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FOREWORD 

Among the mst cr i t ica l  of problems facing our nation is energy resources. 
Though there may be minor disagreement about the specifics, magnitude, and 
solutions to these problems, there can be no question about their urgency 
and of the necessity for immediate action. In an effor t  to,  i n  part, re- 
solve these questions by accelerating utilization o f  one of our renewable 
resources, the U.S. Department of Energy has developed a program of National 
and Regional P1 anning and Operations Research o f  geothermal energy resources. 

The OIT Geo-Heat Utilization Center, under contract t o  USDOE, has evaluated 
the geothermal energy resource development potential of the six northwest 
s ta tes  of Alaska, Idaho, Montana, Oregon, Washington, and Wyoming. O u r  goal 
has been to  summarize for this region, on a site-specific basis, the various 
factors affecting development including resource data base, geological 
description$ reservoir characteristics, environmental character, lease and 
development status,  insti tutional factors, economics, population and market, 
and finally potential for development. This report summarizes the known 
data base for  the s t a t e  of Montana. 

As so l i t t l e  site-specific geothermal resource data i s  available, this then 
represents a progress report i n  a young, b u t  rapidly developing f ie ld  of 
knowledge. The continuation of this project now underway is attempting to  
complete this core of s i te  information and identify data on new significant 
s i t e s  i n  Montana, provide accurate information and recommendations to  pol icy 
and decision-makers , and ultimately to  ass i s t  i n  evolving more effective 
regional and national geothermal energy programs. 

bi 
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GEOTHERMAL RESOURCES RELATWE TO 
POPU LATIOMS DISTRIBUTION 
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INTRODUCTION 
" 

I 

l 

.of geothermal. energy i n  Montana have been reported 
from ear1iest.histo.ric accounts. The most widely known area was de- 
scribed by the Indians as a "supernatural place" involved i n  the ''produc- 
t i o n  of the Evi l  'Spir i t ."  Later, i t  became known as "Colter's Hell" from 
tales  John Colter brought back from trading and trapping expeditions. I t  
i s  now known as Yellowstone National Park. Another widely known area was. 
discovered by Dr. Andrew Jackson Hunter. He set t led Hunter's Hot Springs 
i n  1870 because of the attractive quali t ies of a continuous hot water 

f this early recognition of naturai energy i n  Montana, there 
has been l i t t l e  exploration for  usable geotherinal resources. One rea- 
son for  this may be the relatively low population densities i n  Montana 
and, hence, low demand for energy. U n t i l  recently, the s t a t e  has had 
adequate hydroelectric and fuel-fired e lec t r ic  energy, and oi l  and gas 
supplies have been both cheap and readily available. As the energy sup- 
ply becomes more c r i t i ca l  , other forms of energy are being explored. 
Another reason for  the lack of geothermal exploration i s  the disparity 
between the population distribution and hydrothermal resource location, 
as i l lustrated on Map 1. If the val nergy increases, more inter-  

i n  this resource 

Many of the s ta te ' s  hottest sprin en analyzed for  geothermal res- 
ervoir potential , including geological mapping w i t h  hydrothermal model- 
ing .  A few small d r i l l i n g  projects have occurred a t  s i t e s  such as 
Whi t e  SUI phur  , Springs nis Hot Springs,  and 
the Centenni 

A major d r i l l  hole was funded i n  1973 by the National Science Foundation 
for  the Marysville area w i t h  a resulting depth of 6,600 feet. Several 

t 

1 

i 
1 
I 

I 

1 

I 

I 

ter - 7 springs 
i 

The remaining springs are e i ther  less than 90°F o r  temperatures have not 
W been recorded. 
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The reservoir temperatures have been estimated for the major springs w i t h  
projections for some as high -as 183OC.  The geotirermometry indicates many 
more w i t h  reservoir temperatures i n  excess o f  100°C. 

T h i s  publication described the work completed during the first year of 
OIT Geo-Heat Center's Northwest Geothermal Development and Planning Pro- 
ject .  The emphasis for  t h i s  year has been on identifying the  important 
factors which directly affect  geothermal development and the potential for  
development of a number of the better hot spring s i t e s  i n  Montana. 

A short description of the s t a t e ' s  geothermal characteristics, economy, 
and climate is presented to  give an overview of the sett ing i n  which de- 
velopment must take place. Further, more specific information on these 
subjects i s  included under the planning regions and site specific data 
summaries. 

The Western Geothermal Planning Region was the focus of the f irst  year's 
work, as most of the available information relates t o  this better known 
area. A brief discussion of the geothermal characteristics and a list- 
i n g  of a majority o f  the known hot  springs is included. The main body 
of collected data is presented here i n  the form of data summaries and 
prose descriptions. 

The Eastern Geothermal Planning Region is  our second-state geothermal re- 
gion division and some preliminary information is included. T h i s  con- 
sists o f  a very general discuss3on o f  the geothermal characteristics, a 
l i s t i n g  of the major known warm springs, and a preliminary data sheet 
for the Mad'l'son Formation resource area. 

As an i l lustrat ion of the relative importance of geothermal i n  relation 
t o  Montana's energy needs , a discussion of present and projected demand 
i s  included. The results of the site specific studies are addressed w i t h i n  
the s t a t e  energy picture. 
thermal resources are discussed.. 

The factors which influence geothermal development were researched and 
presented according t o  re1 ative importance. These include: economics , 
financing, s t a t e  leasing, federal leasing, direct-use technology, water 
quality laws, water r i g h t s ,  and Major Facility S i t i n g  Act. 

Lastly, a discussion of the results of the first year's work, w i t h  
recommendations f o r  emphasis i n  future planning and development work, 
concludes the repopt. 

Possible uses and process requirements of geo- 





5 



6 

METHODOLOGY 

majority of geothermal’ resources existing i n  the s t a t e  of Montana as 
defined through surface manifestations occur i n  the southwestern part of 
the s ta te .  A major, bu t  as yet undefined, resource is the Madison Forma- 

fac i l i t a ted  the division of the s ta te  into the two resource regions shown 
i n  Map 2. The first i s  the Western Geothermal Planning Region which en- 
compasses the mountainous western t h i r d  of the state.  The second is the 
Eastern Geothermal Planning Region, the eastern two-thirds of the s ta te ,  
which consists mostly of rolling hills and plains. 
choose to  subdivide these regions further when specific resource areas can 
be recognized. The relative availabil i ty of data on surface sp r ing  mani- 
festations i n  the southwestern part of the s ta te  dictated tha t  the in i t i a l  
investigation emphasizes this area of the state.  The Eastern Planning 
Region has general descriptions, b u t  lacks the site specific data which 
was gathered for  the Western Planning Region. The scarcity of data and 
large distances inherent w i t h  the eastern region dictated that  any i n -  
depth study be l e f t  for future efforts. 

Site Selection 

In Montana, geothermal resource areas are indicated by specific and iso- 
lated springs which seldom appear t o  have c o m n  reservoirs w i t h  other 
spr ing  areas. For this reason, no attempt was made t o  designate broad- 
based potential geothermal resource areas, other than the regional break- 
downs. Site selection for  study was accomplished by evaluation of availa- 
ble data describing the energy potential of the various sites. Of over 
100 possible s i t e s ,  13 were selected on the basis of higher surface tem- 
peratures, ongoing development, o r  close proximity to  population centers. 

- t i on  which covers most of eastern Montana. T h i s  d i s t r i b u t i o n  of resources 

Future studies may 

of information which was sought for the 13 individual s i t e s  included 
present act ivi ty ,  resource definition, s i t e  environment, and the suita- 
b i l i t y  of the site for various development options. 

W 
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A l l  of the technical information and some socio-economic informatfon is 
presented i n  the form of data sections. These can be used as a s t a r t i ng  
p o i n t  fo r  in-depth development studies. To augment the data texts w i t h  
information not easily categorized and to  include the author's opinions 
gained from study, a prose description of the site was written. T h i s  was 
designed t o  provide a condensed version of the data t t and give impres- 
sions of development potential. 

Development Scenarios 

I t  was necessary to  construct development scenarios to  describe the steps 
required to  harness resource energy. T h i s  type of scenario consists of a 
chart, such as the example shown i n  figure 1. The scenario includes: 
leasing phase, exploration phase, permit t ing phase, and many other develop- 
ment factors on the vertical axis. The horizontal axis shows years into 
the future, from 1972-2000. Time lines are then drawn across from each 
s tep . to  i l l u s t r a t e  the time required for  that  process, relative t o  a speci- 
f i c  project. T h i s  indicates the length of time for the step and its rela- 
t ive position w i t h i n  the project development. The factors which slow 
down the process by requiring the most time are easily identified. 

The results from the scenarios are t o  be used for  planning of the potent ia l  
of the geothermal resource t o  supply energy for s t a t e  consumption. Develop- 
ment of geothermal resource requires that  certain steps be followed to  
comply w i t h  the local, s ta te ,  and federal rules and regulations. In addi- 
tion, specific physical steps such as geophysical exploration and produc- 
tion d r i l l i n g  can be identified. These development steps were assembled 
by category. The site was evaluated for  future use, social, environmental, 
and legal factors. 
These time frames were incorporated i n  a step-by-step scenario which de- 
scribes the development process from ini t ia t ion to  completion w i t h  power 
on line. 

Each factor was assigned specific execution time periods. 

The results of the s i t e  specific information and constructed time frames 
associated w i t h  resource development were then summarized and compared 
w i t h  present and future s ta te  energy requirements. T h i s  i n i t i a l  phase of 
the resource development study is limited to  one year and is  not designed 
t o  comprehensively describe the s t a t e ' s  geothermal potential. T h i s  first 
activity was designed t o  describe the major known geothermal resources. 
Subsequent planning studies will take a close look a t  areas other than 
southwestern Montana. 

Execution order and l e n g t h  of time was investigated for  a l l  necessary de- 
velopment. Steps t o  these were compiled i n  a set of time factors to  be 
used i n  s i t e  specific scenario preparation. A condensed l i s t i n g  of these 
time factors are shown i n  Appendix A. 
derived almost exclusively from many conversations w i t h  agencies involved 
w i t h  geothermal development. Some factors which m u s t  be defined from ex- 
perience were obtained from a previous study done by Mitre-Metrics on the 
same subject. 

Sources for this information were 
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The sample scenario (figure 1) ,  mentioned above, illustr 
oject  which can take place on either federal 

re  time to  accomplish the same developme 
consuming step fs the preparation of an EAR or  EIS for the federal land. 
T h i s  is important economically because a developer must commit lease money 
and speculate development ney for a project which will be delayed from 
star t ing fo r  2 t o  3 years In addition, there is no guarantee that the 
finished EAR/EIS will allow development t o  proceed. 

u 
ther considerations bel’ng equal. As can 
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STATE DESCRIPTION 

Tertiary volcanic or  intrusive act ivi ty  is common to  many areas of the 
s ta te ;  normal faulting is common i n  western Montana. Many of the mountain 
ranges here are  fault-block mountains. In addition, high-volume aquifers, 
such as the Madison Group (Mississippian) and the Dakota Group (Cretaceous) 
underlie much of the s ta te .  These are  the necessary components for geo- 
thermal systems. The potential for widespread economic geothermal resources 
i n  Montana is good. 

Thermal springs exist i n  many areas of the state.  
peratures of these springs t generally, t 
the higher-volume flow 

The upper Ye1 lowstone River drainage erous thermal springs. Ter- 
t iary intrusive bodies w i t h i n  the Beartooth Mountains may be the source 
for  these. Faults and fau l t  systems generally provide conduits for  the 
thermal discharge. Other spr ing  areas include the Mocassin-Judith Mountains 
area, Little Rocky Mountains, and the Castle Mountain Range. The Boulder 
batholith was the site of prolonged volcanic and intrusive activity during 
and a f t e r  Cretaceous time. T h i s  area i s  known to  contain anomalous ther- 
mal gradients. West of here is  located the eastern part of the Idaho 
batholith, w i t h  thermal springs which emanate from i ts  boundaries. South of 
these two is  located the Beaverhead area, where warm water has been located 
a t  depth. West of Yellowstone Park is  the Snowcrest-Gravelly Range area. 
I t  is underlain by rocks from Precambrian to  Cretaceous i n  age. No extru- 
sive or  intrusives are shown by outcrops, b u t  this anomalous heat area 
must have a deep-seated igneous intrusion. Its proximity to  the-Yellow- 
stone he Yellowstone Park volcanic 
rocks 

e quantitites and tem- 
emperature is lower fo r  

Agriculture i s  Montana's leadin 
is expected to  p u t  increasing d 
and insures the continued importance of this Montana industry. Many crops 
grow well i n  Montana, b u t  only a few have economic viabil i ty because of 
the distance to  market. The farming ac t iv i t ies  can be divided i n t o  two 

The growing world population 
on the availabil i ty of food stuffs 

production is the prime economic force i n  the seven counties of north- 
western Montana. White pine is most precious w i t h  ponderosa p ine  and 
larch following as the most valuable species. Douglas f i r  is also being bi 

b c 



harvested, (due t o  i ts  accessibility.) A number of related industries such 
as plywood and veneer, particle board, millwork and heavy products, such as 
mine timbers and utility poles, also contribute t o  the economy. 

Mineral production i s  centered i n  the mountains of southwestern Montana. 
Practically a l l  known deposits of copper, zinc, lead, silver, and gold i n  
Montana are associated w i t h  a single geologic feature called the Boulder 
b a t h o l i t h ,  which extends from south of He1 ena in to  Beaverhead County. 
Ninety percent of the five metals listed were mined i n  Silver Bow County. 
Copper i s  the dominant metal mined i n  tonnage and to ta l  value. 

c.i 

There i s  a wide variety of nonmetal minerals i n  Montana. Some, such as 
sand and gravel and stone, are so widespread tha t  they are not considered 
resources. These are used quite extensively i n  the bu i ld ing  industry. 
Some of the available nonmetals are 1 imestone (cement), gypsum (wallboard), 
vermiculite (insulation), phosphate (fertilizer), talc, and bentonite. 

The eastern two-thirds of the state is  underlain by relatively young sedi- 
mentary rocks. Coal i s  a type of sedimentary rock and was deposited i n  much 
of the eastern area about three hundred million years ago. Much of i t  is 
close t o  the surface and can be mined economically. Montana's coal has the 
added qual i ty  of being "clean" o r  relatively sulfur-free. 
coal are expected t o  be feasible i n  the near future, such as subs t i tu t ion ,  
for natural gas and motor fuel. 

Petroleum and natural gas are present i n  limited quantities i n  eastern, 
central, and north-central Montana. These resources are available i n  de- 
creasing quantities and are expected t o  decline i n  production. 

The above economic pursuits are often termed primary production o r  activities 
which harvest the products of the earth. T h i s  is the most important aspect 
of Montana's economy. The second contributor is present i n  the form of 
service industries. These are all  the support services which supply primary 
producers w i t h  goods and services. This service industry employs the ma- 
jor i ty  of the people. Lately, the service industry has grown tremendously 
while the primary producers have remained the same or  have been reduced i n  
quanti ties of people involved. 

Many uses o f  

C1 i mate 

Montana's climate i s  influenced by two a i r  masses: the cold Arctic a i r  
which comes down through Canada i n t o  Montana, and the warm a i r  from the 
northern Pacific Ocean. The colder parts of the state are cold because o f  
elevation o r  are subjected t o  more frequent intrusions of the Arctic a i r  
masses. T h i s  Arctic a i r  does not usually penetrate.very f a r  i n t o  the west- 
ern mountains area due t o  the increase i n  elevation from east t o  west. The 
a i r  cannot ascend to higher  elevations since it tends to be dense and shal-  
low i n  depth,  which keeps i t  t o  the lower elevations. Although Arctic a i r  
can be comon t o  Montana i n  January, it isn't present all  of the time. 
For the majority of time, the northern Pacific Ocean a i r  covers Montana i n  
January. 

Ld 

L 
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Li ange from A r c t i c  a i r  t o  P a c i f i c  a i r  i s  a d ras t i c  d 

u a l l y  dramatic. 

rente charac- 
te r i zed  by no t  unusual temperature increases of 30°F t o  4OoF i n  a few day's 
time. This occurrenc i s  c a l l e d  a chinook. T e reverse change from Paci f ic  
a i r  t o  A r c t i c  a i r  i s  

The coldest temperature ever o f f i c i a l l y  recorded i n  Montana and a lso  the 48 
contiguous s ta tes  was northeast o f  Roger's Pass. The thermometer dropped t o  
- 7 O O F  i n  January, 1954, a t  t h i s  locat ion.  Though no t  noted for being hot, the 
eastern po r t i on  o f  the s ta te  i s  subjected t o  occasional h igh temperatures. 
The highest temperature o f f i c i a l l y  recorded i n  Montana was 1 1 7 O F  i n  Ju ly  1937, 
a t  Medicine Lake. 

Mountains have an important e f f e c t  on p r e c i p i t a t i o n  d i s t r i b u t i o n  i n  Montana. 
Elevation and distance from the mountain range are important. 
ample, the eastern edge of a va l l ey  w i l l  receive more r a i n f a l l  than the 
r e s t  of the val ley.  This i s  caused by l i f t i n g  o f  a i r  by the mountain and 
prevai l i ng 'wes te r l y  winds present i n  Montana. 

The western region o f  the s ta te  contains higher mountains which character- 
i s t i c a l l y  ge t  more ra in .  Much of t h i s  region receives 20 o r  more inches o f  
p r e c i p i t a t i o n  per year. I so la ted  areas i n  the extreme western parts can get 
up t o  100 inches per year. D i s t r i b u t i o n  of p r e c i p i t a t i o n  fo r  these high- 
r a t e  loca t ions  indicates t h a t  more than 50 percent occurs during w in te r  
months. The normal d i s t r i b u t i o n  f o r  the r e s t  o f  the region allows more than 
h a l f  t o  f a l l  during the growing season. On the average, June i s  the wettest  
month o f  the year f o r  almost a l l  o f  Montana. The w in te r  p r e c i p i t a t i o n  i n  the  
high mountain areas i s  stored i n  the form of "snowpack." This snowpack melts 
during spr ing  and e a r l y  summer and supplies wa fo r  the many streams which 
keep the major r i v e r  systems flowing. 

For ex- 

Much o f  the eastern region receives f r o m  less than 12 inches t o  as much as 
16 inches o f  p r e c i p i t a t i o n  per year. P rec ip i t a t i on  tends t o  be h igh l y  var ia-  
b l e  i n  these dry  areas.. Dry periods o r  wet periods l a s t i n g  for  months, o r ,  
even years, are no t  uncommon i n  Montana. The major i t y  of the eastern region 

~ son. The northeast cent during the 10- 
I tal growing season. 

, receives a t  l e a s t  h the growing sea- 

I 
i 

c, 
u 
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The Western Geothermal Planning Region, shown on Map 3, includes the moun- 
tainous western t h i r d  of the s ta te .  The region was arbi t rar i ly  drawn along 
county boundaries, and generally follows. the Continental Divide from Helena 
t o  the Canadian border. South of Helena, the d iv ide  heads southwest, while 
the mountainous terrain continues south and east. The southern portion of 
the western region was drawn t o  include this mountainous area. 

Population 

The estimated 1975 population of the Western Planning Region is  356,500 
persons, as  shown i n  table 1. The most populous counties are Missoula, Silver 
Bow, and Flathead. Silver Bow (population density 61 persons/mile2) and 
Missoula (26 persons/mile2) counties are the most densely populated. 

The s i x  most populous cities are also shown i n  table 1. As can be seen, a l l  
are under 30,000 persons, w i t h  two i n  the 10,000 persons range. These popu- 
lations are  small as  compared t o  more densely settled areas o f  the U.S. , b u t  
large for Montana. Outside of the few major cities, the population is  d i s -  
t r i b u t e d  sparsely throughout the valleys and basins i n  small communities, 
most of which have less than 2,000 people. 

ulation of the Western Planning Region is projected by the Montana De- 
partment of Community Affairs t o  grow by 18.4 percent or  65,400 persons by the 

a r  2000. Most of the increases will occur i n  four of the s i x  major cities. 

Physiography 

The Western Planning Region is  a part of the Northern Rocky Mountain Region 
physiographic province. The northern portion of this region is character- 
i zed by para1 le1 mountain ranges and narrow river Val 1 eys trending northwest- 
southeast. A major valley, t h e  Rocky Mount n Trench, s t r e t c h i n g  from 
Whitefish and Columbia Falls i n  the north t 
pattern. Flathead L ke occupies i ts  lowest 
the Western Plannin Region shows more irre Zarity i n  mountain range and 
drainage patterns. his area i s  characterized by narrow portions of moun- 

0 t h  mountains and 

n the south, breaks this - 

The southern portion of 

completely sedimentary. 

portion of the s ta te .  The great majority of surfacing geothermal phenomenon b present i n  Montana occurs i n  this southwestern area. 8 



Table 1. 

WESTERN REGION POPULATION STATISTICS 

Projected 
Change Change Population 

i n  Pop. % 
Den. ' 1960- in 970 % 197Q4980 

Ar5a Est. Projected Pop. 
County M i  1970 1975 1980 1990 2000 

Beaverhead 5,551 
Broadwater 1,193 
Deer Lodge 740 
F1 athead 5,137 
Gal l a t i n  2,517 

Granite 1,733 
Jefferson 1,652 
Lake 1,494 
Lewis & 

C1 ark 3,476 
L i  ncol n 3,714 

Madison 3,528 
Meagher 2,354 
Mineral 1,222 
M i  ssoul a 2,612 
Park 2,626 

8,187 
2,526 

15,652 
39,460 
32,505 

2,737 
5,238 

14,445 

33,281 
18,063 

5,014 
2,122 
2,958 

58,263 
11,197 

8,300 
2,800 

15,200 
44,300 
38,800 

2,700 
7,300 

17,000 

36,900 
15,800 

5,800 
2,200 
3,500 

66,600 
12,000 

8,200 8,200 
3,100 3,100 

13,500 13,000 
48,900 55,600 
40,200 46 , 300 

2,700 2,800 
7,300 8,200 

18,000 18,900 

40,900 48,800 
17,900 18,300 

5,700 5,800 
2,300 2,300 
3,700 3,900 

69,500 78,300 
12,800 13,500 

Powel 1 2,336 6,660 
Ravall i 2,382 14,409 
Sanders 2,778 7,093 
S i  1 ver Bow 71 5 41,981 

WESTERN 
REG ION 
TOTAL 44,046 324,791 

Major C i t i e s  
Anaconda c 9,771 
Bozeman - 18,670 
Butte - 23,368 
He1 ena - 22,730 

V) Ka l i spe l l  - 10,526 
Missoula - 29,497 

7,400 
18,500 
8,100 

43,300 

356,500 

- 
- - - - - 

8,000 8,300 
20,500 22,700 
8,600 8,900 

40,900 40,500 

372,700 407,400 

8,550 8,250 
21 ,300 24,550 
22 950 22,750 
27,500 32,800 
16,150 18,350 
31 ,300 35,250 

8 , 300 
3,100 

12,400 
62,100 
51,700 

2,800 
10,200 
20,000 

57,500 
17,500 

5,700 
2,300 
4,100 

89,000 
14,200 

8,600 
2,500 
9,400 

40,500 

421,900 

7,850 
27,400 
22,750 
38,650 
20,500 
40 050 

2 
2 

21 
9 

15 

2 
4 

I 1  

11 
4 

2 
1 
3 

26 
5 

3 
8 
3 

61 

8 

- - - - - 
L. 

13.8 
-9. 

19.7 
24.8 

-1 6 

-15.2 
21.9 
10.2 

18.8 
26 

-3.8 
-18.9 
-2.6 
14.9 

4.9 
16.8 

3.1 
-9.6 

-1 5 

10.9% 

- 
c - 
c - 
c 

.2 
22,7 

-1 3.8 
23.9 
23.7 

-1.4 
39.4 
25.6 

22.9 
-.9 

13.7 
8.4 

25.1 
14.3 
14.3 

20" 1 
42.3 
21.3 
-2.6 

14.8% 

-12.0 
14.1 
-1.8 
21 .Q 
53.4 
6.1 
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The northwestern part  of the Rocky Mountain Region is covered by old sedi- 
mentary rocks of late Pr Cambrian age, shales and limestone formed inter- 
mittently over a period covering perhaps 400 million years. These sedi- 
ments are over 45,000 feet thick i n  some areas. Fossils are rare. Build- 
i n g  stone is the only useful material presently u t i l i zed  from these rocks. 
Both sedimentary and crystalline rocks were formed dur ing  late Mesozoic and 
early Cenozofc times. During this time, several major tectonic events oc- 
curred which l e f t  their mark i n  the form of volcanfc rocks and severely de- 
formed strata. Eastern Montana was relatively undisturbed except for  being co- 
vered by layers of sediment deposited by rivers flowing from the mountains. 

During the last  mill ion years, glaciers covered 
tended northwest in to  Canada, deepening valleys and carving sharp peaks and 
ridges. 
water 1 akes. 

Geothermal Resources 

The Western Planning Region contains the majority of Montana's surface 
geothermal resources. Most of those can be further grouped in to  the south- 
ern portion of t h a t  area. The surface manifestations are primarily iso- 
lated, low volume hot springs. 

So l i t t l e  is known about detail subsurface geology i n  the complicated 
western region t h a t  estimates of reservoir capacity are, a t  best, generally 
very questionable. A formation could be limited t o  slightly fractured 
granitic rocks which allow transport of inor amounts of water t o  deep 
levels, o r  a major f a u l t  system w i t h  ma ive fracturing and recent i n t r u -  
sives which could supply significant quantities of hot water. In addi t ion ,  
valley sediments which allow l i t t l e  surface indication of geothermal activity 
could contain large resources of hydrothermal energy. Geothermetry, for the 
major sp r ing  areas, indicate subsurface temperatures as h i g h  as 400°F are 
possible. Presently, the highest surface temperature of any spring i n  
Montana, outside of Yellowstone 

A partial l i s t i n g  o f  geothermal 
included t o  illustrate the quantity and variety of the resource. Location, 
temperature, and flow are given where available. Map 3 shows the approximate 
locations using numbers corresponding t o  the sequence i n  the above-mentioned 
l i s t .  The springs and wells are located according t o  drainage basins where 
possible. The sites chosen for  in-depth evaluation are also listed t o  

rthern Montana and ex- 

Fine s i l t s ,  mud, sand, and gravel were deposited i n  large melt- 

k ,  is a l i t t l e  over 180OF. 

estern P l a n n i n g  Region i s  

29. The tem- 
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3. Jackson Hot Springs--sometimes called Jardine, township 5 S . ,  b 
range 15 W., section 25. The temperature is 58OC. The flow is 
greater t h a n  16.7 l i ters per second. 
The water issued from alluvium, Tertiary sediments, Missoula 
s t ra ta  . 

Elevation is 6,470 feet. 

4. New Biltmore Hot Springs.  See text. 

B i  t terroot River. Val 1 ey 

5. Bluejoint 1 and 2, township 2 S . ,  range 23 W. ,  section 1. Tempera- 
ture 29"C, flow 17 liters per second, sp r ings  issued from Idaho 
batholith Precambrian Rivalli. Mineral analyses are available. 

Galloagly Warm Spr ings ,  township 1 S . ,  range 19 W. , section 15. 
I t ' s  49OC w i t h  a flow of 7.6 liters per second. Altitude 5,400 
feet ,  springs issue from Idaho batholith. Additional mineral analy- 
ses are available. 

Medicine Warm Springs,  township 1 N . ,  range 20 W. , section 12. 
temperature is 45OC w i t h  6.7 l i ters  per second flow. Water 
issues from the Idaho batholith a t  an alt i tude of 4,440 feet. 
Additional mineral analyses are available. 

Sleeping C h i l d  Warm Springs,  township 4 N . ,  range 19 W . ,  section 7, 
The temperature i s  51°C w i t h  a flow of larger than 33.3 l i ters 
per second. Water issued from the Idaho batholith a t  two sources. 
Additional mineral analyses are  available. 

6. 

7. The 

8 .  

Boul der R i  ver Val 1 ey 

9. Boulder Hot Springs.  See text. 

Clark Fork River Valley 

10. Anaconda. location i s  approximately 3 miles east  of Anaconda. No 

11. 

further information is  known about this source. 

Bearmouth One and Two, township 11 N., range 14 W., section 11. 
Lit t le is known about this spr ing .  
Madi son aquifer. 

I t ' s  of low temperature i n  the 

12. Deerlodge Warm Springs.  See text. 

13. Fairmont Hot Springs (Gregson) , township 3 N. , range 10 W. , sec- 
t i o n  2. Temperature 70°C w i t h  16.7 l i ters per second flow. The 
source of the water is the te r t ia ry  volcanjcs of the Boulder 
batholith. Additional mineral analyses are available. 

Garrison Warm Springs, township 10 N., range 9 W.,  section 19. 
is unknown. Temperature i s  25°C. Issues apparently from the 
Madison strata.  The water is currently not used, Additonal s p r i n g  
analyses are available. Ph-7.3 specific conductance 737. Total 
dissolved solids 558 mg/a. 

14. Flow 

L, 
- 
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W 15. 

16. 

17. 

18. 

Nimrod Warm Springs, township 11 N., range 15 W., sect ion 14. 
charge i s  6.3 l i t e r s  per second. Temperature i s  22OC. Source 
i s  e i t h e r  Cambrian o r  Mississippi  l imestone along faul ts.  The 
spr ing issues from Ter t i a ry  sediments. PH-7.63, spec i f i c  con- 
ductance 8.56. Total  dissolved so l ids  715 rng/a. Addi t ional  
analyses are avai 1 ab1 e. 

N iss le r  Junction, township 3 N., range 8 W., sect ion 19. These 
warm springs stopped flowing approximately 1920. They d i d  issue 
a t  5,375 f e e t  Te r t i a ry  sediments over the Boulder bathol i th .  

Quinns Warm Springs, township 18 N., range 25 W., sect ion 9. The 
temperature i s  43OC and the flow i s  1.3 l i t e r s  per second. The 
source water i s  apparently the Precambrian Piegan. Addi t ional  
analyses are avai lable.  

Warm Springs. See tex t .  

Dis- 

Ga l l a t i n  River Val ley 

19. Bozeman Hot Springs. See text .  

L i t t l e  B i t t e r r o o t  River Val l e y  

20. Camas Hot Springs, township 21 N., range 24 W., sect ion 3. Tempera- 
tu re  i s  45°C w i t h  a flow la rge r  than 3.3 l i t e r s  per second. Source 
o f  the water i s  probably a d i o r i t e  s i l l .  Addi t ional  mineral analy- 
ses are avai 

21. Camp Aqua. Very high po ten t ia l  fo r  d i r e c t  use. 

22. Symes, township 21 N., range 24 W., sect ion 4. Temperature i s  46°C. 
Flow i s  unknown. Issued from Precambrian rock. Addi t ional  analy- 
ses are avai lable.  

Jefferson River Val ley 

i o n  22. Temperature 
1 evat i  on of 4 $1 0 

over Madison formation. No addi- 
27.2OC a t  6.3 l i t e r s  per second. I 

I 

i perature i s  42.2"C 
a t  a flow o f  9.5 l i t e r s  per second. The source of water i s  
apparently the Ter t ia ry  sediments over pre-bel t rocks. 

w 
b 
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b 27. Renova Warm Springs, township 1 N., range 4 W . ,  sect ion 32. Tem- 
perature and f low are unknown a t  t h i s  time. 
informat ion i s  avai lable.  

S i l v e r  Spring, township 5 S., range 5 W., sect ion 14. Temperature 
and f low are unknown. L i t t l e  addi t ional  informat ion i s  avai lable.  

L i t t l e  addi t ional  

28. 

29. Trudau, township 7 S., range 4 W., sect ion 7. 
are unknown. L i t t l e  addi t ional  informat ion i s  avai lable.  

Vigi lantee, township 9 S., range 3 W., sect ion 22. 
higher than 32OC, w i t h  a f low o f  between 31.7 and 32.6 l i t e r s  per 
second. 
MadisonAKootenai Formations. 

Temperature and f low 

30. Temperature i s  

Issues a t  an a l t i t u d e  o f  6,200 f e e t  apparently from the 

Madi son R i  ver Va l  1 ey 

31. 

32. 

33. 

34. 

35. 

Ennis Hot Springs. See tex t .  

Norr is  Hot Springs, township 3 S.,, range 1 W., sect ion 14. 
t u r e  i s  52.5OC. 
a l t i t u d e  4,805 i n  pre-bel t  Tobacco Root stock. 
ses are avai lable.  

Tempera- 
Flow i s  6.7 l i t e r s  per second. Issues a t  an 

Addi t ional  analy- 

West Fork Swimming Hole, township 12 S . ,  range 1 E., sect ion 18. 
Temperature i s  28.3OC and the f low i s  31.3 l i t e r s  per second. 
Springs issue a t  6,700 fee t  and al luvium Pleistocene volcanics. 
Addi t ional  analyses are avai lable.  

West Yellowstone. See tex t .  

Wolf Creek, township 10 S. , range 1 E., sect ion 9. 
i s  66.1OC w i t h  a f low o f  31.3 l i t e r s  per second. 
6,100 f e e t  e levat ion from Ter t i a ry  sediments over ly ing Pre- 
cambri an rocks. Addi t i ona l  analyses are avai 1 ab1 e. 

The temperature 
It issues a t  

M i  ssouri R i  ver Val 1 ey 

36. Alhambra Hot Springs, township 8 N., range 3 W., sect ion 16. 
temperature i s  56.5OC and the f low i s  about 12.7 l i t e r s  per 
second. The source o f  the water i s  Boulder b a t h o l i t h  a t  an a l -  
t i t u d e  o f  4,360 feet.  Addi t ional  water analyses are avai lable.  

Bedford, township 7 N., range 1 E., sect ion 23. The temperature i s  
23.3OC, w i t h  a f low o f  95 l i t e r s  per second. Water issues from 
Precambrian, Spokane Formation. Addi ti onal water analyses are 
avai 1 ab1 e .  

The 

37, 

38. Broadwater Hot Springs. See tex t .  

39. Marysvi l le.  See tex t .  

L. 

L./ 
-_ 
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40. Plunketts, township 4 N., range 1 E.,  section 7. Temperature 
16.7OC, flow i s  253 liters per second. Issue a t  4,180 feet per 

bi 
m i  nute from Precambri an Spokane rocks. 

Sunnyside, township 8 N., range 3 W . ,  section 16. Temperature and 
flow are unknown a t  this time. They do not issue from the Boulder 
bathol i t h .  Additional water qual i ty analyses are avai 1 ab1 e. 

Toston, township 4 N., range 3 E. ,  section 6. 
14% and the flow is 569 liters per second. 
of 3,960 feet from Pennsylvanian Madison formations. Additional 
water quality analyses are available i n  some detail .  

The flow is unknown. 
Tertiary sediments over Precambrian. 

41. 

42. The temperature is 
Issues a t  an alt i tude 

43. Warner, township 5 N., range 1 E. ,  section 22. Temperature is 19°C. 
Issues a t  4,100 feet  elevation from alluvium 

S m i t h  River Vallex 

44. Lucus Flowing Well, abandoned petroleum exploration well. Location 
46O, 21 minutes, 30 seconds, l l O o ,  40 minutes, 41 seconds. Tempera- 
ture is  42.2OC, w i t h  a flow of 6.3 liters per second. 
conductance--3,300; total  dissolved solids--3,150 mg/a. Addi- 
t ional  analyses are available: 

R i  ngl i ng F1 owing We1 1 area, abandoned petroleum exploration we1 1 . 
Location 46", 20 minutes, 22 seconds, llOo, 47 minutes, 11 seconds. 
Temperature is  48OC, w i t h  a flow of 51 l i ters per second. The pH 
is  6.8. Specific conductance of 1,630 and the total  dissolved 
solids are 1,360 mgla. Additional mineral analyses are available. 

Specific 

45. 

46. White Sulfek Springs.  See text. 

Yellowstone River Valley 

47. Bear Creek, township 9 S., range 9 E.,  sectioh 19. The temperature is 
32OC and the discharge is  2 liters per second. The source appears 
t o  the Madison aquifer. 

Chico Hot Springs, township 6 S., range 8 E. ,  section 1. Tempera- 
ture is 48OC, w i t h  a discharge greater than 8.2 l i ters per second. 
Springs issued through Tertiary volcanics and sediments. The water 
i s  currently used for resort purposes. The waters are t h o u g h t  t o  
originate from the Madison aquifer. The pH is  7.38, specific con- 

g/a. Addi ti onal 

Little additional information is  available. 

48. 

51. Montanapol is ,  township 6 S. , range 10 E. ,  section 29. 
known about the flow or  the temperature. The source i s  the Madison 
through Tertiary g r a n i t e ,  underlain by Cambrian rock. 

Little is  
W 
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The 13 Western Planning Region sites shown on Map 4 were chosen for  in-depth 
study. Each was investigated t o  obtain a l l  of the existing s i te  information, 
and this data is assembled i n  the data sheet section of each s i t e  subchapter. 
A simplified presentation of re la t ive facts from the data sheets are  com- 
posed i n  the S i t e  Discussion. More detailed information is included i n  the 
data sheet, o r  can be obtained from the sources noted i n  the bibliography. 

A number o f  the s p r i n g  sites have potential for  commercial applications of 
t he i r  hydrothermal resource. 
many s i t e s  is  commercial greenhouse production of food products. 
useful applications include drying processes for  hay, grai’n, or  vegetables. 
Alfalfa is a l ikely candidate fo r  conversion into valuable animal feed 
pel le ts  which are  easi ly  transportable. 
selves t o  drying and processing fo r  shipment t o  other parts of the U.S.A. 
Few of the springs are  located near enough t o  populated areas for  direct- 
use space heating of homes. 

The most common use which can be applied t o  
Other 

Potatoes and onions lend them- 
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BARKELL ' S  HOT SPRINGS 

Barkel 1 I s Springs is located near the small community of Silver S ta r  
i n  southwestern Montana. The water is the second hottest surface source 
i n  the state. The springs discharge from gravels i n  a cow pasture about 
300 m from Barkells Plunge. Presently, shallow flowing wells t a p  the 
hot water and collect i t  i n  underground reservoirs, from which i t  is piped 
underground t o  a cooling t a n k  used t o  f i l l  a commercial swimming pool i n  
Si 1 ver Star. 

The historic use of this area began w i t h  use by many Indian tribes, and 
i t  was a heavily contested h u n t i n g  ground. Lewis and Clark were the f i r s t  
recorded whites t o  visit the area. Exploration for  gold and silver was 
begun i n  the mid-1800's. Silver S t a r  was one of the oldest mining towns 
i n  the state and was a major supply p o i n t  between Virginia City and Helena. 

Possible uses of this hydrothermal system include: some space heating of 
homes, agricultural uses such as greenhouses and heat processing, and 
expanded resort facilities. The Silver Star  area i s  not well suited for 
community space heating, due t o  the sparseness of the local population. 
Resort and agricultrual uses of the resource are more likely. The most 
1 i kely energy use potenti a1 appears t o  be w i t h  greenhouse ins tal 1 a ti ons 
on the s i te  o f  the springs. 

There appears t o  be no major restrictions on development of this hydro- 
thermal site. Concerns for visual esthetics and surface water quality i s  
always present i n  Montana. However, this location, although well traveled, 
is  n o t  a highly sensitive tourist route. Furthermore, the impact from 
such direct-use applications would most certainly be very small. 

S i t e  Description 

The rectilinear l o  
2, S.) range 6 W . ,  about 22 miles (35.2 km) southeast of B u t  
Barkell's is privately owned and includes about 200 acres (8 
which the springs originate. A combination bar and swimming pool i s  also 
on the property. Silver Star ,  of which Ba 11's is a par t ,  has a popu- 

' 

ion of the springs s i te  is on 1 of township 

ic ln milne flC bm\ +n +he 

...... ..... .. .... ..... ., "" ".._ ..". .... 

a. . . I  I . - .  . .  . .  . - .. rresent i ana uses 1 nc I Ude grazing , watersned, and recreation, 1 nc I udl ng 
Blue Ribbon fishing on the Jefferson River. There is  no major change i n  
land use anticipated for this area. The population i s  primarily engaged 
i n  ranching. Gold claims were once abundant i n  the area. 

bj 
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The loca l  energy uses are small and l i m i t e d  t o  domestic heating and l i g h t -  
ing. Fuel o i l  i s  trucked i n  v i a  State Highway 41 from the Butte area, and 
e l e c t r i c a l  energy i s  avai lab le from a 50-kv l i n e  adjacent t o  S i l ve r  Star. 
Some o f  the space heating requirements i n  the core area o f  S i l v e r  Star  
could be met w i th  the ho t  water. Geothermal resources may e x i s t  near Twin 
Bridges fu r the r  south, which has a l a rge r  population. New o r  expanded in-  
dustry, such as a l a rge r  reso r t  f a c i l i t y  o r  greenhouse production, would 
requi re addi t ional  quanti  t i e s  o f  ho t  water. 

Within 3 3/4 mi les (6 ki lometers) of the Hot Springs, 71 percent o f  the land 
i s  p r i v a t e l y  owned, 10 percent s ta te  owned, and 19 percent f ede ra l l y  owned 
by the Bureau o f  Land Management (BLM) . 

hu: 

Area residents are general ly in terested i n  d i r e c t  use o f  geothermal re- 
sources. 
cess fu l l y  i f  economic cost  benef i ts  can be demonstrated. 

Geothermal Resource Descr ipt ion 

The surface temperature o f  the hot  springs i s  160°F (71°C). 
chemical concentrat ion f o r  spec i f i c  elements were analyzed t o  obta in  tem- 
perature o f  the geothermal reservo i r  a t  depth. There are four temperatures 
which can be ca lcu lated using d i f f e r e n t  assumptions f o r  geochemical e q u i l i -  
brium. This process o f  p red ic t ing  base temperatures i s  ca l l ed  geothermometry 
and i s  important because o f  the p o s s i b i l i t y  o f  d r i l l i n g  down t o  ho t te r  re- 
servo i r  water than i s  avai lab le on the surface. These temperature predic- 
t i ons  are no t  p a r t i c u l a r l y  r e l i a b l e  because o f  mixing o f  the hot  water w i t h  
co ld  ground water, but  they do serve f o r  comparison purposes. The pre- 
d ic ted  reservo i r  temperatures f o r  the Barkel l  ' s  s i t e  are 230°F t o  290°F 
(110°C t o  143OC) f o r  equ i l ib r ium w i t h  s i l i c a  and 228°F t o  282°F 
(109°C t o  139°C) f o r  the NA-K-Ca indicators.  
l i k e l y  f o r  t h a t  reservoir .  The TDS concentrat ion of the spr ing i s  612 mg/t. 
The f low has been measured as high as 150 gal lons per minute. 

U t i  1 i z a t i o n  o f  the hydrothermal resource could be promoted suc- 

Relat ive 

230°F (110OC) seems most 

This area i s  i n te res t i ng  because i t  f a l l s  i n t o  the northern extension of 
an elongated b e l t  o f  h igh i n t e n s i t y  h i s t o r i c  earthquakes. 
earthquake a c t i v i t y  have high po ten t ia l  f o r  the deep f a u l t s  t h a t  may be 
associated w i th  some forms o f  geothermal reservo i r  systems. 
earthquakes corresponding t o  i n t e n s i t y  VI11 and higher on the modif ied Merca l l i  
scale have occurred w i t h i n  t h i s  be l t .  
been measured. Most o f  the f a u l t s  which do e x i s t  i n  the area were estab- 
l i shed  dur ing and a f t e r  the emplacement of the Boulder ba tho l i th .  
extensive hydrothermal a1 te ra t i on  and minera l izat ion are common. 

There has been some geophysical reconnaissance work done f o r  the Barke l l ' s  
area. Regional grav i ty ,  s i t e  grav i ty ,  and r e s i s t i v i t y  surveys of the region 
inc lud ing 10 ki lometers around the springs have been performed. 
s o i l  temperature, seismic and r e s i s t i v i t y  surveys have a lso been conducted. 
D r i l l i n g  o f  temperature gradient holes i s  the next step toward i d e n t i f i c a t i o n  
o f  the reservo i r  potent ia l .  

Areas o f  recent 

Highly damaging 

No f a u l t s  o f  recent movement have 

Zones o f  

S i t e  spec i f i c  
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The ran e of applications using the known surface te  
(71.5OC 4 are shown i n  figure 2, presented on page 27 
not be feasible i n  the Silver S t a r  area. Some suggested uses would include: 
aquaculture, soil warming, limited space heat, animal husbandry, and green- 
house and increased recreational uses. Geothermometry estimates tempera- 
tures as h i g h  as 289OF (143OC) t o  be available a t  depth. T h i s  tempera- 
ture is h i g h  enough for commercial processing applications for such agri-  
cultural products as potato and onion drying and animal feed pelleting. 
Various animal feeds are currently produced i n  this area. 

rature of 16OoF 
Many of these would 

The most economically feasible potential use is for  commercial greenhouse 
operations. There are populous areas w i t h i n  marketable distance, plenty of 
sun and water, and an adequate heat supply. 

Interest i n  Development 

Barkell's Hot Spr in  s i s  w i t h i n  a U.S. Geologic Survey Potential Geothermal 
Resource Area (PGRA 4 . In areas, federal leases lassified as such, need not 
be l e t  on a competitive basis unless overlappin appl i cations are received. 

In 1973, P h i l l i p s  Petroleum applied for leases i n  an area between Silver 
S t a r  and New Biltmore Hot Spring, a few miles northeast of Dillon, Montana. 
An environmental analysis which covered much of the BLM land  i n  this area 
was prepared. Federal land  was certified for noncompetitive leasing, and 
s i x  leases were issued t o  P h i l l i p s  Pet i n  1975. No further leasing 
interest has developed. 

According t o  local sources, Ph 
their leases shortly after permission was given. The company has not re- 
leased the results of t h a t  test  d r i l l i n g  a t  this wr i t i ng .  I t  can be assumed 
t h a t  the resource doesn't appear t o  be outs tanding  for electrical genera- . 
t i o n  when compared t o  other areas o f  the west. Phill'ips Petroleum i s  ex- 
p lor ing  other sites 
a1 though leases have been kept current. 

The owners of Barkell's Hot Springs have been approached about the possi- 
bility of sellin 
house faci 1 i ty  . 
Scenario Discussion 

, 

ips Petroleum drilled one or  more wells on 

nd has done no further work i n  the Barkell's area, 

e sp r ing  area for e purpose of constructing a green- 

ario for  an electrical generating l an t  of 100-megawatt 
ted for the Sflver Star (Barkell's P area. T h i s  level 

terest expressed 

ition, the U.S. Geological surv 
urements and temperature gradient holes a t  the site. 

Thus , sufficient commercial interest for development exists , and federal 

possible i n  l i g h t  o 
I which has been rene 
I 
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5 ,  
350 + 175 + 

NOTE: (1) These temperature ranges are not meant to be absolute, special applications 
use range higher or lower. An attempt was made to illustrate average temperatures in use. 

{2) An open-ended temperature range is represented by an arrow, and a closed boundary is 
shown by a horizontal dash. 

L. 

hv, 

TEMPERATURES FOR GEOTHERMAL APPLICATIONS. 
Fiaure 2. 



land has already be ased ( P h i l l i p s  Scenario assump- 

A high-quality resource, suff ic ient  for  e lectr ical  production of 
a t  l e a s t  100 MW, would be discovered. 
Adequate financing of the electr ical  production could be developed. 

1. 

2. 
I 

I ~ 

i 

The beginning date for  this development i s  estimated t o  be 1987, and the 
ent i re  process should take eight years t o  obtain power-on-line. T h i s  pro- 
jected development is i l lus t ra ted  by assuming a single event ( i .e . ,  one 
plant). No additional plants are postulated because of the large uncer- 
tainty o f  the existence of an adequate resource. If exploration of this 
area does indicate tha t  a large resource is available, then additional 
events could be planned. The time lines for these plants would follow 

development time fo r  the Barkell's area f s  less than for  other sites since 
the federal E.A.R. has been completed. 

A direct-area scenario involving a 5-acre commercial greenhouse faci l  i- 
t y  f o r  t ree  seedlings and produce was also postulated. Again, leasing of 
private land has already occurred, and commercial jn te res t  exists.  The 
assumptions which were made for  this scenario t o  take place are as follows: 

I 

I essentially the same format, w i t h  a reduced exploration phase. The total  
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SITE LOCATION AND PHYSICAL DESCRIPTION c 
-..Latitude: 45 41' 47" (31) 

..Longitude: 112 17' 42" (31) 

..Rectilinear: T. 2 S., R. 6 W., sec. 1 ,  CBD (55) 

..County: Madison 

. .Adjacent Counties: 

. .Topography: The topography is one o f  rolling, generally north-south 
trending hills. The elevations vary from 4,800 feet  t o  5,300 feet (1,463 
t o  1,615 meters). The Big Hole River joins  the Jefferson River south of 
the community o f  Silver Star .  Sagebrush is  the bulk  of the vegetative 
cover. (71) 

..Present Land Use: The area i s  currently being used for grazing, water- 
shed recreation and Blue Ribbon f i s h i n g .  

..Future Land Use Plans: 

..Aesthetics: Most of the land of interest  is not exposed to  visual scrutiny 
from traveled roads. The previous human impact is quite severe due t o  mining 
i n  some areas, so this area w i l l  not be subjected t o  s t r i c t  aesthetic require- 
ments. (71) 

Beaverhead, Silver BOW, Jefferson, Gal la t in  

(71) 

No change i n  land use i s  anticipated. (71) 

. .Historical/Archaeological Significance: T h i s  area lies w i t h i n  the area t h a t  
was generally heavily contested h u n t i n g  grounds by many different tribes of 
Indians. The f i r s t  white men t o  enter the area were Lewis and Clark. Much 
mineral exploration and some mining occurred i n  the 1800's. Robber's Roost 
was located 24 kilometers southwest of Twin Bridges a t  Laurin ( i n  1864). 
was reputed t o  be a hangout fo r  the Plumer Gang. The Rochester Historic 
District between Twin Bridges and Melrose was an important mining town from 
1863 t o  1938. 

