  accommodate construction and 

Potential depletion of municipal water 
supplies by heat dissipating system 

E operation 
'ul 

. 

0 

Inpact  IdcntifScatSon h t r i x  

I 
Si  gni f i cance 

Not Significant- Small population- 
impact. 
effect upon Middletown School District 

Significant - cumul at ive 

Significant- Lake County roads are 
deemed inadequate to handle sub- 
stantial ly increased traffic. 

Not Significant-No Municipal Water - 
sources will be used 

Source 

AFC. p: 5-111-113, p. 5-108, and 
staff memo from William Reany t o  
Greq Newhouse, May, 1980. 

AFC, p. 5-114. 

AFC, p. 1-26. 



Impact Identification ihtrir, 

Envi ronrnental Ca tel;ory 

Potential Impact 

POWER PLANT 
Consumption of land for generatinq 
plant and related facilities 

compatibility with nearby existing 
and planned land uses, and/or land 
use designations including General Plan. 

Change in land use due to waste 
d i s posa 1 requ i remen t s 

Iu 

WELL FIELD. 
Change in land use due to exploration 
and extraction 

Change in land use due to transportation 
needs 

Change in land use required for fill 
disposal 

Compatibility with nearby existing and 
pl anned 1 and uses (incl uding General 
Plan) and/or land use designations 

LAND USE 

Significance 

Insignificant- Designat ion Compati bl e. 

Compa t i bl e 

Not Significant- Facility will con- 
tribute to demand for storage 
facil ities for Stretford wastes only 
if output cannot be sold. 

Not Significant- Consistent with 
present uses. 

Not Signiiicant- No additional 
roadways proposed 

Not Significant- All fill materials 
will be utilized on the project 
leasehold 

Compa t i bl e 

Source 

AFC, p. 5-107 

AFC, p. 5-107 

AFC, p.  1-31 

AFC, p. 5-107 

AFC, pl 5-114 

AFC, p. 1-3 

AFC, p. 5-107, Sonoma County General 
P1 an. 



Environmental Category LA 

Potential Impact, 

TRANSWISSION LINES 
Utilization of land for electric 
transmission 

Compati b i l  i ty of transmission 1 ines 
with a-jacent and uae 

Iu 
P, 

USE 

Significance 

Vot Significant- Corridor is short, 
Fully contained within Geothermal 
3rea as designated by Sononia County 

4ot Significant- Right-of-way will 
:ross only other geothermal lease- 
901 ds 

Source 

AFC, Section 8, Sonoma County General 
P1 an - 

AFC, p. 8-1 

0 



Impzct Iderit i ii cat ian l4atr i x 

Environnxntal Category 

potential Impact 

POWER PLANT 
A1 teration or disruption of aesthetic 
attributes of viewscape and/or site due 
to construction of power plant and 
related facilities 

Aesthetic impacts upon nearby residents: 

g. Noise . Odors 
Visual ' 

N* 

WELL FIELD 
A1 teration or disruption o f  visual 
attributes of site by exploration 
and production of geothermal resource 

AESTHET IC S 

Si gri-i ficancc 

Not Significant- A1 though a ridgetop 
site, facilities will entail only 
remote views to affected populaces 

Not Significant- Nearest residences 
are in excess of two miles distance, 
with intervening land forms preventin 
visual intrusion. Occasional 
detection of odors may occur. 
Environmental Categories: Noise, 
Pub1 ich Health and Air Reqources. 

See 

Not significant- Impacts related 
t o  drilling activities will be 
experienced only at times during 
facility construction, and for'only 
short periods of time. 

Source 

AFC, p..  5-117 

AFC, p. 5-107, and p. 5-117 

Ecoview, Final Impact Report for 
Geothermal Leasehold of the Union Oil 
EO. 9 Sonoma County. February, 1975, 
PP. 16-18. 



Environmental Category 

Potent i a1 Impact 

TRANSMISSION LINES 
Accessibility to new vantage points 
allowing people easier access to areas, 
thereby effecting aest het i c attr i butes 

Alteration or disruption of aesthetic 
attributes o f  viewscape and/or route 
for transmission system 

N 
P 
w 

0 

Impact 14enti f i c a t  ior: Mz,tr?:x 

AESTHETICS 

Significance 

Not Significant- No new access will 
be promoted by transmission system 

Not Significant- Line will not be 
visible from area outside o f  the 
KGRA 

Source 

AFC, p. 8-1 

AFC, p. 8-8 



Impact Idcnti f ica t 1 on Mi: t r i  x 

Potenttal Impact 

PO'rlEf( PI _I A f f l  
tisc of resources and energy in t h e  prepar- 

?. t ian of the s i t e  and constructicn o f  t he  
various Facil i t ies including t h e  genera- 
ting plant 

N 
P 
P 

Gd?Ietioii of the geothernial resource f o r  
pcwr  gendra tion 

Re~ciur-ce and energy uses a s s o c i a t e d  with  
projdct  faci l i t ies  incltiding t h e  gener-  
a t i n g ,  service water, end waste heat 
dissipating systsms (e.g. ,  coolant pumps, 
cool ing  tover blowers) p?us o t h e r  inter- 
rial uses 

Use o f  chemica ls ,  materials, fuel and  
electricity for f a c i l i t i e s  operation and 
CJ i rbteild rice 

-- 

Signi  flcance 

'nsignificant - fuels and 
ra te r ia l s  employed on short-term 
basis; i n s i g n i f i c a n t  i n  
comparison t o  energy made 
avai lable  by t h e  p r o j e c t .  

Jnresol ved 

Insignificant - iyantity o f  
equipment and fuels required 
are minor.; i n s i g n i f i c a n t  i n  

comparison t o  energy made 
a v a i l a b l e  by t h e  p r o j e c t .  

insignificant - any rnincrr q u a n t i t i e  
of fuels arid e lec t r ic i ty  a r c  
required by the pokier p l a n t .  
I n s i g n i f i c a n t  i n  compariso 
t o  energy made a v a i l a b l e  
by t h e  p r o j e c t .  

Source 
- 

Profes s iona l  judgement of 
C a l i f o r n i a  Energy Commission 
s ta f f .  . 

Profes s iona l  judgement of 
C a l i f o r n i a  Er.ergy Commission 
s t a f f .  I 

Profess;; onal  iudpement of 
V "  

Cal i fo rn ia  Energy Commission 
s t a f f .  

. ,  . ~. . . ..Ti- ....... '.....*,.,*.I._., . *-.. *.., .. .. ... ,.", " ...,. , . .  ,.*. ,., , , ,  .,... - 



E n v i  ronmenta 1 Category 

P o t e n t i i l l  Impact 

Stcjam F i e l d  and Supply Lines 
Emissions dur ing  normal ope ra t ion  may 
present  a hea l th  hazard t o  worlters 0-r 
t h e  publ ic .  

r\) 
'P 
UI 

Em-ssions dur ing  s t a c - i n g  ope ra t ion  may 
present a heal-th hazard t o  workers or  
t h e  publ ic .  

Impact Identification i4atrix 

I_ 

S i g n i f l c a r i c e  

Workers : Inaigni  ri.ccmt 

dorkers:  I n s i g n i f i c a n t  
Publ ic  : Unresolved 

Source 

See  Publ ic  Heal th  Attachments # 1 8: # 2. 

See Publ ic  Heal th  Attachmerit # 1 .  
See  Publ ic  Heal th  Attachine,;ts h' 2 2; fl' 3. 
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HEALTH AND SAFETY IMPACTS MATRIX  

Attachment No. 1 

Emissions from steam f i e l d  and power p l a n t  ope ra t i ons  may p resen t  a h e a l t h  
hazard t o  workers. 

A. Hydrogen S u l f i d e  and Benzene: I n s i g n i f i c a n t  

The A p p l i c a n t  w i l l  i n s t i t u t e  a program t o  comply w i t h  Cal/OSHA occupat ional  
h e a l t h  and s a f e t y  requirements ( C a l i f o r n i a  A d m i n i s t r a t i o n  Code, T i t l e  8, 
I n d u s t r i a l  Re la t i ons ,  Chapter 4 ) .  T h i s  program w i l l  be developed w i t h  t h e  
ass i s tance  o f  t h e  Cal/OSHA Consul t a t i o n  Serv ice and should i n s u r e  t h e  
p r o t e c t i o n  o f  worker h e a l t h  (AFC, p. 6-6m). 

B. Radon-222: I n s i  gn i  f i c a n t  'i 

$3$hough emissions may a t  t imes  exceed the C a l i f o r n i a  emiss ion s tandard f o r  
Rn, workers '  doses can be c o n t r o l l e d  by t h e  amount o f  t i m e  spent i n  

t h e  a f f e c t e d  work area (LFE, 1975; Anspaugh, 1978). The A p p l i c a n t  has 
agreed t o  imp1 ement a rad io1  o g i c a l  moni t o r i n g / r e p o r t i n g  p l  an approved and 
en fo rced  by t h e  Department o f  Hea l th  Services,  Rad io log i c  Hea l th  Sec t i on  
(DOHS/RHS) (CAC, 1976; AFC, p. 6-4 and Appendix GI. Th is  program should 
ensure adequate p r o t e c t i o n  o f  worker and p u b l i c  hea l th .  

C. Ammonia, Arsenic ,  Boron, Mercury, ADA and Vanadium: I n s i g n i f i c a n t  

Emission o f  these p o l l u t a n t s  i s  n o t  expected t o  produce l e v e l s  exceeding 
occupat ional  standards or recommended safe l e v e l s  o f  exposure (see P u b l i c  
Hea l th  Impacts, Tab1 e 13) .  
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Attachment No. 2 

Emissions from the steam f i e l d  and power p l a n t  o p e r a t i o n s  may present a h e a l t h  
hazara  t o  the p u b l i c .  

A. 

8. 

C. 

Hydrogen Sul f i d e :  Unresolved 

The EISCAPCO has n o t  made a de te rmina t ion  of  compliance. Few studies have 
been c o n d u c t e d  t o  d e t e r m i n e  h e a l t h  e f f e c t s  f rom l o w - l e v e l  , l o n g - t e r m  
exposure t o  hydrogen s u l f i d e  ( H  S )  a t  l e v e l s  l i k e l y  t o  be encountered i n  
the conimunities surrounding the C l a n t ;  t h u s ,  t h i s  i s  a c o n t r o v e r s i a l  issue 
(NAS, 1979) .  

Radon-222: I n s i g n i f i c a n t  

See Attachment No. 1, Radon-222. 7 

Ammonia, Arsenic, Benzene, Boron, Mercury, ADA and Vanadium: Unresolved 

See Hydrogen S u l f i d e  i n  A above. The Appl icant  has  agreed t o  provide a new 
a n a l y s i s  o f  steam f r o m  the  ex is t ing  well on the leasehold.  The submi t ta l  
d a t e  i s  June 1, 1980, and the a n a l y s i s  w i l l  a l s o  inc lude  benzene. The 
Appl icant  has  agreed t o  p e r i o d i c a l l y  monitor  t h e  steam supply f o r  ammonia, 
a r s e n i c  , boron, benzene, H2S, and percent noncondensibl es. The Appl icant  
has a1 so agreed t o  conduct a 1 imi ted-term preopera t iona l  monitor ing s tudy  
t o  e s t a b l i s h  b a s e l i n e  d a t a  f o r  ammonia, m e r c u r y ,  a r s e n i c ,  b o r o n ,  and  
vanadium background ambient c o n c e n t r a t i o n s .  
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Attachment No. 3 

Stacking operations are a minor source o f  environmental pollutants, typically 
releasing t o  the atmosphere 4.4 percent o f  the total  steam produced i n  PGandE 
Units in 1977 a t  The Geysers KGRA (Accurex, 1980). SMUD has proposed a bypass 
system t o  eliminate steam stacking emissions. I 
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0 APPENDIX  B 
POTENTIAL HEALTH EFFECTS OF GEOTHERMAL POLLUTANTS 

Geothermal steam conta ins  contaminants which, when i n h a l e d  o r  inges ted  i n  
s u f f i c i e n t  q u a n t i t i e s ,  can adversely impact human heal th .  $)?se i n c l u d e  regu- 
l a t e d  p o l l u t a n t s  such as hydrogen s u l f i d e  (H2S), radon-222 ( Rn) , p a r t i c u l a t e  
m a t t e r ,  and n o n r e g u l a t e d  p o l l u t a n t s  such a s  ammonia (NH3),  m e r c u r y  ( H g ) ,  
a rsen ic  ( A s ) ,  and boron (B) .  Abatement systems can a l s o  e m i t  v a r y i n g  amounts o f  
po l  1 u t a n t s  such as vanadi um ( V  1, anthraqui  none d i  sul  f o n i c  a c i d  (ADA 1 , hydrogen 
Peroxide (H202) , i r o n  (Fe) , sodium carbonate (NaHC031, sodium s u l f a t e  (NA2S04) , 
and sodium t h i o s u l f a t e  (NA S 03) .  Some o f  these p o l l u t a n t s  can r e a c t  i n  the  
ambient a i r  t o  form secondir5 p o l l u t a n t s  such as s u l f u r  d i o x i d e  and s u l f a t e s .  

The p o t e n t i a l  f o r  adverse impacts t o  p u b l i c  h e a l t h  depends on: 1) the  t o x i c i t y  
o f  t h e  emi t ted  contaminants, 2 )  the  concent ra t ion  o r  q u a n t i t y  t o  which t h e  
p u b l i c  i s  exposed, and 3 )  the  d u r a t i o n  o f  'exposure. Exposure t o  these p o l -  
l u t a n t s  can occur from i n h a l a t i o n  o f  a i r ,  or i n g e s t i o n  o f  contaminated d r i n k i n g  
water o r  food. The f o l l o w i n g  d iscuss ion  addresses p o t e n t i a l  adverse human 
h e a l t h  impacts associated w i t h  these contaminants. 

. 

REGULATED POLLUTANTS 

Hydrogen Sul f i d e  (H2S) 
Hydrogen s u l f i d e  i s  a t o x i c  gas which can be f a t a l  t o  humans when i n h a l e d  i n  
concent ra t ions  o f  1,000 ppm and above f o r  several minutes (N IOSH,  1977).  Longer 
exposure t o  lower  concentrat ions can a lso  be f a t a l .  I n  concentrat ions above 
the s t a t e  occupat ional  standard o f  10 ppm ( 8  hour average), H2S can cause 
i r r i t a t i o n  o f  the eyes and r e s p i r a t o r y  t r a c t ,  damage t o  the lungs, and l o s s  of  
consciousness. H2S l e v e l s  below 10 ppm may induce decreased corneal  r e f l e x ,  
nausea, insomnia, headaches, l o s s  o f  sleep, and o t h e r  symptoms (Wal t o n  and 
Simmons 1978). The e f f e c t s  o f  exposure t o  var ious  concent ra t ions  a r e  summarized 
i n  Table B - 1 ,  Appendix B.  

R e l a t i v e l y  few s tud ies  examine adverse h e a l t h  e f f e c t s  from exposure t o  H S a t  
low concent ra t ions  ( l e s s  than 0.1 ppm) such as those measured i n  populated %reas 
a r o u n d  The Geysers KGRA. Because o f  t h e  l a c k  o f  s t u d i e s  and q u e s t i o n s  
concerning the v a l i d i t y  o f  r e s u l t s  from some o f  those s tud ies,  con t roversy  
e x i s t s  r e g a r d i n g  t h e  p o t e n t i a l  f o r  a d v e r s e  e f f e c t s  f r o m  H 2 S  a t  l o w  
concentrat ions.  

