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c) FOREWORD 

Among the most c r i t i c a l  o f  problems facing our nat ion i s  energy resources. 
Though t h e w  may be minor disagreement about the speci f ics,  magnitude, and 
solut ions to these problems, there can be no question about t h e i r  urgency 
and o f  the necessi ty f o r  immediate action. I n  an e f f o r t  to, i n  part ,  re- 
solve these questions by accelerat ing u t i l i z a t i o n  o f  one o f  our renewable 
resources, the U.S. Department of Energy has developed a program o f  National 
and Regional Planning and Operations Research o f  geothermal energy resources. 

The OIT Geo-Heat U t i l i z a t i o n  Center, under contract  t o  USDOE, has evaluated 
the geothermal energy resource development potent ia l  o f  the s i x  northwest 
states of Alaska, Idaho, Montana, Oregon, Washington, and Wyoming. Our goal 
has been t o  summarize f o r  t h i s  region, on a s i te -spec i f i c  basis, the various 
factors  af fect ing development including resource data base, geological 
descript ion, reservo i r  character ist ics,  environmental character, lease and 
development status , i n s t i t u t i o n a l  factors, economics, populat ion and market, 
and f i n a l l y  po ten t ia l  f o r  development. This repor t  summarizes the known 
data base f o r  the s ta te  o f  Montana. 

As so l i t t l e  s i te -spec i f i c  geothermal resource data i s  avai lable, t h i s  then 
represents a progress repor t  i n  a young, but  r a p i d l y  developing f i e l d  o f  
knowledge. 
complete t h i s  core o f  s i t e  information and i d e n t i f y  data on new s i g n i f i c a n t  
s i t e s  i n  Montana, provide accurate information and recommendations t o  pol i c y  
and decision-makers, and u l t imate ly  t o  ass is t  i n  evolving more e f f e c t i v e  
regional and nat ional  geothermal energy programs. 

The continuation o f  t h i s  p ro jec t  now underway i s  attempting t o  

R. P. Koeppen 
November, 1979 
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GEOTHERMAL RESOURCES RELATIVE TO 
POPULATIONS DISTRIBUTION 
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INTRODUCTION 
W 

, 

Surface manifestations of geother ntana have been 
from ear l ies t  .historic accounts. The most widely known area was 
scribed by the Indians as a ''supernatural place" involved i n  the 
t i o n  of the Evi l  'Spiri t ."  Later, i t  became known as "Colter's Hell" from 
tales John Colter brought back from t rad ing  and t r a p p i n g  expeditions. I t  
i s  now known as Yellowstone National Park Another widely known area was 
discovered by Dr. Andrew Jackson Hunter. He sett led Hunter's Hot Springs 
i n  1870 because of the attractive qualities of a continuous hot water - 

ly recognition of natural 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 ta te  has had 
adequate hydroelectric and fuel-fired electr ic  energy, and o i l  and gas 
supplies have been both  cheap and readily available. As the energy sup- 
ply becomes more cr i t ical  , other forms of energy are being explored. 
Another reason for the lack of geothermal exploration i s  the disparity 
between the population d is t r ibu t ion  and hydrothermal resource location, 
as i l lustrated on Map 1. of energy increases , more inter- 
es t  i n  this resource 

Many of the s ta te ' s  e been analyzed for geothermal res- 
ervoir potential , including geologic ppi ng w i t h  hydrothermal model - 
ing .  A few small d r i l l i  occurred a t  s i tes  such as 
White Sulphur  Springs, 6 
the Centennial - Val ley. 

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 

If the Val 

o t  Springs,  and 

~ 

I 
I 
~ 

i W J  been recorded. 

I 

The remaining springs are either less t h a n  90°F o r  temperatures have not 
j 
I 

.- . 
, i i 
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The reservoir temperatures have been estimated for the major sp r ings  w i t h  

more w i t h  reservoi'r temperatures i n  excess of 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 P1 anni ng Pro- 
ject .  The emphasis for this 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  spr ing  sites i n  Montana. 

A short  description of the s ta te 's  geothermal characteristics, economy, 
and climate is presented to  give an overview of the setting i n  which de- 
velopment must take place. Further, more specific information on these 
subjects is  included under the planning regions and site specific data 
summaries. 

The Western Geothermal Planning Region was the focus of the first 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 of 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. 
sists of a very general discussion of the geothermal characteristics, a 
l i s t i n g  of the major known warm springs, and a preliminary data sheet 
for the Madison Formation resource area. 

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

The factors which influence geothermal development were researched and 
presented according t o  relative importance. These include: economics , 
financing, s ta te  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. 

projections for some as h i g h  as 183°C. The geothermometry . .  indicates many Lia' 

T h i s  con- 

Possible uses and process requirements of geo- 

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

c 
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METHODOLOGY 

esources existing i n  the s ta te  of Montana as  
defined through surface manifestations occur i n  the southwestern par t  of 
the s ta te .  A major, b u t  as yet undefined, resource is the Madison Forma- 
t ion  which covers most of eastern Montana. T h i s  d i s t r ibu t ion  of resources 
faci l i ta ted the divis ion of the s ta te  in to  the two resource regions shown 
i n  Map 2. The first is 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 state, 
which consists mostly of ro l l i ng  hills and plains.. Future studies may 
choose t o  subdivide these regions further when specific resource areas can 
be recognized. The re1 ative avai 1 abi  1 i ty  of data on surface spr ing mani - 
festations i n  the southwestern part of the s ta te  dictated t h a t  the i n 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 t h a t  any i n -  
depth study be l e f t  for future efforts.  

1 Site Selection 

In Montana, geot 1 resource areas are indicated 
lated springs which seldom appear t o  have common reservoirs w i t h  other 
spring areas. For th i s  reason, no attempt was made t o  designate broad- 
based potential geothermal resource areas, other than  the regional break- 
downs. Si te  selection . for  study was accomplished by evaluation of availa- 
ble data  describing the energy potential of the various s i tes .  O f  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. 
A 14th s i t e  enti t led the Madison Formati 

specific and iso- 
i 

was chosen t o  
tial in the easter 

cannot be 
single broad-based geothermal reservo 
Montana. In short, i t  is a wat 
w i t h  the possibi l i ty  of providi 

.western region the crust buc 
t a i n  formatian. he eastern re 

1 the s t r a t a  in t a  and occurring 

crustal heat flow 
, occurring normally i n  Montana. d eroded i n  the 

approach. . Basic characteristic data, which would define the general 
characteristics of the Madison Formation, was investigated. The type 
of information which was sought for the 13 ind iv idua l  s i t e s  included 
present activity,  resource definition, s i t e  environment, and the su i t a  
b i l  i t y  of the s i t e  for various development options. 

1 
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A l l  of the technical information and some socio-economic information i s  
presented i n  the form of data sections. These can be used a s  a start ing 
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 t o  include the author's opinions 
gained from study, a prose description of the s i t e  was written. This was 
designed t o  provide a condensed version of the data text and give impres- 
sions of development potential. 

Devel opment Scenarios ' 

I t  was necessary t o  construct development scenarios t o  describe the steps 
required t o  harness resource energy. This type of scenario consists of -a 
chart, such as the example shown i n  figure 1. The scenario includes: 
leasing phase, exploration phase, permitting phase, and many other develop- 
ment factors on the vertical axis. The horizontal axis shows years in to  
the future, from 1972-2000. Time lines are then drawn across from each 
s tep . to  i l lus t ra te  the time required for  t h a t  process, relative t o  a speci- 
f i c  project. T h i s  indicates the length of time for  the step and i t s  rela- 
t ive posit ion 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 f r o m  the scenarios are t o  be used for planning of the potential  
of the geothermal resource t o  supply energy for  s ta te  consumption. Develop- 
ment of geothermal resource requires t h a t  certain steps be followed t o  
comply w i t h  the local, s ta te ,  and federal rules and regulations. In  addi- 
t ion ,  specific physical steps such as geophysical loration and produc- 
t ion  d r i l l i n g  can be identified. These developmen teps were assembled 
by category. The s i t e  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 i n i t i a t i o n  t o  completion w i t h  power 
on l ine.  

b, 

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 i s  limited t o  one year and i s  not designed 
t o  comprehensively describe the s ta te ' s  geothermal potential This f i r s t  
activity was designed t o  describe the major known geothermal resources. 
Subsequent planning studies w i l l  take a close look a t  areas other t h a n  
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 s e t  of time factors t o  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  agencie 
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-Metrfcs on the 
same subject. 

Sources for this information were 
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The sample scenari ure l ) ,  mentioned above, i l lus t ra  a hypothetical 
development projec ich can take place on ei and or  private 
land  w i t h  a l l  other considerations being equal e seen, the federal 
p a t h  requires more time t o  accomplish the same development. The most time- 
consuming step is the preparation of an EAR o r  EIS for the federal land. 
T h i s  i s  important economically because a developer must commit lease money 
and speculate development money for a project which will be delayed from 
start ing for  2 t o  3 years. In addi t ion ,  there is no guarantee t h a t  the 
finished EAR/EIS w i l l  allow development t o  proceed. 



'3 
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physical Exploration 
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Thermal Supply 
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Construction - Energy 
Supply System 

Construction - U t i l i z a t i o  
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Construction) 
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Power On-Line MBtuh) 
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W 
mmon t o  many areas of the 

s ta te ;  normal f a u l t i n g  is  c m n  i n  western Montana. Many of the mountain 
ranges here are fault-block mountains. In addi t ion ,  high-volume aquifers, 
such as the Madison Group (Mississippian) and the Dakota Group (Cretaceous) 
underlie much of the state.  These are the necessary components for geo- 
thermal systems. The potential fo r  widespread economic geothermal resources 
i n  Montana is good. 

Thermal springs exist  i n  many areas of the state. The quantitites and tem- 
peratures of these springs vary, but  generally, the temperature i s  lower for  

The upper Yellowstone River drainage has numerous thermal springs. Ter- 
t iary intrusive bodies w i t h i n  the Beartooth Mountains may be the source 
for  these. Faults and f a u l t  systems generally provide conduits for the 
thermal discharge. Other spring areas include the Mocassin-Judi t h  Mountains 
area, L i t t l e  Rocky Mountains, and the Castle Mountain Range. The Boulder 
bathol i t h  was the s i t e  of pro1 onged vol cani c and intrusive activity during 
and a f te r  Cretaceous time. This area is known t o  contain anomalous ther- 
mal gradients. West of here i s  located the eastern par t  of the Idaho 
b a t h o l i t h ,  w i t h  thermal springs which emanate from i ts  boundaries. South of 
these two i s  located the Beaverhead area, where warm water has been located 
a t  depth. West of Yellowstone Park i s  the Snowcrest-Gravelly Range area. 
I t  i s  underlain by rocks from Precambrian t o  Cretaceous i n  age. 
sive or intrusives are shown by outcrops, b u t  this anomalous heat area 
must have a deep-seated igneous intrusion. I t s  proximity t o  the -Yellow- 
stone area shows probable t h  the Yellowstone Park volcanic 
rocks. 

No extru- 

Economy 

Agricul ture is Montana ' s 1 eadi ng i ndu 
is expected t o  p u t  increasing demands 
and insures the continued importance Montana industry. Many crops 
grow well i n  Montana, b u t  only a few have economic v iab i l i ty  because of 

. The growing world population 
ava i lab i l i ty  of food stuffs 

is cut, dried, a 
r months. A majo 

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

bd' 
c 
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harvested, (due t o  i t s  accessibility.) A number of related industries such 
as plywood and veneer, particle board, millwork and heavy products, such as 
mine timbers and u t i l i ty  poles, also contribute to the economy. 

Mineral production is 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 
batholith, which extends from south of Helena into Beaverhead County. 
Ninety percent of the five metals l is ted were mined i n  Silver Bow County. 
Copper is  the dominant metal mined i n  tonnage and total value. 

There i s  a wide variety of nonmetal minerals i n  Montana. 
sand and gravel and stone, are so widespread that they are not considered 
resources. These are used quite extensively i n the bui 1 d ing  industry . 
Some of the available nonmetals are 1 imestone (cement), gypsum (wallboard), 
vermicul i te ( i  nsul ation), phosphate ( fer t i  1 izer) , ta lc ,  and bentonite. 

The eastern two-thirds of the s ta te  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 to the surface and can be mined economically. Montana's coal has the 
added quality of being "clean" or  relatively sulfur-free. 
coal are expected t o  be feasible i n  the near future, such as substitution 
for  natural gas and motor fuel. 

Petroleum and natural gas are present i n  l imi ted  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 or  act ivi t ies  
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 a l l  the support services which supply primary 
producers w i t h  goods and services. T h i s  service industry employs the ma- 
jo r 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  
quantities of people involved. 

C1 imate 

Montana's climate is  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 of 
elevation or are subjected to  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 

annot ascend to higher  elevations since it tends to  be dense and shal- 
n depth, which keeps i t  t o  the lower elevations. Although Arctic a i r  

can be common t o  Montana i n  January, it isn't present a l l  of the time. 
For the majority of time, the northern Pacific Ocean a i r  covers Montana i n  
January. 

Some, such as 

Many uses of 

(a: 
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e change from Arcti i r  t o  Pacific a i r  is 
rized by not unusual temperature increases 

rente charac- 
to  40°F i n  a few day's 
rse change from Pacific time. 

air t o  Arctic a i r  is  equally dramatic. 
T h i s  occurrence is  called a chinook. 

The coldest temperature ever officially recorded i n  Montana and also the 48 
contiguous s ta tes  was northeast of Roger's Pass. The thermometer dropped t o  
- 7 O O F  i n  January, 1954, a t  this location. Though not noted for  being hot, the 
eastern portion of the s t a t e  is  subjected t o  occasional h i g h  temperatures. 
The highest temperature officially recorded i n  Montana was 117°F i n  July 1937, 
a t  Medicine Lake. 

Mountains have an important effect  on precipitation distribution i n  Montana. 
Elevation and distance from the mountain range are important. For ex- 
ample, the eastern edge of a valley will receive more rainfall  than the 
rest of the valley. T h i s  is caused by l i f t i n g  of a i r  by the mountain and 
prevailing'westerly winds present i n  Montana. 

The western region of the s t a t e  contains higher  mountains which character- 
i s t ica l ly  get more rain. Much of this region receives 20 o r  more inches of 
precipitation per year. I lated areas i n  the extreme western parts can get 
up  t o  100 inches per year. Distribution of precipitation for  these high-  
ra te  locations indicates that  more than 50 percent occurs dur ing  winter 
months. The normal distribution for the rest of the region allows more than 
half t o  f a l l  dur ing  the growing season. On the average, June is the wettest 
month of the year for almost a l l  of Montana. The winter precipitation i n  the 
h i g h  mountain areas is  stored i n  the form of "snowpack." T h i s  snowpack melts 
dur ing  s p r i n g  and early summer and supplies water for  the many streams which 
keep the major river systems flowing. 
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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 state.  The region was arbitrari ly drawn along 
county boundaries, and generally follows. the Continental Divide from Helena 
to  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 to 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 six most populous c i t i e s  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 to  more densely sett led areas of the U.S. , b u t  
large for Montana. Outside of the few major c i t ies ,  the population i s  dis-  
tributed sparsely throughout  the valleys and basins i n  small communities, 
most of which have less t h a n  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 o r  65,400 persons by the 
year 2000. Most of the increases will occur i n  four of the six major c i t ies .  

P hys 1’ og ra phy 

The Western Planning Region is  a part of the Northern Rocky Mountain Region 
c province. The northern portion of this region is character- 
1 1 el  mountain ranges and narrow river Val 1 eys trendi ng northwest- 
A major valley, t h e  Rocky Mountain Trench, stretching from 
d Columbia Falls i n  the north to  Darby i n  the south, breaks t h i s  

pattern. Flathead Lake occupies i t s  lowest level. The southern portion of 
the Western Planni Region shows more irregularity i n  mountain range and 
drainage patterns. his area i s  characterized by narrow portions of moun- 
tain range and clu rs w i t h  generally wider valleys, Both mountains and 

southwest i s  composed o 

The crystal 1 i ne rocks consi 
extrusive igneous, and metamorphic, and are a l l  represented i n  the southwest. 
Montana metamorphic rocks are dominantly very old (early Precambrian) rocks 
which have been changed by heat and great pressure. Gneiss i s  a common 
example. These old metamorphic rocks are exposed only i n  the southwestern 
portion of the state.  The great majority o f  surfacing geothermal phenomenon 
present i n  Montana occurs i n  this southwestern area, 

almost completely sedimentary. 

hd 
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Table 1. 

3 WESTERN REGION POPULATION STATISTICS 9 
Populat ion Projected 

Change Change 
Area ' Est. Pro jected Pop. i n  Pop. % i n  Pop. % 

County M i 2  1970 1975 1980 1990 2000 Den. . 1960-1 970 1970-1 980 

Beaverhead 5,551 
Broadwa t e r  1,193 
Deer Lodge 740 
F1 a thead 5,137 
Gal l a t i n  2,517 

Grani te  1,733 
Jef ferson 1,652 
Lake 1,494 
Lewis & 

C1 a rk  3,476 
L inco ln  3,714 

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

Powel 1 2,336 
Raval l  i 2 , 382 
Sanders 2,778 
S i  1 ver  Bow 71 5 

WESTERN 
REGION 
TOTAL 44,046 

Major C i t i e s  
Anaconda - 
Bozeman - 
But te  - 
He1 ena - 

V) K a l i s p e l l  - 
Missoula - 

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 

6,660 
14,409 
7,093 

41,981 

324,791 

9,771 
18,670 
23,368 
22,730 
10,526 
29,497 

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 

7,400 
18,500 
8,100 

43 , 300 

356 , 500 

- - - - - - 

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 

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 

I 

2 
2 

21 
9 

15 

2 
4 

11 

11 
4 

2 
1 
3 

26 
5 

3 
8 
3 

61 

8 

- - - - - 
c 

13.8 02 
-9.9 22.7 

-1 6 -13.8 
' 19.7 23.9 

24.8 23.7 

-15.2 -1.4 
21.9 39.4 
10.2 25.6 

18.8 22.9 
26 - .9  

-3.8 13.7 
-1 8.9 8.4 
-2.6 25.1 
14.9 14.3 

-1 5 14.3 

4.9 20.1 
16.8 42.3 

3.1 21.3 
-9.6 -2.6 

10.9% 14.8% 

-12.0 
14.1 
-1.8 
21 .o 
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The northwestern par f the Rocky Mountain Region is covered by old sedi- 
mentary rocks of l a t  recambrian age, shales and li  
mittently over a period covering perhaps 
ments are over 45,000 feet  thick i n  some rare. Build- 
i n g  stone is the only useful material pr ized from these rocks. 
Both sedimentary and crystalline rocks were formed dur ing  la te  Mesozoic and 
early Cenozoic times. During this time, several major tectonic events oc- 
curred w h i c h  l e f t  their  mark i n  the form of volcanic rocks and severely de- 
formed strata.  Eastern Montana was relatively undisturbed except for being co- 
vered by layers of sediment deposite s flowing from the mountains. 

During the l a s t  million years, glaci d northern Montana and ex- 
tended northwest into Canada, deepening valleys and carving sharp peaks and 
ridges. Fine si l ts ,  mud, sand, and gravel were deposited i n  large melt- 
water lakes. 

Geothermal Resources 

The Western Planning Region contains the majority of Montana's surface 
geothermal resources. Most of those can be further grouped into the south- 
ern portion of that  area. Th urface manifestations are primarily iso- 
lated, low volume hot springs. 

formed inter- 
These sedi- 

So l i t t l e  is known about detail subsurface geology i n  the complicated 
western region that 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 minor amounts of water t o  deep 
levels, o r  a major faul t  system w i t h  massive fracturing and recent i n t r u -  
sives which could supply significant quantities of hot  water. In addition, 
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 s p r i n g  areas, indicate subsurface temperatures as h i g h  as 400°F are 
possible. Presently, the highest surface temperature of any spr 
Montana, outside of Yellowstone Park, is a l i t t l e  over 180OF. 

A partial l i s t i n g  of 
included t o  i l lus t ra te  the quantity and variety of the resource. Location, 
temperature, and flow are given where availabl 
locations using numbers corresponding t o  the s 
list. The springs and wells are located according t o  drainage basins where 

he Western Planning Region is 

Map 3 shows the approximate 
ence i n  the above-mentioned 
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3. Jackson Hot Springs--sometimes c a l l e d  Jardine, township 5 S. , 
greater than 16.7 l i t e r s  per second. 
The water issued from alluvium, Te r t i a ry  sediments, Missoula 
s t r a t a  . 

I range 15 W., sect ion 25. The temperature i s  58OC. The f low i s  byi 
Elevat ion i s  6,470 feet .  

I 4. New Bi l tmore Hot Springs. See tex t .  

B i  t t e r r o o t  R i  ver Val 1 ey 

5. B lue jo in t  1 and 2, township 2 S., range 23 W., sect ion 1. Tempera- 
t u r e  29"C, f low 17 l i t e r s  per second, springs issued from Idaho 
bath01 i t h  Precambrian R i v a l l i .  Mineral analyses are avai lable.  

6. Galloagly Warm Springs, township 1 S., range 19 W., sect ion 15. 
I t ' s  49OC w i t h  a f low o f  7.6 l i t e r s  per second. A l t i t u d e  5,400 
feet,  springs issue from Idaho bathol i th .  Addi t ional  mineral analy- 
ses are avai lable.  

temperature i s  45°C w i t h  6.7 l i t e r s  per second flow. Water 
issues from the Idaho ba tho l i t h  a t  an a l t i t u d e  o f  4,440 feet .  
Addi t ional  mineral analyses are avai lable.  

7. Medicine Warm Springs, township 1 N., range 20 W., sect ion 12. The 

8 .  Sleeping Ch i ld  Warm Springs, township 4 N., range 19 W., sect ion 7. 
The temperature i s  51°C w i t h  a flow of l a rge r  than 33.3 l i t e r s  
per second. Water issued from the Idaho b a t h o l i t h  a t  two sources. 
Addi t ional  mineral analyses are avai lable.  

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 mi les east o f  Anaconda. No 
f u r t h e r  informat ion i s  known about t h i s  source. 

11. Bearmouth One and Two, township 11 N., range 14 W., sect ion 11. 
L i t t l e  i s  known about t h i s  spring. 
Madison aqui fer .  

I t ' s  o f  low temperature i n  Ule 

12. Deerlodge Warm Springs. See text .  

13. Fairmont Hot Springs (Gregson) , township 3 N. , range 10 W. , sec- 
t i o n  2. Temperature 7OoC with 16.7 l i t e r s  per second flow. The 
source o f  the water i s  the t e r t i a r y  volcanics o f  the Boulder 
ba tho l i th .  Addi t ional  mineral analyses are avai lable.  

14. Garrison Warm Springs, township 10 N., range 9 W., sect ion 19. 
i s  unknown. Temperature i s  25°C. Issues apparently from the 
Madison s t ra ta.  The water i s  cur ren t ly  not  used. Additanal spr ing 
analyses are ayailab?e. Ph-7.3 speci f ic  conductance 737. Total 
dissolved so l ids  558 mgla. 

Flow 
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15. Nimrod Warm Springs, township 11 ., range 15 W . ,  section 14. Dis- 
charge i s  6.3 liters per second. Temperature is  2 2 O C .  Source 
i s  either Cambrian or  Mississippi limestone along faults. The 
sp r ing  issues from Tertiary sedim nts. PH-7.63, specific con- 
ductance 8.56. Total dissolved sol ids 71 5 /$. Additional 
analyses are available. 

Nissler Junction, township 3 N . ,  range 8 W . ,  section 19. These 
warm sp r ings  stopped flowing approximately 1920. 
a t  5,375 feet Tertiary sediments over the Boulder batholith. 