I t  

One of the oldest mining towns i n  the state was Silver Star.  
14.4 kilometers northeast of Twin Bridges and was a major supply p o i n t  be- 
tween Virginia City and Helena. 

I t  is  located 

No archaeological inventory was made o f  the area, but adjacent areas have 
several known archeological s i tes .  A t  least  one pictograph s i t e  i s  pre- 
sent i n  the adjacent area. Fifty-two archeological sites have been i d e n t i -  
fied i n  Madison County and the potential for  future archaeological finds is 
h igh .  (43.71) 

. .Geologic Description: The oldest exposed rocks a t  Barkell's Hot Springs 
are Precambrian gneiss, schist ,  and amphibolite. The Cambrian s t ra ta ,  
which i s  commonly exposed th rough  much of southwest Montana, is not present 
here. Paleozoic and Mesozoic s t r a t a  have been folded, faulted,  and a1 tered 
by heat from the Boulder batholithic intrusion. 

L' 



u The Jefferson Formation is  the oldest sedimentary rock present. 
carbonate formation, though normally dolomitic, is mostly limestone a t  
Barkell I s .  The ap nce of the rock is  coarsely crystall ine and 
weathers t o  a san low color. Fractures are  prol i f ic  and are found 
f i l l e d  w i t h  limonite and calcite. A sequence of Paleozoic and Mesozoic 
sedimentary rocks were deposited over the defferson Formation. 

Slightly consolidated Tertiary alluvium is present near the hot springs. 
T h i s  s t ra ta  is a few meters thick near the springs, b u t  increases t o  a 
kilometer or  more thick i n  the valley t o  the east. These beds of locally 
derived conglomerate w i t h  layers of sand, s i l t ,  and ash are known as the 
Bozeman Group. 

T h i s  

A section of the basin f i l l ,  about 300 mete 
impregnated w i t h  calci te  and s i l i ca  which probably was deposited by hot 
water from an extinct hot sprihg. 

Barkell's Hot Spring is located along the Galena fault .  The f a u l t  trends 
toward Barkell's Hot Springs,  b u t  cannot be identified closer than  about 
100 meters from the spr ings.  

north of the hot  springs,  is 

I 

(48) 

. .Geophysical Summary: I 

Regional Gravity - Contours a t  the Valley Margin near Silver Star  

Soil Temperature - Soil Temperature Map of 

Seismic Survey - Hammer Seismograph a t  Bar 

Resistivity Surveys - Direct Current Resist 

Regional Gravity and Resistivity - Broad Gravity and Resistivity 

T h i s  area f a l l s  i n to  the northe 

(Burfei nd , 1967). 

(Goering, 1975). 

(Neinheimer, 1977). 

(O'Haire, 1976, 1977). 

Survey o f  an Area 10km2 Around Barkell ' s  Ho Springs (Mal i c 1977). 

extension of an 

kell ' s  Hot Springs 

..Geologic Hazards: 
elongated be l t  o f  historic,  high-intensity ea c t ivi ty .  Highly 
damaging earthquakes corresponding to  intensi 
dified Mercalli Scale have occurred w i t h i n  t h  . No indication o f  
probable recurrence interval w i t h i n  t 

No recent f au l t  movements have been measured. Most of the fau l t s  which  do 
exist i n  the area were established d acement of the 
Boulder ba thol i th .  These are comm drothermal a1 - 
terations and m i  nera 

and higher on the mo- 

zone is  available. 
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. .Reservoir Temperature 

RESERVO I R CHARACTER I STI CS i 

. .Surface: 161°F or 71.5"C (55) 

..Subsurface: 293°F or  145°C (80) 

. . Geochemi cal 

S O 2 :  Chalcedony 230°F o r  110°C Quartz 289°F or  143°C 

Na-K-Ca: Na-K-l/3Ca 282OF o r  139OC Na-K-4/3Ca 228OF or  109" C (80) 

. .Flow Rates: 150 gpm or 568 1 J m  (55) 

..pH: 8.2 (31) 

. .Total Dissolved Solids: 612 mg/a 

. .F lu id  Chemistry: Conductivity 
Hardness (Ca, Mg) 
Ca 
Mg 
Na 
Bicarbonate 
so4 
c1 
F 
Si02 
B 

808 I 

26 mg/a 

170 mg/a 
190 mgla 
190 mg/a 
31 mg/a 

110 mg/g 
450 mgla 

9.6 mgla 
0.5 mg/a 

5.4 mg/a 

Additional analyses of various parameters are available. 

. .Estimated Nonelectric Energy Potential (MBtuh 30 years): 

(31 ) 

. .Subsurface Area of Reservoir: Completely unknown. 



LAND OWNERSHIP AND LEASING 

Total  Are Federal State Pr ivate  
(Acres) (Acres) (Acres) (Acres) Other 

~ 

I ..Land Ownership 
(6  km radius): 100% 19% 10% 71 % 0% 

..Land Leas& 10687 10687 
4325 hec 4325 hec 



~ ~~~~~~ 
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LEASE DATA FOR BARKELL'S-BILTMORE PGRA 

The following are  issued leases: 

Sec 2 (Part i a 1 ) T2S R6W 

Sec 3 (Parti a1 ) T2S R6W 2272.57 acres M27444 

Sec 4 (Part ia l )  T2S R6W 

Sec 9 (Part i a1 ) T2S R6W 

Sec 10 (Part ia l )  T2S R6W 

Sec 11 (Part ia l )  T2S R6W 21 75.56 acres M27445 

Sec 14 (Part ia l )  T2S R6W 

Sec 15 (Part ia l )  T2S R6W 

Sec 22 (Part ia l )  T2S R6W 637.21 acres M27446 

Sec 12  (Part ia l )  T1 S R6W 

Sec 14 T1 S R6W 1280 acres M27447 

Sec 32 (Part ia l )  T1 S R6W 

Sec 7 (Parti  a1 ) 

Sec 8 

Sec 10 (Part ia l )  

Sec 18 (Par t ia l )  

Sec 19 (Par t ia l )  

Sec 20 

Sec 30 (Part ia l )  

Sec 32 (Partial) 

T4S R7W 

T4S R7W 2349.91 acres 

T4S R7W 

T4S R7W 

T4S R7W 

T4S R7W 2041.87 acres 

14s R7W 

T4S R7W 

M27448 

M27449 

i 



EVELOPMENT STATUS 

kell's Hot Spring is a resort facility 
i 
i 
I 
1 that is presently using the hot water to supply a swimming pool. Phillips 

Petroleum drilled some wells in the area o f  their leases, but dates and 

Present use involves shallow wells which tap the hot water and collect it 
in an underground. reservoir. 
to the swimming pool in Silver Star. 

I 

I 

I 

1 

From here, hot water is piped underground 
(48) 

..Projected or Planned Development: 
ing land may be sold to people interested in greenhouse applications. 

The Barkell's Hot Spring and surround- 
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INSTITUTIONAL CONSIDERATIONS 

. .Institutional Requirements: 
to enforcement o f  all regulations governing water and air quality, and 

EIA/EIS equirements): An Environmental 
Assessment Record has n completed. No specific mitigating measures 
were included. Noncompetitive leasing is open for bids. 

Geothermal development is generally 1 imited 

onmental qual i ty. (1 7) 
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ENVIRONMENTAL FACTORS 

. .Cf imate 

. . Prevai 1 ing Winds: 

. .Precipitation (Annual): 13 in/year or 33 cm/year (67) 

..Days o f  Sunshine (Annual): 

. .Average Temperature: 

Minimum: 1.8"F or  1 ° C  (67) 
Maximum: 66.2"F o r  19°C (67) 

. .Degree Days (Annual 1: 

. .Re?ative Humidity (Seasonal Peaks): 

Summer: 35% (67) 
Winter: 50% (67) 

..Air Qualjty: 
quality i s  high. Some land is susceptible t o  wind erosion creatjng dust.  
These dust  stoms are generally mild and infrequent. 
generated from range f i r e s  and trash burning.  

..Comments and Critical Issues: The Jefferson River is a major watershed. 
I t  is a class three fishery. The surrounding area is  a crucial winter 
habitat for  mule deer. (71) 

p l  i ed ,  Two excel 1 ent f i s h i n g  rivers are present i ncl udi ng the Jefferson 
which is  classified as B - D l ,  which requires a minimum of 7.0 mg/a of d i s -  
solved oxygen and is  suitable fo r  swimming, f i s h i n g ,  d r ink ing ,  and food 
processing a f t e r  pretreatment. Water i s  used extensively f o r  irrigation. 
Mostly private water r i g h t s .  (39) 

..Noise: No major industry gives a noise level picture representative o f  
a f a i r ly  isolated woodland and prairies, except near the pophlated areas. 

. . Bt a1 ogi cal : 

No data available for this immediate area. General a i r  

Smoke is sometimes 
(71) 

.Water Quality: Water quality is excellent. The rivers are snowmelt sup- 

(71) 

. .Dominant Flora: The majority of vegetative cover is b i g  sagebrush and 
some varieties of bunchgrass. There is  a small amount of lodgepole pine 
forest. 171) 

. .Dominant Fauna: Game animals i ncl ude mu1 e deer, el k,  ante1 ope. There 
are several varieties o f  t rou t  available for  f i s h i n g .  

. .Endangered Species: 

(71) 

Flora: None (71) L 
Fauna: None (71) 

Lid 
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E l e c t r i c a l  Transmission Lines: 

50 KV Adjacent 
100 KV 
230 KV 

. .Transportation Corridors or  F a c i l i t  

POPULATION 

. .General Descr 

..Economics 

I 
I 

j 
I 

I 

i 





BOULDER HOT SPRINGS KGRA 
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located i n  southwestern Montana about two miles 
town of Boulder. T h i s  resource area has surface 
i t  among the top 10 Sites i n  Montana. 

o f  the discharge .and the geology of the area make the site one of the 
most promising for maximum use of the energy potential. I t s  proximity 
t o  a population center gives i t  a higher use potential t h a n  many other 
s i tes .  The resource range of applications includes individual and 
d i s t r i c t  space heat; greenhouse complexes , aquacul t e ,  growing season 
extension, and l i g h t  industrial  and manufacturing uses. 

The nature 

There has been sporadic interest  expressed i n  the Boulder Hot Springs area 
for development of the energy resource. The hot springs resort has been 
operating fo r  many years i n  th i s  location. When the nearby area was opened 
for leasing, a number of lease applications were received. A l l  were 
since withdrawn and no further interest  has been shown. 

Any development which does occur on federal lands w i l l  be subject t o  s t r i c t  

hotel for  space hea 
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, The economic base for  the area includes ranching, employment a t  the Boulder 
River School and Hospital (s ta te  supported), tourism, a small number of lo- 
cal service jobs, and commuting to  Helena for s ta te  and local employment. 
The tourism is based on the presence of uranium and radon health mines tha t  
people visit t o  receive "curing" doses of radiation for various ailments. 

An area wighin 3-8/10 square miles (6 km) was centered around the h o t  
springs, and used to  obtain a breakdown of land ownership i n  he immediate 
vicinity. Ownership records show that  43 percent i s  *private 
cent is  s t a t e  owned, 9 percent is  BLM administrated, and the Forest Service 
controls 39 percent. 

Present energy sources include electr ic i ty  and natural gas. The e lec t r ic i ty  
is suppl ied w i t h  a KY line, while natural gas is piped into the city.  

The general a t t i tude on the part of the local public is one of acceptance or,  
a t  worst, uninformed lack of interest towards direct  usage of geothermal 
energy. The town fathers are interested i n  pursuing conversion t o  d i s t r i c t  
space heat i f  i t  i s  economical. Electric generation would stir up more 
interest  since v is ib i l i ty  and noise would be present w i t h  t h i s  form of use. 

owned, 9 per- 

Geo t herma 1 Resource Descri p t i  on 

The surface temperature of the primary spring is 160°F (71OC). 
mometry has been performed on samples of this sp r ing  water w i t h  resulting 
temperature estimates of 241OF to  289OF (116OC to 143OC). The total  
dissolved sol ids  are approximately 610 mg/a. T h i s  is a low concentration 
bur corrosion of iron pipe noted along w i t h  build-up of solids where 
leaks are encountered. Many sp r ings  exis t  i n  the vicinity of the resort  
(Diamond S Ranchhotel ) . Montana State University studies have mapped the 
surface geology and the results predict j o i n t  control of the main sp r ing .  
The reservoir i s  t h o u g h t  t o  be unconfined although some self-sealing due 
t o  deposition of sol ids  has occurred. Nearby surface waters appear t o  be 
the recharge source w i t h  circulation t o  depth providing the heat. 

The total volume of the main springs is  estimated a t  more than 1,000 gallons 
per minute (3,800 l/pm) a t  times o f  the year which can be correlated w i t h  
surface runoff. The other sp r ings  are much lower i n  flow. The pH of the 
springs is s l ight ly  alkaline a t  8.8. No geophysical data other t h a n  water 
quality has been publ ished as of the present investigation. 

Geother- 

Structural studies indicate a fau l t  system which could provide much more 
water than is currently seeping t o  the surface. The only known well i n  
the immediate area is one which was d r i l l e d  i n  hopes of finding.cold 

'water for  the resort. The depth and t perature is  not n a t  this time 
b u t  i t  d id  no t  produce cold water. 

Potential for  Geothermal Development 

range of applications us ing  the surface temperature of 159.8OF (71°C) 
re shown i n  figure 2 on page 27. A number of these are possible w i t h  the 
oul der community. The suggested uses include aquaculture, space heating 

ti - 
cc-ri 
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d is t r ic t s ,  and es. The geothermometry predict 
h igh  as 289'F ( 
d r i  11 i ng genera 
approaching t h i  
processing, and  commercial act t i e s  would be possible. 

The possible -us sible for the study area include 
space heat fo r  the Boulder River School and Hospital , a heating d i s t r i c t  for 
a l l  or par t  nf the town of Boulder, and a greenhouse complex located on o r  
near the s o m e  of a quantity of hot water. Of particular interest  for 
the Boulder area would be the production of fresh garden vegetables which 
could be marketed i n  nearby areas and p r  

be available 
nf i rming the 
her uses such as wood proc 

ch are economically 

tion of containerized t ree  

The Boulder Hot Springs have been used for  many years i n  the resort for 
pool heating and also-building heating. The newowner would l ike t o  ex- 
pand his use of the water t o  include a greenhouse and more efficient use of 

e water i n  the buildings for  heat. 

The land around, and i r Hot Springs was clas f i ed "Val uabl e 
Prospectively for  Geothermal Resources" i n  1971 by the USGS. Federal 1 ands , 
including the Boulder Hot Springs area, were opened up for geothermal lease 
applications i n  January, 1974. Applications were received from a number of 
companies for  this area. Union O i l  Company and Phillips Petroleum Company 
f i led overlapping lease applications. The KGRA designation was a result of 
t h i s  overlap; The' Boulder Hot Springs area was designated as a KGRA by the 
central region of the U.S. Geological Survey on March 19, 1975. This area 
includes 6,343 acres of federal , private, and Bureau of Land Management 
managed property. Over one-half of the to t a l  KGRA is privately owned. Since 
much of the Forest Service and BLM'land i s  restricted t o  use, the re- 
maining private land is ery important* 

As 'noted above, t h  interest  was i n  the form o f  federal 
ands applications ronmental Assessment Record study 
nd recommendation 

restrictions, When the federal land  was finally p u t  o u t  for  competitive 
iled interest  drastically, due t o  prescribed 

i 

I 
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Scenario Discussion 

The social and economic environment of the Boulder area, along w i t h  the 
available data for local geothermal potential, have been analyzed t o  ob- 
t a i n  r ea l i s t i c  time frames f o r  possible resource development. The proxi- 
m i  ty o f  the resource to  Boulder (population 1,350) provides a user for  a 
d i s t r i c t  heating system. The Boulder River School, a major s t a t e  f ac i l i t y  
located between the site and Boulder, i s  another prime consideration for  
conversion to  geothermal space heat. 

A development profile was constructed for a d i s t r i c t  heating system to  
be installed for  the c i ty  of Boulder. 
model t o  i l l u s t r a t e  probable development time requirements. 
the heating d i s t r i c t  may be constructed stepwise w i t h  one portion operable 
before a second i s  started. The only addition needed t o  the given 
scenario would be additional time lines fo r  actual system construction, 
which would be of approximately the same leng th  b u t  staggered i n  
occurrence. 

Federal land was postulated as the resource s i t e  for  t h i s  scenario. Th i s  
mode requires a process of b i d  applications, lease sale  if w i t h i n  the KGRA, 
and structured developmental requi rements . The devel opment o f  p r i  vate 1 and 
would be easier w i t h  acquisition of private leases o r  complete ownership,: 

The federal oriented time frame, as shown, would require about njne years 
for a full-scale project from s t a r t  t o  f i n i s h .  The project is  postulated 
t o  begin i n  1982 and completion w i t h  power-on-line by 1988. 

The private mode would take seven years or  less. The times fo r  private 
development are highly variable since one or more of the steps could be 
shortened o r  eliminated. The maximum energy supplied is designed a t  
14 x lo6 Btu /h r .  

A second development profile was done fo r  a greenhouse fac i l i ty .  Again, 
the use o f  federal land would take longer w i t h  four years as opposed t o  a 
projection of three years on private land. T h i s  project is  predicted to  
begin i n  1980, w i t h  a maximum heat supply of 40 x lo6 Btu /h r .  
scenarios, location of an adequate resource is assumed. 

In real i ty ,  small projects could be gotten "on l ine" i n  as l i t t l e  as two 
years depending on the extent of community impact. The area around 
Boulder Hot Springs has been studied by the BLM and an EAR finalized. 

I t  appears that' for  the present no electrical  production projects can be 
economically justified. T h i s  is a result ,  i n  part, of the s t r i c t  lease 
stipulations which were t h o u g h t  t o  be necessary to  protect the local 
environment. 

The direct  use of t h i s  resource will be the most l ikely approach, The 
prospect for  development of the resource for d i s t r i c t  heating should be 
very gpod w i t h i n  the next five years. A heating d i s t r i c t ,  i nc lud ing  
much of the town of Boulder, could be realized w i t h i n  the next ten years. 
The area will probably see a small greenhouse f ac i l i t y  w i t h i n  the next  
three years w i t h  commercial capabilities increasing by 1985. 

T h i s  scenario used one event as a 
In real i ty ,  

I 

' 

In both 

b 



CATION AND PHYSICAL DESCRIPTIO 

46 11' 53" (31) 

112 05' 37" 

. .Recti 1 i near: 5 N. , 

. .County: Jefferson 

and Madison. 

. .Topography: Two dis t inct ,  nearly equal , topographies are present. Steep 
mountainous portions range from 5,000 feet  t o  8,609 fee t  (1524 m to.2624 m)  
i n  elevation w i t h  slopes ranging from 10 percent to  over 50 percent. The 
broad valley bottoms have slopes from 0 percent t o  10 percent. A l l  aspects, 
except the south, are well represented i n  the mountainous areas. The valley 

..Present Land Use: The pre es include ranching w i t h  associated 

* 

unties: Broadwat Powell, Si1 ver Bow, . 

t is generally east  and 

riculture,  silvacul ture, and recreation. 

.Future Land Use Plans: The future should con nue w i t h  the present uses 
w i t h  the addition of a reservoir for irrigation 

..Aesthetics: Visual aesthetics are  important i n  this area. As i n  most of 
the mountainous areas of Montana, scenic beauty is a resource 'acknowledged 
by everyone and must not  be abused. Water quality and unwarranted noise 
are also important. 

. .Historical/Archa 1 Significance: Human act ivi ty  has been evident i n  
this area for  the l a s t  8,000 years. The Indians were the only inhabitants un- 
t i l  gold was discovered i n  Jefferson County i n  1862. The real 'i 
people 

ually replacing ' 

I 

i 
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GEOLOGICAL/GEOPHYSICAL DESCRIPTION 11 

. .Geologic Description: 
batholith about five miles ( 8  km) west of the eastern edge of the batho- 
l i t h .  The eastern margin has been described as a shallow, west-dipping 
contact between batholithic and prebatholithic floor. 

Two north-south t r end ing  l a t e  Cenozoic faul ts  occur south of the hot 
spr ings .  The B u l l  Mountain faul t ,  which is parallel t o  the Whitetail 
Basin, could be the major structural control for that  basin. The amount 
of displacement along this fau l t  is not known. A fau l t  located along the 
western margin of the Boulder River Basin and parallel t o  the B u l l  Mountain 
faul t ,  may control this portion of the basin. T h i s  fau l t  displacement is 
also not known. . 

The Boulder batholith i n  the hot sp r ings  area is a medium-grained quartz 
monzonite, composed of orthoclase, quartz, plagioclase , bioti te , and horn- 
blende. Magnetite, sphene, and apati te are also present. The quartz mon- 
zonite is extremely altered i n  much o f  the spring area. 
include a veneer of so i l ,  colluvium, and gruss. The alluvium deposited 
in the many small streams i s  minimal. 

The spr ings emanate from cracks i n  the granite on the west side of the 
Boulder River. The fissures are nearly sealed a t  the surface by deposition 
of s i l i ca  and calci te  which have precipitated from the hot water over many 
years. The hot water is leaching sodium, s i l i ca ,  and calcium from the 
granite a1 ang the fissure we1 1 s and deposi ti ng cal careous and s i  1 i ceous 
material on the sides of the conduits. 

Boulder Hot Springs is  located i n  the Boulder 

Surface deposits 

There are 26 vents discharging hot water w i t h i n  a 90,000 square-foot 
(0.01 km2) zone. One other vent i s  located about 131 feet (40 m) lower 
and 1,312 feet (0.4 km) north of the other vents. The vents issue from 
altered quartz monzonite and various veins w i t h i n  a bowl-shaped area be- 
tween the 4,920 feet  (1500 m) and the 4,970 feet (1515 m )  levels. Most 
of the vents are clustered a t  the heads of three gulches. The total  flow 
has been estimated a t  1,000 gpm (3800 l / m ) ,  b u t  exact measurement cannot 
be obtained w i t h  the present system. 

. .Regional Hydrology: The Boulder River is  the major surface drainage i n  
the Boulder area. The flow i s  southeast and has a gradient of 7.6 m/km. 
Peak discharges are related t o  s p r i n g  and early summer snowmelt. Low 
summer discharge i s  su p l i ed  by recharge from shallow ground water i n  
f 1 u v i  a1 deposi ts . (22f 

(22) 
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LAND OWNERSHIP AND LEASING 

..Land Ownership 

. .Land Leased 

. .Highest Price Leases (Dol lars/Acre) 

. .Tentative Lease Sale Dates: 1/12/77 

..Number of Sales Offered B u t  No Bids: 

..Number of Bids Rejected (Resulting i n  No Lease): 

1,607.74 

12 19,040 acres 

..Summary of Leasing Status and Needs: 
were no b ids .  There appears t o  be no further interest  i n  leasing federal 
lands. The KGRA area could be offered for  lease sale  again if interest  
warrants. 

Lease sales were offered. There 

GEOTHERMAL DEVELOPMENT STATUS 

..Present Development Status: 
presently a hotel resort  faci l i ty .  
and fo r  indoor and outdoor bathing pools- 
cently and the new management i s  interested i n  further development. 

..Projected o r  Planned Development: 
wishes t o  renovate the hotel heating system and the water supply system. 
He wishes to  b u i l d  a greenhouse f ac i l i t y  on the s i t e  for  commercial 
production. 

The s i te  containing the hot sp r ings  i s  
Hot water i s  used to  heat the bu i ld ings  

Ownership has changed hands re- 

The new owner of the hot springs s i te  

i 
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INSTITUTIONAL L J  

t i o n a l  Requirements: 
r e l a t i v e l y  unres t r i c ted  a t  t h i s  time. A c t i v i t i e s  which w i l l  deposit 
warm water i n  running surface waters w i l l  face very r e s t r i c t i v e  water 
qual i ty regulat ions . 
. .Agency and Pub1 i c  Att i tudes: 
information dissemination could e a s i l y  b u i l d  support. Most o f  the populace 
th inks only  i n  terms o f  e l e c t r i c a l  production. 
negative a t  t h i s  p 
lease sale. 

. .Status o f  Requirements ' (  i .e. , E I A / E I S  Requirements): The Environmental 
Impact Statement has been w r i t t e n  and the s t ipu la t ions  f o r  lease use 
established. These s t ipu la t ions  are very r e s t r i c t i v e  and removed much o f  
the avai lab le land from use. This was accomplished w i t h  the "no Surface 
Occupancy" s t ipu la t ion .  Apparently, the commercial i n te res ts  found the 
requirements t o  be too  r e s t r i c t i v e  f o r  economic development. 

The North Boulder Drainage D i s t r i c t  and Jefferson Valley Conservation 
D i s t r i c t  have f i l e d  a d ra f t  EIS on the Boulder River Watershed Project. 
The plans include a 350-acre reservo i r  and associated i r r i g a t i o n  ditches. 
The proposed s i t e  covers par ts  o f  the noncompetitive lease areas, and 
some p r i va te  land w i t h i n  the KGRA. 

A c t i v i t y  on the hot spr ing s i t e  area i s  

support i s  low a t  t h i s  time, bu t  

t since no one was in terested enough t o  b i d  on the 
BLM a t t i tudes  are ra ther  

(72) 
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ENVIRONMENTAL FACTORS 

. .C1 imate 

..Prevailing Winds: 

. .Precipitation (Annual): 11.3 inches/year (67) 

. .Average Yearly Snowfall : 

..Days of Sunshine (Annual): 
weather. Helena (69) 

53.7 i nches/year 

221 days of c lear  and partly cloudy 

..Average Temperature: 

Minimum: January 8.4OF July 53.3OF (67) 

Maxi mum: January 28.8' F July 84.4"F 

. .Degree Days (Annual): 8,572 (67) 

. . Re1 a t i  ve Humidity (Seasonal Peaks) : 

Summer: 

Winter: 

..Air Quality: 
monitoring data i s  available. 
assumed t o  be h igh .  Minor and generally localized a i r  pollution results 
form wind-raised d u s t  d u r i n g  the dry season. 
occur, b u t  dissipate shortly a f t e r  sunrise. 

. .Geologic Factors: 

The entire area is  i n  the Upper Missouri Air Shed. L i t t l e  
Based on s i te  observations, a i r  quality is 

Upper air inversions may 

..Water Quality: 
classified as B-D1 by the s t a t e ' s  Water Quality Bureau. T h i s  c lass i f icat ion 
requires a minimum of 7.0 mg/a of dissolved oxygen and is suitable fo r  swim- 
ming,  f i s h i n g ,  d r i n k i n g ,  and food processing a f t e r  pretreatment. 
Boulder River i s  a typical snowpack fed stream. 
1100 cfs .  The total  water appropriation is 3100 cfs. The river is pol- 
luted somewhat by mine drainage and has to ta l  dissolved solids of 90 mg/a t o  
330 mg/a. Ample groundwater is available from the valley-fi l l  sediments. 

..Noise: No m o n i t o r i n g  data is available b u t  normal ranching and recreational 
act ivi t ies  are present. There will be occasional logging. The higher levels 
of noise would be sporadic and temporary. 

The ent i re  area drains into the Boulder River which is 

The 
Average peak flow is  

(39) 

Lv 
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I . .Biological: 

..Dominant Flora:  
The rangeland areas support sagebrush and several va r ie t i es  o f  bunchgrass. 
The cropland rows a l f a l f a ,  some grains, and a v a r i e t y  o f  hay crop 
grasses. 1727 

Lodgepole p ine i s  the major species i n  forested areas. 

. .Dominant Fauna: 
and elk.  (72) 

The area supports w h i t e t a i l  deer, mule deer, antelope, 

. .Endangered Species: 

Flora: None (72) 

Fauna: None (72) 

TRANSPORTATION AND 

. .Ut i l i ty  o r  Energy Transmission Corr idors and F a c i l i t i e s  

. .Power Transmission Lines: 

. .Transportation Corr idors o r  F a c i l i t i e s  

Roads: U.S. I n t e r s t a t e  15 Within 1 m i l e  o f  Boulder 
State Highway 281 Adjacent t o  area 
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POPULATION 

escription of Population 

Population centers near the site: 

- M i  1 es Population 

Boulder 3 1,342 

C1 ancy 18 230 
He1 ena 30 22,730 
Basin 10 96 
Whi tehall 41 1,035 
Butte 37 23 , 368 

Jefferson City 12 100 

. .Economics 

. .Present Land Use: The surrounding land is  primarily for  ranching 
and associated act ivi t ies .  The town of Boulder has l i t t l e  economic 
activity.  
School and Hospital ( s ta te  supported), a small number of local service 
jobs and commuting t o  Helena for s t a t e  and local employment. 
j o r  industry is located i n  o r  near Boulder. 

..Future land Use: 

Economic p u r s u i t s  i ncl ude employment a t  t h e  Boul de r  River 

No ma- 

No change anticipated. 
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EMAN HOT SPRINGS 

Springs are  located about seven 
man i n  Gallatin County, Montana. 

thick deposit of valley sediment, about a m i  
River. The hot water is used i n  a swimming pool and laundry, and t o '  
space heat a skating r i n k  and a warehouse. 

T h i s  s i te has a potential for geothermal use as rated among the best geo- 
thermal sites i n  Montana. The reasons for  this rating include the close 
proximity o f  the springs t o  a population source (Bozeman), the usable 
surface temperature and flow of the source, and the valley geology of the 
area which may allow large-scale development of a geothermal reservoir. 
Some other uses for this si te include d i s t r i c t  space heat and greenhouses. 

There has been interest  demonstrated for additional development of the hot  
sp r ing  area. The Montana Stata University is  located i n  Bozeman, providing 
a source of technical and geological capability. There appears t o  be no 
major restrictions t o  development f the geothermal resource i n  t h i s  area. 

Si te  Description 

The owner of the sprin uns a K.O.A. campground, located a t  the "Four 
Corners" intersection of U.S. 191 and State Highway 289 and 291. The sur- 
rounding area makes up a broad valley containing the main east-west federal 
highway U.S. 1-90. U.S. 191 is  a major touris t  route t o  Yellowstone Park, 
50 miles (80 km) t o  the south. The springs are  used creation fac i l i -  
ties w i t h i n  a commerci a1 campground. 

The area economy is based on ranching and agriculture w i t h  strong reliance 
on seasonal tourism by the local businesses. The larger regional area 

g i n  people and products 

es (1 1.3 km) west of the 
he springs issue from a 
(1.6 km) from the Gallatin 

ately owned. The surrounding 

The publ ic  i s  particularly interested i n  alternative energy sources i n  
~ l - 1 -  7 L 2 ,  2 ,  ---&2-11.. -&&-4L,a&*hle  &- &ha. 1-m-n - n ~ ~ & < m n n m +  -4 
b r i t 3  ar-ea. i r i i 3  IS p a r - i i a i  iy a i L r  iuuc.auic: iu iiic: i a r y c  W I I L I I I ~ G I I ~  V I  

b' college students and t e awareness t o  overall energy problems and options. 



Geothermal Resource Description 

The springs flow from a t h i c k  sequence of loo dated Tertiary 
and Quanternary ash and sediment. The sediments are underlain by Pre- 
cambrian-age crystal1 ine gneiss a t  unknown depth. A faul t  trending 
N. 85" W., i s  thought t o  cross the-valley floor a t  the northern edge of 
occurrence of Precambrian outcrops, dropping the valley floor down on the 
north.  Area wells indicate t h a t  Precambrian rock could l i e  a t  700 f ee t  
t o  900 feet (231 m t o  274 m) below the spring's site. Wells more than 
three miles (4.8 km) away have encountered warm water (115"F), 40 feet 
('I2 m )  above bedrock. 

The valley fau l t  was postulated as a resul t  of d r i l l  hole data and re- 
gional aeromagnetic anomalies. Resistivity and soil  temperature surveys 
of the s i te  show well defined h i g h  temperature and conducting zones. Ham- 
mer seismic survey techniques suggest tha t  the hot  spr ings l i e  a t  the apex 
of a c i rcular  outward dipping cone of calcareous cementation about 500 f ee t  
(152 m )  i n  diameter w i t h i n  the upper gravels. 

The surface temperature of the springs is 130.3OF (54.6"C). The flow was 
30 gallons per minute (2  l / s ) ,  b u t  additional well d r i l l i n g  increased the 
flow t o  as much as 75 gallons per minute (5 1/s) without pumping. 
thermometers show a range of 169OF to  239OF (76OC t o  'T15OC) for  re- 
servoir temperatures. The water is  f a i r ly  clean w i t h  only 436 mgla total  
dissolved solfds. 

The reservoir potential i s  unknown, b u t  a well was dr i l led  t o  the 450-foot 
(137-m) level w i t h  hot water encountered a t  48 feet  (14.6 m), and 127 f ee t  
t a  130 f ee t  (39 m). The area of the reservoir fs thought  t o  be extensive 
i n  nature, w i t h  a possibility of reaching some po in t  between the s p r i n g  
and Bozeman. The reservoir should be able t o  supply significant amounts of 
water should adequate temperatures by found. 

Potential for Geot~ermal Development 

The geo- 

# 

The possible uses for  a temperature of 130.3OF (54.6OC) are shown i n  
figure 2 on page 27. O f  these, the applicable uses for  the spring area 
fnclude aquaculture, soil warming, animal husbandry, ind tvfdual  space 
heating, and limited greenhouse f ac i l i t i e s .  The l is t  is expanded by con- 
s ider ing the projected reservoir temperature of 239OF (115OC) to  i n -  
clude district space heat, larger greenhouse f ac i l i t i e s ,  and commercial 
processing o f  agricultural and timber products. A variety of crops, 
primarily animal feed, a re  grown i n  the Bozeman area. The timber industry 
uses timber from the national forest ne 

The possible uses which appear economically f 
are space heat oriented. Subdivisions could be heated near the site. 
T h i s  i s  a t t ract ive since housing expansion is  already directed toward 
the s p r i n g  area and winter heating b i l l s ,  even using natural gas, are 
very h igh .  

ib?e for the study area 
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r can be sho o under l ie  areas near 
emperature a uant i ty ,  space heat in 
o f  Bozeman i s  possible i n  the s t a t e  

Greenhouse i n s t a l l a t i o n s  are more v e r s a t i l e  i n  placement o f  the f a c i l i t y  
and can be constructed near known reservoirs. The Bozeman area would be an 
ideal  market for any l o c a l  ly-grown food products. The freshwater supplies , 
located nearby, would al low c u l t i v a t i o n  o f  many f i s h  farming operations. 
The Montana market f o r  f resh f i s h  and prawns i s  very lucrat ive.  Most o f  the 
f i s h  purchased i n  Montana today i s  frozen and flown i n t o  the state. There 
i s  a f i s h  processing p l a n t  located i n  Liv ingston w i th  a marketing system a l -  
ready established. 

The va l l ey  i s  mostly p r i v a t e  land w i t h  large, f l a t ,  open areas. There are 
no severe development r e s t r i c t i o n s  which would a f f e c t  direct-use projects. 

I n t e r e s t  i n  Development 

The major i n t e r e s t  i n  development i n  the Bozeman area has been l i m i t e d  t o  
t h a t  o f  the hot  spr ing owner t o  f u r t h e r  develop h i s  resources. The Montana 
State Un ivers i ty  Earth Sciences Department has conducted measurement sur- 
veys t o  characterize the reservo i r  and the U.S. Geological Survey has 
shown i n t e r e s t  i f i n d i n g  out more about the resource. The owner i s  work- 
i n g  w i t h  the U.S Geological Survey t o  evaluate the spring sources through 
a sampling program. There have been i n q u i r i e s  i n t o  the p o s s i b i l i t y  o f  
using the resource f o r  greenhouse production. The student populat ion o f  
the Bozeman area i s  in te res ted  i n  pursuing a l te rna t i ve  energy sources and 
would provide p o s i t i v e  inf luence t o  development o f  the geothermal resource 
as an a1 te rna t i ve  t o  consuming petroleum energy resources. 

i 
I 
I The spring owner has a proposal submitted. t o  Montana's Renewable Energy 

has a good p o s s i b i l i t y  o f  being funded i n  the oncoming f i s c a l  year. 

Grant Program t o  d r i l l  a deep wel l  a t  the spr ing s i t e .  This wel l  would be 
a s i g n i f i c a n t  step i n  character iz ing the va l l ey  geothermal resource. It 

I 
I 

I 

~ 

I 
h i s  area. Pr iva te  

resource has a good p o s s i b i l i t y  o f  being area wide instead o f  j u s t  s i t e  
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oriented. The land is f l a t  and privately owned and there appears t o  be a 
large demand for  heat resources inherent i n  the local population. The 
economic base of the area is  varied enough to  allow a number of alternatives 
for  heat use. The leasing of land is much simplified due to  i ts  private 
ownership, and development procedure is nat restricted by federal o r  
s t a t e  guide1 i nes. 

The scenario which was constructed t o  characterize the development pro- 
cess a t  the Bozeman s i t e  is indicative of a large-scale project which 
would deal with numbers of people, such as a space heating d i s t r i c t  'for a 
subdivision. 

The assumptions used t o  formulate a r ea l i s t i c  time line development plan 
are as follows: 

1. Community interest  i s  present. 
2. 
3. 

Leasing of private land is  necessary. 
Location of a suitable resource is  found. . 

I t  shows only a small p a r t  of the potential development since the nature of 
the resource, and t h u s  the total  potential is s t i l l  completely unknown. 
Additional events o f  the same nature would follow w i t h  staggered development 
a f t e r  a t r i a l  period of testing for  the f irst  development event. 
g inning  of the event is  projected for 1982. 
nine years w i t h  complete power-on-line by 1991 e Total energy production 
would be 124 x I O s  Btu/hr.  Should the resource prove to  be extensive, addi- 
tional events would begin sooner than the end o f  the first development event. 

The be- 
I t  should take approximately 
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SITE LOCATION AND PHYSICAL DESCRIPTION 

38" (31 ) 

..Longitude: 111 11' 10" (31) 

i l inear:  T. 2 S.,  R. 4 E . ,  sec. 14, DAD (31) 
I . .County: Gal l a t in  

..Adjacent Counties: Park, Broadwater, Beaverhead-Montana, Fremont-Idaho 

..Topography: The s i t e  is  located near the Gallatin River which flows from 
the northwest corner of Yellowstone National Park, north through the 
Gal la t in  Canyon. T h i s  r iver joins  two others t o  form the headwaters of the 
Missouri River. Bozeman and the h o t  sp r ing  site are situated i n  a wide 
valley which marks the intersection of six mountain ranges. The mountain 
range t o  the south is the Gallatin Range and has elevations from 6,000 fee t  
t o  11,000 f ee t  (1829 m t o  3353 m ) .  The elevation of the valley floor a t  
Bozeman is 4,600 f ee t  (1,402 m ) .  The valley is  approximately 18 miles 
(29 km) wide t o  the north and south and 15 mil.es (24 km) long to  the east  and 
west. The highway does follow a continuous valley floor which extends much 
further than 15 miles. The valley f loor  i n  this direction extends for about 
34 miles (54.4 km) i n  the west-northwest direction. 

..Present Land Use: The surrounding area is  rural i n  nature w i t h  ranching 
and farming as the main occupation. Bozeman Hot Springs is a commercia'! 
campground serving those tourists going east-west o r  entering the Gallatin 
Canyon on the way t o  Yellowstone Park. There are  some homesites on Highway 
191 which goes west out o f  Bozeman. 

. .Future Land Use Plans: The present land use will remain much the same 
w i t h  increases i n  housing for people working i n  Bozeman. 

..Aesthetics: The area is rather f l a t  so any construction would have to  
adhere to  acceptable visual aesthetic standards. Th i s  area will continue 
t o  grow w i t h  additional housing orkers. A semi-residential a t -  
mosphere will be required i n  t h  

Historical/Archaeological Signi  
home of any one t r ibe  of Indians, 
parties. The first recorded acco 
i n  July 1805. 
Indian opposition proved too form 
not mining oriented, b 
factor i n growth. 

kilometers east of Bozem 
Gal 1 at1 n and Bri dger Mountains . Thi  s 
and whites from prehistoric times 
mined 16 kilometers east  of Bozeman i n  1864. Fort Ellis, 4.8 kilometers 
east of Bozeman (1867-1886), was established for  protection against Crow and 
Sioux raids. 

Fur  companies attempted t nd trap i n  the area, b u t  

I t  l a t e r  served as a base from which government expeditions 6, 
explored the mountain regions , including those around Yellowstone Park. , b i  
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Hi stor i cal /Archaeol og i cal con t . 
To date, 117 archaeological sites of different types have been identified 
in Gallatin County. The county had a medium rating for future archaeological 
potential. (20, 43) 

6.; 

, 
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S ICAL DESCRIPTION 

. .Geologic Desc 
eastern end of the northern Rocky Mountain Physiographic Province. Struc- 
turally,  they could be grouped w i t h  the ranges of the central Rocky Mountain 
Tectonic Province. In general , these ranges are broadly uplifted asymmetric 
antic1 i nal folds, bounded on their  margins by prominent faults.  The t h i n  
mantles of shallow Paleozoic and Mesozoic marine sediment have for the most 
part been eroded away exposing Precambrian crystal 1 i ne basement rocks. The 
Madison-Gallatin area has a similar structure. 

The Madison and Gallatin Ranges are  a single structural entity. Generally, 
the Madison-Gallatin block is a broad area of sedimentary rocks com- 
pressed between Precambrian crystall ine buttresses a t  the northeast and 
southwest. The study area has been dissected by the Gallatin River which 
currently exists i n  a stage of early maturity. 

Bozeman Hot Springs issue from a thick seque of 1 oosely consol i dated 
Tertiary and Quaternary ash and sediment. These layers were produced by 
erosion and transport of sediment into the basin of the Gallatin Valley. 
Volcanic ash falls  added t o  these sediments. The top layers of sediment 
were deposited by the present West Gallatin River. 

n and Gallatin 

I 

I The sediments are underlain by Precambrian-age crystall ine gneiss a t  un- 
known depths. A fau l t  trending N. 85' W., is predicted to  cross the valley floor I 

a t  the northern edge of the occurrence of Precamb 
valley f loor  down on the north. 

. .Geophysical Summary: Area wells indicate that Precambrian rock occurs 
about 700 feet t o  900 feet  below the surface a t  the spring's site. Some 
wells, more than three miles away have encountered warm temperatures, 
115OF (46OC) about 40 feet  above the bedrock. 

The f a u l t  pos.tulated fo r  the 

utcrops, dropping the 
(10, 11) 

t ical  offset  i n  a 
1 l drill hole, anal aeromagnetic 

ed by Dr, Robert 
Chadwick of Montana State Un 

cting zones were 

r seismic survey techniques were conducted by Montana State University . 
personnel suggests t h a t  the hot springs l ie  a t  the-apex of a roughly circular 
63-foot outward-dipping cone of ca 
diameter w i  upper gravel u 

. .Geologic Hazards: The Gallatin 
potential zone of earthquake activ 
are active, the area has most rece seismic shocks of modified 
Mercalli scale intensity of VI (scale I - XII). The effects of the 
Hebgen Earthquake of August 17, 1959, i n  the Hebgen-like area south of the 
Ga l l a t in  Canyon can serve t o  i l l u s t r a t e  the problem potential. The po- 
tential for landslides or  other mass-grav 
out  the entire area. '(20, 21) 

I 

h none o f  the known faul ts  

movement is present through- W 

I CICd 
I 
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RESERVOIR CHARACTERISTICS 

voir Temperature 

..Surface: 130.3"F (54.6OC) (31) 

. .Subsurface: 

. . Geochemical 
SiO2: Chalcedony 169°F (76°C) Quartz 239OF (11 5OC) 
Na-K-Ca: Na-K-1/3 Ca 237°F (1 14OC) Na-K-4/3 Ca 169°F (76OC) (80) 

..Flow Rates: 75 gpm 285 l/m (31) 

..pH: 9.5 (31) 

.Total Dissolved Solids: 436 mg/a (31) 

. . F1 uid Chemistry: 
Conductivity 
Hardness (Ca, Mg) 
Ca 
Mg 
Na 
Bicarbonate 

F 
Si02 
B 

81 9 
28 wla 

130 mgla 
'83 mgla 
130 mgla 
50 mgla 
10 mg/a 

8.6 mgla 
2.4 mgla 

63 mgla 
220 mgla 

(31 1 
..Comments and Critical Issues: This is an excellent site with which to 
promote geothermal development. Bozeman' s population pressure is in the 
direction of this reservoir. There is plenty of private land for develop- 
ment. The environment is excellent for greenhouse facilities. There is 
the availability o f  technical assistance from M.S.U. 

..Subsurface Area of.Reservoir: Unknown at depth. 
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GEOTHERMAL DEVELOPNENT STATUS id 

..Present Development Status: 
seepage around we l l  casing i s  co l lec ted  i n  a 15-foot deep concrete tank 
from which i t  i s  pumped f o r  use i n  a swimming pool and laundry, and f o r  
space heating o f  a skat ing r i n k  and warehouse. 

The owner erected sca f fo ld ing  and standpipe over the  deep we l l  t o  f a c i -  
l i t a t e  temperature logging by the U.S. Geological Survey under s t a t i c  con- 
d i t ions.  A s e t t l i n g  pond about one-half m i l e  no r th  o f  the springs was 
constructed and has p a r t i a l l y  constructed channels leading from the spr ings 
t o  the pond. 

Previous t o  d r i l l i n g  the wells, the f l ow  r a t e  was about 30 gpm; a f t e r  com- 
p l e t i o n  o f  three f lowing wells, the f l ow  rose t o  50 gpm. Two o f  the we l ls  
are about 66 f e e t  deep. The t h i r d  we l l  was d r i l l e d  adjacent t o  the tank 
t o  a depth o f  457 feet .  The we l ls  encountered ho t  water a t  about 48 f e e t  
and again a t  127 f e e t  t o  130 feet .  A 60-gpm f l ow  was encountered at r the 
127-foot l e v e l  

..Projected or Planned Development: 
proposal t o  the Montana Renewable Energy program f o r  funding t o  d r i l l  a 
1,000-foot wel l .  The purpose i s  t o  assess the ho t  water resources a t  
Bofeman Hot. Springs. The ob jec t ive  o f  t h i s  p r o j e c t  i s  t o  supply a la rge  
quant i ty  o f  hot  water f o r  l oca l  uses such as space heating, aquaculture, 
and greenhouses. 

No other  development i s  cur ren t ly  planned. 

The hot  water from three f lowing we l ls  and ' 

but  was cased o f f  due t o  sand i n f i l t r a t i o n .  (8, 30) 

The hot  spr ing owner has submitted a 



I 
UTIONAL CONS I DEMTI ONS 

1 

iona l  Requirements: The only  i n s t i t u t i o n a l  requirements known 
a t  t h i s  t ime are  concerned w i th  water r i g h t s  (no foreseeable problem) 
and wastewater disposal hould be able t o  d i  

. .Agency and Publ ic  A t t  des: There a arent negative a t t i  tudes 
i n  the pub l ic  sector. The Montana Sta t  
Department i s  very support ive and can be r e l i e d  on t o  ass i s t  w i t h  any 
development project .  The State Governing Departments are also supportive. 

. .Status o f  Requirements (i .e. E I A / E I S  Requirements) n Environmental 
Impact Statement f o r  the State Major F a c i l i t y  H i r i n g  w i l l  be required 
i f  a large-scale p ro jec t  should be i n i t i  
development other  than some time delays. 

se o f  by i n jec t i on ) .  

vers i  ty Earth Sciences 

I 
I 

I 
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I 

I 
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ENVIRONMENTAL FACTORS i d  

. .C1 imate 

..Prevailing Winds: The prevailing flow is  westerly. (21) 
Sometimes a t  50-60 mph i n  the winter and spr ing .  

. .Precipitation (Annual 1: 17.38 inches (44.15 cm) (20) 

..Days of Sunshine (Annual) :  

..Average Temperature: 

(21) 

228 days of clear o r  partly cloudy skys. (20) 

Minimum: January 10.3OF July. 51.3"F 
Maximum: January 30.2OF July 81.5OF (67) 

..Degree Days (Annual): 8,165 (67) 

. . Re1 a t i  ve Humi d i  t y  (Seasonal Peaks) : 

Summer: 

Winter: 

. .Air Qual i ty: Air qual i t y  is generally good w i t h  a minimum amount of 
man-made contaminants. Local winds scour the area periodically sweeping 
any po l lu t ion  produced out  of the area. Temperature inversions occur 
sporadi cal l y  , col lecti ng smoke and other pol 1 utants 1 oca1 l y  re1 eased. 
These episodes are generally very short-lived and dissipate w i t h  s u n l i g h t  
i n  the mornings. (38) 

..Geologic Factors: 

..Water Quality: The major drainage is the Gallatin River which flows t o  
the north. 
of the Missouri River. The snowpack which feeds the Gallatin accumulates 
up t o  100 inches/year. The Gallatin River is classified as B-D1 by the 
Montana Water Quality Bureau. T h i s  is a high quality designation requiring 
a dissolved oxygen of 7.0 mg/a. 
recreation fishing, d r ink ing ,  and food processing after pretreatment. (39) 

..Noise: The s i te  is subjected t o  vehicular noise from the adjacent high-  
ways. I t  experiences much human activity and could be classified as rural- 
suburban. 