Some exper ts  do n o t  b e l i e v e  t h a t  exposure t o  concent ra t ions  below 1 ppm ad- 
verse ly  a f f e c t s  human h e a l t h  (Simmons, 1979). The Sta te  o f  Montana recom- 
mends an H2S standard o f  0.05 ppm based on repor ted  h e a l t h  e f f e c t s  (MAQB, 
1980). The Canadian Ambient A i r  Q u a l i t y  o b j e c t i v e s  i n c l u d e  a proposed maximum 
d e s i r a b l e  l e v e l  f o r  H S of  0.66 ppb (1 hour average), and proposed maximum 
acceptable l e v e l s  o f  3.6 ppb (24 hour  average), and 10.8 ppb ( 1  hour average) 
(Katz, 1980). The lowest  concent ra t ions  accepted by o t h e r  exper ts  as i n d u c i n g  
adverse h e a l t h  e f f e c t s  i s  0.08 ppm ( I I E Q ,  19741, a lmost  t h r e e  t imes g r e a t e r  than 
t h e  C a l i f o r n i a  ambient a i r  q u a l i t y  standard f o r  H S; nausea, f a t i g u e ,  l o s s  o f  
a p p e t i t e ,  d izz iness ,  b l u r r e d  v i s i o n  and increased i i c i d e n c e  o f  mental depression 
may r e s u l t  from chron ic  exposure t o  t h i s  concentrat ion.  

\ 
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TABLE B-1 

HUMAN HEALTH EFFECTS OF HYDROGEN SULFIDE 

Health Effects Reference PPm" 

Leonardos, 1969 
Wilby, 1969 

0 00047- 
0.0045 

0 007- 
0.03 

0.03 

0.04- 
0.13 

0.08 

0.30 

0 7-7 

4.6 

10 

10- 
50 

20- 
30 

70- 
150 

200- 
300 

Odor threshold 

k i n o v ,  1952 Slight odor 

California ambient a i r  qual i ty  standard fo r  one-hour 
average (concentration based on the odor threshold) 

ARB, 19'70 

Gurinov, 1952 Clear def ini te  odor 
:r 

Increased incidence of mental depression, dizziness 
and blurred vision 

IIEQ, 1 9 7 4  

Indiana APCD, 196 Increased incidence of nausea, insomnia, shortness 
of breath and headaches w i t h  chronic exposure 

Incidence of decreased corneal re f lex  with chronic 
exposure 

I IEQ,  1 9 7 4  
Rubin, 1975 

Simson, 1971 
Y a n t ,  1930 

Readily apparent, offensive odor 

Threshold l i m i t  value f o r  8-hour exposure a t  the 
work place 

ACGIH, 1977 

Ahlborg, 1951 
h i n o v ,  1952 
NIH, 1 9 0  

Threshold f o r  i r r i t a t i v e  action with prolonged 
exposure: 
and a t  the higher concentrations dry throat. 
Fatigue, loss of appetite and insomnia with chronic 
exposure 

eye i r r i t a t i o n  such a s  conjunctivit is  

I I E Q ,  1974  
Yant, 1930 

Very strong, but not intolerable odor 

Devege, 1956 
Evans, 1967 
Mitchell, 1925 
AIHA, 1963 

Eye i r r i t a t i o n  a f t e r  several hours of exposure; 
conjunctivit is ,  k e r a t i t i s  and photophobia. 
Threshold fo r  olfactory paralysis occurring within 
minutes 

Mitchell, 19 25 Serious loca l  i r r i t a t i o n  t o  eyes and respiratory 
t r a c t  caused upon inhalation for  one hour, with possi- Haggard, '1925 
ble subsequent pulmonary edema. 
concentration which can be inhaled f o r  one hour with- 
out serious consequences. 

This i s  the maximum 
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Some s t u d i e s  r e p o r t  adverse  h e a l t h  e f f e c t s  a t  l e v e l s  be low 0.08 ppm; t h e  
v a l i d i t y  o f  these low l e v e l  s tud ies,  however, i s  quest ionable (Weres, 1977; 
Wal ton and Simmons, 1978). Nevertheless,  t h e  p o s s i b i l  i t y  t h a t  these low l e v e l s  
can induce adverse h e a l t h  e f f e c t s  c a l l s  f o r  f u r t h e r  i n v e s t i g a t i o n .  

Exposure t o  H2S may be more harmful t o  c e r t a i n  groups o f  i n d i v i d u a l s  than t o  
t h e  g e n e r a l  p o p u l a t i o n .  These H2S s e n s i t i v e  g roups  i n c l u d e  i n f a n t s  , 
i n d i v i d u a l  s w i t h  anemia, eye o r  r e s p i r a t o r y  problems, s c h i z o i d  o r  paranoid 
tendencies, and those who have r e c e n t l y  consumed a lcoho l  ( I I E Q ,  1974; Walton and 
Simmons , 1978). 

Hydrogen s u l f i d e  gas has a c h a r a c t e r i s t i c  odor o f  r o t t e n  eggs which can be 
detected a t  low concentrat ions.  The odor t h r e s h o l d  v a r i e s  w i t h  i n d i v i d u a l  
s e n s i t i v i t y ;  th resho lds  have been reported; as h i g h  as 0.14 ppm and as low as 
0.00047 ppm (Wal t o n  and Simmons, 1978). D i f f e r e n t  exper imental  techniques, 
s u b j e c t  t r a i n i n g ,  and d i f f i c u l t i e s  i n  accura te ly  p repar ing  very d i l u t e  hy- 
drogen s u l f i d e  concent ra t ions  may c o n t r i b u t e  t o  t h e  wide discrepancy between 
repor ted  thresholds.  A t  h i g h  concent ra t ions  (70 - 150 ppm) hydrogen s u l f i d e  
causes o l f a c t o r y  p a r a l y s i s - - l o s s  o f  sense o f  smell  (Weres, 1977; Walton and 
Simmons , 1978). 

The C a l i f o r n i a  S t a t e  Ambient A i r  Q u a l i t y  Standard f o r  H S i s  0.03 ppm ( 1  hour 
average). A1 though pub1 i c  h e a l t h  p r o t e c t i o n  was cons?dered, t h i s  va l  ue was 
based on t h e  average H S odor t h r e s h o l d  obta ined i n  a study conducted by t h e  
C a l i f o r n i a  Department c?f P u b l i c  Hea l th  (CARB, 1970). I n  t h a t  study H S odor 
th resho lds  f o r  16 i n d i v i d u a l s  ranged from 0.012 t o  0.069 ppm; t h e  avergge was 
0.029 ppm H2S. A r e p o r t  prepared by Lawrence Berkeley L a b o r a t o r i e s  s t a t e s  
t h a t  i f  the  standard i s  t o  be based on known odor threshold,  "...then t h e  
standard should be lowered by a f a c t o r  o f  3 t o  5 t o  t h e  more r e c e n t l y  accepted 
va lue f o r  t h e  odor percept ion  threshold."(Case, 1977) 

Radon-222 ( 222Rn) 

The noncondensable gas f r a c t i o n  of  steam o r i g i n a t i n g  from n a t u r a l  fumffples 
and devel oped geothermal we1 1 s conta ins  the i n e r t  r29soac t ive  gas , Rn. 
When t h e  steam i s  used t o  produce e l e c t r i c a l  energy, Rn and i t s  daughter 
products remain i n  t h e  c o o l i n g  tower sludge, i n  t h e  steam condensate re leased 
t o  the  atmosphere from t h e  c o o l i n g  tower, and a t  v a r i o u s  l o c a t i o n s  w i t h  t h e  
workings o f  t h e  p l a n t  i t s e l f  ( i .e.,  t h e  steam exhaust duc ts  and condensers). 

The pr imary h e a l t h  hazard associated w i t h  222Rn and i t s  shor9; l jved daughter 
products  i s  i n h a l a t i o n  and p o s s i b l e  d e p o s i t i o n  i n  t h e  lung. .Rn i t s e l f  i s  
usual l y  i nhal ed and exhal ed w i  thout2@sposi  t i o n  on 1 ung t i s s u e .  However, t h e  
shor t -1  i v e d  daughter products  o f  Rn ( e s p e c i a l l y  those which e m i t  a1 pha 
p a r t i c l e s ) ,  have a h i g h  p r o b a b i l i t y  f o r  deposi t ion.  Depos i t ion  o f  an alpha- 
e m i t t i n g  substance on t h e  lungs  prov ides  a g r e a t e r  p o t e n t i a l  f o r  temporary o r  
permanent t i s s u e  damage through t h e  n a t u r a l  d e s t r u c t i v e  a c t i o n  o f  t h e  a lpha 
ener9y . 
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Standards f o r  222Rn set  by the California Department o f  Health Services (DOHS)  
(Section 30355 o f  Ti t le  17  of the C a l i f o r n i a  Administrative Code), are 100 p C i / l  
in a i r  for a controlled area and 3 pCi/l i n  a i r  f o r  an uncontrolled r a d i a t i o n  
area a t  the p f j f t  of release t o  the environment22federal standards are se t  a t  
3 pCi/l for Rn alone, and a t  1 pCi/l f o r  Rn i n  combination w i t h  i t s  
daughters. These standards are fo r  concentrations in the a i r  above natural 
background radiation. A control 1 ed radiation area means an occupational area 
which i s  designated as a hazardous r a d i a t i o n  area, and an uncontrolled area 
means any area t o  which workers or the general public would have unlimited 
access. 

NONREGULATED POLLUTANTS 

Geothermal steam conta ins  pollu%ants f o r  which there are no Federal or Cali- 
f o r n i a  standards, including mercury, arsenic, benzene, si1 ica,  bo ron ,  and 
ammonia. Abatement systems emit A D A ,  yanadium, hydrogen peroxide, i r o n ,  
N a H C O  a n d  Na S 0 . These substances kould cause adverse public heal th  
impact% i f  pr$s$n? i n  sufficient concen'trations. Suggested standards and 
safe levels for  these pollutants i n  a i r  are l i s t ed  in Table 20, Public Health 
Impacts. 

Ammon i a 

Ammonia i s  pr imari ly  an irritant t o  eyes, mucous membranes, and the upper 
respi ratory t rac t .  The 1 owest concentration reported t o  cause i r r i  t a t i  on i n  
humans v i a  inhalation i s  20 ppm ( E P A ,  19771, and barely noticeable eye i r r i -  
tat ion may occur a t  5 ppm (NIOSH, 1974).  € P A  believes t h a t  exposure t o  low 
levels of ammonia does not cause permanent adverse health effects  ( E P A ,  1977). 
The odor threshold for  ammonia ranges between approximately 0.7 ppm and 50 ppm 
(NAS, 1977) .  

Mercury 

Inhalation o f  mercury compounds can induce cough, fever, bronchitis and pul- 
monary edema. Chronic poisoning resul ts  from the accumulation o f  mercury i n  the 
b r a i n ,  kidneys, and hair ,  and causes symptoms such as headaches, dizziness, and  
fever. Children are especially susceptible t o  mercury poisoning (Britt and  
Hushon, 1976) .  Certain mercury compounds have the potential t o  cause cancer or 
b i r t h  defects ( E P A ,  1977).  

Organisms, particularly those i n  aqua t ic  environments, can absorb,  concentrate, 
and transform trace elements. Mercury may transform t o  more hazardous forms 
(such as methyl mercury), and accumulate in various links i n  food chains, 
particularly in higher trophic levels.  Fish can contain h i g h  mercury levels 
since they take up mercury compounds bo th  th rough  consumption- o f  food and 
through their  g i l l s  ( B r i t t  and Hushon, 1976) .  Ingestion of mercury i n  con- 
taminated food or water can resul t  i n  adverse health effects such as headaches, 
blurred vision, loss of muscular coordination, and death (Waldbott, 1973) .  To 
protect public health from hazards o f  mercury ingestion, the U.S. Food and 
Drug Administration recommends 1.0 ppm mercury in fish as a safe level for human 
consumption. 
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Arsenic 

Arsenic and arsen ic  compounds emi t ted  from geothermal steam may occur i n  v a r y i n g  
forms such as  suspended p a r t i c u l a t e  o r  vapor. Depending on concent ra t ion  and 
form, acute exposure t o  arsenic  may cause headaches, d izz iness ,  numbness, c h i 1  1s 
and fever ,  nausea, vomi t ing,  abdominal pain,  pulmonary edema, jaundice,  and 
leukocy tos is .  Chronic exposure may cause i r r i t a t i o n  t o  nose and t h r o a t ,  h a i r  
loss, tremors, anemia, and cancer o f  t h e  sk in ,  lung,  o r  l i v e r  ( B r i t t  and Hushon, 
1976). 

Boron 

Compared w i t h  o t h e r  atmospheric po l  1 u t a n t s  , the  medical 1 i t e r a t u r e  on boron and 
i t s  compounds i s  sparce (Waldbott ,  1973). Boron and most boron compounds are 
n o t  h i g h l y  t o x i c  (Waldbott ,  1973; Durocher, 19691, a1 though boron hydr ides  are  
r a t e d  as h i g h l y  t o x i c  (Durocher, 1969). Chronic exposure t o  boron and boron 
compounds can r e s u l  t i n r e d u c e d  a p p e t i  tie, nausea , wei g h t  1 o s s ,  i n c r e a s e d  
r i s k  of  l u n g  i n f e c t i o n ,  c e n t r a l  nervous system depression, and kidney i n j u r y  
( B r i t t  and Hushon, 1976). I n h a l a t i o n  o f  b o r i c  a c i d  and boron o x i d e  i n  t h e  form 
o f  dust  can cause r e s p i r a t o r y  i r r i t a t i o n  b u t  i s  n o t  l i k e l y  t o  induce permanent 
damage (Waldbott ,  1973). I n h a l a t i o n  o f  boron hydr ides (boranes) can r e s u l t  
i n  severe c e n t r a l  nervous system damage w i t h  symptoms i n c l u d i n g  headache, 
d izz iness,  drowsiness, convuls ions, fever ,  cough and pneumonia (Wi lcox,  1973; 
Wal dbot t ,  1973); death o r  permanent damage may a1 so r e s u l  t from such exposure 
(Duroc her  , 1969 1. 

V anadi um 

Exposure t o  excessive concent ra t ions  o f  vanadium can r e s u l t  i n  c o n j u n c t i v i t i s ,  
s k i n  i r r i t a t i o n ,  ches t  pain,  cough, asthma, pneumonia, nausea and vomit ing,  
headache, and tremor. Long range e f f e c t s  i n c l u d e  hypertension, card iovascu la r  
disease, k idney damage, anemia, emphysema, and pulmonary f i b r o s i s  ( B r i t t  and 
Hushon, 1976). I n  f a c t ,  
s tud ies  suggest t h a t  vanadium may be an e s s e n t i a l  element f o r  some animals, 
i n c l u d i n g  man, a t  c e r t a i n  concent ra t ions  (WHO, 1973). 

