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ABSTRACT 

Geothermal energy a p p l i c a t i o n s  a re  i n h e r -  
e n t l y  s i t e  s p e c i f i c  s ince i t  cons t ra ins  d i r e c t  
use t o  w i t h i n  a few m i les  o f  the-resource. For 
t h i s  reason geothermal w i l l  be developed i n  a 
wide v a r i e t y  o f  geographic and environmental 
l oca t i ons .  Hence, the  p o t e n t i a l  l i m i t i n g  
f a c t o r s  t o  d i r e c t - u s e  a p p l i c a t i o n s  may va ry  
from s i t e  t o  s i t e  and r e g i o n  t o  reg ion.  

This paper w i l l  d iscuss one d i r e c t - u s e  
a p p l i c a t i o n  p r o j e c t  and t h e  approach used t o  
so l ve  a major l i m i t i n g  f a c t o r ,  t h e  d isposal  
o f  spent geothermal f l u i d s .  

INTRODUCTION 

Warm Springs, Montana i s  t h e  s i t e  o f  t he  
Montana S ta te  Mental Hosp i ta l  and i s  l o c a t e d  
approximately 15 m i les  south o f  Deer Lodge i n  
the  southwestern p a r t  o f  Montana i n  Deer Lodge 
County. The f a c i l i t y  i s  s i t u a t e d  i n  t h e  southern 
p o r t i o n  of t h e  Deer Lodge Va l l ey  on t h e  west 
s i d e  o f  I n t e r s t a t e  90 and U.S. 10. The v a l l e y  
covers an area o f  approximately 300 square 
m i les  and i s  rough ly  33 m i les  l o n g  (N-S)  by 
9 m i les  wide (E-W). 

The Warm Spr ings S t a t e  Hosp i ta l  Geothermal 
Demonstration P r o j e c t  i s  a d i rec t -use  a p p l i c a t i o n  
designed t o  p rov ide  space hea t ing  f o r  two 
b u i l d i n g s ,  approx imate ly  60,000 sq. ft., and 
domestic water  hea t ing  f o r  t he  e n t i r e  f a c i l i t y .  
The conceptual geothermal system design w i l l  
u t i l i z e  a t  peak hea t ing  demand 300 gpm a t  17OoF. 
The sgent geothermal f l u i d  w i l l  e x i t  t h e  system 
a t  70 F and d ischarge i n t o  c l a y - l i n e d  ponds 
no r theas t  o f  t h e  f a c i l i t y  (see F igure 1 ) .  
These ponds w i l l .  be u t i l i z e d  f o r  containment o f  
t h e  spent geothermal f l u i d  t o  p rov ide  a wet land 
h a b i t a t  f o r  m ig ra to ry  water fowl .  

ENVIRONMENTAL 

Geothermal e f f l u e n t s  have been u t i  1 i z e d  
f o r  a v a r i e t y  o f  b e n e f i c i a l  and economical 
purposes. .Gutman (1976) repo r ted  on t h e  use of 

geothermal, waters i n  hydroponics, and Minohara 
and Sekioka (1976) o u t l i n e d  i t s  u t i l i z a t i o n  f o r  
c u l t i v a t i n g  p l a n t s  and breeding animals near 
Tokyo, Japan. Recently, a t t e n t i o n  has been 
focused upon t h e  use o f  geothermal e f f l u e n t s  f o r  
t h e  c r e a t i o n  o f  wetlands h a b i t a t .  A l a r g e  
measure o f  t h i s  a t t e n t i o n  has o r i g i n a t e d  w i t h i n  
t h e  U.S. F i sh  and W i l d l i f e  Service, which 
i n i t i a t e d  funding o f  a geothermal ly-der ived 
wetlands f e a s i b i l i t y  s tudy i n  1979. This study 
was t o  emphasize p o s s i b l e  wetlands development 
i n  t h e  a r i d  reg ions o f  t h e  western Uni ted States 
(U.S. F i sh  and W i l d l i f e  Service, 1979). 

The use o f  geothermal e f f l u e n t s  i n  t h e  
c r e a t i o n  o f  wetlands h a b i t a t  r a i s e s  a number of 
questions concerning p o t e n t i  a1 environmental 
b e n e f i t s  and drawbacks. The questions which 
a r i s e  are m u l t i d i s c i p l i n a r y ;  however, t h e  U.S. 
F i s h  and I J i l d l i f e  Serv ice (1979) has i d e n t i f i e d  
water  q u a l i t y  concerns and eco log i ca l  compa t ib i l -  
i t y  as t h e  key unknowns i n f l u e n c i n g  t h e  success 
o r  f a i l u r e  o f  t h e  u t i l i z a t i o n  of geothermal 
waste waters i n  wetlands development. 

Armstead (1 976) i n c l  uded hydrogen s u l  f i de ,  
carbon d iox ide,  s i l i c a ,  heat, and the  presence 
o f  t o x i c  substances as p o t e n t i a l  types o f  
environmental po l  1 u tan ts  de r i ved  from geothermal ' 

developments. Although most, i f  n o t  a l l ,  of 
these parameters bear  moni tor ing,  t o x i c  substances 
which might  e x i s t  w i l l  be c l o s e l y  sc ru t i n i zed ,  
and the  p o s s i b i l i t y  o f  bioaccumulation i n  the 
faunal  and t h e  f l o r a l  components o f  t h e  wetlands 
should be i n v e s t i g a t e d  a lso.  