I t  joins the Madison and Jefferson Rivers t o  form the headwaters 

I t  is suitable for  bathing, swimming, 

CII. 

L, 
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valley flora co 
sagebrush and  many types of bunchgrass 

graze type of grass. 

sive lodgepole pine and 

horn sheep, moose, and waterfowl. The river has very good fishing. 
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6.i POPULATION 

. .General Description of Population: 
o f  Montana S ta te  University and supports a large service population. 
is a trade center fo r  the surrounding ranching ac t iv i t ies .  A major east- 
west highway i s  located adjacent t o  the town t o  the north. T h i s  brings i n  
a l o t  of tourist trade. 

The nearest population centers t o  the resource s i te  are: 

Bozeman (population 18,670) is the si te 
I t  

Bozeman (population 18,670)--7 miles t o  the east  
Enn i s  (population 500)--45 miles t o  the southwest 
Manhatten (population 816)--18 miles t o  the northwest 

. Econmi cs : 

camping f a c i l i t y .  
section of U.S. 191 and State  Highway 289 and 291. 
the way of a local economy a t  the present. Tourism i s  greatly depended 
on by the service businesses. 
and the complementary agricultural act ivi ty .  

i s  one of the f a s t e s t  growing communities i n  the greater Bozeman region. 
Recent estimates by the city-county planning board predict a population 
o f  over 50,000 f o r  Bozeman and the surrounding rural area by 1990. 
Housing and commercial developments are a1 ready extending between Bozeman 
and the "Four Corners." There is a great need i n  the Bozeman area f o r  
low-cost housing, such as apartments and multi-family dwellings.  

..Present Land Use: The s i te  is  presently used to  support a comercial 
I t  i s  located near the so-called "Four Corners" inter- 

There is l i t t l e  i n  

The surrounding land is  used fo r  ranching 

. .Future Land Use: The area surrounding the "Four Corners" intersection 
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e s t  of Helena, 
he Broadwater 
oor i n  1941. 

e, have a very 
h i g h  potential for use due to  the i r  geographic location. Broadwater is 
one of the very few geothermal resource areas which is located near a 
major Montana city.  
sp r ing  flow, yet  previous d r i l l i n g  has already demonstrated that  the 
flow of hot water could be increased. The hot water that  this resource 
can provide could be used for heating bui 1 dings,  i ncl udi ng greenhouses, 
as well as fo r  aquacu 

wis and Clark County, Montana, provided hot wa 
y 1900's u n t i l  i t  

ong the 10 hottest 

I t  is also one of the few w i t h  a significant natural 

, ice and snow me1 t i n g .  

The hot sp r ings  are located n section 28, T. 10 N., R. 4 W., immediately 
adjacent t o  Ten Mile Creek, a small perennial stream. Highway 12, a 
major travel route, ascends the steep-walled creek valley west toward 
Missoula. Nearby is  Helena w i t h  a population of 25,000 and East Helena 
w i t h  a population of 1,700. 
subject t o  steady surburban t h  from Helena. Housing is already lo- 
cated close to  the sp r ing  
Ten Mile Creek Val1 

The s i t e  is unused a t  the 
periment, uses some of the s p r i n g  water for heat. Another hot water- 
heated house and swimming p 
discharge. water. A recreat is under construction 

spring site is sparsely populated but  is 

Helena is located near the mouth,of the 
valley floor. 

I 

cept for one house which, as an ex- 
I 

I s  adjacent to  the s i te  and uses spring 
I 
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Of the land wi th in  6 kilometers radius of the springs,  75 percent is p r i -  
vately owned while 25 percent is owned by the state.  Mu 
elevations are administered by the U.S. Forest Service. 

Energy fo r  the area is suppl ied  by natural gas and e lec t r ic i ty ,  Many 
homeowners are install ing wood stoves t o  provide domestic heat. Natural 
gas is the cheapest form of commercially available energy b u t ,  even so, 
many homeowners u s i n g  i t  pay $80 t o  $700 per month f o r  heat dur ing  the 
cold winter months. Because of this, the local population may be very 
interested in geothermal energy. Hot water from this source could &e 
used directly t o  heat bu i ld ings  i n  the area. 
however, be less feasible and the possible environmental damage would 
draw some objections. 

Geothermal Resource Description 

Broadwater Hot Springs is situated on a s a t e l l i t e  of the Boulder batholith. 
Numerous granitic intrusions are found i n  the surrounding areas. The 
springs issue near the center o f  a nearly ci rcular  igneous body. T h i s  
intrusion is  exposed except where i t  is capped by recent alluvium. 

The surface temperature is 151°F (66.2OC) and wells tap the subsurface 
supply a t  a depth o f  about 200 feet  (6'1 meters) w i t h  a temperature of 
154°F (57.8OC). 
range of 204°F t o  277°F (96°C t o  136°C) could be located w i t h  d r i l l i n g -  
The spr ing  area i s  the site o f  s i x  wells which were dr i l led  by the developer. 
The proximity of the wells t o  each other allow t h a t  only a maximum of two 
may be continuously pumped. Quantities are estimated from 500 gpm to  
2,000 gpm (32 1/s t o  127 l / s )  while maintaining a sufficiently hot  tem- 
perature. The present spring flow is  207 gallons per minu te  (32.1 l/m). 

Surface resis t ivi ty  a t  the 100-foot level has been performed by Montana' 
State  University. Hydrogeologic modeling has a l so  been done. Of the 
six holes dr i l led a t  the s p r i n g  site, four encountered hot water, one 
supp l i ed  warm water, and one came up w i t h  cold water. 

Potential for Geothermal Development 

The range of applications us ing  the known surface temperatures of 151°F 
(66.2"C) are shown i n  figure 2 on page 27. 

Electrical production would, 

The geothermometry indicates a possible temperature 

These uses are possible, but not a l l  are economically feasible. As men- 
tioned ear l ier ,  the topography limits the uses which can be made' of the 
sp r ing  site. The l and  surrounding the sp r ing  is best suited f o r  home- 
s i t e s  for people working i n  the Helena area. There are ample sites where 
housing u n i t s  could be b u i l t  w i thou t  eliminating land  from other useful. 
purposes. The developer has access t o  a parcel of land near the sp r ing  
area, which could be used t o  b u i l d  a 300-unit subdivision. The subdivis ion 
could be heated w i t h  a district h o t  water supply system. 

Ld 

Lc' 



Another use which would be i d e a l l y  su i ted for the resource 
heat the commercial greenhouse f a c i l i  
downstream from the  ho t  spr ing s i t e .  
major p a r t  o f  the complex o f  s l i g h t l y  
per month dur ing the peak heating per iod 
quirement could be met w i t h  geothermal heat. 

A less feasible, bu t  much needed,-alternative would invo lve p ip ing  the 
hot  water down t o  Helena and construct ing a heating d i s t r i c t  w i t h  re t ro -  
f i t  o f  ex i s t i ng  s t ructures t o  use the hot water. 

located less than 

of t h i s  heat re- 

I n te res t  i n  Development 

The Broadwater Hot Springs area i s  a p a r t  o f  the U.S. Geological Survey 
c lass i f i ca t ion ,  PGRA. This c l a s s i f i c a t i o n  does not  requi re  t h a t  federal  
leases be l e t  on a competit ive basis, as does the KGRA c lass i f i ca t i on ,  
unless overlapping lease appl icat ions are received. The leasing o f  federal 
land i n  t h i s  area does no t  appear probable because much o f  the federal 
land i s  very steep and inaccessible. There i s  enough p r i va te  and s ta te  
land t o  supply reservo i rs  f o r  heat ext ract ion close by. 

The s i t e  i s  surrounded by p r i va te  and s ta te  land. 
avai lab le f o r  leasing the geothermal resource i f  s u f f i c i e n t  i n t e r e s t  
should ar ise.  The s ta te  land i s  subjected t o  the Department o f  State 
Lands geothermal regulat ions which, a t  t h i s  po in t  i n  time, do no t  a l low 
ind iv idua l  leasing. 

The p r i va te  land i s  

Leasing i n t e r e s t  i n  the Broadwater Hot Springs area i s  nonexistent a t  
t h i s  time. I f  and when the i n t e r e s t  i s  generated, the only problems i n  
leasing one i s  l i k e l y  t o  encounter, w i l l  concern leases on state-owned 
land. This area has l i t t l e  i n  the way o f  environmental concerns beyond 
the ever-present water q u a l i t y  and water r i g h t s  concerns t o  be found 
anywhere i n  Montan 
thermal energy, T 

disposal o f  domestic wastes 
steep-sloped, t h i n  s o i l  ove 
co l l ec t i on  and treatment o f  
about 2 mi les (3 km) from t 
very re luc tan t  t o  extend a 
t i o n  o f  the fn tervening area t o  the c i t y .  
are vehement1.y opposed both t o  annexation a 
taxes annexation would bring. A lesser  pro 
of the spent geotherma water. It may not  
Creek since i t  i s  s t i l  too hot  f o r  the s ta  
Two options are presen y open. The f i r s t  i s  an i n j e c t i o n  system which 
would place the water back i n t o  the ground. The second opt ion would 
involve some means o f  cool ing and s to r ing  the water which could then 
be used f o r  i r r i g a t i o n .  The winter  load, however, could not  be used 
i n  t h i s  manner. A study o f  possible disposal a l te rna t ives  and t h e i r  
re la ted  environmental impacts woul 
could be solved. 

o f  Helena w i l l  be 

u 
u i red  before t h i s  problem 
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6.I Scenario Discussion 

A developmental scenario was constructed us ing  the resource character- 
i s t i c s ,  local environment, and population consideration. The time lines 
describe a single space heating d i s t r i c t  and a greenhouse f ac i l i t y  near 
the s p r i n g  area. These are not the only-developments which could occur, 
b u t  i t  will i l l u s t r a t e  the various timed development phases which would 
be required of any development. 

The assumptions are as follows: 

1: 
2. 

Private land would be leased. 
The construction of a completely new housing development w i l l  
occur. 
Water chemistry will allow direct  use of hot water without heat 3.  
exchangers 
A l l  necessary disposal permits are obtained. 
Adequate financing for  b u i l d i n g s  and heating system exists. 

4. 
5. 

The beginning date is  estimated a t  1981 and the complete process should 
require e i g h t  years. The total  energy use would be 54 x 106 B t u  per hour. 

If s t a t e  land i s  used for  the hot water supply, the development would take 
a similar amount of time w i t h  an additonal factor for obtaining a s t a t e  
lease. Th i s  process cannot begin u n t i l  the s t a t e  changes i ts  leasing poli- 
ci es . 
If the resource proves to  be wider spread i n  nature, then as currently 
anticipated, many additional projects could occur. A primary event would 
be the heating of the commercial greenhouse complex located one mile down- 
stream from the sp r ing  site. Another would call  fo r  p ip ing  that  water 
closer to  the residential area of Helena for  district space heat of 
existing houses. 

The rea l i s t ic  probablity of a new subdivision being b u i l t  w i t h  d i s t r i c t  
heating is  very good. I t  is  l ike ly  that  it  w i l l  not be ini t ia ted w i t h -  
i n  five years for  a variety of factors, the most important of which have 
been mentioned. 
development i f  a resource could be located on the owner’s land. P i p i n g  
of water t o  Helena i s  very f a r  (10 

The greenhouse use is a better prospect for  immediate 

wholly on the quantity and quality 
years) into the future and depends 
of additional resources. 
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55" (31 ) 

W, S28 NE 1/4 

..County: Lewis and Clark 

. .Adjacent Counties: Broadwater, Cascade, Flathead, Jefferson, Powell, Teton 

..Topography: Helena i s  located on the south s ide o f  an intermountain val ley.  
It i s  bounded on the  nor th  and east by the Big B e l t  Mountains and on the west 
and south by the main chain of the  Continental Divide. The va l l ey  i s  ap rox i -  
mately 25 mi les (40 km) i n  width from nor th t o  south and 35 mi les (67 km Y long 
east t o  west. The average height o f  the mountains above the va l ley  f l o o r  i s  
3,000 f e e t  (914 m). (65) 

..Present Land Use: The area i s  used f o r  urban l i v i n g  w i th  associated a c t i v i -  
t i es .  The surrounding land i s  used f o r  some ranching and farming a c t i v i t i e s .  
Much o f  the mountainous land i s  used for recreat ion and s i l v i c u l t u r e .  

. .Future Land Use Plans: The fu tu re  land w i l l  f o l l ow  the present d i -  
rect ions w i th  increased populat ion as a r e s u l t  o f  re loca t ion  a c t i v i t y .  

(65) 

This 
more services inc lud ing r eat ion and l i v i n g  space. 

The centra l  va l l ey  o r i e  d areas are r e a d i l y  v i s i b l e  from 
12 west. There i s  much scenic t rave l  through the  Helena Valley and Hig 

t h i s  area. (65) 

I . .His tor ica l  /Archaeological Signif icance: Extensive go1 d mining a c t i v i t y  i n  
the past has l e f t  much evidence. An 1864 gold discovery touched o f f  a boom 
era which saw Helena become "Queen City o f  the West" and Mo 
The Broadwater Hotel and Spa wa 
a Helena businessman 
was b u i l t  by Freder i  
hote l  closed i n  1941 a 
piecemeal by i t s  owner 

as many as.50 t o  75 s i t e s  being 
s ign i f icance have been found i n  
county i s  rated 

. .Geologic De5c 
Boulder ba tho l i th ,  i s  w i t h i n  4 
bathol i th .  There are numerous g r a n i t i c  bodies which are intruded i n t o  
country rock and are exposed i n  the Broadwater area. 
from gabbro t o  d i o r i t e .  Many o f  these are intruded along o r  near f a u l t s  i n  
the country rock. 

I 

I 

I 

I Archaeologis have b r i e f l y  i n v  

Compositions vary 

A m 4  

' t  
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The sate1 l i t e  body intrudes Precambrian and Paleozdic he1 f sedimentary b 
rocks. These rocks d i p  away from the intrusive a t  10 t o  30. The shallow 
d ips  suggest t h a t  only recently has the s a t e l l i t e  been exposed and erosion 
-has not removed much of the rock. 

The fau l t  trends are northeast, northwest, and east-west and have both d i p  
and strike-s7ip displacement. Northwest of the springs l i e  northwest-trending 
thrust faults.  Much f o l d i n g  of the Paleozoic rocks occur i n  this area w i t h  
northwest t rends .  

The  ho t  springs issue near the center o f  a nearly circular igneous body, en- 
t i r e l y  composed of biot i te  adamellite. The b i o t i t e  adamellite is a coarse- 
grained dark gray rock, w i t h  almost equal amounts of plagioclase and potas- 
sium feldspar, quartz, and b io t i te .  The intrusion is exposed a t  the surface 
except where i t  is  capped by Quaternary gravels, some colluvium, and recent 
a l l  uvium. Quaternary gravels are exposed along a narrow northeast-trending 
ridge north of the site. Zones of colluvium and weathered b io t i te  adamellite 
up  t o  a meter thick overlie portions of the intrusive. 
s p r i n g s  have encountered up t o  4 meters of sand and gravel i n  the Ten Mile 
Creek a1 1 uv i  um. 

The intruded country rock includes the Precambrian Empire and Helena Forma- 
t ions.  The Empire Formation consists mostly of argillaceous shales and 
a r g i l l i t e ,  w i t h  some quartzite. The Helena Formation is a buff-weathering, 
siliceous dolomite. Metamorphism is  minor near the s i t e  of intrusive 
contact. (22) 

..Geophysical Sumnary: Isoresist ivity maps, constructed a t  depths  of 10 and 
30 meters, show northwest elongated zones of low apparent resistivity i n  the 
area of the springs and t o  the northwest. T h i s  res i s t iv i ty  configuration 
could represent thermal water rising along the N. 50' E.,  fractures and moving 
down gradient southeasterly i n  the near surface weathered rock and a1 1 uvi  iim. 

Vents a t  the s p r i n g ' s  site appear t o  be localized a t  a relatively low eleva- 
tion along an intense N .  50' E.,  fracture zone. There is possibly a relation- 
s h i p  w i t h  the west-northwest-trending Lewis and Clark lineament which trends 
through this area. Deep-seated fracture zones of this lineament could pro- 
vide sufficient permeability for deep circulation. 

Hydrogeologic modeling was done for this s i t e  by Michael John Galloway as 
a master's thesis for  Montana State University i n  August 1977. 

Hydrogeologic modeling was also done by Michael .Kaczmarek w i t h  a master's 
thesis  for Montana State University i n  August 1974. 

Drill holes near the 



RESERVOIR CHARACTERISTICS 

..Reservoir Temperature 

. .Surface: 151°F (66.2OC) (31) 

: 154OF (67.8.C) (31) 
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. .Land Ownership 
(6 km radius): 

..Land Leased: 

. .Highest Priced 
Leases 
(Dol 1 ars/Acre) : 

..Tentative Lease 
Sale Dates: 

. .Number of Sal es 
Offered B u t  No 
Bids: 

. .Number of Bids 

LAND OWNERSHIP AND LEASING 

Total Area Federal 
- (Acres) (Acres) 

Rejected (Resul ti ng 
in No Lease): N/A 

2560 0 
1036 (hec) 0 

0 0 

N/A 

State Private 
(Acres) (Acres) Other 

-640 1920 0 
259 (hec) 777 (hec) 0 

0 0 0 

..Summary o f  Leasing Status  and Needs: 
leased th rough  established channels. 

No leases let. State l and  could be 
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kJ GEOTHERMAL DEVELOPMENT STATUS 

t Development Status: The Broadwater H o t  Springs and the surround- 
ing  land was purchased by a developer (Frank Gruber) f o r  the purpose o f  
bu i l d ing  dwell ings. He has d r i l l e d  s i x  wel ls on, and adjacent to, the springs 
t o  increase t h e  hot  water supply. There were fou r  hot wells, one warm w e l l  
and one cold w e l l .  The t o t a l  supply varies from 
water. 

An experimental house was funded i n  p a r t  by the Sta te 's  A l te rna t i ve  Energy 
program t o  be'heated by the hot water. The hot  water supply f o r  household 
use i s  also heated geothermally. 

No f u r t h e r  work i s  being done. A developer wants a 150-unit subdiv is ion 
okayed, but  sewage r e s t r i c t i o n s  are preventing f u r t h e r  development. The 
c i t y  o f  Helena must supply a t runk l i n e  t o  the area before bu i l d ing  can 
begin. They are n o t w i  

. . Projected o r  P1 anned 
l a t i o n  growth i n  t h i s  area w i l l  create a demand f o r  the housing present ly 
proposed by the developer and construction w i l l  r esu l t .  

There i s  a commercial greenhouse operation located about one m i le  downstream 
from the hot  springs which i s  in te res ted  i n  converting the heating system 
t o  geothermal heat. The po ten t i a l  f o r  t h i s  use ry good. Conversion 
i s  an t ic ipa ted  i f  a su i tab le  quant i ty can be 10 by d r i  11 i ng o r  suppl i e d  
by contract  from the 

The proximity o f  t h i s  resource t o  urban dwel l ing areas predic ts  fu tu re  use of 
hot  water  i n  d i s t r i c t  heating. 

0 gpm t o  2,000 gpm o f  hot  

ng t o  do t h i s  a t  the present. 

elopment: It i s  assumed t h a t  eventual ly popu- 

\ 

t springs owner. 

This w i l l  re- 
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ENVIRONMENTAL FACTORS g: 
. .Climate: Can be described as  modified continental. (65) 

..Prevailing Winds: 
(12.6 km/h). (65) 

..Precipitation (Annual):  12.2 inches (31 cm) (65) 

..Days of Sunshine (Annual): 189 

. .Average Temperature: 

From the west w i t h  an average speed of 7.9 mph 

Minimum: 20°F (-6.8OC) (67, 69 Helena) 

Maximum: 68'F (2OOC)  

. . Degree Days (Annual ) : 

..Relative Humidity (Seasonal Peaks): 

8 , 373--Si x-year average (67 

Summer: 28% 

Winter: 74% 

. .Air Quality: Air quality i s  generally very good. Presence of vehiculai 
t r a f f i c  and construction provide particulate and exhaust emission contami- 
nents. Temperature inversions which dissipate w i t h  morning s u n l i g h t  are 
common. (65) 

. .Geologic Factors: 

..Water Quality: The h i g h  mountain peaks catch and store water which supply 
the surface streams. Quality of surface and subsurface water is good w i t h  
turbidity increases dur ing  s p r i n g  runoff. Ten Mile Creek, which is  rated as 
B-D1 by the State Water Quality Bureau, drains the study area. 

. .Noise: Noise associated w i t h  a central i zed urban environment , surround- 
i n g  suburban areas, outlying ranching activity and some remote forest, is 
found i n  different sections of the area. The immediate study area is  sub- 
j ec t  t o  vehicular t r a f f i c  from Highway 12. 

Some of the modifying factors are  invasion by Pacific Ocean a i r  masses, 
drainage o f  cool air into valleys from mountains, and mountain shield i n  
a l l  directions. (37) 

. .BSological: 

(39, 65) 

..Dominant Flora: The immediate area above the creek i s  rather dry w i t h  
rocky soi ls .  Some species of bunchgrass and sagebrush dominate the flora. 
The creek bottom has willow, cottonwood, and l u s h  grasses along i ts  
boundaries. (65) 

L d  

Ld 
- 
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TRANSPORTATION AND UTILITIES 

..Transportation Corridors or  Facil i t ies:  
s i te  and provides access t o  the interstate system, running north and south, 
next t o  Helena (5 miles). 

Highway 12 runs adjacent t o  the 

POPULAT I.ON 

.‘..General Description o f  Population: The s i t e  is located about 4 miles 
from urban Helena i n  a narrow valley. The present land use o f  the area 
is  very restr ic ted due t o  steep terrain which limits useful land availa- 
b i  1 i ty. 
progressing up  the valley tbwards this area. The nearest concentration 
i s  about 2 miles from Broadwater. 
dwellings past the s i t e  i n  Golorado Gulch. 
located about a mile downstream from the springs.  

..Economics 

Some ranchirig activities are carried on.. Suburban dwell ings are  

There. is a small concentration o f  
A commercial greenhouse i s  

..Present Land Use: The surrounding land has very l i t t l e  productive use 
now. The parts b f  the valley which have bottom land are  used. for  hay 
production .. Is01 ated par ts  are subdivided for dwel Tings. 

..Future Land Use: 
I n  Helena. The  potential for  any other use is small. 

T h i s  area will be used for  housing for  people working 







I 

and adjacent to ,  Yellow- 
a has the potential of 

I 

I 

I 
I 

i 
~ Si te Description 
i 
I 
I 

I 

I The Corwin Springs KGRA is  contiguous t o  Yellowstone National Park along 
a part of the northern boundary near Gardiner, Park County, Montana. The 
surface manifestations of the geothermal 
sp r ings  i n  the area. The main s p  
i s  not located i n  Corwin b u t  abou 
along the Yellowstone River. The as  LaDuke Hot Spring 
and water was piped from here t o  Corwin Springs i n  the past for  resort  
purposes. Another warm spring, known as Bear Creek Spring, i s  located 
east  of Gardiner. In addition t o  LaDuke Spring, a section of adjacent 

source are several hot and warm 
orwin Springs is noted 
- 4  km) t o  the south,  

I 
I 
I 

I 

, 
I 
i 
I 

hounding, timber production, wild1 ife habitat, permanent and seasonal' home- 
sites, and scenic thoroughfare. Future land use should be similar t o  that  

82 
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o f  the present, w i t h  increased tourism due t o  the new esignat ion of the 
nearby Beartooth W i  1 derness Area. This addi t i o n a l  use woul d increase de- 
mand f o r  overnight f a c i  l i t i e s  and permanent and seasonal dwel l i n g s  . 
Economic pursu i ts  o f  the Corwin Springs area are l i m i t e d  t o  a small amount 
o f  ag r i cu l tu ra l  a c t i v i t i e s  such as ranching. The Gardiner area, 7 mi les 
(11.2 km) to the  south has a fu l l - t ime  populat ion o f  600, but supports a 
much la rge r  seasonal populat ion which uses the motel f a c i l i t i e s  a t  
Gardiner as a base f o r  tour ing  Yellowstone National Park. The economy o f  
Gardiner i s  based p r imar i l y  on tourism, w i th  some support of employment 
w i th  the Park Service and U.S. Forest Service. There are no i n d u s t r i a l  
a c t i v i t i e s  w i t h i n  the Gardiner area. The la rges t  energy use here i s  
space heat'ing and l i g h t i n g  o f  homes and t o u r i s t  f a c i l i t i e s .  

An area w i t h  a radius o f  3-8/10 mi les (6 km) was centered around the ho t  
spr ing area t o  be used i n  obtaining a breakdown o f  land  ownership i n  the 
immediate v i c i n i t y .  The resu l t s  were ind icated t h a t  39 percent i s  pr ivate,  
Forest Service contro ls  51 percent, and National Park has 10 percent. The 
KGRA i s  exc lus ive ly  U.S. Forest Service lands except f o r  a narrow s t r i p  i n  
the Yellowstone River Valley. 

The present energy sources include e l e c t r i c i t y ,  f u e l  o i l ,  propane, and 
wood. The e l e c t r i c i t y  i s  supplied v i a  transmission l i n e  from the 
Liv ingston area. A wood supply i s  located i n  nearby forested areas. 
Fuel o i l  and propane must be trucked i n  from Livingston. 

The loca l  a t t i t u d e  toward the geothermal resource i s  one of dubious 
concern t o  e l e c t r i c a l  generation w i t h  the major i t y  o f  the inhabi tants  
unconvinced o f  the po ten t ia l  f o r  d i r e c t  use i n  t h e i r  town. 
townspeople concerned w i t h  the  l oca l  school system would l i k e  a 
geothermally-heated swimming pool f o r  the  school system. 

Some of the 

Geo t hemal Re source Des c r i  p t i on 

The surface temperature o f  LaDuke Hot Springs i s  149OF (65OC) a t  the 
main springs. The geothermometry indicates reservo i r  base temperatures 
i n  the range o f  160°F t o  324OF (71OC t o  162°C). Some geophysical 
measurements have been done by p r i va te  industry, bu t  the  resu l t s  are 
unavailable t o  the pub l i c  a t  t h i s  time. The s t ruc tu ra l  cont ro ls  were 
invest igated i n  a master's thes is  by E r i c  Struthsacker o f  Montana 
State Univers i ty  i n  1976. The f low from LaDuke Hot Springs has been 
estimated a t  132 t o  500 gal lons per minute (8.3 l /sec t o  31.1 l /sec)  w i t h  
d i  ssol ved sol i d s  o f  2290 mg/a. 

No d r i l l i n g  f o r  the  hydrothermal resource has occurred i n  t h i s  area, 
The s t ruc tu ra l  cont ro ls  ind ica te  a major f a u l t  in te rsec t ion  s t ra ta.  
This could a l low t h e  production o f  r e l a t i v e l y  la rge  volumes of hot  water 
which could be tapped by d r i l l i n g .  
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e for the study 
eat  homes, motels 
t h  baths and swim- 
eration located 
t i on  i s  available 

is a possible use. from the Yellowstone River, a t rou t  raising faci 

Electrical generation i s  a definite possibility for the PGRA area t o  the 

development i s  sure 
mercial  interest  is large and if  a resource 

gs  area has uti l ized the hot  water i n  the past. The f i r s t  
as a h o t  water bathing fac i l i ty  which has since been d i s -  

is no present use of the ho e r  from LaDuke Hot 

Federal lands, including the CO 
lease applications i n  January 1 ns were received from a t  
least  seven individuals and co 
over1 appi ng , i ndi ca t i  ng compet i t h  numerous other non- 
overlapping lease applications f i l l ed  i n  the area i n  subsequent months. 
As a result  of th i s  display of competitive interest  and known geologic 

ere opened fo r  geothermal 

of the applications were 

es, and Charles J .  

1979 or  the beginning of 1980. 
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T h e r e  has been no further interest  shown i n  this area. The reasons are  
obvious w i t h  the delay of the required Environmental Impact Study. Th i s  
lack of interest  pressure may also be a result  o f  the availabil i ty of other 
higher potential sites i n  the western United States. 

LJ 

Restrictions to Development 

The CorwinSprings KGRA is located very closely to  the new Beartooth 
W i  1 derness Area. T h i s  f ac t  coul d i n f l  uence 1 ease sti pul a t i  ons and impose 
s t r i c t  controls on development, perhaps t o  the extent of specifying "no 
surface occupancy." The area is very mountainous w i t h  steep, easily 
erodable slopes. In addition, the aesthetic factor is  important since 
the Yellowstone River Valley is a major entrance t o  the National Park. 

Scenario Discussion 

The social and economic environment of the Corwin/Gardiner area combined 
w i t h  the known quality of the local geothermal potential has been analyzed 
t o  obtain a rea l i s t ic  time frame for direct-use resource development. 
mal 1 popul ation base and 1 i m i  ted private 1 and avai lab1 e res t r ic t s  the 
level of direct  use. The development event which was projected describes a 
district  space heat for  Gardiner w i t h  a potential fo r  7 x lo6 B t u / h r  ca- 
pacity. T h i s  use could tap hot water reservoirs on private land thereby 
el  imi nating the! federal permitting requirements. 

There appears. t o  be ample private land available for Tease whi'ch could be 
used to supply a l l  the heat energy, tha t  the Corwin Springs/Gardiner area 
can use. Municipal interest  and location of a. suitable reservoir are 
additional assumptions. The start ing date i s  1982 w i t h  5 years required 
for  completed developme'nt. 

An electrical  production scenario was also constructed t o  i l l u s t r a t e  develop- 
ment times fo r  on-li'ne operation o f  a 100-MW generation fac i l i ty .  Since 
the interest is  already evident, the only assumptions necessary are that  
the EIS does not r e s t r i c t  development t o  a discouraging level and that 
adequate reserves o f  heat energy are located. 

The s ta r t ing  da te ' i s  expected t o  be 1986 which includes 6 lag time before 
EIS is started. The first event should take 9 years. 
would depend on the resource extent and are virtually the same w i t h  a 
reduced permitting time lag .  

I 
I 
I 
I The 

j 

~ 

I Subsequent events 

, 
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L I  
ND PHYSICAL DESCRIPTIO 

. .County: Park 

. .Adjacent Counties: a l l a t i n ,  S t i l lwa ter ,  Sweetgrass, Carbon 

..Topography: LaDuke Hot Springs issues across the road Highway 89) from 
the Yellowstone River. The va l ley  i s  f a i r l y  narrow here t 1 m i l e  o r  1.6 km). 
It remains narrow f o r  about 9 mi les (15 km) t o  the northwest. The va l ley  
widens s l i g h t l y  approaching Gardiner 5.5 mi les (8.8 km) t o  the southeast. 
Mountains r i s e  on both sides t o  heights o f  over 10,440 f e e t  (3182 m) above 
the r i v e r  l eve l  o f  5,115 f e e t  (1559 m). 
w i th  l i t t l e  topsoi l .  There i s  much outcropping o f  rock on the slopes. 
Terra in  i s  broken. 

..Present Land Use: 
habi tat ,  recreat ion (nonvehicular i n  fo res t  areas) inc lud ing hunting, 
f ish ing,  rock hounding. There are permanent and seasonal dwell ings. The 
highway i s  a major scenic thoroughfare. 

..Future Land Use Plans: 
establishment o f  the Beartooth Wilderness. This would be l i m i t e d  t o  back- 
country recreat ion w i t h  increased support services and possibly fu r the r  
loca l  subdividing f o r  recreat ional  and permanent housing. 

. .Aesthetics: 
f o r  the area adjacent t o  the  highway. The h igh 
way t o  Yellowstone Park and i s  open 
qu i te  not iceable and thus important. 

..Historical/Archaeological Signif icance: 
f i r s t  v i s i t e d  by John Co l te r  back i n  the 1800's. He brought back many 
s to r i es  o f  the strange landforms i n  t h i s  area. 
other than uses establ ished by the Indians, occurred u n t i l  go 
covered i n  1866 a t  the head o f  Bear Gulch. I t  was hand-mined 
when hydraulically-operaLed mining was pract iced u n t i l  1886. The mining 
town o f  J a r d h e  located about 6 mi les ner was establ ished 

Slopes are general ly very steep 

The present land uses are timber production, w i l d l i f e  

(61) 

Increased use o f  the area i s  probable w i t h  the 

(15, 61) 

i s  the northern entrance- 
aesthet ics are 

Visual resources are very mportant i n  t h i s  area, p a r t i c u l a r l y  

The Yellowstone Park area was 

Very l i t t l e  a c t i v i t y ,  

fu tu re  archaeologic 

+d 
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GEOLOGICAL/GEOPHY S ICAL DESCRIPTION 

. .Geologic Description: The surface manisfestation of the geothermal re- 
source is  a flowing sp r ing  along the Yellowstone Ri-ver called LaDuke Hot 
Springs, which  issues i n  a long concrete tank beside the highway. There are 
additional sp r ings  i s su ing  along about a mile of river bank. 
there are warm water discharges i n  Bear Creek about 1.5 miles (2.4 km) north 
of Gardiner. The town of Gardiner has a few warm spots where snowfall melts 
very rapidly. 

I n  addition, 

..Geophysical Summary: Studies of the geologic record of the Gardiner area 
suggest t h a t  seismic activity has been present since the l a t e  Cretaceous 
period. The Laramide compressional stress subsided and was replaced w i t h  a 
tensional stress system during the middle Eocene time. These stresses were 
most active dur ing  the Pliocene and have continued into the Holocene. 
Gardiner area i s  a part of the Intermountain Seismic Belt. T h i s  area ex- 
tends from southern Utah t o  northern Montana. 

Many earthquakes have occurred i n  the l a s t  5,000 years. There is  evidence of 
faul t  movement and associated earthquakes w i t h i n  the l a s t  200 years. 
act ivi ty  is  expected and continuous monitoring of the area is conducted. 

Specific geologic mapping of the area has been done by Montana State University 
through a master’s thesis by Eric Struthsacker (1976). 

The 

(57) 

future 
(61) 

. .Geologic Hazards: 



Corwi n Geology 

The Corwin Springs-Gardiner area . i s  i n  a transitional position between the 
Middle Rocky Mountains and the Northern Rocky Mountain physiographic provinces. 
An u p l i f t  of Precambrian crystall ine rock (the Beartooth block), bounded on 
the southwest by the Gardiner reverse faul t ,  borders the thermal area on the 
north and east. To'the west and south of Corwin Springs-Gardiner area lies 
the southern Gallatin Range, a horst block structure. Sedimentary rocks of 
the Paleozoic and Mesozoic periods accumulated to  a depth of over 10,000 feet 
on the Precambrian crystall ine basement before Tertiary times. The lithology 
i ncl udes 1 imestone , dol omi te ,  and 1 esser amounts of c las t ic  rock. Andesite 
and daci t ic  flows, mudflows, and volcanic breccias of the Eocene Absaroka- 
Gallatin volcanic field underly large areas of both up l i f ted  blocks. The re- 
g ion  is quite mountainous, w i t h  as much as 5,000 feet  of re l ief  above the 
Yellowstone River valley floor. A layer of glacial t i l l  and alluvium covers 
the valley f l o o r  and walls. 
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RESERVOIR CHARACTERISTICS 

. .Reservoir Temperature 

..Surface: - 65°C a t  the main s p r i n g .  (80) 67.5"C (31) 

..Subsurface: 

. .Geochemical : 

Si02: Chalcedony 71°C Quartz 101°C 

Na-K-Ca: Na-K-1/3 Ca 162°C Na-K-4/3 Ca 75°C (80) 

..Flow Rates: 500 l / m  (80) 836 l / m  (31) 1900 l / m  (55) 

..pH: 6.5 

. .Total Dissolved Solids: 2290 mg/a (31 1 

. . F l u i d  Chemistry: 

Ca 
Mg 
Na 
Bicarbonate 
so4 
c1 
F 
Si02 
B 

Conductivity 2600 
Hardness (Ca, Mg) 1100 mg/a 

330 mg/a 
61 m g / a  

240 mg/a 
281 m g / a  

1400 m g / a  
42 m g / a  

45 m g / a  
480 m g / a  

3.5 mg/a 

Additional analyses of va r lws  parameters are available. (31) 

. .Estimated Nonelectric Energy Potential (MBtuh 30 years) : 

..Subsurface Area of Reservoir: Completely unknown. 
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ND OWNERSHIP AND LEASING bd 
Total  Area Federal State Pr ivate 

1 . .Land Ownersh 17,149 0 3,200* 
i (8235 hec) (6940 hec) (1295 hec) 

1 (Acres) (Acres) (Acres) (Acres) Other 

..Land Leased: 

. .Highest Pr iced 

i (Dol 1 ars/Acre) 

I (3796 hec) 

. .Tentative Lease 
i Sale Dates: 1980? 
i 
I . .Number o f  Sales 

i Bids: 

Leases 

Leases appl ied fo r :  9,379 

~ 

Offered But No 

. .Number o f  Bids 
Rejected Resul t ing 
i n  No Lease: 

..Summary of Leasing Status and Needs: 
the  West Yellowstone KGRA E I S  i s  completed. Th 
l a t e  1979 o r  ea r l y  1980. 

An E I S  w i l l  be i n i t i a t e d  a f t e r  the 
ould occur sometime i n  

! 

(54) 

I I 
i 

I 

i 

i 
I 

i 
i 
I 
I 
i 
! 
I 

~ 1 

i 
I 
i <u 
Ib 
I 



91 

LEASE DATA FOR CORWIN-CHIC0 KGRA 

Bur l  ington Northern Inc. 

Leases Applied fo r :  

Sec 13 T6S 

Sec 24 T6S 

Sec 10 16s 

Sec 8 

S1/2, Sec 

Sec 15 

Sec 16 

Sec 17 

Sec 18 

Sec 26 

Sec 34 

Sec 35 

See 3 

Sec 4 

sec 9 

Sec 14 

I 

, 

Sec 23 

Sec 27 

Sec 33 

Sec 11 

Sec 12 

Sec 3 

TSS 

7 T6S 

T6S 

T6S 

T6S 

T6S 

T6S 

T6S 

T6S 

T7S 

T7S 

T7S 

(Par t i a1 ) T6S 

( P a r t i a l )  T6S 

T6S 

T6S 

T6S 

T6S 

T9S 

R8E 

R8E 

R9E 

R9E 

R9E 

R9E 

R9E 

R9E 

R9E 

R9E 

R8E 

R8E 

R8E 

R8E 

R8E 

R8E 

R8E 

R8E 

R8E 

R8E 

R9E 

R8E 

R8E 

1497.27 acres M27455 

640 

320 M27456 

640 

320 

640 

640 M27457 

640 

640 

640 

640 M27457 

640 

640 

640 M27459 

540 

281.41 

523.43 M29278 

648.56 

638.38 

640 M29279 

640 

1 

664 M27462 
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GEOTHERMAL DEVELOPMENT STATUS 
L i d  

..Present Development Status: 
nally p iped  t o  Corwin Spr ings  for  use i n  spa type fac i l i t i es .  
i s  presently unused. 

A study of the structural controls was done by Eric Struthsacker (MSU, 1976). 

. .Projected or Planned Development: There is no act ivi ty  presently occurring 
or planned f o r t h e  future. The community of Gardiner is located nearby and 
some of i ts  citizens have expressed interest  i n  a geothermally-heated pool 
and school b u i l d i n g  co_plex. In addition, there is  a land owner near Gardiner 
who is interested i n  bu i ld ing  a greenhouse to  supply fresh vegetables fo r  that  
community. 
cated on his property. 

The hot water from LaDuke Hot Springs was origi- 
The hot water 

He i s  presently considering solar power b u t  warm sp r ings  are lo- 

INSTITUTIONAL CONSIDERATIONS 

..Institutional Requirements: 
ues o f  this area. 
velopment avenues. The Beartooth Wilderness area recently designated will 

will have to  be carefully watched. 

..Agency and Publ ic  Attitudes: 
tion i s  present. Nonelectrical use would be well received on private land. 

The EIS w i l l  undoubtedly consider aesthetic val- 
The terrain is steeply sloped which will prohibit some de- l 

I have same effect on possible development sites. The water quality o f  the 
Yellowstone River and i t s  tr ibutaries is considered prime f i s h i n g  waters and , 

A generally low interest  i n  electrical  genera- 

. .Status of Requirements ( i  .e. , EIA/EIS Requirements): 
pact Statement will have t o  be written for the Corwin Spr ings  KGRA before any 
leasing activity can occur. T h i s  process should be very near completion i n  
the 1980s. 

An Environmental Im- 

I 



re of easterly, south- 
eases i n  the winter 

from 8 inches (20.3 cm) 
cm) on Sheep Mountain. 

Days of Sunshine (Annual): 
sunny days while June and September get close to  65 percent of the days 

July and August average about 75 percent 

ent sunny days. 

average temperature is 9.0°F. 

Maximum: June maximum average temperatu is  8 8 . 3 O F .  (68) 

e Days (Annual): 10,986 

Humidity (Seasonal Peaks) : 

mmer: Between 12% and 

..Air Quality: 

. . Geologic Factors: 

. .Water Qual i ty: 
classified as a "B1 ue Ribbon" t rou t  stream. The water use of the Yellowstone 
is irrigation, domestic water supply, and r reation. Most of the water r igh ts  
have been claimed and ownership is presently being adjudicated. The s t a t e  

The t i r e  area drains i n t o  the 4ellowstone.River which i s  

I 

I 

I 

I 
I 

I 
! 
! 

I 

i 
I 
i 

: u  

i 

vera1 varieties of 

..Dominant Fauna: The study area supports substantial populations of elk, 
i 

mule deer, moose, bighorn sheep, pronghorn antelope, golden and bald 
eagles, and t rout .  

I b 
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ENVIRONMENTAL FACTORS 
(continued) 

..Endangered Species: 

Flora: None 

Fauna: There are no endangered species but  the g r i z z l y  bear i s  a threatened 
species . 

TRANSPORTATION AND UTILITIES 

..Utility o r  Energy Transmission Corridors and F a c i l i t i e s  

Power Transmission Lines: 50-KV l i n e  from Livingston down the Yellowstone 
Valley, past  Gardiner t o  Jardine. 

.-.Transportation Corridors o r  F a c i l i t i e s  

Roads: US Highway #89 Adjacent t o  study area. 

Short pr i va te  road systems. i n  the study area. 
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I 

rison ranch. I t  

n old homestead 

mpared to  others 
i n  the s t a t e  is low. The sp r ing  temperature and flowdare now adequate for  
many uses, however, the prison ranch i s  extremely interested i n  using this 
warm water and/or locating a better supply by d r i l l i n g  to  be used i n  an agri- 
cultural growing fa high-use potential for  

rtunity Notice proposal t o  the 
U.S. Department of Ener r developing the sp r ing  re- 
sources. The Montana B is providing support w i t h  
geophysical surveys 

There are concerns abou 
effect  the area water s 
involve the extent t o  w 

re tai lers .  

I 

f 

a ter  withdrawal will 
nother restriction would 
ed t o  provi de various 

ings  on the prison ran 

he immediate area 
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hay for  winter ca t t le  feeding and other agricultural products. A prison fa- 
c i l i t y  and ranch bu i ld ings  are about 4 miles (6 km) from the sp r ing  s i t e .  
The land i n  the regional area is  also ranch and agriculture oriented. 
c i ty  of Deer Lodge has some s ta te  governmental agencies which contribute to  
the economic base. The regional economics includes ore production i n  the 
copper mine a t  Butte and ore processing i n  the smelter a t  Anaconda. The 
economic picture seems stable w i t h  no anticipated future changes. The land 
ownership w i t h i n  a 6-kilometer radius i s  44 percent federal , 40 percent 
s ta te ,  16 percent privately owned. A greater portion o f  the valley area 
is  privately owned. 

The town of Deer Lodge is suppl ied  w i t h  natural gas via pipeline and e lec t r i -  
ci ty.  The prison complex uses natural gas and electr ic i ty  both fo r  heating 
purposes. The h i g h  cost o f  heating i n  this area using the commercial forms 
of energy is  of concern t o  the local population. In addition, the s t a t e  of 
Montana had mandated a 10 percent reduction i n  energy consumption fo r  i t s  
f ac i l i t i e s .  These factors should serve t o  provide an awareness of geothermal 
energy for direct  use. 

Resource Description 

There are three warm springs supplying warm water a t  this site. 
flow exceeds 70 gal lons  per m i n u t e  (4.4 1,'s). 
7 2 O F  t o  8 2 O F  ( 2 2 O C  t o  2 8 O C ) ,  w i t h  geothermometry predictions of reservoir 
temperatures i n  the 162°F t o  205°F (72°C t o  9 6 O C )  range. The total  d i s -  
solved solids i s  low a t  193 mgla. 

cspl The 

The combined 
The temperature range i s  

The reservoir location and depth is being investigated through geophysical 
means a t  this time. The reservoir i s  believed t o  be w i t h i n  500 fee t  (152 m )  
of the surface a t  the spr ing  site. No d r i l l i n g  has occurred i n  the area to  
support this projection. The potential o f  the reservoir t o  supply ho t  water 
is  completely unknown. 

Potential for Geothermal Development 

The possible application of the resource using the present surface temperature 
is  very limited. Very limited space 
heating capability exists. 

Heat pumps and aquaculture are possible. 

The geothermometry estimates are for more than adequate heat extraction tem- 
peratures t o  be available a t  depth. The upper limit o f  25OOF (121°C) is very 
satisfactory for any type of space heating application. I t  i s  ideally suited 
t o  the desired uses of greenhouses, domestic space heat, animal housing, crop 
season extension, and accelerated methane production. 

Interest Sn Development 

The spring water i s  unused a t  present. ently for bathing 
purposes for work crews which used t o  stay a t  the si te for  extended periods. 
The Department of Institutions owns the land and should encounter no problems 
i n  using the resource from a minerals ownership standpoint. The prison ranch 
management is interested i n  bu i ld ing  a greenhouse f ac i l i t y  capable of 
suppl yi  ng vegetables t o  the s tate-owned i nsti tutions which could re- 
duce food costs. The prison ranch currently supplies beef and m i l k  

I t  has been 

bP.1 



insti tutions.  The d i  bution network could rema the same while supplying 
a wider range of food Along w i t h  the agricultur 
stages would i ncl ude ed animal husbandry f ac i l i t i e s  t o  take advantage 
of the fac t  tha t  animals which do not  have to  produce heat for survival gain 
weight much faster.  There is interest from various entities i n  funding 
methane production u n i t  us ing  thermophilic microorganisms to  convert manure 
to  methane gas. T h i s  site would be easily adaptable to  t h i s  use. All of the 
above uses could be cascaded to  extract the maximum amount of heat. 

The Program Opportunity Notice (PON) submitted by the prison ranch is presently 
being’considered for sufficient merit by the U.S.D.O.E. The Bureau of Mines 
and Geology operating under the D.O.E. State Coupled Program for  resource defi- 
n i  tion i s  performing seismic, gravity, and resis t ivi ty  measurements to  further 
identify the geology and structure of the-s i te .  A regional approach to  geo- 
physics i n  the area between Deer Lodge and Warm Springs is being financed by 
the Montana A1 ternative Energy Program. 

Restrictions t o  Development 

T h i s  s i t e  is  closed t o  public m i  era1 exploration e ept by specific license 
due to  s t a t e  insti tutional ownership. The only restrictions which would af- 
fect  this project is concerned w i t h  water rights definition. While the s t a t e  
owns a majority of the water i n  the creek, downstream users are very con- 
cerned about any project which could affect  their  portion of the resources. 
The surrounding federal, s ta te ,  o r  private area is  available for  exploration. 
There are  no known environmental factors which would prohibit geothermal 
development . 

additional development 

eothermal ly-heated green- 
house as the prime event. The assumptions are as follows: 

1. Financing would be available. 

ow. The re- 
1 
I 

I 

I 

I 

i 
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SITE LOCATION AND PHYSICAL DESCRIPTION 6. 

..Latitude: 46 20' 03" (36) 

..Longitude: 172 53' 11" (36) 

..Rectilinear: 7 N . ,  10 W . ,  29 BC 

. .County: Powell 

. .Adjacent Counties: 
Jefferson. 

. .Topography: The Deer Lodge Valley is a basin t rending  north-south i n  
west-central Montana near the center of the Northern Rocky Mountains physio- 
graphic province. I t  trends northward between a group of relatively low, 
rounded mountains t o  the east ,  and the higher, more rugged F l i n t  Creek 
Range t o  the west. The South Clark Fork River and i ts  tr ibutaries drain 
the valley i n  a northerly direction. 

The  main topographic features are a broad lowland, the Clar 
plain bordered by low-fringing terraces tha t  are, i n  t r u t h ,  bordered by 
broads high terraces which slope gently upward to t h e  mountains. The 
h i g h  terraces have been mostly obscured i n  the south end of the valley by 
erosion' and by recent deposition of great coalescent fans radiating out- 
ward from t h &  mouths of various tributary canyons. 

The  w a r m  springs are located on the western edge o f  the valley a t  the 
5,768-feet (1758-111) level on both sides o f  a tributary of the Clark Fork 
River. (64, 78) 

..Present Land Use: The s i t e  is located on the s t a t e  prison ranch. 
used for animal grazing and some hay production. The surrounding area is used 
fur timber harvest, mining,  grazing, and recreation. The foo th i l l  slope is  
a l l  prison ranch w i t h  the higher elevations belonging to  the U.S. Forest 
Service. 
ranchj ng. (64) 

. .Future Land Use Plans: The site wjll  remain property of the prison ranch. 
I t  i s  planned t o  use the s i t e  for  greenhouse production and confined animal 
feeding operation. No change is anticipated for  the surrounding .area. 