Anthraquinone D i s u l f o n i c  A c i d  (ADA)  

S t r e t f o r d  s o l u t i o n  conta ins  anthraquinone 2:7. d i s u l  f o n i c  a c i d  (PGandE, 1979b) , 
an aromat ic compound most commonly used i n  the  dye i n d u s t r y  (Stern,  1977). 
Few sources descr ibe h e a l t h  e f f e c t s  from exposure t o  ADA. Anthraquinone i s  a 
n a t u r a l l y  o c c u r r i n g  mutagenic compound, a1 though t h e  c o n t r i b u t i o n  t o  human 
cancer remains t o  be evaluated (Ames, 1979). It has low systemic t o x i c i t y  t o  
humans, b u t  may cause s k i n  i r r i t a t i o n  s e n s i t i z a t i o n  (The Merck Index, 1968). 
Anthraquinone 1 :5 d i s u l f o n i c  a c i d  and anthraquinone 1:8 d i s u l f o n i c  a c i d  a re  
suspected t o  have low t o x i c i t y  (The Condensed Chemical D i c t i o n a r y ,  1972). 

There i s  no evidence o f  g e n o t o x i c i t y  due t o  vanadium. 

Hydrogen Peroxide 

Exposure t o  hydrogen perox ide fumes represents  a t r a d i t i o n a l  occupat ional  
worker concern r a t h e r  than a p u b l i c  h e a l t h  concern. Hydrogen perox ide i s  
nonflammable but ,  s ince i t  i s  an o x i d i z i n g  agent, i t  helps t o  suppor t  combus- 
t i o n .  Hydrogen peroxide, by i t s e l f ,  i s  n o t  as t o x i c  as when i t  i s  i n  combi- 
n a t i o n  w i t h  o ther  p o l l u t a n t s  such as ozone. Studies by S v i r b e l y  found t h a t  

0 
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0 ozone ( 1  ppm) combined w i t h  hydrogen perox ide a t  concent ra t ions  above 1.5 ppm 
was l e t h a l  t o  some animals; whereas hydrogen perox ide by i t s e l f ,  i n  a concen- 
t r a t i o n  o f  200 ppm, produced on ly  s l i g h t l y  t o x i c  responses ( S v i r b e l y  e t  a l . ,  
1961 1. 

I ron - 
Exposure a t  h i g h  concent ra t ions  t o  i r o n  ox ide  f i n e  p a r t i c u l a t e s  r e s u l t s  i n  
c o n j u n c t i v i t i s ,  c h r o n i c  b r o n c h i t i s ,  pulmonary f i b r o s i s ,  and emphysema. I r o n  
ox ide  can penet ra te  t h e  w a l l s  o f  t h e  l u n g  bronchi  and a l v e o l i  w i t h o u t  damage t o  
t h e  muccus o r  c i l i a r y  b a r r i e r .  I n  t h i s  way i t  can t r a n s p o r t  t h e  carc inogen ic  
combustion product,  benzo(a)pyrene, i n t o  the  lungs (Waldbott ,  1973). I n g e s t i o n  
o f  f e r r i c  s u l f a t e  a t  very  h i g h  concent ra t ions  causes vomit ing,  tachycard ia,  
l i v e r  i n s u f f i c i e n c y ,  and c a p i l l a r y  damage. 

S u l f a t e s  

H igh  concent ra t ions  o f  su l  f a t e s  a re  associated w i t h  increased a t t a c k  frequency 
i n  asthmat ics,  worsened symptoms i n  cardio-pulmonary p a t i e n t s ,  decreased v e n t i -  
l a t o r y  f u n c t i o n  i n  school c h i l d r e n ,  and symptoms of acute and chron ic  diseases 
i n  c h i l d r e n  and a d u l t s  (Bachman, 1975). 

I 

Benzene 

Chronic exposure t o  benzene may r e s u l t  i n  po ison ing  c h a r a c t e r i z e d  by b lood 
d i s o r d e r s  ( leukemia) ,  changes i n  body organs, chromosomal aber ra t ions ,  and 
cancer; acute exposure t o  benzene has a n a r c o t i c  e f f e c t  ( E P A ,  1977). Benzene 
can be absorbed through t h e  sk in ,  b u t  i n h a l a t i o n  i s  t h e  usual mode o f  exposure. 

S i l i c a  

Exposure t o  h i g h  concent ra t ions  o f  s i l i c a ,  e s p e c i a l l y  c r y s t a l 1  i n e  f r e e  s i 1  i c a ,  
can cause s i l i c o s i s ,  a ser ious  d i s a b l i n g  l u n g  disease which may a f f e c t  t h e  
hear t .  
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APPENDIX C 

ASSUCIPTIONS FOR PUBLIC HEALTH CUMULATIVE IMPACT ANALYSIS 

The f o l l o w i n g  assumptions were used by CEC s t a f f  i n  the  P u b l i c  Heal th  Impacts 
sect ion.  

1. Concentrat ions o f  p o l l u t a n t s  i n  incoming steam were based on: 

a )  U t i l i t i e s  est imates where a v a i l a b l e ;  

b) 

c )  

Exp lo ra to ry  w e l l  data, where a v a i l a b l e ;  - o r  

Average concent ra t ions  from 6 1  producing w e l l s  a t  The Geysers. 

2. The t o t a l  q u a n t i t y  o f  steam contaminants i s  re leased t o  t h e  atmosphere 

Note: Th is  i s  an over est imat ion.  I n  r e a l i t y ,  some p o r t i o n  o f  incoming 
steam contaminants i s  r e i n j e c t e d  w i t h  excess condensate o r  accumulates 
i n  sludge. The percentage t h a t  e x i t s  through t h e  c o o l i n g  tower v a r i e s  
depending on the v o l a t i l i t y  o f  t h e  p o l l u t a n t .  Th is  assuriiption a l lows f o r  a 
worst  case a n a l y s i s  on ly ;  i t  i s  - n o t  prec ise .  

3. The a n a l y s i s  assumes t h a t  a l l  geothermal p o l l u t a n t s  a r e  t ranspor ted  i n  t h e  
atmosphere i n  the same manner as gaseous H2S. Th is  may n o t  be e n t i r e l y  
accurate, s ince  some p o l l u t a n t s ,  p a r t i c u l a r l y  a rsen ic  compounds, a r e  1 i k e l y  
t o  behave more l i k e  a p a r t i c u l a t e  than a gas. Gaseous p o l l u t a n t s  a r e  more 
e x t e n s i v e l y  d i  spersed than p a r t i c u l a t e  po l  1 u tan ts .  

through t h e  c o o l i n g  tower. 7 

4. The a n a l y s i s  f o r  nonregulated p o l l u t a n t s  i s  based on t h e  cumulat ive impact 
study f o r  H2S. A s i m i l a r  s e t  o f  assumptions used i n  t h e  H2S a n a l y s i s  
app l ies :  

a 1 Background po l  1 u t a n t  l e v e l  s assumed f o r  nonregul a ted  po l  1 u t a n t s  a r e  
l a c k i n g  or outdated and may n o t  apply  i n  1983 when t h e  f a c i l i t y  i s  
sc hedul ed f o r  commerci a1 o p e r a t i  on. 

b )  I t  assumes t h a t  a l l  n o n r e g u l a t e d  p o l l u t a n t s  a r e  e m i t t e d  d u r i n g  
normal opera t ion  and steam stack ing,  so t h e r e  would be no increase 
d u r i n g  steam s tack ing  o r  reduced H2S abatement e f f i c i e n c y .  

5. As meteoro log ica l  cond i t ions ,  t h i s  cumulat ive impact a n a l y s i s  assumes 
t h o s e  c o n d i t i o n s  w h i c h  r e s u l t  i n  t h e  maximum i m p a c t  o f  t h e  p r o j e c t  
emi ssions on ambient po l  1 u t a n t  concent ra t ions  i n  Anderson Spr ings ( the  
n e a r e s t  p o p u l a t i o n  c e n t e r ) .  These m e t e o r o l o g i c a l  c o n d i t i o n s  do n o t  
necessar i l y  cause the  maxiinum impact from o t h e r  u n i t s '  emissions i n  t h i s  
area. I n  a d d i t i o n ,  t h i s  a n a l y s i s  does n o t  i d e n t i f y  t h e  maximum p o s s i b l e  
impact o f  these o t h e r  u n i t s  on Anderson Springs. Rather, i t  i d e n t i f i e s  t h e  
impact on p o l l u t a n t  concent ra t ions  i n  Anderson Spr ings when t h e  p r o j e c t  
emissions have a maximum impact, g iven: 

- 

2 5-7 



2438:22 R7 10/17/80 pb 

0 a) A l l  i n c o m i n g  p o l l u t a n t s  a r e  e m i t t e d  t h r o u g h  c o o l i n g  t o w e r s  and 

b )  

dispersed i n  t h e  same manner as H2S, and 

L i m i t e d  emission and background and concen t ra t i ons  data. 

7 
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RPPENDIX  D 

COMIlENTS AT!D RESPONSES TO COPtlErJTS ON THE DRAFT JES 

LCAPCD COMMENTS 

On The SMUDGEO 31 D E I R  

Comment under Steam Supply wells indicating that the USGS 
is the permitting authority should be clarified further in that 
many other agencies will have permits to issue. 

Comment indicates that figure 14 lists sites as-a source of data 
applicable to the proposed development ( S W D  & DWR). 
However, the referenced figure only depicts SMUDGEO 111 and 
Geysers 17. The latter (Geysers 17) is not directly applicable 
to the proposed development due to the intervining action of 
Cobb Flountain on meteorological conditions. 

Some clarification should be offered for the large difference in 
temperature indicated between the NCPA 2 site and the S R I  2 site. 
It would normally hold true that the SRI 2 site could be expected 
to be cooler since it is nearly 600 feet higher in elevation. 

Reference is made to the wind rose pattern on page 87 as 
having no predominate direction, but the westerly component is 
somewhat significant when the 1376-78 SRI data is compared. 
A l s o  the reference to western and southwestern winds could be 
more properly called westerly and southwesterly. 

The label on the wind rose indicates (SRI 2) Socrates Mine 
Road is incorrect in as much as the road is approximately 1.5 miles 
south of the SRI 2 site. 

Earlier in the Text S R I  2 is indicated as applicable to project 
site, but a comparison of SRI 2 and SMUD-1 wind roses reveals 
significant differences. 

In as much as well characteristics change with time, and most of 
the 61 referred to wells have probably been reworked the validity 
of the data in this table from 1972 to 1974 is questionable. 

Under Projected Impacts drainage is indicated as producing 
significantly less impact than limited mixing or downwash, but 
the ER-T study indicates drainage as the worst case. 

Under climate section the annual average windspeed is given as 11 WH. 
Where was this value for, and what is the source? 

Section on PSD needs updating as EPA letter of November 26, 1980 
requires that SMUD obtain a PSD permit for H2S prior to the 
beginning of construction. 

page 1 of 2 
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LCAPCD GENERAL 

COMCENTS 

On The SMUDGEO # l  D E I R  

11. Since a violation of the CAAQS for H2S of .03ppm is predicted for 
Anderson Springs when stacking occurs under worst-case conditions, and the back- 
ground levels are above 5-10 ppb further clarification on the expected frequency 
of stacking and performance reliability to the proposed turbine bypass system 
should be included. 

12. Additionally,the added impact of more than one power plant in the nearby 
locale stacking concurrently with SMUDGE0 W1 should be addressed. A s  this 
happens on occasion in the geysers complex? it is reasonable and rational to 
assume the same could or will occur in the: Anderson Spring area when tne PG&E 
Uriits 13, 16, 18, and potentially 19; NCPA #2;  SMUDGEO 81; and the O X Y  plant 
are on line. 

13. The DEIR and the NSCAPCO's Conditional Determination of Compliance 
both address the background levels expected due to emissions from existing 
PGGE Geysers Units, NCPA, DWR and SMUD. 
propose to construct up to a 80 MW unit approximately . S  miles northwest of 
S?llJDGEO # l .  The added emissions and resultant impact of this development on  
an already marginally impact scenario ( S A 1  and NSCAPCD) must be addressed ana 
accounted for in the justificztion for the 5#/hour versus 8flhour emission 
limitation of SMUDGEO#l under normal operating conditions. 

Additionally Occidental Petroleum will 

page 2 of 2 
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RESPONSES TO LCAPCD COMMENTS 

Comment #: 

1. 

2. 

3 .  

4. 

5. 

6. 

7. 

a. 

9. 

10. 

11. 

Comment accepted. See amended t e x t .  

Comment accepted. See r e v i s e d  F igure  14 i n  t e x t .  

The temperature shown f o r  t h e  NCPA 2 s i t e  and the  S R I  2 s i t e  were taken 
from two d i f f e r e n t  years;  hence, comparison should o n l y  be made on a gross 
bas is .  

See amended t e x t .  

I Figure  ti tl e amended accord ing ly .  

No such re fe rence was found i n  the  t e x t  by s t a f f .  However, s t a f f  does 
agree t h a t  t h e r e  are  s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  wind roses a l though 
magnitudes are  rough ly  comparable. 

See amended Table 12. 

The s t a f f ' s  conc lus ion i s  based upon the  t r a c e r  t e s t s  and model ing s t u d i e s  
conducted s p e c i f i c a l l y  f o r  the SMUDGE0 #1 p r o j e c t ,  under t h e  expected 
meteorology and s i t e  t e r r a i n  o f  t h e  proposed p r o j e c t .  Al though t h e  ERT 
study f i n d i n g s  show dra inage as t h e  wors t  case, i t  i s  n o t  c l e a r  t h a t  t h e  
f i n d i n g s  are  appl i c a b l e  t o  t h e  proposed p r o j e c t  s i t e .  

See amended t e x t .  

See amended t e x t .  

TURBINE BYPASS SYSTEMS 

It i s  t h e  s t a f f ' s  o p i n i o n  t h a t  t h e  components o f  the  t u r b i n e  bypass system 
should be as r e l i a b l e  as s i m i l a r  components c u r r e n t l y  i n  use on geothermal 
f a c i l i t i e s  ( i .e. ,  t h e  bypass va lve  i s  s i m i l a r  t o  t h e  e x i s t i n g  main t u r b i n e  
stop va lves) .  The t u r b i n e  bypass system i s .  n o t  c u r r e n t l y  i n  use on geo- 
thermal power p lan ts ,  a l though these systems have been used s u c c e s s f u l l y  on 
o t h e r  power generat ing f a c i l i t i e s .  The s t a f f  does n o t  expect  t h a t  t h e  
t u r b i n e  bypass system w i l l  a f f e c t  normal p l a n t  opera t ions  o r  p a r t i t i o n i n g  
e f f i c i e n c y ,  a1 though the  e f f e c t s  on normal p l a n t  opera t ions  o r  p a r t i t i o n i n g  
have n o t  been evaluated. The s t a f f  expects t h e  t u r b i n e  bypass t o  operate 
re1 i a b l y .  However, t h e  successful  abatement o f  s t a c k i n g  emissions w i l l  
depend on t h e  a v a i l a b i l i t y  o f  t h e  S t r e t f o r d  and secondary  abatement  
systems. The a v a i l a b i l i t y  o f  t h e  S t r e t f o r d  system has been est imated t o  be 
g r e a t e r  than 90 percent.  Perhaps 3 percent  o f  t h e  u n a v a i l a b i l i t y  would be 
due t o  f o r c e d  ou tages ,  and o f  t h a t  3 p e r c e n t  o n l y  a r e l a t i v e l y  s m a l l  
f r a c t i o n  w i l l  r e s u l t  i n  t o t a l  l o s s  o f  abatement e f f i c i e n c y .  It i s  t h e  
s t a f f ' s  o p i n i o n  t h a t  w i t h  p r o p e r  ma in tenance and w i t h  a u t o m a t i c  w e l l  
t h r o t t l e  c o n t r o l s  s t a c k i n g  events w i l l  be reduced t o  a minimum. 
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12. CONCURRENT STACKING EVENTS 

The p o t e n t i a l  impacts o f  concur ren t  s tack ing  events would be s i g n i f i c a n t .  
However, t h e  t u r b i n e  bypass system w i l l  reduce the  number o f  s t a c k i n g  
e v e n t s  f r o m  t h e  SMUDGEO #1 f a c i l i t y  and t h e r e f o r e  t h e  number o f  con-  
c u r r e n t  s tack ing  events a l s o .  I f  proposed f a c i l i t i e s  i n  t h e  s i t e  area a l s o  
used the  t u r b i n e  bypass system, t h e  p o t e n t i a l  cumulat ive impacts from the  
f a c i l  i t i e s  would be reduced. 