Q u i n n s  yam Spr ings ,  township 18 N . ,  range 25 W . ,  section 9. The 
temperature is 43°C and the flow is  1.3 liters per second. The 
source water is  apparently the Precambrian Piegan. Additional 
analyses are avai lab1 e. 

16. 
They d i d  issue 

17. 

18. Warm Springs.  See text. 

Gallatin River Valley 

19. Bozeman Hot Spr ings .  See text. 

L i t t l e  Bitterroot River Valley 

20. Camas Hot Springs, township 21 N . ,  range 24 W . ,  section 3. Tempera- 
ture is  45°C w i t h  a flow larger t h a n  3.3 liters per second. Source 
o f  the water i s  probably a diorite s i l l .  Additional mineral analy- 
ses are available. 

21. Camp Aqua. Very h i g h  potential for direct  use. 

22. Symes, township 21 N . ,  range 24 W . ,  section 4. Temperature is 46°C. 
Flow is unknown. Issued from Precambrian rock. Additional analy- 
ses are available. 

and Tertiary sedim 

t i o n  28. The 

a t  a flow of 9.5 liters per second. The source of water is 
apparently the Tertiary sediments over pre-bel t rocks. 

c3 
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27. Renova Warm Springs, township 1 N., range 4 W., sect ion 32. Tem- 

informat ion is avai lable.  
perature and f low are unknown a t  t h i s  time. L i t t l e  addi t ional  LJ 

28. 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.  

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

30. Vigilantee, township 9 S., range 3 W., sect ion 22. 
higher than 32"C, w i th  a f low o f  between 31.7 and 32.6 l i t e r s  per 
second. 
Madison-Kootenai Formations. 

Temperature i s  

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

Madison River Val 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 re  i s  52.5OC. 
a l t i t u d e  4,805 i n  pre-bel t  Tobacco Root stock. 
ses are available. 

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 Ye1 lowstone. See tex t .  

Wolf Creek, township 10 S . ,  range 1 E., sect ion 9. 
i s  66.1°C 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- 
cambrian rocks. Addi t ional  analyses are avai lable.  

The temperature 
It issues a t  

Mi.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.  

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 t ional  water analyses are 
avai lable.  

The 

37. Bedford, township 7 N.,  range 1 E., sect ion 23. The temperature i s  

38. Broadwater Hot Springs. See text .  

39. Marysvi l le.  See tex t .  
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40. Plunketts, township 4 N., range 1 E. ,  section Temperature 
16.7"C, flow is 253 l i ters per second. 
minute from Precambrian Spokane rocks. 

Issue ,180 feet per hJ 

41. 

42. 

43. 

Sunnyside, township 8 N., range 3 W.,  section 16. Temperature and 
flow are unknown a t  this time. They do n o t  issue from the Boulder 
batholith. Addit ional  water quality analyses are available. 

Toston, township 4 N. ,  range 3 E. ,  section 6. 
14OC 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 .  

Warner, township 5 N., range 1 E., section 22. Temperature is 19°C. 
The flow is unknown. 
Tertiary sediments over Precambrian. 

The temperature is 
Issues a t  an alt i tude 

Issues a t  4,100 feet elevation from alluvium 

Smith River Val ley 

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

R i  ngl i ng F l  owing We1 1 area , abandoned petroleum exploration we1 1 . 
Location 46", 20 minutes, 22 seconds, l l O o ,  47 minutes, 11 seconds. 
Temperature i s  48"C, w i t h  a flow of 51 liters per second. The pH 
i s  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 Sulfer Springs. See text. 

Ye1 1 ows tone R i  ver Val 1 ey 

47. Bear Creek, township 9 S. ,  range 9 E., section 19. The temperature is  
32OC and the discharge is  The source appears 
t o  the Madison l e  additional information is  available. 

48. Chico Hot Spri S., range 8 E. ,  section 1. Tempera- 
ture is 48'C, w i t h  a discharge greater than 8.2 l i ters per second. 
Springs issued through Tertiary volcanics and sediments. The water 
is currently used for  resort purpos he waters are t h o u g h t  t o  
originate from the Madison aquifer. pH is 7.38, specific con- 
ductance is 370. 
mineral analyses 

iters per second. 

51. Montanapolis, township 6 S., range 10 E. ,  section 29. 
known about the flow or the temperature. The source i s  the Madison 
through Tertiary granite, underlain by Cambrian rock. 

Little is  
LJ 
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Region sites shown on Map re chosen fo r  in-depth 
study. Each was investigated t o  obtain a l l  of t h  s t i n g  s i t e  information, 
and this data is assembled i n  the data sheet section of each s i te  subchapter. 
A simplified presentation of re la t ive  fac ts  from the data sheets are com- 
posed i n  the Si te  Discussion. 
data sheet, o r  can be obtained from the sources noted i n  the bibliography. 

More detailed information is included i n  the 
I 

A number of the sp r ing  sites have potential fo r  commercial applications of 
t h e i r  hydrothermal resource. The most common use which can be applied t o  
many s i t e s  is commercial greenhouse production of food products. Other 
useful applications include drying processes for  hay, grain, or  vegetables. 
Alfalfa is  a l ikely candidate fo r  conversion into valuable animal feed 
pellets which are  easi ly  transportable. Potatoes and onions lend them- 
selves t o  drying and processing for shipment to  other parts of the U.S.A. 
Few of the s p r i n g s  are located near enough t o  populated areas for  direct- 
use space heating of homes. 

1 
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BARKELL S HOT SPRINGS 

Barkel 1 ' s  Hot the small community of Silver Star 
i n  southwestern Montana. The water i s  the second hottest surface source 
i n  the s ta te .  The pr ings  discharge from gravels i n  a (COW pasture about 
300 m from Barkells Plunge. 
hot water and colle t i t  i n  underground reservoirs, from which i t  is piped 
underground t o  a cooling tank used t o  f i l l  a commercial swimming pool i n  
Si 1 ver Star. 

The historic use of this area beg 
i t  was a heavily contested h u n t i n g  ground. Lewis and Clark were the first 
recorded whites t o  visit the area. 
begun i n  the mid-1800's. Silver Star was one of the oldest mining towns 
i n  the s ta te  and was 

Possible uses of this hydrothermal system include: 
homes , agricultural uses such as greenhouses and heat processing, and 
expanded resort fac i l i t i es .  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 
likely energy use potential appears t o  be w i t h  greenhouse 
on the s i t e  of the springs. 

thermal site. 
a1 ways present i n  Montana. 
i s  not  a h ighly  sensitive tourist ro te. 
such direct-use applications would most certainly be very small. 

S i t e  Description 

The recti l inear 1 
2, S., range 6 W., about 2 
Barkell ' s  is privately own 

Presently, shallow flowing wells tap the 

by many Indian tribes,  and 

Exploration for  gold and silver was 

j o r  supply p o i n t  between Virginia City 

some space h 

ppears t o  be no major restrictions on development of this hydro- 
Concerns for visual e thetics and surface water quality i s  

However , this location, although well traveled, 
Furthermore, the impact from 

i n g s  site is  section 1 of t 
35.2 km) southeast of Butte. 
cl udes about 200 acres (81 hec. ) on 

nate. A combination bar and swimming pool is  also 

he Jefferson 
ontinues nort  

Present land uses include grazing, watershed, and recreation, including 
Blue Ribbon f i s h i n g  on the Jefferson River. There is  no major change i n  
land  use anticipated for this  area. The population is  primarily engaged 
i n  ranching. Gold claims were once abundant i n  the area. 

u 
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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 v e r  Star. 
Some o f  the space heating requirements i n  the core area o f  S i l ve r  Star  
could be met w i t h  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 
requ i re  addi t ional  quanti t i e s  o f  ho t  water. 

Within 3 3/4 mi les (6 kilometers) 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 federa l l y  owned 
by the Bureau o f  Land Management (BLM) . 

&J 

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. 

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

Geothermal Resource Descr ipt ion 

The surface temperature o f  the hot  springs i s  160°F (71°C). 
chemical concentration f o r  spec i f i c  elements were analyzed t o  obta in  tem- 
perature of 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 for 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 of the  p o s s i b i l i t y  of d r i l l i n g  down t o  ho t te r  re- 
servo i r  water than i s  ava i 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 of mixing o f  the hot  water w i t h  
co ld ground water, but  they do serve for  comparison purposes. The pre- 
d ic ted  reservo i r  temperatures f o r  the Barke l 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  282OF 
(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 concentration of the spr ing i s  612 mg/a. 
The f low has been measured as high as 150 gallons per minute. 

Relat ive 

230°F (110°C) 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 o f  
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. Areas o f  recent 
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 t h  some forms o f  geothermal reservo i r  systems. Highly damaging 
earthquakes corresponding t o  i n t e n s i t y  V I  I I and higher on the modif ied Mercal 1 i 
scale have occurred w i t h i n  t h i s  be l t .  No f a u l t s  o f  recent movement have 
been measured. Most o f  the fau l ts  which do e x i s t  i n  the area were estab- 
l i s h e d  dur ing and a f t e r  the emplacement o f  the Boulder ba tho l i th .  
extensive hydrothermal a1 te ra t i on  and mineral i z a t i  on are common. 

There has been some geophysical reconnaissance work done for. the Barke l l ' s  
area. 
inc lud ing 70 kilometers 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  of temperature gradient holes i s  the next step toward i den t i f i ca t i on  
of the reservo i r  potent ia l .  

Zones o f  

Regional grav i ty ,  s i t e  grav i ty ,  and r e s i s t i v i t y  surveys o f  the region 
S i t e  spec i f i c  
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nown surface temperature of 1 6 O O F  
nted on page 27. Many of these would 

not be feasible i n  the Silver S t a r  area. Some suggested uses would include: 
aquaculture, soi l  warming, 1 imi ted space heat, animal husbandry, and green- 
house and increased recreational uses. Geothermometry estimates tempera- 
tures as h i g h  as 289OF ( 1 4 3 O C )  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. 

us animal feeds are currently produced i n  this area. 

ost 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. Geological Survey Potential Geothermal 
Resource Area (PGRA 3 . In areas, federal leases classified as such, need not 
be l e t  on a competitive basis unless overlapping applications are received. 

In 1973, Phillips Petroleum applied for leases i n  an area between Silver 
S t a r  and New Biltmore Hot Spr ing ,  a few miles northeast of Dillon, Montana. 
An environmental analysis which covered much of the BLM l a n d  i n  this area 
was prepared. Federal land was certif ied for  noncompetitive leasing, and 
six leases were issued t o  Phillips Pe i n  1975. No further leasing 
interest has devel oped. 

According t o  1 oca1 sources , P h i  11 i ps 
their  leases shortly a f te r  permission was given. The company has not re- 
leased the results of t h a t  t e s t  d r i l l i n g  a t  this  wr i t i ng .  
t h a t  the resource doesn't appear t o  be outstanding for electrical genera- 
t ion when compared t o  other areas o f  the west. P h i l l S p s  Petroleum i s  ex- 
p lo r ing  other s i t e s  and has done o further work i n  the B 
al though leases have been kept c 

oleum dril led one or  more wells on 

I t  can be assumed 

irie owners UT DcirKei  I s nut, apr-inys riave ueeii appr-uaweu auwL Lilt: puss I- 
bi l i ty  of sell ing the sp r ing  area for  the purpose of constructing a green- 
house faci 1 i ty. 

ta l  scenario for  an electrical gene 
ulated for the Silver S tar  (Ba 

addition, the U.S. Geologica 
easurements and temperature g r  
commerci a1 i nteres t for devel o 

eems possible i n  l i g h t  o 
oleum which has been ,ren 
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O F  OC 
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250 - 
240 - 
230 - 
220 - 
210 - 
200 - 
190 - 
180 - 
170 - 
160 - 
150 - 
140 - 
130 - 
120 - 
110 - 
loo - 
90 - 
80- 

70 - 
60 - 
50 - 
40 - 
30 - 
20 - 
10 . 
0 -  

- 120 

- 110 

- 100 

-90 

- 80 

- 70 

- 60 

- 5 0  

- 40 

- 30 

- 20 

- 10 

- 0  

- 

c m a 
I 
v) 
0 
a 
0 
0 
L 
a 

0 
C .- 
L 
a 
c 
0 m 

c 
- 
a 
m 
I 
L 
0 
c 

LIQUID - LIQUID: NEEDS A MINIMUM OF loo F DIFFERENCE 
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NOTE: (1) These temperature ranges are not meant to be absolute, special applications can extend a 
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. 

TEMPERATURES FOR GEOTHERMAL APPLICATIONS. L i  
Fiaure 2. 
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land has already bee ased ( P h i l l l ’ p  Scenario assump- 

1. A high-quality resource, su ectrical production of 

2. Adequate financing of the e could be developed. 
a t  l eas t  100 MW, would be discovered. 

date for  this development is estimated to be 1987, and the 
entire process should take e i g h t  years to  obtain power-on-line. T h i s  pro- 
jected development is i 11 ustrated by assuming a single event (i.e., one 
plant). No additional plants are postulated because of the large uncer- 
tainty of the existence’ an adequate resource. 
area does indicate that arge resource is available then  additional 
events could be planned. he time lines fo ts would fsllow 
essentially the same format, w i t h  a reduced on phase. The total 
development time for  the Barkell’s area i s  less than for  other s i t e s  since 
the federal E.A.R. has been completed. 

A d i  rect-area scenario involving a 5-acre commercial greenhouse faci 1 i - 
t y  for tree seedlings and produce was also postulated. Again, leasing of 
private land has already occurred, and commercial jnterest  exists. The 
assumptions which were made for this scenario 20 take place are as follows: 

If exploration of this 

1. 
2. Necessary financing would be 

Increased flow of hot  water 
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SITE LOCATION AND PHYSICAL DESCRIPTION 

..Latitude: 45 41' 47'' (31) W 

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

..Recti l inear: T. 2 S., R. 6 W. , sec. 1, CBD (55) 

. .County: Madison 

. .Adjacent Counties: 

. .Topography: The topography i s  one o f  r o l l  i ng  , general ly north-south 
trending h i l l s .  The elevations vary from 4,800 feet t o  5,300 f e e t  (1,463 
t o  1,615 meters). The B ig  Hole River j o ins  the Jefferson River south of 
the community o f  S i l ve r  Star. Sagebrush i s  the bulk of the vegetative 
cover. (71) 

..Present Land Use: The area i s  cur ren t ly  being used f o r  grazing, water- 
shed recreat ion and Blue Ribbon f ish ing.  

..Future Land Use Plans: 

..Aesthetics: Most o f  the land o f  i n t e r e s t  i s  not  exposed t o  v isual  sc ru t iny  
from t raveled roads. The previous human impact i s  qu i te  severe due t o  mining 
i n  some areas, so t h i s  area w i l l  not  be subjected t o  s t r i c t  aesthet ic require- 
ments. (71) 

Beaverhead, S i l v e r  BOW, Jefferson, Ga l l a t i n  

(71) 

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

. .Historical/Archaeological Signif icance: 
was general ly heavi ly  contested hunting grounds by many d i f f e ren t  t r i bes  o f  
Indians. The f i r s t  white men t o  enter the area were Lewis and Clark. Much 
mineral explorat ion and some mining occurred i n  the 1800's. Robber's Roost 
was located 24 kilometers southwest o f  Twin Bridges a t  Laur in ( i n  1864). 
was reputed t o  be a hangout f o r  the Plummer Gang. The Rochester H is to r i c  
D i s t r i c t  between Twin Bridges and Melrose was an important mining town from 
1863 t o  1938. 

This area l i e s  w i t h i n  the area t h a t  

It 

One o f  the o ldest  mining towns i n  the s ta te  was S i l ve r  Star. 
14.4 ki lometers northeast o f  Twin Bridges and was a major supply po in t  be- 
tween V i rg in ia  City and Helena. 

No archaeological inventory was made o f  the area, but  adjacent areas have 
several known archeological s i tes.  A t  l e a s t  one pictograph s i t e  i s  pre- 
sent i n  the adjacent area. F i f t y - t w o  archeological s i t e s  have been iden t i -  
f i e d  i n  Madison County and the po ten t ia l  f o r  fu tu re  archaeolog-ical f inds i s  
high. (43.71) 

. .Geologic Description: The o ldest  exposed rocks a t  Barkel l  Is Hot Springs 
are  Precambrian gneiss, schist,  and amphibolite. The Cambrian s t ra ta,  
which i s  commonly exposed through much o f  southwest Montana, i s  not  present 
here. Paleozoic and Mesozoic s t ra ta  have been folded, faul ted,  and a l te red  
by heat from the Boulder b a t h o l i t h i c  intrusion. 

I t i s  located 

u 
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The Jefferson Formation is the oldest sedimentary rock present. This  
carbonate formation, though normally dolomitic, i ostly limestone a t  
Barkell I s .  The appearence of the rock is  coarse1 rystall ine and 
weathers t o  a sandy yellow color. Fractures are l i f i c  and are found 
f i l l ed  w i t h  limonite and calcite. A sequence of Paleozoic and Mesozoic 
sedimentary rocks were deposited over the Jefferson Formation. 

Slightly consolidated Tertiary alluvium is present near the hot spr ings .  
T h i s  s t ra ta  i s  a few meters thick near the springs, b u t  increases to  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. 

A section of the basin f i l l ,  about 300 meters north o f  the hot springs, is 
impregnated w i t h  calcite and s i l ica  which probably was deposited by hot 
water from an extinct hot spr ing.  

Barkell's Hot Spr ing  is located along the Galena f a u l t .  The fau l t  trends 
toward Barkell's Hot Springs, b u t  cannot be identified closer t h a n  about 
100 meters from the springs. 

I. . Geophys i cal Summary: 

(48) 

Regional Gravity - Contours a t  the Valley Margin near Silver Star 
(Burfeind, 1967). 

Soil Temperature - Soil Temperature Ma 
(Goeri ng , 1975). 

Seismic Survey - Hammer Seismograph a arkell's (O'Haire, 1976) 
(Weinheimer, 1977). 

Resistivity Surveys 
(O'Haire, 1976 

Regional Gravity and Resistivity - Broad Gravity and Resistivity 
Survey of an Area 10km2 Around Barkell ' s  Ho Springs (Mal i c 1977). 

. .Geologic Hazards: h i s  area f a l l s  i n t  
elongated be l t  o f  h i  ori c, h i  gh-i ntensi 
damaging earthquakes corresponding t o  i n  
dified Mercalli Scale have occurred w i t h i n  
probable recurrence interval w i t h i n  this zone is available.  

f Barkell ' s  Hot Springs 

Direct Current Resistiv ty  of Barkell ' s  

her on the mo- 

(71) 
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RESERVOIR CHARACTER I STI CS 
Lt' 

. .Reservoir Temperature 

. .Surface: 161°F or  71.5"C (55) 

.,Subsurface: 293°F or  145°C (80) 

. .Geochemical 

SiO,: Chalcedony 230°F or  110°C Quartz 289°F or  143°C 

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

..Flow Rates: 150 gpm or 568 l / m  (55) 

..pH: 8.2 (31) 

..Total Dissolved Sol ids:  612 mgla (31) 

. . F1 u i  d Chemistry: Conductivity 
Hardness (Ca, Mg) 
Ca 
Mg 
Na 
Bicarbonate 
so4 
c1 
F 
SiO, 
B 

808 
26 mgla 

1 70 mgla 
190 mgla 
190 mgla 
31 mgla. 

110 mgla 
450 mgla 

9.6 mgla 
0.5 mgla 

5.4 mgla 

Additional analyses of various parameters are available. (31 ) 

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

. .Subsurface Area o f  Reservoir: Completely unknown. 
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LAND OWNERSHIP AND LEASING 

Federal State Pr iva te  
(Acres) (Acres) 1Acres) (Acres) Other 

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

..Land Leased 10687 10687 
4325 hec 4325 hec 
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LEASE DATA FOR BARKELL'S-BILTMORE PGRA 

b 
The following are  issued leases: 

Sec 2 (Parti  a1 ) T2S R6W 

Sec 3 (Part i a 1 ) T2S R6W 2272.57 acres M27444 

Sec 4 (Part ia l )  T2S R6W 

Sec 9 (Par t ia l )  T2S 

5ec 10 (Part ia l )  T2S 

Sec 11 (Part ia l )  T2S 

R6W 

R6W 

R6W 2175.56 acres M27445 

I Sec 14 (Par t ia l )  t2S R6W 

Sec 15 (Part ia l )  

Sec 22 (Par t ia l )  

Sec 12 (Part ia l )  

T2S R6W 

T2S R6W 637.21 acres 1927446 

Sec 14 T1 S 

Sec 32 (Par t ia l )  T1 S 

T1 S R6W 

Sec 7 (Part  i a 1 ) T4S 

Sec 8 T4S 

Sec 10 (Part ia l )  T4S 

Sec 18 (Par t ia l )  T4S 

R6W 1280 acres M27447 

R6W 

R7W 

R7W 2349.91 acres M27448 

Sec 19 (Part ia l )  T4S R7W 

R7W 

R7W 

Sec 20 T4S R7W 2041.87 acres M27449 

I 
f Sec 30 (Par t ia l )  t 4 S  R7W 

Sec 32 ' (Par t ia l )  T4S R7W 
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EOTHERMAL DEVELOPMENT STATUS 

pment Status: Barkell's Hot Spr ing  is a resort fac i l i ty  
a t  is  presently using the h o t  water to  supply a swimming pool. P h i l l i p s  

Petroleum drilled some wells i n  the area of their  leases, b u t  dates and 
results are unknown. 

present use involves shallow wells which tap the hot water and collect i t  
i n  an underground reservoir. 
t o  the swimming pool i n  Silver Star. 

From here, hot water i s  piped underground 
(48) 
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1 
I . . C1 imate 

ENVIRONMENTAL FACTORS 

W 

. . Prevai 1 ing Winds: 

. .Precipitation (Annual ) :  13 in/year o r  33 cmlyear (67) 

. .Days of Sunshine (Annual ) : 

. .Average Temperature: 

1 

Minimum: 1.8"F or  l 0 C  (67) 
Maximum: 66.2"F o r  19°C (67) 

. .Degree Days (Annual ) : 

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

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

..Air Quality: 
qual i ty  is high. Some l and  is susceptible t o  wind erosion creating dust. 
These dust storms are generally mild and infrequent. 
generated from range f i res  and trash burning. 

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

e .Water Quality: 
plied. Two excellent fishing rivers are present i n c l u d i n g  the Jefferson 
which is classified as B - D l ,  which requires'a minimum of 7.0 mg/a of dis- 
solved oxygen and i s  suitable for swimming, fishing, d r i n k i n g ,  and food 
processing a f t e r  pretreatment. Water i s  used extensively for i r r igat ion.  
Mostly private water rights. (39) 

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

Smoke is sometimes 
(71) 

Water qual i ty  i s  excellent. The rivers are snowmelt sup- 

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

..Biological: 

(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: There 
are several varieties of t r o u t  available for fishing. 

. .Endangered Species: 

Game animals include mule deer, elk, antelope. 
(71) 

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

b' 





-. -- . 

I 

1 INCH = 1.6 MILES 



38 

n southwestern Montana about two miles 
ulder. T h i s  resource area has surface 
the top 10 s i t e s  i n  Montana. The nature 
of the area make the s i t e  one of the 

f the energy potential. I ts  proximity 
a higher use potential t h a n  many other 

s i  tes . The resource range of appl i cations incl udes individual and 
d i s t r i c t  space heat, greenhouse complexes , aquaculture, growing season 
extension, and 1 i g h t  industrial and manufacturing uses. 

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 

fo r  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  
environmental controls. Visual aesthetics, slope erosion, wildlife h a b i t a t  

1 

I operating for many years i n  this location. When the nearby area was opened 
i 
I 
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The economic base for  the area includes ranching, employment a t  the Boulder 
River School and Hospital (state supported), tourism, a small number of lo- 
cal service jobs, and commuting t o  Helena for  s ta te  and local employment. 
The tourism is  based on the presence of uranium and radon health mines that  
people visit t o  receive "curing" doses of radiation for various ailments. 