,.Aesthetics: Most of the mountain area is timber covered, typical of 
forested mountian areas i n  the state.  A l l  of the area bordering the valley 
3s subject to scenic use. The higher ridges and peaks an also be seen 
from the valley highways. Although this area is not s c i f ica l ly  known for . 

i t  scenic beauty, any change must  consl'der the altered appearance. 

(36) 

Deer Lodge, Granite, Missoula, Flathead, Lewis and Clark, 

I t  i s  

Below the prison ranch land is used for  agricultural support of 

Lr, 

L0 
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GEOLOG ICAL/GEOPHY S ICAL DESCRIPTION 

. .Geologic Description: The mountains, east  of the Deer Lodge Valley are 
formed primarily of Cretaceous sedimentary and volcanic rocks, and low& 
Tertiary granitics, Those mountains to  the west of the valley are formed 
of Precambrian t o  Cretaceous sedimentary rocks and a core of lower 
te r t ia ry  granitic rocks. Geophysical data indicated that the valley is 
a deep graben which  formed i n  early Tertiary time after emplacement of 
the Boulder and P h i l  ipsburg batholiths. 
valley was partly f i l led t o  a maximum depth of more than 5,500 feet 
(1650 m)  w i t h  erosional detritus that came from the surrounding mountains 
and was interbedded w i t h  minor amounts of volcanic pyroclastics. Th i s  
material was deposited i n  a large variety of local environments resulting 
i n  extremely vari ab1 e 1 i tho1 ogy . The deposits grade from unconsol i dated t o  
we1 1 -cemented and from clay t o  boul der-si zed aggregates. The s t ra ta  d i p s  
gently towards the valley axis i n  most of the area but along the western 
margins of the valley they d i p  steeply in to  the mountains. 

The main source o f  ground water i n  the Deer Lodge Valley is  the upper few 
hundred feet of unconsolidated valley f i l l .  
drawing from these deposits range in depth from a few feet to  250 fee t  
(75 in). Water levels range from somewhat above land surface ( i n  f lowing 
wells) t o  about 150 feet  (45 m) below. 

. 
During  the Tertiary period, the 

Most of the ex is t ing  wells 

(78) 

..Geophysical Summary: The USGS performed a gravimetric survey i n  1961. 
sults are contained i n  t h e  Water Supply Paper 1862, along w i t h  geologic map- 
p ing  from aeri  a1 photographs. 

The geology o f  part of the area was mapped 4n a Doctorial thesis by Thomas 
A. Mutch of Princeton University i n  1960. 

There are several geophysical data collection projects ongoing a t  this 
time. 
seismic for the purpose of locating hot water wells. The main investiga- 
tive agency is the Montana Bureau of Mines and Geology which  is  the Depart- 
ment of Energy (US) s tate-coup1 ed program for  reservoir def i n i  ti on. 

The Warm Springs Hospital is also being assessed for similar purposes. I t  
is anticipated t h a t  some regional work will be done i n  connection w i t h  t h i s  
effort .  

Re- 

The spring’s site is befng assessed using several methods including 

There a re  four spr’lngs i s s u i n g  from rock on the west side of a tributary t o  
the Clark Fork River. 

These springs have been analyzed for  fluid chemistry and geothermometry. 
Seismicity, gravity, and resis t ivi ty  should be done on site by the Montana 
Bureau o f  Mines and Geology. 
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RESERVO I R CHARACTER1 STICS 

..Reservoir Temp 

..Surface: 7 2 O F  to 82OF ( 2 2 O C  t o  28°C) (54) 

. .Subsurface: 

. .Geochemical : 

Si02: Chalcedony 162°F ( 7 2 O C )  Quartz 205OF (96OC) (54) 

Na- K-Ca : 

..Flow Rates: Approximately 70 gpm (260 l/m) for a total combified flow 
(3  springs) (54) 

..pH: 9 .3  (36) 

..Total Dissolved Solids: 193 mg/a (36) 

..Fluid Chemistry: 



105 

. .Land Ownershi p 
(6 km radius): 

..Tentative Lease 
Sale Dates: 

LAND OWNERSHIP AND LEASING 

Total Area Federal State Private 
(Acres) (Acres) (Acres) (Acres) Other 

100% 44% 40% 16% 0% 

..Land Leased: None 

. .Highest Priced 
Leases 
(Dol 1 ars/Acre) : N/A 

. .Number of Sales 
Offered B u t  NO 
Bids: 

. .Number of Bids 
Rejected (Resulting 
i n  No Lease): 

. .Summary of Leasing S,atus and Needs: The present interest  i n  development is 
restricted t o  land owned and operated by a s ta te  insti tution. There i s  state- 
controlled land and federally-controlled land which may be suitable for 
direct-use development located i n  the area. If and when interest  for develop- 
ment is evidenced by the private sector, the land w i l l  have t o  be considered for  
lease bids. This will require t h a t  an EAR be done for both s ta te  and federal 
1 ands . 

\ 

GEOTHERMAL DEVELOPMENT STATUS 

..Present Development Status: The warm sp r ings  are not being used a t  this 
time. Some geophysical work is being done i n  anticipation of d r i l l i n g  a 
well. 

. .Projected o r  Planned Development: The s ta te  prison ranch i s  submi t t ing  
a PON t o  the U.S. Department of Energy for grant neY t o  erect and 
geothermally heat a greenhouse and confined anima feeding operati on - The 
State Bureau of Mines is assisting w i t h  the surv work needed t o  define 

ervoir and optimum dril l ing s i tes .  

I t  is anticipated t h a t  future projects will include a geothermally heated 
methane digester and space-heated residences. 

i 
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bi NAL CONSIDERATIONS 

oject is supported by the 
Montana Department of Insti tutions and is s t r i c t ly  dependent on the 
U.S. Department o f  Energy funding.  The economic v i a b i l i t y  is also a major 
concern for continuing w i t h  construction of the planned fac i l i t i es .  

..Agency and Public Attitudes: A l l  feedback on the project has been positive 
t o  date. The only problem which may arise is the question of whether or not 
d r i l l i n g  will affect  the water supply system which downstream users have r i g h t s  

. .Status of Requirements (i .e. 
t ional  requirements for this project foreseen. 

, t o .  

EIA/EIS Requirements): There are no institu- 

I 
I 

I 

I 

I 
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! 
! 
! 

I, 

b 
I 



107 

ENVIRONMENTAL FACTORS id 

..Climate: 
long cold winters, short cool summers, low precipitation, and moderate winds. 

The Deer Lodge Valley has a semi-arid climate characterized by 

. .Prevailing Winds: 

..Precipitation (Annual ) :  10.51 inches (26.7 cm) (67) 

. .Days of Sunshine (Annual): Approximately 

..Average Temperature: 

Minimum: 24.8' F (-4' C) 

Maximum: 59' F (15' C )  (67) 

. .Degree Days (Annual ) : 8,407 (67) 

. .Relative Humidity (Seasonal Peaks): 

Summer: 31% t o  80% 

Minter: 38% t o  70% (67) 

90 days. (69) 

..Air Quality: 
times of slash burning or large wildfires i n  the west which cause pollutants 
t o  enter the area. Air quality requirements are h igh .  (64) 

Air quality is  considered t o  be excellent except dur ing  

..Geologic Factors: 

..Water Quality: 
sediments into the Clark Fork River, a tributary of €he Columbia River. T h i s  
stream is rated as  B - D i ,  which is  clean enough to  allow almost a l l  uses w i t h -  
out  pretreatment. Private water rights cover most surface supplies. (39) 

..Noise: Noise a t  the s i te  is limited t o  naturally occuring wind and water 
sounds. The  valley noise varies from agricultural based noise to  urban popu- 
1 ation center sounds. 

. . B i  01 ogi cal 

Most of the streams flow t h r o u g h  glacial t i l l  and Tertiary 

..Dominant Flora: 
p ine  and Douglas fir. The terraces and valleys have various varieties 
of bunchgrass and sagebrush. The cultivated areas have primarily grass 
hay w i t h  sane cereal grains. (64) 

The higher  elevations have .quantities of lodgepole 
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ENVIRONMENTAL FACTORS 
(continued) 

..Dominant Fauna: The mountain areas support populations o f  elk, mule 
ack bear, goats, and moose. Trout i s  present i n  

Flora: None 

Fauna: None 

I 

i 

i 
I 
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TRANSPORTATION AND UTI L I TI ES Li 

. .Utility or Energy Transmission Corridors and Facilities: Natural gas i s  
piped directly to the town o f  Deer Lodge. 

. .Transportation Corridors or Facilities: 

U.S. Interstate 90 Adjacent to the town o f  Deer Lodge (8 km from s i te )  

Private roads access the area but  these are not open year-round. 



Butte 40 23 , 368 
Anaconda 26 9 , 771 

Deer Lodge has a population of 4,306. The econorrly is supported by the 
presence of s t a t e  offices and the presence of the s ta te  prison fac i l i t y  
which includes a confining structure for inmates and a prison ranch faci l i ty .  
The rest of the local economy depends farming of the valley i n  support of 
the ranch industry. 

The population density i s  less than 1/2.5 kilometers. There are  not resi- 
the s i t e  or  nearby. There are a few scattered residences to  the 

. Frnnnmirc.  
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i 

I Ennis Hot Springs (sometimes known as Thexton's Hot Springs) i s  1-1/2 miles 
(2.4 km) n o r t h  of the community of Ennis,  adjacent t o  the Madison River i n  
southwest Mmtana. The springs issue from the 
layer of valley sediments. The ho t  water from 
well dri l led t o  a depth of 100 feet  supplies hot water for use i n  a 
1 aundry faci 1 i ty. 

This s i t e  has the hottest surfacing geothermal fluids of any known sp r ing  
i n  the s ta te .  The flow i s  good w i t h  excellent chances of increasing produc- 
t i o n  by pumped wells. Ennis  Hot Springs also has very good potential for 
being used since the flood valley has good solar  exposure and few restric- 
tions which would limit direct  use of the heat resource. 

The community of Enn i s  contains only 500 people so space heating potential 
i s  limited for domestic use. Greenhouse and manufacturing f ac i l i t i e s  would 
be most suited for development a t  this s i te .  The recreati 
good due t o  the proximity of the s i t e  t o  tourist t raff ic .  

The valley i s  privately owned except for a sm 1 amount of s ta te  land. The 
reservoir is thought t o  extend throughout  a wide area w i t h i n  the valley. 
The area would permit multiple withdrawal s i tes .  

I o t  of a bench above a thick 
e springs is unused, bu t  a 

I 

i 

l 

I potential is 
! 

1 ! 

Site Description 

I The location coordinates of the s p r i n g  s i t e  are section 28 of  township 5 j 

south, range 1 west i n  Madison County his is 71 miles north and west of 
the west entrance t o  Yellowstone Park his route is heavily traveled by 
tourists from Yellowstone Park. The sp r ing  site includes the valley floor 

ark. The owner 
I I 
1 
i 
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l and the eastern 
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Inhabitants would be receptive t o  direct  use of geothermal energy, parti- L 
cularly if economic feasibi l i ty  can be demonstrated. This area seems some- 
what economically depressed and could be benefited by geothermal development 
act ivi t ies ,  particularly those which involve labor intensive industries. 

Geothermal Resource Description 

The hot sp r ings  surface a t  the foot of the lowest bench on the valley floor. 
The s t ra ta  i s  alluvium w i t h  Precambrian metamorphic rock surfacing a t  the 
edge of the valley which l i e s  t o  an unknown depth below the valley floor. 
t o  400 fee t  (22 m) have not encountered bedrock. The main igneous event i s  
the intrusion of the Tobacco Root Range w i t h  outcrop exposure near the s i t e  
t o  the north.  

The area of hot water upwelling is identified i n  the s p r i n g  area by a circu- 
l a r  area of radius 75 feet (23 m) which melts snow very quickly i n  winter. 
A small storage b u i l d i n g  b u i l t  against the side of the bench has no heating 
system b u t  the temperature i n  i t  never goes below freezing. 

The spr ing  temperature is  181°F (83°C). The artesian flow is more than 
20 gallons per minu te  (1.3 l/s). 
6-inch casing are t h o u g h t  t o  supply 50 to  100 gallons per minute (3.2 t o  
6.3 1/s) of hot water. The total  dissolved solids content is  not  excessive 
a t  1030 milligrams per l i ter .  Water quality analysis has been done by the 
U.S. Geological Survey. Geothermometry has been done b u t  is as yet unpub- 
lished. The predicted range of reservoir temperatures are 266OF t o  338°F 
(130°C t o  170°C). 

Wells 

Wells i n  the 100-foot (30-m) depth w i t h  

L i t t l e  resource definition work has been done u n t i l  recently. Therefore, 
l i t t l e  information about the water supply potential is  available. The 
abi l i ty  of the aquifer t o  supply water should be very good as indicated by 
the pumping of cold water wells i n  the area. 

Potential for Geothermal Development 

The possible uses for the surface temperature o f  181°F (83OC) are shown 
i n  figure 2 on page 27. The uses which would be applicable t o  the s i t e  
are aquaculture, soil warming, recreation, animal husbandry, individual 
and small d i s t r i c t  space heats, and extensive greenhouse f ac i l i t i e s .  The 
possible uses for the projected temperature of 300°F (150°C) are almost un- 
1 i m i  ted. Many agriculture process industries would be adaptable to  t h i  s 
range of heat. Timber products could also be processed such as k i l n  drying 
of green lumber and veneer. The local agriculture and access t o  timber may 
provide an economic base for  developing these uses of the resource. 

The uses which appear presently feasjble t o  the study area are space heat 
oriented. Primary use would be i n  greenhouse heating w i t h  a minor use of 
heating residences i n  the Ennis  community. Since natural gas is  n o t  avail- 
able here, no cheap form of fuel i s  available. The long'winters require 
large amounts of fuel use and economics of.<geothermal development may be 
much better i n  this area than i n  others. 

L 
br 
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Ennis  s i t e  has ma atural resources such as an abutidance of sunshine, 
y-owned f l a t  land. fresh water, and p r i  

facturing installations i n  Montana should consider sites such as  this t o  
shift population emphasis and thus p a i r  up population w i t h  heat resources. 

Future industrial or  manu- 

1 

I Interest i n  Development 
~ 

The owner of the spring has been trying t o  generate capital for  the construc- 
t i o n  o f  recreational facilities fo r  the last  30 years, bu t  has been unable 
t o  do so. He is interested i n  leasing the resource development. There has 
been l i t t l e  outside interest shown i n  this area i n  the past b u t  w i t h  present 
day energy costs, recent inquiries i n t o  the possibi l i ty  of leasing the re- 
source for greenhouse production have been received. 

The Montana State University Earth Sciences Department has done some geophysi- 
cal work t o  identify the resource. More recently, the U.S. Geological Survey 
has been provided w i t h  funds for shallow temperature grading holes t o  char- 
acterize the reservoir i n  this area. About four holes have been drilled 
thus far ,  bu t  the data have not been published. The results of these tests 
have prompted further geophysical work t o  be done by the Montana Bureau of 
Mines and Geology i n  cooperation w i t h  the U.S. Geological Survey. Gravity, 
magnetic, seismic, and infrared methods w i l l  be used t o  map the anomaly i n  
the Ennis area. The results of these studies w i l l  be available i n  early 1980. 

Scenario Discussion 

The known resource potential , together w i t h  the local environmental factors , 
has been considered i n  a possible development scenario for the Ennis  Hot 
Springs site. The resource has good possibility of existing outside of the 
specific s p r i n g  site. T h i s  could allow multiple de opment projects t o  be 
initiated. 

This scenario event was postulated t o  be a 5-acre commercial greenhouse fa- 
c i l i t y  t o  be constructed i n  one phase requiring 40 x lo6 B t u  per hour. The 
springs s i te  is the location o f  these greenhouse u n i t  
t o  model the development were: 

1. Comerical i n  rest w i l l  be available. 
2. Financing would be present. 
3.. Leasing of private land would be required. 
4. Suitable quantities of hot water w i l l  be located. 

The assumptions used 

The s ta r t ing  date i s  1981 w i t h  3 years required fo r  completion. This scenario 
shows only one event for the purpose of illustrating the development process. 
In reality, the project may incorporate staged event 

er w i t h  the scarcity of econ 
ted the number o 

Development of a district heating system for the co f Ennis would be 
economic a t  some point i n  the future. A scenario was considered for this 
event. Time sequence i s  approximately the same as the greenhouse event w i t h  
a starting date of 1984 and requiring 5 year 
8 x lo6  B t u j h r .  

The heat o u t p u t  would be ' u 
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The amount o f  heat used i n  the proposed greenhouse would t o t a l  40 x 106 Btu/ 
h r .  This could be expanded i f  economics j u s t i f i e d  the increased production. 
The t o t a l  possible production o f  heat using an end temperature o f  90°F i s  
predicted t o  be 225 x l o 6  Btu per hour i n d e f i n i t e l y  f o r  t h i s  reservoir .  

b 



ATION AND PH 

. .Longitude: 1 11 44 ' " (31) 

T. 5 S . ,  R. 1 W., se  

. .Adjacent Counties: Beaverhead, Ga 

. .Topography: The Madison River Valley a t  Ennis  forms part of the Northern 
Rocky Mountain physiographic province. I t  also has some features charac- 
t e r i s t i c  of the basin and range province of the southwestern United States. 
The topography is that  of a rugged, mountainous region dissected by stream 
erosion and modified by glaciation. 'The elevations are 4,080 fee t  (1483 m)  
a t  the valley floor t o  10,267 feet  (3129 m )  f o r  some mountain peaks. The 
Madison Valley varies from 9.25 miles (14.8 kilometers) to  11.5 miles (18.4 
kilometers) i n  wid th  a t  Ennis .  I t  is broken by low benches extending out 
from the foothil ls .  The valley floor is relatively f l a t  and subirrigated. 
The valley extends south, from Ennis Lake w i t h  a length of 14 miles (22.4 
kilometers) i n  the study area. Mountain slopes have been locally steepened 
by glaciation, and cirques a t  the heads of some valleys present precipitous 
walls for  several hundred feet .  Alluvial fans moderate the slopes and form 
gently concave profiles from the valley floor t o  varying distances up the 
mountain sides. The mountains may be likened to  a block hinged on one 
side and thrust up on the other producing a long, gentle cast  slope and a 
steep westward facing scarp. 

The region i s  east  of the Continental Divide and the drainage is to  the 
G u l f  of Mexico via the Missouri River. Though many streams dissect the range, 
only those occupied i n  the valleys which  stretch f a r  i n to  the mountains are 
permanent and even these are subject t o  marked seasonal variation. The streams 
have steep gradients, sometimes as much as 700 feet  per mile except where ac- 
cumulations of debris f la t ten  them, and occasionally they produce lakes. 

. .Present Land Use: The valley is used primarily for  ca t t l e  grazing. A 
large percentage of people i n  the valley live i n  the town of Ennis.  The 
Madison River is a "Blue Ribbon" f i s h i n g  stream and a t t rac ts  many sportsmen. 

..Future Land Use Plans: The future la  ange drasti ea1 ly  ~ 

i n  the foreseeable f u t u r e .  

State Highway 287 is a north-south transportation 
he west entrance t o  Yellowstone' National Park 

f l a t  and any installations would be easily seen. The only geothermal use 
which would prompt concern would be electrical  production. This use could 
develop nuisance conditions to  the local people. 
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SITE LOCATION 

. .HistoricalJArchaeological Signif icance: 
i s  located 3 mi les  (4.8 km) west o f  V i r g i n i a  City (1860s). This was the s i t e  
of the f i r s t  v i g i l a n t e  execution. 
Alder Gulch. The summit Union City H i s t o r i c  D i s t r i c t  located near V i r g i n i a  
City was a minor gold producing d i s t r i c t  i n  1863. V i rg in ia  City i t s e l f  was 
the s i t e  o f  Montana's second major gold discovery a t  Alder Gulch i n  1863. 
F i f t y - two  archaeological s i t e s  have been i d e n t i f i e d  i n  Madison County. 
The fu tu re  po ten t i a l  f o r  archaeological f i nds  i s  

The Nevada City Wistor ic D i s t r i c t  

It i s  one o f  the mining camps which l i n e d  

high. (43) 



I 
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RESERVOIR CHARACTER1 STI CS 
e 
c 

..Reservoir Temperature 

..Surface: 181°F (83°C) (31) 

. .Subsurface: 

..Geochemical: 

\ 

Si02: 

Na- K- Ca : 

..Flow Rates: 20 gpm (76 l/m) (31) 

..pH: 7.7 (31) 

..Total Dissolved Solids: 1030 mg/R (31) 

..Fluid Chemistry: 

Conductivity 1510 
Hardness (Ca, Mg) 17 mg/a 
Ca 5.6 mg/a 

.6 mg/R 
340 mgla 

Mg 
Na 
Bicarbonate 442 mg/a 

220 mg/a 
120 mg/a 

so4 
c1 
F 11 mg/a 
Si O2 91 mg/a 
B 610 mg/a 

Additional analyses of various parameters are available. (31) 
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LAND OWNERSHIP AND LEASING L r  LAND OWNERSHIP AND LEASING L r  

Total Area Federal State Private 
(Acres) . (Acres) (Acres) (Acres) Other 

. .Land Owners h i p  
(6 km radius): 100% 5% 6%* 89% 0% 

. .Land Leased: 0 

..Highest Priced 
Leases 
(Dol 1 ars/Acre) : N/A 

..Tentative Lease 

..Number of Sales - 
Sale Dates: N/4 

Offered B u t  no 
Bids : N/A 

Rejected Resulting 
In No Lease: Nf A 

Number of Bids 

..Summary o f  Leasing Status and Needs: 
land to  be made available for  geothermal development. 
require that s ta te  land be evaluated for  lease. 

There is no demand fa r  additional 
Increased demand w i l l  

*Part of the s ta te  land 
be d i f f icu l t  t o  use. 

i s  t ied up  i n  the M t .  Haggan Game Preserve and would 
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GEOTHERMAL DEVELOPMENT STATUS 

. .Present Develo n t  Status:  The only present use of this resource is a 
shallow well that was drilled t o  provide hot water for a laundry fac i l i ty  
which the Owner provides for  the i n h a  
park. 

The owner would l ike t o  develop a spa resort b u t  cannot get financial back- 
ing.  There has been interest  shown i n  l e  i n g  land and the resource for a 
greenhouse operation. 

. .Projected or  Planned Development: There are no planned projects for the 
future. 

nts of t r a i l e r s  us ing  his t r a i l e r  

Some use of this resource is projected for the near future. 

8 INSTITUTIONAL CONSIDERATIONS 

. .Institutional Requirements: The only requirements of note would be water 
quali ty considerations Involved i n  increased use o f  hot water and discharged 
t o  surface supplies. Water rights which may be affected will have t o  be con- 
sidered. These are t h o u g h t  t o  be relatively mild. 

..Agency and 
thetic b u t  no against development for nonelectric ap 
would l ike t o  see u t i l i za t ion  of this resource. 

l i c  Attitudes: Public attitudes are for the most pa r t  apa- 
cations. The s ta te  
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ENVIRONMENTRL FACTORS 

. .ci  imate 

..Prevailing GJin'ds: 

. .Precipitation (Annual): 17 inches (43.5 cm) (63) 

. .Days of Sunshfne (Annual) : 

.,Average Temperature: 

Miniinum: 27°F (-3OC) 
Maximum: 65°F fT8.4OC) (67) 

JkgPee Days (Armual]: 8020 (69) 

. . Rei a t h e  ~umi  di  t y  (Seasonal Peaks ) : 

Summer: 

Winter: 

..Air @.t&l#ty: fh ts  area has very good air qualfty due to  the lack o f  industry, 
c6inm&-cfal operatfons or  large populations. Occasional particulate poll u- 
t ~ h t s  are presetrt from agricultural practices. (38) 

&eological Factors: 

..Water Quality: 
SuBsZlrf&ce hot dater i s  h i g h  i n  alkali .  Water r i g h t s  are available i n  some 
areas; The adjacent Madison River is billed as a "Blue Ribbon" fishing stream. 
I t  i s  classed as B-D1 by the State Water Quality Bureau which indicates i ts  
h i g h  quality. (39) 

Quality is very good i n  surface supplies which are numerous. 

,,Noise: 
normal ranching act ivi t ies .  The population i n  this area is  sparse outside of 
Ennls.  The close praximi ty  t o  Ennis  increases occasional construction and 
urban noise. 

. . B i  oiogi Gal : 

Noise a t  the s i t e  is limited to  t r a f f i c  origin on Highway 287 and 

. .Dominant Flora: The valley floor has planted grasses for  grazing w i t h  
l i t t l e  nard supported on the benches. Some sagebrush i s  present. 
Bunchgrass o f  various varieties i s  found on the hillsides where the 
Bench1 and ends b 

. ,borninant Fauna: The presence o f  fauna i n  the valley is i n h i b i t e d  by the 
constant human activity. Prairie dogs are the main animal l i f e .  

,Endangered Species: 
Lid 

,,Fauaas Now L' 
. .$lopa: None 



TRANS PORTATION AND UT I L I TI ES 

or Energy Transmission Corridors and Facilities: 

ical Lines: 
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Ennis is not 

50 KV Adjacent 



123 

POPULATION 

..General Description of Population: The s p r i n g  area and surrounding land 
i s  owned by Milliam Thexton. He has a very small t r a i l e r  park (six t r a i l e r s ) .  
The nearest neighbor is located about one-quarter of a mile away. 
a small town of about 500 persons, is  located about 1.5 miles (2.4 km) t o  the 
south. The population density outside o f  the town is sparse. 

. . Economi cs : 

Ennis,  

..Present Land Use: The economy of the area is very restricted.  I t  depends 
on tourism, i n  part, during the summer and f a l l .  The surrounding area is 
used mainly for ranching and associated agriculture. 

..Future Land Use: There are  no large changes anticipated for the future. 
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HUNTER'S HOT SPRINGS 

ngs is the easternmost site i n  a ' s  Western. Region. I t  
vingston and Big Timber i n  south-central Montana. The sp r ings  

first became known during the period of 1864-1968 when the Bozeman Trail 
served as an immigration route from the Oregon Trail t o  Bozeman. In 1864, 
Dr. Andrew Jackson Hunter came through to  discover and stake claim to the hot 
springs area. The Indians had used the springs for  many years previously for  
bathing. A large resort  was b u i l t  a f t e r  1885 and was used u n t i l  1933 when i t  
was destroyed by f i re .  

I 

I 
j 

I 

These sp r ings  flow a t  over 1,000 gallons per minute (64 l /s)  and have the 
largest flow of any hot s p r i n g  i n  Montana. The use potential of this s i t e  is 
very h i g h  for  agriculture and aquaculture, and rates very high as compared t o  
other sites i n  Montana. The probability o ocating additional reserves of 
hot water is excellent. 

The interest i n  developing t a t  this s i t e  has been very high. The 
owner is quite interested i n  uti l izing the existing flow i n  some manner b u t  
lacks the necessary capital. Commercial interest  for exploring the electrical  
potential was present a few years ago b u t  insti tutional barriers prevented the 
project from getting off tho ground. 

The BLM land i n  this area has een processed for noncompetitive leasing, and 
applications can be submitted a t  any time. There are presently no restrictions 
of note other than t h  
a major obstacle. 

f s t a t e  leasing policy, which remains 

I 
1 S i t e  Description 

is the major eas t-wes t thoroughfare 

The immediate s i t e  is a working ca t t l e  ranch which produces alfal fa  and grain. 
The surrounding area is also agriculture and ranching oriented w i t h  no major ' 

- concentration of people nearer than 20 miles (32 km). 
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The isolated position and 1 imi ted production capability of the land predicts L 
no change i n  land use for  the future. The communities o f  Livingston and 
Big Timber are m i  nor trade centers depending on ranching , ranchi ng-needs 
supply, and transportation stop-over for  continued existence. 

The land ownership for a &kilometer radius was evaluated and consists o f  3 
percent federal, 5 percent s ta te ,  and 92 percent private. The sp r ing  site 
is  surrounded on three sides by privately owned land. Four hundred and 
forty acres of s ta te  land borders the south side. The energy supply is p r i -  
marily e lectr ic  w i t h  bottled gas and fuel o i l  available i n  the neighboring 
towns. 

The sparseness of population i n  this area and the rather nonscenic nature 
of the landscape would contribute to  l i t t l e  opposition to  any form of geo- 
thermal development. The sp r ing  owner is very interested i n  leasing for  many 
uses. T h i s  area does not  draw tourists and a major installation would prob- 
ably be welcomed as a change for  the better. 

Geothermal Resource Description 

The s p r i n g  area was analyzed by resistivity measurements and showed a re- 
s is t ivi ty  low centered i n  the northwestern group of orifices.  The anomaly 
is circular i n  design a t  20 meters depth. The pattern suggests tha t  the ther- 
mal water may be rising along two sets of fractures t r end ing  northwest and 
northeast respectively. 

The surface temperature is 139°F (59OC) and flow has been measured a t  
1,315 gallons per minute (83 l / lec) .  The geothermometry indicates a reser- 
voir base temperature range of 140' t o  237°F (60' t o  114OC). The total  
dissolved so l id  content is relatively low a t  268 m / l  and w i t h  a pH of 8.6. 
The geothermal gradient for  this area i s  29.5O C/km. The temperature 
of the discharge has been explained as a result of deep circulation ground- 
water being affected by the local geothermal gradient i n  the Crazy Mountain 
Basin. 

No d r i l l i n g  t o  depth has been conducted i n  the Hunter area, although the re- 
servoir is  t h o u g h t  to have a very large capacity to  supply water a t  higher- 
than-surface temperature. 

Potential for  Geothermal Development 

The range o f  geothermal applications possible using the surface temperature 
of 139OF (60OC) are shown i n  figure 2 on page 27. Many of these uses are 
population-oriented and would not apply- a t  this s i te .  The suggested uses 
would include aquaculture, individual space heat, animal husbandry, and com- 
merci a1 greenhouse production. If  predicted reservoir base temperatures can 
be located, commercial heat-oriented agricuTture processing plants are possi- 
ble. Some products would be alfal fa  pellets ain, and dehydrated 
vegetables. Malted barley is another possibility. 

The in i t i a l  suggested uses w i t h  the hfghest apparent economic feasibi l i ty  are 
aquaculture and greenhouse production. These two uses have near t o  icieal 
conditions for  operation. 6, 

Lr' 
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t springs were used fo r  commercial recreational purposes for  years by 
the owner. A swimming pool and hot baths exis t  b u t  are i n  a s t a t e  of d i s -  
pa i r .  The s p r i n g  water i s  now used for some irrigation a f te r  cooling. 

The Hunter's Hot Springs area is part of the U.S. Geological Survey classi-  
fication known as PGRA. T h i s  classification allows for leasing on a noncom- 
peti t ive basis. A developer applied t o  the area BLM office for  a lease i n  
the Hunter area. An EAR was prepared which took 2-1/2 years. The lease 
sale was scheduled for January, 1976, b u t  all. applications were withdrawn. 
No further interest  o r  off ic ia l  action has taken place.although leases can 
be l e t  a t  any time i n  this area. 

T h i s  same developer leased the Hunter sp r ing  area and attempted to  lease 
s t a t e  land which adjoined the sp r ing  s i te .  T h i s  request was denied by the 
s ta te  on policy grounds. He is s t i l l  interested i n  the area b u t  no change 
i n  s t a t e  leasing policy has occurred. 

The spring owner has received various inquiries concerning leasing for  green- 
house heating. No firm offers have resulted a t  the time of this w r i t i n g .  He 
i s  quite interested i n  pursuing some use of the resource for financial 
remuneration 

I 

Restrictions t o  Development 

There are few restrictions t o  geothermal development'of any k i n d  i n  this area. 
The one restriction which needs changing is  the s ta te  leasing policy. T h i s  
problem will be addressed under the Development Factors section of this re- 
port. To quickly recap the problem, according t o  present Department of 
State Land's policy (not  regulation or  law), the Commissioner will not hold 
a lease sale u n t i l  ' 'sufficient interest" i s  shown. His definition of suffi- 
cient interest is not one o r  two applications, b u t  ten's of applications. 
The newness o f  geothermal energy i n  Montana seems t o  project t h a t  development 
will take place via singular projects, not mass development. These singular 
projects cannot begin under the s ta te  leasing policy. 

Scenario D i  scussion 

Two scenarios were con ructed addressing electrical  production and direct  
use for the Hunter site. The timed phases were tailored t o  the local condi- 
tions and land ownership. The f irst  an electrical  scenario for a 50-MbS 
generating fac i l i ty .  The assumption 

Private land i s  t o  be used 
State land will be leased. 

The s ta r t ing  date was projected for  
first event requires 7-1/2 years. S 
resource potential warrants. 

a1 resource will b 

I 
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The second scenario describes direct use of the heat energy t o  supply a 

are quite probable w i t h :  
5-acre commercial greenhouse installation. The  assumptions for this use id  

1. 
2. Commercial interest  will be present. 
3.  Financing will be available. 

Private land is  t o  be used. 

The projected start ing date is 1980 w i t h  a development time to  power-on- 
l ine  of 3 years. T h i s  scenario has a very h i g h  probability o f  occurrence. 
The power which can be extracted w i t h  no d r i l l i n g  is 40 x lo6 Btu /h r .  
i n g  could provide energy t o  a fac i l i ty  which would be only imited by pro- 
duction sales. T h i s  is postulated to  be 15 acres requiring a power o f  
120 x lo6 B t u / h r .  

Drill- 
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LOCATION AND PHYSICAL DESCRIPTION 

ude: 45 45 '  26" (32) 

..Longitude: 110 26" (32) 

..Rectilinear: T , R. 12  E., sec. 9, SW 

. .County: Park 

.) ..Adjacent Counties: Gallatin, Meagher, Stillwater, Sweet Grass, Wheatland 

..Topography: The topography of the study area consists mainly of broad 
plateau .and low, rolling hills which gradually descend to  the Yellowstone 
River Valley floor. 
tar ies  t o  the Yellowstone River, forming rather shallow, b u t  steep-walled 
canyons. Elevations range from 4,183 feet (1303 meters) along the valley 
floor t o  over 4,863 feet (1515 meters) near the ridge tops. 

..Present Land Use: The major land uses are livestock grazing, wildlife 
habitat, and recreation. Although data are not available, the area.has good 
h u n t i n g  potential for antelope, deer, and birds .  The Yellowstone River is a 
"Blue Ribbon" f i s h i n g  stream a t  this point. The s i te  itself is a working 
ranch w i t h  no p u b l i c  access t o  the hot springs. (74) 

. .Future Land Use Plans: There are no major changes planned f a r  this area. 
A few years ago, interest was shown for  investigating the geothermal potential 
b u t  institutional barrie discouraged f rther offers. (18) 

. .Aesthetics: Visual consideration will tie imp an t  i n  Some sites. Although 

None1 ectrical  uses waul d be 
compatible and possibly even el ec t r i  (74) 

. .Historical/Archaeological Signific ce: Written history of the area began 
w i t h  the Lewis and Clark expedition i n  1806 as  they passed through Springdale 
on the Yellowstone River. From 1864-1868, the Bozeman Trail served as an i m -  
migrant route from the Oregon Trail i n  Wyoming t o  Boteman a 
country. In 1864, Dr. Andrew Jackson Hunter came through t 
stake claim t o  the hot springs area. He developed the area sl ightly and had a 

ians both. Bath houses were 

In places, these lands have been incised by minor t r i b u -  

(74) 

not on a major touris t  route, loca 
Most points are visible i n  the are 

eople do use the area for . 

1 generation would be acceptable. 
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GEOLOGICAL/GEOPHY SICAL' DESCRIPTION Li 

..Geologic Description: The study area is i n  the southwestern edge of the 
Crazy Mountains Basin. T h i s  basin is elongated northwest and is about 40- 
75 miles (64-km t o  124 km) wide and 100-130 miles (160 km t o  208 km) long. 
The basin is bordered by the Beartooth Range t o  the west, the Big Belt, and 
Little Belt Mountains to  the north,  and Lake Basin and Pryor U p l i f t  t o  the 
east. The Crazy Mountains Basin is of l a t e  Cretaceous and Paleocene age. 

The Crazy Mountains t o  the north consist of Tertiary intrusives. The Bear- 
tooth Mountains t o  the south are composed of an uplifted block of Precambrian 
metamorphic rocks and Tertiary intrusives. 

Rock exposed i n  the area of Hunter's Ho Springs consists of the Livingston 
Formation and the Fort Union Formation. I t  is by f a r  the greatest portion 
of bedrock i n  northern Park County. Th formation has a thickness of a t  
least  14,000 fee t  (4267 meters) and consists of andesitic sediments which  
were deposited i n  l a t e  Cretaceous and Tertiary time. The thickness i n  the 
study area is  considerably less. 

The Livingston Formation has been divided into five parts: 

. 

1. A lower 4,500-foot (1372-meter) u n i t  of dark gray-green, medium- 
' t o  thick-bedded, coarse-grained andesitic sandstone and conglom- 
erates w i t h  minor shaly beds and a few modular horizons. The 
basal beds are conformable and gradational w i t h  the underlying 
Eagle Formation sandstone. 

2. A f iner  grained valley-forming u n i t  about 3,500 f ee t  (1067 meters) 
thick consisting of fine-grained andesitic sandstone, micaceorls 
shales, and bentonitic clays with some interbedded coarser-grained 
andesitic sandstone. Colors range from purple t o  gray-green and 
pale greenish-gray. 

3. A conglomerate and andesitic sandstone about 3,500 fee t  (1067 meters) 
thick w i t h  coarse andesitic sandstones predominating i n  t h e  lower 
1,500 feet (457 meters). 

4. An andesitic sandstone about 2,000 fee t  (610 me 
sporadic conglomerate beds. 

5. An upper congomerate u n i t  about 1,000 feet  (305 meters) thick. 

s) t h i c k  w i t h  

. .Geophysical Summary: The Department o Earth Sciences a t  Montana State Uni- 
versity con3tlcted D.C. r es i s t iv i ty  and h 
Site. 

The results for  these surveys delineate an apparent res i s t iv i ty  low centered 
on the northwestern group of orifices.  The anomaly is circular i n  design 
a t  20 meters depth. W i t h  increasing depth, the shape of the anomaly becomes 
more elongated i n  the northwest and northeast directions. A t  the limits of 
observation (100 meters), two favorable zones, one t rending  N .  60e W. and the Ll 

e r  seismic surveys a t  the Hunter's 
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br GEOLOG ICAL/GEOPHY S ICAL DESCRIPTION 
(con t i nued) 

other N. 50 to 70. E. can be i den t i f i ed .  The pa t te rn  suggests t h a t  thermal 
water may be r i s i n g  along two sets o f  f ractures trending northwest and north- 
east, respectively. Hot water may be channeled t o  the surface through the 
conduit formed a t  the i n te rsec t i on  o f  these two zones. 

The thermal waters a t  Hunter's Hot Springs flow from nine primary and a t  l e a s t  
10 small e r  openings . 
The geothermal gradient for  t h i s  area i s  29.5OC/km (AAPG geothermal gradient 
maps o f  the U.S., Map 21, Montana). The temperature of the discharge has 
been explained as the r e s u l t  of c i r c u l a t i n g  deep ground waters being affected 
by the loca l  geothermal gradient i n  the Crazy Mountains Basin. 

The three p r inc ipa l  springs are located w i t h i n  150 meters of one another. 

( 9 )  

(10) 

(80) 
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RESERVOIR CHARACTERISTICS 

..Reservoir Temperature 

..Surface: 739OF (59OC) (55) 

I 

I 

~ 

..Subsurface: 

I ..Geochemical: 

~ SiO,: Chalcedony 140°F (6OOC) Quartz 237OF (1 14OC) 
I 

Na-K-Ca: Na-K-lJ3 Ca 178°F (81OC) Na-K-4/3 Ca 163°F (73°C) 
(80) 

..Flaw Rates: 1315 gpm (5000 l / m )  (80) 

..pH: 8.6 (31) 

..Total Dissolved Solids: 268 mg/a (31) 

. .F lu id  Chemistry: 

Conducti v i  ty 
Hardness (Ca, Mg) 
Ca 
Mg 
Na 
Bicarbonate 

F 
S i  0, 
B 

85 mg/a 
150 m g l a  
19 mg/a 
14 mg/a 

63 m g l a  
720 mgla 

5.8 m g / a  

Additional analyses of various parameters a re  available. 

. .Estimated Nonelectric Energy Potential (MBtuh 30 years): 

..Subsurface Area o f  Reservoir: Unknown. 

(31) 

Ld 
- 
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The sp r ings  and surrounding land are  privately owned. 

adjacent t o  the south. T h i s  amounts t o  about 440 a es which appear t o  be 
c r i t i ca l ly  located from a geologic standpoint. 

The land on the remaining three sides is vately owned. The fourth side 
i s  s t a t e  owned. 

I 

I 
1 

r tant  feature is the presence of state-owned land located immediately 

/ 
i 
~ 

~ LAND OWNERSHIP AND LEASING 

I Total Area Federal State Private 
(Acres) (Acres) (Acres) (Acres) Other 

. Land Owners h i  p 
(6 km radius): 28,250 3% 5% 92% 0% 

(11,433 hec) i 
i 
I 

I . .Highest Priced 
i Leases 

(Dol 1 ars/Acre) : 
I . .Tentative Lease Sa 1 January, 1976, b u t  no b id  applications were received. (19) 

i 
i 

~ . .Number of Bids R ng i n  No Leas 

..Land Leased: 0 

i 

I tes: A federal lease sale was ready to  be held by 

Sales Offered B u t  No Bids: racts; 440 Federal Acres (178 hec). 
1 

total l ing 320 acres (130 hec). (74) 

I 

1 

othermal 1 eases. (51 
I 
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GEOTHERMAL DEVELOPMENT STATUS Lr 

..Present Development Status: 
a resor t .  The grounds s t i l l  contain a swimming pool which stands empty. 
The spr ing water i s  present ly used fo r  i r r i g a t i o n  a f t e r  cooling. 

A p r iva te  business group i s  in te res ted  i n  pursuing development o f  the Hunter's 
area f o r  e l e c t r i c a l  generation. 
work a t  t h i s  time. The main problem occurs under the admin is t ra t ion o f  the 
State Lands Geothermal Leasing Laws. 

The ho t  spr ing s i t e  was used i n  the past  as 

I n s t i t u t i o n a l  fac to rs  are h a l t i n g  f u r t h e r  

(18) 

According t o  present operating procedure, the commissioner o f  the Department 
o f  State Lands won't ho ld a lease sale u n t i l  " s u f f i c i e n t  i n te res t "  i n  geo- 
thermal leas ing i s  shown. Most investors are now aware of the e f f e c t  t h i s  
po l i cy  has on the Hunter's p ro jec t  and are unw i l l i ng  t o  r i s k  fu tu re  road- 
blocks. Therefore, the  Department o f  State Lands w i l l  ge t  no lease applica- 
t ions  u n t i l  the p o l i c y  o r  regulat ions change. 

..Projected o r  Planned Development: There i s  no planned development o f  any 
k ind  f o r  the Hunter's s i t e .  The owner, Harold Johnson, would l i k e  t o  use the 
resource i n  some manner t o  b r ing  a f inanc ia l  return.  A number o f  p o s s i b i l i -  
t i e s  have been discussed bu t  nothing d e f i n i t e  has come ou t  o f  t h i s .  

(5) 

(27) 
/ 

INSTITUTIONAL CONSIDERATIONS 

. . I n s t i t u t i o n a l  Requirements: BLM lease s t i pu la t i ons  are normal f o r  any 
operation which may upset environmental balances. Normal development plan 
approvals are required. 
EAR are development or iented and should no t  re ta rd  development. 

I n  general, the requirement se t  f o r th  i n  the Hunter's 

The Department o f  State Lands has leasing procedures considered unreasonable 
by developers. The r i s k  involved i n  t y ing  up cap i ta l  f o r  very long periods 
i s  too great. 

. .Agency and Publ ic  At t i tudes:  Publ ic  a t t i t udes  are good with some p r i v a t e  
land avai lab le f o r  leasing. 

..Status o f  Requirements (i.e., E I A / E I S  Requirements): . A  p a r t  o f  the land 
o r i g i n a l l y  requested f o r  lease was t i e d  up u n t i l  the  question o f  geothermal 
r i g h t s  c l a s s i f i c a t i o n  on p r i v a t e  land is  sett led,  That is,  federal mineral 

. r i g h t s  on p r i v a t e  land. The outcome o f  a l ega l  op in ion on the federal  level  
w i l l  determine whether these mineral r i g h t s  extend t o  geothermal waters. 

c, 

c9 
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..Climate: The climate is  typical of eastern Montana w i t h  ho t  dry summers 
and cold wet winters. Temperatures range from -20°F t o  100°F (-29OC t o  

..Prevailing Winds: From the west. T h i s  area receives much wind w i t h  

..Precipitation (Annual) :  

. .Days of Sunshine (Annual ) : 

. .Average Temperature: 

-38OC). ( 5 )  

gusts often reaching over 100 mph (160 km/h) 

14 to  18 inches (36 t o  46 cm). (74) 

Minimum: 15OF (-9.5.C) 

Maximum: 86.F (30.2OC) (67) 

. .Degree Days (Annual ) : 6 , 766 (69) 

. . Re1 a t i  ve Humidity (Seasonal Peaks) : 

Summer: 

Winter: 

. .Air Quality: Air quality over the entire area is very good due t o  the re- 
moteness and the lack of human activity.  Soil particulates may be raised by 
h i g h  winds i n  the dryer parts of the sumner. (74) 

. . .Geologic Factors: 

..Water Quality: Water quality i n  the site vicinity is  very good. As men- 
tioned, the Yellowstone River i s  an excellent f i s h i n g  stream a t  this point. 
Ground water is  generally accessible and o f  good quality. 
streams have privately owned water rights. 

..Noise: Generally, noise i n  this area is  of natural origin--birds,  wind, 
and river sounds. Occasional noise from Highway U.S. 1-90 can be heard. 
Ranching ac t iv i t ies  also contribute so 

A l l  perennial 
(74, 39) 

ss and fescue. The 
ebrush and varieties 

grass are present. (74) 

..Dominant Fauna: The principal animal inhabitatants are mule deer, elk, 
and antelope. (74) 



ENVIRONMENTAL FACTORS 
(continued) 

. . Endangered Species: 

Flora: None 

Fauna: Bald  eagle. (74) 





I 
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MARYSVILLE KGRA 

The Marysv i l le  KGRA i s  a 30-square-mile (76.8 km2) area located about 17 mi les 
(27 km) northwest o f  Helena i n  Lewis and Clark County. This area i s  a 
h i s t o r i c a l  go ld mining d i s t r i c t  with h igh - re l i e f  topography. The area geo- 
thermal po ten t ia l  was no t  rea l i zed  u n t i l  very recent ly  since there are no hot  
water springs o r  o ther  surface manifestat lons t o  a l e r t  the observer. The 
po ten t ia l  was recognized from heat f low measurements which are abnormally 
high. The land ownership i s  mostly federal. 

D i rec t  use i s  very l i m i t e d  since there i s  no populat ion concentrat ion c loser  
than Helena. The t e r r a i n  i n  the heat flow anomaly area i s  rugged w i t h  steep 
slopes and narrow val leys.  There i s  a p o s s i b i l i t y  of p ip ing  the water t o  the 
L i t t l e  P r i c k l y  Pear Valley, which i s  5 mi les (8 km) t o  the east. Piping 
the water t o  Helena would be a minimum o f  about 20 miles (32 km) . This 
a1 te rna t ive  appears t o  be present ly uneconomical. The range o f  appl icat ions 
f o r  the  known temperature includes ind iv idua l  and d i s t r i c t  space heat, green- 
house heating, aquaculture, growing season extension, and low temperature 
i n r l t i c + m i a l  s n r l  mani iCar+i im. inn i i rac 
I I I U U J ~ I  iu i  uiiu iiiatiuiubbui iiiy uaca. 

There were a number of lease appl icat ions 
the area a KGRA designation. An Environmental Analysis Record study was pre- 
pared as a prerequis i te  t o  leasing. No a c t i v i t y  can be pursued u n t i l  t h i s  i s  
completed. The study i s  f in ished, bu t  

S i t e  Descr ipt ion 

A geothermal anomaly was discovered i n  t h i s  area i n  1966 by David D. Blackwell 
dur ing a regional heat-f low study. 
7973 o f  plans f o r  d r i l l i n g  a 6,000-ft. (1829-m) geothermal t e s t  wel l  i n  the 
area. Federal lands were opened f o r  the f i l i n g  of lease appl icat ions i n  
January 1974, and as a r e s u l t  o f  the pub l i c i t y ,  the v i c i n i t y  o f  the heat-flow 

i c h  showed enough overlap t o  assign 

lease sale has been held. 

These studies l e d  t o  the announcement i n  

I anomaly was covered w i t h  over1 appi ng , noncompeti ti ve geothermal 1 ease appl i ca- 
+innc Thic 1 a A  +n a VcDA A a s . i n n ~ + S n n  

sses the southern p a r t  o 
h a l o c a l  r e l i e f  o f  more 
d drainage patterns’and a h igh occurrence o f  steep t o  
topography can .described as a mature mountain sys- 

ry i s  marked by 
he L i t t l e  P r i c  

e study area, so the 
n 3,200 f e e t  (1000 meters). 