As t h e  Warm Springs S t a t e  Hosp i ta l  geotherm- 
a l  wetlands a re  developed, environmental monitor- 
i n g  and e f f l u e n t  c o n t r o l  systems should be 
evolved based upon 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  
t h e  f o l l o w i n g :  

The e f f e c t s  upon t h e  water  q u a l i t y  of 
nearby streams and qroundwater aqu i fe rs  
resu l t i i ng  f rom geothermal discharge and 
ponding o f  t h e  e f f l u e n t s ;  

The e f f e c t s  upon t h e  surrounding sur face 
water  and groundwater hydrology 
r e s u l t i n g  f rom geothermal discharge and 
t h e  ponding o f  t h e  e f f l u e n t s ;  
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The e f f ec t s  o f ,  and possible mitigating 
measures regarding , elevated concentra- 
t ions of certain chemical consti tuents 
w i t h i n  the e f f luent  waters; and 

The e f f ec t s  o f  elevated water temperature 
upon the s t ruc ture ,  d ivers i ty ,  and 
productivity of the f lo ra l  and faunal 
communities which develop within the 
wet1 ands. 

Located near the Anaconda Company ( A R C O )  
t a i l i ngs  ponds north of Anaconda, Montana, the 
Warm Springs S ta te  Hospital wetlands development 
arsa l i e s  within a recognized waterfowl breeding 
and migration area (BLM, 1979). The proposed 
location of the wetlands should provide additional 
waterfowl habi ta t  w i t h i n  a semi-arid climatic 
region. I I n  addition, if  properly managed these 
geothermally-derived wetlands could provide open 
water habitat  and highly productive feeding areas 
d u r i n g  periods of severe winter weather or  normal 
ice cover. 

Under a possible multiple use scenario, the 
Montana Department of Health and Envi ronmental 
Sciences (MDHES) i s  investigating the poss ib i l i ty  
of u t i l i z ing  the  Warm S p r i n g s  wetlands develop- 
ment a s  a rearing f a c i l i t y  for  the mosquitofish 
(Gambusia a f f i n i s ) .  
mosquito control program which u t i l i ze s  trans- 
planted populations of mosquitofish (Jamison, 
1979), and under this potential scenario, the 
f i sh  would be removed as needed fo r  use i n  the 
statewide mosquito control program. As the 
mosquitofish i s  known t o  thr ive  in thermally 
affected waters (McFarlane, 1976; Montana Depart- 
ment of Health and Environmental Sciences, 1978) , 
this program has'potential  as  an economically 
and environmentally viable by-product of the 
geothermally-derived wetlands development a t  
Warm Springs S ta te  Hospital. 

MDHES has an ongoing 

From an environmental standpoint , the 
Warm Springs geothermal wetlands development 
of fe rs  many avenues of potential  and promise. 
However, as i n  any newly developing approach, 
cer ta in  inherent problems do ex i s t .  Approaching 
these problems carefully and on firm s c i e n t i f i c  
footing should ensure the development of an 
environmentally, economically, and aes the t ica l ly  
pleasing area,  from which much new and useful 
information can be gathered. 

LEGAL 

Federal and State s t a tu t e s  were reviewed 
for statements of leg is la t ive  pol icy regarding 
the creation of wetlands using spent geothermal 
f lu ids .  
th i r teen  western s t a t e s :  Alaska, Arizona, 
California,  Colorado, Hawaii, Idaho, Montana, 
Nevada, New Mexico, Oregon, Utah, Washington, and 
Wyoming. ) 

(The s t a t e  search was r e s t r i c t ed  t o  the 

order t o  develop an understanding of the legal 
s t ruc ture  w i t h i n  which such a wetlands project 
must operate, i t  was therefore necessary t o  
review and synthesize leg is la t ion  re la t ing  t o  
wetland preservation, water use, water pollution 
control,  geothermal resource development, f i sh  
and wi Id1  i f e  management , and flood control. 

Because of the variety of approaches taken 
by the s t a t e s ,  few general rules can be defined, 
b u t  a number of central issues can be mentioned 
which will require resolution: 

. Does the s t a t e  geothermal law o r  geotherm- 
al regulatory agency impose any conditions 
on the disposal of geothermal f lu id?  

. Are spent geothermal f lu ids  subject t o  
appropriation under the s t a t e ' s  water use 
1 aws? 

. Is an a r t i f i c i a l  wetland a "beneficial 
use" of s t a t e  waters under the s t a t e ' s  
water use law? 

. Is a pollution discharge permit required 
fo r  discharge of geothermal f lu id  i n t o  an 
a r t i f i c i a l  wetland? 

. Will the wetland overflow in to  other 
s t a t e  waters, thereby requiring a dis- 
charge permit? 

. Is s t a t e  or  federal financing available 
fo r  development of wi ld l i fe  habitat  and 
acquisit ion of lands and waters fo r  such 
purposes ? 

. Can a conservancy d i s t r i c t  mechanism be 
used fo r  private wetland development? 

CONCLUSIONS 

In summary the u t i l i za t ion  of spent geother- 
mal f lu ids  t o  create wetlands fo r  migratory water- 
fowl appears t o  be a viable a l te rna t ive  t o  in- 
jection or  d i r ec t  surface discharge. However, 
each development must  be handled as  a separate 
case based on the par t icu lar  environmental and 
legal constraints of t h a t  s i t e  o r  region. 

There i s  no leg is la t ion  dealing exp l i c i t l y  
w i t h  t h i s  subjec t ,  nor have any jur i sd ic t ions  
addressed this question administratively. In 
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