An area wi th in  3-8/10 square miles (6 km) was centered around the hot 
springs, and used t o  obtain a breakdown of land ownership i n  the immediate 
vicinity. Ownership records show t h a t  43 percent i s  privately owned, 9 per- 
cent is  s ta te  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 electr ic i ty  
is  supplied w i t h  a KV l ine,  while natural gas is piped into the city. 

L~ 
6 

The general att 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  pursu ing  conversion to  d i s t r i c t  
space heat i f  i t  is  economical. Electric generation would s t i r  up more 
interest since v i s ib i l i t y  and noise would be present w i t h  t h i s  form of use. 

Geothermal Resource Description 

The surface temperature of the primary sp r ing  is  160°F (71OC). 
mometry has been performed on samples of this sp r ing  water wi th  resulting 
temperature estimates of 241'F to  289'F (116°C t o  143°C). The total 
dissotved solids are approximately 610 mg/R. T h i s  is a low concentration 
bur corrosion of iron p ipe  noted along w i t h  bui ld-up of so l ids  where 
leaks are encountered. Many springs exist i n  the vicinity of the resort 
(Diamond S Ranchhotel). Montana State University studies have mapped the 
surface geology and the results predict joint  control of the main sp r ing .  
The reservoir i s  t h o u g h t  to  be unconfined although some self-sealing due 
t o  deposition of solids has occurred. Nearby surface waters appear to  be 
the recharge source w i t h  circulation t o  depth provid ing  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 of the year which can be correlated w i t h  
surface runoff. The other springs are much lower i n  flow. The pH of the 
springs is  sl ightly alkaline a t  8.8. No geophysical data other than water 
quality has been published as of the present investigation. 

Structural studies indicate a faul t  system which could provide much more 
water than is currently seeping t o  the surface. The only known well i n  
the inmediate area is one which was d r i l l e d  i n  hopes of f ind ing  cold 
water for t h e  resort. The depth and temperature is  not known a t  this time 
but  i t  d id  not produce cold water. 

Geother- 

Potential for  Geothermal Development 

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

crzld 
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dis t r ic t s ,  and g ses. The geothermometry predict emperatures as 
h igh  as 289°F (14 be available i n  the 
d r i  11 ing  generate onf i rmi ng the presenc 
approaching this ther uses such as woo cessing, animal feed 
processing, and m 

The possible uses 
space heat f o r  the Boulder River School and Hospital, a heating d i s t r i c t  for  
a l l  or p a r t  af the town of Boulder, and a greenhouse complex located on or 
near the source 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 production of containerized t ree  
seed1 i ngs . 

reservoir temperatures 

! 
I 

I have been used fo  ny years i n  the resort for 
pool heating and also bu i ld ing  heating. The new owner would l ike t o  ex- 
pand his use of the water t o  include 

i n  the buildings for  heat. 

he land around, and including, Boul 

reenhouse and mor 

Hot Springs was clas f i ed "Val ua bl e 
Prospectively for Geothermal Resourc i n  1971 by the USGS. Federal 1 ands , 
including the Boulder Hot Springs area, were opened up for  geothermal lease 
applications Sn 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 
this overlap. The Boulder Hot Springs area was designated as a KGRA by the 
central region o f  the U.S. Geological Survey on March 19, 1975. This area 

I includes 6,343 acres of federal , private, and Bureau of land Management 
I managed property. Over one-half o f  the to t a l  KGRA is privately owned. Since i much of the Forest Service and BLM land i s  restricted t o  use, the re- 
I 
j 

! As 'noted above, t h  
l lands applications onmental Assessment Record study 
I and recommendation rest  drastically, due t o  prescribed 

ficient use of 

i 

I 

I 
i n i n g  private land  is ve 

i 
nterest was i n  the form o f  federal 

I restrictions. When the federal land was finally p u t  out for competitive 
and noncompetitive lease b ids ,  a l l  previous lease applications were w i t h -  

I 
l 

1 
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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 to  ob- 
t a i n  real is t ic  time frames for possible resource development, The proxi- 
mity of the resource t o  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 ta te  fac i l i ty  
located between the s i t e  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 t o  
be installed for the ci ty  of Boulder. T h i s  scenario used one event as a 
model to i l lus t ra te  probable development time requirements. In reali ty,  
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 to the given 
scenario would be additional time lines fo r  actual system construction, 
which would be of approximately the same leng th  bu t  staggered i n  
occurrence. 

Federal land was postulated as the resource s i t e  for this scenario. T h 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 requirements. The development of private land  
would be easier w i t h  acquisition o f  private  leases or complete ownership,: 

The federal oriented time frame, as shown, would require about nine 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 o r  more of the steps could be 
shortened o r  eliminated. The maximum energy supp l i ed  is designed a t  
14  x lo6 Btu /h r .  

A second development profile was done for a greenhouse faci l i ty .  Again, 
the use of 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 t o  
begin i n  1980, w i t h  a maximum heat supply of 40 x lo6 Btu /h r .  
scenarios, location o f  an adequate resource i s  assumed. 

In reali ty,  small projects could be gotten "on line" 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 s tudied  by the BLM and an EAR finalized. 

I t  appears that fo r  the present no electrical production projects can be 
economically justified. T h i s  i s  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 t o  protect the local 
environment. 

Lid 

' 

In both 

The direct use of t h i s  resource will be the most likely approach. The 
prospect for development of the resource for d i s t r i c t  heating should be 
very good w i t h i n  the next five years. A heating d is t r ic t ,  i n c l u d i n g  
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 fac i l i ty  w i t h i n  the next  
three years w i t h  commercial capabilities increasing by 1985. ha'i 
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ION AND PHYSICAL DESCRIPTION 

: 46 11' 53" (31 

. .Longitude: 11 2 05 * 

4 W., 10 CAB (31) 

. .County: 3efferson 

. .Adjacent Counties: Broadwater, Lewis and k, Powell, Silver Bow, . 
and Madison. 

. .Topography: Two distinct,  nearly equal , topographies are present. Steep 
mountainous portions range from 5,000 feet  to  8,609 feet (1524 m t o  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. All aspects, 
except the south, are well represented i n  the mountainous as. The valley 
aspect is generally east  and west. 

t Land Use: The present land 
agri cul ture , si 1 vacul 

w i t h  the addition o f  a reservoir for  

. .Aesthetics: Visual esthetics are n this area. As* i n  most of 
the mountainous areas of Montana, scenic beauty is a resource 'acknowledged 
by everyone and must  no t  be abuse 

(72) 

es include ranching w i t h  associated 
and recreation. 

The future should continue w i t h  the present uses 

Water quality and unwarranted noise 

ical Significance: 

the other two by 1934. 
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GEOLOGICAL/GEOPHYSICAL DESCRIPTION 

b+ 
. .Geologic Description: 
ba tho l i t h  about f i v e  miles ( 8  km) west o f  the eastern edge of the batho- 
l i t h .  The eastern margin has been described as a shallow, west-dipping 
contact between ba tho l i t h i c  and prebatho l i th ic  f l oo r .  

Boulder Hot Springs i s  located i n  the Boulder 

Two north-south trending l a t e  Cenozoic f a u l t s  occur south of the hot 
springs. The B u l l  Mountain fau l t ,  which i s  p a r a l l e l  t o  the Whi te ta i l  
Basin, could be the major s t ruc tu ra l  control  for  t h a t  basin. The amount 
o f  displacement along t h i s  f a u l t  i s  not  known. A f a u l t  located along the 
western margin o f  the Boulder River Basin and p a r a l l e l  t o  the Bu l l  Mountain 
f a u l t ,  may contro l  t h i s  por t ion  o f  the basin. This f a u l t  displacement i s  
a lso no t  known. . 

The Boulder ba tho l i t h  i n  the hot  springs area i s  a medium-grained quartz 
monzoni t e  , composed o f  orthoclase , quartz, plagioclase , b i  o t i  t e  , and horn- 
blende. Magnetite, sphene, and apat i te  are also present. The quartz mon- 
zoni te  i s  extremely a l te red  i n  much o f  the spr ing area. 
include a veneer o f  s o i l ,  colluvium, and gruss. The al luvium deposited 
i n  the many small streams i s  minimal. 

The springs emanate from cracks i n  the grani te  on the west s ide o f  the 
Boulder River. The f issures are near ly sealed a t  the surface by deposit ion 
o f  s i l i c a  and c a l c i t e  which have prec ip i ta ted  from the ho t  water over many 
years. The ho t  water i s  leaching sodium, s i l i c a ,  and calcium from the 
gran i te  along the f i ssure  wel ls  and deposit ing calcareous and s i l i ceous  
mater ia l  on the sides o f  the conduits. 

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 f e e t  (40 m) lower 
and 1,312 f e e t  (0.4 km) nor th  o f  the other vents. The vents issue from 
a l te red  quartz monzonite and various veins w i t h i n  a bowl-shaped area be- 
tween the 4,920 fee t  (1500 m) and the 4,970 fee t  (1515 m) leve ls .  Most 
o f  the vents are c lustered a t  the heads o f  three gulches. The t o t a l  f low 
has been estimated a t  1,000 gpm (3800 l / m )  , but  exact measurement cannot 
be obtained w i th  the present system. 

. .Regional Hydrology: The Boulder River i s  the major surface drainage i n  
the Boulder area. The f low i s  southeast and has a gradient o f  7.6 m/km. 
Peak discharges are re la ted  t o  spr ing and ea r l y  summer snowmelt. Low 
summer discharge i s  su p l i e d  by recharge from shallow ground water i n  
f l u v i a l  deposits. (22y 

Surface deposits 

(22) 
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..Surface: 

. .Subsurface: 

. .Geochemical : 

71°C a t  the main spring 

Si02: Chalcedony 1 0 4 O C  Quartz 1 4 3 O C  

Na-K-Ca: Na-K-1/3 Ca 1 3 5 O C  Na-K-4/3 Ca 1 1 6 O C  (80) 

..Flow Rates: 

..pH: 8.8 (31) 

Estimates range from 250- 'I 

. .Total Dissolved Solids: 410 mg/a (31) 
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LAND OWNERSHIP AND LEASING 

b 
. .Land Ownership 

. .Land Leased 

. .Highest Price Leases (Dollars/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 to  be no further interest i n  leasing federal 
lands. 

Lease sales were offered. There 

The KGRA area could be offered for lease sale  again i f  interest  
warrants. 

GEOTHERMAL DEVELOPMENT STATUS 

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

The s i te  containing the h o t  sp r ings  is 
Hot water i s  used to heat the b u i l d i  gs 

Ownership has changed hands re- 

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

The new owner of the ho t  springs s i t e  

\ 
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TITUTIONAL CO 
I 

onal Requirements: Activity on the h o t  spring s i t e  area is 
latively unrestricted a t  this time. Activities which will deposit 

U 

warm water i n  running surface waters will face very restrictive water 
qual i ty  regulations. 

..Agency and Public Attitudes: 
information dissemination could easily bu i ld  support. Most of the populace 
thinks only i n  terms of electrical production. 
negative a t  this 

. .Status of Requirements * (  i .e. EIA/EIS Requirements): The Environmental 
Impact Statement has been written and the stipulations for lease use 
established. These s t ipulat ions are very restrictive and removed much of 
the available land from use. T h i s  was accomplished w i t h  the "no Surface 
Occupancy" stipulation. Apparently, the commercial interests found the 
requirements t o  be too restrictive f o r  economic development. 

The North Boulder Drainage District and Jefferson Valley Conservation 
District have f i led a draft  EIS on the Boulder River Watershed Project. 
The plans include a 350-acre reservoir and associated i r r igat ion ditches. 
The proposed s i t e  covers parts of the noncompetitive lease areas, and 
some private land w i t h i n  the KGRA. 

Public support is low a t  this time, b u t  

n t  since no one was interested enough t o  b id  on the 
BLM attitudes are rather I 

1 lease sale. 

1 

1 

I 
I 

i 
(72) 

I 

1 

j 
i 

i 
i 

I 

1 

4 d  

1 
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ENVIRONMENTAL FACTORS 
W 

. . C1 imate 

..Prevailing Winds: 

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

. .Average Yearly Snowfall: 

..Days of Sunshine (Annual): 
weather. He1 ena (69) 

53.7 inches/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) 

. .Relative Humidity (Seasonal Peaks): 

Summer: 

Winter: 

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

The en t i re  area is i n  the Upper Missouri Air Shed. Little 
Based on s i te  observations, a i r  quali ty is 

Upper a i r  inversions may 

. .Geologic Factors: 

..Water Quality: 
c lass i f ied 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 m i n i m u m  of 7.0 mg/a of dissolved oxygen and is sui table  fo r  swim-  
ming, f ishing, d r i n k i n g ,  and food processing a f t e r  pretreatment. The 
Boulder River is  a typical snowpack fed stream. Average peak flow is 
1100 cfs .  The to ta l  water appropriation is 3100 cfs. 
luted somewhat by mine drainage and ha5 to ta l  diss6lved sol ids  of 90 mg/a t o  
330 mg/a. Prmple groundwater is available from the val ley-f i l l  sediments. 

. .Noise: 
ac t iv i t i e s  are present. There will be occasional logging.  
of noise would be sporadic and temporary. 

The en t i re  area drains into the Boulder River which is 

The river is pol- 

(39) 

No monitoring data is available but normal ranching and recreational 
The h ighe r  levels 



. . B i  o l  ogi ca l  : 

ENVIRONMENTAL FACTORS 
(continued) 

..Dominant f l o r a :  
The rangeland areas support sagebrush and several var ie t ies  of 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. 172q 

l . .Dominant Fauna: 
1 and elk. (72) 

i . . Endangered Speci es: 

1 Flora: None (72) 

I una: None (72) 
~ 

~ 

1 TRANSPORTATION AN 

Lodgepole pine i s  the major species i n  forested areas. 
I 
I 

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

l 

I 

! 
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ergy Transmission Corridors 

mission Lines: 

n Corridors o r  F a c i l i t i e s  

State Highway 281 
I Roads: U.S. I n t e r  

Adjacent t o  area 

There i s  a higher-than-normal comp 
due t o  past mining a c t i v i t i e s .  

t o f  roads within the area 

I 

I 
I 

i 
1 

I 

i 
I 
i 
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POPULATION 
j I Gd 

... General Description o f  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 activities. The town o f  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  state and local employment. 
jor  industry i s  located in  or  near Bwulder .  

Economic p u r s u i t s  include employment a t  the Boulder River 

No ma- 

I 

. .Future land Use: No change anticipated. 
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BOZEMAN HOT SPRINGS 

I c i ty  of Bozeman i n  Gallatin County, Montana. The springs issue from a 

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- 

proximity of 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 a1 low 1 arge-scal e development of a geothermal reservoir. 
Some other uses for  this s i 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 
s p r i n g  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 of the geothermal resource i n  this area. 

I thick deposit of valley sediment, about a mile (1.6 km) from the Gallatin 

! thermal sites i n  Montana. The reasons for  this rating include the close 

1 
! 

I Site Description 

The owner o f  the spring runs 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 to  Yellowstone Park, 
50 miles (80 km) t o  the south. The sp r ings  are  used for  recreation fac i l i -  
ties w i t h i n  a commercial campground. 

I 

~ 

i 

I 
1 
I 

I 
~ parcels o f  s t a t e  land near 
i 
i 
1 

I 
i 1 
] G  
i 
I 

I this area. T h i s  is partially attributable t o  the large contingent of 
college students and the awareness t o  overall energy problems and options. i I 

1 
I 

1 
i 
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Geothermal Resource Description 

The springs flow from a t h i c k  sequence of loosely consolidated Tertiary 
and Quanternary ash and sediment. The sediments are underlain by Pre- 
cambrian-age crystal 1 ine gneiss a t  unknown depth. A f au l 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 f loor  down on the 
north. Area wells indicate t h a t  Precambrian rock could l i e  a t  700 feet  
t o  900 feet (231 m t o  274 m )  below the spring's s i t  Wells more t h a n  
three miles (4.8 km) away have encountered warm water (115OF) , 40 feet  
('12 m)  above bedrock. 

The valley faul t  was postulated as  a result of dr i l l  hole data and re- 
gional aeromagnetic anomalies. Resistivity and soil temperature surveys 
of the s i t e  show well defined high temperature and conducting zones. Ham- 
mer seismic survey techniques suggest t ha t  the hot  springs l i e  a t  the apex 
of a circular outward d ipp ing  cone of calcareous cementation about 500 feet  
(152 m)  i n  diameter w i t h i n  the upper gravels. 

The surface temperature of the springs i s  130.3OF (54.6"C). The flow was 
30 gallons per minute (2 l / s ) ,  b u t  additional well dri l l ing increased the 
flow t o  as much as 75 gallons per minute (5 1/s)  w i t h o u t  pumping. The geo- 
thermometers show a range of 169OF t o  239OF (76OC t o  1 1 5 O C )  for re- 
servoir temperatures. The water i s  fa i r ly  clean w i t h  only 436 mg/a to ta l  
di ssol ved sol 5 ds . 
The reservoir potential i s  unknown, b u t  a well was dril 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 feet  
t o  130 feet  (39 m) .  The area of the reservoir i s  t h o u g h t  t o  be extensive 
in nature, with a possibility of reaching some po in t  between the spring 
and Bozeman. The reservoir should be able t o  supply significant amounts of 
water should adequate temperatures by found. 

Potential for Geothermal Development 

The possible uses for a temperature of 130.3OF (54.6OC) are shown i n  
figure 2 on page 27. Of these, the applicable uses for  the spring area 
i ncl ude aquacul ture , soi 1 warming , animal husbandry, i ndi vi dual space 
heating, and limited greenhouse fac i l i t i es .  The l i s t  i s  expanded by con- 
sidering the projected reservoir temperature of 239OF ( 1 1 5 O C )  t o  i n -  
clude d i s t r i c t  space heat, larger greenhouse f ac i l i t i e s ,  and comnercial 
processing o f  agricultural and timber products. A variety of crops, 
primarily animal feed, are grown i n  the Bozeman area. The timber industry 
uses timber from the national forest nearby. 

The possible uses which appear economically feasible for  the study area 
are space heat oriented. Subdivisions could be heated near the s i te .  
This i s  attractive since housing expansion i s  already directed toward 
the spring area and winter heating b i l l s ,  even using natural gas, are 
very h igh .  

L' 
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shown to under1 i e areas 
e and quantity, space h 

man is  possible i n  the s 

ns are more versatile i n  placement of the fac i l i ty  
and can be constructed near known reservoirs. The Bozeman area would be an 
ideal market for any locally-grown food products. The freshwater supplies, 
located nearby, wo 
The Montana market Most of the 
f ish purchased i n  Montana today i s  frozen and flown nto the state.  
is a fish processing plant located i n  Livingston w i t h  a marketing system al- 
ready es t a  bl i s 

allow cultivation of many fish farming operations. 
r fresh fish and prawns is very lucrative. 

There 

The valley is mostly private land w i t h  large, f l a t ,  open areas. There are 
no severe development restrictions which would affect direct-use projects. 

Interest i n  Development 

The sp r ing  owner has a proposal submitted t o  Montana's Renewable Energy 
Grant Program t o  d r i l l  a deep well a t  the spring s i te .  
a significant step i n  characterizing the valley geothermal resource. 
has a good possibil i ty of being funded i n  the oncoming fiscal year. 

This well would be 
I t  

The major interest  i n  development i n  the Bozeman area has been limited t o  
t h a t  of the hot s p r i n g  owner t o  further develop his resources. 
State University Earth Sciences Department has conducted measurement sur- 
veys t o  characterize the reservoir and the U.S. Geological Survey has 
shown interest  i i n d i n g  out more about the resource. The owner is  work- 
i n g  w i t h  the U.S eological Survey to  evaluate the sp r ing  sources th rough  
a sampling progr 
us ing  the resource for greenhouse production. The student population of 
the Bozeman area is interested i n  pursuing alternative energy sources and 
would provide positive influence t o  development of the geothermal resource 
as  an a1 ternative t o  consuming petroleum energy resources. 

The Montana 

There have been inquiries in to  the possibi l i ty  of 

The area i s  w i t  n a region designated "Potential Geothermal Resources 
Area" (PGRA) by the U.S. Geological Survey. T h i s  classification for 
federal land allows leasing on a noncompetitive bas 
lease applications are received. 

s overlapping 

here are no known leases of geothermal resources 

otential as a space 

compared t o  many other sites. The 
resource has a good possibi l i ty  of being area wide instead of just 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 hi the local population. The 
economic base of the area is varied enough t o  allow a number of alternatives 
for heat use. The leasing of land  is much simplified due to its private 
ownership, and development procedure is not restricted by federal o r  
s ta te  guidelines. 

The scenario which was constructed t o  characterize-the development pro- 
cess a t  the Bozeman s i t e  i s  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 rea l i s t ic  time line development p lan  
are as follows: 

&’ 

I .  Community interest  i s  present. 
2. Leasing o f  private land i s  necessary. 
3. Location of a suitable resource i s  found. 

I t  shows only a small p a r t  of the potential development since the nature of 
the resource, and thus the total potential is s t i l l  completely unknown. 
Addit ional  events of 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 first development event. The be- 
g i n n i n g  of the event i s  projected for 1982. I t  should take approximately 
nine years w i t h  complete power-on-line by 1991 a Total energy production 
would be 124 x 106 Btu /h r .  Should the resource prove t o  be extensive, addi- 
tional events would begin sooner t h a n  the end of the first development event. 
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SITE LOCATION AND PHYSICAL DESCRIPTION 

38" (31 ) 

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

I ..Rectilinear: T. 2 S., R. 4 E . ,  sec. 14, DAD -(31) 

I ..County: Gallatin 

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

..Topography: The site is  located near the Gallatin River which flows from 
the northwest corner of Yellowstone National Park, no r th  through the 
Gallatin Canyon. T h i s  river joins two others t o  form the headwaters of the 
Missouri River. 
valley which marks the intersection of six mountain ranges. The mountain 
range to  the south is the Gallatin Range and has elevations from 6,000 feet 
t o  11,000 feet (1829 m t o  3353 m) .  The elevation of the valley floor a t  
Bozeman is  4,600 feet (1,402 m). The valley is  approximately 18 miles 
(29 km) wide t o  the north and south and 15 miles (24 km) long t o  the east  and 
west. The highway does follow a continuous valley floor which extends much 
further than 15 miles. The valley floor i n  t h i s  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 

campground serving those tourists going east-west or  entering the Gal 1 a t i  n 
Canyon on the way t o  Yellowstone Park. There are  some homesites on Highway 
191 which  goes west out of 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. T h i s  area will continue 
t o  grow w i t h  additional housing for  Boz ers. A semi-residential a t -  
mosphere will be required i n  the future. 

. .Historical /Arc eological Significance: 
home of any one tribe of Indians, bu 
parties. The first recorded account a t  of Lewis and Clark 
i n  July 1805. F u r  companies attempt 
Indian opposition proved too formida 
not mining orien d, b u t  agricultura 

Bozeman and the h o t  spr ing  site are situated i n  a wide 

I 
j 

! 

l and farming as  the main occupation. Bozeman Hot Springs is  a commercial 

The Gallatin Valley was not the 
n by h u n t i n g  and war 

ap i n  the area, b u t  

Gallatin and Bridger Mountains. Thi  hfare for  Indians 
and whites from prehistoric times to  the present. Coal and coke were 
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. 
explored the mountain regions, including those around Ye1 lowstone Park. 

I t  l a t e r  served as a base from which government expeditions bj 
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, 

Historical/Archaeolo 

in Gallatin County. The county had a medium rating for future archaeological 
potential. (20, 43) 

I To date, 117 archaeo es of different types have been identified u 
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GEOLOG I CALIGEOPHY S I CAL 

eo1 ogi c Descr s occupy the south- 
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 
anticlinal folds, bounded on their  margins by prominent faults. The t h i n  

ntles of shallow Paleozoic and Mesozoic marine sediment have for the most 
a r t  been eroded away exposing Precambrian crystal l ine basement rocks. The 

Madison-Gallatin a a similar structure. 

