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ABSTRACT 

The R a f t  R ive r  Geothermal Program a t  t he  Idaho Nat ional  
Engineer ing Laboratory (INEL) was a research p r o j e c t  designed t o  
demonstrate t h a t  moderate temperature (-150OC) geothermal 

. f l u i d s  c o u l d  be used t o  generate e l e c t r i c i t y  and p rov ide  an 
a l t e r n a t e  energy source f o r  d i rec t -use  a p p l i c a t i o n s .  
Development o f  t h e  geothermal r e s e r v o i r  began i n  1975 and the 
environmental program was i n i t i a t e d  soon a f t e r  d r i l l i n g  began. 
The major elements o f  t h e  mon i to r i ng  program were cont inued 
d u r i n g  the c o n s t r u c t i o n  and experimental t e s t i n g  o f  t he  5-MW(e) 
power p l a n t .  

The mon i to r i ng  s tud ies  es tab l i shed  pre-development base l i ne  
c o n d i t i o n s  o f  and assessed changes i n  the  phys i ca l ,  b i o l o g i c a l ,  
and human env i  ronmenc. 
Program c o l l e c t e d  base l i ne  data on geology, subsidence, 
s e i s m i c i t y ,  meteorology and a i r  q u a l i t y .  The B i o l o g i c a l  
Environmental Mon i to r i ng  Program c o l l e c t e d  base l i ne  data on t h e  
f l o r a  and fauna o f  t he  t e r r e s t r i a l  ecosystem, s tud ied  r a p t o r  
d is turbances,  and surveyed t h e  aqua t i c  communities o f  t h e  R a f t  
River .  
, h i s t o r i c  and a rchaeo log ica l  s i tes,considered the socioeconomic 

The Physical  Environmental Mon i to r i ng  

The Human Environmental Mon i to r i ng  Program surveyed 
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environment, and documented incidences o f  f l u o r o s i s  i n  t h e  Ra f t  
River  Val ley.  

I n  a d d i t i o n  t o  t h e  environmental mon i to r i ng  programs, 
research on b i o l o g i c a l  d i r e c t  a p p l i c a t i o n s  us ing geothermal 
water was conducted a t  R a f t  River .  Areas o f  research inc luded 
biomass product ion o f  wet land and t r e e  species, aquacul ture,  
a r g r i c u l t u r a l  i r r i g a t i o n ,  and t h e  use o f  wetlands as a t reatment 
o r  pret reatment  system f o r  geothermal e f f l u e n t s .  

INTRODUCTION 

Geothermal energy may be used e i t h e r  f o r  t he  product ion o f  
e l e c t r i c i t y  o r  f o r  d i r e c t - h e a t  a p p l i c a t i o n s .  
energy technologies,  t h e  environmental e f f e c t s  o f  geothermal energy 
p roduc t i on  are g e n e r a l l y  considered smal l .  There may however be 
measurable impacts associated w i t h  t h e  e x p l o r a t i o n ,  t e s t i n g ,  and 
p roduc t i on  phases o f  a geothermal resource. Several overviews o f  
p o t e n t i a l  environmental impacts r e s u l t i n g  from geothermal development 
have been publ ished (Pimentel,  1978; S t r o j a n  and Romney, 1979; Suter,  
197.8; Tucker and Tanner 1978; O’Banion and Layton, 1981; Layton e t  a l . ,  
1981; and Spencer e t  a1 1979). Among the  environmental concerns 
i d e n t i f i e d  are: lKs%’mod i f i ca ’ t i on  o f  f i s h  and w i l d l i f e  h a b i t a t ;  
p o t e n t i a l  socioeconomic impacts ( p a r t i c u l a r l y  i n  sparse ly  populated areas 
o f  t h e  western U.S. where many geothermal resources a re  located) ;  gaseous 
emissions ( p r i m a r i l y  carbon d i o x i d e  and hydrogen s u l f i d e  and, t o  a l e s s e r  
extent ,  mercury and radon); water use; l and  subsidence; induced 
s e i s m i c i t y ;  d ischarges t o  sur face waters o f  geothermal f l u i d s  h i g h  i n  
t o t a l  d i s s o l v e d  s o l i d s ;  and e f f e c t s  o f  acc iden ta l  s p i l l s  and blowouts. 