13. IMPACTS ON FUTURE DEVELOPMENT 

This  subject ,  t o  a l i m i t e d  degree, has been discussed i n  t h e  JES, under 
Cumulative E f f e c t s .  The e x i s t i n g  u n i t s  i n  The Geysers a re  c o n t r i b u t i n g  the  
m a j o r i t y  o f  t h e  H S t o  t h e  e x i s t i n g  impacts. The SMUDGEO #1 f a c i l i t y ' s  
c o n t r i b u t i o n  i s  m?nor compared t o  the e x i s t i n g  u n i t s '  c o n t r i b u t i o n ,  a t  
e i t h e r  t h e  5 l b s / h r  o r  8 l b s / h r  emisqion r a t e .  Requi r ing BACT c o n t r o l s  
on SMUDGEO #1 and on f u t u r e  developments i s  n o t  as l i k e l y  t o  ensure t h e  
a t ta inment  and maintenance o f  CAAQS 'as c o n t r o l  o f  e x i s t i n g  u n i t s  (see 
JES sect ion,  Cumul a t i  ve E f f e c t s  , A i  r Qual i ty M i  ti g a t i  ons ) . 
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<,ir? t::<i.tLr-ii.nciiiq c - : x l . : r L ~ s i v e  r ~ , e c a ~ i s ~  oi i rhe n a r r o w n e s s  of t h e  

road. T h e  ht;.ivy t - i J f t i c  i s  c a u s . i n g  dust problems w h i c h  r e q u i r e s  

abov;. Iiorma1 deist con t . roL .  'The c ~ r a v e l  p o r t i o n s  of t h e  road a n d  

Lht?  d i r t  s.txt ions of th,. road wht-.n w e t  d o  not h a v e  p r o p e r  t r a c t i o r  

'Z'herti not  s u f f i c i e n t  t.urnout.:; on the nar-1-ow road L O  a l l o w  

v t . i i i ~ ~ ~ l e s  to p ~ s :  . 

i; L..?cc. n s ~ r u c t i o n  p ro j ec t  f o r  Socrates Mine koad s h o u l d  
? 

incliic:.-? i m p r o v e ;  a !ignrnent , s t r d c t u r a l  s e c t i o n ,  d r a i n a g e ,  g u a r d  

L a i l s ,  traffic i o n : : r o l  a n d  safety s i g n s ,  and b r idges .  

IV 

! i e  art:  c u r r e r i t l y  c o n d u c t i r i g  tlegotia t i o n s  w i t h  a l l  t h e  

road users for a c , l l e c t i v e  recoast1 u c t i o n  a;:? m a i n t e n a n c e  

progt-sn!. Wt. Llr:e. c ; i , ) t i .~ i i s t ic  that t h t i s e  negotiations w i l l  p r o v i d e  

dri allswer t.o o t i l  ciirreiit 1-oad prc ib lcms.  F i O W e V e r ,  a f t e r  s e v e r a l  

monti is  t h e  Count;;. k ~ d s  failed t o  r e c e i v e  a f i r m  commitment  f r o m  

the road u s e r s .  It i s  o u r  o p i n i o n  t h a t  no  a d d i t i o n a l  t r a f f i c  

s h o u i d  be added sa Socrates M i n e  Road u n t i l  the a l i g n m e n t  is  

improved, w i t h  :.i I t ; , j u a t e  s t r u c t u r a l  section, g u a r d  r a i l  roadside 

drainage, sLir-f:ic i. nij, a n d  proper s i g n i n 9 .  

The t . r ; I f  Fic s t u d i e s  have  shown t h a t  some of t h e  

yeothcrmal c.r .c~-ke s a r e  u s i n g  Ford F l a t  Road a s  t h e i r  commute 

r o u t e .  F5i-d F'lai: i!o~id is a 2 . 8 7  m i l e  .long n a r r o w ,  w-ir iding,  

d i r t  niountaiii ro..id. I t  i s  a s h o r t  c u t  f r o m  Socrates Mine Road 

t o  c h v  res i .dL,z t : i~ . iL  , . . + i : ~ . j  i n  C i j b b .  Thi;s commute t r a f f i c  i s  

c a u s i r i q  ;iusl :.ir:d i i \ . c i  sc  pioi;lt-tins Tor t h e  r e s i d e n c e s  a long  the 

r -o; ld .  i i l  t - > l i l '  < j ! ! ; - i ; i ( : t ~  I - I O  f ~ : ! - t . l i ~ r  \ . :~ii imu<-p t r a f f i c  s h o u l d  be al lowed 

Ai-A C.I!i : i  r(Ja.<: . !?! pow?r p i n n t  a t ; i>rovals  s h o u L d  p r o h i b i t  u s e  or' 
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docuiiient does n o t  s p e c i f  icdlly d i . s c u s s  d i s p o s a l  of w a s t e  

d e v e l o p e d  d u r i n c j  t h e  opi- : r ; i t ing l i f e  of t h e  p l a n t .  The  C o u n t y  

feels that t h e r e  is  d h i g h  p r o b a b i l i t y  that t h e  Middletown 

d i s p i i s a l  s i t e  w i l l  he u s e d  for t . h i s  d i s p o s a l  o p e r a t i o n r  V i a  

R u t  tt, Canyon I<<>-. ! . V 

L a k e  C o u n t y  does i10t b e l i e v e  l-h? m i t i g a t i o n  m e a s u r e s  

for r o a d  c o n s t r u c t i o n  a s  s e t  f o r t h  o n  P a g e  6 5  are  s u f f i c i e n t .  

Wc bel ieve t h a t ,  2 s  a n  a d d i t i o n a l  m i t i g a t i o n  m e a s u r e ,  t h e  road 

p r o b l e m s  c i t e d  atsotre should be corrected b e f o r e  t h e  p ro jec t  

c o n s t r u c t i o n  i s  s td r t ed .  We a r e  w i l l i n g  t o  work w i t h  t h e  

appl i z a n t  f o r  a cos t  s h a r i  ~ : g  program f o r  r e i m b u r s e m e n t .  

We belizvt: t h e  s u c i a l  e c o n o m i c  s e c t i o n  i s  i n c o m p l e t e .  

The  d . .xument  s h o u l d  i r i c l u d t -  a c h a r t  w h i c h  s h o w s  p r o j e c t  re la ted 

revelides an .?  c{ . s t .  ‘Ylte i r w i e d i a t e  cos t s  w i l l  f a r  e x c e e d  t h e  

i r rmeci ia te  r eve , luzs .  This w o u l i l  create  a major f i n a n c i a l  impact 

on  LLi,:e C o u n t y  thc i t  t h e  doc.umz. i t  does n o t  d i s c u s s .  
\ 

R L ? s p e c t i v e l y  submitted 

Rdah Z o r m i s s i o n e r  
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66A317 R2 01/30/81 mp 

RESPONSE TO LAKE COUNTY'S COMMENTS 

The entire Transportation section of  the JES has been revised, giving more 
thorough coverage t o  the issues raised i n  your comments. See amended section. 

I n  reference t o  the final paragraph of comments from Lake County, no specific 
itemization of costs i s  available a t  t h i s  time. Text unchanged. 
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- PAGE PARAGRAPH 

1. i P r o j e c t  Fea tures  

2. ii first 

3. ii second 

4. ii t h i r d  

5 -  ii f o u r t h  

6.  ii f i f t h  

7.  iii first 

8. iii second 

9. iii Air Qual i ty  

10. iii Air Q u a l i t y  

11. i v  first 

Sl4UD COMMENTS 

COMMENT 

Based on f i n a l  c i v i l  p l ans ,  8.8 acres should 
be 10.5 acres and 2.5 acres should be 2.2. 

It w i l l  be  a f o u r  f low machine, n o t  dual flow. 

Suggest rewording o f  l as t  sen tence  as "and 
a l lows  a greater po r t ion  o f  t h e  
environmental ly  undes i reable  hydrogen s u l f i d e  
t o  be captured  w i t h  t h e  noncondensable 
gases. Hydrogen s u l f i d e  i n  t h i s  form is  more 
e a s i l y  treated than i t  is i f  i t  d i s s o l v e s  i n  
t h e  condensed steam. 

The condenier  w i l l  have t i t an ium,  n o t  s teel  
t u b e s  

S t a r t u p  water w i l l  be suppl ied  by Aminoil 
from condensed steam, but  no t  n e c e s s a r i l y  
f r o m  within lease 1862. 

There are a d e c r e a s i n q  number of H2S 
exceeds i n  t h e  area, see JES p .  100. 

Request adding a sen tence  a f t e r  1983. 
on t h e  estimated impacts  SMUD does no t  
b e l i e v e  t h a t  reducing t h e  allowable emission 
rate from 8 l b s / h r  t o  5 is warranted.  

"Based 

There are no s o l i d s  i n  t h e  non-concensible 
gas stream. 

"The SMUDGEO #I p r o j e c t  w i l l  c o n t r i b u t e  an 
inmeasureable  increment t o  an existing..," 

"Condit ional  Determination o f  Compliance f o r  
SMUDGEO 01 s i n c e  i t  may_ contr ibute . . ."  

"s ince exis t ing unabated power p l a n t  
emiss ions  are t h e  major c o n t r i b u t o r s  t o  these 
v i o l a t i o n s  and t h e  e x i s t i n g  p l a n t  emissions 
w i l l  n o t  be reduced s i g n i f i c a n t l y  u n t i l  1985 
and 1986 when f u r t h e r  emissions reduct ions  
from e x i s t i n g  u n i t s  w i l l  occur"  

12. i v  Publ ic  Health "albeit  i n  non-measureable-amounts, to..." 

13. i v  Publ ic  Health There is no evidence t h a t  emissions o f  
nonregulated p o l l u t a n t s  have caused any 
adverse  h e a l t h  effects a t  The Geysers.  
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14. i v  Publ ic  Health 

15. i v  Publ ic  Health 

16. i v  Growth Inducing 
Impacts 

17. v Wastes 

18. v C u l t u r a l  

19. x v i  first 

20. 3 f o u r t h  

21.  5 first 

22. 5 second' 

23. 5 Water Supply 

There is  no record o f  "evident  pub l i c  
concern" i n  t h e  JES. 

SMUD w i l l  n o t  "assess t h e  hea l th  state of , 

l o c a l  r e s iden t s " .  SMUD's c o n t r i b u t i o n  t o  
t h e  emiss ions  inventory  is n e g l i g i b l e  and 
t h e  r e s i d e n t  p o p u l a t i o n , s s  is 
n o t  large enough t o  yie1d:si 
statistics from an  e p i d e m l  7 o g i c a l  s tudy  
t h a t  would attempt t o  measure effects from 
t h e  very low l e v e l  o f  p o l l u t a n t s  p re sen t .  
The r e s u l t s  o f  such a s tudy ,  i f  undertaken,  
would no t  be a v a i l a b l e  f o r  many years, 

i f i c a n t  
. - 

7 
SMUD w i l 1 , s u p p o r t  i n  some fash ion  i ts  fa i r  
share of maintenance f o r  the  roads,  bu t  
w i l l  n o t  n e c e s s a r i l y  "en te r  i n t o  an 
agreement wi th  b o t h  

rtBermsrt should be curbs .  
The S t r e t f o r d  system w i l l  produce 350 cu  
yd/yr ,  n o t  125. 
abatement system w i l l  produce about  3.5 cu 
yd/yr ,  n o t  "4160". 

The peroxide secondary 

The comment about  a b u f f e r  zone around 
L i t t l e  Geysers is unnecessary.  It is n o t  
impacted by t h i s  p r o j e c t  and such a c t i o n  is 
n o t  w i t h i n  SMUD's power t o  accomplish. 

- n e t  normal ope ra t ing  c a p a c i t y  should be 
gross . 
Should South Geysers be inc luded?  

SMufl w i l l  c o n s t r u c t  a secondary abatement 
system; t h e  commitment is no t  q u a l i f i e d  as 
t o  S t r e t f o r d  system performance. 

H2 and C02 are 
chemicals. H202, FeSO4, and HAA E. 

abatement system 

I n i t i a l  s t a r t u p  water w i l l  be steam 
condensate ,  bu t  n o t  n e c e s s a r i l y  from wi th in  
t h e  leasehold .  
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Gr thquake  Mi t iga t ion  SMUD is now u s i n g  a dua l  l e v e l  approach to  
seismic design. Suggest r e p l a c i n g  second 
paragraph wi th  "SMUD proposes t o  use a d u a l  
l e v e l  approach t o  seismic design. Those 
s t r u c t u r e s  and components t h a t  are very  
c o s t l y  or cannot  be  r epa i r ed  o r  r ep laced  
wi th in  one year w i l l  be designed to  
wi ths tand  a peak bedrock a c c e l e r a t i o n  o f  
0.28g; a l l  o t h e r  s t r u c t u r e s  and equipment 
w i l l  be designed t o  withstand a peak 
bedrock a c c e l e r a t i o n  of  0.15g. Based on 
p r o b a b i l i s t i c  seismic hazard a n a l y s e s  
performed f o r  o t h e r  gene ra t ing  u n i t s  a t  The 
Geysers (e.g., Cooper-Clark, 19791, t h e  
probabi l$ , t ies  tha t  these va lues  may be  
exceeded ?during t h e  30-year f a c i l i t y  
lifetime'are 5 percent  and 50 percen t ,  
r e spec t ive ly .  

Steam Reservoir  

first 

The KGRA 

Losses Related t o  
Cons t ruc t ion  

t h i r d  

Operation 

Has t h e  summary r e p o r t  t h a t  was t o  be 
available  i n  June 1980 been issued? 

There w i l l  be a n  earthmoving, n o t  a 
c o n s t r u c t i o n  moratorium dur ing  the  r a i n y  
season. In  a d d i t i o n ,  p a r t l y  t o  c o n t r o l  
e r o s i o n ,  SMUD is going t o  pave t h e  s i t e ,  
pave t h e  access road, an$ upgrade and pave 
t h e  f i re  road down t o  *rates Mine Road. 