The Madison and Gall Generally, 
the Madison-Gallatin block is  a broad area of sedimentary rocks com- 
pressed between Precambrian crystal 1 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 sequence of loosely consolidated 
Tertiary and Quaternary ash and sediment. These layers were 'produced by 
erosion and transport of sediment i n t o  the asin of the Gallatin Valley. 
Volcanic ash f a l l s  added to  these sediment The top layers of sediment 
were deposited by the present West Gallatin River, 

The sediments are underlain by Precambrian-age crystal1 ine gneiss a t  un- 
known depths. A fau l t  trending N. 85" W., is predicted t o  cross the valley floor 
a t  the northern edge of the occurrence of Precambrian outcrops, dropping the 
valley floor down on the north. 

. .Geophysical Summary: Area we1 1s indicate that Precambrian rock occurs 
about 700 feet  t o  900 feet  below the surface a t  the spring's site. Some 
we1 1 s , more than three miles away have encountered warm temperatures , 
115OF (46OC) about 40 fee t  above the bedrock. 

Ranges are a single structural entity. 

(10, 11) 

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 
Gallatin Canyon can serve to  i l lus t ra te  the problem potential. The po- 
tential for  landslides or other mass-gravi ovement is  present through- I re area. (20, 21) 

I 
! 
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RES ERVOI R CHARACTER1 ST I CS 

GiQ' . . Reservoir Temperature 

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

..Subsurface: 

..Geochemical 

SiO2: Chalcedony 169OF (76°C) Quartz 239°F (1 15°C) 
Na-K-Ca: Na-K-1/3 Ca 237°F (114°C) Na-K-4/3 Ca 169°F (76OC) (80) 

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

..pH: 9.5 (31) 

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

. . F l u i d  Chemistry: 

Conductivity 
Hardness (Ca, Mg) 
Ca 
Mg 
Na 
Bicarbonate 
so4 
c1 
F 

81 9 
28 mg/a 

130 mg/a 
83 mg/a 

130 mg/a 
50 mg/a 
10 mg/a 
63 mg/a 

8.6 mg/a 
2.4 mg/a 

..Comments and Critical Issues: T h i s  is an excellent s i te  w i t h  which t o  
promote geothermal development. Bozeman' s population pressure is i n  the 
direction of this reservoir. There i s  plenty of private land for develop- 
ment. The environment is  excellent for  greenhouse fac i l i t i es .  There is 
the availabil i ty of technical assistance from M.S.U. 

. .Subsurface Area of .Reservoir: Unknown a t  depth. 

cu i 
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GEOTHERMAL DEVELOPMENT STATUS 

Sul 
,.Present Development Status: 
seepage around well casing i s  collected i n  a 15-foot deep concrete tank 
from which i t  is pumped for  use i n  a swimming pool and laundry, and for 
space heating of a ska t ing  r i n k  and warehouse. 

The owner erected scaffolding and standpipe over the deep well t o  faci- 
l i t a t e  temperature logging by the U.S. Geological Survey under s t a t i c  con- 
ditions. 
constructed and has partially constructed channels leading from the sp r ings  
t o  the pond. 

Previous t o  d r i l l i n g  the wells, the flow rate  was about 30 gpm; a f te r  com- 
pletion of three flowing wells, the flow rose t o  50 gpm. Two of the wells 
a re  about 66 fee t  deep. The t h i r d  well was drilled adjacent t o  the tank 
t o  a depth  of 457 feet. The wells encountered h o t  water a t  about 48 feet 
and again a t  127 feet to  130 feet. A 60-gpm flow was encountered a t  the 
127-foot level, b u t  was cased off due t o  sand inf i l t ra t ion.  

-.Projected o r  Planned Development: 
proposal to  the Montana Renewable Energy program for funding t o  dri l l  a 
1,000-foot well. The purpose is  t o  assess the hot water resources a t  
Bozeman Hot Springs. The objective o f  t h i s  project i s  t o  supply a large 
quantity o f  hot water for  local uses such as space heating, aquaculture, 
and greenhouses. 

The hot water from three flowing wells and 

A set t l ing pond about one-half mile north of the s p r i n g s  was 

(8, 30) 

The hot s p r i n g  owner has submitted a 

No other development is currently planned. 
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TI ONAL CONS I DERATI ONS 

nal Requirements: The only i n  titutional requirements known 
a t  this time are  concerned w i t h  water rights (no foreseeable problem) 
and wastewater disposal (should be able to  dispose of by injection). 

ere are no apparent negative a t t  
sector. The Montana State University Earth Sciences 

Department i s  very supportive and can be relied on to assist w i t h  
development project. The State Governing Departments are also supportive. 

. .Status of Requirements ( i  .e. EIA/EIS Requirements) An 
Impact Statement f o r  the State Major Facility Hir ing Act will be required 
i f  a large-scale project should be initiated. 
development other than some time delays. 

T h i s  sho 
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ENVIRONMENTAL FACTORS \ 

&I 
. .C1 imate 

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

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

..Days of Sunshine (Annual): 

. .Average Temperature: 

(21) 

228 days of clear or  partly cloudy skys. (20) 

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

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

. .Relative Humidity (Seasonal Peaks): 

Summer: 

Winter: 

..Air Quality: Air quality is  generally good w i t h  a minimum amount o f  
man-made contaminants. Local winds scour the area periodically sweeping 
any pollution produced out of the area. Temperature inversions occur 
sporadically, collecting smoke and other pollutants locally released. 
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 mqjor 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 Gal la t in  River is classified as B-D1 by the 
Montana Water Quality Bureau. T h i s  is  a high quality designation requ i r ing  
a dissolved oxygen of 7.0 mg/a. 
recreation fishing, d r ink ing ,  and food processing a f te r  pretreatment. (39) 

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

I t  jo ins  the Madison and Jefferson Rivers t o  form the headwaters 

I t  is  suitable for bathing,  swimming, 

Gp 
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ENVIRONMENTAL 

t ly of forage including 
cultivated areas have 
cereal grains, and other 

The higher elevations in the mountains have exten 
some Engelmann spruce. 

. .Dominant Fauna: 
horn sheep, moose, and waterfow 

The wildlife includes elk, mule deer, bear, big- 
river has very good fishing. 
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POPULATION 
(.1 

. .General Description of Population: 
of  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 i e s .  A major east- 
west highway i s  located adjacent t o  the town t o  the north. This 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 s i te  
I t  

Bozeman (population 18,670)--7 miles t o  the eas t  
E n n i s  (population 500)--45 miles t o  the southwest 
Manhatten (population 8161-18 miles to  the northwest 

..Economics: 

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

is 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 
of over 50,000 fo 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 Sn the Boteman area for 
low-cost housing, such as apartments and multi-family dwellings. 

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

There is l i t t l e  i n  
Tourism is greatly depended 

The surrounding land i s  used fo r  ranching 

. .Future Land Use: The area surrounding the "Four Corners" intersection . 
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WATER HOT SPRINGS 

miles (3.2 km) west of Helena, 
ana, provided hot water t o  the Broadwate 

u n t i l  i t  closed i ts  door i n  1941 

The hot springs, ranking among the 10 hottest i n  the s ta te ,  have a very 
h i g h  potential for  use due to their geographic location. Broadwater is 
one of the very few geothermal resource areas which is located near a 
major Montana city.  
s p r i n g  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 ld ings ,  including gre 
as well as for  aquaculture, ice and snow melting. 

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

Site Description 

The hot spr ings are located i n  section 28, T. 10 N., R. 4 W 
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. The spr ing  site is sparsely populated bu t  is  
subject to  steady surburban growth from Helena. Housing is  already lo- 
cated close to  the s p r i n g  s i t e ;  
Ten Mile Creek Valley on a nch above the Helena valley floor. 

Helena is located near the mouth ,of the 

one house which, as an ex- 
eat. Another ho t  water- 
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Of the land w i th in  6 ki lometers radius of the springs, 75 percent i s  p r i -  
vately owned whi le 25 percent i s  owned by the state. Mu the higher 
elevations are administered by the U.S. Forest Service. 

Energy f o r  the area i s  supplied by natural  gas and e l e c t r i c i t y ,  Many 
homeowners are i n s t a l l i n g  wood stoves t o  provide domestic heat. Natural 
gas i s  the cheapest form of commercially avai lab le energy but, even so, 
many homeowners using i t  pay $80 t o  $100 per month fo r  heat during the 
cold winter  months. Because o f  th is ,  the loca l  populat ion may be very 
interested i n  geothermal energy. Hot  water from t h i s  source could be 
used d i r e c t l y  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 Descr ipt ion 

Broadwater Hot Springs i s  s i tua ted  on a s a t e l l i t e  of the Boulder ba tho l i th ,  
Numerous g r a n i t i c  in t rus ions  are found i n  the surrounding areas. The 
springs issue near the center o f  a near ly c i r c u l a r  igneous body. This 
in t rus ion  i s  exposed except where i t  i s  capped by recent alluvium. 

L 

Elec t r i ca l  production would, 

. 

The surface temperature is 151°F (66.2"C) and wel ls  tap the subsurface 
supply a t  a depth of about 200 feet (61 meters) w i t h  a temperature of 
154°F (67.8"C). The geothermometry indicates a possible temperature 
range o f  204°F t o  277°F (96°C t o  136OC) could be located with d r i l l i n g .  
The spring area i s  the s i t e  o f  s i x  wel ls  which were d r i l l e d  by the developer. 
The proximity o f  the wel ls  t o  each other al low t h a t  only a maximum o f  two 
may be continuously pumped. Quant i t ies  are estimated from 500 gpm t o  
2,000 gpm (32 l / s  t o  127 l / s )  whi le maintaining a s u f f i c i e n t l y  hot  tem- 
perature. The present spr ing f low i s  207 gal lons per minute (32.1 l / m ) .  

Surface r e s i s t i v i t y  a t  the 100-foot leve l  has been performed by Montana 
State Universi ty.  Hydrogeologic modeling has also been done. Of the 
s i x  holes d r i l l e d  a t  the spr ing s i t e ,  four encountered hot water, one 
supplied warm water, and one came up w i th  co ld  water. 

' 

Potent ia l  f o r  Geothermal Development 

The range o f  appl icat ions using the known surface temperatures o f  151°F 
(66.2"C) are shown i n  f i gu re  2 on page 27. 

These uses are possible, but  no t  a l l  are economically feasible. As men- 
t ioned ear l ie r ,  the topography l i m i t s  the uses which can be-made o f  the 
spr ing s i te .  The land surrounding the spr ing i s  best su i ted  fo r  home- 
s i t es  f o r  people working i n  the Helena area. There are ample s i t e s  where 
housing un i ts  could be b u i l t  wi thout e l iminat ing land from other useful  
purposes. The developer has access t o  a parcel of land near the spr ing 
area, which could be used t o  b u i l d  a 300-unit subdivision. The subdiv is ion 
could be heated w i th  a d i s t r i c t  hot  water supply system. 



hich would be i d e a l l y  su i ted f o r  the resourc 
heat the commercial gre house f a c i l i t y  located less than 
downstream f r o m  the ho t  p r ing  s i te .  The present heating 
major pa r t  of the complex o f  s l i g h t l y  less than 4 acres approaches $15,000 
per month during the peak heating periods. A p a r t  o r  a l l  o f  t h i s  heat re- 
quirement CDU be met w i t h  geothermal heat. 

A less feasib , but  much needed, a l te rna t ive  woul 
hot water  down t o  Helena and constructing a heat in 
fit o f  ex is t ing  structures t o  use the hot water. 

In te res t  i n  Development 

The Broadwater Hot Springs are.a 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 ion ,  
unless overlapping lease appl icat ions are received. The leasing o f  federal  
land i n  t h i s  area does not  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 tate land. 
avai lable 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 arise. 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 not  al low 
ind iv idual  leasing. 

invo lve p ip ing  the 
i c t  w i th  re t ro -  

The p r i va te  land i s  

’ 

adwater Hot Springs i s  nonexistent a t  
t h i s  t ime. If 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  Mo 
thermal energy 
P a1 problems d ssed e l  sewhere. 

The functional d i f f i c  es being experienced now are concerned w i t h  
disposal o f  domestic wastes. Any new housing p ro jec t  t o  be located on 
steep-sloped, t h i n  so i  1 over bedrock-type t e r r a  w i l l  requi re  centra l  
co l l ec t i on  and treatment o f  domestic wastewater Since t h i s  area i s  
about 2 m i l e s  (3  km) from the c i t y  li ty of Helena w i l l  be 
very re luc tan t  t o  extend a t runk l i n e  roadwater without annexa- 
t i o n  of the in tervening area t o  the residents of t h i s  area 
are vehemently opposed both t o  annex o the grea t ly  increased 
taxes annexation would bring, A l e s  concerns the disposal 
of the spent geothermal water. I t  may not be discharged t o  the Ten Mi le  
Creek since i t  i s  s t i l l  too ho t  f o r  the s ta te  water qual i ty standards. 
Two options are present 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 of cool ing and s tor ing the water which could then 
be used for 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 of possible disposal a l ternat ives and t h e i r  
re la ted environmental impacts would be required before t h i s  problem 
could be solved. 

na, which would r e s t r i c t  development of direct-use geo- 
The s ta te  land w i l l  be hard a lease on, due t o  
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Scenario Discussion 

i s t i c s ,  local environment, and population consideration. 
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. 
b u t  i t  will i l l u s t r a t e  the various timed development phases w h i c h  would 

A developmental scenario was constructed using the resource character- LJ 
The time lines 

These are not the only develqments which  could occur, 

be required of any development. 

The assumptions are  as follows: 

1. Private land would be leased. 
2. 

3.  

4. 
5 .  

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

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 is  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. T h i s  process cannot begin u n t i l  the s t a t e  changes i t s  leasing poli- 
cies. 

If the resource proves to  be wider spread i n  nature, t h e n  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 s p r i n g  site. Another would call  fo r  p i p i n g  that  water 
closer t o  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  likely that  it will not be ini t ia ted w i t h -  
i n  f ive years for  a variety of factors, the most important of which have 
been mentioned. The  greenhouse use is  a better prospect for  immediate 
development if  a resource could be located on the owner's land. P i p i n g  
of water to  Helena is very f a r  (10 years) into the future and depends 
wholly on the quantity and quality of additional resources. 
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. . Recti  1 i near 

..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 B i g  B e l t  Mountains and on the west 
and south by the main chain o f  the Continental Divide. The va l ley  i s  ap r o x i -  
mately 25 mi les (40 km) i n  width from nor th t o  south and 35 miles (67 km P 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: 
t i e s .  The surrounding land i s  
Much o f  the rnou inous land i s  sed for recreat ion and s i l v i c u l t u r e .  (65) 

rect ions w i t h  increased populat ion as a r e s u l t  o f  re locat ion a c t i v i t y .  
w i l l  requi re  more se es inc lud ing 

..Aesthetics: The c a1 va l ley  o r i  
the Helena Valley and Highway 12 wes 
t h i s  -area. (65) 

. .His t o r i  ca l  JArchae ogi ca l  S i  gn i  f i canc 
the past has l e f t  much ev id  
era which saw Helena become 
The Broadwater Hotel and Spa was own 
a He1 ena busi nes~man. h i s  spa, one 
was b u i l t  by Frederic h i  t e s i  de over 
hotel  closed i n  1941 de t e r i  orate 
piecemeal by i t s  owner i n  1974. 

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 -  
ed fo r  some ranching and farming a c t i v i t i e s .  

Plans: The f ure land use w i l l  fo l low the present d i -  
This 

Archaeologists have b r i e f l y  invest igated ey w i t h  estimates of 
as many as.50 t o  75 s i t e s  being present. i tes of archaeological 
s ign i f icance have been found i n  other pa nd Clark County. The 
county i s  rated ng high fu tu re  archaeologica o ten t ia l .  (43, 65) 

. .Geologic Desc Broadwater Hot Springs ed i n  a s a t e l l i t e  o f  
Boulder ba tho l i th ,  i s  w i t h i n  4 mi les (6 km) o f  thern margin o f  the 
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. Compositions vary 
from gabbro t o  d i o r i t e .  Ma'ny o f  these are intruded along o r  near f a u l t s  i n  
the country rock. 

L d  
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The sate1 l i  te body intrudes Precambrian and Paleozoic shelf sedimentary 
rocks. These rocks d i p  away from the intrusive a t 1 0  to 30. The shallow 
d i p s  suggest that only recently has the sa t e l l i t e  been exposed and erbsion 
.has not removed much of the rock. 

The faul t  trends are northeast, northwest, and east-west and have both d i p  
and strike-slip displacement. Northwest of the springs l i e  northwest-trending 
thrust faults. Much fol'ding of the Paleozoic rocks occur i n  this area w i t h  
northwest trends. 

Lid 

The hot  spr ings  issue near the center of a nearly circular igneous body, en- 
t i r e ly  composed of bioti te adamellite. The bioti te 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 t e .  The intrusion is exposed a t  the surface 
except where i t  is  capped by Quaternary gravels, some colluvium, and recent 
a1 1 uvi urn. Quaternary gravels are exposed along a narrow northeast-trending 
ridge north of the s i te .  Zones of colluvium and weathered bioti te adamellite 
up t o  a meter t h i c k  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 uvi um. 

Drill holes near the 

The intruded country rock includes the Precambrian Empire and Helena Forma- 
tions. The Empire Formation consists mostly of argillaceous shales and 
a rg 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 Summary: Isoresistivity maps, constructed a t  depths of 10 and 
30 meters, show northwest elongated zones of low apparent res is t ivi ty  i n  the 
area of the springs and t o  the northwest. T h i s  res is t ivi 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 um. 

Vents a t  the spring's s i t e  appear t o  be localized a t  a relatively low eleva- 
t i o n  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. 

I 

I Hydrogeologic modeling was also done by Michael Kaczmarek w i t h  a master's 
, thesis for Montana State University i n  August 1974. (22, 28) 

f 
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. .Land Ownership 
(6  km radius): 

..Land Leased: 

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

LAND OWNERSHIP AND LEASING 

Total Area Federal 
(Acres) (Acres) 

2560 0 
1036 (hec) 0 

0 0 

. .Tentative Lease 
Sale Dates: 

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

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

b 
State Private 

(Acres) (Acres) Other 

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

0 0 0 

..Summary of Leasing S t a t u s  and Needs: No leases le t .  State land could be 
leased through established channels. 
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GEOTHERMAL DEVELOPMENT STATUS 

n t  Development Status: The Broadwater Hot gs and the surround- 
i n g  land  was purchased by a developer (F rank  Gruber) for the purpose of 
bu i ld ing  dwellings.  He has dril led six wells on, and adjacent to ,  the springs 
t o  increase the h o t  water supply. There were four hot wells, one warm well 
and one cold well. The t o t a l  supply 
water. 

An experimental house was funded i n  p a r t  by the State 's  Alternative Energy 
program t o  be heated by the hot water. The ho t  wate UPPlY for  household 
use is  also heated geothermally. 

r ies  from 500 gpm to  2,000 gpm of hot  

No further work i s  being done. A developer wants a 150-unit subdiv is ion  
okayed, b u t  sewage restrictions are preventing further development. The 
ci ty  of Helena mus t  supply a t r u n k  l ine  t o  the area before b u i l d i n g  can 
begin. 

. .Projected o r  PlannCd Development: 
lation growth i n  this area will create a demand for the housing presently 
proposed by the developer and construction will result. 

They are not  w i l l i n g  t o  do this a t  the present. 

I t  is  assumed t h a t  eventually popu- 

There is a commercial greenhouse operation located about one mile downstream 
from the h o t  springs-which i s  interested i n  converting the heating system 
t o  geothermal heat. The potential for this use erY good Conversion 
i s  anticipated i f  a suitable quantity can by d r i l l i n g  or  supp l i ed  
by contract from the o t  springs owner. 

The proximity o f  this resource t o  urban dwell ing areas predicts future use of 
h o t  water i n  d i s t r i c t  heating. 
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ENVIRONMENTAL FACTORS 

. .Climate: Can be described as modified cont inental .  (65) 

. .Prevail ing Winds: 
(12.6 kmjh). (65) 

. .Prec ip i ta t ion (Annual): 12.2 inches (31 cm) (65) 

. .Days o f  Sunshine (Annual): 

.Average Temperature: 

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

189 

Minimum: 2OoF (-6,8OC) (67, 69 Helena) 

Maximum: 68OF (20%) 

. . Degree Days (Annual ) : 

. .RelatSve Humidity (Seasonal Peaks): 

8 , 373-9 x-year average (67) 

Summer: 28% 

Winter: 74% 

. . A i r  Qual i ty :  A i r  q u a l i t y  i s  general ly very good. Presence o f  vehicular 
t r a f f i c  and construct ion provide pa r t i cu la te  and exhaust emission contami- 
nents. Temperature inversions which d iss ipate w i t h  morning sun l igh t  are 
common. (65) 

. .Geologic Factors: 

..Water Qua l i t y :  The high mountain peaks catch and s to re  water which supply 
the surface streams. Q u a l i t y  o f  surface and subsurface water i s  good w i t h  
t u r b i d i t y  increases dur ing spr ing runof f .  Ten M i le  Creek, which i s  ra ted  as 
B-D1 by the State Water Q u a l i t y  Bureau, drains the study area. 

. .Noise: Noise associated w i t h  a centra l ized urban environment, surround- 
i n g  suburban areas, ou t l y ing  ranching a c t i v i t y  and some remote forest ,  i s  
found i n  d i f f e r e n t  sections o f  the area. The immediate study area i s  sub- 
j e c t  t o  vehicular t r a f f i c  from Highway 12. 

Some b f  the modifying fac to rs  are invasion by Pac i f i c  Ocean a i r  masses, 
drainage of cool  a i r  i n t o  va l leys from mountains, and mountain sh ie ld  i n  
a1 1 direct ions.  (37) 

(39, 65) 

, . B i  o l  ogi ca l  : 

..Dominant Flora: The immediate area above the creek i s  ra the r  dry  w i t h  
rocky so i l s .  Some species o f  bunchgrass and sagebrush dominate the f l o ra .  
The creek bottom has wil low, cottonwood, and lush  grasses along i t s  
boundaries . (65) L 
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ENVIRONMENTAL FACTORS 
(Continued) 

. .Dominant Fa 
so animal ' l i  ted. The more remote mountain area surrounding this 
study area contains mule de 
lower streams. (65) 

. .Endangered Species: 

study area i s  subject to continuous human presence 

elk, and a good trout population in the 
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TRANSPORTATION AND UTI LIT1 ES 

..Transportation Corridors o r  Faci l i t ies :  
site and provides access t o  the interstate system, running  n o r t h  and south,  
next t o  Helena (5 miles). 

Highway 12 runs adjacent t o  t h e  

POPULATION 

..General Description o f  Population: The s i te  is located about 4 miles 
from urban Helena i n  a narrow valley. The present land use of the area 
is  very res t r ic ted  due t o  steep terrain which limits useful land availa- 
b i l i t y .  Some ranching ac t iv i t i e s  are carried on.. Suburban dwellings a re  
progressing up  the valley towards this area. The nearest concentration 
is  about 2 miles from Broadwater- There is a small concentration of 
dwellings pas t  the s i te  i n  Colorado Gulch.  
located about a mile downstream from the spr ings-  

A commercial greenhouse is 

..Economics 

..Present Land Use: 
now. The par t s  of the valley which have bottom land  are used fo r  hay 
production. 

..Future Land Use: 
i n  Helena. 

The surrounding land has very l i t t l e  productive use 

Isolated parts a re  subdivided fo r  dwellings. 