considered d u r i n g  t h e  env.ironmenta1 mon i to r i ng  program a t  t h e  R a f t  R ive r  
Geothermal S i t e .  The mon i to r i ng  program was designed t o :  (1) p rov ide  
base l i ne  data w i t h  which t o  assess f u t u r e  impacts of development; 
(2) c o l l e c t  mon i to r i ng  data d u r i n g  operat ions;  and (3) serve as an 
example o f  how an environmental program associated w f t h  a l a rge r -sca le  
geothermal development might  be conducted. 
impor tant  o b j e c t i v e  o f  t h e  environmental program. 

Compared t o  some o the r  

-- 

These general issues and o t h e r  s i t e  s p e c i f i c  concerns were 
a 

The l a s t  i t em was an 

FACILITY DESCRIPTION AND HISTORY 

The R a f t  R i v e r  Geothermal S i t e  i s  l o c a t e d  i n  southeastern Idaho i n  
the  R a f t  R ive r  V a l l e y  (F igu re  1). 
( - 1 5 0 O C )  resource i n  t h i s  area had been repo r ted  by t h e  U.S. Geological  
Survey (USSS). A j o i n t  e f f o r t  between t h e  U.S. Atomic Energy Commission 
( a  predecessor t o  the Department o f  Energy), t h e  Idaho Department o f  
h a t e r  kesources, ana t ne  Raft  R ive r  Rural  E l e c t r i c  Co-op, was undertaken 
t o  develon t h i c  reqourco. Between 1975 and 1978, 5 product ion w e l l s  
(depths from 1497m t o  1994m) and two i n j e c t i o n  w e l l s  (depths o f  1176m and 
1185111) were  d r i l l e d .  

The presence o f  a moderate temperature 
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The R a f t  R i v e r  Basin was declared a c r i t i c a l  ground-water area by 
t h e  Idaho Department o f  Water Resources i n  1963 and the area was c losed 
t o  f u r t h e r  ground-water development. 
i n j e c t i o n  o f  geothermal waters i n  the  in termediate depth a q u i f e r  cou ld  
a f f e c t  t h e  q u a l i t y  o f  water i n  t h e  shal low a q u i f e r  used f o r  i r r i g a t i o n  
and c u l i n a r y  water,  seven moni tor  w e l l s  were d r i l l e d .  Mon i to r i ng  r e s u l t s  
from those and e x i s t i n g  w e l l s  i n  t h e  area a re  repor ted by Allman 
- e t  g . ,  1982. 
n e g l i g i b l e .  Shor t  t r a n s i e n t  pressure responses were noted as a r e s u l t  of 
geothermal p roduc t i on  and i n j e c t i o n .  The geology, geophysics, hydrology, 
and geochemistry o f  t h e  R a f t  R ive r  Geothermal S i t e  have a l s o  been 
descr ibed (Dolenc e t  a l . ,  1981; T u l l i s  and Dolenc, 1982; Russel l ,  1982; 
and H u l l ,  1982). 