Pear Creek Valley 
the northwest cor 

a r i l y  f o r  c a t  eation. The com- 
0 t o  100 year-round inhabi tants and i s  subject  t o  i n -  
ummer and s k i e r  use i n  the winter.  
t i o n  area due t o  i t s  h i s t o r i c  mining h is tory .  This 

The KGRA i s  a 
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use is  expected t o  increase along w i t h  the county population. Other uses L: 
should remain roughly the same. 

The private land is  owned primarily by ranchers w i t h  a scattering of private 
patented mining claims. Cattle grazing, w i t h  associated agriculture, is  the 
economic base of the area fringe. The Belmont Ski area located i n  the KGRA 
br ings  up  to  600 skiers a day through Marysville, which has some f a c i l i t i e s  
for recreation support. The populati.on areas near the KGRA are Marysville 
(population 50) , Canyon Creek (population 50) , Birdseye (population loo), 
and Helena (population 23,000). The land ownership for  the KGRA is federally 
controlled 14,200 acres (5747 hectares) and private land, 5,000 acres (2024 
hectares). 
of 6 kilometers is federal land 62 percent, and private, 37 percent. 

The area uses electr ic i ty ,  bo t t l ed  gas, and wood for  heat energy. 
is available i n  Helena as  i s  fuel o i l .  The only indus t r ia l  energy use i n  the 
area i s  a sawmill located on the main road near the Marysville turnoff a t  Silver 
City. 

The public a t t i t ude  toward geothermal development is divided i n  respect t o  
type of use. Electrical generation is looked a t  w i t h  suspicion since most 
information about this use has been negatively slanted, geysers being the 
only example t o  compare w i t h .  
w i t h  l i t t l e  concern i f  good environmental practices are followed. 

Geothermal Resource Description 

The ownership for  an area centered around Marysville w i t h  a radius 

Bottled gas 

Direct use would most l ikely f i n d  acceptance 

The 1966 heat flow study by Blackwell indicated very h i g h  values for  a few 
specific s i t e s  (6.6 ucal /cm2sec). Subsequent measurements a t  other sites 
showed even higher  values (3.3 to  20 ucal/cm2sec) over an area of several 
square kilometers. The average background for western Montana is  approximately 
2.0 pcal/cm2sec, as compared to  the world average of 1.5 wal/cm2sec. The heat 
flow i n  the Marysville area then is  up t o  10 times the already h i g h  background 
of western Montana. 

A gravi ty study (Mazzell a ,  1974) indicated a negati ve resi dual gravi ty anomoly , 
and t h u s  a region of mass deficiency which  was. associated w i t h  the h ighe r  value 
of heat flow. The correlation of the h i g h  heat flow and relatively low density 
i n  the same area was considered indicat ion of a relatively’shallow (less t h a n  
2 kilometers) cool i n g  chamber of recent mol ten igneous rock. T h i s  prompted 
further extensive geological and geophysical investigations t o  detail the 
characteristics of this interesting anomolous area, 

The in t r iguqng aspect of the Marysville site is the complete lack o f  surface 
manifestations of the anomoly. The nearest hot  s p r i n g  is located 19 rniles 
(30 km) away. The nearest recent volcanics a er 188 miles (300 km) away 
a t  Yellowstone. 

The detailed geophysical data ident i f ied a probable s i te  for a test hole. T h i s  
test hole was d r i l l e d  t o  a depth o f  6,600 feet  (2.4 km) i n  1974. 
were quite different than  those predicted from surface data. Hot water was . 
encountered i n  granite rock a t  1,900 feet  (579 m). Water began entering the hp 

,- 

Lid 
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hole a t  an estimated 7,000 gallons per minute (63 I /  c.) T h i s  negated the 
concept of a dry magma chamber. D r i l l i n g  continued t o  6,790 
numerous fracture zones. Water inflow seemed capable of mai 
s tant  head a t  600 feet (183 m) from the surface. 

The expected temperature gradient was 96"F/100 feet  (175"C/km). The tem- 
perature . log indicates a steady rise of temperature of about 66°F/1,000 fee t  
(10O0C/km) to a depth of about a kilometer, wherein isothermal conditions 
prevailed to  a depth of 6,600 feet  (2.4 km). The maximum temperature has 
been increasing very slowly since the hole was drilled as indicated from 
conti nuous temperature 1 oggi ng by the U. S. Geological Survey. 
approximately 21 7 O F  or 103OC. 

The results of the d r i l l  hole data indicate hydrothermally controlled heat flow 
i n  this area. The source d r iv ing  this convection cell which ut i l izes  the Empire 
granitic rock for  a conduit i s  not identified bu t  can be projected t o  l i e  a t  
considerable depth. 

The practical u t i l i  ation considerations indicate a reservoir capable of sup- 
- plying water a t  2 O O O F  (94OC) w i t h  a flow o f  a t  least  1,000 gallons per minute 

(63 l /sec) from a well w i t h  an 8-inch casing. The reservoir boundaries have 
not been delineated so the choice of d r i l l  s i t e  is  c r i t i ca l .  

I t  has reached 

The probable 
e t  (579 m)  level. 

The range of applications which are possible a t  the temperature encountered i n  
the Empire Creek well of about 212OF (100OC) is shown i n  figure 2 on page 27. 
The area where the resource appears available is not suitable for  many of the 
applications since it is  quite remote. There are three main factors which re- 
s t r i c t  immediate u e of this resource. The first is  the absence of sufficient 
quantities of end users o r  people who could use the resource nearby. The second 
i s  the rugged terrain which i s  space limited for agricultural applications, and 
the t h i r d  i s  the lack of reservoir def in i t ion  for  sites other than the present 
t e s t  hole. 

The communi ty of Marysvi 1 l e  i s much too ' sparsely populated to  economically use 
d i s t r i c t  heat system, and the resou e is  too deep as indicated by the d r i l l  , 

ole t o  individually heat homes. The losest  f l a t  land for  agricultural use 
of the water is a t  l eas t  5 miles (8 k away. This f l a t  land receives restric- 
ted s u n l i g h t  so tha t  greenhouses may not receive enough l i g h t .  The resource 
potential for  direct  use i n  the Marysville area must be considered marginal 

own cr i te r ia .  T h i s  is not t o  say that  future investi- 
resource ch 

uses could include greenhouses i n  the 

In- 
t, or p i p i n g  water t o  the Helena Valley for domestic 

space heating. T h i s  distance could be as l i t t l e  as 12 miles (19 km). 
dustrial users could be supplied i f  water approaching 240°F (116°C) could 
be located. One use i n  the local area would be k i l n  drying of green lumber. 
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Electrical generation i s  s t i l l  a possibility. The test wet? d i d  not locate 
a h o t  enough reservoir or heat flow area. 
better resources i n  other areas of the KGRA. T h i s  possibil i ty is  of l i t t l e  
interest  under the present economic circumstances. 
have much more lucrative prospects i n  Utah and Nevada. 
almost certain t o  change the economic feasibi l i ty  of geothermal exploration 
a t  Marysville- 

Interest i n  Development 

Subsequent wells may encounter 

Commercial companies 
Future demand is  

As discussed previously, the heat flow anomoly was unknown u n t i l  1966, and 
there are no surface hot springs which could be used directly. For these 
reasons, there is  no use o f  the resource a t  this time. 

A l l  federal lands including the Marysville area were opened for  geothermal 
lease applications i n  January, 1974. Applications from a number of commercial 
energy development companies were received for  the Marysville area as a re- 
sult of the academic exploration projects tha t  were ongoing. These resulted 
i n  the KGRA designation as required by law. The area of the KGRA was s e t  a t  
19,200 acres (7771 hectares) w i t h  an additional study area of 57,000 acres 
(23068 hectares) t o  be included i n  t h e  EAR. The study was f i n i s h e d  i n  l a t e  
1977, b u t  lease stipulations were not decided upon a t  tha t  time. 

Development interest  i s  s t i l l  present i n  the form of lease applications for  
noncompetitive land on forest  service and BLM land. 
not the present applications w i l l  be left  i n  o r  withdrawn i n  the future. 

I t  i s  unknown whether o r  

Restrfctions t o  Development 

Development "stipulations" which w i l l  be attached t o  any federal lease granted 
are sure t o  contain important impacts for development i n  the Marysville area. 
Typically for this type of terrain,  steep and erodible slopes w i l l  necessitate 
the "no-surface occupancy'' restriction for some areas. Another requirement 
which may be levied concerns seismic monitoring of the area before a production 
well can be d r i l l e d .  

Water ,and air pollution w i l l  be rigidly controlled for any development project 
i n  the Marysville area. There will be other development situations which are 
yet  t o  be agreed upon w i t h i n  the U.S. Geological Survey, U.S. Forest Service, 
and BLM. 

Scenari o Discussion 

data were prepared. There were two separate cases for  consideration. The 
first deals with the possibility of a 50-megawatt electrical  generation fa- 

sequence will soon begin a f t e r  the lease sale and continue steadily u n t i l  

I i i 
f 

i 
I Time lines for possible geothermal development us ing  local social and economic 

, 
I 
I c i ] i ty  being developed by major energy-oriented companies. T h i s  development 
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power-on-1 ine i s  obtained. The assumptions which  would allow the scenario b, 

1. Federal land will be leased. 
2. Commercial interest  would be present. 
3.  A viable resource can be located. 

T h i s  avenue was chosen as a result of the lease applications which  remain 
on f i l e  by energy development corporations i n  spite of the negative data 
from one test  well. I t  i s  anticipated t h a t  the generation event will take 
9-1/2 years beginning 1985, and ending w i t h  an operation f ac i l i t y  i n  1994. 
Multiple events for generation were no t  ou t l ined  due t o  the completely un- 

5 known potential t o  support steam generation. Additional f ac i l i t i e s  would 
be considered a f t e r  an in i t i a l  t r i a l  phase of the first generating plant. 

The second event describes direct  use of ho t  water from the KGRA, v ia  trans- 
portation by pipeline t o  the Helena Valley. The necessary supply would 
have t o  produce s ral thousand gallons per minute w i t h  a temperature of a t  
least  180'F. 

The assumptions for this scenario are: 

1. Municipal interest  will exist. 
2. Financing would be available. 
3. 
4. Federal land will be leased. 

A suitable resource can be found. 

This project would be expected t o  start no sooner t h a n  5 years from the lease 
sale date. I t  would take approximately 8 years for a d is t r ic t  heating system 
t o  partially supply the Helena Valley. The t o t a l  energy production postulated 
for  this event is 84 x lo6 B t u / h r .  Although multiple events are not shown, i t  
is anticipated t h a t  uses other t h a n  domestic space heat would be found. 
most obvious is greenhouse heating. 

The 
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l i e s  about 18 miles (29 km) northwest o f  Helena. This was an important gold 
mining d i s t r i c t  from the 1870s through the e a r l y  1900s. 
1894, i t  was Montana's l a rges t  producer o f  gold. The populat ion of Marysv i l le  

Between 1880 and 

SITE LOCATION AND PHYSICAL DESCRIPTION 

..Latitude: 46 45' 14" (31) 

..Longitude: 112 22' 33" (31) 

. .Recti l inear: T. 12 N., R. 06 W., sec. 2, AAD 

..County: Lewis and Clark 

. .Adjacent Counties: 
Powell, Teton 

..Topography: The topography o f  the area i s  t h a t  o f  a mature mountain sys- 
tem. 
age patterns and occurrence o f  steep t o  f a i r l y  steep slopes, rounded h i l l  
crests, and some c l i f f  exposures. The Continental Divide runs an i r r e g u l a r  
course northward from the southern boundary of the area over Greenhorn Moun- 
ta in .  From there i t  turns westerly about 2 miles nor th  o f  Greenhorn Mountain 
and passes through the western boundary of the study area near Meyers H i l l .  
Only about 25 percent o f  the study area l i e s  west o f  the Divide. 

(31) 

Broadwater, Cascade, Flathead, Jefferson, Meagher, 

It i s  wel l  dissected w i t h  a combination o f  dendr i t i c  and t r e l l i s  drain- 
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SITE LOCATION AND PHYSICAL DESCRIPTION A d  
i (continued) 

s ta te  of development i n  hardrock gold mining The primary mine was the 
Drumlumon mine whose owner also b u i l t  a large mill to  process the ore. 

Other important mines were the Belmont, the Bald Butte, the Penobscot, 
the Shannon, and the Empire mine. Accompanying communities that  appeared 
t o  support  these mines were Bald Butte, Empire, and Gloster. The h i s -  
torical evidence i s  considered important a t  the national level. Portions 
of Marysville have been nominated for inclusion i n  the National Register 
of Historic P1 aces. 

There has been no systematic archaeological inventory for the study area. 
Four sites i n  the study area have been recorded i n  the Statewide Archaeo- 
logical Survey files a t  the University of Montana. Other known archaeo- 
logical sites are  immediately outside the study area. Some sites to  the 
east  have been dated as old as 10,000 years. Forty-five archaeological 
s i t e s  of various types have been identified i n  the county. The future 
archaeological potential is rated as h igh .  

I 1 

i 

(43, 73, 75) 
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GEOLOGICAL/GEOPHYSICAL DESCRIPTION W 

..Geologic Description: The Marysville EAR area lies i n  the northern 
Rocky Mountain structural and physiographic province. The thrust faul ts  
that  mark the eastern margin of this province are about 25 miles (40 km) 
east  of the study area. 

The bedrock material i n  this area consists of Precambrian sedimentary rocks 
of the Belt Series. Empire Shale and Helena Limestone are  the two formations 
which crop out  most extensively i n  the study area. The shale is a dense, blocky 
fracturing a rg i l l i t e .  The limestone is a very siliceous limestone or  dolomite. 
In a large part of the area, the limestone has been transformed into a dense, 
low-porosity, calcsi l icate  hornfels. To the southwest, Paleozoic and Mesozoic 
sedimentary rocks cover the Belt rocks. 

The sedimentary rocks are cut by several intrusive bodies. The only exposed 
body of any s ize  is  the Marysville stock which is thought  to  be of l a t e  Creta- 
ceous age. The Radiometric age dating is 79 mil l ion years old. 

The Marysville stock is surrounded by a broad b e l t  of contact metamorphosed, 
sedimentary rocks, and thus the stock may have a much larger subsurface extent 
than i ts  present exposure would indicate. The stock occupies the center of 
a structural and topographic h i g h  wh ich  may have been caused by doming ,asso- 
ciated w i t h  emplacement of the stock. Faults i n  the area are h i g h  angle 
faul ts  and can be followed for several miles. The maximum displacement ap- 
pears t o  be a few hundred feet. (75, 6)  

. .Seismicity: A zone of earthquake activity extends from Helena northwest 
t o  the Marysville heat flow anomaly. T h i s  i s  essentially the same.as the 
study area. T h i s  trend follows the Intermountain Seismic Belt. The Marysville 
heat flow anomaly is  characterized by a lack of earthquake activity.  The seis- 
mic act ivi ty  i n  the Helena area has been of the swarm type w i t h  a major se- 
quence i n  1935 of magnitudes of 6-1/4 and 6. 
Montana i n  1974-75 indicate that  the swarm pattern is s t i l l  occurring. The 
magnitude of these swarms i s  usually below 3.5 on the Richter scale. Helena 
i s  regarded as one of the more active seismic areas i n  Montana. 

Studies by the University of 

(75, 6)  

. .Geophysical Summary: Magnetic Surveys. Magnetic surveys indicate anomalies 
associated w i t h  content variation of magnetic material. 
area, the only magnetic anomaly of note is associated w i t h  the Marysville 
stock. A model of the Marysville stock was developed from data using the . 
numerical technique of Talwani (1965). 

Tn the Marysville 

Electrical Surveys. A roving dipole resistivity survey was done by the 
U.S. Geological Survey i n  1972. The results indicate rather h i g h  resistivit-y 
associated w i t h  the geothermal anomaly. Nagnetotell uric surveys done i n  
1974 found h i g h  apparent resistivities associated w i t h  the heat flow anomaly. 
T h i s  contrasts w i t h  relatively low values o f  electrical  res i s t iv i t ies  usually 
found i n  geothermal areas. 
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GEOLOGICAL/GEOPHYSICAL DESCRIPTION 
(continued) 

Seismic Ground Noise. A ground noise background survey was r u n  w i t h  negative 
i n  fact ,  contrary t o  the normal conditions usually encountered 
lowest values of ground noise associated w i t h  the h ighes t  heat flow. 

Microearthquake Survey. A microearthquake survey o f  the general area indicates 
activity along a f a u l t  o r  fau l t s  extending from northwest of Helena t o  the 

, 
I I 

southeastern boundary of the geothermal area. No activity was identified 
i n  the geothermal anomaly i t s e l f .  

Infrared Survey. Airborne infrared survey techniques were conducted i n  order 
t o  test  fo r  indications o f  the geothermal anomaly. The detection limit of 

I the system was not f ine enough and no indications were found. I 

Gravity Survey. A gravity survey has been ongoing for  3 years. 
t h u s  fa r  show a negative residual gravity anomaly is associated w i t h  the 
geothermal anomaly, b u t  the lowest values o 
the geothermal anomaly. 

The results 

ravity are  located south of 
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RESERVOIR CHARACTER1 STI CS LJ 

..Reservoir Temperature 

..Surface: 
t o  the !%&foot level. 

The source is a nanflowing well 6,600 feet w i t h  a water table 

. .Subsurface: 21 7°F (1 03')C) (30) 

..Geochemical: 

SiO,: 248.F (103'C) (33) 

Na-K-Ca: 256°F (180.C) (33) 

. .Flaw Rates: "Large quantities" (33) 

..pH: 7.5 (33) 

..Total Dissolved Solids: 782 m g / a  (30) 

. .F lu id  Chemistry: 

Conduct i v i ty 
Hardness (Ca, Mg) 
Ca 
Mg 
Na 
Bicarbonate 

F 

960 
22 m g / a  

7.8 mg/a 
. 0.6 mg/a 
200 mg/a 
242 mg/g 
160 mg/a 
47 mg/a 
19 mg/a 
83 mgla 

820 mg/a 

Additional analyses o f  various parameters are available. (31) 
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Total Area Federal State Private 
(Acres) (Acres) (Acres) (Acres) Other - 

i p  KGRA: 19,200 14,200 0 0 
Additional Study Area: 57,000 20,680 1,200 0 

..Land Leased Not Open: 

..Highest Priced Leases 

. .Tentative Lease 
Sale Dates: 

..Number of Sales 
Offered B u t  No 
Bids: N/A 

. .Number o f  Bids 
Rejected Resulting 

(Dol 1 ars/Acre) : N/A 

Late 1978 o r  Early 1979 

In No Lease: ,N/A 

Twenty-three lease' applications were received i n  1974. 
lapped enough t o  cause rejection because of competitive interest. 

A l l  b u t  four over- 
(75) 
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GEOTHERMAL DEVELOPMENT STATUS 6.I 

. .Present Development Status: A study financed by the National Science 
Foundation t o  locate and d r i l l  for a hot, dry rock experimental power pro- 
duction project. The study team picked the Marysville area as  a result of 
heat flow data collected by Blackwell of Southern Methodist University in  
1973. Geophysical surveys were conducted t o  locate a s i te  for dr i l l ing.  
A 6,600-foot (2000-m) deep hole was d r i  11 ed I The anticipated temperature 
was not encountered, b u t  hot water a t  about the boiling point was discovered. 
The hole is  presently being monitored by the U.S. Geological Survey. No 
further geothermal ac t iv i t ies  a re  occurring in  this area. 

. .Projected o r  Planned Development: There is no planned development f o r  
this area a t  this time. The resource i s  too deep and o f  a nature which 
prevents its use i n  an economical manner. It  has been deemed unsuitable 
for  power production on the basis o f  the project. 

I 



152 

ENVIRONMENTAL FACTORS 

. . C1 imate 

..Prevailing Winds: Westerly (highly variable speeds) (75) 

Precipitation (Ann 1): 20.9 inches (53 centimeters) (75) 

. .Days of Sunshine (Annual): 184 (69) 

. .Average Temperature: Extremes : 

Minimum: 28.9"F (-1.7"C) -33°F (-36°C) 

Maximum: 53.6OF (12OC) 97°F (36°C) (75) 

. .Degree Days (Annual): 8,860 (69) 

. . Re1 ative Humidi ty  (Seasonal Peaks) : 

Summer: 

Winter: 

. .Air Quality: 
Marysville. The closest urban center is Helena, 15 miles (24 km) south- 
\east of the KGRA center. Much of the study area is above the level of 
temperature inversions that  occur i n  the Helena Valley. 
mill a t  Silver City may occasionally become trapped i n  the valley around 
Silver City, Canyon Creek. Temperature inversions dur ing  f a l l  and winter 
may intensify smoke accumulation i n  the Litte Prickly Pear Valley. Slash 
burning on timber sale areas i n  and around the KGRA produces wood smoke 
b u t  has minimal impact on a i r  qual i ty .  Dus t  from timber harvest min ing  

l a r  t r a f f i c  may occur. (75) 

Urban and industrial pollutants are n o t  characteristic of 

Smoke from a saw- 

surface water quality is good for  most drainages 
except for some leaching of mine tail ings i n  a few areas. 
44.4 square miles i n  the study area is 25.7 cfs. 
including the Little Prickly Pear, are classified as B-01 by the state 
which  sets requirements of direct  uses for  most purposes. 
Pear Creek was adjudicated i n  the early 1900s and. c la i  

rage period from July t o  Se 

e study area are  na part. Occasional 

Discharge from 
Most reaches of stream, 

Little Prickly 

f f ic  and snowmobiles can be heard 
ssociated suburban noises. Some noise is associ 
elmont Ski area. Recreational t r a f f i c  is  expect 
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LJ t ENVIRONMENTAL FACTORS 
I (continued) 

. . B i  o l  ogi ca l  : 

remaining area  cons i s t ing  of grassland or  shrubland. 
Douglas f i r  are the major s e r a l  species. 
f i r  and whi  tebark pine. 

Grasses i ncl ude beargrass ,  bl  uejoi n t  , bl uebunch, wheatgrass, and Idaho 
fescue. (75) 

..Dominant nora :  The study area  is about 60 percent  f o r e s t  w i t h  the 
Lodgepole pine and 

Some o t h e r  types inc lude  a l p i n e  

..Dominant Fauna: 
ante1 ope, bl ack bear,  cougar, up1 and game b i  rds (bl ue grouse, Frank1 i n 
grouse,  and s h a r p t a i l  grouse).  
h a b i t a t  f o r  c u t t h r o a t  t r o u t  and whitefish. 

E l k ,  mule deer, whitetail deer, small amounts of  

Some parts o f  t h e  streams a r e  e x c e l l e n t  
(75) 

..Endangered Species: 

Flora:  None (75) 

Fauna: None (75) 

t 



. .Ut i l i ty  or  Energy Transmission Cor 

Electric:  100 KV 

There a re  no natural gas llnes 

Major heating source is wood and e l ec t r i c i ty .  

. .Transportation Corridors or. Faci l i t ies :  

Roads: County Road 279 5 miles (8 km) from Marysville 
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County maintained gravel road t o  w i t h i n  5 miles (8 km) o f  the d r i l l  site. 

There a re  many unimproved fores t  service or  old min ing  roads which access 
the entire area. 

I 

..General Description of P lat ion: 
bound f o r  a t  l ea s t  6 months o f  the year. The community of Marysville i s  lo- 
cated over the mountain from the s i te  and has about 50 residents. 
frequent the area i n  summer and the f a l l .  
S k i  area dur ing  the snowy season. Helena is  the nearest population center 
and is  22 miles (35.5 .km) by road, w i t h  a population of 22,730. 

..Economics: 

The s i t e  has no inhabitants and i s  snow- 

Recreational skiers  use the Belmont 
Tourists 

. .Present Land Use: The area land use includes commercial timber sales ,  
I I 

I 

ecreationists.  

ional uses. The other i 

I 

I 
i , 
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NEW BILTMORE HOT SPRINGS 

New Biltmore Hot Springs is located about 12 miles (19 km) southwest of Twin 
Bridges i n  southwestern Montana. Th i s  s i t e  is 4 miles (6.4 km) off the main 
paved road, State Highway 41. Hot water issues from river gravels about 300 
yards (275 m)  from the scenic Big Hole River. The hot water is used i n  a 
recreational spa t o  f i l l  a swimming pool and hot  plunges. 

The surface temperature is not particularly high ,  b u t  the reservoir has a 
h i g h  production capacity. Restrictive topography would limit some uses of 
the resource and the rural environment does not lend itself t o  domestic 
space heating uses. Some appropriate uses of this s i te  are heating of 
greenhouses and aquaculture. 

The owner wishes t o  sell this s i t e  and hopes the resource will be developed. 
There has been l i t t l e  outside interest expressed i n  this geothermal resource. 

There should be l i t t l e  i n  the way of development restrictions outside the 
physical constraints of the s i t e  environment. 

Site Description 

The rectilinear location of the spring's s i te  i s  section 28 o f  township 4 
south, range 7 west, about 20 miles (32 km) northeast of Dillon. New 
Biltmore is privately owned and i s  situated on about 50 acres (2.02 hectares) 
next t o  a working A combination bar, cafe, and spa are all on the 
property. D i  11 on southwest, has a population of 4,548 while Twin 
Bridges, t o  the n 

The topography of o l l i n g  hills w i t h  elevation 
changes of 500 fee The spring's s i te  i s  a small 
meadow hollowed out of a steep-walled gorge. The meadow probably covers 
300 acres (121 hectares). The Big Hole River is adjacent while the Jefferson 
River parallels t o  the east. 

has 613 people. 

I 

I 

I 
I 
i 
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Area residents are generally well disposed towards geothermal direct use. L! 
Uti 1 izat ion of the hydrothermal resource could be promoted successfully i f  
economic cost benef i t s  can be determi ned. 

Geothermal Resource Description 

The surface temperature of the hot springs is '127°F (53OC). The predicted 
reservoir temperature calculated us ing  relative concentrations of specific 
dissolved elements gives a theoretical temperature range of 158°F t o  352°F 
(70°C t o  178°C). These temperatures may be obtainable t h r o u g h  drilling t o  
depth t o  t a p  a deeper reservoir t h a n  i s  currently producing the hot water. 

The spring water is slightly radioactive and i s  claimed t o  have healing 
properties because of t h i s .  The total dissolved solids is 1970 mg/%, which 
is rather h i g h ,  al though the radient heat system t h a t  has been operating i n  the 
owner's house for many years has no evidence o r  deposition o r  corrosion. The 
flow from a spring and a well i s  100 gallons per minute (378 l/m). 

This area i s  i n  the same regional geology structure as Barkell ' s  s i te  and 
it i s  subject t o  the same seismic activity. T h i s  is a good indication of 
deep faults and associated h i g h  potential for geothermal reservoir systems. 
Most of the faults which do exist i n  the area were established during and 
after the emplacement of the Boulder ba thol i th .  Zones of extensive hydro- 
thermal alteration and mineralization are common. Little i n  the way of 
geophysical exploration has been done. 

Potential for Geothermal Development 

The range of applications using the known surface temperature of 127OF 
( 5 3 O C )  are shown i n  figure 2 on page 27. Hany of these would not be feasible 
i n  the New Biltmore area. The suggested uses would include aquaculture, 
soil warming, 1 imited space heat, 1 arge greenhouses, and increased recreational 
uses. The predicted reservoir temperature of 158°F t o  352°F (70°C t o  178°C) 
i s  h i g h  enough on the upper end for commercial processing of agricultural pro- 
ducts such as potato and onion drying. Animal feed processing is a likely 
use since animal feeds are locally produced. The most economically productive 
uses would be commercial greenhouses and increased recreational uses. 
are populous areas w i t h i n  a marketable distance, good growing conditions, and 
an adequate heat supply. 

There 

Interest i n  Development 

The New Biltmore Hot Spr in  s is w i t h i n  the U.S. Geological Survey "Potential 
Geothermal Resource Area" 7PGRA). In areas thus classified, federal leases 
need no t  be l e t  on a competitive basis unless overlapping applications are 
received. 

Federal lands including the area around the New Biltmore Hot Springs were 
opened for geothermal lease applications i n  January, 1974. Applications 
were received by the local BLM regional office f r o m  Phillips Petroleum 
Corporation for leases i n  an area between New Biltmore and Barkell's Hot 
Springs.  An environmental analysis which covered much o f  the BLM land i n  

leasing and 6 leases were issued t o  Phillips Petroleum Corporation i n  1975. 
No further leasing interest has developed. ~ 

~ 

t h i s  area was prepared. Federal lahd was certified for noncompetitive bj 

Lid' 



158 

1 
I ccording t o  loca ources, Phtllips Petroleum drilled one o r  more wells 

on their leases shortly after permission was given. The company has not 
released the results of t h a t  tes t  d r i l l i n g  a t  this wr i t i ng .  
assumed t h a t  the resource doesn't appear t o  be outs tanding  for electrical 
generation compared t o  other areas of the west. 
exploring other si tes and has done no further work i n  the Barkel 1 ' s  area , 

I t  can be 

Phillips Petroleum is 

I although leases have been kept current. 
~ 

~ Scenario Discussion 

A developmental scenario for an electrical generating p l a n t  of the 100- 
megawatt capacity was formulated on the Barkell's Hot Springs. This elec- 
trical generation plant would be located somewhere between the New Biltmore 
Hot Springs and Barkell 's .  I t  is  f e l t  t h a t  the area will only support one for  
p l a n n i n g  purposes u n t i l  further data supports higher development projections. 
Therefore, a separate electrical scenario under the New Biltmore s i t e  i s  
omitted a t  this time. The electrical event i n  Barkell's scenario i s  equally 
applicable t o  the New Biltmore site. 

A direct-use scenario involv ing  a mercial greenhouse facility for pro- 
ducing foodstuffs was postulated. T h i s  development is illustrated by 
showing a single event; t h a t  i s ,  a single construction phase i n  which a l l  
bu i ld ing  is done a t  one time. I t  is  assumed t h a t :  

1. Sufficient commercial interest for development exists. 
2. Private land  will be leased. 
3. Necessary financing wou be available. 

The development could begin 
operable. The to ta l  energy 
24 x 10 

and would requir -1/2 years t o  become 
t ia l  of this single event would be 

I 
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L d  1 SITE LOCATION AND PHYSICAL DESCRIPTION 

..Latitude: 45 27' 41" 

. .Longitude: 11 2 28' 24" (31') 

..Rectilinear: T. 4 S., R. 7 W., sec. 28, BDA (55) 

. .County: Madison 

. .Adjacent Counties: 

. .Topography: The topography consists o f  r o l l i n g  h i l l s  trending general ly 
north-south. The elevations vary from 4,755 fee t  t o  5,249 fee t  (1463 meters 
t o  1615 meters) over approximately 1 m i le  (1.6 km). The B ig  Hole River runs 
adjacent t o  the s i te ;  the Jefferson River flows t o  the east. (71) 

. .Present Land Use: The s i t e  i s  used f o r  a t o u r i s t  spa. The surrounding area 
i s  used f o r  grazing, watershed, recreation, and Blue Ribbon t r o u t  fishing. 

..Future Land Use Plans: 

..Aesthetics: Most o f  the land of i n te res t  i s  no t  widely exposed t o  v isual  
scrut iny from traveled roads. The previous human impact i s  already qu i te  severe 
i n  some areas. (71) 

. .Historical/Archaeological Significance: This area l i e s  w i th in  the la rger  area 
t h a t  was gene$ally heavi ly  contested hunting grounds by many d i f f e r e n t  t r ibes  
o f  Indians. The f i r s t  known white men t o  enter the area were Lewis and Clark. 
Much mineral explorat ion and some mining occurred i n  the 1800s. 

No archaeological inventory has been made. There are several known archaeo- 
l og i ca l  s i tes  i n  o r  adjacent t o  the study area. A t  leas t  one pictograph 
s i t e  i s  present i n  the v i c i n i t y .  

F i f ty - two archaeological s i t e s  have been i d e n t i f i e d  i n  Madison County. The 
potent ia l  f o r  fu ture archaeological finds i s  high i n  the county. 

Beaverhead, S i l ve r  Bow, Jefferson, Ga l la t in  

(71) : 

No change from the present use. 

(71) 

(71) 

j 
! 
i 

i 
f 
! 

GEOLOGICAL/GEOPHYSICAL DESCRIPTION 

! 
i 
i 

. .Geologic Description: Hot water issues from r i v e r  gravel over ly ing the 
Meagher limestone, and probably i s  c i rcu la ted  a t  depth where i t  i s  heated i 

rocks near the s i t e  and could serve a 
! Paleozoic sedimentary rocks. A probable northeast-trending fpul  t displaces f 

(443) 

. . Geophysi cal Summary: i 

e conduit f o r  passage to the surface. 
1 

i 

..Site Information: Shallow wel ls discharge hot water t o  covered concrete L' 1 
, tanks from which i t  i s  piped t o  f i l l  a swimming pool. (48) i 

L ,  



RESERVOIR CHARACTERISTICS 

..Reservoir Temperature: 

. .Surface: 127°F (53°C) (80) 

. .Subsurface: 

W 
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..Geochemical: 

Si02: Chalcedony 158°F (70°C) Quartz 208°F (98°C) 

Na-K-Ca: Na-K-1/3 Ca 352°F (178°C) Na-K-4/3 Ca 167OF (75°C) (80) 

' ..Flow Rates: 100 gpm (378 l/m) (80) 

. .pH:  6.8 (31) 

..Total Dissolved Solids: 1970 (31) 

. .Fluid Chemistry: 

Conduct iv i ty  2240 
Hardness (Ca, Mg) 1100 mg/a 
Ca 300 mg/a 
Mg 7272 mg/a 
Na 160 mg/a 
Bicarbonate 229 mg/a 

1200 mg/a 
45 mg/a 

so4 
c1 
F 3.6 mg/a 
Si02 44 mg/a 
B 870 m g l t  

lyses o f  various parameters are avai lab le. ,  (31) 

t r i c  Energy Po ten t i a l  (MBtuh 30 years): 

f Reservoir: Unknown 
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LAND OWNERSHIP AND LEASING 

Tota l  Area Federal State P r i va te  
(Acres) (Acres) 1Acres) (Acres) Other 

0% 89% 
. .Land Ownership 9% 

28,250 2% (6 km radius): 
17433 (hec) 

. .Land Leased: 10,687 
4325 (hec) 

. .Highest Pr iced 
Leases (Dol 1arsJAcre) : 

. .$/Acre Lessee 

. .Tentative Lease Sale 

$1 . OO/acre 

Dates: Leased i n  1976 

Phi 11 i p s  Pet. 

..Number o f  Sales Offered 
0 But No Bids: 

. .Number o f  Bids 
Rejected (Result ing 
i n  No Lease) : None 

The ho t  springs and surrounding land are p r i v a t e l y  owned. 
land are adjacent t o  the s i t e .  

..Summary o f  Leasing Status and Needs: P h i l l i p s  Petroleum has 6 leases i n  the  
Barkel l 's /B i l tmore area. Some resource d e f i n i t i o n  d r i l l i n g  and geophysical 
work has been done, bu t  no r e s u l t s  are avai lable.  

Federal land i s  ava i l ab le  f o r  f u r t h e r  leasing. The p r i v a t e  land i s  ava i l ab le  
i n  some cases f o r  leas ing also. 
s t a t e  lands i n  t h i s  area should be opened f o r  leasing. 

Parcels o f  s t a t e  

I f  f u r t h e r , i n t e r e s t  i s  demonstrated, the 
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bj EOTHERMAL DEVELOPMENT STATUS 

t Development Status The federal 1 ~ 

Environmental Assessment study with noncompetitive leasing now available. 

The only work done i 
Petroleum. These re ts are unavailable. 

The springs are presently used for a recreation spa facility. 

..Projected or Planned Development: No planned or expected development 
is now known of. 

he area for resource definition was done by Phillips 

I I 

I 

~ 

INSTITUTIONAL CONS1 DERATIONS 

I . .Institutional Requirements: The Environmental Assessment requirements 
are generally 1 imited to enforcement of all regulations governing water 
and air quality, and protection of the basic environmental quality. 

. .Agency and Public Attitudes: 
(17) 

I 

I 
i 

I 
I 

i 
I 
I 
1 
I 

I 

1 

I 
I 

I 
! 

b 
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ENVIRONMENTAL FACTORS 

. .C1 imate: 

. . Prevai 1 i ng W i  nds: 

. .Precipitation (Annual):  13 inches (33 centimeters) (67) 

. .Days of Sunshine (Annual): 

..Average Temperature: 

Minimum: 34°F (1°C) (67) 

Maximum: 66'F (19'C) (671 

. .Degree Days (Annual ) : 

. .Relative Humidity (Seasonal Peaks): 

Summer: 35% (67) 

Winter: 50% (67) 

. . A i  r Qual i ty: 
are susceptible to  wind erosion. These dust  storms are generally mild and 
infrequent. 

. .Water Quality: Water quality i s  excel lent. 
supplied. Two excellent f i s h i n g  rivers are present. Water is used extensively 
for  irrigation. Almost a l l  available water appropriation rights are private. 
The lower Big Hole River runs adjacent t o  the springs. 

. .Noise: No area industry is present other than occasional agrarian pursuits. 
The noise is representative of a fa i r ly  isolated woodland and prairie w i t h  the 
exception o f  areas near the highway and sparsely populated urban areas. 

. . B i  ol ogi cal : 

Present a i r  quality is  generally excel lent. Some 1 and surfaces 

Smoke is  sometimes generated from range f i r e s  and trash burning. (71) 

Surface runoff is  snowmelt 

(71, 39) 

(71) 

..Dominant Flora: The primary plant l i fe  is b ig  sagebrush and varieties of 
bunchgrass, w i t h  some forests of Lodgepole pine. 

. .Dominant .Fauna: The large animals present include mule deer, elk, antelope, 
and fish. (71) 

. .Endangered SpecTes: 

(71) 

F1 ora: 

Fauna: 

None 

None 
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~ TRANSPORTATION AND UTILITIES 
I 

. .Utility o r  Energ ansmission Corridors and Facilities: 

Electric: 

50 KII 1 ines 
100 KV lines 
230 KV 1 ines 

No natural  gas lines are present. 

Fuel oil and propane are hauled i n  via  truck from the Dillon and Butte 
areas. 

Telephone lines a 

..Transportation Corri 

Adjacent t o  s i t e  
IO miles (16 km) 
14 miles (23 km) 

State Highway 41 

U.S. Highway 15 20 miles (3) 

Adjacent t o  s i te  

..General Description of 

Closest Urban Centers: 

Twin Bridges 9 miles (14 kin) 613 population 

4,548 population 18 miles (29 km) 
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i Reg i on 

WARM SPRINGS 

Springs i s  the s i t e  o f  the State Mental Hospi ta l  Complex. I t  i s  
11 mi les (17.6 km) south o f  Deer Lodge i n  Deer Lodge County. The s t a t e  o f  
Montana purchased t h i s  s i t e  over 100 years ago as the l o c a t i o n  f o r  the 
s t a t e  mental hosp i ta l  because o f  the therapeutic e f f e c t s  o f  the n a t u r a l l y  
occurr ing ho t  water. A f a c i l i t y  was constructed which housed 1,900 
pat ients.  A number o f  the pa t i en ts  were able t o  p a r t i c i p a t e  i n  the opera- 
t i o n  of a greenhouse f o r  supplying vegetables and a c a t t l e  operation. Hot 
water was used t o  heat the greenhouse and cow barn. The water was a lso 
used f o r  showers and soak tubs f o r  the pat ients.  The dec l i n ing  p a t i e n t  
populat ion an 
water by 1950 

modeling of f a c i l i t i e s  f i n a l l y  shut down a l l  uses of h o t  
he present p a t i e n t  populat ion i s  380. 

The h o t  springs are c u r r e n t l y  the second h o t t e s t  surface springs i n  the 
. s ta te .  
t e n t i a l  f o r  heat production is moderate t o  good as compared t o  other  s i t e s  
i n  the state.  The s o l i d s  content and de 
c o s t l y  equipment f o r  heat extract ion.  T 
w i t h i n  the i n s t i t u t i o n a l  complex t o  supp 
energy i s  a very good p o s s i b i l i t y .  Othe 
b u t  adjacent land could be used f o r  a g r i  

There has been some i n t e r e s t  on the p a r t  o f  MERDI (Montana Energy Research 
and Development I n s t i t u t e )  t o  heat the complex wi th  the geothermal f l u i d .  
The problems associated w i t h  t h i s  proposal are sure t o  be economical r a t h e r  
than i n s t i t u t i o n a l  i n  nature. 

The f l ow  i s  moderate b u t  can poss ib ly  be enhanced and the po- 

i ti on probl  ems requi  r e  more 
on-si te use of t h i s  energy 
much of the present ly  required 
ses would be l i m i t e d  on-site, 
t u r e  and aquacul t u r e  

n i n  west-central 

t o  a l a rge  extent  e a r l y  i n  the 1900s. 
using the natura l  ho t  water f o r  heating purposes w i t h i n  the s t a t e  bui ld ings.  

There i s  cu r ren t l y  i n t e r e s t  i n  again 
hd 

& 
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and known t o  be a good supplier of ground water. An extensive faul t  is 

s p r i n g  s i t e  i s  owned by the Montana Department of Institutions and used 

his land. The surrounding land is mostly privately owned and the land 
use is primarily ranching and agriculture. No major economic base change o r  
population density change is anticipated for  the future. A land ownership 
breakdown for a radius of 6 kilometers shows 1 percent federal land, 10 per- 
cent s ta te  land, and 89 percent privately owned land. 

The present energy i s  suppl ied  i n  the form of natural gas and electricity.  
Fuel o i l  and propane are available from Deer Lodge and Anaconda via truck. 
The h i g h  cost of any conventional form of energy insures interest  on the part 
of the local population for  cheaper alternatives. Public attitudes should 
be good for direct-use implementation i f  it is economically desirable. 

Geothermal Resource pescri p t i  on 

LJ 
faci l i ty  location for a s ta te  hospital.. There are a number of bu i ld ings  

The surface temperature of Warm Springs is 172'F (78°C). 
indicates a base or  reservoir temperature range of 171°F to 383°F 
( 7 8 O C  to  195°C). 
temperature. The total dissolved solids are low a t  1250 mg/a. The present 
flow has been measured recently a t  50 gallons per minute (3 l/s] bu t  past 
flows have been over 150 gallons per minute (9.5 l/s]. 

The spring issues form Tertiary valley f i l l  sediments overlain by Quaternary 
alluvium. The underlying sequence is  poorly known but the high calcium 
content o f  the water and the presence o f  a large travertine mound a t  the or i f ice  
suggest extensive contact of the water a t  depth w i t h  carbonate rock. 

Geothermometry 

176°F o r  806C seems t o  be the most probable available 
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Greenhouses could be economical ly supported a t  t is 1 ocati on. Aquacul ture 
is also a possibility if a u f  f i cient freshwater appropriation is avai 1 ab1 e. 
The  absence of a populatio center other than the s ta te  fac i l i ty  limits 
some direct uses. 

bj 

presently used for any ng purpose. A study is 
ongoing t o  define problems associated wi th ,  and economic feasibil i ty of ,  
converting the s ta te  complex to  geothermal heat. T h i s  study is  being conducted 
by a nonprofit  energy institute (MERDI) w i t h  a grant from the Montana Alterna- 
t ive  Energy Grant Program. An associated geophysical research project is also 
being conducted t o  define the reservoir and select likely spots to drill for  
increased flow of hot  water. T h i s  project is also funded by the Alternative 
Energy Grant Program. 

There is another data collection project which is studying nearby Deer Lodge 
Warm Springs.  T h i s  work is  being conducted by the Montana Bureau of Mines 
and Geology which is a part of the Department of Energy's state-coupled 
program f o r  reservoir definition. 

Private interest  has no t  been i n  evidence a t  this time. A program of infor- 
mation transfer i n  geothermal use possibilities is scheduled for the next 
planning project year. T h i s  i s  sure to  generate private interest  i n  u s i n g  
the geothermal resource. 

Restrictions t o  Development 

There should be few functional restrictions associated w i t h  development of 
a geothermal resource i n  this area. Most of the land is private on which 
leases will be comparatively easy t o  arrange. State leases are controlled 
by the current Department of State Land's policy which discourages ind iv idua l  
lease applications a t  the present. 

The common environmental restrictions will apply to t h i s  s i t e .  These are 
related t o  disposal of the warm water effluent and concern for the effects 
of water withdrawal of previous water right holders 

Scenario Discussion 

The presented scenario i l lustrates  one possible development which is concerned 
w i t h  the heating of the s ta te  hospital facil i ty.  The beginning date is  
postulated as 1978 and the process shoul 
an energy production of 4 x lo6 Btu /h r .  

the same area. 

ximately 2 years for 

cenario are: 

by the Department of Institu 
the well w i t h  no further legal complications. 

2. Money will be available for the capitalization of the well d r i l l i n g  
supply system and retrofit of the existing heating system. 

be used for 

ld 



169 

3. A sufficient reservoir capacity to  supply hot water w i l l  be en- 6., countered a t  a reasonable depth. 

4.  The Department of Institutions would be w i l l i n g  t o  change over 
to  the alternative source of energy. 

Development of a resource on private land o r  leased s ta te  land would entail 
much o f  the same concerns. The difference would occur a t  the beginning of 
the process i n  the time needed t o  acquire the lease. 
be leased i n  a few months while s ta te  land would take a minimum of 6 months. 

I T h i s  could slow t o  years,under the present policy. 

Private land can usually 



170 

6 10' 40" (31) 

12 47' 40" (311 

I . 5 N. ,  R. 10 W. ,  sec. , NE 1/4 c80) 

. .County: Deer Lodge 
~ 

! ..Adjacent Counties: Powell, Branite, Beaverhead, Jefferson, Silver Bow 

I 

i 

. .Topography: 
west-central Montana near the center of the Northern Rocky Mountains. 
I t  trends northward between a group of relatively low, rounded mountains 
t o  the east and the higher, more rugged F l i n t  Creek Range t o  the west. 
The Clark Fork and i ts  tributaries dra in  the valley i n  a northerly 
direction. 

The mountains i n  this area are locally known as the Deer Lodge Mountains 
and are mostly below 8,000 feet (2438 m), b u t  a few a t t a i n  altitudes of 
more t h a n  8,500 feet (2590 m ) .  The valley topography is dominated by 
great terraces, designated here as high  terraces t h a t  slope gently down- 
ward from the mountians and end i n  ab rup t  scarps above low terraces 
bordering the broad flood p l a i n  of the Clark Fork. The flood plains of 
the t r ibutary streams coalesce and merge w i t h  the low terrace along the 
Clark Fork River. 

The Warm Springs are located on the valley f loor  near the headwaters of 
the Clark Fork drainage. The area i s  f l a t  a t  approximately 4,813 feet 

..Present Land Use: The s i te  is  presently used as a location for  the Warm 
Springs State Hospital and a state game farm. The surrounding area i s  
used for agricultural activities or smelter process water treatment. 

. .Future Land Use Plans: No change is expected for  the near future. 

. .Aesthetics: In early years, miners roamed a t  large, sinking shafts, 
d igging  and cutting trees. When a hole fizzled out, i t  was l e f t  open; 
consequently, a large amount of disturbed area is present. T h i s  area is 
no t  subject to intensive tourist use. Development i n  the valley would 
be open t o  visual scrutiny as the land is relatively f l a t  with.l i t t le 

I cover. Direct-heat use should not  pose any 1 sthetic -problems. 

i 

The Deer Lodge Valley is a basin trending north-south i n  

I 

I I 
1 (1467 m). (59, 64, 78) 

i 
I 

, 
I 

rchaeological Significance: 
Valley served as a main travel route for  
way t o  and from buffalo country t o  the east. 
traders followed this same route. 
t o  settlement of the area. 

ribes on their 

In 1852, gold was discovered which led I I 
I 

I t  has been populated continuously since. i u  i 

' L 
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SITE LOCATION AND PHYSICAL DESCRIPTION 
(continued) 

Deer Lodge County is the site of the famous Washoe Smelter which processes 
copper ore from Butte. This operation began in 1883 and is important for 
engineering and industrial advances. 
Cross Historic District which was a minor gold mining area (1857). 

No archaeological sites have been discovered in Deer Lodge County, although 
the area is rated as high for future discovery potential. 

6. 

Nearby is the Georgetown-Southern 

(43, 64) 



GEOLOGICAL/GEOPHYSICAL DESCRIPTION 

. .Geologic Description: The mountains eas of the Deer Lodge Valley are 
formed primarily of Cretaceous sedimentary and volcanic rocks and lower 
Tertiary granitic rocks. Those mountains o the west of the valley are 
formed of Precambrian t o  Cretaceous sedimentary rocks and a core of lower 
Tertiary granitic rocks. Geophysical data i ndi ates that the valley is a 
deep graben which formed i n  early Tertiary time af ter  emplqcement of the 
Boulder and Ph i l ip sburg  ba tho l i th s .  During the Tertiary Period, the 
valley was partly f i l l ed  t o  a maximum depth of more than 5,500 feet  (1676 m )  
w i t h  erosional detritus that  came from the surrounding mountains and was 
interbedded w i t h  minor amounts of volcanic pyroclastics. 
deposited i n  a large variety of local environments, resulting i n  extremely 
vari ab1 e 1 i tho1 ogy . The deposi ts grade from unconsol i dated to  we1 1 -cemented , 
clay t o  boulder-sized aggregates. The s t ra ta  d i p s  gently towards the valley 
axis i n  most of the area, b u t  along the western margins o f  the valley they 
d i p  steeply into the mountains. 

The main source of ground water i n  the Deer Lodge Valley is  the upper few 
hundred feet of unconsolidated valley f i l l .  Most of the ex is t ing  wells 
drawing from these deposits range i n  depth from a few feet  to  250 fee t  
(76 m ) .  
wells) t o  about 150 feet  (46 m )  below. 