T h i s  area will be used f o r  housing fo r  people working 
The potential f o r  any other use i s  small. 
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IN SPRINGS KGRA 

The Corwin Springs site is located j and adjacent to,  Yellow- 
stone National Park i n  southern Montana. Thi a has the potential of 

one o f  the very few Montana sites capable of supplying high  enough 
r the generation of electrical  energy. The f u l l  potential of this 
i r  for  direct use will probably never be realized due t o  the re- 

moteness and rugged terrain. The resource can be used for  space heating, 
fish rearing, and limited greenhouse applications n Gardner and the 
upper Vel lowstone V 

There has been inte i n g  the hydrothermal resources 
a t  Corwin Springs i n  the form of geothermal lease applications for federal 
lands. Thes have been aimed a t  electrical generation development and 
have not con dered direct-heat uses. Local interest has been minimal. 
Development i n  locations other than on prjvate lands w i l l  be subject t o  
str ict  environmental controls, Visual aesthetics, slope erosion, wildlife 
habitat, and water quality will be of prime importance. 

The Corwin Springs KGRA i s  conti 
a part  of the northern boundary near Gardiner, Park County, Montana. The 
surface manifestations of the geothermal resource are several hot and warm 
springs i n  the area. The main spring fo r  w h i  Corwin Springs is  noted 
i s  not located i n  Corwin b u t  about 1-1/2 mile (2.4 km) to  the south, 
along the Yellowstone River. The spring is k n 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, is located 
east  of Gardiner. 
riverbank about 1 m 

e National Park along 

w i t h  a resident population of 6 
Livingston, about 5 

t 7,O 

Corwin area i s  
valley is narrow 

area holds a transi 
the Northern Rocky Mountain physiographic provinces, 

The present land use of the Corwin area includes h u n t i n g ,  fishi-ng, rock 
hounding, timber production, wildlife habitat, permanent and seasonal home- 
sites, and scenic thoroughfare. 

’ 

Future land use should be similar t o  that  - 
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of the present, w i t h  increased tourism due t o  the new designation of the 
nearby Beartooth W i  1 derness Area. T h i s  additional use would increase de- 
mand for  overnight fac i l i t i es  and permanent and seasonal dwel l i n g s .  

Economic pursuits of the Corwin Springs area are limited t o  a small amount 
o f  agricultural act ivi t ies  such as ranching. The Gardiner area, 7 miles 
(11.2 km) to the south has a full-time population o f  600, b u t  supports a 
much larger seasonal population which uses the motel fac i l i t i es  a t  
Gardiner as a base for tour ing  Yellowstone National Park. The economy of 
Gardiner is  based primarily on tourism, w i t h  some support of employment 
w i t h  the Park Service and U.S. Forest Service. There are no indus t r ia l  
activit ies w i t h i n  the Gardiner area. The largest energy use here i s  
space heating and l i g h t i n g  of homes and tourist faci l i t ies .  

An area w i t h  a radius of 3-8/10 miles (6 km) was centered around the h o t  
sp r ing  area t o  be used i n  obtaining a breakdown of land ownership i n  the 
immediate vicinity. The  results were indicated that 39 percent is private, 
Forest Service controls 51 percent, and National Park has 10 percent. The 
KGM i s  exclusively U.S. Forest Service lands except for  a narrow strip i n  
the Yellowstone River Valley. 

The present energy sources include electricity, fuel o i l  , propane, and 
wood. The electr ic i ty  is  supplied via transmission line from the 
Livingston 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 local attitude toward the geothermal resource is one of dubious 
concern t o  electrical generation w i t h  the majority of the inhabitants 
unconvinced of the potential for  direct use i n  their  town. 
townspeople concerned w i t h  the local school system would like a 
geothermally-heated swimming pool for the school system. 

bi 

Some of the 

Geothermal Resource Description 

The surface temperature of LaDuke Hot Springs i s  149°F (65°C) a t  the 
main springs . The geothermometry indicates reservoir base temperatures 
i n  the range of 160°F t o  324°F (71°C t o  162°C). Some geophysical 
measurements have been done by private industry, b u t  the results are 
unavailable t o  the public a t  this time. The structural controls were 
investigated i n  a master's thesis by Eric Struthsacker of Montana 
State University i n  1976. The flow from LaDuke Hot Springs has been 
estimated a t  132 t o  500 gallons per minute (8.3 l/sec t o  31.1 l/sec) w i t h  
d i  ssol ved solids of 2290 mg/a. 

No d r i l l i n g  Tor the hydrothermal resource has occurred i n  this area. 
The structural controls indicate a major fault  intersection s t ra ta .  
T h i s  could allow the production of relatively large volumes of hot water 
which could be tapped by d r i l l i n g .  



I urface temperature 

Corwin area since the population is low. 

The possible direct  uses which are economically feasible for the study 
area include a space heating d i s t r i c t  for  Gardiner heat homes, motels 
and the schbol bu i ld ing ,  a recreational spa fac i l i  4 t h  baths and swim- 
ming pool i n  the Corwin area, and a small greenhou peration located 
somewhere between Gardiner and Corwin. If water allocation is available 
from the Yellowstone River, a trout raising fac i l i ty  is  a possible use. 

Electrical generation is  a definite possibil i ty for the PGRA area to  the 
west of Corwin Springs.  Commercial interest is  large and if  a resource 

i s  accomplished, electrical development is sure 

1 

gs area has utilized the hot  water i n  the past. The first 
commercial use was a hot water bathing fac i l i ty  which has since been dis- 
continued. There is no present use of he hot water from LaDuke Hot 
Springs . 
Federal land including the Corwi prings area, were opened for geothermal 
lease applications i n  January 1974 Appl i cations were recei ved from a t  
1 east seven individual s and companies. Several o f  the appl i cati ons were 
overlapping, indicating competitive interest, w i t h  numerous other non- 
over1 appi ng 1 ease appl i cati ons f i 11 ed i n  the area i n  subsequent months. 
As a result  of this display of competitive interest  and known geologic 
c r i te r ia ,  the a 

I 

I 
I 
j 1 
1 

79 or  the beginning of 1980. 
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There 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. 
lack o f  interest  pressure may also be a result of the ava i lab i l i ty  of other 
higher potential s i t e s  i n  the western United States, 

Rest ri c t i on5 t o  De vel opment 

The Corwin Springs KGRA i s  located very closely t o  the new Beartooth 
Wilderness Area.  This fact  could influence lease stipulations 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 i s  important since 
the Yellowstone River Valley i s  a major entrance t o  the National Park. 

Scenario Discussion 

The soci a1 and economic envi ronment of the Corwi n/Gardi ner area combined 
w i t h  the known qual i ty  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. The 
small population base and limited private land available res t r ic t s  the 
level of direct use. The development event which was projected describes a 
dis t r ic t  space heat f o r  Gardiner w i t h  a potent ia l  for  7 x l o6  B t u / h r  ca- 
pacity. T h i s  use could t a p  hot  water reservoirs on private land thereby 
eliminating the federal permitting requirements. 

There appears t o  be ample private land available for  lease which could be 
used t o  supply a l l  the heat energy, t h a t  the Corwin Springs/Gardiner area 
can use. Municipal interest  and location of a suitable reservoir are 
addi t iona l  assumptions. The starting date is 1982 w i t h  5 years required 
for  completed development . 
An electrical production scenario was also constructed t o  i l lus t ra te  develop- 
ment times for on-line operation of a 100-MW generation fac i l i ty .  Since 
the interest  is already evident, the only assumptions necessary are t h a t  
the EIS does not res t r ic t  development t o  a discouraging level and t h a t  
adequate reserves of heat energy are located. 

The start ing date i s  expected t o  be 1986 which includes a l ag  time before 
EIS is started. The f i r s t  event should take 9 years. 
would depend on the resource extent and are vir tual ly  the same w i t h  a 
reduced permitting time lag .  

Subsequent events 



. .County: Park 

. .Adjacent Counties: Gal la t in ,  S t i l lwa ter ,  Swe rass, Carbon 

..Topography: LaDuke Hot Springs issues across the road Highway 89) from 
the Yellowstone River. The va l l ey  i s  f a i r l y  narrow here I 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 fee t  (3182 m) above 
the r i v e r  l eve l  of 5,115 f e e t  (1559 m). 
w i t h  1 i ttl e topsoi 1 . 
Terrain i s  broken. 

..Present Land Use: The present land uses are timber production, w i l d l i f e  
habi ta t ,  recreat ion (nonvehicular i n  fo res t  areas) inc lud ing hunting, 
f ish ing,  rock hounding. There are permanent and seasonal dwellings. The 
highway i s  a major scenic thoroughfare. 

..Future Land Use Plans: 
establishment o f  the  Beartooth Wilderness. 
country recreat ion w i t h  increased support services and possibly f u r t h e r  
loca l  subdividing f o r  recreat ional  and permanent housing. 

..Aesthetics: Visual resources are very important i n  t h i s  area, p a r t i c u l a r l y  
f o r  the area adjacent t o  the highway. The highway i s  the northern entrance- 
way t o  Yellowstone Park and i s  open year-r 
qu i te  not iceable and us important. (61) 

. . H i  s t o r i  ca l  /Archaeol The Yellowstone Park area was 
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 
stor ies.  o f  the strange landforms i n  t h i s  area. Very l i t t l e  a c t i v i t y ,  
other than uses establ ished by the Indians, occurred u n t i l  gold was dis-  
covered i n  1866 a t  the head o f  Bear Gulch. It was hand-mined u n t i l  1884 
when hydraul fcal  ly-operated mining was pract iced u n t i l  1886. The mining 
town o f  Jardlne located about 6 mi les south o f  Gardiner was established 

Slopes are general ly very steep 
here i s  much outcropping o f  rock on the slopes. 

I 

(61) 

Increased use o f  the area i s  probable w i t h  the 
This would be l i m i t e d  t o  back- 

(15, 61) 

u r ing  aesthetics are 

i c a l  Significance: 

during t h i s  per iod.  

F i f t y - s i x  arc The 
fu tu re  archaeologi 
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GEOLOGICAL/GEOPHYS I CAL DESCRIPTION 

. .Geologic Description: The surface manisfestatiorr of t he  geothermal re- 6j 
source i s  a f lowing spr ing along the Yellowstone Ri-ver c a l l e d  LaDuke Hot 
Springs, which issues i n  a long concrete tank beside the highway. There are 
addi t ional  springs issu ing along about a mi le  o f  r i v e r  bank. 
there are warm water discharges i n  Bear Creek about 1.5 mi les (2.4 km) nor th  
of Gardiner. The town of Gardiner has a few warm spots where snowfall melts 
very rap id ly .  

..Geophysical Summary: Studies o f  the geologic record of the Gardiner area 
suggest t h a t  seismic a c t i v i t y  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 s t ress system during the middle Eocene time. These stresses were 
most ac t i ve  dur ing the Pliocene and have continued i n t o  the Holocene. The 
Gardiner area i s  a p a r t  o f  the Intermountain Seismic Bel t .  This 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 i s  evidence of 
f a u l t  movement and associated earthquakes w i t h i n  the l a s t  200 years. 
a c t i v i t y  is expected and continuous monitoring of the area i s  conducted. 

Speci f ic  geologic mapping of the area has been done by Montana State Univers i ty  
through a master's thes is  by E r i c  Struthsacker (1976). 

I n  addi t ion,  

(57) 

Future 
(61) 

. . Geoiogi c Hazards : 



Corwi n Geol o w  
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 recambrian crystal l ine rock (the Beartooth block), bounded on 
the southwest by the Gardiner reverse fault ,  borders the thermal area on the 
north and eas . 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 crystalline basement before Tertiary times. The lithology 
includes limestone, dolomite, and lesser amounts of c las t ic  rock. Andesite 
and dacit ic flows, mudflows, and volcanic breccias of the Eocene Absaroka- 
Gallatin volcanic f ie ld  underly large areas of both uplifted blocks. The re- 
gion is quite mountainous, w i t h  as much as 5,000 feet of relief above the 
Yellowstone River valley floor. A layer of glacial till  and alluvium covers 
the valley floor and walls. 

I 
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RESERVOIR 

..Reservoir Temperature 

CHARACTERISTICS 

..Surface:. 65°C a t  the main sp r ing .  (80) 67.5"C (31) 

..Subsurface: 

..Geochemical: 

Si02: Chalcedony 71°C Quartz 101°C 

1 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) i 
I . . F l u i d  Chemistry: 
, 
1 Conductivity 
j ~ Hardness (Ca, Mg) 
I Ca 

Mg I 
Na 

1 Bicarbonate 

I 

I 
I 

I 

I so4 
c1 
F 
Si02 
B 

1 

2600 
1100 mg/a 
330 mg/a 
61 mg/a 

240 mg/a 
281 mg/L 

1400 mg/a 
42 mg/a 

45 mg/a 
480 mg/a 

3.5 mg/a 

Additional analyses of various parameters are available. (31 ) 

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

..Subsurface Area o f  Reservoir: Completely unknown. 

~ 
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LAND OWNERSHI 

Total Area Federal State Pr ivate  
U 

(Acres) (Acres1 (Acres) (Acres) Other 

. .Land Ownership: 20,349 17,149 0 3 , 200* 

..Land Leased: 

(8235 hec) (6940 hec) (1295 hec) 
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LEASE DATA FOR CORWIN-CHIC0 KGRA 

Burlington Northern, Inc. 

Leases Applied for: 

Sec 13 T6S 

Sec 24 T6S 

Sec 10 T6S 

S1/2, Sec 9 T6S 

Sec 8 T6S 

S1/2, Sec 7 T6S 

Sec 15 

Sec 16 

Sec 17 

See T8 

Sec 26 

Sec 34 

Sec 35 

Sec 3 

Sec 4 

Sec 9 

Sec 14 

Sec 23 

Sec 27 

Sec 33 

Sec 11 

Sec 12 

Sec 3 

T6S 

16s 

T6S 

T6S 

T6S 

T6S 

T6S 

T7S 

T7S 

T7S 

(Partial ) T6S 

(Partial) T6S 

T6S 

T6S 

T6S 

T6S 

T9S 

R8E 

R8E 

R9E 

R9 E 

R9E 

R9E 

R9E 

R9 E 

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 

540 

M27459 

281.41 

523.43 M29278 

648.56 

638.38 

640 M29279 

640 

664 M27462 
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LEASE DATA FOR CORMIN-CHIC0 KGRA 

Leases Applied For: 

Sec 35 T8S R8E 640 

T8S R8E 640 M27878 . 

Sec 2 (Part i a1 ) T8S R8E 1274 

Sec 1 R8 

Sec 22 T8S R8E 640 Corwin M27879 
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GEOTHERMAL DEVELOPMENT STATUS 

..Present Development Status: 
n a l l y  piped t o  Corwin Springs f o r  use i n  spa type f a c i l i t i e s .  The hot  water 

A study o f  the s t ruc tu ra l  cont ro ls  was done by E r i c  Struthsacker (MSU, 1976). 

..Projected or Planned Development: There i s  no a c t i v i t y  present ly occurr ing 
o r  planned f o r  t h e  future. The community o f  Gardiner i s  located nearby and 
some o f  i t s  c i t i zens  have expressed i n t e r e s t  i n  a geothermally-heated pool 
and school bu i ld ing  complex. I n  addition, there i s  a land owner near Gardiner 
who i s  in terested i n  bu i ld ing  a greenhouse t o  supply f resh vegetables f o r  t h a t  
community. He i s  present ly considering so la r  power bu t  warm springs are lo- 
cated on h i s  property. 

The hot  water from LaDuke Hot Springs was o r i g i -  

~ i s  present ly unused. 

INSTITUTIONAL CONSIDERATIONS 

. . I ns t i t u t i ona l  Requirements: The E I S  w i l l  undoubtedly consider aesthet ic  Val- 
ues o f  t h i s  area. The t e r r a i n  i s  steeply sloped which w i l l  p r o h i b i t  some de- 
velopment avenues. The Beartooth Wilderness area recent ly  designated w i l l  
have sane e f f e c t  on possible development s l tes.  The water q u a l i t y  o f  the 
Yellowstone River and i t s  t r i b u t a r i e s  i s  considered prime f i s h i n g  waters and 
w i l l  have t o  be ca re fu l l y  watched. 

..Agency and Publ ic Att i tudes: 
t i o n  i s  present. Nonelectr ical  use would be we l l  received on p r i va te  land. 

A general ly low i n t e r e s t  i n  e l e c t r i c a l  genera- 

. .Status o f  Requirements (i .e., E I A / E I S  Requirements): 
pact  Statement w i l l  have t o  be w r i t t e n  f o r  the Corwin Springs KGRA before any 
leas ing a c t i v i t y  can occur. This process should be very near completion i n  
the  1980s. 

An Environmental Im- 



94 

showing mixture of easter ly  , south- 
d increases i n  the winter  

: The p rec ip i t a t i on  var ies from 8 inches (20.3 cm) 
e r  va l ley  t o  40 inches (102 cm) on Sheep Mountain. 

ays o f  Sunshine (Annual): Ju ly  and August average about 75 percent 
sunny days whi le  June and September get close t o  65 percent o f  the days 
sunny. The r e s t  o f  the year averages only 40 percent sunny days. 

ary minimum average temperature i s  9.0°F. 

Maximum: June maximum average temperatur 
1 

I I Days (Annual): 10,986 (68) 
j 

asonal Peaks) : 
I 
I 

en 12% and 100%. (68) 
I 

i 

. . A i r  Qual i ty: 

. .Geologic Factor 

..Water Qua l i t y :  
c l a s s i f i e d  as a "Blue Ribbon" t r o u t  stream. The water use o f  the Yellowstone 
i s  i r r i g a t i o n ,  domestic 

I 

l 

The e n t i r e  area drains I n t o  the Yellowstone-River which i s  

4 
I 

I 
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ENVIRONMENTAL FACTORS 
(continued) 

b. 
. .Endangered Species: 

F.lora: None 

Fauna: There are no endangered species but the grizzly bear i s  a threatened 
s peci es. 

j 

TRANS PORTAT I ON AND UT I L I TI ES 

. .Utili'ty or  Energy Transmission Corridors and Facili'ties 

Power Transmission Lines: 50-KV 1 ine from Livingston down the Yellowstone 
Valley, past Gardiner to Jardine. 

... Transportation Corridors o r  Facilities 
I Roads: US Highway #89 Adjacent t o  study area. 

Short" private road systems i n  the study area. 
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I 

I 

mountains surrounding the Yellowstone Valley are rugged and can only be used 
f o r  recreation. Past recreat ion use has been l i m i t e d  but  w i th  the advent 
o f  the Beartooth W i  1 derness est, increased area use i s  anticipated. 

. .Future Land Use: The inc  creat ional  use t o  be associated w i t h  the 

i 
i 

I 

i 
~ 

t h a t  a s i m i l a r  i n t e r e s t  

i 

i 
I 

1 

I 

j 
I 

I 

I 
~ 





. The prison and 

sett led i n  the la te  1800's. The springs were used a t  t ha t  time t o  heat a small 
piece of land on which potatoes we 

The relative potential of heat production of these springs compared t o  others 
i n  the s ta te  is low. The sp r ing  temperature and flow are now adequate fo r  
many uses, however, the prison ranch is 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- 
cul tural  growing faci 1 i ty.  This results a rather high-use potential f o r  
the s i te .  

The prison ranch has submitted a Program Opportuni ty  Notice proposal t o  the 
U.S. Department of Energy t o  obtain funding for developing the spring re- 
sources. The Montana ureau of Mines an gy i s  providing suppor t  w i t h  
geophysical surveys. 

t water withdrawal w i  11 
Another restriction would 

Site Description 

operation. Farther down i n t o  the valley some f ie lds ,are  irrigated t o  produce 
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hay f o r  winter  c a t t l e  feeding and other ag r i cu l tu ra l  products. A pr ison fa- 
c i l i t y  and ranch bui ld ings are about 4 mi les (6 km) f r o m  the spr ing s i t e .  
The land i n  the regional area i s  a lso ranch and agr icu l tu re  oriented. The 
c i t y  o f  Deer Lodge has some s ta te  governmental agencies which contr ibute t o  
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 p ic tu re  seems stab le w i th  no ant ic ipated future changes. The land 
ownership within a 6-kilometer radius i s  44 percent federal, 40 percent 
state, 16 percent p r i v a t e l y  owned. A greater por t ion of the va l ley  area 
i s  p r i v a t e l y  owned. 

The town o f  Deer Lodge i s  supplied w i t h  natural  gas v ia  p ipe l ine  and e l e c t r i -  
c i t y .  The pr ison complex uses natural  gas and e l e c t r i c i t y  both for  heating 
purposes. The high cost o f  heating i n  t h i s  area using the commercial f o m s  
o f  energy i s  o f  concern t o  the l o c a l  population. I n  addit ion, the s ta te  o f  
Montana had mandated a 10 percent reduction i n  energy consumption f o r  i t s  
f a c i l i t i e s .  These factors  should serve t o  provide an awareness o f  geothermal 
energy f o r  d i r e c t  use. 

Resource Descr ipt ion 

There are three warm springs supplying warm water a t  t h i s  s i t e .  The combined 
f low exceeds 70 gal lons per minute (4.4 l / s ) .  
72°F t o  82°F (22°C t o  28"C), w i t h  geothermometry predict ions o f  reservo i r  
temperatures i n  the 162°F t o  205°F (72°C t o  96OC) range. The t o t a l  d is -  
solved soTids i s  low a t  193 mg/&. 

The reservo i r  loca t ion  and depth i s  being invest igated through geophysical 
means a t  t h i s  time. The reservo i r  i s  bel ieved t o  be within 500 fee t  (152 m) 
o f  the  surface a t  the spr ing s i t e .  No d r i l l i n g  has occurred i n  the area t o  
support t h i s  project ion.  The po ten t ia l  o f  the reservo i r  t o  supply hot  water 
i s  completely unknown. 

Potent ia l  f o r  Geothermal Development 

L d  

The temperature range is  

The possible appl icat ion o f  the resource using the present surface temperature 
i s  very l im i ted .  Very l i m i t e d  space 
heating capab i l i t y  ex is ts .  

Heat pumps and aquaculture are possible. 

The geothermometry estimates are f o r  more than adequate heat ex t rac t ion  tem- 
peratures t o  be avai lab le a t  depth. The upper l i m i t  of 250OF (1211°C) i s  very 
sa t is fac to ry  f o r  any type o f  space heating appl icat ion.  It i s  i d e a l l y  su i ted 
t o  the desired uses o f  greenhouses, domestic space heat, animal housing, crop 
season extension, and accelerated methane production. 

I n te res t  i n  Development 

The spr ing water i s  unused a t  present. It has been used recent ly  for  bathing 
purposes fo r  work crews which used t o  stay a t  the s i t e  fo r  extended periods. 
The Department of I n s t i t u t i o n s  owns the land and should encounter no problems 
i n  using the resource from a minerals ownership standpoint. The pr ison ranch 
management i s  in terested i n  bu i ld ing  a greenhouse f a c i l i t y  capable of 
supplying vegetables t o  the state-owned ins t i t u t i ons ,  which could re- 
duee food costs. The pr ison ranch cur ren t ly  supplies beef and m i l k  t o  s ta te  b 
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insti tutions.  The dis 
a wider range of foods 
stages would include h 
of the fact  t ha t  animals which do n o t  have t o  produce heat for  survival ga in  

t o  methane gas. This s i t e  would be easily adaptable t o  this  use. A l l  of the 
above uses could be cascaded t o  extract the maximum amount of heat. 

The Program Opportunity Notice (PON) submitted by the prison ranch i s  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- 
nit ion is performing sefsmic, gravity, and resist ivity measurements t o  further 
identify the geology and structure of the s i te .  A regional approach t o  geo- 
physics i n  the area between Deer Lodge and Warm Springs i s  being financed by 
the Montana A1 ternative Energy Program. 