Because the re  was concern t h a t  

Changes i n  ground-water q u a l i t y  observed were 

A major p o r t i o n  o f  t h e  Idaho Nat ional  Engineering Laboratory (INEL) 

The p r i n c i p a l  
work a t  R a f t  R i v e r  was d i r e c t e d  toward t h e  design and c o n s t r u c t i o n  o f  a 
b i n a r y  c y c l e  p i l o t  p l a n t  w i t h  a nominal r a t i n g  o f  5MW(e). 
o b j e c t i v e  o f  t h e  p i l o t  p l a n t  was t o  demonstrate t h e  techn ica l  f e a s i b i l i t y  
o f  generat ing e l e c t r i c  power from a moderate temperature geothermal 
resource i n  an env i ronmenta l ly  acceptable manner. 
p l a n t ,  geothermal f l u i d s  a re  used t o  heat a secondary working f l u i d  
(i sobutane) which expands through a turb ine-generator  t o  produce 
e l e c t r i c i t y .  The working f l u i d  i s  then condensed and reheated i n  a 
c losed system. 
t re 'ated geothermal water through a heat exchanger. 
d i s s i p a t e d  i n  a wet evaporat ive c o o l i n g  tower. 
occurred d u r i n g  August t o  November, 1981. 
the p l a n t  was brought up t o  i t s  f u l l  thermal power o f  45MW(t). Tes t i ng  
and opera t i on  o f  t he  5MW(e) f a c i l i t y  cont inued through mid-June, 1982. 
More complete d e s c r i p t i o n s  o f  t h e  5MW(e) p l a n t  and i t s  water t reatment  
system a r e  p rov ided  by Whitbeck and S t i g e r ,  1982 and Suciu -- e t  a l .  1982. 

ENVIRONMENTAL MONITORING AND RESEARCH PROGRAM 

I n  t h e  b i n a r y  c y c l e  

Heat i s  removed from t h e  isobutane by c i r c u l a t i n g  co ld,  
Th is  heat i s  then 

P lan t  s t a r t u p  t e s t i n g  
Dur ing the  week o f  October 28, 

a The environmental mon i to r i ng  and research a c t i v i t i e s  a t  t he  R a f t  
R ive r  Geothermal S i t e  were conducted d u r i n g  the p e r i o d  from 1975 t o  
1982. 
e x i s t i n g  environment p r i o r  t o  development and t o  measure changes i n  
environmental parameters as a r e s u l t  o f  geothermal development. I n  
a d d i t i o n ,  research regard ing b i o l o g i c a l  d i r e c t  a p p l i c a t i o n s  o f  geothermal 
f 1 u i d s  was conducted t o  iden t i f y  o the r  p o t e n t i a l  l y  b e n e f i c i a l  uses 
associated w i t h  geothermal development. 

p a r t i c i p a t i o n  o f  n o t  o n l y  Department o f  Energy and EG&G Idaho personnel, 
b u t  a l s o  i n d i v i d u a l s  from numerous l o c a l  groups, S ta te  and Federal 
egenciec, universjties, and p r i v a t e  con t rac to rs .  The many s tud ies  which 
made up t h e  environmental program a re  summarized i n  d e t a i l  (with t h e  
except ion o f  ground-water mon i to r i ng  which i s  repo r ted  separate ly)  i n  a 
+ i p a 3  r o y r t  ( ??c rw an3 Cahn, 1982). That r e p o r t  forms t h e  b a s i s  f o r  
tnis summary ana snould be consul ted f o r  d e t a i l s .  

The mon i to r i ng  program was es tab l i shed  t o  cha rac te r i ze  t h e  

These monitor-ing and research s tud ies  r e q u i r e d  the  cooperat ion and 
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PHYSICAL ENVIRONMENT 

Physica l  aspects o f  t h e  environment may a f f e c t  e n t i r e  ecosystems. A 
phys ica l  environmental  mon i to r ing  program was es tab l i shed t o  de tec t  
changes i n  t h e  phys i ca l  environment and t o  i n d i c a t e  p o t e n t i a l l y  adverse 
r e s u l t s  f rom geothermal development. 