All o f  t h e  1625 acres o f  development is n o t  
i n  t h e  Big Sulphur  Creek watershed, f o r  
example a t  least Uni t s  13 ,  16 ,  19 ,  21, NCPA 
1 and 2, and B a t t l e  Rock are not .  USO, 36 
acres is about  2.2% o f  1625, n o t  =%. 

Power p l a n t  acreage is 10.5, n o t  a 8.8. 
"impacts on vege ta t ion  a lso are affected by 
t h e  amount of boron i n  t h e  steam supply ,  
which de te rmines  t h e  amount o f  boron i n . t h e  
c i r c u l a t i n a  water. '' 
A detailed monitor ing program was submit ted 
t o  t h e  CEC f o r  review i n  December 1980. 
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31. 29 last 

32. 30 f i f t h  

33. 31 first 

34. 31 f o u r t h  

35. 31 f i f t h  

36. 32 first 

37. 32 f i f t h  

38. 33 5 
0 

Erosion i n t o  C a l m  Creek is no t  l i k e l y .  The 
access road is about  1155 feet from t h e  
s p r i n g  and t h e  major i ty  o f  t h e  water 
i n t e r c e p t e d  by t h e  road w i l l  be d i v e r t e d  t o  
t h e  Cobb Creek drainage.  Neither is it 
l i k e l y  t h a t  c o n s t r u c t i o n  of t h e  road w i l l  
d iminish t h e  waterflow i n  t h e  spr ing .  The 
road is a t  t h e  crest o f  t h e  h i l l ,  and w i l l  
d i v e r t  a small f r a c t i o n  o f  t he  r a i n  which 
f a l l s  on the  h i l l .  I n  a d d i t i o n ,  there is 
no evidence t h a t  s u r f a c e  recharge  i n  t h e  
immediate area s u p p l i e s  t h e  water bea r ing  
strata a t  t h e  spr ing .  

It is phys ica l ly  impossible  f o r  coo l ing  
tower d r i d t  t o  d i r e c t l y  cause an  i n c r e a s e  
i n  water temperature  i n  Cobb or C a l m  
Creek. It is u n l i k e l y  that d r i f t  w i l l  
cause a decrease i n  v e g e t a t i v e  cover  
s u f f i c i e n t  t o  a l low a measureable i n c r e a s e  
i n  t h e  water temperature  due t o  s o l a r  
hea t ing  . 
Black bear have probably a l r e a d y  abandoned 
the  area. 
sighted i n  r e c e n t  reconnaissances of t h e  
leasehold.  

No signs o f  bear have been 

It is no t  l i k e l y  t h a t  d r i f t  w i l l  affect t h e  
purp le  mar t ins .  
l e v e l s  are two o r d e r  of magnitude - than  
those  i n . t h e  cited study.  

The SMUDGE0 # l  d r i f t  

D r i f t  w i l l  n o t  impact t he  C a l m  Creek 
spr ing .  It is h igh ly  u n l i k e l y  t h a t  p r o j e c t  
a c t i v i t i e s  w i l l  d i s r u p t  t h e  water source  o r  
f i l l  the  s p r i n g  w i t h  sediment. 

Drawings f o r  the w e l l  pad have been 
submit ted t o  t he  CEC. The contours  are 
such t h a t  r a i n  t h a t  fa l l s  on t h e  well pad 
and a s s o c i a t e d  f i l l  s l o p e  w i l l  d r a i n  away 
from t h e  SMUD p l a n t  s i t e  t o  a n  area where 
it w i l l  be c o n t r o l l e d  by Aminoil. All 
s l o p e s  w i l l  be revegeta ted .  

SMUD submit ted a r ev i sed  m i t i g a t i o n  p lan  
addres s ing  

The e n t i r e  
of 1981. 

t h e s e  concerns i n  December 1980. 

road w i l l  b e  paved in t h e  summer 
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There is no retention area around the 
basins other than the curbed plant pad 
itself. The plant site is sloped toward 
two catch basins, from which water is 
pumped to the tower basins. 

39. 39 fifth 

Systems will be equipped with alarms for 
malfunctions, but not spills. The 
instrumentation will warn of high levels, 
or pressures, etc. but will not detect a 
spill per se. 

seventh . 40. 

i- 41. 

42. 

43. 

44. 

45. 

46. 

47. 

48. 

49. 

50. 

* 51. 

39 

60 SMUD is including a performance requirement 
of 85 dBA at three feet, but is not 
including,it as a separate specification. 

Construction will start in April, not 
February . 

7 

ae 

first 67 

Sludge from the secondary abatement system 
will amount to about 3.5 cu yd/yr. 

76 first 

- 4160 cu yd/yr shodd be 3.5 cu yd/yr. 79 

82 

first 

Figure Wrong figure - monitoring stations not 
shown. 

Stretford solution should be maintained 
above xo, not Bo. 84 first 

Analysis submitted by SMUD shows that 
maximum impacts at Anderson Springs occur 
under limited mixing conditions. 

84 ' first 

85 

09 

Boron is a particulate not a water soluble 
gas 

Geothermal steam is 99.8 percent water 
vapor and 0.2 percent noncondensible gases 
and solids. 

7 first 

Air Quality 

Evaporation is the primary means of cooling 
the circulating water. 
to economically reduce water vapor 
emissions. 

It is not-possible 
100 Mitigation Measures 

Steam is 99.8 percent water vapor and 0.2 
percent other. 

100 Air quality 
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53. 

54. 

55. 

56. 

101 

102 

103 

106 

108 

P a r t i c u l a t e  Sources 

last  

first 

fou r th  

l as t  

57. 108 second 

58. 108 t h i r d  

59. 120 Mi t iga t ion  Measures 

60. 121 seventh 

Page 6 

The major i ty  of t h e  p a r t i c u l a t e s  i n  t h e  gas 
stream w i l l  be scrubbed by t h e  S t r e t f o r d  
system and w i l l  no t  be emi t ted  from t h e  
S t r e t f o r d  coo l ing  tower. 

The secondary abatement system w i l l  no t  
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  formation 
and w i l l  no t  r e s u l t  i n  a n  emission o f  0.6 
l b /h r .  The a i r  flow should be 9,240,000 cu 
f t /min . 
SMUD is designing a balanced abatement 
system c o n s i s t i n g  of a S t r e t f o r d  system and 

.condensate t reatment .  It does no t  make 
much d i f f e r e n c e  which stream carries what  
percentag i  of H2S. S u f f i c i e n t  H2S w i l l  
be removed t o  meet t h e  emissions 
l i m i t a t i o n s .  

SMUD has  committed t o  use  hydrogen peroxide 
w i t h  f e r r o u s  s u l f a t e  and hydroxyacet ic  acid 
f o r  condensate t reatment .  

CEC has data from Unit 15. 
data on t h e  S t r e t f o r d  system is 
p ropr i e t a ry .  In  a d d i t i o n ,  SMUD is us ing  a 
S t r e t f o r d  system f r o m  a d i f f e r e n t  s u p p l i e r  
than Unit 15. 

The ma jo r i ty  of  

SMUD has  a l r eady  agreed t o  use  secondary 
abatement, see p. 105 o f  the  JES. 

.Amount of s o l i d s  formed w i t h  t h e  secondary 
abatement system SMUD w i l l  u se  is 
i n s i g n i f i c a n t ,  3.5 cu yd/yr .  Solids 
removal is not necessary.  

It is n o t  clear what is des i red  from a 
coo l ing  tower emission program. 
Quant i fying water vapor would not  produce 
any use fu l  information,  and t h e  minor 
changes i n  humidity cannot produce 
observeable  changes i n  t h e  f i e ld ,  and it is 
no t  economically feasible t o  reduce water 
vapor emissions.  

Where has  t h e  ARB made t h e  de te rmina t ion  
that 25 ppb is a v i o l a t i o n  o f  t h e  30 ppb 
s tandard?  
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61. 122 Figure 28 This f i g u r e  is referred t o  i n  t h e  t e x t  as 
Figure 29, and on p. 123 Figure 3 is 
concluded. If it is Figure 29, there is no 
Figure 28. 

62. 127 Mi t iga t ion  Measures Did t h i s  BACT de te rmina t ion  inc lude  a 
c o s t / b e n e f i t  a n a l y s i s ?  

63. 128 Compliance 

64. 129 f o u r t h  

65. 142 --_ 

66. 143  foo tno te  e 

67. 147 Monitoring 

68. 154 E I C  Process 

69. 160 Populat ion 

70. 164 Publ ic  Health 

71. 168 Waste Management 

SMUD w i l l  u se  a t u r b i n e  bypass t o  reduce 
s tacking .  
here. Even without  the  bypass,  Aminoil 
i n t ends  t o  t h r o t t l e  back t h e  wells if 
necessary t o  reduce emissions.  See AFC 
Sect ion  1.2.2.3. 

There is no mention o f  t h i s  

With t h e  dypass,  Aminoil does not  need t o  
reduce f l b w  t o  35 percent .  

Arsenic,  boron, mercury, and s i l i c a  are no t  
gases  and are not  emitted from t h e  coo l ing  
tower in anything near the quantities 
stated. The majo r i ty  of these contaminants 
are r e t a i n e d  e i ther  i n  t h e  s ludge  i n  t h e  
coo l ing  tower bas in  or go wi th  t h e  
r e i n j e c t i o n  stream down t h e  w e l l .  
Table 5.3-2 f o r  c a l c u l a t e d  emission rates 
f o r  SMUDGEO 81. For i n s t a n c e  a r s e n i c  is 
emitted a t  a rate of 0.01~10'~ t ons /yea r  
or 0.2~lO'~ l b / h r ,  no t  0.2 l b / h r .  

See AFC 

Add t o  t h e  end o f  t h e  foo tno te  - "but are 
n o t  intended f o r  use  as regula t ions ."  

A t  t h e  concen t r a t ions  involved,  mass 
balance measurements f o r  a r s e n i c  and 
mercury w i l l  no t  y i e l d  meaningful r e s u l t s .  

Under unknown a s p e c t s  add: 

d )  costs, i nc lud ing  steam p e n a l t i e s  

Construct ion w i l l  start i n  Apr i l ,  not  
February. 

Health effects a t  the concen t r a t ions  
a n t i c i p a t e d  would be impossible  t o  
determine wi th  any degree o f  confidence,  
t hus  monitor ing h e a l t h  s t a t u s  provides  no 
u s e f u l  information.  

SMUDGEO 81 will produce 3.5 cu yd/yr  from 
secondary abatement, no t  80 cu  yd/wk. 
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56 acres is not a s i g n i f i c a n t  p o r t i o n  o f  
The Geysers KGRA. 

All  roads used by t r u c k s  f o r  SMUD p l a n t  
w i l l  be  paved, 

Add a d e f i n i t i o n  o f  s i u n i f i c a n t .  

Impact cannot  be s i u n i f i c a n t .  All s p i l l s  
from p l a n t  w i l l  be contained.  

This  does no t  appear t o  p e r t a i n  t o  SMUDGE0 
tl. 

This assumption is i n  e r r o r .  A 
conse rva t ive  assumption is one t h a t  takes 
t h e  extreme o f  range o f  what is phys ica l ly  
poss ib le .  An assumption t h a t  is beyond t h e  
range o f  phys ica l  r e a l i t y  is n o t  a s u i t a b l e  
t o o l  t o  use  i n  drawing po l i cy  conclus ions .  
A cons ide rab le  amount o f  money has been 
spen t  by t h e  na t ion  in a c t u a l l y  measuring 
coo l ing  tower d r i f t  and its effects, 
inc lud ing  research sponsored by SDGandE and 
i n  t h e  CEC's Sundeser t  N O 1  record.  SMUD is 
i n v e s t i n g  a d d i t i o n a l  money t o  keep d r i f t  
below 0.001 percent ,  bu t  t h e  CEC a n a l y s i s  
has  been performed as i f  t h e  coo l ing  tower 
is completely uncont ro l led .  
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ADDITIONAL COMMENTS ON 
SMUDGE0 #1 - DJES 

Comnen t 

80. i v  

81. i v  

82. 1 

83. 1 

84. 3 

~ Paragraph 

f i r s t  

Last-Fi rst 

Pas t  tense is appropriate. 
following: 

The actual va lue  is  currently under reconsider- 
a t i o n ,  therefore, we suggest the following word 
changes : 

We propose the 
'I ... demand capabili ty was 1896 M W . "  

- 
'I. .. concentration of  H2S is below acceptable 
levels ( this monitoring . . ." 

Second Radori i s  a radioactive gas w i t h  inert chemical 
character is t ics .  I t  is the radon "dauqhters" 
which  have deposition potential .  

As currently worded, i t  could be misinterpreted. 
The l a s t  sentence should read "SMUD w i l l  enter 
i n t o  an agreement w i t h  both counties regarding 
their proportionate share o f  compensation for  
maintenance of county roads" 

A d d i t i o n  of the words ' I . .  . (exis t ing system i s  
composed of hydroelectric, nucl ear and purchased 
power)" i s  confusing when related to  the r e s t  o f  
the sentence. Suggest e i ther  deleting or making 
a new sentence . 

G r o w t h  Inducing 
Impacts 

Economics ( f i rs t )  

Economics 
(Second) 

SMUD's system wide cost  of generating e l ec t r i -  
c i t y  is  given as 6.6 cents per kilowatt hour .  
I n i t i a l  e f for t s  t o  verify i t s  accuracy indicate 
i t  may be h i g h  by a factor  of a t  l ea s t  two. I f  
considering i t  a s  a levelized cost f o r  1983- 
2010, i t  may s t i l l  be h i g h .  The source of t h i s  
number and/or i t s  methodology o f  development 
should be given. 

Second 

First 

Aminoil's current plans a re  t o  reroute steam 
transmission pipe1 ines to  avoid crossing portions 
o f  nonfederal 1 eases. 

Suggest c la r i f ica t ion  of the 9-26 wells by 
specifying approximately 9 will be required for  
i n i t i a l  operation, b u t  t h a t  over the l i f e  of the 
project,  replacement wells may increase the n 
t o  a total  of 26. le 
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Page 

86. 12 

87. 16 

88. 17 

89. 17 

go. 32 

91. 34 

92. 63 

93. 67 

94. 75 

95. 76 

96. 104 

97. 106 and 108 

Para qra ph Comments 

Earthquake 
M i  ti ga t i  on The l a s t  sentence o f  SMUD's DJES Comments submit ted 

on December 23, 1980, should be modified t o  read:  
'I ... a t  the Geysers ( e .g . ,  Shah, May, 1980) ,  the 
p r o b a b i l i t i e s  t h a t  these va lues  may be exceeded 
dur ing  the 30-year f a c i l i t y  lifetime a r e  f ive ( 5 )  
percent and 25 percent, r e s p e c t i v e l y .  

SMUD has agreed t o  provide the information t o  
CEC and USGS only.  

Second 

Big Sulphur Creek 
Watershed The 0.50 acre/MW ana 72 MW f o r  determining a 

vege ta t ion  l o s s  va lue  i s  no t  v a l i d  f o r  SMUDGEO #1 
because of the h igher  p l a n t  efficiency. Using 

r ep resen ta t ive .  
55 vs , f 2 MW a s  the multiplier would be more 

The KGRk The sane comment given i n  the above paragraph 
appl i es here. 