Restrictions t o  Development 

bution network could remain the same while supplying 
1 ong w i t h  the agri cul ture, additional development 
d animal husbandry f ac i l i t i e s  t o  take advantage 

1 

J 1 

weight much faster.  There i s  interest  f r o m  various ent i t ies  i n  funding  
methane production u n i t  using thermophilic microorganisms t o  convert manure 

I 

I 

his s i t e  i s  closed t o  public mineral exploration except by specific license 
ue t o  s ta te  institutional ownership. The only restrictions which would af-  I 

fect  this project i s  concerned w i t h  water rights definition. While the s ta te  
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 ,  or  private area is available for exploration. 
There are no known environmental factors which would prohib i t  geothermal 
development . I 

, 
I 
I 
I 

1 
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SITE LOCATION AND PHYSICAL DESCRIPTION 
ccd 

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

..Longitude: 112 53' 11" (36) 

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

. .County: Powel 1 

. .Adjacent Counties: 
Jefferson. 

..Topography: The Deer Lodge Valley is a basin trending 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 t s  tributaries drain 
the valley i n  a northerly direction. 

The main topographic features are a broad lowland, the Clark Fork flood 
plain bordered by low-fringing terraces that are, i n  t r u t h ,  bordered by 
broad, high terraces which slope gently upward t o  the mountains. The 
high  terraces have been mostly obscured i n  the south end of the valley by 
erosion and by recent deposition of g r e a t  coalescent fans radiating out- 
ward from the mouths of various tributary canyons. 

The warm sp r ings  are located on the western edge of the valley a t  the 
5,768-feet (1758-111) level on both sides of a tributary of the Clark Fork 
River. (64, 78) 

..Present Land Use: The s i t e  is located on the s ta te  prison ranch. 
used for  animal grazing and some hay production. The surrounding area is used 
for timber harvest, mining,  grazing, and recreation. The foothi l l  slope is  
a l l  prison ranch w i t h  the higher elevations belonging to  the U.S. Forest 
Service. Below the prison ranch land is used for agricultural support of 
ranching. (64) 

. .Future Land Use Plans: The site will 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 t h e  surrounding area. 

..Aesthetics: Most of the mountain area s timber covered, typical of 
forested mountian areas i n  the state. A of the area bordering the valley 
i s  subject to s c e n k  use. The  h igher  ri es and peaks can also be seen 
from the valley highways. Although this area is not specifically known for 
i t  scenic beauty, any change must consider t h e  altered appearance. 

(36) 

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

I t  is 

(CJ 
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SITE LOCATION AND PHYSICAL DESCRIPTION bd (continued) 

. .Historical/Archaeological Significance: 
served as a main travel route for several Indian tribes on their way t o  and 

this same route. 

No archaeological sites have been discovered i n  Deer Lodge County although 
the area is  rated as h i g h  f o r  future discovery potential,. 

The Upper Clark Fork River Valley 

I 

I area. I t  has been populated continuously since. (64) 

from buffalo country t o  the east .  Early day trappers and fur traders followed 
In 1852, gold was discovered which led t o  settlement of the I 

I 

I 

(45) 



GEOLOG I CAL/GEOPHYS I CAL DESCRIPTION 

L 
..Geologic Description: The mountains east of the Deer Lodge Valley are 
formed p r imar i l y  of Cretaceous sedimentary and volcanic rocks , and lower 
Te r t i a ry  grani t ics .  Those mountains t o  the west of the va l ley  are formed 
o f  Precambrian t o  Cretaceous sedimentary rocks and a core of lower 
t e r t i a r y  g r a n i t i c  rocks. Geophysical data ind icated t h a t  the va l ley  i s  
a deep graben which formed i n  ea r l y  Te r t i a ry  time a f te r  emplacement o f  
the Boulder and Phi l ipsburg bathol i ths.  
va l ley  was p a r t l y  f i l l e d  t o  a maximum depth of more than 5,500 f e e t  
(1650 rn) w i t h  erosional de t r i t us  t h a t  came from the surrounding mountains 
and was interbedded w i th  minor amounts of volcanic pyroclast ics.  This 
mater ia l  was deposited i n  a large var ie ty  o f  l oca l  environments resu l t i ng  
i n  extremely var iab le 1 i thology. The deposits grade from unconsolidated t o  
we1 1 -cemented and from c lay  t o  boul der-sized aggregates. The s t ra ta  dips 
gent ly towards the va l ley  ax is  i n  most of the area but along the western 
margins o f  the va l ley  they d ip  steeply i n t o  the mountains. 

During the Te r t i a ry  period, the 

The main source o f  ground water i n  the Deer Lodge Valley i s  the upper few 
hundred fee t  o f  unconsolidated va l ley  fill. Most of the ex i s t i ng  wel ls  
drawing from these deposits range i n  depth from a few feet t o  250 f e e t  
(75 m). ,Water leve ls  range from somewhat above land surface ( i n  f lowing 
wel ls)  t o  about 150 fee t  (45 m) below. (78) 

..Geophysical Sumary: The USGS performed a gravimetr ic survey i n  1961. 
s u l t s  are contained i n  the Water Supply Paper 1862, along w i th  geologic map- 
ping from ae r ia l  photographs. 

The geology o f  pa r t  o f  the area was mapped i n  a Doctor ia l  thesis by Thomas 
A. Mutch o f  Princeton Univers i ty  i n  1960. 

There are several geophysical data co l l ec t i on  pro jects  ongoing a t  t h i s  
time. 
seismic f o r  the purpose o f  loca t ing  hot water wells. 
t i v e  agency i s  the Montana Bureau of Mines and Geology which i s  the  Depart- 
ment o f  Energy (US) s tate-coup1 ed program for  reservoi r def i n i  ti on. 

The Warm Springs Hospital i s  a lso being assessed for  s im i la r  purposes. 
i s  ant ic ipated t h a t  some regional work w i l l  be done i n  connection w i th  t h i s  
e f f o r t .  

Re- 

The spr ing's s i t e  i s  being assessed using several methods inc lud ing 
The main invest iga- 

It 

There are four  springs issu ing from rock on the west s ide of a t r i b u t a r y  t o  
the Clark Fork River. 

These springs have been analyzed for fluOd chemistry and geothermometry. 
Seismicity, grav i ty ,  and r e s i s t i v i t y  should be done on s i t e  by the Montana 
Bureau of Mines and Geology. 





. .Land Ownership 
(6 km radius): 

. .Land Leased: 

. .Highest Priced 
Leases 
(Dollars/Acre) : 

. .Tentative Lease 
Sale Dates: 

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

LAND OWNERSHIP AND LEASING 

cd 
Total Area Federal State Private 

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

44% 40% 16% 0% 100% 

None 

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

..Summary of Leasing Status and Needs: 
restricted t o  land owned and operated by a s ta te  insti tution. 
controlled land and federally-controlled land which may be suitable for 
direct-use development located i n  the area. 
ment i s  evidenced by the private sector, the land will have t o  be considered for 
lease b ids .  This will require t h a t  an EAR be done for both s ta te  and federal 
1 ands . 

The present interest  i n  development is 
There is state- 

If and when interest  for develop- 

GEOTHERMAL DEVELOPMENT STATUS 

..Present Development Status: The warm springs are not being used a t  this  
time. 
well. 

. ,Projected o r  Planned Development: The s ta te  prison ranch is submi t t i ng  
a PON t o  the U.S. Department of Energy for grant money t o  erect and 
geothermally heat a greenhouse and confined animal feeding operation. The 
State Bureau o f  Mines is assisting w i t h  the survey work needed t o  define 
the reservoi r and optimum dr i  11 i n g  s i tes .  

Some geophysical work i s  being done i n  anticipation o f  d r i l l i n g  a 

I t  i s  anticipated t h a t  future projects will include a geothermally heated 
methane digester and space-heated residences. 
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Gd 
ENVIRONMENTAL FACTORS 

..Climate: The Deer Lodge Valley has a semi-arid climate characterized by 
long cold winters, short cool summers, low precipitation, and moderate winds. 

. .Prevailing Winds: 

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

. .Days o f  Sunshine (Annual): Approximately 190 days. (69) 

..Average Temperature: 
I Minimum: 24.8' F (-4' C )  

Maximum: 59" F (15O C )  (67) 

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

. .Relative Humidity (Seasonal Peaks): 

I Summer: 31% t o  80% 

Winter: 38% t o  70% (67) 

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

Air quality is  considered t o  be excellent except d u r i n g  

. .Geologic Factors: 

..Water Quality: Most of the streams flow through glacial t i l l  and Tertiary 
sediments i n t o  the Clark Fork River, a tributary of the Columbia River. T h i s  

I ~ 

stream i s  rated as B-Di, which is  clean enough to  allow almost a l l  uses w i t h -  
~ 

~ I ..Noise: 
sounds. 

1 1 ation center sounds. 

I 

, o u t  pretreatment. Private water rights cover most surface supplies. (39) 

Noise a t  the s i t e  is  limited to  naturally occuring wind and water 
I 
I 

The  valley noise varies from agricultural based noise to  urban popu- 

. .Biological 

. .Dominant Flora: 
pine and Douglas f i r .  The terraces and valleys have various varieties 
of bunchgrass and sagebrush. 
hay w i t h  some cereal grains. 

The higher  elevations have .quantities o f  lodgepole 

The cultivated areas have primarily grass 
(64) 

I 

G I 





109 

TRANSPORTATION AND UTILITIES G 
. .Util i ty o r  Energy Transmission Corridors and Facilities: 
piped directly t o  the town o f  Deer Lodge. 

Natural gas is 

..Transportation Corridors or  Facil i t ies:  

U.S. Interstate 90 

Private roads access the area b u t  these are not open year-round. 

Adjacent to  the town of Deer Lodge (8 km from s i t e )  
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I 

i 01 1 ows : 
1 
I 

Pop u l  a t  i on 

22,730 
23,368 

Anaconda 26 9 , 771 

Deer Lodge has a population of 4,306. The' economy is supported by the I 

presence of s t a t e  offices and the presence of the s ta te  prison fac i l i ty  
which includes a confining structure for inmates and a prison ranch facil i ty.  
The rest o f  the local economy depends on farming of the valley i n  support of 
the ranch industry. 

The population density is  less than 1 R . 5  kilometers. There are not resi- 
dences on the site o r  nearby. There are a few scattered residences to  the 
sout 

. . Economics : 

~ 

i 
i 
i 

I I 

i 
I 
I 

area. 
I 

~ 

~ 

i 
i 
I 

I 

~ 

I 

i 
i 
! 

! 
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Ennis Hot Springs (sometimes known ) i s  1-1/2 miles 
(2.4 km) n o r t h  o f  e community of Madison River i n  
southwest Montana. bench above a thick 
layer of vaqley se rom the springs is unused, bu t  a 
well dr i l led t o  a de supplies hot water for use i n  a 
1 aundry faci 1 i ty. 

This s i t e  has the hottest surfacing 
i n  the s ta te .  The flow i s  good w i t h  excellent chances of increasing produc- 
t ion 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 o the heat resource. 

The community of Ennis 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 recreation poten 
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 small amount of s ta te  land. The 
reservoir i s  t h o u g h t  t o  extend throughout  a wide area w i t h i  
The area would permit multiple withdrawal s i tes .  

1 fluids of any 

Site Description 

The location coordinates of the spring s i t e  are section 28 o f  township 5 
south, range 1 west i n  Madison County T h i s  i s  71 miles north and west of 
the west entrance t o  Yellowstone Park T h i s  route i s  heavily traveled by 
tourists from Yellowstone Park. The spring s i t e  includes the valley floor 
and h i g h  bench on which t h e  owner has a very small t ra i le r  park. 

I 

I 

The owner 
i 

~ 

I 

I 

I 

This mountain 

i 

I 
I 
I 

I 

I 
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Inhabitants would be receptive to  direct use of geothermal energy, parti- 
cularly if economic feasibil i ty can be demonstrated. This area seems some- 
what economically depressed and could be benefited by geothermal development 
activit ies,  particularly those which involve labor intensive industries. 

Geothermal Resource Description 

The hot springs 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. Wells 
t o  400 feet  (22 m)  have not  encountered bedrock. The main igneous event is 
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 sp r ing  temperature is 181°F (83°C). The artesian flow is more than 
20 gallons per m i n u t e  (1.3 l/s). Wells i n  the 100-foot (30-m) depth w i t h  
6-inch casing are thought to  supply 50 t o  100 gallons per minute (3.2 t o  
6.3 l /s )  of hot  water. The to t a l  dissolved so l id s  content is not excessive 
a t  1030 milligrams per liter. Water qual i ty  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 266°F t o  338OF 
(130°C t o  17OOC). 

t i t t l e  resource def in i t ion  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 
a b i l i t y  of the aquifer t o  supply water should be very good as indicated by 
the pumping of cold water wells i n  the area. 

I Potential for Geothermal Development 
! 

The possible uses for the surface temperature of 181°F ( 8 3 O C )  are shown 
i n  figure 2 on page 27. The uses which would be applicable to  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 fac i l i t i es .  The 
possible uses for  the projected temperature of 300°F (150°C) are almost un- 
limited. Many agriculture process industries would be adaptable to this 
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 feasible t o  the stu rea 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 not avail- 
able here, no cheap form of fuel is 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. 
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The Ennis s i t e  atural resou abundance of sunshine 
fresh water, a d privately-owned f l a t  
facturing installations i n  Montana sh 
sh i f t  population emphasis and t h u s  pa h heat resources. 

Interest i n  Development 

The owner of the sp r ing  has been trying t o  generate capital for the construc- 
tion of recreational fac i l i t i es  for the l a s t  30 years, b u 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  t h i s  area i n  the past b u t  w i t h  present 
day energy costs, recent inquiries i n t o  the possibility 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 dril led 
t h u s  far ,  b u t  the data have not been published. The results of these tes t s  
have prompted further geophyslcal 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 will be used t o  map the anomaly i n  
the Ennis area. The results of these studies will 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 Enn i s  Hot 
Springs site. The resource has good possibi l i ty  of existing outside of the 
specific s p r i n g  s i te .  T h i s  could allow multiple development projects t o  be 
initiated. 

This scenario event was postulated to  be a Ei-acre commercial greenhouse fa- 
c i l i t y  t o  be constructed i n  one phase requiring 40 x 106 B t u  per hour. The 
springs si te i s  the location of these greenhouse u n i t s .  The assumptions used 
to  model the development were: 

re  industrial or manu- 
sites such as this t o  

1. Commerical interest  will be available. 
2. Financing would be present. 
3.. Leasing of private land would be requi 

quantities of hot water w i l l  

The start ing date is 1981 w i t h  3 years required fo ompleti’on. T h i s  scenario . 

shows only one vent for the purpose of i l l u s t r a t i  
In reali ty,  t h  project may incorporate staged events. Th 
of this resource, together w i t h  the scarcity o f  economic 

ustry, limited the nu 
e. 

d i s t r i c t  heating system for  the community of Ennis  would be 
economic a t  some point i n  the future. A scenario was considered for this 
event. TSme sequence is  approximately the same as the greenhouse event w i t h  
a start ing date o f  1984 and requiring 5 years. The heat output would be 
8 x IO6 Btu/hr .  

the development process. 
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The amount of heat used i n  the proposed greenhouse would total 40 x 106 Btu/ 
hr. This could be expanded i f  economics justified the increased production. 
The total possible production of heat using an end temperature o f  90°F i s  
predicted to be 225 x lo6 Btu per hour indefinitely for this reservoir. 
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SITE LOCATION AND PHYSICAL DESCRIP W 
titube: 45 22' 02 

.Longitude: 111 44' 51" (31) 

: T. 5 S . ,  R. 1 W., sec. 28, DCAD 

. .Adjacent Counties: 

..Topography: The Madison River Valley a t  Enn i s  forms par t  of the Northern 
Rocky Mountain physiographic province. I t  also has some features charac- 
terist ic of the basin and range province of the southwestern United States. 
The topography is t h a t  of a rugged, mountainous region dissected by stream 
erosion and modified by glaciation. The elevations are 4,080 feet  (1483 m) 
a t  the valley floor t o  10,267 feet  (3129 m) for  some mountain peaks. The 
Madison Valley varies from 9.25 miles (14.8 kilometers) t o  11.5 miles (18.4 
kilometers) i n  wid th  a t  Ennis .  I t  is broken by low benches extending out  
from the footh i l l s .  The valley floor is  relatively f l a t  and subirrigated. 
The valley,extends south from Ennis  Lake w i t h  a l eng th  of 14 miles (22.4 
kilometers) i n  the study area. Mountain slopes have been locally steepened 
by glaciat ion,  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 t o  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 is  east  of the Continental Divide and the drainage is t o  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 far  i n t o  the mountains are 
permanent and even these are subject t o  marked seasonal variation. The streams 

cumulations of debris flatten them, and occasionally they produce lakes. 
~ 

I . .Present Land Use: The valley is used primarily for catt le grazing. A 
i large percentage of people i n  the valley live i n  the town of Ennis .  The 

Madison River is  a "Blue Ribbon" fishing ream and a t t racts  many sportsmen. ~ 

~ 

~ ..Future Land Use Plans: The future lan o t  change drastically- 
i n  the foreseeable future. 

. .Aesthetics: a te  Highway 287 is a north-south transporta n line which 
connects wi th  the west entrance t o  Yellowstone' National Park The valley is 
f l a t  and any installations would be easily seen. The only geothermal use 
which would prompt concern would be electr 
develop nuisance conditions t o  the local people. 

Beaverhead, Gallatin,  Jefferson, Silver Bow 

1 

I 

i 
1 
! 

, 
I 

1 

I 
I 

I 
I have steep gradients, sometimes as much a s  700 feet  per mile except where ac- 

I 
I 

I 

is  use could 
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SITE LOCATION AND PHYSICAL DESCRIPTION . 

(continued) L 

..Historical/Archaeological Significance: 
is located 3 miles (4.8 km) west of Virginia City (1860s). This was the site 
of the first vigilante execution. 
Alder Gulch. 
City was a minor gold producing district in 1863. 
the site of Montana's second major gold discovery at Alder Gulch in 1863. 
Fifty-two archaeological sites have been identified in Madison County. 
The future potential for archaeological finds is high. 

The Nevada City Historic District 

It is one of the mining camps which lined 
The summit Union City Historic District located near Virginia 

Virginia City itself was 

(43) 

c 



..Reservoir Temperature 

181OF (83°C) (31) 

1 . ,Subsurface: 

. . Geochemical : 

Si02: 
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LAND OWNERSHIP AND LEASING 

Total Area Federal State  Private 
(Acres) . (Acres) (Acres) (Acres1 O t h e r  

. .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 
Sale Dates: N/A 

.Number of Sales 
Offered B u t  no 
Bids: N/A 

Rejected Resulting 
In No lease: N/A 

Number of Bids 

..Summary of teasing Status and Needs: 
land t o  be made available for geothermal development. 
require tha t  state land be evaluated for lease. 

There is no demand far  additional 
Increased demand w i l l  

*Part of the s t a t e  land is  t ied  u p  i n  the M t .  Haggan Game Preserve and would 
be diff icul t  t o  use. 
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ERMAL DEVELOPMENT STATU 

..Present Development Status: The only present use of this resource is a 
shallow well t ha t  was drilled t o  provide hot water for a laundry fac i l i ty  
which the Owner provi es for  the inhabi tants  of ra i lers  u s i n g  his t r a i l e r  
park. 

The owner would l ike t o  develop a spa resort b u t  cannot get financial back- 
i n g .  There has been interest  shown i n  leasing land and the resource fo r  a 
green house operation. 

..Projected or  Planned Development: There are no planned projects for the 
future. Some use of this resource is projected for the near future. 

INSTITUTIONAL CONSIDERATIONS 

. .Institutional Requirements: The only requirements of note would be water 
qual i 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 eon- 
sidered. These are though o be relatively mild. 

. .Agency and Publ i c  A t t i  tudes: 
thetic b u t  no against development for nonelectric applications. The s ta te  
would l ike t o  see u t i l i z a t i o n  of this resource. 

Publ i c  attitudes are ost part apa- 

rements): No federal or  s ta te  
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ENVIRONMENTAL FACTORS b 
. .Climate 

. . Prevai 15ng Winds : 

. .Prec ip i ta t ion (Annual): 17 inches (43.5 cm) (67) 

..Days o f  Sunshine (Annual): 

. .Average Temperature: 

Minimum: 27OF (-3OC) 
Maximum: 6 5 O F  (18.4OE) (67) 

,Degree Days (Annual >:. 8020 (69) 

. . R61atfve Humidity (Seasonal Peaks) : 

Summer: 

Winter: 

. . A i V  @iali t j / :  This area has very good afr q.uA$ty due t o  the lack o f  industry, 
c6mmWCial Operations, o r  large poputatfons. k c a s i o n a l  pa r t i cu la te  po l lu -  
tants  are presefit front t q r i c u f t u r a l  practices. (38) 

.Geological Factors: 

. .Water Qua l i t y :  
Subsurface hot water i s  high i n  a l k a l i .  Water r i g h t s  are avai lab le i n  some 
areas. The adjacent Madison River i s  b i l l e d  as a "Blue Ribbon'' f i sh ing  stream. 
It i s  classed as B-Dl by the State Water Qual i ty  Bureau which indicates i t s  
high qua l i t y .  (39) 

..Noise: Noise a t  the s i t e  i s  l i m i t e d  t o  t r a f f i c  o r i g i n  on Highway 287 and 
normal ranching a c t i v i t i e s .  The populat ion i n  t h i s  area i s  sparse outside o f  
Ennis. The close proximity t o  Ennis increases occasional construct ion and 
urbah noise. 

. . Bio log ica l  : 

Qual i  t3/ i s  very good i n  surface supplies which are numerous. 

. .Doininant Flora: The va l ley  f l o o r  has planted grasses f o r  grazing with 
l i t t l e  f l o r a  supported on the benches. Some sagebrush i s  present. 
Bunchgrass o f  various va r ie t i es  i s  found on the h i l l s i d e s  where the 
bench1 and ends. 

. .Dominant Fauna: The presence o f  fauna i n  the va l ley  i s  i n h i b i t e d  by the 
constant human a c t i v i t y ,  P r a i r i e  dogs are the main animal l i f e .  

,Endangered Species: 

. .Flora: None 
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i s  not  

year-round. 
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Lud 
POPULATION 

. .General Descri p t i  on o f  Population: 
i s  owned by Wi l l iam Thexton. 
The nearest neighbor i s  located about one-quarter o f  a mi le  away. 
a small town o f  about 500 persons, i s  located about 1.5 mi les (2.4 km) t o  the 
south. The populat ion densi ty outside o f  the town i s  sparse. 

. . Economi cs : 

The spr ing area and surroundi ng 1 and 
He has a very small t r a i l e r  park ( s i x  t r a i l e r s ) .  . 

Ennis, 

..Present Land Use: The economy o f  the area i s  very res t r i c ted .  It depends 
on tourism, i n  part ,  during the summer and f a l l .  The surrounding area i s  
used mainly f o r  ranching and associated agr icu l ture.  

..Future Land Use: There are no large changes ant ic ipated for  the fu ture.  



I 





a ' s  Western Region. I t  
1 ies between Li  vingston and Big th-central Montana. The sp r ings  
first became known during the p 1968 when the Bozeman Trail 
served as an immigration route from the Oregon Trail t o  Bozemah. 
Dr. Andrew Jackson Hunter came through to discover and stake claim t o  the hot 
springs area. The Indians had used the springs for  many years previously for  
bathing.  and was used u n t i l  1933 when i t  
was destroyed by f i re .  