Geology 

The Known Geothermal Resource Area (KGRA) i s  l oca ted  a t  t h e  southern 
end o f  t h e  R a f t  R ive r  Va l ley .  The v a l l e y ,  60 km long and 20 t o  24 kin 
wide, i s  bounded by t h e  Black Pine Mountains, t h e  J i m  Sage Mountains, t h e  
R a f t  R ive r  Range, and t h e  Snake R iver  P l a i n  (F igure  2 ) .  
meanders northward through t h e  bas in  from t h e  southern end o f  t h e  Jim 
Sage Mountains. 

The geo log ic  s t r u c t u r e  o f  t h e  R a f t  R ive r  bas in  near t h e  KGRA has 
been s tud ied  ex tens i ve l y  and i s  descr ibed i n  d e t a i l  i n  o the r  r e p o r t s  
(Dolenc e t .  a., 1981; Thurow and Cahn; 1982). The geothermal 
r e s e r v o i r i n  t h e  KGRA occurs near t h e  Horse Wel l  and t h e  Br idge f a u l t .  
USGS a n a l y s i s  o f  t h e  thermal f l u i d s  i n  t h e  r e s e r v o i r  suggests t h e  f l u i d  
i s  a t  l e a s t  60 t o  70 years  o l d .  S t a t i c  water  l e v e l s  i n  t h e  thermal 
r e s e r v o i r  a re  about l O O m  above t h e  l and  surface. 

The R a f t  R ive r  

A 

SeCsmici t y  

The p o s s i b i l i t y  o f  induc ing  earthquakes as a r e s u l t  o f  f l u i d  
wi thdrawal  o r  i n j e c t i o n  i s  o f  concern du r ing  geothermal development. A t  
R a f t  R iver ,  a seismic network was es tab l i shed  ( i n i t i a l l y  i n  J u l y ,  1974) 
t o  c o l l e c t  base l i ne  da ta  and mon i to r  microseismic a c t i v i t y  du r ing  
geothermal f i e l d  t e s t i n g ,  product ion,  and i n j e c t i o n .  

KGRA i n d i c a t e s  a low-st ress environment. It i s  u n l i k e l y  t h a t  earthquakes 
would be t r i g g e r e d  by geothermal a c t i v i t i e s  i n  t h e  low-st ress environment 
near t h e  R a f t  R ive r  f a c i l i t y  and, t o  date,  no increase i n  seismic 
a c t i v i t y  has been detected. 

The low l e v e l  o f  background s e i s m i c i t y  found i n  t h e  v i c i n i t y  o f  t h e  

Excessive groundwater wi thdrawals  f rom unconsol idated o r  p o o r l y  
conso l ida ted  a q u i f e r s  may cause l a n d  subsidence and f r a c t u r i n g .  
t h e  no r the rn  R a f t  R ive r  Va l l ey  (about 40 km from t h e  geothermal s i t e )  
have subsided over  0.9m i n  t h e  l a s t  20 years  because o f  excessive 
groundwater pumping f o r  i r r i g a t i o n .  
es tab l i shed  i n  1975 a t  t h e  R a f t  R ive r  geothermal w e l l  f i e l d  t o  mon i to r  
p o t e n t i a l  subsiaence cause6 by geothermal f l u i d  wi thdrawal .  The g r i d  was 
surveyed again i n  1978 and 1980. 
complet ion o f  a l l  w2115 t o  p e r i o d i c a l l y  i n c l u d e  e leva t i on  checks a t  
s p e c i f i c  welis during uroauc t ion  ana i n j e c t i o n  t e s t s .  

Areas i n  

A d e t a i l e d  surveying g r i d  was 

The g r i d  was expanded i n  1979 a f t e r  
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With t h e  except ion o f  f i v e  p o i n t s  l oca ted  i n  c u l t i v a t e d  f i e l d s  where 
e l e v a t i o n  changes were due t o  farming a c t i v i t i e s ,  a l l  changes i n  e l e v a t i o n  
measured d u r i n g  t h e  subsidence surveys were w i t h i n  the  experimental e r r o r .  
No de tec tab le  changes i n  e l e v a t i o n  occurred as a r e s u l t  o f  geothermal 
development a t  R a f t  River .  