1. For var ious  reasons d iscussed  a t  numerous Publ ic  
Workshops, combining the power p l a n t  pad and well 
pad, e ros ion  con t ro l  i s  riot p o s s i t l s .  

Second We bel ieve  t h a t ,  s p r i n g  monitor ing is  no longer  
a recommendation of  the s t a f f .  This paragraph 
should be deleted. 

Ethnography- 
M i  ti ga t i  on A buf fe r  zone around Litt le Geysers i s  unnecessary.  

I t  is  no t  impacted by this p r o j e c t  and such a c t i o n  
is not w i t h i n  SMUD's power t o  accomplish.  

For c l a r i f i c a t i o n  we recommend the fo l lowing  
wording add i t ion :  
'I... counties t o  determine i t s  p ropor t iona te  s h a r e  - o f  maintenance c o s t s  . . . I '  

Fourth 

Construct ion 
Wastes Typo "years" should read "yards"  

First 

F i f t h  

This paragraph should reflect -the secondary aba te -  
ment s ludge  infomrat ion provided i n  a SMUD f i l i n g  
on the s u b j e c t  docketed December 19 ,  1980. 

The SMUDGEO #1 S t r e t f o r d  s u p p l i e r  i s  Peabody - n o t  
Parsons. Nonetheless,  removal e f f i c i e n c y  should be 
similar. 

Las t - F i  rs t The NSCAPCD has access  t o  a n a l y t i c a l  in format ion  
from U n i t  15.  SMUD does not! SMUD w i l l  submit  
a l l  a v a i l a b l e  t e s t  d a t a  on i t s  own systems, b u t  i t  
will be up to  the NSCAPCD t o  determine the 
appJ fSab i l i t y  of U n i t  15 d a t a  t o  t h a t  o f  SMUDGEO #1 



98. 

99. 

100. 

101. 

102. 

103. 

104. 

105. 

106. 

107. 

108. 

Page 

108 

141 -1 42 

147 

156 

157 

16.0 

160 

161 

162 

162 

163 

109. 163 

Paragraph 

Fifth 

Last-Tab1 e 21 

Mass Balance 
Measurements 

First 

First 

Popul a ti on 

Popula t ion  

Figure 

Sixth 

S ix th  

Fiscal Impacts 

Fiscal Impacts 

Comments 

See sludge discussion submitted and docketed by 
SMUO on December 19, 1980. 
system i s  contemplated. Solids collection will 
occur i n  the cooling tower basin. 

See SMUD submlttal on major steam consti tuents 
-docketed on December 23, 1980. 

No major sol ids  removal 

See SMUD submittal on Major Steam Constituents 
docketed on December 23, 1980. 

Wording does not properly r e f l ec t  the proposed 
design?. 
"SMUO proposes to  use double c i r c u i t ,  steel  
l a t t i c e  . . .I8 

Alternative A i s  shorter than Alternative C i n  
overall length. The t e x t  should be corrected. 

Suggest the following word changes: 

There is  no known reason to  believe tha t  the 
construction schedule a s  defined i n  the AFC will 
be delayed or al tered i n  any way. 

Type: 'I ... the total  population increase i n  
each county a t t r ibu tab le  t o  . . . ' I  

The Figure should be labeled w i t h  a number. 
I t  is assumed tha t  the "Figure 32 below" words 
a t  the bottom of page 160 refers  t o  the Figure 
on page 761. 

Typo: 
Sonoma County . I' 

"Impacts will - be insignificant upon 

The growth inducing impacts described i n  this 
entire section may not occur i f  the current 
recession-economy continues i n t o  the 1981-82 
time frame. Currently, there are  1100 fewer 
people employed i n  the construction trades i n  the - 
two county labor market t h a n  there were one year 
ago. This possibi l i ty  should be reflected in the 
text. 

The steam field improvements (Aminoil ) associated 
w i t h  the project will be subject t o  local property 
taxation by Sonoma County. 

Further c la r i f ica t ion  i s  needed for words i n  t h  
last sentence. Specifically:  ' I . .  . and miscell 
neous expenses. I' 
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Paraqraph 

Erosion and 
Ora i nage 

Comments 

Estimates should be based on a 55 MW not 72 MW 
plant. 
efficiency not larger f a c i l i t i e s .  

The difference i s  associated w i t h  p l a n t  

111. 167 

112. 169 

113. 170 

I 114. 172 

115. 174 

116. 175 

117. 175 

118. 175 

Vegetation 

Transportation 

Vegetation and 
Wild1 if  

Long-Term 
Product v i  ty  

Land Use and 
Aesthetics 

Erosion and 
Sedimentation 

Biology 

B i  o 1 ogy 

The total  development l o s t  acreages values a re  
too large for  the same reasons stated above. 

Typo: I' ... from Middletown via State  Route 
175 ..." 
Estimation of l o s t  vegetation should be based 
on 55 MW not  72 MW. 
for its higher e f f i c  ency. 

Typo: 
e lectr ical  power, . . .Ii 

Project being penalized 

? 

". . . re l iab le  long-term source for 

Typo: 
the landscape . . ." ' I . .  . inevitably a l t e r  the character 7 o f  

All of  the 1625 acres of development i s  not i n  
the Big S u l p h u r  Creek watershed. 
a t  l ea s t  Units 13,16,19,21, NCPA 1 and 2 and 
Bottle Rock are  not.  

For example 

56 acres i s  based on 72 MW. This acreage i s  
an overestimate because o f  the higher efficiency 
of the project. 

SMUD and others a re  expanding a large sum o f  
money to  assure that  there i s  a net benefit t o  
vegetation, water and animal habitats. The words 

supportable or just i f ied!  ! 
... may be narrowly successful, . . . I '  are  not I1 
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RESPONSES TO SMUD I S COMMENTS 

1. See amended t e x t .  

2. See amended t e x t .  

3. See amended t e x t .  

4. Tex t  amended. 

5. See amended t e x t .  

6. See amended t e x t .  

7. See amended t e x t .  

8. See amended t e x t .  

I 

9. Comment was n o t  inc luded i n  the  t e x t ,  ba,sed upon t h e  s t a f f ' s  o p i n i o n  t h a t  
t h e  m o d i f i c a t i o n  would be mis lead ing  t o  the p u b l i c .  The issue i s  n o t  
whether SMUDGEO #1' s impact i s  measurabl e b u t  whether t h e  incrementa l  
impact w i l l  i n t e r f e r e  w i t h  t h e  a t ta inment  o r  maintenance o f  t h e  CAAQS f o r  
H2S. 

10. Text amended. 

11. Text  amended. 

12. Text  unchanged; see response t o  SMUD's comment #9. 

13. Text unchanged; see D r a f t  JES, p. 132, paragraph 7. 

14. See response t o  comment #13 above; no change i n  t e x t .  

15. T h i s  i s  a t y p o g r a p h i c a l  e r r o r - - s e e  page 147, p a r a g r a p h  2. G i v e n  t h e  
u n c e r t a i n t i e s  i n  assessing p o t e n t i a l  adverse h e a l t h  e f f e c t s  o f  chron ic  
exposure t o  emissions f rom geothermal power p lan ts ,  CEC w i l l  be examining 
t h e  f e a s i b i l i t y  o f  conduct ing an ep idemio log ica l  study o f  r e s i d e n t s  i n  The 
Geysers KGRA; i f  found t o  be f e a s i b l e  and i f  funded, t h e  ep idemio log ica l  
study c o u l d  be completed i n  1982 o r  1983. See amended t e x t .  

16. See SMUD comment number 81, i.e., " l a s t  sentence should read 'SMUD w i l l  
e n t e r  . . . ' . I '  Since t h i s  i s  SMUD's l a t e s t  s e t  of comments, we have a c c e m  
them. Note addi ti on o f  "upgrading ,'I per  regu l  a t o r y  case proceedings. 

17. Text amended. 

18. The comment i s  deemed a p p r o p r i a t e  by s t a f f .  Th is  impact i s  due t o  cumula- 
t i v e  geothermal development, r a t h e r  than t h e  SMUDGEO #1 p r o j e c t  exc lu -  
s i v e l y .  Nevertheless,  by law such an impact must be i d e n t i f i e d  i n  t h e  
environmental study, and m i t i g a t i o n  measures proposed. Imp1 ementation o f  0 
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t h e  b u f f e r  zone w i l l  l i k e l y  be t h r o u g h  c o o p e r a t i v e  r e g i o n a l  p l a n n i n g  
e f f o r t s ,  p o s s i b l y  as an outcome o f  the pending CEC gener ic  cumulat ive 
impacts assessment s tud ies.  Once t h e  gener ic  s tud ies  a r e  complete SMUD and 
a l l  o ther  geothermal developers w i l l  be i n v i t e d  t o  p a r t i c i p a t e  i n  the 
hearings. The t e x t  w i l l  remain unchanged. 

19. Text  amended. 

20. Yes, t e x t  amended. 

21. Text amended. 

22. Text  amended. 

23. Text amended. 

24. The wording i n  t h i s  s e c t i o n  has been'amended t o  r e f l e c t  t h e  dual l e v e l  
approach. See amended t e x t .  

25. The summary re 'por t  i s  expected i n  February 1981; t e x t  amended accord ing ly .  

26. See amended t e x t .  

27. See amended t e x t .  

28. See amended t e x t .  

29. Text amended. 

30. Text amended. 

31. No change i n  t e x t .  The source water f o r  t h e  s p r i n g  has n o t  been i d e n t i -  
SMUD w i l l  mon i to r  the  area o f  t h e  s p r i n g  on Calm Creek f o r  p o t e n t i a l  f ied .  

impacts. 

32. See amended t e x t .  

33. Black bears were s igh ted  near t h e  leaseho ld  i n  1977 (see AFC, p. 5 - 73).  
No change i n  t e x t .  

34. No change i n  t e x t .  SMUD w i l l  mon i to r  the  Purp le M a r t i n  n e s t i n g  area (CEC 
SMUDGE0 # 1 Regul a t o r y  Proceeding , B i  o l  ogy , F i n d i n g  X14) . 

35. No change i n  t e x t .  SMUD w i l l  mon i to r  water q u a l i t y  and f l o w  i n  Calm Creek 

36. See amended t e x t .  

near the s p r i n g  ( F i n d i n g  14) .  

37. See amended t e x t .  

38. No comment o r  amendment necessary. 

39. See amended t e x t .  
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40. See amended t e x t .  

41. See amended t e x t .  

42. Text amended. 

43. Tex t  amended. 

44. Text  amended. 

45. F igure  amended. 

46. Tex t  amended. 

47. Text  amended. 

48. See amended t e x t .  

49. Text  amended. 

50. See d e l e t i o n  i n  t e x t .  

51. Text amended. 

52. See amended t e x t .  

53. See amended t e x t .  

54. See minor change i n  t e x t .  

55. Tex t  amended. 

56. See d e l e t i o n s  and changes i n  t e x t .  To summarize, t h e  i n c l u s i o n  o f  the  
57. requirements o r i g i n i a l l y  l i s t e d  i n  t h e  D r a f t  JES i s  n o t  warranted. Page 
58. 108 has been de le ted  and rep laced w i t h  requirements which were m u t u a l l y  

agreed t o  by CEC s t a f f  and SMUD. 

59. Text  de leted.  

60. Reference amended i n t o  t e x t .  

61. See amended f i g u r e  numbers. 

62. It i s  n o t  c l e a r  t o  t h e  s t a f f  t h a t  a c o s t / b e n e f i t  a n a l y s i s  i s  l e g a l l y  
requi red.  NSCAPCD and ARB have determined t h a t  a 5 l b / h r  emission r a t e  
c o n s t i t u t e s  BACT ( s e e  ARB l e t t e r  f r o m  Harmon Wong-Woo t o  W i l l i a m  C .  
Walbridge, dated August 26, 1980). SMUD est imated t h e  c o s t  o f  BACT f o r  
SMUDGE0 # 1 f a c i l i t y  t o  be approximately $2.9 m i l l i o n  over  the l i f e  o f  
t h e  p l a n t  (SMUD l e t t e r ,  W.S. Boxxenmaier - t o  Michael Tolmasoff,  dated 
November 17, 1980). 
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0 63. CEC s t a f f  agrees w i t h  comment; however, the t u r b i n e  bypass and t h r o t t l e  
back are  discussed i n  the  m i t i g a t i o n s  (on page 129) t o  the  impacts d i s -  
cussed on page 128 o f  the  D r a f t  JES. No change i n  t e x t .  

64. The i n f o r m a t i o n  prov ided was obta ined from SMUD; see response t o  second 
sec t ion  of i n t e r r o g a t o r i e s  (SMUD l e t t e r  t o  Ms. Pam Pat te rson from John 
Mattimoe, dated June 3, 1980). 

65. See Appendix C .  The steam c o m p o s i t i o n  and e m i s s i o n  c h a r a c t e r i s t i c s  
o f  geothermal power p l a n t s  a r e  c u r r e n t l y  very  uncer ta in .  Thus, s t a f f  
recommends t h a t  power p l  a n t  operators  mon i to r  incoming steam and per form 
mass balance s tud ies  (see changes f o r  M i t i g a t i o n  Measures, page 147 o f  
D r a f t  JES) . 

66. See D r a f t  JES, p. 136, paragraph 2, and p. 137, paragraph 2. 

67. CEC s t a f f  has recommended t h a t  t h e  Apd l ican t  perform mass balance s t u d i e s  
f o r  a r s e n i c  and m e r c u r y  ( s e e  p .  147, p a r a g r a p h  4 ) .  Sampl ing  f o r  t h e  
proposed mass b a l  ance c a l  c u l  a t i  ons f o r  m e r c u r y  and a r s e n i c  shou l  d b e  
performed t w i c e  d u r i n g  the  second year  o f  commercial operat ion.  Samples 
should be c o l l  ected from incoming steam, condensate, noncondensibl e gas 
t o  the S t r e t f o r d  and c o o l i n g  tower, S t r e t f o r d  s o l u t i o n ,  c o o l i n g  tower 
emi s s i  ons and b l  owdown , and cool  i ng tower s l  udge. Mass b a l  ance c a l  c u l  a- 
t i o n s  should q u a n t i f y  t h e  emission r a t e  o f  a l l  incoming mercury and arsen ic  
l e a v i n g  the  power p l a n t ;  SMUD should prepare a r e p o r t  on t h e  sampling and 
mass balance c a l c u l a t i o n s ,  i n c l u d i n g  a d iscuss ion  o f  assumptions and a 
s t a t i s t i c a l  ana lys is ,  and forward t h i s  t o  the Compl iance A u d i t  Manager per  
Heal th  Compl iance Mon i to r ing  Program requirements. Based on a conversa t ion  
w i t h  Dave Robertson o f  P a c i f i c  Northwest Laborator ies,  B a t e l l e  Memorial 
I n s t i t u t e  (January 16, 19811, today 's  c o s t  f o r  t h i s  program' s sampl i n g  
and data a n a l y s i s  would be roughly  $30,000. This  i s  e q u i v a l e n t  t o  approx- 
imate ly  0.05 percent  o f  the  c o n s t r u c t i o n  c o s t  f o r  the  e n t i r e  p r o j e c t .  