These sp r ings  flow a t  over 1,000 gallons per minute (64 l/s) and have the 

very h i g h  for  agricult 
other s i t e s  i n  Montana ng additional reserves of 
hot water i s  excel 

The interest  i the resource a t  t e  has been very h igh .  The 
owner i s  quite 
lacks the necessary capital. Commercial interest  for exploring the electrical 
potential was present a few years a1 barriers prevented the 
project from getting 

The BLM land i n  this mpeti ti ve 1 easi ng , and 
applications can be submitted a t  any time. There are presently no restrictions 

In 1864, 

A large resort was b u i l t  af 

I largest flow of any hot sp r ing  i n  Montana. The use potential of this site is 
nd aquaculture, and rates very high  as compared to 

n u t i l i z i n g  the g flow i n  some manner bu t  

, s i n g  policy, which remains 

I 

h o f  the community o f  ' 

ontana. The recti l inear coordinates are section 
e 12 east ,  adjacent t o  Interstate 90. Interstate 90 

j 
i 
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ii The isolated position and limited production capability of the land predicts 
no change i n  land use for the future. The communities of Livingston and 
B i  g Timber are m i  nor trade centers depending on ranchi ng , ranchi ng-needs 
supply, and transportation stop-over for continued existence. 

The land ownership for a 6-kilometer radius was evaluated and consists of 3 
percent federal, 5 percent s ta te ,  and 92 percent private. The s p r i n g  s i t e  
i s  surrounded on three sides by privately owned land. Four hundred and 
forty acres of s ta te  land bordeys the south side. The energy supply is pri- 
marily electric w i t h  bo t t l ed  gas and fuel oi 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 t o  any form of geo- 
thermal development. The s p r i n g  owner is very interested i n  leasing fo r  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 that  the ther- 
mal water may be rising along two sets of fractures t r end ing  northwest and 
northeast respectively. 

The surface temperature i s  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° to  237OF (60° t o  114OC). The total 
dissolved so l id  content i s  relatively low a t  268 m / l  and w i t h  a pH of 8.6. 
The geothermal gradient for  this area is 29.5" 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 thought t o  have a very large capacity t o  supply water a t  higher- 
than-surface temperature. 

Potential for Geothermal Development 

The range of  geothermal applications possible using the surface temperature 
of 139OF (60°C) are shown i n  figure 2 on page 27. Many of these uses are 
population-oriented and would not applyvat this site. The suggested uses 
would include aquacul ture , i ndi v i  dual space heat , animal husbandry, and com- 
mercial greenhouse production. If predicted reservoir base temperatures can 
be located, commercial heat-oriented agriculture processing plants are possi- 
ble. Some products would be alfalfa pellets i n ,  and dehydrated 
vegetables. Malted barley is another possibility. 

The in i t ia l  suggested uses w i  t h  the highest apparent economic feasibil i ty are 

conditions for operation. 
aquaculture and greenhouse production. These two uses have near t o  ideal 

Ll 
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W 
The hot springs were used fo r  commercial recreational purposes for years by 
the owner. A swimming pool and hot baths exist b u t  are i n  a s ta te  of dis- 
pair. The s p r i n g  water i s  now used f o r  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- 
petitive 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 f o r  January, 1976, b u t  a l l  applications were withdrawn. 
No further interest  o r  official  action has taken place although leases can 
be le 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 ta te  land which adjoined the s p r i n g  s i te .  T h i s  request was denied by the 
s ta te  on policy grounds. He is st i l l  interested i n  the area b u t  no change 
i n  s ta te  leasing policy has occurred. 

house heating. 
is quite interested i n  pursuing some use of the resource for financial 
remuneration. 

Restrictions to  Development 

There are few restrictions t o  geothermal development-of any kind  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 to present Department of 
State Land's policy (not  regulation o r  law), the Commissioner will not  hold 
a lease sale u n t i l  "sufficient interest' ' i s  shown. His definition of sufff- 
cient interest  is not one or two applications, b u t  ten's of applications. 
The newness of geothermal energy i n  Montana seems t o  project that development 
will take place via singular projects, not mass development, These singular 
projects cannot begin under the s ta te  leasing policy. 

1 ' The sp r ing  owner has received various inquiries concerning leasing for green- 
He No firm offers have resulted a t  the time o f  this wr i t i ng .  i 

I 
~ 

I 

I 
I 
I 

I 

l 

I 
I 

i 

I 

I 
I Scenario Discussion 
, 

Two scenarios were constructed addressing electrical  production and direct 
use for the Hunter site. 
t ions and land ownership. The f irst  is  an electrical scena io  for a 50-MW 
generating faci l i ty .  

I The timed phases were tailored t o  the local condi ! 

e assumptions fo r  this event t o  develop are: 

1 ,  Private land t o  be used for 

3. A high pote 1 resource will 
I 
I 2. State land will be leased. 
I 
i The s ta r t ing  date wa 

first event requires 2 years. Subsequent installations would occur if  
resource potential warrants. 

jected for 1985 ! 

1 @ +  
I 
I 
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The second scenario describes d i r ec t  use o f  the heat energy t o  supply a 
5-acre commercial greenhouse instal la t ion.  The assumptions f o r  t h i s  use 
a re  quite probable w i t h :  bj 

1.  
2. Commercial in te res t  will be present. 
3. Financing will be available. 

Private land is t o  be used. 

The projected s ta r t ing  date is 1980 w i t h  a development time t o  power-on- 
line 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 106 B t u / h r .  
i ng  could provide energy t o  a f a c i l i t y  which would be only limited by pro- 
duction sales .  T h i s  is postulated t o  be 15 acres requiring a power of 
120 x lo6 Btu /h r .  

Drill- 
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SITE LOCATION AND PHYSICAL DESCRIPTION 

tude: 45 45' 26" (32) 

I 

. .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. 
floor t o  over 4,863 feet (1515 meters) near the ridge tops. 

. .Present Land Use: The major land uses are 1 ivestock grazing, wild1 i fe  
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 si te itself is a working 
ranch w i t h  no p u b l i  access t o  the hot springs. 

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

. .Aesthetics: Visual consideration will be' important i n  some sites. Although 
this si te is not on a major tour i s t  route, local people do use the area for  
recreation. Most points are visible i n  the area. Nonelectrical uses would be 
compatible and possibly even electrical g eration would be acceptable. (74) 

. .Historical /Archaeol ogical Significance: 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 t h  
country, In 1864, Dr 
stake claim t o  the ho 

I 

I '  In places, these lands have been incised by minor t r i b u -  
I 

Elevations range from 4,183 feet (1303 meters) along the valley 
(74) 

regon Trail i n  Wyoming t o  Bozeman and the mining 
ndrew Jackson Hunter came through to  discover and 



131 

b 
GEOLOGICAL/GEOPHYSICAL DESCRIPTION 

..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 to 208 km) long. 
The basin is bordered by the Beartooth Range to  the west, the Big Belt, and 
Little Belt 1Sountains to  the north,  and Lake Basin and Pryor U p l i f t  t o  the 
east. 

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

The Grazy Mountains Basin is of l a te  Cretaceous and Paleocene age. 

Rock exposed i n  the area o f  Hunter's Hot Spr ings  consists of the Livingston 
Formation and €he Fort  Union Formation. I t  is by f a r  the greatest portion 
of bedrock i n  northern Park County. This formation has a thickness o f  a t  
least  14,000 feet  (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 i s  considerably less. 

The Livingston Formation has been divided into five parts: 

I .  

2. 

3. 

4. 

5. 

A lower 4,500-foot (1 372-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. 
basal beds are conformable and gradational w i t h  the underlying 
Eagle Formation sandstone. 

A f iner grained valley-forming u n i t  about 3,500 fee t  (1067 meters) 
thick consisting of fine-grained andesitic sandstone, micaceoils 
shales , and bentonitic clays w i t h  some i nterbedded coarser-grained 
andesitic sandstone. Colors range from purple t o  gray-green and 
pal e greeni sh-gray . 
A conglomerate and andesitic sandstone about 3,500 feet  (1067 meters) 
thick w i t h  coarse andesitic sandstones predominating i n  the lower 
1,500 feet  (457 meters). 

The 

An andesitic sandstone about 2,000 feet  (610 meters) thick w i t h  
Sporadic conglomerate beds. 

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

..Geophysical Summary: The Department of Earth Sciences a t  Montana State Uni- 
versity conducted D.C. resist ivity and hammer seismic surveys a t  the Hunter's 
Site. 

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

~ 
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GEOLOG ICAL/GEOPHYS ICAL DESCRI PT 
(continued) 

other N. 50 t o  70. E. can be ident i f ied .  The pat tern suggests t h a t  thermal 
water may be r i s i n g  along two sets o f  f ractures t rending northwest and north- 
east, respect ively.  Hot water may be channeled t o  the surface through the 
conduit formed a t  the in te rsec t ion  o f  these two zones. j ( 9 )  

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

The three pr inc ipa l  springs are located w i t h i n  150 meters o f  one another. 

(lo! 
I 

1 (80) 
I 

I 

i 
I 
I 

I 

I 

I 
1 

1 
I 

I 

I 

~ 

I 

i 

i 

I L, 

1 
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L id  
RESERVOIR CHARACTERISTICS 

. .Reservoir Temperature 

..Surface: 139OF (59OC) (55) 

. .Subsurface: 

. .Geochemical : 

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

Na-K-Ca: Na-K-1/3 Ca 178OF (81OC) Na-K-4/3 Ca 163°F (73OC) 
(80) 

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

,.pH: 8.6 (31) 

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

. . F1 uid  Chemi stry: 

Conductivity 
Hardness (Ca, Mg) 
Ca 
Mg 
Nil  
Bicarbonate 

F 
S i  0, 
B 

430 
3 mgia 
1 m g / a  
0 

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

63 m g / a  
720 m g / a  

5.8 m g / a  
. 

Additional analyses of various parameters are available. 

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

. .Subsurface Area o f  Reservoir: 

(31) 

Unknown. 

ii 
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Land Ownership W 
ngs and surrounding land are p r i v a t e l y  owned. 

An important feature i s  the presence o f  state-owned land located immediately 
adjacent t a  t h e  south. This amounts t o  about 440 acres which appear t o  be 
c r i t i c a l l y  located from a geologic standp 

The land on the remaining three s ide t e l y  owned. The fourth s ide  
i s  s ta te  owned. 

1 

LAND OWNERSHIP AND LEASING 
I 

Total  Area Federal State Pr ivate 
(Acres) (Acres) JAcres) (Acres) Other 

28,250 3% 5% 92% 0% 
. .Land Ownership 

(11,433 hec) 

..Land Leased: 0 

..Highest Pr iced 
Leases 
(Dol 1 ars/Acre) : i 

I 
i ..Tentative Lease Sale 

January, 1976, but  no b i d  appl icat ions were received. 
ederal lease sale was ready t o  be held by 

(19) 
I 
I 
I . .Number o f  Sales 0 1 Acres (178 hec). 
i 

. .Number o f  Bids Rejected Resul t i  
I t o t a l l i n g  320 acres (130 hec). ( 

..Summary o f  Leasing Status and N 
1 

i t h  the BLM for 
I 

1 

1 

I s t a te  rep1 Sed t h  scheduled and i s  
I 

s ta te  lease on 

I 
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GEOTHERMAL DEVELOPMENT STATUS 
Li Id  

..Present Development Status:  
a resort. The grounds s t i l l  contain a swimming pool which  stands empty. 
The spr ing  water is presently used for i r r iga t ion  af ter  cooling. 

A private business group is interested i n  pursu ing  development of the Hunter's 
area for electrical generation. 
work a t  this time. 
State Lands Geothermal Leasing Laws. 

According t o  present operating procedure, the commissioner of the Department 
of State Lands won ' t  hold a .lease sale until "sufficient interest" i n  geo- 
thermal leasing is  shown. Most investors are now aware of the effect this 
policy has on the Hunter's project and are unwilling t o  risk future road- 
blocks. Therefore, the Department of State  Lands will get no lease applica- 
tions until the policy or  regulations change. 

The hot  sp r ing  s i t e  was used i n  the past  as 

Institutional factors are h a l t i n g  further 
The main problem occurs under the administration of the 

(18) 

(5) 

. .Projected o r  Planned Development: 
kind for the Hunter's s i te .  The owner, Harold Johnson, would like to use the 
resource i n  some manner t o  b r i n g  a financial return. 
t i e s  have been discussed b u t  n o t h i n g  definite has come out  o f  this.  

There is no planned development of any 

A number of p o s s i b i l i -  
(27) 

INSTITUTIONAL CONSIDERATIONS 

. .Institutional Requirements: BLM lease stipulations are normal fo r  any 
operation which may upset environmental balances. Normal development p lan  
approvals are required. 
EAR are development oriented and should not retard development. 

In general, the requirement set  farth i n  the Hunter's 

The Department of State Lands has 1 easing procedures considered unreasonable 
by developers. The risk involved in tying up capital for very long periods 
is  too great. 

. .Agency and Public Attitudes: 
land available for leasing. 

. .Status of Requirements ( i .e . ,  EIA/EIS Requirements): . A  part of the land 
originally requested for lease was tied up until the question of geothermal 
rights classification on private land i s  settled, That is, federal mineral 
rights on private land. The outcome of a legal opinion on the federal level 
will determine whether these mineral r ights  extend t o  geothermal waters. 

Public attitudes are good w i t h  some private 
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ENVIRONMENTAL FACTORS 

The climate is  typical of eastern Montana w i t h  hot dry summers 
and cold wet winters. Temperatures range from - 2 O O F  to  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 o f  Sunshine (Annual): 

. .Average Temperature: 

-38'C). (5) 

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

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

Minimum: 15OF (-9.5%) 

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

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

. , Re1 a t i  ve Humi d i  ty (Seasonal Peaks) : I 

! 

Summer: 

Winter: 

. .Air Quality: Air quality over the entire a'rea is very good due t o  the re- 
moteness and the lack of human activity. Soil particulates may be raised by 
high winds i n  the dryer parts of the sumer. 

. . Geol ogi c Factors : 

..Water Quality: 

Ground water is generally accessible and o f  good quality. A l l  perennial 
streams have privately owned water rights. 

. .Noise: 
and river sounds. Occasional noise from Highway U.S. 1-90 can be heard. 
Ranching act ivi t ies  also contribute so 

(74) 

Water quality i n  the site vicinity is  very good. As men- i 
I tioned, the Yellowstone River is  an excellent f i s h i n g  stream a t  this point. 

(74, 39) 

Generally, noise i n  this area is  of natural origin--birds, wind, 

I 

1 

a: The foothill grassland has wheatgrass and fescue. The 
canyons are covered w i t h  shrubs and t ree  agebrush and varieties 

8 
I resent. (74) 

l e principal animal inhabitatants are mule deer, elk, 
and antelope. (74) 

IC, 
j 



ENVIRONMENTAL FACTORS 
(continued) 

. .Endangered Species: 

Flora: None 

Fauna: Bald eagle. (74) 
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MARYSVILLE KGRA 

The Marysville KGRA i s  a 30-square-mile (76.8 km2) area located about 17 miles 
(27 km) northwest of Helena i n  Lewis and Clark County. T h i s  area is a 
historical gold mining d i s t r i c t  w i t h  high-relief topography. The area geo- 
thermal potential was not  realized u n t i l  very recently since there are no hot  
water springs or other surface manifestations to a l e r t  the observer. The 
potential was recognized from heat flow measurements which are abnormally 
h igh .  The land ownership is  mostly federal. 

I 

Direct use is very limited since there is no population concentration closer 
t h a n  Helena. The terrain i n  the heat flow anomaly area is rugged w i t h  steep 
slopes and narrow valleys. There is  a possibility of p ip ing  the water t o  the 
Little Prickly Pear Valley, which is 5 miles (8 km) to the east. P i p i n g  
the water t o  Helena would be a min imum of about 20 miles (32 km). T h i s  
a1 ternative appears t o  be presently uneconomical. The range of applications 
for  the known temperature includes individual and d i s t r i c t  space heat, green- 
house heating, aquaculture, growing season extension, and low temperature 
industrial and manufacturing uses. 

There were a number of lease applications which showed enough overlap t o  assign 
the area a KGRA designation. An Environmental Analysis Record study was pre- 
pared as a prerequisite t o  leasing. No activity can be pursued u n t i l  ithis is 
completed. The study is  finished, b u t  no lease sale has been held. 

Si te  Description 

A geothermal 
dur ing  a regional heat-flow study. These studies l ed  t o  the announcement i n  
1973 of plans for  d r i l l i n g  a 6,000-ft. (1829-m) geothermal t e s t  well i n  the 
area. Federal lands were opened for the f i l i n g  
January 1974, and as a result of the publicity, 
anomaly was covered w i t h  overlapping , noncompeti 
tions, T h i s  led t o  a KGRA designation. 

The Continental Divide crosses the southern part of t 
terrain i s  mountainous w i t h  a’local relief of more than 3,200 feet  (1000 meters). 
The area has well-dissected drainage patterns and a h i g h  occurrence of steep to 
fai  r ly  steep slopes. The topography be described as a mature mountain sys- 
tem. The northern boundary is  marked Pear Creek Valley. 

i n t o  the Little P the northwest eor- 

nomaly was discovered i n  this area i n  1966 by David D. Blackwell 

ease applications i n  
vicini t y  of the heat-f 1 ow 

munity of Marysville has 50 t o  100 ye 
tense tourist use i n  the summer and skier use i n  the winter. The KGRA is a 
popular h i k i n g  and exploration area due to  i t s  historic mining history. T h i s  

d is subject to i n -  
. .  

~ d.i 
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L i d  
use is  expected t o  increase along w i t h  the county population. Other uses 
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 
b r ings  up to 600 skiers a day through Marysville, which has some f ac i l i t i e s  
for recreation support. The populati.on areas near the KGRA are Marysville 
(popul a t i  on 50), Canyon Creek (popul af i  on 50) , B i  rdseye (popul a t i  on loo), 
and Helena (population 23,000). 
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 land ownership fo r  the KGW is federally 

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

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

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

Geothermal Resource Description 

Bottled gas 

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 pcal/cm2sec). Subsequent measurements a t  other sites 
showed even h i g h e r  values (3.3 t o  20 vcal/cm2sec) over an area of several 
square kilometers. The average background for western Montana i s  approximately 
2.0 pcal/cm%ec, as compared t o  the world average of 1.5 vcal/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 gravity study (Mazzella, 1974) indicated a negative residual gravity anomoly, 
and t h u s  a region of mass deficiency which was. associated w i t h  the higher value 
of heat flow. The correlation of the high heat flow and relatively low density 
i n  the same area was considered indication of a relatively shallow (less than 
2 kilometers) cooling chamber of recent mol ten igneous rock. T h i s  prompted 
further extensive geological and geophysical investigations t o  detai l  the 
characteristics o f  this interesting anomolous area.. 

The i n t r i g u i n g  aspect of the Marysville site is the complete lack of surface 
manifestations of the anomoly. The nearest hot s p r i n g  is located 19 miles 
(30 km) away. The nearest recent volcanics a r e  over 188 miles (300 km) away 
a t  Ye1 1 ows tone. 

The detailed geophysical data ident i f ied a probable s i te  for a test hole. T h i s  
t e s t  hole was drilled t o  a depth of 6,600 feet  (2.4 km) i n  5974. The results 
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 GJ 



hole a t  an estimated 1 
oncept of a dry magma 
umerous fracture zone 

s t an t  head a t  600 feet (183 m) from the surface. 

The expected temperature gradient was 96OF/100 feet  (1 75'C/km). The tem- 
perature log indicates a steady r i se  of temperature of about 66"F/1,000 feet  
(10O0C/km) to a depth of about a kilometer, wherein isothermal conditions 
prevailed t o  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 
continuous temperature logging by the U.S. Geological Survey. 
approximately 21 7 O F  o r  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 i v i n g  this convection cell which utilizes the Empire 
grani t ic  rock for a conduit i s  not identified b u t  can be projected to l i e  a t  
considerable depth. 

The practical u t i  1 i zation considerations indicate a reservoir capable of sup- 
plying water a t  200°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 te  is  c r i t i ca l .  The probable 

llons per minute (63 llsec.) Th i s  negated the 
r. D r i l l i n g  continued t o  6,790 feet  piercing 
er inflow seemed capable of maintaining a con- 

I t  has reached 

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 212°F (100OC) is shown i n  figure 2 on page 27. 
The area where the resource appears available i s  not suitable for many of the 
applications since it  i s  quite remote There are three main factors which  re- 
strict  immediate use of this resource The f i r s t  is the absence of sufficient 
quantities of end users or people who could use the resource nearby. The second 
is the rugged terrain which  i s  space limited for agricultural applications, and 
the t h i r d  i s  the lack of reservoir d e f i n i t i o n  for sites other than the present 
test  hole. 

The community of Marysville is  much too sparsely populated t o  economically use 
o deep as  indicated by the d r i l l  
f l a t  land for agricultural use 
T h i s  f l a t  land receives restric- 

ve enough l i g h t .  The resource 
i dered margi nal 
a t  future investi-- 

nhouses i n  the 
ley for domestic 

space heating. T h i s  distance could be as l i t t l e  as 12 miles (19 km). In- 
dustrial users could be supplied i f  water approaching 24OOF (116"C) could 
be located. One use i n  the local area would be k i l n  drying of green lumber. Ld 
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k.l Electrical generation is st i l l  a possibility. The t e s t  well d i d  not locate 
a hot  enough reservoir or  heat flow area. 
better resources i n  other areas of the KGRA. T h i s  possibility 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 feasibil i ty o f  geothermal exploration 
a t  Marysville. 

Interest i n Devel opment 

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

Subsequent wells may encounter 

Commercial companies 
Future demand is 

For these 

All 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 fo r  the Marysville area as a re- 
sult of the academic exploration projects that  were ongoing. These resulted 
i n  the KGRA designation as required by law. The area of the KGRA was set 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  the EAR. The study was finished i n  l a t e  
1977, b u t  lease stipulations were not  decided upon a t  t h a t  time. 

Devefopment interest  i s  st i l l  present i n  the form o f  lease applications f o r  
noncompetitive land on forest service and BLM land. 
no t  the present appltcations will be l e f t  i n  o r  withdrawn i n  the future. 

Restrictions t o  Development 

are sure t o  contain important impacts for  development i n  the Marysville area. 
Typically f o r  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 dr'illed. 

I t  is unknown whether  o r  

Development "stipulations" which w i l l  be attached t o  any federal lease granted I 

Water ,and a i r  polluti'bn will 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. 

Scenario Discussion 

Time lines for possible geothermal development using local social and economic 
data were prepared. There were two separate cases for consideration. The 
first deals with the possibility of a 50-megawatt electrical generation fa- 
ci 1 i' ty  being devel oped by major enerw-oriented companies. Th i  s development 
sequence will soon begin af ter  the lease sale and continue steadily u n t i l  
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s obtained. The assumptions which  would allow the scenario 

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  is  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 to  the completely un- 
known potential t o  support steam generation. Additional f a c 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 hot water from the KGRA, via trans- 
portation by pipeline t o  the Helena Valley. The necessary supply would 
have to  produce several thousand gallons per minute w i t h  a temperature of a t  
least 180'F. 

The assumptions fo r  t h i s  scenario are: 

1. Municipal interest  will exist. 
2. Financing would be available. 
3. 

, 

I 

A suitable resource can be found. 
i 4. Federal land  will be leased. 
i 

This project would be expected t o  start no sooner than 5 years from the lease 
sale date. I t  would take approximately 8 years for a d i s t r i c t  heating system 
t o  partially supply the Helena Valley. The total  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 that  uses other than domestic space heat would be found. 

I 

1 

I 

i 
! 
1 

The 
I most obvious i s  greenhouse heating. 