Meteorology 

Meteoro log ica l  da ta  a re  impor tant  t o  a mon i to r i ng  program because wind 
speed and d i r e c t i o n ,  temperature, and p r e c i p i t a t i o n  may have d i r e c t  e f f e c t s  
on components o f  t h e  ecosystem and i n f l u e n c e  a i r  q u a l i t y  data.  
s t a t i o n  was es tab l i shed  near t h e  geothermal s i t e  i n  1975 t o  moni tor  wind 
v e l o c i t y  and d i r e c t i o n ,  p r e c i p i t a t i o n ,  ambient a i r  temperature, and dewpoint 
temperature. 

A weather 

The mean annual temperature i n  the  v a l l e y  i s  8OC, and t h e  extremes a re  
-3OOC and 40OC. Rapid c o o l i n g  d u r i n g  c l e a r  evenings creates n i g h t  t ime 
inve rs ions ,  b u t  winds and morning heat ing o f  t h e  ground u s u a l l y  c l e a r  t h e  
i n v e r s i o n s  be fo re  af ternoon. 
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  a t  t h e  s i t e  a re  good. 
q u i t e  v a r i a b l e  from year  t o  year  and month t o  month. 
p r e c i p i t a t i o n  d u r i n g  t h e  p e r i o d  o f  geothermal development was 255 mm. 

Because o f  a h igh  frequency o f  windy days, 
P r e c i p i t a t i o n  data a re  

The annual average 

A i r  Q u a l i t y  Mon i to r i ng  

Based on experience from the  Geysers development i n  C a l i f o r n i a ,  one o f  
t h e  environmental concerns a t  R a f t  R ive r  was the  emission o f  H2S. It 

should be noted t h a t  t h e  R a f t  R ive r  p l a n t  [5MW(e)] i s  small compared t o  the  
generat ing capac i t y  a t  t h e  Geysers p r o j e c t  [>go0 MW(e)]. P a r t i c u l a t e  
emissions from c o n s t r u c t i o n  and operat ion a c t i v i t i e s ,  and from t h e  d r y i n g  o f  
m i s t s  em i t ted  from t h e  c o o l i n g  towers were i d e n t i f i e d  as concerns a lso.  
O r i g i n a l  p lans c a l l e d  f o r  the use o f  a chromate co r ros ion  i n h i b i t o r  i n  t h e  
c o o l i n g  tower, b u t  a phosphate and z i n c  s u l f a t e  m ix tu re  was used instead.  

P r o t e c t i o n  Agency (EPA) re ference methods (40CFR 50). 

The base l i ne  a i r  m o n i t o r i n g  program was i n i t i a t e d  in 1975 and expanded 
i n  1980. T o t a l  suspended p a r t i c u l a t e  (T5P) data were c o l l e c t e d  a t  f o u r  
l o c a t i o n s  around t h e  geothermal s i t e  a f t e r  1980. On A p r i l  28 and 29, 1982, 
t h e  emissions from t h e  c o o l i n g  tower were sampled to determine f l u o r i d e ,  
s u l f a t e ,  hydrogen s u l f i d e ,  z inc ,  and p a r t i c u l a t e  emissions. 

Na t iona l  Ambient A i r  Q u a l i t y  Standard (NAAQS) o f  75 vg/m3 and t h e  

secondary NAAQS o f  60 pg/m (Table 1). A l l  samples except those taKen 
on June 30, 1976 and June 19, 1981 were a l s o  below t h e  pr imary 24-h standard 
(260 ug/m ) and t h e  secondary 24-h standard (150 pg/m 1. 
f o r  t h e  1976 except ion was wind-raised dus t  from bare f i e l d s  near the sample 
s t a t i o n .  