The contaminants l i s t e d  i n  t h e  D r a f t  JES are  o f  concern because they can be 
cumul a t i v e  t o x i n s  and p o s s i b l y  carcinogens. Hence , a small concent ra t ion  
o f  contaminant i n  a l a r g e  q u a n t i t y  o f  steam can r e s u l t  i n  t h e  movement o f  
p o t e n t i a l l y  s i g n i f i c a n t  q u a n t i t i e s  o f  these substances through t h e  f a c i l i t y  
and i n t o  the  environment v i a  c o o l i n g  tower emissions or waste discharges. 
I n  another study by P a c i f i c  Northwest Labora tor ies ,  s o i l s  i n  the  v i c i n i t y  
o f  The Geysers power p l a n t s  were found t o  be contaminated w i t h  mercury. 

When t h e  SMUDGEO i s c l  f a c i l i t y  becomes opera t iona l  , i t  i s  reasonable t o  
assume t h a t  m o n i t o r i n g  and sampl i n g  techniques w i  11 have advanced p a s t  
t h e  1979 stage o f  development. Th is  w i l l  serve t o  reduce some o f  t h e  
complex i t ies  a l l u d e d  t o  by t h e  SMUD ana lys is .  Sampling and mass balance 
c a l  c u l  a t i  ons a f t e r  t h e  f a c i  1 i t y  becomes opera t iona l  w i  11 reduce c u r r e n t  
u n c e r t a i n t i e s  regard ing  the  concent ra t ion  o f  contaminants i n  SMUDGEO steam, 
t h e  c o n f i g u r a t i o n  o f  p l a n t  generat ion and pol  1 u t i o n  abatement equipment, 
and t h e  p a r t i t i o n i n g  o f  steam contaminants w i t h i n  t h e  f a c i l i t y .  Resu l ts  o f  
s a m p l i n g  a t  PGandE and DWR f a c i l i t i e s  a r e  n o t  d i r e c t l y  a p p l i c a b l e  t o  
SMUDGEO, due t o  d i f f e r e n c e s  i n  steam source (hence, contaminant concentra- 
t i o n s )  and p l a n t  c o n f i g u r a t i o n s .  Conf i rmat ion o f  low l e v e l s  o f  p o l l u t a n t  
emissions and r e s u l t a n t  impacts on ambient concent ra t ions  i n  populated 
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areas w i l l  V a l  i d a t e  the concl  usions based on necessary assumpti ons and 
c a l c u l a t i o n s  a r r i v e d  a t  d u r i n g  t h i s  proceeding, t o  w i t ,  t h a t  t h e  opera t ion  
o f  t h e  proposed f a c i l i t y  w i l l  n o t  pose a t h r e a t  t o  p u b l i c  hea l th .  

However, g iven a c e r t a i n  conservat ion o f  mass, contaminants i n  t h e  steam 
n o t  re leased through t h e  c o o l i n g  tower w i l l  be emi t ted  elsewhere, such as 
process l i q u i d  and s o l i d  c.hemica1 and waste streams, o r  even condensat ion 
o r  depos i t ion  on the  components o f  the  generat ion system. Over t ime, 
accumul a t i o n  - o f  s i g n i f i c a n t  quant i  t i e s  o f  some t r a c e  substances coul  d pose 
environmental (e.g., waste d isposal  1 o r  occupat ional  h e a l t h  and sa fe ty  
r i s k s .  Adequate sampl i n g  and mass b a l  ance c a l c u l  a t i o n s  c a n  s e r v e  t o  
i d e n t i f y  p o t e n t i a l  problems before  t h e  f a c t  so t h a t  adequate measures can 
be taken t o  prevent  environmental degradat ion o r  worker heal t h  r i s k s .  

I n  a submi t ta l  dated December 24, 1980 , ( received a t  CEC December 23, 19801, 
SMUD p r e s e n t e d  a d r a f t  copy  o f  a b r l e f  annual  r e p o r t  a r t i c l e  b y  P.E.  
Robertson e t  a1 . o f  the  P a c i f i c  Northwest Laborator ies,  B a t t e l l  e Memorial 
I n s t i t u t e .  It apparent ly  had been sent  t o  PGandE on November 19, 1979. 
SMUD a l s o  submi t ted an au thor less  a n a l y s i s  o f  t h i s  a r t i c l e  and an a l t e r -  
n a t i v e  t a b l e  o f  emission r a t e s  f o r  steam contaminants. CEC s t a f f  analyzed 
the d r a f t  and f i n a l  vers ions  o f  the  B a t t e l l e  a r t i c l e  i n  p repar ing  the 

, SMUDGEO #l D r a f t  JES P u b l i c  Heal th  sec t ion .  Contrary  t o  the  conclus ions 
reached i n  t h e  SMUD a n a l y s i s  , t h e  B a t t e l l  e a r t i c l  e, a1 b e i  t out -o f -da te  , 
p r o v i d e s  j u s t i f i c a t i o n  f o r  c o n d u c t i n g  a d d i t i o n a l  m o n i t o r i n g  and mass 
balance c a l c u l a t i o n s  f o r  the  SMUDGEO f a c i l  i t y  when i t  becomes o p e r a t i o n a l .  

The B a t t e l l  e r e p o r t  does indeed i n d i c a t e  t h e  compl e x i  ty  o f  m o n i t o r i n g  and 
c a l  c u l  a t i  ng the  f l o w  o f  steam contaminants through a geothermal f a c i l  i ty 
( p a r t i c u l a r l y  as o f  1979). However, t h e  r e p o r t  a l s o  i n d i c a t e s  t h e  l a r g e  
v a r i a t i o n  o f  concent ra t ions  o f  t r a c e  contaminants i n  steam throughout  t h e  
developed p o r t i o n s  o f  t h e  KGRA and even, w i t h  t ime, i n  a g iven steam source. 
I n  a d d i t i o n ,  t h e  p o s s i b l e  t r a p p i n g  o f  c e r t a i n  contaminants i n  d i f f e r e n t  
H S abatement process streams o r  the  a d d i t i o n  o f  t r a c e  contaminants i n t o  
t 6 e  p l a n t  e n v i r o n m e n t  b y  c e r t a i n  abatement  p r o c e s s  c h e m i c a l s  (e.g. ,  
mercury) i s  a l s o  s tated.  

Given c u r r e n t  f a c t u a l  u n c e r t a i n t i e s  re1 a t i n g  t o  t h e  p o t e n t i a l  f o r  s i g n i f i -  
can t  p u b l i c  and occupat ional  h e a l t h  r i s k s ,  two r e g u l a t o r y  s t r a t e g i e s  a r e  
poss ib le .  Approval o f  t h e  SMUDGEO f a c i l i t y  c o u l d  be delayed u n t i l  more 
i n f o r m a t i o n  i s  a v a i l a b l e  f r o m  m o n i t o r i n g  and mass b a l a n c e  s t u d i e s  on 
e x i s t i n g  f a c i l i t i e s ,  and PGandE and DWR f a c i l i t i e s  a r e  approved by t h e  CEC. 
O r  u n c e r t a i n t i e s  i n  c u r r e n t  knowledge can be recognized as cause t o  move 
ahead prudent ly ,  i n c o r p o r a t i n g  means o f  reducing u n c e r t a i n t i e s  and conf i rm-  
i n g  assumptions a long the  way. CEC s t a f f  suggests the second approach. 

68. Text  amended. 

69. Text  amended. 

70. See responses t o  SMUD's comments numbers 9 and 12 - 15. 

71. Text  amended. 
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e- 72. 

73. 

74. 

75. 
/ 

76. 

77. 

78. 

79. 

80. 

81. 

82. 

83. 

84. 

a 85. 

See amended t e x t .  

Reference t o  "unpaved" access roads del  eted. 

See g lossary  a d d i t i o n .  

The p o t e n t i a l  impact o f  t h i  s geothermal power p l  a n t  w i t h o u t  m i  ti g a t i  on 
measures t o  prevent  a d i r e c t  d ischarge t o  sur face waters o f  u n d i l u t e d  
t o x i c / h a z a r d o u s  wastes  o r  m a t e r i a l s  i s  d e f i n i t e l y  v e r y  s i g n i f i c a n t .  
Through n e g o t i a t i o n  o f  adequate and proper m i t i g a t i o n  measures, whether 
suggested by SMUD, CEC, o r  others,  t h i s  p o t e n t i a l  problem can be rendered 
i n s i g n i f i c a n t .  Th is  i s  the  purpose o f  the  m a t r i x - - t o  i d e n t i f y  s i g n i f i c a n t  
areas o f  concern, areas t o  be covered i n  t h e  t e x t  o f  t h e  environmental 
impact document. 

Comment noted; see changed t e x t .  7 

See reponse t o  SMUD comment # 6 5 .  

Text amended. 

Since t h i s  comment was made, the  ac tua l  value has been es tab l i shed.  See 
r e v i s e d  t e x t .  

See amended t e x t .  

See amended t e x t .  

Proposed d e l e t i o n  accepted. See amended t e x t .  

The method used i n  c a l c u l a t i n g  SMUD's systemwide generat ion c o s t  i s  shown 
be l  ow: 

1. 1983 and 2000 SMUD average e l e c t r i c i t y  p r i c e s  were taken from the  
The source i s  "CEC S t a f f  For'ecast Revis ion Subsequent 

2. Res ident ia l  1983 - 2010 growth was c a l c u l a t e d  t o  be 65 percent /year .  

3. 

4. 

a t tached sheet. 
t o  B i  enni a1 Report  Demand Hearings ," September 22, 1980. 

GNP d e f l a t o r  1983 - 2110 = 6.9 percent/year.  

Tota l  e s c a l a t i o n  r a t e  = 6.9 + 1.9 = 8.8 percent/year.  

It was assumed t h a t  t h e  r a t e  o f  i n c r e a s e  i s  s i m i l a r  f o r  each s e c t o r .  
Apply ing the t o t a l  8.8 percent /year  increase p l u s  a 1 5  percent  d iscount  
r a t e  t o  a mid-1983 system c o s t  o f  1.8lg!/kWh ( 1 9 7 7 $ )  o r  (3 .04t /kWh i n  
1983$), t h e  I e v e l i z e d  c o s t  i s  3.04 x 2.166 ( l e v e l ,  f a c t o r )  = 6.6k/kWh. 
Therefore, the  paragraph w i l l  remain the  same. 

Text  amended accord ing ly .  

Text appears t o  be c l e a r  enough as i s .  Text unchanged. 
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86. See amended t e x t .  

8 7 .  Text amended. 

88. The d i f f e r e n c e  i n  area d i s t u r b e d  us ing  72 MW versus 55 MW amounts t o  o n l y  8 
acres, which i s  o n l y  .4 percent  o f  t h e  developed area and i s  cons idered 
i n s i g n i f i c a n t .  Moreover, t h e  acres-to-MW r a t i o  is  used f o r  e s t i m a t i o n  
only .  Text unchanged. 

89. See response t o  comment #88. 

90. See amended t e x t .  

9 1 .  See amended t e x t ,  w h i c h  i s  based on B i o l o g y  F i n d i n g  #14, SMUDGEO # 1 
r e g u l a t o r y  proceeding. 

92. See response t o  comment # 18. Text  unchanged. 

93. 

94. 

95. 

96.  

9 7 .  

98. 

99 .  

100. 

101. 

102. 

103. 

Comment accepted. See amended t e x t .  

Typo corrected,  thanks. 

Paragraph deleted. The D r a f t  JES was issued i n  November and t h e r e f o r e  
coul  d n o t  r e f 1  e c t  SMUD’ s December submi t t a l  . 
SMUDGEO 81 S t r e t f o r d  s u p p l i e r ,  Peabody, d u l y  c r e d i t e d  i n  r e v i s e d  t e x t .  

See amended t e x t .  

Text rev i sed. 

Comment noted; see D r a f t  JES Appendix C y  a l s o  response t o  SMUD’s comment, 

See Appendix C; a l s o  CEC s t a f f  response t o  SMUD‘s comment #67. 

Text amended. 

Tes t  unchanged. It i n d i c a t e s  t h a t  a l t e r n a t i v e  C i s  s l i g h t l y  l o n g e r  than 
A. 

Reference t o  schedul e de l  ays deleted.  

104. Cor rec t ion  made i n  t e x t .  

105. 

106. Cor rec t ion  made i n  t e x t .  

107. 

108. Text amended accord ing ly .  

109. 

F igure  i s  now l a b e l e d  #32. 

See minor changes i n  t e x t .  

Requested c l  a r i  f i c a t i  on added t o  t e x t .  See amendments. 
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‘0 110. See response t o  comment #88. Text unchanged. 

111.  The estimate of 56 acres i s  based on Figure 8 o f  the AFC ( p .  5 - 7 6 ) ;  the 
MW of the power plant were not used t o  determine th i s  value ( see  Draf t  JES, 
p .  17, vegetation, losses  related t o  construction).  Based on SMUD comments 
on p.  23, the power plant acreage i s  10.5, not 8.8 acres. Therefore, the 
estimate o f  acreage loss should be increased by 1.7 acres t o  57.4 acres 
(55.7 acres plus 1 . 7  ac res ) .  

112. Text corrected. 

113. See response t o  comment #111. Total vegetation loss  should be corrected t o  
an estimated 57.4 acres. 

114. Typo corrected. 
I 115. Typo corrected. 

116. See amended text .  

1 1 7 .  Comment refuted,  although this  portion of the t e x t  has been amended. See 

11 8. See amended text .  

response t o  comment #111. 
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JAMES P .  BOTZ 
Zounty Counsel 
2oun ty  o f  Sonoma 
2555 Mendocino Avenue #116A 
?anta  Rosa, Cal i forn ia  95401 
relephone: 707-527-2421  

i t to rney  f o r  P e t i t i o n e r  

STATE OF CALIE~RNIA 

ENERGY RESOURCES CONSERVATION 

AND DEVELOPMENT COMMISSION 

In the  Matter of t h e  

SMUDGE0 #l 

ENERGY COMMISSION 
RECEIVED 

JAN 5 1981 

Docket No. 80-AFC-1 

INTERVENOR'S COMMENTS TO 
DRAFT EIR Application f o r  C e r t i f i c a t i o n  

I 

Intervenor COUNTY OF SONOMA submits the following comments 

t o  t he  d r a f t  S ta te /Federa l  J o i n t  Environmental Study (he re ina f t e r  

DEIR) , dated November, 1980: 
i 

1. DEIR i s  inadequate i n  t h a t  i t  concludes without 

supporting da ta  t h a t  t h e  publ ic  roads t h a t  would provide access to  

the  p r o j e c t  s i t e  a r e  adequate f o r  t r a f f i c  generated by the  p ro jec t  

(see DEIR pp .  64 and 159).  

p ro j ec t  s i t e  is t he  Healdsburg-Geysers road which i s  inadequate f o r  

t ruck  t r a f f i c  of  t he  type and quan t i ty  t o  be generated by the projec t  

The major Sonoma County access t o  the 

The Healdsburg-Geysers road was o r i g i n a l l y  designed and 
0 i n  i t s  cur ren t  condi t ion i s  adequate only for l i g h t  passenger 

-1- 
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reh ic le  t r a  f i e  and occasional a g r i c u l t u r a l  equipment. The one 

]ridge s t r u c t u r e  on the Healdsburg-Geysers road i s  inadequate f o r  

ieavy loads required by the  p ro jec t  without temporary shoring. 

h e  DEIR reaches no conclusion nor provides any ana lys i s  o f  the  

zapacity o f  t he  Healdsburg-Geysers road with respec t  t o  heavy loads ,  

road width,  turning r a d i i ,  o r  s i t e  d i s t ances .  Nor does the  DEIR 

snalyse the  s a f e t y  of  the  road with respec t  t o  a mix o f  mult i -axle  

Jehicles  and passenger vehicles  under various weather condi t ions.  
? 1 

2.  The DEIR i s  inadeauate i n  t h a t  i t  does not  recommend 

n i t i ga t ion  by SMUD o f  the imuact of  t he  p ro jec t  on the  Healdsburg- 

2eysers road,  but only s t a t e s  a s  a p o s s i b i l i t y  t h a t  SMUD may reach 

sgreement with the  County of Sonoma with respec t  t o  such imnact. 

f ie  DEIR, having i d e n t i f i e d  a mi t iga tab le  imnact, must prouose 

nandatory so lu t ions .  