The hot water issues from a sequence o f  several thousand feet  o f  Tertiary 
valley f i l l  sediments overlain by t h i n  quaternary alluvium. The Tertiary 
sediments include unconsolidated t o  well-consolidated si1 tstone, shale, 
arkosi c sandstone , sand conglomerate, gravel , volcanic ash, bentoni te , 
limestone, and dolomite. The underlying sequence is  poorly known, b u t  
the h i g h  calcium content of the waters and the presence of a large traver- 
tine mound a t  the orifice suggest exten ve contact of the water a t  depth 
w i  t h  carbonate rocks. 

A north-northeast trending faul t  i s  thought  t o  exist 1/2 t o  1 mile 
(402 m to  1609 m)  east  of the springs where gravity and magnetic values 
decrease rapi d l  y westward. A reservoir 1 ocated i n  the calcareous beds 
of the Tertiary sedimentary f i l l  o r  deeper Paleozoic o r  Mesozoic carbonates 
may supply water through a fau l t  plane migration to the discharge point. 

Geophysical Summary: The U , S . Geological Survey performed a gravimetric 
survey i n  1961. Results are contained i n  the Mater Supply Paper 1862, 
along with geologic mapping from aerial -photographs- 

T h i s  material was 

Water levels range from somewhat above land surface ( i n  flowing 
(78) 

(10) 

The geology o f  part  of the area was mapped i n  
A. Mutch of P r i n  University i n  1960. 

There are severa hysical data collection 
a t  this time. A warm springs s i t e  on the Mon 
being assessed us ing  seismic, gravi ty, and resist ivity to locate positioning 
of wells for ho t  water. A similar project for the area, including Warm 
Springs,  i s  slated t o  begin soon, The main investigative agency is the 
Montana Bureau of Mines and Geology which is the U.S. Department of Energy's 
state-coupled program for reservoir definition. 
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GEOLOGICAL/GEOPHYS ICAL DESCRIPTION 
(continued) 

The water from Warm Springs has been analyzed f o r  f l u i d  chemistry and 
geothermomel;ry. 

A prel iminary r e s i s t i v i t y  study of the spring s i t e  was done by the Montana 
State  Universi ty,  Earth Sciences Department. 



RESERVOIR CHARACTERISTICS 
td 

..Reservoir Temperature 

. .Surface: 172°F (78°C) (31) 

. .Subsurface: 

..Geochemical: 

Si02: Chalcedony 171°F (78°C) Quartz 225°F (107°C) 

Na-K-Ca: Na-K-1/3 Ca 383°F (195°C) Na-K-4/3 Ca 176OF (80°C) (80) 

..Flow Rates: 50 gpm (190 l / m )  (31) 

..pH: 6.6 (31) 

. .Total  Dissolved Solids: 1250 mg/a (31) 
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LAND OWNERSHIP AND LEASING Lj 
Total Area Federal State Private 
- (Acres) (Acres) (Acres) (Acres) Other 

. .Land Ownership 
(6 km radius) : 28,250 1% 10% 89% 0 

11433 (hec) 

. .Land Leased: None 

. .Highest Priced 
Leases (Dol 1 ars/ 
Acre) : N/A 

. .Tentative lease 
Sale Dates: N/A 

..Number o f  Sales 
Offered B u t  No 
Bids: N/A 

. .Number o f  Bids 
Rejected (Resulting 
in No Lease): N/A 

..Summary o f  Leasing Status  and Needs: 
is privately owned. A small amount o f  state land could be leased. 
land would be available for lease if  interest should increase. 

Most o f  the land i n  the study area 
Private 

- 

L iv 

w 
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RMAL DEVELOPMENT STATUS 

j 

..Present Development Status: The springs are n o t  bejng used a t  t h i s  time. 

A study by the Montana Energy Research and Development I n s t i t u t e  of But te  
i s  ongoing w i t h  a g ran t  from Montana's renewable energy grant  program. The 
purpose o f  Ahis study i s  t o  determine the f e a s i b i l i t y  and design o f  a space 
heating system f o r  the s t a t e  hospi ta l  nearby. 

The Montana Bureau o f  Mines i s  conducting various geophysical exploratory 
methods t o  character ize the rese rvo i r  a t  the Warm Springs s i t e .  

. .Projected o r  Planned Development: The projected development a t  t h i s  s i t e  
i s  t o  heat the e n t i r e  hospi ta l  complex w i t h  the ho t  water from the springs. 

INSTITUTIONAL CONSIDERATIONS 

. . I n s t i t u t i o n a l  Requirements: The State Department o f  I n s t i t u t i o n s  owns 
much o f  the s t a t e  con t ro l l ed  land which l i m i t s  the po ten t i a l  f o r  outs ide 
(p r i va te )  use, un le 

. .Agency and Publ ic  t i tudes:  The a t t i t u d e s  of a l l  con 
very good. 

. .Status o f  Requirements (i .e., E I A / E I S  Requirements): 

p r i v a t e  land i s  bought o r  leased from the owner. 

I 
I 
I 
! 
I 
i 

No special re-  
I 

j 

i 
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ENVIRONMENTAL FACTORS u 
. .Climate: 

..Prevail ing Winds: Variable, average speed 6.3 mph (10 k lhr ) ,  (67) 

. .Precipi tat ion (Annual): 10.5 inches (26.7 cm) (67) 

. .Days o f  Sunshine (Annual): Approximately 190 days (69) 

.. .Average Temperature: 

Minimum: 25.3OF Lowest: -22'F 

Maximum: 62.5.F Highest: 89°F (67) . 

..Qegree Days (Annual): 8407 (69) 

.Relative Humidity (Seasonal Peaks): 

Summer: 31% - 80% 

Minter: 38% - 70% (67) 

.Afr Qual i ty:  A t ' r  q u a l i t y  1s considered to  be excel lent  except durfng 
times of slash burnfng o r  large wi ld f i res i n  the west. A i r  q u a l i t y  
requtrements a re  high. (64) 

..Water Qual i ty :  Most of the streams flow through g lac ia l  t i l l and 
t e r t i a r y  sediments i n t o  the Clark f o r k  River, a t r i b u t a r y  of the Columbia 
River. This stream i s  rated as B-D1 by the State Mater Qua l i t y  Bureau 
which indicates high enough water q u a l i t y  requirements for most uses with- 
out pretreatment. Pr ivate water r i g h t s  cover most surface supplies. (39) 

..Noise: Noise a t  the s i t e  i s  character is t ic  o f  a community heal th i n s t i t u -  
tion. The In te rs ta te  Highway runs adjacent t o  the s i te ,  cont r ibut ing road 
noise t o  most o f  the surrounding area. 

I 

. .Biological: The fol lowing data applies t o  Deer Lodge National Forest, 
located about 5.6 miles (9 km) east and west of Warm Springs. The s i t e  
area i s  i n s t i t u t i o n a l  w i th  surrounding land u t i l i z e d  i n  agr icu l tu ra l  
pursuf t s  b 

. .Dominant Flora: 

tower Slope (Footh i l l  Zone) : Grassland 
lodgepol e p i  ne, rabbitbrush, sagebrush 
mountatn mahogany. i 

I 
General Forest: lodgepole pine, some Douglas fir, englemann 
spruce, subalpine fir, and meadows have grasses, sedges and forbs. b ;  

! Hi.gh Area Zone: Scrubby alpine larch, whltebark pine /- 

, subalpine fjr, spruce, and lodgepole pine. Alpine meadows. (59) 
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ENVIRONMENTAL FACTORS 
(conti wed) 

..Dominant Fauna: Mule deer and elk are abundant with small populations 
o f  antelope, whitetailed deer, moose, goats, sheep, and black bear. 

Rare species include arctic grayling and grizzly bear. 
, . . Endangered Sped es : 

Flora: None 

Fauna: Montana West Slope cutthroat trout (59) 



TRANSPORTATION AND 'IITILTTIES w 

. .Ut i l i ty  o r  Energy Transmission Corridors and Faci l i t ies :  

Electric: 100 KV 5 miles (8 km) 

Natural gas is .available via pipeline adjacent to  si te.  

- .Transportation Corridors o r  Facil i t ies :  

u*s. 10 

U.S. 90 

Adjacent t o  s i t e  

6 miles (9.6 km) 

POPULATION 

..General Description of Population: 
people ful l  time. The nearest populations are: 

The s t a t e  hospital complex has 500 

Deer Lodge 10 miles {I6 km) 4,305 population 
Anaconda 13 miles (21 km] 9,777 population 

The swmundtng area consists mostly of .rural families. 

. .€cmmics: 

..Present Land Use: 
production, livestock grazing, and recreation. 

The area wide land uses inchde  commercial fores t  

Agriculture and ranch ac t iv i t i e s  use a majority of the valley area. Much 
o f  the land around Warm Springs is used for  a settling pond f o r  the Anaconda 
Copper Company. Ore smelting and copper m i n i n g  a re  conducted i n  the near 
vicini ty .  

Potatoes a re  the la rges t  cash crop i n  the valley; this area being one o f  
the la rges t  producers of 'potato seed i n  Montana. Wheat, barley, and corn 
a re  also grown, 
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WEST YELLOWSTONE KGRA 

The Nest Ye1 stone KGRA i s  a narrow s t r ip  of land 1 ated adjacent to the 
western boundary of Yellowstone Park, north of the Continental Divide. The 
ci ty  of West Yellowstone is on the northern edge of the KGRA. T h i s  area is 
among the southernmost areas of the s ta te  of Montana. 

The study area has good potential for containing a h igh  output geothermal 
resource due t o  i t s  proximity to  the surface indications of heat i n  Yellow- 
stone Park. The highest  potential would be for electrical production. The 
very young volcanic nature of the geology indicates a h i g h  probablity of 
f ind ing  sufficient temperatures for pr ucing the desired quantities of 
steam. 

The direct-use potential is  somewhat lower. The only users of a hot water 
resource which are w i t h i n  p i p i n g  distance is the town of West Yellowstone. 
T h i s  community has a low resident population but  could use the energy for i t s  
large touris t  trade. There i s  a total of 10,528 acres of p r  
excluding West Yellowstone o r  the airport i n  the West Yellow 
Little of t h i  is near the KGRA. 
1 i kely reciev the idea of a d i s t r i c t  
of the geysers i n  the park i s  assured. 

I 

The town of West Yellowstone would very 
bly if protection 

I 

I 
There are geothermal resource 1 ease appl ications f i le  i n  the study area 
submitted by energy development corporations who are hoping for  sufficient 
.temperatures for steam generation. An E1 
for the ent i re  West Yellowstone Park area 
south. The nature of the area and i t s  proximity to  the park are sure t o  

s being prepared a t  t h i s  time 
d the Island Park area t o  the 

of Bozeman, Montana. 
r k ,  and is located 

volcanic activity i n  

1 heat sources relatively 
ctive surface manifesta- 

v i v i d  demonstrations of residual magmatic heat i n  t h i s  area. The Yellowstone 
KGRA along w i t h  i t s  counterpart, the Island Park KGRA immediately across the 
border to  the south i n  Idaho, are the closest section of land t o  surface 
springs and geysers i n  the park. LJ 
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The whole region to  the west of Yellowstone Park is primarily national LJ 
forest lands, w i t h  sparse population d i s t r ibu t ion .  
large ci ty ,  w i t h  a population of 19,000. There are several very small 
communities t o  the south i n  Idaho. 

The West Yellowstone Basin is surrounded by mountains on a l l  sides and covers 
30 square miles (77 km2). 
t o  6,696 feet (2,041 m) a t  the foot of the mountains. 
5,000 feet (610 m t o  1,524 m) above the basin floor. The basin is essentially 
a h i g h  plateau surrounded by rugged mountains. 

The area, being U.S. Forest Service land, is  used for  summer and winter 
recreation, timber harvest, and a small amount of stock grazing. The whole 
plateau area outside of the area i s  subject to timber sales which is being 
harvested due t o  a mountain pine beetle infestation. T h i s  bug attacks mature 
timber which requires that  the wood be harvested t o  salvage the resource be- 
fore i t  dies and becows unusable. In addition, the increasing popularity of 
winter sports will increase use of this area i n  the future. 

The only significant number of year-round inhabitants reside i n  the town of 
West Yellowstone. T h i s  community depends on summer-and winter tourism and 
recreation for  existence. There is a nonoperating sawmill which has employed 
33 people i n  the past. Tourist support fac i l i t i es  provide the primary 

. source of income. There are 59 motels, 22 restaurants, 9 bars, and 14 service ' stations i n  the town. The approximate year-round population is 1,000 persons, 
w i t h  periodic influxes o f  tourists amount t o  thousands dur ing  the peak seasons. 
Last year the snowmobile races drew as many as 15,000 people. 

The KGRA encloses about 12,763 acres (5165 hectares), a l l  of which is U.S. 
Forest Service administered land. The study area is larger w i t h  42,400 acres 
(17,163 hectares) and contains a small, idolated amound of land controlled 
by the BLM. There is also a small amount of pr ivate  property and s t a t e  
owned lands. 

West Yellowstone has an electr ic  corridor which  supplies energy to the 
community. Propane and fuel oi l  i s  trucked i n  from the south and north. Some 
of the domestic housing uti l izes wood t o  supply part of the heat requirements. 
T h i s  source is  quite plentiful. 

The people of West Yellowstone depend on tourism for their economy. The 
tourists come because the land is beautiful and the a i r  is clean. The attitude 
toward geothermal development is colored by the concern for keeping a con- 
tinuous tourist trade. Direct use of hot  water for  space heating is  considered 
as a novelty. T h i s  attitude, coupled w i t h  a concern for  the effect of tapping 
the geothermal resource on the park's thermal manifesta ons, develops a nega- 
t ive a t t i  tude towards any k i n d  of resource development. The area residents 
are very interested i n  maintaining a status quo i n  the esent economy. 
Economic viability o f  a d i s t r i c t  heating stem i t s e l f  w i l l  have l i t t l e  effect 
on the acceptability of such a proposal. 

Bozeman is the nearest 

Basin elevations range from 6,496 feet  (1980 m )  
Peaks r i se  2,000 t o  

\ 
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usual indicat ions o f  geothermal ac t i v i t y .  
This can be explained i n  pa r t  by the geology. Much o f  the surface rock i s  
volcanic sands which i s  over 1,000 fee t  (305 m) th ick.  Since t h i s  layer  
i s  extremely porous, one can xpect water t o  penetrate and move l a t e r a l l y  
w i th  the gradient. This i s ,  n fact, what happens since the area i s  a 
gound water recharge area f o r  the Snake River P la in  t o  the south. Hot 
water would n o t  show up on the surface o r  even near the surface. There 
are numerous bare warm spots of ten surrounded by 10 fee t  (3  m) o f  snow. 

Recent geophysical and geological data suggests tha t  the Snake River p l a i n  
i s  an area o f  crusta l  weakness tha t  has opened norther ly as a propagation 
fracture, w i th  the t i p  o f  the f racture a t  Yellowstone. This model would 
explain the presence o f  act ive seismici ty and crusta l  f racture accompanied 
by widespread volcanism. This area i s  a par t  o f  the Intermountain Seismic 
Belt,  a north-trending zone o f  seismicity i n  the western United States. 
Shallow focal depth o f  less than 9 miles (15 km) characterizes the 
s e i smi c i ty . 
Potent ia l  f o r  Geothermal Development 

The u t i l i z a t i o n  p r o f i l e  i s  very hazy a t  t h i s  time since very l i t t l e  i s  
known about the temperatures, quanti t ies, and precise locations o f  hot  
water springs which might be present. The theoret ical  reservoir  temperature 
cannot be calculated since there arep' t any known sources o f  hot spring 
water. 

As an a l te rna t ive  t o  l i s t i n g  possible users, we w i l l  consider 
temperatures needed t o  be usable i n  the West Yellowstone area 
p r i va te l y  owned land i n  West Yellowstone precludes many possible uses o f  
hot water. There i s n ' t  room f o r  aquaculture o r  greenhouse f a c i l i t i e s  and 
there i s  l i t t l e  manufacturing o r  indus t r ia l  a c t i v i t y  i n  the area. The lumber 
m i l l  would possibly use heat f o r  a dry k i l n  operation i f  i t  were t o  be 
reactivated. This occurrence could be enhanced by the cu t t ing  o f  large sec- 
t ions o f  mature lodgepole timber. The temperature ded for t h i s  use would 
be i n  the range o f  250°F t o  300°F (121°C t o  149°C). pace heating of 
the whole town o t Yellowstone i s  the obvious d c t  use of the resource. 
This woul d requi temperature o f  a t  leas t  18OOF (82°C) i dea l l y  
water could be u o heat homes and businesses, melt i c e  on sidewalks and 

E lec t r i ca l  production, using present economic models, req 
over 400°F (204' 

I streets, and provide hot water f o r  bathing, swimming, and 

f f i c i e n t  use of capi ta l  resources.. 

I uses would be 
nough t o  t h  su 

I ec t r i ca l  f a c i l  n a'cascade s ty le  
i w i th  heat. I n  uses, p ip ing dis-  
! the user i s  cr 1 'to the economics. 
i 

L, 
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In te res t  i n  Development 

The Yellowstone KGRA was designated i n  Apr i l  o f  1971 a f t e r  the passage o f  
the 1970 Geothermal Steam Act. From t h i s  t ime u n t i l  1975, on ly  4 lease 
appl icat ions were received f o r  the area outside o f  the KGRA. More than 
150 lease appl icat ions were received f o r  the Is land Park area t o  the south. 
As a r e s u l t  o f  these applications, the Is land Park KGRA was designated. 
These 2 areas w i l l  be studied and leased as a un i t .  The lease appl icat ions 
for  the Yellowstone KGRA are on record, i nd i ca t i ng  development i n t e r e s t  
i s  s t i l l  present. The rea l  t e s t  w i l l  r e s u l t  from completion of the EIS 
and subsequent lease sa le covering competit ive and noncompetitive lease 
1 ands . 
The lease appl icat ions i n  the Yellowstone study area are he ld  by P h i l l i p s  
Petroleum w i t h  3,143 acres (1272 hectares) i n  5 parcels which are located 
outside the KGRA. 

Rest r ic t ions t o  Development 

The EIS w i l l  be completed i n  l a t e  1978, w i th  a projected lease sa le t o  be 
held Sometime i n  l a t e  1979 o r  1980. The spec i f i c  lease r e s t r i c t i o n s  w i l l  
no t  be avai lab le un t i l  the t ime o f  leasing. There are several important 
environmental problems invo lv ing  various animal species which use the area 
as a habi ta t .  The most important 5s the g r i z z l y  bear, which is a threatened 
species protected by a federal law. This w i l l  requi re  withdrawal o f  a 
large sect ion o f  land t o  be l e f t  undeveloped. This w i l l  most l i k e l y  be 
the area on the Continental Divide. 

A la rge  pa r t  o f  the area i s  ra ther  f l a t  with l i t t l e  danger o f  d is rup t ing  
c r i t i c a l  animal habi tats.  Also, the v isual  aesthet ics are minimal con- 
s iderat ions since the  i n s t a l l a t i o n  o f  f a c i l i t i e s  w i l l  not, be v i s i b l e  f o r  
long distances. This same area w i l l  be subjected t o  a massive logging 
operation which w i l l  f u r t h e r  negate environmental impacts from s i t e  
development. 

A major concern o f  people in te res ted  i n  the fu tu re  o f  the area i s  the pos- 
s i b i l i t y  o f  a f fec t i ng  the workings o f  such landmarks as Old Fa i th fu l  by 
withdrawing water and steam. Lease s t ipu la t ions  may o r  may no t  address 

i n  the thermal features ins ide  the park, the development outside the park 
w i l l  be the ta rge t  o f  the hue and cry. 

Scenario Discussion 

The scenario f o r  the  Yellowstone KGRA includes two d i f f e ren t  uses. The f i r s t  
t ime lhi t w i l l  describe e l e c t r i c a l  production. The assumptions 
construct  the  scenario are as follows: 

t h i s  p o s s i b i l i t y ,  bu t  i t  seems evident t h a t  the f i r s t  h i n t  o f  change seen i 

i 

1. Federal land i s  t o  be leased. 
2. 
3. 

A resource o f  s u f f i c f e n t  economic q u a l i t y  could be located. 
EIS s t ipu la t ions  for  leasing w i l l  no t  be unduly r e s t r i c t i v e .  

_. 

L V  
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The minimum power ge 
megawatt u n i t .  A single event i s  traced from inception t o  power-on-line. 
Many more events would occur if the resource proves t o  be adequate. These 
are no t  postulated i n  deference t o  the scarcity of reservoir data. The 
starting date i s  1980, w i t h  a total of 9 years for power-on-line for the 
f irst  u n i t .  

The second use describes the direct use of hot water by the local popula- 
t ion.  The estimated energy use for heat and hot water w i t h i n  the town of 
West Yellowstone is 20 x lo6 Btu/hr .  T h i s  amount, and a possible additional 
quantity for ice and snow melting would be replaced w i t h  geothermal heat. 
The economics and 1 oca1 envi ronment were consi dered and i ncorporated i n  
the single time line, The event outlined is the development of a complete 
d i s t r i c t  heating system for the town of West Yellowstone. T h i s  might  also 
occur, incidentally, w i t h  the development of a power generation facil i ty.  
The construction of a k i l n  for drying lumber is not specifically described 
i n  the direct-use scenario. T h i s  industry may be able to use either source 
above, o r  i t  may have t o  dr i l l  a single-use well of its own. The start ing 
date i s  1982, w i t h  7 years required for completion. 

on fac i l i ty  likely to  be develope 
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SITE LOCATION AND PHYSICAL DESCRIPTION Li 

..Latitude: 44 39' N (68) 

..Longitude: 111 06' W 

. .Rectil inear: 

..County: Ga l la t in  

. .Adjacent Counties: Beaverhead, M t .  Fremont, Idaho 

. .Topography: The West Yellowstone Basin i s  surrounded by mountain ranges 
on a l l  sides and covers roughly 77 square kilometers, including a small 
area o f  Yellowstone National Park and Hebgen Lake. Basin elevations range 
from 1980 meters along the shoreline of Hebgen Lake t o  2041 meters where 
the basin plateau s ta r ts  sharply upward t o  mountain ranges 610 meters t o  
1524 meters above the basin f loor .  The Continental Divide l i e s  w i th in  
16 kilometers t o  the west and southwest. The basin i s  essent ia l ly  a high 
plateau surrounded by rugged mountains. (68) 

..Present Land Use: 
West Yellowstone, the major land uses are as follows: 

Outside o f  the s m a l l  area occupied by the town o f  

1. Sumner and winter recreation. 
2. Timber harvest. 
3. Stock grazing. (62) 

..Future Land Use Plans: 
increases i n  the timber harvest due t o  massive in festat ions o f  the mountain 
pine beetle. An increase i n  tourism i s  expected. (46, 62) 

Expected t o  remain essent ia l ly  the same wi th  

..Aesthetics: 
tone i s  a major entrance t o  the park and a base for wide-ranging winter 
sports use. It has become a popular snowmobile and cross country sk i ing  
area. 
i n  the increasing populari ty. Much o f  the land i s  f l a t  and visual distances 
are short. This w i l l  permit development i n  much of the study area without 
damaging the ex is t ing  aesthetic resources. 
consider the ex is t ing  scenic visual and audio resources. 

This area i s  subject t o  intensive t o u r i s t  use. West Yellow- 

The visual qua l i t i es  o f  the surrounding landscape are a large fac to r  

S i te  development w i l l  have t o  

. .tiistorical/Archaeological Significance: Rel ics ind icate Indians used the 
va l ley as ea r l y  as 10,000 B.C. A well-used Indian t r a i l  existed from the 
Henry's Lake area over Targhee Pass through Hebgen Lake Valley i n t o  
Yellowstone Park and over t o  the Wyoming Plains. Bannock and Shoshone used 
t h i s  t r a i l  i n t o  the 1800s. The f i r s t  known white v i s i t o r  a r r i ved  i n  1834. The 
park was created i n  1872 and West Yellowstone opened for homesteading i n  1873* 
West Yellowstone i n i t i a l l y  existed t o  serve the 100-day t o u r i s t  season i n  
Yellowstone Park. 
year-round resor t  area. 

Now wi th  the current snowmobile boom, the town i s  a 
- 

hw 

w 
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SITE LOCATION AND PHYSICAL DESCRIPTION 
(continued] 

I t  is known for  deep snows and long cold winters. The area was abandoned 
each winter u n t i l  1964 when the snowmobile became common. 
demand for f ac i l i t i e s  has developed around snowmobile use out of West 
Yellowstone. The town has become a year-round resort. (62) 

Now a winter 

Fourteen s i t e s ,  including the Bannock Trail,  have been identified by 
Davis (1973). The potential fo r  future archaeological f i n d s  i s  good. (62) 
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GEOLOG ICAL/GEOPHY S ICAL DESCRIPTION 

. .Geological Description: The Yellowstone National Park region i s  located 
a t  the northeast end o f  the Snake River plain.  This i s  a 300-mile (500 km) 
1 ong northeast-trending basal t-fil l e d  depression which has been postulated 
as a rift formed by crusta l  extension. Evidence suggests tha t  the adjacent 
mountain blocks may have been t i l t e d  down during subsidence and volcanic 
f i l l i n g  o f  the Snake River p la in .  Also, the basin and range normal f a u l t  
systems tha t  t rend north-south parral  le1  t o  the Tntermountain Seismic 
B e l t  terminate a t  Yellowstone and then push northwest i n t o  Montana, north 
o f  Ye1 lowstone. 

Dating o f  volcanic rocks from the Snake River p la in  indicates tha t  the 
f o c i  of volcanic inceptfon along the p l a i n  have progressed northeasterly 
f r o m  southwestern Idaho t o  Yellowstone beginning 15 m i l l i o n  years ago. 
The youngest major volcanic un i ts  o f  t h i s  progression are Ye1 lowstone 
rhyo l i tes  tha t  were deposited 70,000 t o  150,000 years ago. 

On the basis o f  recent geophysical and geological information, i t  has been 
suggested tha t  the Snake River p la in  could be an ind ica t ion  o f  a l i thospher ic  
zone o f  weakness tha t  have opened northeasterly as a propagating fracture. 
This hypothesis would place the t i p  o f  the f racture a t  Yellowstone w i th  
resu l tan t  stresses producing act ive seismici ty and crusta l  fractures which 
would f a c i l i t a t e  widespread volcanism. 

..Stratigraphy: 
Madison Range and near Hebgen Lake where they are exposed beneath the 
Paleozoic rocks o r  Ter t ia ry  volcanic rocks. These c r y s t a l l i n e  rocks are of 
pre-bel t age and consist o f  various gneiss, schist,  dolomites , amphi bo1 i tes , 
and quartz i tes.  Grani t ic  rocks are also found i n  the Madison Range north of 
the Hebgen Dam. 

Precambrian c rys ta l l i ne  rocks are widely found i n  the 

The Precambrian c rys ta l l i ne  rocks are over la in i n  the study area by about 
8,000 fee t  (2438 m) o f  bedded sedimentary rocks tha t  represent 5 o f  the 
7 Paleozoic systems and a l l  o f  the Mesozoic systems. 

The southern par t  o f  the Madison Range i s  composed ch ie f l y  o f  a sequence 
o f  volcanic rocks t o  a depth o f  about 1,500 fee t  th ick.  Welded r h y o l i t e  
t u f f ,  o l i v i n e  basalt, o l i v i n e  trachyandesite, and leuc i te  basal t  are present. 
The age dating o f  a sample found low i n  the sequence dates i t  as of 
01 igocene age. The volcanic rocks have been raised several thousand feet 
and subjected t o  extensive erosion. 

The Madison and central plateaus are formed mostly o f  enormous r h y o l i t e  
flows o f  l a t e  Quaternary age. The youngest f low i n  the study area over l ies 
moraines of both advances o f  the Bu l l  Lake glaciat ion,  bu t  was subsequently 
eroded by a Pinedale Valley glacier.  

. .Seismicity: The Intermountain Seismic Belt,  a north-trending zone o f  
seismici ty i n  the western United States, i s  thought t o  be a boundary between 
subplates o f  the North American crustal  plate. This seismic a c t i v i t y  c losely 

- 

LJ 
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L, GEOLOGICAL/GEOPHYSICAL DESCRIPTION 
(continued) 

follows the boundary between the Great Basin and the Colorado Plateau- 
middle Rocky Mountains, and extends northwest i n t o  the northern Rocky 
Mountains. Sballow focal depths, less than 9 miles (15 km), characterize 
the seismicity- Earthquake swarms, which can be coincident w i t h  geothermal 
features and areas of h i g h  heat flow, also occur. 

Earthquakes of both large and small intensity are concentrated w i t h i n  this 
seismic zone. In August 17, 1959, a t  Hebgen Lake, Montana, a major earth- 
quake occurred and much surface phenomena was recorded. The magnitude 
was 7.1 on the Richter scale as measured i n  Pasadena, California. 
6 earthquakes w i t h  intensities of M.M. VI11 (Modified Mercalli scale) or  
greater have occurred since 1868. (25, 50, 52, 53, 84) 

..Geophysical Summary: Earthquake surveys, aeromagnetic surveys, and heatflow 
measurements have been completed. (53) 

There has been no other resource definition for the area w i t h  the possible 
exception of private surveys by the o i l  companies or geothermal developers. 
T h i s  information is  not available to  the public. 

In Montana, 

A wildcat o i l  well is planned for the Hebgen Lake area for the fa l l  of 1978. 
The Forest Service required that temperature measurements be logged as part 
of the permit stipulations. (46) 

. .Geologic Hazards: As was mentioned previously, the occurrence of earth- 
quakes is  frequent for this area. The l a s t  large quake was i n  1959, and d i d  
a great deal of surface damage. The property damage was large bu t  not 
catastrophic. The presence of unstable-landforms is high i n  some areas and’ 
should be investigated as a prelude t o  any construction project. 
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(ia'l RESERVOIR CHARACTERISTICS 

. .Reservoir Temperature: 

..Surface: No flowing surface manifestations exist except for a few 
"warm" spr ings  (20°C) and numerous bare, warm spots, often surrounded 
by 3 meters depth of snow. 

No direct reservoir assessment work has been done to date. (46) 

..Subsurface: 

. .Geochemical : 

Si02: 

N a - K-C a : 

..Flow Rates: 

* .pH: 

..Total Dissolved Solids: 

. .FI wid Chemistry: 

. -Estimated Nonelectric Energy Potential (MBtuh 30 years): 

. .Subsurface Area of Reservoir: 
guess. There is a possibility of ecnountering magma a t  a depth of 5 k i l o -  
meters w i t h i n  the Yellowstone caldera. 

Insufficient assessment data for competent 

(53) 
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LAND OWNERSHIP AND LEASING w .  

Total Area Federal State Pr iva te  
jAcres) (Acres) (Acres) (Acres) Other 

. . Land Ownershi p 
KGRA 12,763 

. .Lease appl i e d  
for :  3,143 

..Land Leased: 0 

..Highest Priced 

. .Tentative Lease Sale 

Leases (Dol 1 ars/Acre) : 

Dates: 5/79 

N/A 
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L, LEASE DATA FUR NEST YELLOWSTONE KGRA 

Phi 11 ips Petroleum Company 

Leases Appl ied For 

Sec 5 T15S 

Sec 8 (Partial) TI 5s 

Sec 20 T14S 

Sec 29 T14S 

Sec 32 T14S 

Acres Lease Appl-ica I1 

R5E 640 M27443 

R5E 583 

R5E 640 

R5€ 

R5E 

640 

640 

M27454 

c 
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GEOTHERMAL DEVELOPMENT STATUS 
t/ 

..Present Development Status: The U.S. Forest Service i s  preparing an 
E I S  f o r  the West Yellowstone-Island Park KGRAs. This act ion was begun 
i n  September, 19 6, and i s  projected for completion w i th  a lease sale i n  
l a t e  1979. 14) 

Earthquake surveys, aeromagnetic surveys, and heat f low measurements have 
been done f o r  the West Yellowstone area. 

. .Projected o r  Planned Development: 
the USGS. 
the summer o f  1978. The Forest Service has wr i t t en  i n  requirements for  
temperature logging o f  the hole. 

(53) 

Lease applications are on f i l e  w i th  
A wi ldcat  o i l  wel l  i s  planned f o r  the Hebgen Lake area during 

(46) 

INSTITUTIONAL CONS I DERATIONS 

. . Ins t i t u t i ona l  Requirements: 

,not be known u n t i l  completion o f  the EIS.  

The development requirements which w i l l  be 1 
1 
1 d ic ta ted by the U.S. Forest Service and the U.S. Geological Survey w i l l  

Annnpw snrl D i i h l i r  l l++i+i ir l~t* Thn nt ihl ir  rnmmcsntc w h i c h  arn ciirrentlv 
e n y c t ~ b ~  UIIU t UUI a b  nuuiuu-ba.  i i t r  y.'uwrn mu -.VIIR~S-.ZW- .....uI. -._ uw. . - . . w . J  

I 
avai lable show much concern f o r  the aesthetics and environmental protect ion 
o f  the area. The presentation o f  the development o f  t h i s  resource has been 
rather  one-sided i n  t h a t  the need f o r  domestic, clean, and renewable 
energy sources i s  c r i t i c a l  i n  the U.S. and has not been brought out i n  the 
evaluation process. 
made a t  some level  a t  some point  i n  the energy-starved future, a more meaning- 
f u l  development program would be sanctioned a t  t h i s  time. 

I f  the publ ic  i s  made aware o f  the t radeoffs which w i l l  be 

n ts )  : The Environmental 
The draf t  was sent out 
ent should be avai lable 

! 

i n  1979. 

I 

1 
i 

1 
I 
I 
1 I 
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..Air Quality: An a i r  analysis by the U.S. Geological Survey i n  the f a l l  
of 1975 found good quality a i r  w i t h  pollutants coming from slash burning,  
d u s t  from road t r a f f i c ,  farming, and auto emissions. (50) Temperature 
inversions a re  common. (62) 

. .Comments and Cri t ical  h u e s :  The Madison Plateau is relat ively well 
suited f o r  geothermal development due t o  i t s  f l a t  nature, absence of surface 
water, and ab i l i t y  t o  mask the visual effects of development. The large 
timber sa le  covering this area w i l l  mitigate any construction effects t o  the 
envi ronment . (46) 

According t o  federal law, the grizzly bear habitat  must be protected as i t  
is an endangered species. 

ENVIRONMENTAL FACTORS L! 

..Climate: The chief character is t ics  of the climate are  short ,  cool summers; 
the long, rigorous winters, w i t h  a tendency t o  linger l a t e  i n  the spr ing;  and 
the usually pleasant open f a l l .  The severity of the winters is not due so 
much t o  prolonged periods of extremely low temperatures, bu t  ra ther  t o  the 
persistence of comparatively low temperatures and cloudy, unsettled weather 
w i t h  frequent l i g h t  snows. (14) 

..Prevailing Winds: From the eas t ,  w i t h  a mean speed of 10 mph (4.5 m/s). 
(68) 

. .Precipitation (Annual): 22.7 inches (57.6 cm). Area is snowbound 
8 months of the year. 

. .Days of Sunshine (Annual ) : 

. .Average Temperature: 

(77) 

Ja n ua ry July 

Minimum: -4°F (-18°C) 38°F (3.3"C) 

Maximum: 25OF (-3.9"C) 79'F (26.1OC) (62) 

. .Degree Days (Annual 1: 10,879 Heating. (68) 

. .Relative Humidity (Seasonal Peaks): 

Summer: 

Winter: 

The area along the Divide and west will most likely be closed for  the pro- 
tect ion of the grizzly bear habitat. c46) 

..Water Quality: The quality of the Madison a t  this point is good, being of 
sodium bicarbonate chloride type containing h i g h  concentrations of s i l i c a .  
Higher than normal potassium and flouride is also present. The sandy volcanic 
nature of the s o i l s  makes the occurrence ef surface impoundments and streams 
rare. b" 
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There are a few tributaries of the Madison River present, and Hebgen Lake to 
the west is the only body of water of any size. 
reason that  no surface manisfestations of geothermal energy are present. 
T h i s  whole area i s  the source of ground water recharge for the area i n  Idaho 
t o  the southwest. (46, 62) 

previously. There is an abnormal amount of noise from snowmobiles i n  
winter time use. 

. . B i  ol ogi cat : 

The sandy soild may be the 

I ..Noise: Normal amounts of man-made noise associated w i t h  uses l is ted 

. .Dominant Flora: 
stage, 87 percent forest (lodgepole, Douglas f ir) ,  13 percent nonforest 
(grasses, forbes, shrubs, sagebrush, meadows, riparian habitat). 

.,Dominant Fauna: E l k  use area for migration, calving, and summer range. 
Mule deer and moose use area for winter and summer range and calving. 
Bighorn sheep, mountain goats, mountain l ions,  black bear, and game birds  
are also present. (4)  

..Endangered Species: 

Douglas f ir ,  alpine f i r  habitat, seral-lodgepole pine 

(77) 

(50) 

Flora: None 

Fauna: None 

Threatened Species: Grizzly bears use some of the area for den area and 
1 summer and winter range. (77) 

\ 

, I 

i 

I 
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TRANSPORTATION AND UTILITIES 

. .Ut i l i ty  or  Energy Transmission Corridors and Faci l i t ies :  

50 KV 

46 KV 

17 meters (27 km) 

10 meters (I6 km) 

a 

There are e l ec t r i c  and natural gas corridors supplying the c i t y  of West 
Yellowstone as well as w i t h i n  the c i t y  i t s e l f .  

. .Transportation Corridors o r  Faci l i t ies :  

(20) 

Highway U.S. 287 and Highway U.S. 20, 191 access the area. 

Many logging roads throughout the area make easy access. 
closes a l l  of these roads fo r  8 months of the year. 

Snow 
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I h, OPULATION 
I 
I ral Description of Population: The populati this area i s  i n  a 1 

somewhat unique situation, i n  that  almost 100 percent of the surrounding 
land is owned by the U.S. Forest Service. There are a few isolated pr i -  
vate parcels. The town of West Yellowstone is only a few hundred acres i n  
size w i t h  room for growth. I t  is rumored that  the Forest Service is 
considering g i v i n g  (selling?) an additional 160 acres to the town fo r  
s t r i c t ly  residential growth. The town's economy is dependent on tourism. 
I t  has about 22 restaurants, 14 service stations, and 59 motels and hotels. 
The population is  about 1,000. 

The nearest towns are: E n n i s  72 miles (115 km) 501 population 
Ashton, ID 55 miles (88 km) population 

There i s  a school w i t h  grades 1-12 and 270 students. 

..Economics: 

i 

- 

..Present Land Use: Most of the study area is U.S. Forest Service owned, 
w i t h  the town of West Yellowstone privately owned and the whole area 
adjacent t o  Yellowstone National Park. The economy was founded on seasonal 
tourism fo r  the summer season. With  the advent of the snowmobile, the 
winter demand f o r  tourist fac i l i t i es  increased dramatically. Now there is  
a full-time population of about 1,000 which increases by thousands dur ing  

I season. The motel accommodations have a total of about 4,000 beds. There 
i s  no farming, b u t  a few livestock operations are present. The largest 

I t  
I covered over 100 square miles and was necessitated by the infestation of 

this area for  quite a few years. Employment outside of the town of West 
ion such as resorts, 
recreation home si tes . 

1 the summer and by about an average of a thousand i n  the winter snowmobiling 

single timber sale ouside of Alaska was held i n  this area recently. 

the mountain pine beetle. There will be a' great deal of wood available i n  

I 
I 

I 
I 

I 

i 

i 

1 

I 

w 
Ad 
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WHITE SULFUR SPRINGS 

White Sulfur  Sp 
central Montana, south of Great Falls, and east  of Helena. An area near 
the center of the c i ty  was the site of a number of hot springs which were 
designated as neutral grounds for  a number of conflicting Indian tribes, 
They would use the springs t o  bathe, the springs having religious signifi- 
cance common t o  these Indian groups. The hot  water i s  presently used i n  
a hotel swimming pool. 

The geothermal use potential is  rated as  very h i g h  among the hot  sp r ing  
s i t e s  i n  the state. T h i s  rating is  the result of the proximity t o  a 
nearby user i n  this case, the town of White Sulfur Springs.  The community 
is  an economic and trade center for this part of the state.  Some lumber 
harvesting is done i n  the nearby mountains and the town is  the only supply 
center for  70 miles for ranching and agriculture. 

Interest i n  us ing  the local resource has been very good. The motel spa 
owner has worked t o  increase his supply, and Montana State University has 
done some geophysical measurements t o  locate the heat anomaly. The First 
National Bank has been active i n  pursuing development of the natural re- 
source t o  heat a new bank faci l i ty .  

The site is  a wide ro l l i ng  valley situated on the north fork of the Smith 
River. The valley is  bordered on two sides by rugged mountains. The 
elevations vary from 1295 meters a t  the north border of the Smith River, 
t o  over 2950 meters a t  E d i t h  Mountain, Land ownership is mostly private 
w i t h  some state-owned parcels. There is a very good potential for extended 
use o f  the geothermal resource for  ter heating w i t h i n  the 
community of White Sul 

i s  a town of about 1,200 people, located i n  west- 

I 

I 

The recti l inear coordin ings are section 18 o f  
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Land ownership is private w i t h  the municipal part being the previous site LJ 
of the ho t  s p r i n g  activity. Only 8 percent of the l a  
radius is  state-owned, the rest being privately owned 
Service controls the mountainous regions to  the east  and west. 

The springs no longer flow from numerous vents, he major portion of sp r ing  
area being covered over by asphalt or f i l l .  The major s p r i n g  orifice is 
enclosed w i t h i n  a wooden fence and is used by the Spa Motel. Another dis-  
charge seeps out  o f  a f i l l  bank across the highway. 

The heating requirements are met w i t h  electricity,  fuel o i l ,  and bo t t l ed  
gas. O i l  and bot t le  gas are trucked i n  from Great Falls, Livingston, o r  
He1 ena 

Geothermal Resource Description 

The water issues from fractured, well-indurated Belt shales. Many individual 
seeps used t o  exist i n  the swampy areas south of Main Street which is now 
covered by f i l l .  The soil temperature survey of shallow (0.6 meters depth)  
i n  this central area o f  town shows a high temperature anomaly (maximum 41OC) 
Cn an area previously fi l led w i t h  sawdust waste, southeast of t h e  town 
hospital. Shallow resis t ivi ty  coupled w i t h  a soil  temperature survey (both 
done by Montana State Universi ty-Earth Sciences Department) defines an 
obvious area of about 32 acres (13 hectares). The actual size of the 
reservoir could be much larger. 

i n  a 6-kilometer 
The U.S. Forest 

Previous excavation found h o t  water seepage a t  the 2 meter depth across 
Main Street  and this was thought to  be a prime d r i l l i n g  spot. T h i s  prediction 
was not borne out as is described l a t e r  i n  the text. 

The temperature of the water used i n  the spa is 113.9OF (45.5%). The flow 
has been measured a t  IO liters per second. The geothermometry gives pre- 
dicted reservoir temperatures of 158°F t o  298OF (70°C t o  148OC). 

A t e s t  well was dril led t o  a thousand feet, across Main Street from the spa 
where hot  water seepage has appeared before. 
same temperature as the spa was located i n  the 180 foot to  220 foot 
(55 m t o  67 m) tone. The quantity was very good b u t  continued d r i l l i n g  t o  the 
1,000 foot (305 m) depth level found no other water-bearing strata.  Well 
logs and temperature logs for  this well, a much shallower well dril led a t  the 
spa motel, are available, 

Potential for Geothermal Development 

Hot water almost exactly the 

he possible uses w i t h i n  the surface temperature range of 113.9'F (45.5OC) 
s shown i n  f igure 2 on page 27. The applicable uses for this area include 

f t h o s e  listed wi th  the exception 'of aquaculture. Th 
00 low for good heat exchanger operation and the water quality, i f  

used directly, is poor for  fish survival. 

The possible uses , considering the predicted reservoir temperatures , are 
many. The community could use hot water for d i s t r i c t  space heating and 
also wood products processing. Agricultural processing for such crops as 
ca t t le  feed and grain is also a possibility. 

c/ 
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Uses which appear economically feasible a t  the present are space heat 
oriented. 
perform very we1 1 w i t h i n  the predicted reservoir temperatures. 

Heating o f  greenhouse fac i l i t i es  or  district home heat would 

This community is t served by natural gas lines. Other forms of available 
energy are expensive and will increase i n  the coming years. The people o f  
White Sulfur Springs are i n  favor of geothermal heating and would support  a 
heating project. 

Interest i n Development 

Development interest i s  h i g h  i n  the community of White Sul fur  Springs. The 
Spa Motel and the First National Bank were both granted money to explore the 
geothermal potential for  space heating by the Montana A1 ternative Energy 
Grant Program. The Spa Motel wants to  extend the present depth of its supply 
well and also.encounter hotter water w i t h  a greater flow. The First National 
Bank proposed t o  d r i l l  a well t o  the thousand foot level to characterize 
he formation and heat the new bank building. 

he bank project was init iated early i n  the summer of 1978. A well was drilled 
t o  1,000 feet  w i t h  well logging and temperature logging for the entire l eng th .  
Water approaching 200°F (93OC) was expected. The results showed a fracture 
zone a t  about 200 fee t  (61 m )  which is  apparently the conduit for hot  water 
generated elsewhere. The temperature was nearly the same as the resourse 
supply of the Spa Motel, 100 yards away. T h i s  result was somewhat d isappoin t ing  
b u t  should not  be interpreted as characterizing the entire area. I t  is possible 
t h a t  the major faul t  was missed and future d r i l l i n g  on other s i tes  could locate 

The Federal Government has been interested i n  the results of this project i n  
hopes that a demonstration d i s t r i c t  heating project could be established. 
EG&G Idaho Incorporated gave some assistance to  the well logging. 

The s i te  is designated "potential geothermal resource area" (PGRA) by t h e  U.S. 
Geological Survey. T h i s  classification for federal land allows leasing on a 
noncompetitive basis unless overlapping lease applications are received. 

There are no known leases of the geothermal resources i n  this area. There 
i s  a small amount of s ta te  land available b u t  i t  does not appear to be lo- 
cated favorably. Pri land could be leased if  desired. 

Scenario Discussion 

a hotter resource. I 

known reservoir characteristics , together w i t h  the 
hite S d f u r  Springs, were analyzed t o  p 

nomic envi ronment 
de a rea l i s t ic  base for  
nts are postulated for  the 
entral space heating d i s t r i c t  
evelopment are as follows: 

preparation of a development scenario 
town of White Sul fur  Springs.  The first i 
for the urban area. The assumptions for  t 

1. Municipal interest  w i l l  be present. 
2. Funding can be arranged. 
3. A suitable resource will be found. 
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The beginning date i s  1982 w i t h  6 years required for 
power delivered would be 15 x lo6 Btu/hr.  

The second possible event is  a wood processing industry. A green lumber k i l n  
for drying is t o  be heated by the geothermal resource. 
t o  formulate the time-1 ine development program are: 

1. Industrial interest w i l l  be present. 
2. Leasing of private land will be necessary. 
3. Location o f  an economical resource w i l l  Occur. 

This  i s  an extension o f  the above scenario. The beginning date i s  1982 w i t h  
a period o f  8 years needed t o  provide power-on-line. 
a t  12 x 106 B t u / h r ,  and since l i t t l e  heat i s  extracted per pound of water, a 
cascade system w i t h  the d i s t r i c t  space heat may work, 

If any one project met w i t h  success i n  locating a usable reservoir, other pro- 
jects would be initiated, These are not shown w i t h  subsequent time lines be- 
cause of -the completely unknown quality of the local resource. These events 
could be expected t o  take less time i n  the exploration phase. A total  
estimated reservoir potential, us ing  a 90°F end temperature and 200OF 
reservoir temperature, is 110 x lo6 Btu /h r ,  assuming favorable conditions. 

The maximum bi 

The assumptions used 

Power used is postulated 
. 
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. .Longitude: 110 53' 45" 

..Rectilinear: T. 9 N . ,  R. 7 E.,  sec. 18, BBB (31) 

..County: Meagher 

..Adjacent Counties: 
Wheatland 

. .Topography: 
Mountains. Masses of jumbled topography mark the terrain. I t  is bounded 
on the east  by the drainage divide extending north from the Crazy Mountains, 
through the Castle Mountains, and then northwest th rough  the foothills of 
the Little Belt Range. 

The Smith River is the major drainage of western Meagher County, flowing 
north and west where i t  empties into the Missouri near U l m .  White Sulfur  
Springs is situated on the North Fork of the Smi th  River, about 5 kilometers 
from i t s  confluence w i t h  the South Fork. Here, the North Fork Valley is 
beginning t o  widen t o  a large f l a t  area as i t  approaches the confluence 
w i t h  the South Fork. 

The highest elevation is E d i t h  Mountain (over 2950 m)  i n  the Big Belt 
Range. The elevation of the Smith River a t  the north edge of the county is 
about 1295 meters. White S u l f u r  Springs is about 1539 meters. 

..Present Land Use: 
lumbering. Some tourism is  developing. White Sulfur Springs is  the home 
o f  a majority o f  the county population. (34) 

Broadwater, Cascade, Gallatin, Park, Jud i th  Basin, 

Meagher County's western border is the rugged Big Belt 

(34) 

The county economy is based on ranching, farming, and 

..Future Land Use Plans: No large change from the present i s  expected. 