a A l l  measurements were made i n  accordance w i th  standard Environmental 

The annual average TSP concentrat ions’  a re  w e l l  below t h e  pr imary 

3 

3 3 The cause 

The 1981 exceptqon was caused by a road maintenance crew wtrhirig 
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TABLE 1. GEOMETRIC MEAN TOTAL SUSPENDED PARTICULATE (TSP) CONCENTRATIONS 

a 
D - Sampl i ng Per iod  - A - B - C 

10/80 t o  12/80 
01/81 t o  03/81 
04/81 t o  06/81 

07/81 t o  08/81 
10/81 t o  12/81 
01/82 t o  03/82 

04/82 

1.0.7 14.5 12.7 16.4 
4.7 6.7 6.7 7.6 

11.3 19.5 17.2 16.1 

34.6 41.1 45.7 45.1 
6.4 7.9 6.2 6.7 
5.5 6.0 5.5 5.2 
9.5 13.5 12.0 12.2 

a. S t a t i o n  A i s  the upwind o r  background l o c a t i o n .  

on an unpaved road near S t a t i o n  B. 
t h e  dry summer months and lower d u r i n g  t h e  we t te r  pe r iods  o f  f a l l  and 
w i n t e r .  Values were a l s o  lower when a snow cover ex i s ted .  

The TSP 
concen t ra t i ons  d u r i n g  t h e  1980-82 sampling p e r i o d  ranged from 0.3 t o  

TSP values a t  
S t a t i o n  A (background) were g e n e r a l l y  30-50!% lower than s i t e s  l oca ted  
near unpaved s i t e  access roads and p l a n t  c o n s t r u c t i o n  a c t i v i t i e s .  

The c o o l i n g  tower emmissions t e s t s  revealed t h a t  most o f  t h e  
measured parameters ( s u l f a t e ,  f l u o r i d e ,  phosphate, suspended so l  i ds ,  
t o t a l  p a r t i c u l a t e s  and hydrogen s u l f i d e )  were below t h e  l i m i t s  o f  
d e t e c t i o n  f o r  t h e  methods used. 

11 vg/m . 

Radon-222 concen t ra t i ons  i n  t h e  geothermal f l u i d s  were about 39OpCi/L, a 
r e l a t i v e l y  low concentrat ion.  

It was concluded t h a t  TSP l e v e l s  a t  t h e  s i t e  r e s u l t  ma in l y  from 
a g r i c u l t u r a l  a c t i v i t i e s  and from c o n s t r u c t i o n  and t r a f f i c  a t  the 
geothermal f a c i l i t y .  Ambient l e v e l s  were we1 1 below standards. The 
impacts on a i r  q u a l i t y  o f  s i t e  a c t i v i t i e s ,  p l a n t  operat ion,  and c o o l i n g  
tower emissions were minimal.  

BIOLOGICAL ENVIRONMENT 

TSP concentrat ions were h ighe r  d u r i n g  

The l a r g e s t  

number of TSP values were i n  t h e  range o f  0 t o  10 pg/m 3 . 

388.8 vg/m 3 w i t h  t h e  average be ing  about 1.9 pg/m 3 . 

4 Zinc was present  a t  an average o f  o n l y  
3 

The U.S. €PA conducted t e s t s  o f  radon gas emissions i n  March 1976. 