3 .  With respect t o  workers' hea l th  and s a f e t y  (see p.148) 

:he DEIR n e i t h e r  r a i s e s  the issue nor resolves  t h e  quest ion of  

industrial safety of  SMJD's workers o r  SMUD's cont rac tor  workers 

J i t h  respec t  t o  emergency medical and evacuation se rv ice .  

4 .  The discussion o f  the  loss of  publ ic  use 0.f t he  Bureau 

2f Land Management land i n  connection with t h e  p ro jec t  i s  vague with 

respect t o  publ ic  access and j o i n t  use and r e f e r s  t o  "other land 

x e s  [being] precluded" (see p .  60-69) .  The DEIR should be more 

spec i f i c  with respec t  t a  t h e  impact o f  t he  p ro jec t  on cur ren t  publ ic  

x c e s s  and r i g h t s  t o  the  Bureau o f  Land Management property i n  

lues t ion.  

5 .  With respec t  t o  t he  d isposa l  o f  hazardous waste 

-2 -  
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:see pp. 74-79 )  t h e  D E I R  c o r r e c t l y  s t a t e s  t h a t  t h e  p ro jec t  will 

generate hazardous wastes i n  t h e  form of s ludge ,  but i s  nonspec i f ic  

r i t h  r e spec t  t o  t h e  method of  removal of such waste. The DEIR 

recites SMUD's i n t e n t i o n  t o  con t r ac t  with p r i v a t e  d isposa l  s i tes ,  

)u t  does no t  provide any assurance t h a t  such cont rac ts  w i l l  be 

ixecuted nor does the  DEIR i n v e s t i g a t e  the  problems with respect t o  

t l t e r n a t i v e  s i t e s  should SMUD be unable t o  dispose a t  t h e  named 

Lites. 'i 
i 

6 .  The DEIR does no t  adequately examine t h e  cumulative 

kffect o f  t h e  p ro jec t  on the  need generated by the p ro jec t  for pub l i c  

ierrices. For i n s t ance ,  the D E I R  is conclusionary with respec t  t o  

:he a b i l i t y  o f  t h e  p r i v a t e  housing market i n  the  Healdsburg a rea  t o  

lrovide adequate housing f o r  cons t ruc t ion  workers. The DEIR must 

den t i fy  cumulative impacts o f  t h i s  p ro jec t  and f u t u r e  s i m i l a r  

l ro jec ts  a t  t h e  Geysers f o r  t h e  purpose of mi t iga t ion .  Intervenor  

las and w i l l  suggest t o  the  Commission t h a t  it r e t a i n  j u r i s d i c t i o n  of  

he c e r t i f i c a t i o n  of  t h i s  p r o j e c t  so t h a t  when such cumulative 

f f e c t s  a r e  i d e n t i f i e d  appropr ia te  mi t iga t ion  measures can be imposed 

n SMUD and o t h e r  Commission permittees. 

7 .  The DEIR i s  s i l e n t  wi th  resuec t  t o  the  

;rowth-inducing impact of t h e  p r o j e c t  on SMUD's se rv ice  a r e a .  

8 .  The DEIR should i d e n t i f y  the  impacts on l o c a l  

,overnmental agencies because of SMUD's tax-exempt s t a t u s  and r equ i r e  

p p r o p r i a t e  m i  t i g a t i o n  measures. 

DATED: December 2 4 ,  1980. 
P .  BOTZ, 4ounty  Counsel 
ey for P e t i t i o n e r /  

Intervenor  
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a 

I .  

RESPONSE TO SONOKA COUNTY ' S  CONMENTS 

1. The e n t i r e  Transpor ta t ion  sec t ion  o f  the  JES has been r e v i s e d  i n  o r d e r  t o  
b e t t e r  address  b o t h  Sonoma and Lake C o u n t y ' s  c o n c e r n s .  See amended 
sect ions.  

2. See m i t i g a t i o n  measures o f  amended t e x t .  

3. . I n  the  event  o f  an emergency, SMUD o r  SMUD's c o n t r a c t o r s  can c a l l  t h e  
county t o  t r i g g e r  the  c o u n t y ' s  emergency response procedure. W i t h i n  t h e  
CEC SMUDGEO #1 r e g u l a t o r y  proceeding, SMUD has agreed t o  reimburse t h e  
c o u n t y  s h o u l d  t h e  use o f  emergency m e d i c a l  and e v a c u a t i o n  s e r v i c e  be 
necessary. M i  nor  amendment t o  t e x t .  

4. See response t o  Sonoma comment #1 above. Text  amended w i t h  respec t  t o  
access. The use o f  t h i s  leasehold for,;  t h e  purposes o f  geothermal develop- 
ment i s  c o n s i s t e n t  w i t h  bo th  t h e  Federal Land P o l i c y  and Management A c t  o f  
1976 and w i t h  the  Sonoma County General Plan f o r  nearby lands. Note Land 
Use/ Impacts  s e c t i o n  f o r  d i s c u s s i o n  o f  r e c r e a t i o n a l  1 osses .  Land Use 
sec t ion  o f  t e x t  unchanged. 

5. The D r a f t  JES discusses the  method o f  waste removal on p. 77. No change i n  
the t e x t  i s  necessary. 

R e g a r d i n g  t h e  c o u n t y ' s  c o n c e r n  t h a t  SMUD e x e c u t e  t h e  n e c e s s a r y  w a s t e  
d i s p o s a l  con t rac ts - -CEC w i l l  n o t  a l l o w  SMUDGEO #1 t o  o p e r a t e  i f SMUD 
d e f a u l t s  i n  t h i s  mat te r .  The p o s t c e r t i f i c a t i o n  compliance m o n i t o r i n g  
program w i l l  ensure t h a t  SMUD p r o p e r l y  disposes t h e i r  hazardous wastes. 

6. Cumulative growth i n  Sonoma County i s  covered on DJES pp. 161 - 162. S t a f f  
b e l i e v e s  t h i s  i s  s u f f i c i e n t  g iven  the  c u r r e n t  in fo rmat ion .  

7. County growth i s  a cause o f ,  r a t h e r  than a r e s u l t  o f ,  e l e c t r i c i t y  demand 
growth. There i s  no evidence which i n d i c a t e s  t h a t  t h e  f a c i l i t y  would 
promote growth i n  the  SMUD s e r v i c e  area. County growth i s  s u b j e c t  t o  
p o l i c i e s  o f  the  Board o f  Supervisors and i s  hence s u b j e c t  t o  CEQA rev iew 
through t h e i r  auspices. 

8. The DEIR a l ready  s p e c i f i e s  probable AB 1905 revenues. No more s p e c i f i c  
est imates o f  p u b l i c  s e r v i c e  cos ts  a r e  c u r r e n t l y  a v a i l a b l e ,  and t h e  document 
c l e a r l y  s t a t e s  t h a t  r e l i e f  f rom p r o p e r t y  t a x a t i o n  w i l l  n o t  occur. M i t i -  
g a t i o n  i s  prov ided f o r  under the  "agreement f o r  compensation" m i t i g a t i o n  
i tem. 
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RESPONSES TO NSCAPCO ' S COMEeIENTS 

1 .  No response necessa ry .  

2. Tex t  amended accord ing ly .  . 

3 .  Text amended accord ing ly .  

4. Text amended accord ing ly .  

5. Concur. Text amended. 

6. The t e x t  has  been amended t o  e x p l a i n  the assumption. 

7. Concur. Tex t  amended. 
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a 
RESPONSES TO ALTON M I N T E R  

There i s  no s u b s t a n t i a l  d i f f e r e n c e  between t h e  d r i f t  r a t e  va lues o f  1.25 
gpm and 625 l b s / h r .  

The d r i f t  r a t e  i s  75.00 ga l lons  per  hour (1.25 gpm x 60 min. = 25 gph). 
Using 3.34 l b / g a l  as t h e  weight  o f  water, t h e  r a t e  would be 625.5 l b s / h r  
(8.34 l b s / g a l  x 75 gph = 625.5 l b s / h r ) .  

S i l i c a ,  one o f  t h e  most common substances found i n  nature,  i s  p a r t  of  t h e  
chemi-cal make-up o f  sand, i s  i n e r t ,  and i s  n a t u r a l l y  abundant  t o  t h e  
area. 

Comment noted. 

Tex t  amended i n  p a r t ;  however, see D r a f t  JES, p. 147, paragraph 2 and p. 
246, paragraph 7. Lead-210 decays very s lowly  and does n o t  e m i t  a lpha 
p a r t i c l e s ,  a l though some o f  i t s  decay products  do. Thus, t h e  s h o r t - l i v e d  
daughters a re  the  most impor tan t  source o f  a lpha p a r t i c l e  exposure. 

Although t h e r e  a r e  u n c e r t a i n t i e s  i n  the  p a r t i c u l a t e  emissions, i t  i s  t h e  
s t a f f ' s  op in ion  t h a t  the  est imated emissions are  Val i d .  Manufac turer ' s  
d r i f t  s p e c i f i c a t i o n s  are  meant t o  i n c l u d e  p a r t i c u l a t e s .  

I 

Assumptions are v a l i d .  P a r t i c u l a t e  s i z e  d i s t r i b u t i o n  i s  n o t  known. See 
Pub1 i c  Heal th  sec t ion  f o r  d iscuss ion  o f  p o t e n t i a l  impact. 

Comment noted. 

The ambient a i r  q u a l i t y  standards f o r  TSP (100 ug/M3) were e s t a b l i s h e d  t o  
p r o t e c t  p u b l i c  hea l th .  PSD r e g u l a t i o n s  were es tab l i shed i n  o r d e r  t o  ensure 
a t ta inment  and maintenance o f  ambient a i r  q u a l i t y  standards. These s t a t e -  
ments a r e  i n  agreement because they do n o t  d iscuss t h e  same standards. 

See D r a f t  JES, A i r  Q u a l i t y ,  page 108, paragraphs 4 - 6. Text  unchanged. 

See D r a f t  JES, p. 147, paragraph 2. T e x t  unchanged. 

See D r a f t  JES, p. 239, i t e m  B. The a p p l i c a b l e  emission standard i n  t h i s  
case i s  3 p C i / l ,  s ince radon-222 daughters a re  removed by t h e  S t r e t f o r d  
process and n o t  emi t ted  f rom t h e  c o o l i n g  tower [personal  communication w i t h  
E r i k  Vold, DOHS/RHS, (916) 323-2750. January 25, 19801. 

See response t o  y o u r  comment #4. Measurements o f  radon-222 and i t s  
d a u g h t e r s  w i l l  a l s o  p r o v i d e  an i n d i c a t i o n  o f  p o s s i b l e  s o i l  and w a t e r  
con tami na t ion .  

S t a f f  i s  n o t  aware o f  t h e  A u s t r i a n  study c i t e d .  However, radon-222 i s  
considered t o  be a f a r  more impor tan t  source o f  n a t u r a l  r a d i a t i o n  exposure 
than radon-220 (U.S. Radia t ion  P o l i c y  Counci l  Task Force, P o s i t i o n  Paper on 
Radon i n  S t ruc tures ,  August 15, 1980). 
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S t a f f  i s  a l s o  n o t  aware o f  s t u d i e s  r e p o r t i n g  any uptake o f  radon-222 by t h e  
bloodstream. T r a n s l o c a t i o n  o f  i n h a l e d  daughter products  t o  t h e  i n t e s t i n a l  
t r a c t  v i a  mucous t r a n s p o r t ,  however, has been suggested as a minor  r o u t e  o f  
exposure t o  r a d i o a c t i v i t y  re1 a t i v e  t o  d e p o s i t i o n  o f  daughter p roduc ts  i n  
t h e  more s e n s i t i v e  broncheal t i s s u e s  ( U n i t e d  Nations, Sources and E f f e c t s  
o f  I o n i z i n g  Radiat ion,  Report  o f  t h e  Un i ted  Nat ions S c i e n t i f i c  Committee 
on the  E f f e c t s  o f  Atomic Radiat ion,  1977 Report  o f  t h e  General Assembly, 
Un i ted  Nat ions P u b l i c a t i o n  E.77.IX.1, U.N. P u b l i c a t i o n s ,  NY, NY). 

13. See Draf%JES, pages 138 - 139, Table 20 and page 142, Table 21. 
t h a t  mg/m i s  used throughout  i n  Table 21. 

Radon-222 appears t o  be a ve ry  minor  p a r t  o f  exposure t o  n a t u r a l  r a d i a t i o n .  

A worst-case es t ima te  o f  vanadium emission r a t e s  i s  presented i n  Table 21. 

N o t i c e  
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DEPARTMENT OF TRANSPORTATION 

F E D E R A L  AVIATION A D M l N l S T R A T l O N  
WESTERN REGION 

P. 0. BOX 92007.  W O R L D W A Y  P O S T A L  C E N T E R  

LOS ANGELES.  C A L I F O R N I A  90009 

Ms. Val e r i  e Campbell 
C a l i f o r n i a  Energy Commission 
1111 Howe Avenue, 6 - 3 2  
Sacramento, Cal i f  o r n i  a 95825 

Dear Ms. Campbell : 

The Federal Av ia t ion  Admin is t ra t ion has completed i t s  review o f  the D r a f t  J o i n t  
Environmental Study on the  Sacramento Municipal U t i 1  i t y  D i s t r i c t ' s  proposed 
SMUDGED #1 geothermal power p lan t  a t  the Geysers Known Geothermal Resource 
Area. 

Our on ly  comment a t  t h i s  time i s  tha t  any new const ruct ion or  a l t e r a t i o n s  t o  
s t ruc tu res  meeting no t i ce  requirements under Federal Av ia t ion  Regulat ion Par t  
77 w i l l  r equ i re  f i l i n g  o f  FAA Form 7460-1 p r i o r  t o  such construct ion.  

Thank you f o r  the oppor tun i ty  t o  review and comment on t h i s  proposal. 

Sincerely,  

Royal' W. M i  nk 
Regional P1 anni ng and Appraisal O f f i c e r  

RESPONSE TO DEPARTMENT OF TRANSPORTATION, F.A.A. 
No response necessary. 

Comment and requirement noted. 
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