. .Aesthetics: 

. .H i  storical/Archaeological Significance: The Castle Historic District 
ocated 19 kilometers southwest of White S u l f u r  Springs. 
i lver  ore led t o  a number of mines and founding of the 

own of Castle. Copperopolis, located 24 kilo 
as the first major copper strike. Fort Logan 

northwest o f  mite Sulfur was established for 
route from Fort ton t o  Helena and for defen 

Twenty-eight arc ological s i t e s  have been identified i n  Meag 
The future archaeological potential i s  rated as high. (431 

W 
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RESERVOIR CHARACTERISTICS 

. . Reservoir Temperature: 

. .Surface: 45.5"C (31) 

. .Subsurface: 150°C (80) 

. .Geochemical : 

Si02: Chalcedony 70°C Quartz 103°C 

Na-K-Ca: 1/3 Ca 148°C 4/3 Ca 727°C (80) 

. .Flow Rates: 600 liters per minute (31) 

.-pH: 6.5 (37) 

. .Total Dissolved Solids: 1530 w/& (311 

. .F lu id  Chemistry: 

H2S 
Hardness (ea, Mg) 
Nonearbsnate hardness 
@a 
Ms 
Na 
A1 kal i n i  ty  

F 
Si02 
B 
K 

0.7 mgla 
160 mgfa 

0 mgla 
44 mgla 
12 mg/& 

48Q mg/a 
591 mgla 
420 mgla 
320 m g / ~  
6.5 mg/a 
44 mg/& 

9100 m$/a 
20. mgla 

Specific cmductance 2380 m i  cro-mhos 

Additional detailed data i s  available. (31) 

. .Estimated Nonelectric Energy Potential (MBtuh 30 years): 

..Subsurface Area of Reservoir: Soi l  temperature and shallow re s i s t i v i ty  
surveys define an obvious area of about 13 hectares.. The ac 
the reservoir should be much larger. (11)  

i 
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GEOLOG I CAL/GEOPHYS I CAL DESCRIPTION 
:t*, 

. .Geologic Description: Exposed rock s t ra ta  ranging i n  age from Precambrian 
t o  Ter t ia ry  are abundant. These s t ra ta  are folded and extensively faulted. 
They are intruded by several types o f  igneous rocks. 

The Smith River Val ley l i e s  i n  a s t ruc tu ra l l y  complex region between the 
Big B e l t  up l i f t ,  the L i t t l e  Be l t  u p l i f t ,  and the Castle Mountain dome. 

central  Montana arch comprising the Big Belt; L i t t l e  Belt; Big Snowy and 
Porcupine up1 ift; and the famous southeast-trending zone o f  i n t r i c a t e  th rus t  
fau l t ing,  termed the Disturbed Belt.  This b e l t  extends from Canada t o  
the Lombard-Three Forks area. Another major s t ructura l  feature, as shown 

western Meagher County. (134) 

. .Geophysical Summary: A s o i l  temperature survey showed anomalies w i th  tem- 
peratures as high as 41°C i n  the spring area. There was discovered a north- 
west-trending zone which may ou t l ine  a major f racture conduit system. 
Res is t i v i t y  was also used i n  t h i s  survey by Montana State University. 

Magnetometer survey was done f o r  pa r t  o f  the county around the Fort  Logan- 
Camas Creek area. (34) 

Some spectography was done on formation material known as the "paint  pots." 
This material i s  a s ign i  cant example of hydro them1 a l terat ion.  

Tn 
1 addition, the va l ley i s  the apparent zone o f  the in tersect ion of the huge 

I 1 by the Livingston Formation, i s  the Crazy Mountain Basin which extends i n t o  

~ 

(11) 

(34) 

1 

I 

1 

I 
I 

: u  
Ad 
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, 
~ LAND OWNERSHIP AND LEASING C d  

Tota l  Area Federal State Pr ivate 
- (Acres) (Acres) (Acres) (Acres) Other 

. .Land Ownership 
113 km2: 11300 (hec) 0% 8%% 92% 

27922 (acre) 

. .Land Leased: (76) 0 

(Dol 1 ars/Acre) : N/A 

I Dates: N/A 

I . .Number of Sales 
i 

..Highest Priced Leases 

. .Tentative Lease Sale 
, 

I 

Offered But No 
Bids: N/A 

..Number o f  Bids 
Rejected (Result ing 
i n  No Lease): N/A 

..Summary of Leas4ng Status and Needs: 
Since geothermal development is i n  the beginning stages w i t h  no hard knowledge 
o f  the reservo i r  potent ia l ,  no leasing a c t i v i t y  i s  present. 

Most o f  the land i s  i n  p r i va te  hands. 
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c GEOTHERMAL DEVELOPMENT STATUS 

..Present Development Sta tus :  The Spa Motel uses water from a hot sp r ing  t o  
hea t  a pool. 

The First National Bank of White Su l fu r  Springs has g ran t  money from the 
S t a t e  o f  Montana t o t a l i n g  $43,500 for development and i n s t a l l a t i o n  of geo- 
thermal space heat for  a new bank bui lding.  D r i l l i n g  was s l a t e d  t o  begin i n  
Ju ly ,  1978. 

Mountainview Memorial Hospital  has a g ran t  of $2,000 for test hole d r i l l i n g  t o  
be used eventua l ly  for space heating. 

Montana S t a t e  Universi ty  has done DC r e s i s t i v i t y  and s o i l  temperature survey 
work i n  the sp r ing  area.  

. .Projected or  Planned Development: If  the  bank space heat ing p r o j e c t  well 
shows promise o f  a useful reservoir, planning will begin on a c e n t r a l  space 
hea t ing  d i s t r i c t  f o r  the entire town. Some i n d u s t r i a l  use may be developed. 

INSTITUTIONAL CONSIDERATIONS 

I 

1 
. . I n s t i t u t i o n a l  Requirements: 
preclude t h e  possi b i l  i ty  of surface w 
d i  ssol ved sol i d s  , o r  suspended sol i d s  
s t i p u l a t e d  using mud for d r i l l i n g .  

Exploratory d r i l l i n g  must i 

r contamination f 
The Water Qua l i ty  Bureau has 

I 

I 

1 
[ 

I 

~ 

1 

U 
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ENVIRONMENTAL FACTORS L! 

..Climate: 
c 1 i ma€e . Vegetation bf western Meagher County is indicat'ive of a semiarid 

..Prevailing Winds: Southwesterly, average 8 mph (67) 

. ;Precipitation (Annual): 17.5 inches (67) 

..Days o f  Sunshine (Annual): 225 (69) 

ge TBmpePaturc: 

Minimum: JanudFy PBiSoF Lowest -26'F 

Maxihutht duly 65;l'F Highest -91*F (67) 

..Deg?ee bays (Annual): 8,792 (69) 

. . Re1 a t 1  ve Humi  d i  ty (Seasonal Peaks 1 : 
. Summer: 

W3 nte2r*i 

, a i P  @ai 4ty: A4 'os qual3 ty uver the ent'im area is very good, due t o  the 
$bapBe!fiess of population and ritinifium amount of comrcial-industrial  activity.  
S6ir particulates may be Paised by high winds t'n the dryer parts of the 
smbier, (74) 

. .&oiOgfc ~ a c t o r s :  

. .Mater Quality: The Smith River is  the major stream o f  western Meagher 
County flowing north to  join the Missouri. The quality is excellent though 
the lower stretches have noted higher temperatures. The state classification 
is B-Qi which  indicates high standards. 
quality. (39) 

..Noise: 
'area, tomes from kehicu'far traffic,  wood production near the edge of town, 
ahd occasfonal cotlstructibn sounds. The o u t l l n i n g  areas are subject t o  
o8tasional .agricuIkuPa> a c t h i t y  nofse, but the majarity o f  the time the 
Sounds are na turd .  

. . ~ i  01 agi ca8 : 

Ground water varies widely i n  

Noise, associated w i t h  the urban part  of the Whi'te Sulfur Springs 

- .hninant Flora: The vegetation is  characteristic o f  dry land en 
Sa@brush and many varieties D f  bunchgrass are present. The forest types 
'va'fiy from lodgepole p ine  i n  the dryer areas, to  Engelmann spruce i n  the 
we-ttest areas. (63) . 
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f 4 J  ENVIRONMENTAL FACTORS 
(continued) 

..Dominant Fauna: 
e l k  and mountain sheep i n  the higher elevations. 
stream system. (34) 

..Endangered Species: 

Antelope and mule deer inhabi t  the lower h i l l s ,  with 
Fishing is good i n  the 

Flora: None 

Fauna: None 



TRANSPORTATION AND UTILITIES . 

. .Ut i l i ty  or  Energy Transmission Corridors and Facilities: 

Electric lines: There are no large elect  c transmission 1 i nes nearby 

. .TransportatSon Corridors o r  Facilities: 

Highways: 

U.S. Highway 89 Adjacent 

U.S. Highway 12 Adjacent 

State Highway 360 Adjacent 

POPULATION 

..General Description of Population: The bulk of the county's 2,000 inhabi- 
tants reside i n  the town of White Sulfur. The remaining portion occupy out- 
lying agricultural operations. These are limited t o  the southern part of 
the county since the nor th  is almost completely composed of mountains and 

The area was first populated by gold seekers i n  1890. The population then 
was 4,749. Ten years l a t e r  only 2,526 remained. The present population 
density is less than one person per square mile. 

forests. 

. . Economics: 

. .Present Land Use: The economy is based on ranching, farming, and 
1 umbering . Whi t e  Sul fur Spr ings  is the dominant economic and trade center 
of the county. Most o f  the county's towns are clustered i n  the southern 
half as is the bulk  o f  the scattered ranches and farms. Tourism is 
increasing and makes a significant contribution to  the present economy. (34) 

. , F u t u r e  land Use: No drastic changes are anticipated. 





I 



21 4 

G IOFiAL INTRODUCTION 

Montana's Eastern Geothermal Planning Region is shown on Map 18. T h i s  
large area i s  
region and 3s 
There are min 
on Map 18. 

The 1975 population of this region I s  estimated a t  386,000 or  about 53 per- 
cent of the s ta te ' s  whole. The population s ta t i s t ics  through 2000 are shown 
by county i n  table 2. The two largest population centers are Great Falls 
w i t h  60.091 and B i l l i n g s  w i t h  61,581 people, located i n  this region. A l -  
though Great Falls is close to  the western border of the planning area, i t  
was included i n  the eastern region. 
these two principal cities and account for 33 percent of the eastern region 
population. The remaining population is i n  sparsely located farms and 
ranches w i t h  very small comunities--the majority of which have less than 
1,000 persons. 

If Cascade and Yellowstone Counties are subtracted from the population of 
the Eastern Planning Region, there are s l ight ly  over 200,000 people le f t .  
T h i s  i s  an overall population density of about 2.3/mi2. 
two most populous counties, the density is only 4.0/mi2. 

The population growth projection by the Montana Department of Community 
Affairs for  the 1970-80 period, not including the two most populous centers, 
i s  0.7 percent/year. T h i s  i s  about one-half of the western total rate of 
growth. Many farming and ranching communities i n  the eastern region are ex- 
periencing population dec ases as people leave to search for more lucrative 
employment opportunities. 
One and n i n e  t e n t h  
present population 

entially a l l  of the land east of the western mountainous 
ce as b ig  as the western region, w i t h  94,099 square miles. 
cattered mountain ranges i n  this region, as illustrated. 

Cascade and Yellowstone counties contain 

' 

Even w i t h  the 

re growing a t  a fas t  rate. 
e c t e d ,  i ncreas i  ng t h e  

hese two c i t i e s  by 68,000 by he year 2000. 

featureless w i t h  elevation 

eated shaped land- 

\ 



Table 2 

EASTERN REGION POPULATION STATISTICS 

Projected 
Change Change Popul a t i  on 

AVbh Est. Projected Pop. i n  Pop, % i n  Pop. % 
County Mi2 8 1970 1975 1980 1990 2000 Den. 19604 970 1970-1 980 

Big Horn 5,023 
91 a i  ne 4,275 
Carbon 1,193 
Carter 3,313 
Cascade 2,661 

Chouteau 3,927 
Custer 3,756 
Daniels 1,443 
Dawson 2,370 
Fa1 1 on 740 

10,057 
6 , 727 
7,080 
1,956 

81,804 

6,473 
12,174 
3,083 

11,269 
4 , 050 

Fergus 4,242 12,611 
Garf i el  d 4,455 1,796 
Glacier 2 , 964 10,783 
Golden Valley 1 931 
Hill 17,358 

J u d i t h  Basin 1,880 2 , 667 
Liberty 1,439 2,359 
McCone 2,607 2,875 
Mussel she1 1 1,887 3,734 
Petroleum ,655 675 

P h i  11 ips 5,213 5,386 
Pondera 1,645 6,611 
Powder River 3,288 2,862 
Prair ie  1,730 1,752 
Ri chl and 2,079 9 , 837 

10,900 11,400 13,400 14,900 2 .5 ' 13.3 
6,800 6,700 6,500 6,400 2 -16.9 -.4 
7 , 700 8,900 9,700 11,000 6 -14.9 25.7 

84 , 700 85 , 600 93,000 101,400 32 11.4 4.6 
1,900 1,800 1,700 1,500 1 -21.5 -8.0 

6 , 200 6,300 6,100 5 , 800 2 -11.9 -2.7 
12,000 13,100 13,500 13,900 3 -8.0 7.6 
3 , 000 3,100 3,700 3 , 400 2 -17.9 .6 

10,400 11,200 11,200 11,600 4 -8.5 ,6 
4 , 000 4,100 4,100 4,100 5 1.3 1.2 . 

12,900 13,300 13,300 13,600 3 -10.0 .5 
1,600 1,800 1,800 1,600 1 9.3 .2 

11,600 11,200 11,600 12,100 4 -6.8 3.9 
900 1,000 900 900 1 -22.6 7.4 

17,900 18,200 19,200 20 , 300 6 -6.9 4.9 

2 , 700 2,700 2,400 2 , 200 1 -13.5 
2 , 500 2,500 2,300 2 , 200 2 -10.1 
2 , 700 2,600 2,500 2 , 300 1 413.4 
4,100 4,400 4,600 4,600 2 .  -23.6 17.8 

700 700 600 500 1 d24.5 3.7 

5 , 500 5,500 5,200 5,100 1 -10,6 2.1 
6 , 900 7,100 6,800 6 , 600 4 -13.6 7.4 

9 , 700 10,400 10,200 10,000 5 -6.3 5.7 

2 , 300 2,600 2,600 2,600 1 15.2 -9.2 
1,900 1,800 1,700 1,600 1 -24.4 2,7 



10,700 11,100 
10,100 11,100 

S ti 11 water 
Sweet Grass 

Treasure 
13,300 13,000 12,900 3 -32.8 15.9 

Yellowstone 

2 
m ,  
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Geo t hermal Re sources 

are  few hot springs located i n  the eastern region. A number of spr ings 
warmer than the normal for cold sp r ings  exist. The largest part o f  t h i s  re- 
gion is underlain by a formation known as the Madison Aquifer of the 
Mississippian age. T h i s  formation is quite thick and extends below 10,000 feet 
i n  many areas. The regional geothermal gradient is such that 10,000 feet  i n  
Montana would produce temperatures on the order of 200OF. Th i s  indicates 
that  the Madison Aquifer should be capable of supplying hot water i n  many 
places i n  eastern Montana. The wells that have been dril led to  the Madison 
usually show artesian heads w i t h  the majority being flowing wells. The 
quantities pumped i n  some areas are enormous. 
Montana border i n  northern Wyoming, the Continental O i l  Company pumped about 
a half-million barrels a day of 200°F water into the oi l  fields from the 
Madison to  increase oi l  recovery. 

The geology of the eastern region is not so complicated as that  of western 
Montana. The specific depths a t  which the Madison'can be encountered and the 
areal d i s t r i b u t i o n  o f  hot water reservoir areas of the Madison are not presently 
charted. The U.S. Geological Survey is working t o  identify regional parameters 
in Montana and Wyoming. T h i s  is primarily t o  ident i fy  the potential t o  produce 
water for a coal-slurry pipeline, b u t  i t  will also show geothermal potential. 
Temperatures of over 280°F are thought t o  be commonly available i n  the Powder 
.River Basin of northern Wyoming and possibly southern Montana. Higher tempera- 
tures are possible, b u t  not identified a t  this time. 

The principal use of geothermal waters i n  the eastern region outside o f  Cascade 
and Yellowstone Counties will be agricultural processing such as feed-pelleting, 
barley malting, and grain drying. The population is so sparsely distributed 
that  space heating is not. projected to  account for significant energy pro- 
duction. I t  will certainly be possible t o  use the resource for space heat 
i n  the communities'of sufficient size located i n  the eastern region. 

Cascade and Ye1 lowstone Counties could greatly benefit from residental space 
heating by geothermal ho t  water. Great Falls has no known geothermal indica- 
t ions,  while Billings does have several rumored warm wells and springs. Both 
o f  these locations are w i t h i n  20 miles of Madison Aquifer outcrops, the geology 
may be favorable i n  each area. T h i s  possibil i ty should be sufficiently explored 
since the energy expended for space heating o f  these two areas is quite substantial 

For example, just below the 

A partial l i s t i n g  of warm t o  hot springs of the Eastern Planning Region is 
included for an overview of the region's resources. As can be seen by the 
small number and sparse information, much work remains i n  evaluating the 
geothermal resource i n  the Eastern P1 anning Region. The approximate locations 
of these springs are i l lustrated i n  Map 19. 

. 

b" 
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Lower Missouri River Val ley k.) 
1. 

2. 

Flat  Mountain, township 15 N., range 20 E., section 6. 
warm springs which  stopped flowing i n  the early 1900’s. 

Lodgepole, 1, 2, and 3. Discharge 95 1 i ters per second from number 
1, Flows from the other two unknown. The temperatures are about 
32OC. These three sp r ings  issue from the Madison group. Total 
flow for a l l  three,springs is  estimated a t  190 liters per second. 
Other publications estimated the flow as h igh  as 3167 liters per 
second. The specific conductance i s 1,980. Total di ssol ved sol i d s  
1,669 mg/a. Other mineral analyses are available. 

3. 

4. 

Lit t le Warm Springs,  1 ,  2, and 3, township 26 N., range 26 E., section 
30 and 32. 
317 liters per second. The temperatures averaged 26OC. The spr ing  
issues near the Madison-Jurassic s t ra ta  contact and is currently used 
for domestic and livestock uses. The specific conductance is 2,082--pH 
9.06--total dissolved so l ids  1,806 mg/a. Additional mineral analyses 
are avai 1 ab1 e. 

Landusky 1 , 2,  and Plunge, township 25 N., range 24 E. , section 32. 
Combined flow approaches 317 liters per second w i t h  a temperature 
between 2Q°C and 24°C. The sp r ing  issues near Madison-Jurassic 1 

contact. Waters presently for domestic and livestock watering. 
Specific conductance is  l,262--pH 8.09--total dissolved solids 
1,008 mg/a. Additional mineral analyses are available. 

Flow varies, b u t  number 2 has been measured as h i g h  as 

5. Sac0 abandoned well, township 31 N., range 34 E.  
well. No firm data. 

Petroleum exploration 

Musselshell River Valley 

6. Durfee Creek 1, township 12 N. ,  range 22 E. ,  section 13. The discharge 
i s  .06 l i t e r s  per second a t  23°C. T h i s  s p r i n g  issues near the Madison 
and Pennsylvanian s t ra ta  contact. The water is presently used for  
1 ivestock watering. Specific conductance is 2,535--pH 8.08--total 
dissolved sol ids  2,655 mg/a. Other analyses are available. 

7. Durfee Creek 2, township 12 N., range 23 E., section 19. The dis- 
charge is 950 l i ters per second w i t h  a temperature of 23°C. T h i s  
spring is  also near the Madison and Pennsylvanian s t ra ta  contact. 
Total dissolved solids is 558 mg/a. Other mineral analyses are 
avai 1 ab1 e. 

Powder River Val ley 

8. Personal communications w i t h  USGS pr c t  director for the 
Madison Aquifer studies indicate tha 
i n  much of the Powder River Basin i n  northeast Wyoming, and t h a t  
supplies of a t  l eas t  100°C should be ava’l’lable i n  the Powder 
River Valley i n  Montana. 

ater of 140QC can be found 

L I  
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boundary i s  defined by a d i a  na l  l i n e  from Glac ier  
he study area i s  the area t o  the east o f  t h i s  l i n e .  Park t o  Carbon 

. .Counties: B i g  Horn, Blaine, Carbon, Carter, Cascade, Chouteau, Custer, 
Daniels, Dawson, Fal lon, Fergus, Garf ie ld,  Glacier, Golden, H i l l ,  Jud i th  
Basin, L ibe r t y ,  McCone, Musselshell , Petroleum, P h i l l i p s ,  Pondera, Powder 
River, P r a i r i e ,  Richland, Roosevelt, Rosebud, Sheridan, S t i l l w a t e r ,  
Sweetgrass , Teton , Tool e, Treasure, a l l ey ,  Wheatland, Wilbaux, Yellowstone. 

. .Topography: The nor thern Great P la ins r i s e  gradual ly westward from about 
2,000 feet (609 m) above sea l e v e l  on the Coteau du Missouri i n  North Dakota 
t o  5,000 f e e t  t o  6,000 f e e t  (1524 m t o  1828 m) a t  the Rocky Mountain f ront .  
Though genera l ly  smooth' featured, the p la ins  are considerably dissected, 
sometimes have a r e l i e f  o f  500 f e e t  t o  1,500 f e e t  (152 m t o  457 m). There are 
several o u t l y i n g  mountain groups whose crests  range from 6,300 f e e t  t o  
9,000 feet  (1920 m t o  2742 m). A t  the boundaries o f  the study area, the Crazy 
Mountains a t t a i n  11,000 f e e t  (3352 m) a 
Wyoming, 13,000 f e e t  (3961 m). (1) \ 

. .Geologic Descript ion: 
are mostly sh retaceous through 

b 

e B ig  Horn Mountains i n  northern 

o f  the p la ins  i n  Montana and Wyoming 

M i  s s i  ssippian age 
are the most widely found and a lso the t h i c k e s t  Paleaoic rocks i n  

ce exposure i n  t southern p a r t  o f  

f the area. (35) 

the  study area, 
son i n  the south- 

the study area are Mountain u p l i f t s  Madison rocks 
are exposed i n  the L i t t l e  Rocky Mountains t o  the northwest, i n  the Jud i th  

adison i n  the r e s t  

The Madison i s  approximately 2,000 feet (610 m) t h i c k  i n  the northeast p a r t  o f  
the study area. 
The Madison appears t o  t h i n  northward and northwestward. 
toward the Montana-Wyoming border t o  about 800 f e e t  (240 m) and t o  about 
700 f e e t  (210 m) i n  the B ig  Horn Mountains. 

I n  centra l  Montana, the Madison i s  1,600 f e e t  (490 m) th ick.  

(35) 
(J It also t h i n s  

Aid 
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. .Hydrology: The Madison Aquifer holds water under h igh  pressure i n  much LJ4 
of its area. The s t ra ta  above and below the Madison have low permeability, 
b u t  are not perfectly confining. Artesian pressure causes flowing wells 
i n  most of eastern Montana except i n  higher areas south of the Yellowstone 
River. 

Water enters the Madison Aquifer a t  outcrops i n  mountain areas. The general 
movement is  northeastward and i s  discharged through leakage i n  the east- 
central area of study. The recharge-discharge systems have equal ized and 
present withdrawals from wells probably have l i t t l e  effect  on this equi l ibr ium. 
Recharge may depend on upward leakage so that  increased withdrawal may result 
i n  increased recharge. (35) The Madison is  noted for i ts  abi l i ty  t o  pro- 
duce large artesian flows and also the accompanying d r i l l i n g  problems of 
l o s t  circulation and well control. (23) 

Well yields range from about 50 gallons per minute (3 l i t e r s  per second) a t  
several places. Two reports of 1,400 gallons per m i n u t e  (88 l i t e r s  per 
second) from the site o f  a flowing well on the north edge of the Porcupine 
Dome. Drill stem yield tests range from 1 to  157 gallons per minute 
(1 to  9.9 liters per second). 

Water from the Madison contains generally less than 3,000 milligrams per 
l i t e r  dissolved solids south of township 1 N. The remaining areas have con- 
centrations o f  from 3,000 t o  10,000 milligrams per l i ter  and i n  the Willison 
Basin, the concentration increases to  more than 100,000 milligrams per liter. 

. .Institutional Considerations: There have been no tes t s  of any institutional 
requirements for the development o f  geothermal energy i n  the eastern region. 
The most important consideration w i l l  be water withdrawal and water quality 
considerations. There should be no problem resolving these institutional 
requi rements . The pub1 i c w i  11 not be interested i n  u t i  1 i zing geothermal 
resources u n t i l  they can be convinced of i ts  economic viability. 

There are no lease applications on f i l e  for  any federal lands i n  the Eastern 
Planning Region. There are no Known Geothermal Resource Areas designated 
w i t h i n  the eastern region, hence, no EIS nor EAR studies have been init iated.  
The region east-northeast of Malta near Saco, Montana, is designated as a 
PGRA. 

. .Madison Aquifer Present Development Status: Currently, there are very few 
uses of ho t  water i n  the eastern portion of Montana. There are a few 
occurrences of isolated ranchers using abandoned oil  test wells which have . 
flowing hot water from the Madison strata.  These are usually used for stock 
watering and t o  keep stock watering holes open dur ing  winter periods. Very 
few attempts have been made tq heat bui ld ings  w i t h  this hot water. A major 
use of the Hadison, a t  this time, i s -  by the Continental O i l  Company near 
Sheridan, Wyoming, which pumps half a million barrels of 2OOOF Madison . 

water into o i l  f ields t o  stimulate production. 
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Two grants have been awarded t o  South Dakota counties by the USDOE to heat 
bui  1 dings w i t h  Madison Aqui  f r water. There is some ongoing future planning 
for  use o f  this water i n  Wyoming. The results o f  the U.S. Geological Survey 
study of the geothermal potential of the Madison Aquifer w i t h  related depth 
and temperatures should provide baseline data which can be used to  continue 
the planning effor t  for this region. Subsequent planning efforts i n  the s ta te  
of Montana should make efforts t o  contact local potential end users o f  the geo- 
thermal resource providing information and technology transfer for possible 
applications. Greenhouse and agricultural processing applications will be 
emphasized. 

. .Madison Formation Area Climate: Two weather stations are considered t o  
characterize the eastern region encompassing the highest area for geothermal 
potential from the Madison. The two sites are B i l l i n g s  and Miles City. 
Billings, Montana, l i e s  i n  an elevation of 3,100 feet  to 3,600 feet  
(945 m t o  1097 m) above sea level. I t  i s  located on the borderline area be- 
tween the Great Plains and the Rocky Mountains, and is affected by the 
climatic conditions of each. T h i s  climate can be classified as semiarid b u t  
i r r iga t ion  and a favorable rainfall season i n  the sp r ing  and fa l l  months allows 
a variety of crops t o  be cultivated. 

The annual precipitation for the a r  s l i t t l e  over 14 inches (36 cm), w i t h  
a t h i r d  coming during May and June. ne is the wettest month followed by 
May, Apr i l ,  September, and October. e winter months contribute less than 
20 percent of the annual precipitat b u t  i t  is  not uncommon to  have snow- 
fa l ls  of 6 inches t o  1 foot dur ing  this period. seldom accumulates t o  
great depth because of the occurrence of thawing. 

Winter is usually cold b u t  no t  extreme. Mild periods of  a week o r  more occur 
occasionally. Cold periods are accompanied by snow and wind. These cold 
waves break suddenly w i t h  the onset o f  moderate t o  
winds. T h i s  condition is called a "chinook." 

The summer season is  characterized by 
humidity, and cool evenings. Thunderstorms threaten the afternoons 
occasionally, b u t  l e  iny spells are uncommon. 

rage maximum temp i n  July are 85.6'F (3 
m i  n i  mum temperature ry of 12.5'F (-10.8OC) 
72.65 degree heating Humidity varies from 28 percent t o  71 percent. 
Resultant wind direction is west a t  an average o f  

S 

rong west t o  southwest 

m days with  much s u n s h i n e  and low 

i t h  an average 
re is an average of 

(19.2 km/hr) .  T h i s  

the Northern Great Plains 
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The temperature has dipped t o  -65'F (-54OC) l'n January, 1958, t o  a h i g h  of 
111°F (44°C) i n  July of 1901. Cold periods are  usually accompanied by 

'0°F (-18°C) o r  below temperatures during the winter. 
snow, las t ing from 2 t o  4 days, are typical. 

Northerly winds and 

Spring and f a l l  a re  cool w i t h  h igh  temperatures rarely reaching 90°F (30°C). 
Lows of 0 7  (-18°C) have been reported as  l a t e  as  Apri l  1 ,  and as early as  
October 28. Maximums of 90°F (32°C) do occur i n  July and August as is 
normal for  semiarid regions. Humidities are low. 

Seventy percent of the precipitation occurs during the growing season--Apri 1 
through September. 
act ivi ty .  Measurable snowfall can occur as late as May and as early as 
September. The growing season averages 158 days. The sunny weather, w i t h  
May and June ra in fa l l ,  promotes rapid crop development. 
area seldom have d i f f icu l ty  reaching maturity. The heating degree days 
average 7 8 O F  t o  89°F (26OC t o  32OC). The average h i g h  temperature during 
July i s  88.9OF (31.6"C) and the low dur ing  January is 4.7"F (-15OC). The 
wind blows t o  the northwest a t  an average speed of 11.3 mph (18 km/hr) .  

..Air Quality: Air quality i n  the eastern portion of Montana is generally 
very good, w i t h  exceptions being sites containing coal f i re  electrical , 
generation plants.  These sites are subject t o  constant supervision w i t h  an 
ongoing program of reducing pollutant admission. Subsequent coal f i re  . 
generation plants will not  be allowed unless a i r  pollution can be suitably 
1 imi ted. Wind-generated dust particulates sometimes occur. Some pol lu t ion  
from o i l  refining is present i n  the Billings-Laurel area. 
of pollutants drop quickly w i t h  distance from this area. 

. .Water Quality: 
generally of less quali ty than those flowing direct ly  out of the mountainous 
snow melt supply regions. 
rivers flow slower receiving less oxygen regeneration. The water has picked 
up a l o t  of suspended sediment a t  this point and i r r iga t ion  return waters 
have contributed much dissolved constituents t o  the river system. 

Spring and summer precipitation f a l l s  dur ing  thunderstorm 

Crops grown i n  this 

(69) 

Concentrations 
(38) 

Streams and rivers i n  the eastern par t  of Montana a re  

The elevation gradient is usually much less, so 

(39) 

..Noise: 
sounds. 
area. There is l i t t l e  t r a f f i c ,  and i n  the southern portions l i t t l e  
mechanized framing occurs. The northern portions of the region are subjected 
t o  heavy machine cult ivation f o r  harvest of crops. 

. .Ut i l i ty  or  Energy Transmission Corridor Facilities: A large coal-generating 
electr ical  p l a n t  is located a t  Coal S t r ip  i n  the southeastern corner of the 
s ta te .  Transmission lines go west from here following the bottom of the 
state t o  the west. Transmission lines go from the southwest portion t o  the 
north-central part  of the state. The central part  of the Eastern Planning 
Region has transmission lines through pa r t  of it .  Then the northern t ier  
portion of the state has a couple of main lines runn ing  along the northern 
border. Much of the Eastern Planning Region does not have close access t o  
major transmission lines. 

Noises, i n  general, i n  eastern Montana, are  almost exclusively natural 
Urban areas can be expected t o  supply man-made noise i n  the immediate 

~ 

kiw 
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V . .General Descr ip t ion of Population: 
and Cascade. These counties contain Montana's biggest c i t i e s ,  each o f  which 
has approximately 60,000 people. The area covered by the Madison has on ly  
three other  towns of approximately 10,000 people and f o u r  towns o f  approxi- 
mately 5,000 people. The remaining communities, for  the most part ,  contain 
less than '1,000 people. The employment p i c t u r e  for  the two biggest c i t i e s  
have a large propor t ion o f  service-or iented employment. 
is engaged i n  r e t a i l i n g .  Manufacturing empJoys a number o f  people i n  both o f  
these areas. 
and forest ry  f o r  continued existence. 

The southeast p o r t i o n  of the Eastern Planning Region i s  almost exc lus ive ly  
devoted t o  l i v e s t o c k  ranching. The northeast po r t i on  r e l i e s  more on cash 
crop farming, most ly grain, and some mixed l i ves tock  and cash crop farming. 
The northwest p a r t  of the region also fol lows t h i s  t rend  w i t h  l i t t l e  l i v e -  
stock ranching. 
some general farming and i r r i g a t i o n .  The area w i t h  the l a r g e s t  cash income 
i s  the northwest area of the Eastern Planning Region. This area produces 
a great  amount o f  income from wheat production. 

Most o f  the populat ion i n  the Madison Aqui fer  planning area i s  sparsely 
located i n  towns o f  l ess  than 1,000 people. This populat ion i s  usual ly  en- 
gaged i n  some form o f  agr icu l ture.  A future study of the area should attempt 
t o  i d e n t i f y  subregions w i t h i n  the Madison Aquifer study area, which can be 
grouped according t o  common pursui ts.  A study area might encompass a re-  
gion where bar ley production i s  concentrated. This crop production might 
support development o f  a bar ley mal t ing p l a n t  which could use geothermal 
heat resources. Another subregion might be a high wheat growing concentrat ion 
area which could use dry ing f a c i l i t i e s  for  the grain, u t i l i z i n g  geothermal 
resources. An a l fa l f a ' g row ing  area might be able t o  support a feed-pel le t ing 
and dry ing p lant .  
l oca l  heat sources i n  the f u t u r e  f o r  production o f  h igher q u a l i t y  products. 
The coal resources i n  Montana show p a r t i c u l a r  promise i n  t h i s  area. 

The two la rges t  counties are Yellowstone 

Another l a rge  p o r t i o n  

The remaining po r t i on  of the e n t i r e  area depends upon a g r i c u l t u r e  

The southwest p ro t i on  i s  mostly l i v e s t o c k  ranching w i t h  

Both coal and petroleum production may be able t o  use 
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w MONTANA ENERGY 

STATE ENERGY DEMAND 

Montana produces large quantities of coal, o i l ,  gasoline, natural gas, and 
electricity.  Although Montana must import natural gas t o  meet i t s  re- 
quirements for  i t ,  Montana produces more than  
s ta te ' s  needs. 

The state's consumption of natural gas is approximately 93.7 x 1OI2 Btu/yr. 

While much energy is exported t o  other states, 37.8 x 10l2 B t u  are annually 
imported. Of this, 18.5 x l O I 2  B t u  are imported from Canada i n  the form of 
natural gas, and this supply cannot be guaranteed indefinitely. The price 
for the imported gas i s  also subject t o  increases. The county figures for 
energy production are given i n  tab le  3. The energy used by category, 
together w i t h  energy production, is shown on table 4. 

The major energy consumer i n  this northern s ta te  is space heating, which re- 
quires ap roximately 29.5 x 1OI2 B t u  per year. Of t h i s ,  natural gas supplies 
24.6 x loy2 Btu .  Industry accounts for the use of 28.8 x 10l2 B t u  of natural 
gas per year. A table of major industr ia l  categories and the B t u ' s  required 
i n  1974 i s  presented i n  table 5. 

The present population i n  Montana is approximately 748,000. T h i s  i s  expected 
t o  increase a t  the rate o f  1.0 percent per year. T h i s  will mean a 187,000- 
person increase, by the year 2000. Energy consumption for Montana has not 
been projected a t  this wr i t i ng .  If we assume a roportionate increase i n  
energy use w i t h  population increases, 116.9 x lop2 B t u  per year o f  some form 
of heat energy will be required by the year 2000. 

ough energy to  meet the 
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P1 ace 
Name Natural Hydroelectric 

Total Coal O i  1 ( t herma 1 Gas equ i va 1 en t ) 

+Id 
TABLE 3 

FUEL AND HYDRO PRODUCTION 

Bil l ions of B t u  Production 1 ’  
Production 
l e  s use 
10 3 B t u  

Big Horn 
Blaine 
Carbon 
Carter 
Cascade 
Custer 

Daniels 
Dawson 
Fa1 lon 
F1 a t  head 
Ga rf i el d 
Glacier 

Golden Val 
Hi1 1 
Lake 
Lewis and 
Liberty 
McCone 

Mussel she1 1 
Petrol em 
P h i l  1 i p s  
Pondera 
Powder Riv 
Prai ri e 

R i  c h l  and 
Roosevel t 
Rosebud 
Sanders 
S heri dan 
S t i l l  water 

Teton 
Tool e 
Val 1 ey 
Mil baux 
Ye1 1 owstone 

24,046 11,889 467 
17,495 0 928 

1,106 0 90 
- 64 0 -  64 

16,415 0 0 
496 0 0 

38 0 38 
9,009 0 8,838 

56,235 0 46,771 
9,239 0 0 

51 2 0 51 2 
17,634 0 15,834 

61 9 0 0 
16,022 0 0 
12,648 0 0 
10,136 0 0 
4,831 0 1,862 

18,751 0 2,067 

1 0,427 385 10,042 
51 2 0 51 2 

2,915 0 0 
979 0 97 9 

53,320 31 52,358 
4,785 0 4,614 

14,752 4,928 9,824 
7,750 0 7,750 

118,856 109,371 9,485 
19,644 0 0 
13,555 0 13,555 
1,290 0 0 

32 0 32 
20,%74 0 17,523 
2,915 0 0 
4,785 0 4,614 

179 0 179 

Montana TOTAL 492,866 126,603 208,941 

Reference 17 

29 
16,567 
1,016 

0 
0 

496 

0 
171 

9,463 
0 
0 

1,801 

61 9 
16,022 

n 
0 

2,969 
0 

0 
0 

2,915 
0 

931 
171 

0 
0 
0 
0 
0 

751 

0 
3,351 
2,915 

171 
0 

60,356 

3,887 
0 
0 
0 

5,472 
0 

0 
0 
0 

3,080 
0 
0 

0 
0 

4,216 
3,379 

0 
5,561 

0 
0 
0 
0 
0 
0 

0 
0 
!I 

6,548 
0 

179 

0 
0 
0 
0 
0 

32,322 

20,605 
15,638 

-666 
-665 

-8,093 
-3,202 

-788 
5,547 

54,997 
-1,605 

-1 76 
15,075 

31 9 
11,297 
8,561 
1,069 
3,807 

17,750 

9,472 
256 

1,295 

52,419 
4,190 

6,775 
5,060 

11 6,520 
18,129 
11,312 

21 

-1,093 

-1,766 
18,973 

-678 
4,424 

-35,594 

275,314 Li 



ENERGY BUDGETS 

M i  11 ions  
o f  Btir Use B i l l i o n s  o f  B tu  Fuel Use Fuel E l e c t r i c i t y  

Per Natura l  Prod. Thousands o f  MWH 
Name @ p i t a  To ta l  O i  1 Gas Gasol i n e  Tota l  Ge.n.eratian Coa 1 - - 
Beaverhead 2 , 722 0 668 ' 1,252 

3,440 0 665 1,246 
1,858 0 466 874 

901 0 196 368 
1,773 0 476 892 

730 0 190 355 

0 5,705 10,694 
Chou teau 339 0 643 1,206 
Cus t e r  30 3 , 700 0 886 1,661 
Daniel s 36 827 0 271 509 
Daws on 30 3,462 0 81 4 1,525 
Deer Lodge 199 3,116 0 703 1,318 

803 0 0 42 
1,530 24,046 1,139 39 

517 17,495 0 27 
338 0 0 11 
405 1,106 0 37 
185 64 0 11 

1,286 8,110 16,415 1,603 
346 0 0 48 

1,153 496 0 67 
47 38 0 16 

1,123 9,009 0 63 
1,094 0 0 46 

Fa1 l o n  1,238 0 286 ' 537 41 5 
Fergus 4,407 0 1,002 1,878 1,526 
F1 athead 10,845 0 2,702 5,064 3,079 
Gal 1 a t i  n 9,510 0 2,125 3,983 3,402 
G a r f i e l d  689 0 193 36 1 136 
G1 a c i  e r  231 2,559 0 61 7 1,157 785 

3 300 0 90 169 40 
204 586 0 1 76 330 80 

H i 1  1 272 4,724 0 1,212 2,271 1,241 
Je f fe rson 3 86 2,023 0 220 412 1,392 
J u d i t h  Basin 36 7 978 0 221 41 5 342 
Lake 283 4,087 0 85 7 1,607 1,623 

56,235 0 19 * 
0 0 89 

9 , 239 902 1,024 
0 0 297 

512 0 11 
17,634 0 38 

619 0 5 
0 0 23 

16,022 0 122 
0 0 14 
0 0 13 

12,648 1,235 181 
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- Name 

Lewis & C la rk  
L i b e r t y  
L i n c o l n  
McCone 
Madison 
Meag he r  

Minera l  
M i  ssoul a 
Musselshel l  
Park 
Petro 1 eum 
Phi 1 1 i ps 

Po nde r a  
Powder R i v e r  
Powel 1 
P ra i  r i  e 
Raval l  i 
R i  c h l  and 

M i l l i o n s  
o f  Btu Use 

Per 
Capita 

272 
455 
242 
348 
304 
450 

258 
31 5 
256 
296 
406 
298 

314 
31 5 
300 
339 
241 
81 1 

9,067 
1,024 
4,402 
1,001 
1,524 

902 

794 
18,345 

954 
3,318 

256 
1,620 

2,073 
90 1 

2 , 000 
595 

3,471 
7,977 

Table 4. 

ENERGY BUDGETS 
(continued) - 

B i l l i o n s  o f  Btu Fuel Use Fuel E l e c t r i c i t y  

Coa 1 
Natural Prod. Thousands o f  MWH 

O i  1 Gas Gasoline To ta l  Generation Use 
_c - 

2,325 
2 45 

1,123 
274 
378 
183 

132 
4,196 

229 
71 3 

70 
426 

4,358 
460 

2,104 
51 4 
709 
344 

247 
7,865 

430 
1,336 

131 
798 

2 , 384 
320 

1,175 
21 3 
437 
375 

41 5 
6,284 

295 
1,270 

55 
396 

10,136 
4,831 

0 
18,751 

0 
0 

0 
0 

10,427 
0 

51 2 
2 991 5 

990 428 
0 14 
0 41 1 

1,629 16 
0 24 
0 33 

0 9 
0 1,344 
0 18 
0 75 
0 4 
0 25 

0 585 1,097 39 1 9 79 0 40 
0 238 447 216 53,320 0 14 
0 406 76 1 833 0 0 71 
0 159 298 138 4 , 785 0 -  9 
0 783 1,468 1,220 0 0 117 

4,943 735 1,409 889 14,752 488 44 



Table 5 

CONSUMPTION OF NATURAL GAS AND ELECTRICITY 
BY M I N I N G  AND MANUFACTURING I N  MONTANA, 1974 

Percent of Equivalent 
Natural Gas Percent E l e c t r i c i t y  Percent Combined Btu ' s  

C Indust ry  (mncf) o f  Total  (1000 kwhr) o f  Total  Energy x 10'2 

Mining 

10 Metal Mini NA 
12 Bituminous Coal and L i g n i t e  NA 
13 Crude Petroleum, Natural Ga NA 
14 Nonmetall ic Mineral Mining NA 

377 , 370 6.5% 
8,336 0.1% 

205,415 3.5% 
45 , 790 0.8% 

Subtotal Mining 3,367 9.0% 636,911 1 1  .O% 9.7% 4.73 

Manufacturing 

20 Food and Kindre 1,270 69,577 1.2% 2.6% 1.21 
24 Lumber and Wood Products 900 235 , 1 76 4.0% 3.0% 1.48 
25 Furn i ture and F ix tures 36 3 31 0.6% .28 
26 Paper and A l l i e d  Products 4 , 700 1515b47 2.6% 9.1% 4.09 
27 P r i n t i n g  and Publishing 508 6,414 0.1% 0.9% .41 
28 Chemicals and A l l i e d  Products 1,100 489 , 802 8.4% 4.8% 2.51 
29 Petroleum and Coal Products 6,195 311,767 5.4% 12.7% 5.77 
32 Stone, Clay, Glass & Concrete 4 , 400 11.7% 81,704 1.4% 8.2% 3.62 
33 Primary Metals 13,100 34.9% 3,829,054 65.9% 45.6% 23.02 
34 Fabricated Metals 436 1.2% 580 0.01 % 0.8% .34 
35 Machinery (non-electr i  cal ) 0 0 .O% 1,342 0.02% 0.0% .01 
36 E l e c t r i c a l  Machinery 327 0.9% 0 0.0% 0.6% .25 
37 Transportat ion Equipment 300 0.8% 402 0.01% 0.5% .24 
39 Other Manufacturing 5 46 1.5% 0 0 .O% 1 .O% .42 

Sub t o t a  1 Manufactu ri ng 34,145 91 .O% 5 , 176,865 89 .O% 90.3% 43.61 

Tota l  Mining & Manufacturing 37,512 100.0% 5,813,777 100.0% 100.0% 48.35 
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CONVENTIONAL ENERGY REPLACEMENT kir; 

Geothermal resources can be used i n  place of electr ic i ty  and natural gas 
i n  many instances, especially for providing low level heating. 
shows the relative consumption of electricity and natural gas for the 
domestic and commercial energy uses. 
heat ing and hot  water supply are the prime energy consumers. Total 
consumption for  space heat and hot water is 19.1 x 10l2 B t u  per year. 
T h i s  energy use i n  particular could be easily adapted t o  a geothermal 
energy supply. Commercial consumers also heat much space and somewhat less 
hot water. The total demand for electric and natural  gas energy is  
10.4 x 1012 B t u  per year. A large portion of this energy demand could 
also be replaced by geothermal sources. 

The industr ia l  sector uses energy i n  many different ways. Certain processes 
and many of the industries can be adapted to  a geothermal heat supply. Of 
the industr ia l  uses listed i n  table 5, the following could have major 
processes adapted t o  a geothermal heat supply. 

Table 6 

In the domestic community, space 

Natural Gas Electric1 ty - SIC Manufacturing use B t u  x l O I 2  equiv. B t u  x 1Ol2 

Food and kfndred products .97 .24 
.80 lumber and wood products .68 
.52 

1.67 Chemical and all ied products .84 
1.06 Petroleum and coal products 4.71 
.28 

20 
24 
26 
28 
29 

Paper and a l l i e d  products 3.57 

32 Stone, clay, and concrete 3.34 



Table 6 

ENERGY USE FOR SPACE HEAT AND HOT WATER 

E l e c t r i c i t y  Natural Gas 

Megawatt- % of Total  Equi va l  en t % of Tota l  Equivalent 
Hours Category Use Btu B i l l i o n  C f  Category Use B t u  Category 

Domestic Space Heat 31 3,600 23.3 1.1 x 1012 17.97 78.1 13.8 x 1012 

Hot Water 271,400 20.2 .9 x 10'2 4.30 18.7 3.3 x 1012 

17.1 x 1012 TOTAL 585 , 000 43.5 2.0 x 1012 22.3 96.8 

Hot Water 

TOTAL 850,744 55.1 2.9 x 10 l2  9.7 55.1 7.50 x 10 l2  

24.6 x 10l2 ---- COMB I N  ED 1,435,744 i--- 4.9 x 1012 32 .O 

Source 
Table 1 Consumption o f  Natural Gas and E l e c t r i c i t y  i n  Montana, 1976 
Table 2 Consumption o f  Natural Gas and E l e c t r i c i t y  i n  Montana, 1976 
Table 3 Consumption o f  Natural Gas and E l e c t r i c i t y  i n  Montana, 1976 
Table 6 Consumption o f  Natural Gas and E l e c t r i c i t y  i n  Montana, 1976 
Table 7 Consumption o f  Natural Gas and E l e c t r i c i t y  i n  Montana, 1976 
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POTENTIAL GEOTHERMAL USES IN MONTANA 

Most of Montana's industry is concerned w i t h  extracting material from the 
earth w i t h  a small amount of secondary manufacturing using these materials. 
T h i s  applies t o  agriculture, mining, and the timber industry. 
reason, there isn ' t  much demand for  many of the possible uses of geothermal 
energy. There are a number of important areas of use which should be 
noted. Page 236 l i s t s  many of the uses which are suited t o  Montana. Many 
of these are energy intensive which allows very competitive marketing of 
products. A number of the listed uses are not currently practiced here. 
There would be excellent possibilities for new industry which would greatly 
benef i t the Montana economy. 

Energy is becoming a very important resource which is not limited t o  shipping 
of raw fuel resources. The near future will see manufacturers looking for  
energy rich areas i n  which t o  s i te  new industry. 
will be prime targets. 

Some of the more ideally suited uses which could be usable now are crop 
drying and feed pelleting, greenhouse heating, sugar refining, aquaculture, 
ind iv idua l  and district  space heat, p u l p ,  paper and wood product drying. 
The above mentioned l is t  should not  construed as a complete listing. ' heat process wh'ich requires about 300'F 0.r less i s  a candidate for adaption 
t o  geothermal heat. The majority of Montana's gmthermal resources will 
be limited t o  the 200°F temperature range, however. 