E f f e c t i v e  e n v i r  q u i r e s  an understanding of t h e  
d i v e r s i t y  and p o p u l a t i o n  i n t e r a c t i o n s  o f  t h e  b i o t i c  community. A t  t h e  
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R a f t  R ive r  Va l ley ,  base l ine  da ta  on aquat ic  and t e r r e s t r i a l  f l o r a  and 
fauna have been c o l l e c t e d .  These base l ine  s tud ies  have s i g n i f i c a n t l y  
improved t h e  understanding o f  t h e  ecology o f  t h e  v a l l e y .  Due t o  
programmatic changes, t h e  power p l a n t  d id  n o t  operate as l ong  as 
o r i g i n a l l y  intended. Therefore, no eco log i ca l  impacts due t o  opera t ions  
were observed. However, these s tud ies  prov ided much-needed da ta  about 
p l a n t  and animal popu la t ions  and t h e i r  n a t u r a l  v a r i a t i o n s .  Th is  
i n fo rma t ion  w i l l  be u s e f u l  f o r  assessing impacts o f  any f u t u r e  
development i n  t h e  v a l l e y  and prov ides  a good example o f  t h e  type o f  
i n fo rma t ion  needed t o  assess impacts. The r a p t o r  s tud ies  demonstrate how 
such in fo rma t ion  can be used t o  minimize eco log i ca l  impacts. 

Raptor Ecology and D i  sturbance 

Raptors a r e  impor tan t  b i o l o g i c a l  i n d i c a t o r s  o f  environmental 
p e r t u r b a t i o n s  and as such may r e f l e c t  changes occu r r i ng  w i t h i n  an 
ecosystem. 
c e n t r a l  Idaho which can be used as a re fe rence f o r  s i m i l a r  h a b i t a t s  
t y p i c a l  o f  t h e  Great  Basin. 

Golden eagles,  Swainson's hawks, fe r rug inous  hawks, and severa l  species 
o f  owls were most common. 
in . the v a l l e y  d u r i n g  1978 and 1979. 
increase i n  human a c t i v i t y  assoc iated w i th  t h e  Raft  R iver  geothermal 
development d id  n o t  have an observable e f f e c t  on r a p t o r  popu la t ions .  
Observed d e c l i n e s  i n  l a r g e  r a p t o r  nes t i ng  success ( i .e . ,  golden eagle and 
fe r rug inous  hawk) were associated w i t h  t h e  n a t u r a l  c y c l i c  t r e n d  i n  t h e  
j a c k r a b b i t  popu la t ion .  
ex tens i ve l y  as p a r t  of t h i s  program, and w i t h o u t  those data,  t h e  change 
i n  r a p t o r  nes t i ng  success would have been more d i f f i c u l t  t o  i n t e r p r e t .  

nes t  d e s e r t i o n  f rom d is tu rbance and i t s  numbers a re  apparent ly  d e c l i n i n g  
nat ionwide. 
hawk popu la t ions  remaining i n  t h e  count ry  (Thurow g& aJ., 1980). 

t o  s imu la te  no ises common t o  d 
veh ic les ,  smal l  gaso l i ne  engines, i n v e s t i g a t o r  approaching on foot ) .  
F lush ing  d i s tance  and f l e d g i n g  r a t e s  were used as measures o f  response t o  
t h e  d is turbance.  
fe r rug inous  hawk i n  R a f t  R ive r  Va l l ey  was n o t  impai red by geothermal 
development and assoc ia ted  human a c t i v i  
(approx imate ly  0.6 km) were n o t  v i o l a t e d .  

HUMAN AND CULTURAL MONITORING PROGRAM 

Data f rom t h i s  study prov ide  base l ine  i n fo rma t ion  f o r  south 

Twenty-one r a p t o r  species were present  i n  t h e  R a f t  R ive r  Va l ley .  

A t o t a l  o f  181 a c t i v e  r a p t o r  nes ts  were found 
The l i m i t e d  land d is tu rbance and 

Jack rabb i t  popu la t ion  cyc les  were s tud ied  

The fe r rug inous  hawk, t h e  l a r g e s t  hawk i n  Nor th  America, i s  prone t o  

The R a f t  R ive r  Va l l ey  has one o f  t h e  most s t a b l e  fe r rug inous  
1 

Dur ing  1978, 1979, and 19 nes ts  were d i s t u r b e d  by severa l  means 
lopment o f  a geothermal s i t e  (e.9. 