For this 

Geothermal resource areas 

Any 
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POTENTIAL GEOTHERMAL APPLICATIONS I N  

i 

Crop Drying (Wheat, Hay) 
Freeze Drying o f  Foods 
F r u i t  Dehydration (Cherries) 
Greenhouse Heating 
Mushroom C u l t i v a t i o n  
Seed Drying 
Soi 1 S t e r i  1 i za ti on 
Soi 1 Warming 
Sugar Ref in ing 
Vegetable Dehydration (Onions and Potatoes) 

I 

~ 

Animal Production 

Aquaculture (Trout, Catf ish, Prawns) 
Dai ry  Farming (M i l k  Cooling and Pasteur izat ion) 

Livestock Pen Warming (Poul t ry  and Hogs) 

i 
I Feed1 o t  Warming (Cows) 
i 

1 
I 
I Domestic and Commercial 

i j Accelerated Biomass Conversion (Methane Pro 
E l e c t r i c a l  Power Generation 
Ind i v idua l  and D i s t r i c t  Space Heat 
Recreation I 

j Re f r i ge ra t i on  
Space Cool i ng 
Water Heating ! 

i 

I 

i 
i 

I 

I ement Curing 
a s i f i c a t i o n  o f  Coal and Other Carbon ous Mater ia ls  
i n e r a l  O i l  Processing 

Products o f  Fermentation (Ethyl Alcohol, Butenol Acetone, C i t r i c  Acid, etc.) 
Pulp and Paper 
Recovery o f  S a l t s  and Minerals 
Recovery o f  Trace Elements i 

i T e x t i l e  Processing (Wool) 
I 
I Wood Chemical Production 

(Curing Green Lumber and Vene 

I 
! 
I 
I 

I 

I U 



Page 238 lists example utilization areas for  specific geothermal uses. T h i s  
l i s t ,  like the previous one, i s  not meant t o  show a l l  uses of the energy 
i n  the world. I t  is included as a par t ia l  source for investigating the 
potential for  a use i n  Montana. 

Figure 2 shows the temperature range for a number of processes and uses 
of geothermal energy. The figure illustrates some of the commonly used 
ranges. T h i s  i s  not t o  show absolute limits b u t  can be expected t o  give 
reasonable, tested temperatures for  a specific use. Temperatures lower 
t h a n  are indicated for  a use may be possible b u t  detailed economic studies 
are requi red t o  insure feasi bi  1 i ty. 

Many variables enter in to  the economic feasibility question. 
are: 

Just a few 

- How much expense i s  necessary t o  locate the resource? 

- How deep must a production well be? 

- Is the water production sufficient w i t h  one well? 

- Is the resource hot enough? 

- Are t h e  pumping costs too high? 

- How f a r  w i l l  the water have t o  be pumped? 

- How much heat will be used? 

Each o f  these questions alone could make a product an economic disaster 
- i f  it i s  not well considered. 
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W UTILIZATION EXAMPLE AREAS 

Freshwater prawns - K1 amath Fa1 1 s , Oregon 
Japan 

Catfish - B u h l ,  Idaho 
Trout  - Hot Creek, Bishop, Cal i forn ia  
Alligators and eels - Japan 
Tropical fish - California 

Japan 

Animal Husbandry: Heated holding bui ldings - Japan 

Hog r a i s i n g  s tudy - Idaho 

Hungary 
USSR 

Animal Processing: Butchering f a c i l i t y  - Vail , Oregon 

De-icing: Sidewalks - Roosevelt School, Klamath F a l l s ,  Oregon 
Ponderosa School , Klamath Fa1 1 s , Oregon 

Roads - Sapporo Ci ty  , Japan 

Greenhouses: Oregon Desert Farms, Lakeview, Oregon (3/4 ac re )  
Liskey Farms, South of Klamath F a l l s ,  Oregon 
Hobo’Hot Springs,  Susanvi l le ,  Cal i forn ia  (35 u n i t s )  
Mi l l s ted ,  Idaho 
Johnson, Idaho 
Garden Val ley ,  Idaho 
Sun Valley, Idaho 
Bob E r k i n ,  B u h l ,  Idaho 

Food Processing: A l f a l f a  - New Zealan 
Hay drying - Ice1 and 
Onion dehydration - 
Potato,  onion, - Ore-Ida--Ontario, Oregon 

(1 ac re )  

Brady Hot Spring, Reno, Nevada 

Boric Acid - 

Akureyri , Iceland (planned) 
Sudernes , Iceland (Planned) 
Klamath Falls, Oregon - -  
Rotorua, New Zealand 
Boise, Idaho 

Vale, Oreaon 
Individual - Hungary 

Pa r i s  , Frgnce 
Larderel 1 0 ,  I t a l y  bl 

-- 
I k 
1 
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REGIONAL ENERGY USE bj 

Energy consumption and production, by category, for  the Western and 
Eastern Geothermal Planning  Regions is shown i n  table 7. 

Western Regional Energy 

The production i n  the western region i s  less than the use by 37.6 x 1OI2 B t u  
per year. Th:s i s  roughly equal t o  the amount of natural gas imported for 
use i n  Montana. 

The projected energy production possible from the 13 site-specific studies 
can be related to the energy picture. Table 8 illustrates possible 
geothermal heat energy production i n  the western geothermal planning region. 
The direct-use heat total  of 2.5 x 1OI2 B t u  per year is 7.0 percent o f  the 
region's present energy deficit. If the t o t a l  electrical production i s  also 
included, the percentage is increased t o  39 percent. The geothermal space 
heating energy supply from table 8 shows 1.2 x T0I2 B t u  per year o r  7.0 per- 
cent of the residential heating demand for  natural gas. While the amount o f  
energy which could be supplied by the geothermal resource appear small, the 
contribution i s  supplied by only 13 sites. If the known si tes  are considered 
t o  be 10 percent of existing resource, the to ta l  future supply might  have the 
apacity. t o  supply 70 percent of the residential natural gas consumption.' 

The manufacturing energy available, as indicated i n  table 8 ,  can provide a 
significant amount of energy for the processes listed on the previous page. 
The lumber and wood products require 0.68 x 10l2 Btu  per year. The small 
o u t p u t  from the 13 sites could supply 15 percent or more. If sites near the 
lumber indust,ries are pursued w i t h  success, nearly a l l  of the lumber pro- 
ducts and paper product's energy consumption could be supplied. Thus,  
new industry should consider locating near geothermal reservoirs where 
possible. 
costs of doing business. 

The present emphasis of the Federal Department on Energy is  t o  replace 
existing conventional energy consumption w i t h  geothermal energy supplies. 
There are a number o f  uses for geothermal energy which are new (not 
present?y existing) , b u t  which woul d displace energy requi rements i n  other 
areas of energy demand. The principle uses are related t o  agriculture. 
For instance, commercial greenhouses would be new construction, but pro- 
duction of vegetables would eliminate transportation of produce from the 
southern and western United States. Another examle would be feed 

. I  

In many cases, the fuel savings w i l l  more than  offset increased 

pelleting w h h h  involves combining alfalfa and grains i n  a compressed 
pellet. T h l s  process requires heat energy far drying. Manufacture of 

.in Montana would eliminate the 
from out of state. In addition pensive and virtually 
l e  energy supply will a l l  

uired to bring i n  

iveness i n  the 
market place. 

- 

Ls 

G 





Table 8 

POSSIBLE FUTURE GEOTHERMAL ENERGY PRODUCTION 

E l e c t r i c  
Heating Dis t .  Greenhouse Manufacturing x lo6 Btu 

h r  MWH 

Barke l l ' s  40 341 100 

-- x lo6 Btuh x lo6 Btuh x lo6 Btuh 

Bozeman 100 

Boul der 14 40 

Broadwater 35 32 

Corwi n 7 341 100 

Deer Lodge 24 

Enni s €3 40 

Hunter 

Marysvi 1 l e  

New B i  1 tmore 

Warm Springs 

72 

4 

40 171 50 

12 171 50 

24 

West Yellowstone 20 

15 White Su l fu r  Springs 

275 
-- .12 

24 
- - - 

1,365 400 -- -- - - 264 - - - - TOTAL RATE 

Yearly energy pro- 1.2 x 1012 1.2 x 1012 .1 x 1012 12.0 x 3.5 x 
duction est imat ion Btu/yr 1012 106 
50% use Btu/yr  MWHR 

TOTAL 2.5 x 10l2 
Btu/yr 

L d  

b4' 
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The development of as many feasible s i t e s  as possible w i t h i n  this area will 
be needed t o  supply the additional energy sources. Th 
number of surface manifestations of geothermal ac t iv i  
region, which should allow development to  occur a t  a f a s t e r  pace. The net 
energy demand f o r  this area ident i f ies  a basic need t o  develop additional 
energy resources t o  he lp  balance the energy budget. 

Future increases i n  energy consumption will surely tax the s t a t e ' s  energy 
supply. As mentioned before, a rough estimate is 116.9 x 10l2 B t u  per year 
may be needed by the year 2000. I t  i s  quite possible tha t  20 to  30 x 10l2 B t u  
per year could be obtained from geothermal resources representing a substantial 
contribution t o  this energy supply, 

Eastern Regional Energy 

The energy consumption f o r  the Eastern Geothermal Planning Region by Cate- 
gory is included i n  t ab l e  7. Since this area is the net energy exporter, 
the demand f o r  additional supplies i s  less. However, the cost  fo r  providing 

* the energy consumed will continue t o  rise regardless of the amount produced. 
The few surface occurrences of geothermal ac t iv i ty  i n  the Eastern Planning 
Region are  connected t o  the Madison Formation. The widespread nature of the 
Madison makes u t i l i za t ion  of this geothermal resource a be t te r  prospect than 
the isolated springs of the western region. 

The space-heat energy demand of isolated communities could be met w i t h  this 
resource i n  many places. Agricultural processing industry energy demand could 
also be par t ia l ly  met w i t h  this resaurce. A future use of the energy from 
the Madison could be u t i l i zed  i n  coal gasification fo r  the production of a 
substitute f o r  natural gas. Production of a type of coal gasoline f o r  vehicles 
is  also a possibi l i ty .  Hot water has been located i n  the large coal fields 
d u r i n g  expl oratory d r i  11 i ng . 
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The development of existing geothermal resources i n  Montana has been con- 
strained by a variety of factors. These factors do not impact electrical . 
production development w i t h  the same relative magnitude as they affect 
direct use of the geothermal resource. The following discussion considers 
each factor i n  decreasing order of impact upon direct-use development. The 
development factors for electrical production will not be addressed 
separately. 

Economic Incentives 

Perhaps the most obvious deterrent t o  geothermal resource development i n  
Montana is the lack o f  economic incentive. Th i s  incentive’must come i n  the 
form o’f demand for cheaper energy production a1 ternatives. The present 
price structure for natural  gas and other forms of key energy does not allow 
competitive use of geothermal energy. I t  i s  mdre expensive t o  provide space 
heat w i t h  geothermal energy and i t s  higher preproduction cost t h a n  t o  i n -  
s tall  very cheap natural gas using existing supply lines. 
suitable 20-year energy inf la t ion factor is considered i n  the feasibility 
evaluation--the desirability of using the geothermal resource i n  many cases 
can be justified. Unfortunately, ‘the particular inf la t ion  rate which is t o  
be used is not universally accepted. Inflation rates used i n  the past do 
not reflect the reality of a world population reaching critical proportions. 
These same rates are usually accepted by the public as indicative of future 
costs. Therefore, the public does not  accept geothermal use as competitive 

Even so, if a 

he energy market. 

of geothermal development. They cannot change the cost picture of available 
fuel reserves, b u t  by manipulation of other factors such as t a x  incentives 
and financing structures, can change relative importances of components 
which determine economic feasibility. An example o f  this would be a direct 
income t a x  credit, which  could be applied i n  some manner t o  the individual .  

are a few economic measures w ch would change present feasi bi 1 i ty 

cluded for  information and completeness. 
hese existing state t a x  laws are the primary 



The state also has an energy system tax incentive for individuals which 
allows a t a x  credit against the s t a t e  income t a x  owed. The amount allowed 
is 10 percent of the f i r s t  $1,000, and 5 percent of the next $3,000 of the 
cost o f  such a system. 
Tax credit i s  a1 lowed t o  pub1 i c  uti1 i t ies on cap; t a l  loaned to occupants - 
of a dwelling which i s  t o  be paid back i n  periodic installment payments added 
t o  the occupant's regular b i l l  for  electricity o r  natural gas. 

1 t a x  deductions o r  t a x  credit allowed by the state are so 
small t h a t  they barely enter in to  economic considerations involved i n  a 
decision t o  install a geothermal heat system. To induce use of alternative 
energy the state should be w i l l i n g  t o  l e t  the user recap a major portion 
of the capital expenditures through tax credits. The small tax credit t o  
the pub l i c  util'l'ties does not encourage them t o  loan money for  less interest 
t h a n  their expected rate of return. 

1 

bi 
I 

- -  

Financing 

The present cost of borrowing money greatly affects capital intensive 
projects. Capital intensive means projects which require large sums o f  
i n i t i a l  capi ta l .  

Conventional energy technology, such as natural gas heating, uses well- 
"tested *systems which can be installed tjy~ any number of local tradesmen, 

usually requires l i t t l e  more than connecting the facility t o  ex is t ing  gas 
lines. T h i s  also applies t o  electricity or  fuel o i l .  
t ion  requires geophysical exploration, resource development, a p ip ing  system, 
and specialized heat production equipment. Developers are not interested 
i n  investing large quantities o f  money i n  projects which have not been 
extensively tested i n  the United States. If money could be made available 
a t  cheaper interest rates for  geothermal use systems, the capital factor 
would have lesser impact on the decision. 

A second consideration i n  the financing factor i s  the uncertainty involved 
i n  geothermal resource development. As i n  o i l  well d r i l l i n g ,  many explora- 
tion drill holes do not produce the resource. A t  $20 per foot for shallow 
wells and $100 per foot for deep wells, a developer cannot afford t o  
gamble on too many holes. The method has been suggested whereby the risk 
i n  a development venture can be lessened. T h i s  would involve the federal 
Department of Energy loaning money for exploration holes t o  be paid back 
a t  a specified interest rate i f  a useful resource i s  encountered. If -the 
hole ends up dry, the money would not be repaid. Naturally, much t h o u g h t  
would be required t o  construct a working program such as  t h i s  t o  prevent 

I t  .*: 

Geothermal u t i l i za -  

culation. Such a program would require a rather large 

is evident, geothermal development will move a t  a snail 's 

purposes, a par t ia l  listing o f  funding sources w i t h  brief 
presented i n  Appendix B. 

I n t i l  some sort o f  guar ntee program or greatly increased 
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u State Leasing 

In Montana, as i n  o t  ates, state land can be found i n  
widely dispersed sections a l l  over the state. Direct use of geothermal 
resources i s  effected more by state t h a n  federal land because of this 
spatial dis t r ibut ion.  The communities are t radi t ional ly  located i n  valleys 
and broad basins surrounded by private land. Federal land,  Forest Service 
i n  particular, i s  located i n  mountain ranges some distance' from these popu- 
lation centers, while state land can usually be found nearby. As i t  is 
essential t o  locate geothermal reservoirs near the use area, t o  avoid p i p i n g  
costs, access t these resources on state land is important. 

Rocky Mountain 

As a good example of the problem presently plaguing leasing of state lands, 
we should consider the development project attempted i n  the Hunter's Hot 
Spr ing  area. T h i s  project was aimed a t  f ind ing  a resource capable of 
suppor t ing  electrical generation. The developers decided t h a t  financial 
backing was adequate and began leasing land. The private lands surrounding 
Hunter's Hot Springs were leased. There were a few isolated parcels of 
Bureau of Land Management land which were applied for. These Bureau of 
Land Management parcels were cleared for leasing after two years of prepara- 
t ion .  Finally, a parcel o f  land of less t a section was located directly 
adjacent t o  the Hunter's Hot Spr ing ' s  s i t e  
up t o  guarantee protection of the developer's investment. The lease was 
applied for  but the controlling agency, the Montana Department of State Lands, 
had adopted a policy which effectively stated tha t  i f  a number of applications 
were not  received, then sufficient leasing interest was not  present. This 
means no leasing activity will take place u n t i l  such interest is noted. I f  
the developer had gone ahead and begun his project investing the large sums 
of money required for  geophysical exploration and d r i l l i n g  of exploratory 
test wells and located a reasonable resource, significant outside interest 
could have been generated for a s ta te  lease sale t o  be held. 
could afford t o  b id  higher than this original developer for  this state 
parcel since the exploration expense gamble had already been taken. Now, 

T h i s  last piece has t o  be tied 

Other companies 

1 though the developer was interested i n  electrical production, the restrictive 
apply t o  every applicant 

especially i n  
ducts. I t  will begin 

followed by other 
en b u i l t .  The state 

a t  first small step. 

of the State of Montana 
he lease appl ica- 
t applications 

ssioner' s ,discretion, 
be l e t  by competitive 
of State  Lands w i t h i n  
The minimum b id  is 
lease sale no bid is 
has been made, the 



b i r  Each lease issued shall be for a primary term of 10 years and so long 
thereafter as geothermal resources i n  paying quantities are produced. A 
royalty of not  less than 10 percent of the gross revenue, minus incurred 
production and transmission costs, will be paid to the state, The royalty 

t i o n  o f  geothermal resources for  recreation and health purposes is also 
required by the state.  Unitization of state-owned land for  resource con- 
servation i s  provided for. The lessee may not enter upon the leased land 
for  casual exploration or  inspection u n t i l  there is i n  existence a f u l l y  
executed lease. A person not holding the lease may not enter s ta te  land 
f o r  casual exploration or inspection o f  geothermal resource potential. A l l  
s t a te  lands disturbed by exploration, development, and operation of geo- 
thermal resources must  be reclaimed when the s i t e  is abandoned. 

A minimum bond o f  $2,000 is required prior to  the issuance of any geothermal 
resources lease. 
1,000 feet  or  deeper, the bond deposit must be increased to  $10,000. The 
lease holder may not  enter leased land for exploration involving earth 
moving equipment or  otherwise engaging i n  operation which may lead to 
material disturbance without submit t ing a plan of operation to  the Department 
of State Lands. The plan o f  operation must include the start ing date and 
estimated completion date, the anticipated size o f  the operation including 
manpower equipment and extent of disturbance, and the general method of 

that  a well of 1,000 feet  or  deeper is to  be drilled. The plan of operations 
must be approved by the commissioners for projects of this extent. 
which would no t  require a 1,000-foot hole would not require approval of the 
commissioners after submission of a plan o f  operations. 

Federal Leasing and Permitting 

Federal leasing o f  both Bureau o f  Land Management and U.S. Forest Service 
land is of primary interest  t o  developers of electrical energy. The 
h i g h e s t  potential geothermal resources are usually located near mountainous 
terrain i n  Montana. Most of the mountainous areas l i e  w i t h i n  U.S. Forest 
Service or  Bureau of Land Management boundaries. A developer of electrical 
energy i n  an area mus t  hold production r i g h t s  to a l l  adjacent land i n  the 
area of interest  t o  justify r i s k i n g  exploration capital. The risks i n -  

. volved i n  the p u r s u i t  of suitable reservoirs is so great that  successful 
attempts must have the potential of complete use of that area for  electrical 
production. T h i s  will guarantee that  profits will be adequate to pay the 
rate of return on invested money that American corporations have come to  
expect . 

of not less than 10 percent of the gross revenue received from the opera- .. 

Prior to  init iation of operations for d r i l l i n g  a well to  

.,operation; The.plan o f  operation is  usually required when i t  is ,  anticipated 

Projects 

n the leasing procedure is determined by the area of interest. 
If the area has been previously classified as a "Known Geothermal Resource 
Area" (KGRA), then the developer must wait for a lease sale. 
is  classified as a "Potential Geothermal Resource Area" (PGRA) or not 
designated a t  a l l ,  he may submit a lease application to  either the U.S. 
Forest Service or Bureau o f  Land Planagement. Upon receipt of a lease applica- .. 
tion, the appropriate agency must schedule to begin an evironmental assess- 

impact statement for the area i n  question. T h i s  same study requirement is 

If the area 

LJ merit record or, i f  necessary because of sensitive issues, an evironmental - 

L" 



\ 248 

is necessary before leasing ca 1 ~ 0 ,  the difference 
being that  the study must be d gardless of interest. 
The manpower requirement for Environmental Analysis Record or  Environmental 
Impact Statement is  very large, which limits the number o f  studies which 
can be carried out a t  any one time. 
i n  the process of being studied w i t h  estimated completion i n  early 1979, 
and remaining KGRA m u s t  wai t  u n t i l  this previous tudy is completed before 
a new one can be begun. 

Each study requires from one and one-half t o  as much as three years t o  
complete. The study includes not only the Environmental Analysis Record or  
Environmental Impact Statement, bu t  m i  t igating lease stipulations which  are 
meant to lessen the environmental impact of geothermal development. 
sometimes d i f f icu l t  for the involved agencies t o  agree on specific stipula- 
tions as is the case w i t h  the Marysville KGRA. The net result of the Environ- 
mental Analysis Record o r  Environmental Impact Statement w i t h  mitigating 
stipulations is  to  seriously limit the extent t o  which a KGRA or PGRA can 
be developed. 
Record. The most restrictive stipulation i s  the "no surface occupancy" 
requirement. T h i s  means t h a t  the company can lease the ground, b u t  cannot 
use the ground i n  any manner for d r i l l i n g  or heavy surface exploration. 
Use o f  directional dril l ing,  which  involves oring a hole a t  an extreme 
angle from an adjacent parcel of land t o  ta  the resource underneath that 
particular piece, is usually recommended. T h i s  is a very costly d r i l l i n g  
method and the technology cannot guarantee drilling success. W i t h  the 
present economic incentives, this technique is not justif ied nor does it 
appear likely t o  be'in the future. 

Another difference between KGRA and PGRA i s  the leasing procedure. 
of a KGRA is required t o  be on a competitive basis. Many people are allowed 
t o  b id  on the same parcel of land. In a PGRA, the or ig ina l  applicant is 
allowed t o  b i d  and i f  no one else is  interested, he may have the lease. 
If a PGRA parcel is b id  upon by two or more applicants, then i t  i s  auto- 
matically reclassif ed i n t o  a KGRA w i t h  competitive b idding ,  w i t h  the 
competi ti ve b i  ddi  ng requirement. 
classification does no t  guarantee competitive or  en s i n g u l a r  interest. 
If lease sales have been held i n  a KGRA and littl  interest is evidence, 
the area shoul be returned t o  the noncompetitive classification. Procedures 
for doing this  a 

D i  rect Use Techno1 ogy 

roceed i n  KGRA' 
for the KGRA's W 

Presently i n  Montana, one KGRA is 

I t  is 

T h i s  was the case w i t h  the Boulder Environment Analysis 

Leasing 

I t  has been demonstrated t h a t  a KGRA 

not clear w i t h i n  the present federal laws. 

ilization i n  
exchange tech- 
f hot water over 
ailable which . 

w space heating, and 
hnology is currently 
n countries such as 

lack of specific 
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util ization of the technology i n  this country makes financial consideration 
and equipment availability subject t o  much questionin A developer who is 
interested i n  p ip ing  water a distance is faced w i t h  the diff icul t  search t o  
obtain necessary technical and cost parameters. The economic feasibi l i ty  i n  
the country has not been tested to  any extent. Therefore, the developer 
has no guarantee that the system can be installed and operated w i t h  investi- 
gated cost and re1 i abi 1 i ty  f i gures . 
There are very few occasions on which a geothermal developer can order "off- 
the-shelf" equipment designed specifically fo r  geothermal applications. 
Much utilization equipment i s  available, b u t  the preserrt-system of .technology 
transfer t o  a l e r t  the developer of existing hardware is quite inadequate. 

For commercial geothermal energy development to  occur, entrepreneurs mus t  
be able to  just i fy  investment of monies into geothermally oriented systems. 
Few people can visualize the complete development picture required to  be 
able t o  construct a profit  picture madel. While the geothermal energy 
supply technology is relatively l i t t le known, the importance of stimulating 
a direct-use economy t o  the nation has prompted the budgeting of funds for 
the purpose of ini t ia t ing demonstration projects i l lustrat ing the technology 
available. Therefore, the first projects involved i n  geothermal direct  use 
w i l l  be e l i g i b l e  for some subs id ies  from t h e  government. These can be i n  
the form of technical assistance, which is  given by specific organizations, 
o r  i t  can be given i n  the form of financial assistance through grants and 
geothermal guaranteed loans. 
government, is interested i n  promoting geothermal development. Technical 
assistance can be acquired through these channels also. 

State government, i n  addition to  federal 

Water Qual i ty  Laws 

- The Montana Department of Water Quality is charged w i t h  the responsibility 
of maintaining water quality as s e t  by the s ta te  water quality standards. 
A l l  bodies of water, streams and river are given classifications. The 
classifications will apply t o  specific stream segments. One stream may be 
subjected t o  different water quality requirements for different points 
along i ts  length. 
fication, the classification requirements were s t r i c t  for  the stream seg- 
ment. 
i t  was classified a t  a lower quality. 

Many of Montana's streams have the BD-1 classification. The parameter of 
most concern t o  geothermal developers is the net temperature increase 
allowed for  a stream. For the BD-1 classification, a maximum of a 1°F 
increase above natural l y  occurring water temperature is a1 1 owed w i t h i n  the 
range o f  32°F to  66'F. 
allowed, which would cause the water temperature to xceed 67'F. And, 

. P F  'or greater, the 

lowed when the water temperature is above 55OF. And;at 2'F, the maximum 

If the stream quality was h i g h  a t  the time of classi- 

Conversely, i f  the stream segment was subjected to some degradation, 
~ 

For the range of 66OF t o  66 5'F, no discharge ' i s  

e naturally occurring water temperature  is 
allowable increase of water temperature is 0.5"F. A 2-degree 
maximum decrease below naturally occurring water temperature is 

decrease below naturally occurring water temperature is allowed w i t h i n  the 
range o f  55'F t o  32'F. 
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The concentrat ion o r  l eve l s  of t o x i c  o r  other deleter ious substances, i n  
c lud ing heavy metal, are l i m i t e d  under each stream c lass i f i ca t ion .  The 
discharge i t s e l f  i s  no t  addressed, but  the maximum in-stream concentrat 
o f  t h a t  substance i s  l im i ted .  There are very few instances i n  which a 
warm water discharge i s  allowed i n  s ta te  waters. 
surface spr ing i s  already discharging water t o  a stream o r  r i v e r ,  the t o t a l  
temperature increase o f  the stream due t o  the discharge o f  the spring i s  
considered. 
water if i t  could be cooled down some by e f f i c i e n t  use. I n  some cases, 
geothermal f l u i d  can be u t i l i z e d  i n  i r r i g a t i o n ,  v i a  i r r i g a t i o n  ditches w i th  
re tu rn  t o  a stream i f  the discharging water i s  no higher than the normal 
ambient l e v e l s  which i r r i g a t i o n  water i s  discharged at .  Any discharge t o  
a surface body o f  water must be approved by issuance o f  a discharge permit. 
The discharger must apply f o r  the permit  before a discharge i s  allowed. 
The discharge permit  would describe the nature o f  the discharge and insure 
compliance w i t h  the s ta te 's  water q u a l i t y  standards. 
s t r i c t  water q u a l i t y  standards would p r o h i b i t  use o f  streams f o r  warm waste 
water disposal. 

Water Rights Laws - 

I n  Montana, goethermal waters are t reated the same as standard water wi th-  
drawal appl icat ions a t  t h i s  time. 
s ta te 's  water r i g h t s  laws. Under these laws, any wel l  which produces over 
100 gal lons per minute i s  required t o  have a permit. 
d r i l l i n g  and t e s t  pum 

withdrawal i s  ant ic ipated t o  be over 100 gal lons per minute. 
should be appl ied f o r  before d r i l l i n g  i s  started. 

no object ions from surrounding r i g h t  holders, the permit i s  granted. 
objections are received, the appl ic  
hearing may be held. 

For domestic wells, a c e r t i f i c a t e  o f  water r i g h t  i s  issued f o r  withdrawals 
o f  less than 100 gal lons per minute upon completion o f  the well .  This gives 
the landowner a domestic water r i gh t .  Surface springs are a lso subject  
t o  water r i g h t s  laws and would a lso requ i re  permits before any major 

n i t i a ted .  This protects sur  e r i g h t s  of downstream users. 

The permit  procedure i s  submitted i n  the f i e l d  o f f i c e  whic general ly takes 
two weeks t o  review. Ownership o f  surrounding surface and we l l  r i g h t s  i s  

The second step o f  the process takes two weeks t o  two months and 
involves n o t i f i c a t i o n  o f  the people involved with ownership and a lso 

kes two months, and i s  the pub l ic  

W 

I n  some cases, i f  a 

This would a l low discharge o f  a greater volume o f  spr ing 

I n  Montana, the 

This d e f i n i t i o n  puts them under the 

of a we l l  are avai lable. -In the i n t e r e s t  of 
I n te r im  permits f o r  

This permit 
I investment p ro tec t ion  prov is ional  permit should be appl ied for  i f  the 
I 

It w i l l  n o t i f y  surrounding 
I landowners o f  the intended withdrawal permit  appl icat ion.  I f  there are 

If 
I on request i s  invest igated and a 

' . reviewed. 

'I ' f ication. The t h i r d  s t  
d when comments pe r ta in in  

i gh ts  owners are received 

t appl icat ion are 
is the a l t e r n a t i v  
en. I f  objections 

the Water Rights Bureau must 
invest igate any objection. This process takes one week t o  twelve months. 
If the object ions are v a l i d  and i t  cannot be demonstrated t h a t  the proposed 
wel l  w i l l  not  a f f e c t  those surrounding water r ights ,  then the permit  i s  
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denied. 
other rights--the permit can be issued i n  spite of owner objections. If the 
withdrawal is equal to  or  more than 15 cubic feet per second, t h e n  the permit 
application must be subjected t o  an Environmental Impact Statement or  clear 
and convincing evidence that  no prior r i g h t s  w i l l  be adversely affected. An 
interim permit cannot be issued under these circumstances. I n  areas of 
l i t t l e  development, some parts of the standard water r igh t s  permit process 
can be shortened. The Department of Natural Resources and Conservation can 
issue a waiver of public notice which speeds up the permit t ing process. 

A t  this time, the question of whether the geothermal heat is protected by 
water r i g h t s  remains unanswered. For instance, if a geothermal well is 
d r i l l e d  i n  the vicinity of a hot sp r ing  area and the temperature of that  hot 
s p r i n g  goes down as water from the geothermal well is drawn, is the owner 
of  t h e  spr ing  entitled to protection of that temperature? If ,  however, the 
s p r i n g  level or  quality that  flows from i t  is decreased and he does own sur- 
face r igh t s  on the spr ing ,  then  the well owner is required to  decrease 
withdrawal t o  alleviate the situation. Resource definition questions con- 
cerning water will remain unanswered u n t i l  specific tests of the laws are 
made. 

If i t ' can  be shown that the use of this water r i g h t  w i l l  not endanger Ll 

Montana's Major Facility S i t ing  Act 

Under the .present regulations, the Montana Major Facility Siting Act of I 

1973 p r o h i b i t s  construction of certain types of f ac i l i t i e s  i n  Montana without 
a cer t i f icate  from the Board of Natural Resources and Conservation. One 
type of fac i l i ty  for which a certif icate is  required is "any use of geothermal 
resources, including the use of underground space i n  existence or  t o  be 
created, for the creation, use of conversion of energy." Under these re- 
quirements an application t o  the Department of Natural Resources and Conser- 
vation i s  required. T h i s  application mus t  contain certain types of informa- 
t i o n  pertinent to  the construction and operation of the desired faci l i ty .  A 
f i l i n g  fee, as s e t  by a s l i d i n g  scale rate schedule, is required w i t h  the 
application. T h i s  is  decided on as a percentage of the construction costs 
of the facl 'lity. The Department of Natural Resources and Conservation then 
acts as the lead agency f o r  preparation of an environmental impact statement. 
The department uses the information i n  the application, i n  addition to  any 
information i t  deems necessary t o  collect on its own, for preparation of the 
statement. Public hearing procedures are followed for  pub l i c  i n p u t .  The 
impact statement, application, and f indings  of fact  by both the developer 
and the Department of Natural Resources and Conservation and Department of 
Health and Environmental Sciences are submitted to  the Board of Natural 
Resources and Conservation. If there is controversy surrounding parts of 
the development, additional public hearings will .be held. A decision is 
then  made by the board whether the faci l i ty  is environmentally sound and 
sa t i s f ies  public needs. A section describing the requirements for  geothermal 
f ac i l i t i e s  does not p u t  a lower limit on size. Thus, any use of hot water 
must, by law, be considered i n  the Major Facility S i t ing  Act. A t  this time, 
legislation setting a lower limit for inclusion on the Major Facility S i t ing  
Act of Geothermal Facil i t ies is being prepared. 
projects involving the equivalent t o  about 7 megawatts electrical power 
o r  lessI would be exempted from compliance w i t h  the act. 

I t  is anticipated that for 

b 
c. 



W Geothermal Inves t iga t ion  Reports Required By The Montana Department O f  
Natural Resources 

Any person o r  e n t i t y  must submit a long-range plan f o r  the purpose o f  de- 
sc r ib ing  an t ic ipa ted  explorat ion f o r  geological data invo lv ing  boring o f  
t e s t  holes o r  other underground explorat ion, invest igat ion,  o r  experimenta- 
t ion,  which i s  re la ted  t o  possible fu tu re  development o f  a u t i l i t y  f a c i l i t y  
employing geothermal resources. 

I n i t i a l  f i e l d  reports, per iod ic  f i e l d  reports, and f i n a l  f i e l d  repor ts  are 
required o f  the explorat ion project .  Geological repor ts  are required 
a f t e r  completion o f  the pro ject .  Con f iden t ia l i t y  o f  per t inent  technical  
data submitted w i l l  be recognized f o r  a per iod o f  two years fo l lowing 
commencement o f  the operations f o r  the d r i l l i n g  'of  an actual wel l  f o r  t es t i ng  
o f  po ten t ia l .  

This requirement i s  designed t o  augment planning consideration under the 
Major F a c i l i t y  S i t i n g  Act. 
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COMPOSITE SCENARIO FOR 13 WESTERN REGION SITES 

DEVELOPMENT PROJECTION SUMMARY 

The scenario prepared for  t he , l3  s i t e s  were combined i n  a graph form u s i n g  
starting dates and resulting finish dates w i t h  specific energy projections. 
The graph i n  figure 3 is  a composite of possible nonelectric geothermal 
development as projected for  the next 20 years. 
possible e lectr ic  geothermal development over this same period. 

The nonelectric composite shows a s t a r t  of the development on or before 
1977. T h i s  process proceeds t o  the f i r s t  power-on-line i n  1982 w i t h  steady 
stepwise addi t ions  to  a to t a l  of 567 x lo6 B t u / h r  by the year 1992. The 
to ta l  yearly energy production which could be expected if this development 
should occur is 2.5 x 10l2 Btu/yr. 

The electric scenario summary is  the result of five different generating s i t e s  
being developed w i t h  one u n i t  each. 
the first power-on-line by 1990. 
t o t a l  energy production t o  400 megawatts by 1995. 

In both of the above development summaries we see primarily single events on 
each s i t e .  T h i s  condition would be expected t o  occur i n  reality. 
useful reservoir is discovered, then multiple energy uses could be expected 
a t  a single s i t e  area. The purpose of assuming single events is t o  i l lus t ra te  
possible development and t o  increase accuracy. 
developed while others will have multiple development and i t  i s  hoped t h a t  

ethod of planning w i T l  result i n  an average energy development. 

Figure 4 i l lustrates  the 

The process would begin i n  1980 w i t h  
Subsequent development would raise the 

If a 

Some s i tes  may never be 
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FUTURE PLAN N I NG RECOMMENDATIONS 
- L! 

This planning effort pointed out some very important strategy needs. 
Specific s i tes  w i t h  "known" potential were concentrated on during this 
study. The results illustrated t h a t  an end user of energy production is 
essential for  maximum use. Most of Montana's known resources are not 
1 ocated near energy users. T h i s  condition a1 1 ows three a1 ternati ves for 
future work. The first, which is undesirable and unacceptable, is t o  
curtail  a l l  further work on geothermal development except those few 
near users. The second is t o  explore the possibi l i ty  of relocating 
population and industry near the energy sources. The t h i r d ,  and best i n  
this author's opinion, is t o  identify the areas o f  major present and pro- 
jected future energy demand and study these areas for  possible geothermal 
potential. I t  seems quite possible t h a t  many unidentified geothermal 
reservoirs exist i n  Montana. Directing emphasis to the energy demand 
areas would insure t h a t  fossil fuel use could be reduced significantly 
i f  geothermal reservoirs are found. This approach seems quite logical 
a t  this time since the state of resource assessment for  the known si tes 
is i n  a fledgl ing  stage. Very 1 i t t l e  actual resource definition has been 
done i n  Montana on known or  unknown sites. 

. 
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U APPENDIX A 

FACTORS FOR SCENARIO PRE 

1 .o Pr iva te  Land Owner. 

1.1 Prospecting Permi t s - - I  t was assumed from informat ion gathered 
t h a t  l i t t l e  prospecting would occur wi thout a cause. Therefore, 
t h i s  i s  usual ly  no t  applicable. 

Lease Land--This step should take from 3-6 months and i s  marked 
w i t h  a t r iangle.  It was assumed t h a t  a l l  leases would be ob- 
ta ined a t  once. 

County/Ci ty--Montana has 1 i t t l e  i n  the way o f  organized c i t y /  
county planning which would affect most o f  the possible projects.  
Usual ly no t  appl icable, but  could take 6 months f o r  a construct ion 
permit  i f  appl i cab l  e. 

1.2 

2.0 

2.1 Not applicable. 

2.2 Not applicable. (Could be 6 months.) 

2.3 Not applicable. 8 

3.0 State. 

3.1 Process EIA/EIS--Pre-Lease. A cursory EAR i s  required on s ta te  
land which i s  t o  be sed. Should no t  take Over 6 months p r i o r  
t o  lease sale. 

Issue explorat ion permit--The Department o f  State Lands w i l l  not  3.11 

he year, 3 months a f t e r  3.1. 

n average of 12. Must 
uarantee the r i g h t  t o  roduction d r i l l i n  

I 

1 

e r t i f y  Thermal Fac i l i ty -This  i s  con t ro l led  by Montana's Major 
F a c i l i t y  S i t i n  Act. An average of 3 years i s  required f o r  
l a rge r  (750 MW 3 ins ta l la t ions .  Al low 1 year f o r  smaller opera- 
t ions.  Now l e g i s l a t i o n  w i l l  t ry t o  exempt a11 i n s t a l l a t i o n s  o f  
75 MM o r  less. ' 

L' 

b 
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3.6 

3.7 

4.0 

4.1 

4.2 

4.3 

4.4 

4.5 . 

5.0 

5.1 

5.2 

5.3 

LJ 
Same as 3.5. 

Issue Ut i l i ty  Charter--Most case; do not acquire s t a t e  level 
participation other than f o r  setting r a t e  structure. The rate 
s t ructure  has t o  be approved by the Ut i l i ty  Commission. T h i s  
could take 1-6 months. A u t i l i t y  charter is necessary w i t h i n  
c i t y  limits and approval time varies b u t  usually takes 3-6 
months. 

Devel oper. 

Geophysical Exploration--Electrical requires 2-1/2 years on si te.  
Direct use required 3-18 months.* 

Exploratory Drilling--Electrical requires 2 years beginning 9 
months a f t e r  4.1 begins; d i rec t  use requires 1-6 months.* 

Commit t o  Develop--should occur a t  the end of 4.2. 

Prepare plan of Operation--Begin 9 months before 4.3 and extend 
f o r  1-1/2 on e lec t r ica l ;  begin as early as 9 months before end of 
4.3 and extend 3-18 months f o r  d i rec t  use. 

Field Development Dril l ing--Begin 9 months a f t e r  end of 4.4 or  
3.5, whichever i s  later,  and extend 1 year for e l ec t r i ca l ;  
extend from 1-12 months for direct use.* 

Ut i l i ty .  

Commit t o  Develop--If user is  different  than the developer, then  
this will occur 3 months a f t e r  4.3. 
4.3 and 5.1 w i l l  occur together. 

Prepare p lan  of Operation--Electrical w i l l  begin 9 months before 
5.1 and extend 1-1/2 years. Direct use can vary since this is  
not  always well defined i n  d i rec t  use. Usually begin before 
developer commits t o  develop fo r  decision purposes can extend 

If user is  the same, then  

3-18 months. 

Design--Electrical begins 6 months after 5.2 begins, extends 1-1/2 
years. Direct use should also begin after 5.2 and can extend from 
6-18 months. 

Thermal Supply Facility--Electrical begins a t  end of 5.3 and ex- 
tends 2 years. Direct use will s t a r t  construction on this a f t e r -  
the end o f  4.5 ( f i e ld  development d r i ? l ing )9  possibly a f t e r  5.3 
and extend from 3-18 months' 

. 

* A l l  surface exploration and d r i l l i ng  has t o  occur during the summer season 
i n  Montana. Allows only 5 months work per year. 

I 

LI 
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5.5 I n s t a l l  D is t r ibu t ion  Lines--Electr ical depends on 5.3. Di rect  
use depends on type of f a c i l i t y  and stages o f  construction. 
Space heating d i s t r i c t  w i l l  have continuous cons i on  o f  dis- 
t r i b u t i o n  l ines.  

U t i l i z a t i o n  System Construction--Electrical should occur a t  the 
same time as 5.4. Di rect  use w i l l  usual ly occur af ter  5.3 ends. 
The extent o f  construction t i m e  var ie i t h  each pro ject  wi th  a 
sample period being 12 months. 

D i rec t  Heat Application On-Line--This occurs a t  the end o f  5.6 
and D i rec t  Use can have stages o f  addi t ional  power-on-line. 

5.6 

5.7 

6.0 DOE/DGE. 

6.1 Research and Development--Direct use i s  very hard t o  plan f o r  
wi thout p r i o r  knowledge of technology avai 1 ab1 e. This step 
does not enter any o f  the Montana scenarios. 

Resource Exploration and Assessment--Scenarios were not postulated 
for imaginary sites. Future planning e f f o r t s  could analyze the 
energy needed i n  an area and postulate a reservoir.  
financed resource assessment d i d  not enter i n t o  scenarios f o r  
Montana, nor are they l i k e l y  t o  f o r  the future. 
rea l  i s t i c  mechanism f o r  project ing geothermal potent ia l .  

Hydrothermal Technology Applications DOE/DGE--This a c t i v i t y  does 
not  a f f e c t  overal l  planning e f f o r t s  f o r  Montana. 
pro jects  and other work which would benefi t  development w i l l  
undoubtedly a f fec t  the ra te  a t  which resource use progresses. 
The t iming o r  amount cannot be quant i f ied and, consequently, 
was l e f t  out  o f  Montana scenarios. Most projects w i l l  not  need 
DOE/DGE help other than funding. 

6.2 

DOE/DGE 

I t i s  not a 

6.3 
Demonstration 

6.4 Advanced Technology--Not applicable. 

7.0 DOE/AES--Environmental Base1 ine Study. Mot appl i cab1 e. 

8.0 DO I /USGS . 

Varies wi th  S i t e  Interest .  A completion 
l i s  projected f o r  J i s  does not 
i 

i r e s  3 weeks, can -- 
issue anytime. 

U' 

'b 



267 

8.22 

8.23 

Issue Explorat ion D r i l l i n g  Permit--Requires 3 weeks, can issue 
anytime a f t e r  lease. 

Issue Production D r i l l i n g  Permit--Requires up t o  1 year af ter  
submission o r  appl icat ion with plan o f  operation. 

- 

9.0 DDIJBLM. 

9.1 

9.2 

9.3 

Compile EIA/EIS Pre-Lease--Begins with appl icat ions f o r  lease, 
requires 2-3 years. 

Issue Lease--Can occur 3 months a f t e r  end o f  9.1. 

Compi 1 e and/or Revi ew--Thermal Supply Faci 1 i t y  D r i  11 i n g  and 
D i s t r i b u t i o n  Lines. This process begins w i t h  submission o f  p lan 
o r  operation prescr ib ing development. I f  a l l  goes we l l  with 
explorat ion and d r i l l i n g ,  t h i s  step can be complete 4-1/2 years 
a f te r  lease i s  issued and 'appl ies t o  la rge  projects.  The actual  
t ime required can vary from 6 months o r  less, t o  a year. This 
i s  usual ly  a milestone. 

9.4 C e r t i f y  Thermal Fac i l i t y - -A  milestone which occurs a t  end o f  9.3. 

10.0 DOI/F\tJS. 

10.1 EAR Review--This step takes 6 months and ends a t  the same time as 
9.1. 

11.0 USDA/FS 

11.1 Review EAR--ThIs srep eiiw IJI= aulllb Y....- _ _  . 

12.0 EPR. 
, 

12.1 Review o f  EIS--This step ends the same t ime as 9.1. 

~ 12.12 Same as 8.22. 

12.13 Same as 8.23. 

13.0 DOE. 

13.1 Review Pre-Lease EAR/EIS--This step ends the same t ime. as 9.1. 
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Li PENDIX B 

FUNDING SOURCES 

There are  a variety of sources available f o r  financing geothermal direct-  
use projects. Unfortunately, there is no established system under which 
a person can apply f o r  a grant or  a loan i n  the manner one migh t  approach a 
bank f o r  a car  loan. The presently available funding sources a re  usually 
operated under a proposal approach. T h i s  involves drafting a description 
of the project i n  some de ta i l ,  w i t h  submission t o  the appropriate en t i t y  
for  consideration, along w i t h  other proposals of similar nature. If 
the proposal has suf f ic ien t  merit, over and above other proposals submit ted 
a t  the same time, t h e n  this project could be funded. The funding  is 
usually done on a cost-share basis. 

, .  

ply under the proposal type 
approach is Montana's A1 ternat ive Energy Grant Program. T h i s  program is 
set up under law using a small percentage of the s t a t e ' s  coal severance tax 
revenue. The purpose being tha t  w i t h  the exhaus on of our coal resources, 
a l ternat ive energy will be needed i n  the future. his program is designed 
t o  prepare the technology necessary f o r  the conv ion. The budget f o r  
this program is small a t  the present, b u t  is designed t o  increase over the 
years. The largest  grant which will currently be considered is i n  the 
$100,000 range. There is  no s e t  matching fund requirement f o r  this program. 
The grantee i s  expected t o  supply a cer ta i  amount of funding,  services, or  
in-k ind  contributions. As mentioned above the project must be documented 
w i t h  a written description, economics, des n c r i t e r i a ,  and overall 
approach. The funding  periods are  usually held twice a year and, a t  this 
point i n  time, an average of two grants i n  the geothermal area a re  approved 
per year. T h i s  is  actually a healthy percentage since the application 

The U.S. Department of Energy-Division o f  Geothermal Energy has a grant 
program similar  t o  Montana's. 
Opportunity Notice o r  PON which asks f o r  submission of grant proposals. 
T h i s  grant program is aimed a t  stimulating d i rec t  use of geothermal pro- 
j e c t s  through demonstration f a c i l i t i e s .  The proposed project is described 
i n  detai l  us ing  the application package supplied by the Department of 
Energy. The requirements a re  usually f a i r l y  restrictive i n  t ha t  pro- 
fessional technical assistance is  required. 
once per year and grants as  h i g h  a s  2 mil l io  
Total funding f o r  t h i  ource is rather h i g h  

Federal Geothermal Lo 

A federal program establishing federally-backed geothermal guaranteed 
loans was established a f t e r  the 1970 Geothermal Steam Act, which was 
passed by Congress. I ts  purpose was t o  stimulate the development of 

In the past, i t  has issued a Program 

N is issued usually 
l a r s  have been approved. 
competition is st iff .  

U 



e lec t r i ca l  generation f r o m  geothermal sources. Under t h i s  program, an 

federa l l y  guaranteed. It takes a long t i m e  per iod t o  se t  up the mechanism. 
Reports from applicants o f  t h i s  f inancing avenue have indicated t h a t  the 
process i s  very unwieldy. Conversations with o f f i c i a l s  i n  charge o f  t h i s  
program have ind icated t h a t  the minimum prac t ica l  loan a t  t h i s  t i m e  i s  
1 m i l l i o n  dollars. A request has been made t o  the Department of E n e r g  
f o r  allowing funding o f  much smaller loans with a decrease i n  the paper- 
work required. I f  smaller, easier-to-obtain loans are available, the 
economic v i a b i l i t y  o f  direct-use projects i n  Montana w i l l  be great ly  
enhanced. 

entity may apply, v i a  much red tape, t o  a bank f o r  a loan which w i l l  be b i ' ~  

- f  

I 
Ind i rec t  Loan Avenues 

A possible s ta te  funding avenue may be avai lable under a s tate program 
which can supply small low-cost loans f o r  job creat ion i n  economically 
depressed areas. The loans are administrated through the Montana Depart- 
ment o f  Administration. The purpose o f  these loans i s  t o  help labor  inten- 
s ive industry i n  areas which have very l i t t l e  i n  the way o f  support f o r  the 
loca l  labor force. This program could be u t i l i z e d  by someone interested i n  
constructing and operating some form o f  geothermally-heated manufacturing o r  
indus t r ia l  business. An ideal  example would be a commercial greenhouse 
f a c i  1 i t y  . By nature, greenhouse operati  ons require very i ntensi ve manual 
care. A ru ra l -a rea  which had l i t t l e  i n  the way .of emplopent would o f f e r  
re l i ab le  and inexpensive labor f o r  a comercia1 greenhouse. 

The Federal Economic Development Admini s t ra t i on  makes la rge  cut-rate loans 
which can be used f o r  economically desirable business ventures. Information 
on t h i s  program i s  avai lable through a branch o f f i c e  o f  the EDA i n  Helena. 

Other funding sources are sure t o  be i n s t i t u t e d  i n  the future. There i s  
also a good p o s s i b i l i t y  t h a t  other programs which have funding can be 
adapted t o  i n  use o f  geothermal d i rec t  use. 
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