The study concluded t h a t  nes t i ng  success o f  t h e  

g as b u f f e r  zones 

Developing t h e  geother i v e r  Va l l ey  cou ld  
p rov ide  l o c a l  r e s i d e n t s  wi th  many b e n e f i t s  and oppor tun i t i es ;  however, 
some undes i rab le  a l t e r a t i o n s  cou ld  a l s o  r e s u l t .  The h i g h  f l u o r i d e  l e v e l s  

9 
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sometimes associated w i th  geothermal development were o f  concern i n  t h e  
R a f t  R ive r  Val ley.  
socioeconomic changes t h a t  c o u l d  accompany development o f  t he  geothermal 
resource. 

A program was es tab l i shed  t o  i d e n t i f y  p o t e n t i a l  

A survey was conducted i n  the  Raft R ive r  Va l l ey  t o  document the  
ex is tence o f  h i s t o r i c  and archaeologica l  s i t e s .  The development had no 
impact on known s i t e s  and no undiscovered s i t e s  were l oca ted  d u r i n g  
c o n s t r u c t i o n  a c t i v i t i e s .  

A socioeconomic eva lua t i on  o f  Cassia County and p o t e n t i a l  impacts 
t h a t  c o u l d  be associated w i th  development a t  t he  R a f t  R ive r  S i t e  was 
conducted from 1976 through 1980. Many b e n e f i t s  r e s u l t e d  f rom 
development o f  t h e  geothermal s i t e .  Many l o c a l s  were  employed d u r i n g  
development and wages a t  the s i t e  were genera l l y  h ighe r  than average 
wages i n  t h e  county. Geothermal development increased t a x  revenues and 
reduced unemployment. There were no s i g n i f i c a n t  l and  use impacts. 

Water w i t h  a h i g h  f l u o r i d e  content  can cause chronic  f l u o r i d e  
poisoning ( f l u o r o s i s )  i n  humans and animals. Because f l u o r o s i s  i n  a 
nearby community had been l i n k e d  t o  h i g h  f l u o r i d e  l e v e l s  i n  t h e  water 
supply, an i n v e s t i g a t i o n  o f  t h e  incidence o f  denta l  f l u o r o s i s  i n  t h e  R a f t  
R ive r  V a l l e y  was undertaken. The incidence o f  denta l  f l u o r o s i s  i n  Va l l ey  
r e s i d e n t s  appeared t o  be abnormally high. 
d r i b k i n g  water were low and no cause f o r  t h e  h igher  than normal inc idence 
o f  f l u o r o s i s  was found. The f l u o r o s i s  was n o t  associated w i th  
development o f  the geothermal resource. 

BIOLOGICAL DIRECT APPLICATION RESEARCH 

However, f l u o r i d e  l e v e l s  i n  

Research designed t o  t e s t  t h e  f e a s i b i l i t y  o f  us ing energy expended 
geothermal f l u i d  f o r  b e n e f i c i a l  b i o l o g i c a l  uses was conducted a t  t h e  R a f t  
R ive r  s i t e .  The most common method of d isposal  o f  energy expended 
geothermal water i s  i n j e c t i o n .  However, i n  t h e  a r i d  west where water 
supp l i es  a re  l i m i t e d ,  some geothermal waters might  be s u i t a b l e  f o r  
i r r i g a t i o n  o r  o t h e r  purposes. S u r v i v a b i l i t y  and p r o d u c t i v i t y  o f  va r ious  
a g r i c u l t u r a l ,  aquacu l tu ra l ,  rangeland, and t r e e  species were t e s t e d  a t  
the R a f t  R i v e r  f a c i l i t y .  
p o t e n t i a l  o f  b i o l o g i c a l  systems such as wetlands f o r  water p u r i f i c a t i o n .  
These s t u d i e s  a r e  descr ibed by Thurow and Cahn, 1982 and by Breckenr idge 
-- e t  a l .  1982. 

Studies were a l s o  conducted t o  assess t h e  

l o  
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