I 

I 
I 
I 
~ 

I 
I 
! 
1 

U 

i 
i 
i 
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SITE LOCATION AND PHYSICAL DESCRIPTION 

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

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

..Rectilinear: T. 12 N . ,  R. 06 W.,  sec. 2, AAD 

..County: Lewis and Clark 

. .Adjacent Counties: 
Powel 1 ,  Teton 

..Topography: The topography o f  the area is that o f  a mature mountain sys- 
tem. I t  is  well dissected w i t h  a combination of dendritic and t r e l l i s  drain- 
age patterns and occurrence of steep to  fa i r ly  steep slopes, rounded h i l l  
crests, and some c l i f f  exposures. The Continental Divide runs an irregular 
course northward from the southern boundary of the area over Greenhorn Moun- 
tain. From there i t  turns westerly about 2 miles north of Greenhorn Mountain 
and passes through the western boundary of the study area near Meyers Hill. 
Only about 25 percent of the study area l i e s  west o f  the Divide. 

Elevations range from 4,214 feet  (1280 m )  near Birdseye on the east boundary 
t o  7,505 fee t  (2275 m )  on Greenhorn Montain. 

The  northern boundary of the area is  marked by the Li t t le  Prickly Pear Creek 
Valley. T h i s  valley is less than a half-mile wide a t  the northwest corner 
of the area and widens to  the east. Where Li t t le  Prickly Pear Creek meets 
Canyon Creek, the valley is about 3 miles wide along the northeast boundary 
of the study area. (75) 

..Present Land Use: The s i t e  is owned by the U.S. Forest Service and is  used 
for recreation and animal grazing. The Belmont Ski area is i n  the study area. 
Other recreational act ivi t ies  include snowmobiling, snowshoeing and cross- 
country s k i i n g .  
summer, and f a l l  activit ies.  (75) 

(31) 

Broadwater, Cascade, Flathead, Jefferson, Meagher, 

Hik ing ,  camping, f ishing,  and h u n t i n g  are the sp r ing ,  

..Future Land Use Plans: 

. .Aesthetics: 
area. Disturbed earth contrasts sharply w i t h  forest and grass-covered slopes . 
i n  most of the study area. Most roads are low standard. Numerous two-track 
t r a i l s  r u n  through the area b u t  blend w i t h  surroundings. Sensitivity levels 
and visual quality objectives have been completed by the forest service. No 
highly sensitive areas were delineated. 

. . H i  s tor i  cal /Archaeol ogi cal Significance : The Marysvi 11 e His tori c District 
lies about 18 miles (29 km) northwest of Helena. T h i s  was an important gold 
mining district from the 1870s through the early 1900s. Between 1880 and 
1894, i t  was Montana's largest producer of gold. The population of Marysville 
a t  this time reached 3,000. The operation was a good example of the h i g h  

No changes are anticipated for future use. (75) 

Evidence of man's activities is  found throughout the study 

(75) 

b' 



146 

SITE LOCATION AND PHYSICAL DESCRIPTION 
(continued) 

n hardrock gold mining. The primary mine was the 
owner also b u i l t  a large mill t o  process the ore. 

s ta te  of devel opme 

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 his- 
torical evidence is considered important a t  the national level. Portions 
of Marysville have been nominated for  inclusion n the National Register 
of H i s  tori  c P1 aces. 

There has been no systematic archaeological inventory for the study area. 
Four s i t e s  i n  the study area have been recorded i n  the Statewide Archaeo- 
logical Survey f i l e s  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 o ld  as 10,000 years. 
s i tes  of various types have been identified i n  the county. The future 
archaeological potential is rated as h igh .  

Forty-five archaeological 

(43, 73, 75) 
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6 GEOLOGICAL/GEOPHYSICAL DESCRIPTION 

..Geologic Description: The Marysville EAR area lies i n  the northern 
Rocky Mountain structural and physiographic province. The thrust faults 
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 i s  a dense, blocky 
fracturing a rg i l l i t e .  The limestone is a very siliceous limestone or  dolomite. 
In a large par t  of the area, the limestone has been transformed into a dense, 
low-porosity, calcsil 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 size is the Marysville stock which is t h o u g h t  to  be of l a t e  Creta- 
ceous age. The Radiometric age dating is 79 million years old. 

The Marysville stock i s  surrounded by a broad b e l t  of contact metamorphosed, 
sedimentary rocks, and t h u s  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 igh  which may have been caused by doming asso- 
ciated w i t h  emplacement of the stock. Faults i n  the area are high angle 
faul ts  and can be followed for several miles. The maximum displacement ap- 
pears t o  be a few hundred feet. 

. .Seismicity: 
to  the Marysville heat flow anomaly. T h i s  is essentially the same.as t h e  
study area. T h i s  t r end  follows the Intermountain Seismic Belt. The Marysville 
heat flow anomaly is characterized by a lack of earthquake activity.  The seis- 
mic activity 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. Studies by the University of 
Montana i n  1974-75 indicate that  the swarm pattern is s t i l l  occurring. The 
magnitude of these swarms is  usually below 3.5 on the Richter scale. Helena 
is regarded as one o f  the more active seismic areas i n  Montana. 

. .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 f r o m  data using the . 
numerical technique of Talwani (1965). 

Electrical Surveys. A roving dipole res is t ivi ty  survey was done by the 
U . S. Geol ogical Survey i n  1972. The resul t s  indicate rather h i  gh resi s ti vi  t.y 
associated w i t h  the geothermal anomaly. Magnetotell uric surveys done i n  
1974 found h igh  apparent resistivities associated w i t h  the heat flow anomaly. 
T h i s  contrasts w i t h  relatively low values of electrical  resistivities usually 
found i n  geothermal areas. 

(75, 6) 

A zone of earthquake activity extends from Helena northwest 

(75, 6) 

Tn the Marysville 
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GEOLOGICAL/GEOPHYSICAL DESCRIPTION 
(continued) 

Seismic Ground Noise. A ground noise background survey was run w i t h  negative 
resul  t s - - i n  fac t ,  contrary t o  the normal condit ions usual ly  encountered 
w i t h  the lowest values of ground noise associated w i t h  the highest heat flow. 

Microearthquake Survey. A microearthquake survey o f  the general area indicates 
a c t i v i t y  along a f a u l t  o r  fau l ts  extending from northwest o f  Helena t o  the 
southeastern boundary o f  the geothermal area. 
i n  the geothermal anomaly i t s e l f .  

No a c t i v i t y  was i d e n t i f i e d  

In f ra red  Survey. Airborne infrared survey techniques were conducted i n  order 
t o  t e s t  f o r  ind icat ions of the geothermal anomaly. 
the system was not  f i n e  enough and no ind icat ions were found. 

Gravity Survey. A g r a v i t y  survey has been ongoing f o r  3 years. 
thus f a r  show a negative residual  g r a v i t y  anomaly i s  associated w i t h  the 
geothermal anomaly, but  the lowest values of g r a v i t y  are located south o f  
the geothermal anomaly. 

Heat Flow Survey. A prel iminary study of a large area (Blackwell and Baag, 
1973) supplied 15 heat f low values i n  four d i f f e r e n t  areas. During the course 
o f  the NSF study, 17 holes were d r i l l e d .  The depth ranged from 50-130 meters. 
The r e s u l t s  c l e a r l y  out l ined a heat source. (76) 

The detect ion l i m i t  o f  

The resu l ts  

~ 
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42 RESERVOIR CHARACTERISTICS 

..Reservoir Temperature 

I t o  the 5N-fOOt l eve l .  

i 

..Surface: The source i s  a nonflowing wel l  6,600 f e e t  w i t h  a water tab le  

I . .Subsurface: 21 7OF (1 03OC) (30) 

. .Geochemical : 

SiO,: 248.F {103')C) (33) 

Na-K-Ca: 256°F (180.C) (33) 

I , 
I I . .Flow Rates: "Large quant i t ies" (33) 

..pH: 7.5 (33) 

. .Total Dissolved Sol ids: 782 mg/a (30) 

. . F1 u i d  Chemistry: 

Conductivi ty 
Hardness (Ca, Mg) 
Ca 
Mg 
Na 
Bicarbonate 
so4 
c1 
F 
S i  O2 
B 

960 
22 mgla 

200 mg/a 
242 mgla 
160 mg/a 
47 mgla 
19 mg/a 
83 mg/a 

820 mg/a 

7.8 mg/a 
0.6 mg/a 
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LAND OWNERSHIP AHD LEASING W 
Federal State Private 
JAcres) JAcres) (Acres1 Other 

. .Land Ownershi 0 5,000 0 
Additional Study Are ,200 35,275 0 

Leased Not Open: 

. .Highest Priced Leases 

. .Tentative Lease 
Sale Dates: 

. .Number of Sales 
Offered B u t  No 
B i  ds  : 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. A l l  bu t  four over- 
lapped enough t o  cause rejection because o f  competitive interest. 

cannot lease geothermal resources where i t  owns the mineral rights under private 

The EAR was completed b u t  leasing stipulations have not been finalized. T h i s  
m u s t  be done before a lease sale can be held. 

(75) 

..Summary of Leasing Status and Needs: A the present, the Federal government 
! surface . 

1 

i 

i b  
I 

I 
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GEOTHERMAL DEVELOPMENT STATUS 
b 

. .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 i n  
1973. Geophysical surveys were conducted t o  locate a s i t e  for d r i l l i n g .  
A 6,600-foot (2000-m) deep hole was d r i  11 ed. The anti ci pated temperature 
was n o t  encountered, b u t  ho t  water a t  about the b o i l i n g  point was discovered. 
The hole i s  presently being monitored by the U.S. Geological Survey. No 
further geothermal act ivi t ies  are occurring i n  this area. 

. .Projected or  Planned Development: There is  no planned development for 
this area a t  this time. The resource is too deep and o f  a nature which 
prevents i ts  use i n  an economical manner. I t  has been deemed unsuitable 
for power production on the basis o f  the project. 
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..Prevailing Winds: Westerly (highly variable speeds) (75) 

on (Annual): 20.9 inches (53 centimeters) (75) 

..Days of Sunshine (Annual): 184 (69) 

..Average Temperature: Extremes : 
Minimum: 28.9"F (-1.7"C) -33°F (-36OC) 

Maximum: 53.6"F (12OC) 97OF (36OC) (75) 

. .Degree Days (Annual): 8,860 (69) 

. .Relative Humidity (Seasonal Peaks): 

Summer: 

Winter: 

. .Air Quality: 
Marysville. The closest urban center is  Helena, 15 miles (24 km) south- 
east  of the KGRA cen r*  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  quality. Dust from timber harvest mining  
and vehicular t r a f f i c  may occur. (75) 

Urban and industrial pollutants are not characteristic of 

Smoke from a saw- 

The surface water quality i s  good for most drainages 

44.4 square miles i n  the study area is 25.7 cfs. 
including the L i t t l e  Prickly Pear, are classified as B-D1 by the state 
which sets requirements of direct  uses for most purposes. 
Pear Creek was adjudicated i n  the early 1900s and claims 
the flow dur ing  an ave e period from July t o  September. 

1 aching of mine tail ings i n  a few areas. Discharge from I 

Most reaches of stream, 

Little Prickly 
I 

1 
I 

1 

e study area are na t  a1 for the most part. 
obiles can be heard. The community of Marysville had 

ban noises. Some noise is ssociated Opera 
Recreational t r a f f i c  is expected to  increase. 

Occasiona'l 

I 

U 
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ENVIRONMENTAL FACTORS 
(conti nued) 

.Biological: 

..Dominant Flora: The study area is about 60 percent forest w i t h  the 
remaining area consisting of grassland or shrubland. 
Douglas f i r  are the major seral species. 
f i r  and whitebark pine. 

Grasses i ncl ude beargrass , bl ue j o i  n t  , bl uebunch , wheatgrass , and Idaho 
fescue. (75) 

Lodgepole pine and 
Some other types include alpine 

..Dominant Fauna: 
antelope, black bear, cougar, upland game birds (blue grouse, Franklin 
grouse, and sharptail grouse). 
habftat fo r  cutthroat t rout  and whitefish. 

E l k ,  mule deer, whitetail  deer, small amounts of 

Some parts of the streams are  excellent 
(75) 

. . Endangered Species: 

Flora: None (75) 

Fauna: Nane (75) 
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TRANSPORTATION AND UTILITIES ha 
Energy Transmission Co dors and Facil i t ies:  

Electric: 100 KV 

There are no natural gas lines i n  the vicinity. 

Major heating source is wood and electricity.  

. .Transportation Corridors or  Facil i t ies:  

Roads: County Road 279 5 miles (8 km) from Marysville 

County maintained gravel road t o  within 5 miles (8 km) of the d r i l l  s i te .  

There are many unimproved forest service or old mining roads which access 
the entire area. 

POPULATION 

..General Description of Population: 
bound for a t  least  6 months of the year. 
cated over the mountain from the s i t e  and has about 50 residents. 
frequent the area i n  summer and the f a l l .  
Ski area d u r i n g  the snowy season. Helena i s  the nearest population center 
and is  22 miles (35 

. . Economics : 

The s i t e  has no i n h a b i t a n t s  and i s  snow- 

Recreational skiers use the Belmont 

The community of Marysville i s  lo- 
Tourists 

km) by road, w i t h  a populat ion of 22,730. 

..Present Land Use: 
graz ing ,  ranching  with hay production. 
h u n t i n g  and hiking the area to  explore the old min ing  si tes.  

The area l and  use includes commercial timber sales, 
Recreation uses include fishing, 

I 
mount  of tourism and recreationi 

I 

I 

I 





NEW BILTMORE HOT SPRINGS 

New Biltmore Hot Springs is located about 12 miles (19 km) southwest of Twin 
Bridges i n  southwestern Montana. T h 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 i s  used i n  a 
recreational spa to  f i l l  a swimming pool and hot plunges. 

The surface temperature is  not particularly high,  bu t  the reservoir has a 
h i g h  production capacity. Restricti.ve topography would 1 imit some uses of 
the resource and the rural environment does not lend i t se l f  to  domestic 
space heating uses. Some appropriate uses of this s i t e  are heating of 
greenhouses and aquaculture. 

The owner wishes t o  sell this s 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 recti l inear location of the spring's s i t e  i s  section 28 of township 4 
south, range 7 west, about 20 miles (32 km) northeast of Dillon. 
Biltmore is privately owned and is  situated on about 50 acres (2.02 hectares) 
next to  a working ranch. A combination bar, cafe, and spa are a l l  on the 

Dillon, t o  the southwest, has a population o f  4,548 while Twin 

, 
I 

New 

o the northeast, h 

The topography of the region 
changes of 500 fee t  (150 m) 
meadow hollowed out of a 
300 acres (1 21 hectares). 
River parallels to  the east. 

1 

rolling hills w i t h  
The spring's s i t e  is a small 
The meadow probably covers 
is adjacent while the Jefferson 

i 

j heating and l i g h t i n g .  I 

e operation could i 
1 
~ 

I 

W i t h i n  3-8/10 miles (6 km) of the ho t  sp r ings ,  89 percent of the land is 
private, 9 percen ate, and 2 pe is federal ly  control 1 ed. ! 
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Area residents are generally well disposed towards geothermal direct use. 
Utilization of the hydrothermal resource could be promoted successfully if  
economic cost benefits can be determined. 

Geothermal Resource Description 

The surface temperature of the hot springs is 127°F (53°C). The predicted 
reservoir temperature calculated us ing  relative concentrations of specific 
dissolved elements gives a theoretical temperature range of 158OF t o  352°F 
(70°C t o  178°C). These temperatures may be obtainable through d r i l l i n g  t o  
depth t o  t a p  a deeper reservoir than is  currently producing the hot water. 

The s p r i n g  water is slightly radioactive and is  claimed to  have healing 
properties because of this. The total dissolved solids is 1970 mg/a, which 
is  rather h i g h ,  although the radient heat system that has been operating i n  the 
owner's house for  many years has no evidence o r  deposition or  corrosion. The 
flow from a spr ing and a well is 100 gallons per minute (378 l i m ) .  

T h i s  area is i n  the same regional geology structure as Barkell's s i t e  and 
it is  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 exis t  i n  the area were established dur ing  and 
a f t e r  the emplacement of the Boulder batholith. 
thermal alteration and mineralization are common. 
geophysical exploration has been done. 

I, 

I 

~ 

Zones of extensive hydro- 
Little i n  the way of 

Potential for Geothermal Development 

The range of applications us ing  the known surface temperature of 127°F 
(53OC) are shown i n  figure 2 on page 27. Many of these would not be feasible 
i n  the New Biltmore area. The suggested uses would include aquaculture, 
soil warning, 1 imi ted space heat, 1 arge greenhouses, and increased recreational 
uses. The predicted reservoir temperature of 158°F to  352°F (70°C t o  178°C) 
is 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. There 
are populous areas w i t h i n  a marketable distance, good growing conditions , and 
an adequate heat supply. 

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" QPGRA). In areas t h u s  classified, federal leases 
need not be l e t  on a competitive basis unless overlapping applications are 
recej ved. 

, 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 from P h i l l i p s  Petroleum 
Corporation for leases i n  an area between New Biltmore and Barkell's Hot 
Springs.  An environmental analysis which covered much of the BL-M land i n  

leasing and 6 leases were issued t o  P h i l l i p s  Petroleum Corporation i n  1975. 
No further leasing interest has developed. 

t h i s  area was prepared. Federal land was certified for nohcompetitive LJ 
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According t o  local sourc rilled one o r  more wells 
on their leases shortly a f te  hen. The company has not 
released the results of that  t e s t  d r i l l i n g  a t  this wr i t i ng .  
assumed that  the resource doesn't appear to be outstanding for electrical 
generation compared to  other areas of the west. 
exploring other sites and has done no further work i n  the Barkel 1 ' s  area, 
although leases have been kep t  current. 

Scenario Discussion 

A developmental scenario for  an electrical generating plant o f  the 100- 
megawatt capacity was formulated on the Barkell's Hot Springs.  T h i s  elec- 
t r ical  generation plant would be located somewhere between the New Biltmore 
Hot Springs and Barkell's. 
planning purposes u n t i l  further data supports higher development projections. 
Therefore, a separate electrical scena o under the New Biltmore site is 
omitted a t  this time. The electrical ent i n  Barkell's scenario is equally 
applicable t o  the New Biltmore s i te .  

direct-use scenario involv ing  a commercfal greenhouse facil  i ty for  pro- 
ducing foodstuffs was postulated. T h i s  development is i l lustrated by 
showing a single event; that  is ,  a single construction phase i n  which a l l  

I t  can be 

P h i l l i p s  Petroleum is 

I t  is f e l t  that  the area will only support one for 

u i ld ing  I s  done a t  one time. I t  i s  assumed that: 

1 
2. Private land will be leased. 
3. 

Sufficient commercial interest for development exists. 

Necessary financing would be available. 

The development could begin i n  198 and would require 2-1/2 years to  become 
operable. The total energy potential of this single event would be 
24 x 10 

4 
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c SITE LOCATION AND PHYSICAL DESCRIPTION 

..Latitude: 45 27' 41'' 

..Longitude: 112 28' 24" (31') 

..Rectilinear: T. 4 S. , R. 7 W. , sec. 28, BDA (55) 

. .County: Madison 

. .Adjacent Counties: 

. .Topography: The topography consists of rolling hills trending generally 
north-south. The elevations vary from 4,755 feet to  5,249 feet  (1463 meters 
to  1615 meters) over approximately 1 mile (1.6 km). The Big Hole River runs 
adjacent to the s i t e ;  the Jefferson River flows to  the east. (71) 

..Present Land Use: The s i t e  is used for a tourist spa. The surrounding area 
is used for grazing, watershed, recreation, and Blue Ribbon t rou t  f i sh ing .  

Beaverhead, Silver BOW, Jefferson, Gallatin 

(71) 

..Future Land Use Plans: No change from the present use. 

..Ae,sthetics: Most of the land of interest  i s  not  widely exposed t o  visual 
scrutiny from traveled roads. The previous human impact is already quite severe 
i n  some areas. (71) 

..Historical/Archaeological Significance: Th i s  area lies w i t h i n  the larger area 
t h a t  was generally heavily contested hunt ing  grounds by many different tribes 
of Indians. The first known white men to  enter the area were Lewis and Clark. 
Much mineral exploration and some mining occurred i n  the 1800s. 

No archaeological inventory has been made. There are several known archaeo- 
logical s i t e s  i n  o r  adjacent t o  the study area. A t  least  one pictograph 
si te is  present i n  the vicinity. 

(71) 

(71) 

Fifty-two archaeological s i t e s  have been identified i n  Madison County. 
potential for future archaeological f inds  is h i g h  i n  the county. 

The 

GEOLOGICAL/GEOPHYSICAL DESCRIPTION 

. .Geologic Description: 
Meagher Limestone, and probably is circulated a t  depth where it  is heated i n  
Paleozoic sedimentary rocks. A probable northeast-trending faul t  displaces 
rocks near the s i t e  and could serve as the conduit for passage t o  the surface. 

. .Geophysical Summary: 

..Site Information: 
tanks from which i t  is piped to  f i l l  a swimming pool. 

Hot water issues from river gravel overlying the 
- 

(48) 

Shallow wells discharge hot water t o  covered concrete ibi 
(48) 
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..Reservoir Temperature: 

..Surface: 127°F (53°C) (80) 

. ,Subsurface: 

..Geochemical: 

Si02: Chalcedony 158°F Quartz 208°F (98OC) 

Na-K-Ca: Na-K-1/3 Ca 352°F (178OC) Na-K-4/3 Ca 167°F (75°C) (80) 

. .Flow Rates: 100 gpm (378 l / m )  (80) 

..pH: 6.8 (31) 

. .Total Dissolved Sol ids: 1970 (31 ) 

. .F lu id  Chemistry: 

Conductivity 2240 
Hardness (Ca, Mg) 1100 mg/a 
Ca 300 mg/a 

7272 mg/a 
160 mg/a 

1% 
Na 
Bicarbonate 229 mg/a 

1200 mg/a 
45 mg/R 

so4 
c1 
F 3.6 mg/a 
Si02 44 mgla 
0 870 mgla 

1 analyses o f  various parameters are available. 

ec t r ic  Energy Potential (MBtuh 30 years): 

(31) 

of Reservoir: Unknown 

I u 
I 
i 
I 

I 
1 
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LAND OWNERSHIP AND LEASING 

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

' .and Ownership 
9% 89% 0% 2% - -0 

. .L  
(6 km radius): 28,25 

11433 (hec) 

..Land Leased: 10,687 
4325 (hec) 

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

. . $/Acre Lessee 
$7 . OO/acre P h i  11 i p s  Pet. 

. .Tentative Lease Sale 
Dates: Leased i n  1976 

..Number of Sales Offered 
B u t  Mo Bids: 

. .Number o f  Bids 
Rejected (Resulting 
in No Lease) : None 

The hot springs and surrounding land are privately owned. 
land are adjacent t o  the s i te .  

0 

Parcels of s ta te  

..Summary of Leasing Status and Needs: 
Barkell 's/Bil tmore area. 
work has been done, b u t  no results are available. 

Federal land i s  available fo r  further leasing. 
in some cases fo r  leasing also. 
s ta te  lands i n  th is  area should be opened for leasing. 

Phillips Petroleum has 6 leases i n  the 
Some resource definition dril l ing and geophysical 

The private land is  available 
If further interest i s  demonstrated, the 
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RMAL DEVELOPMENT STATUS 

..Present Development Status: The federal land has been evaluated in an 
Environmental Assessment study with noncompetitive leasing now available. 

The only work done in he area for resource definition was done by Phillips 
Petroleum. These res ts are unavailable. 

The springs are presently used for a recreation spa facility. 
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ENVIRONMENTAL FACTORS 

. .C1 imate: 

. . Prevai 1 i ng Winds: 

. . .Prec ip i ta t ion (Annual): 13 inches (33 centimeters) (67) 

. .Days o f  Sunshine (Annual): 

. .Average Temperature: 

Minimum: 34OF (1°C) (67) 

Maximum: 66'F (19OC) (67) 

. .Degree Days (Annual): 

. .Relative Humidity (Seasonal Peaks): 

Summer: 35% (67) 

Winter: 50% (67) 

. . A i r  Qua l i t y :  Present a i r  q u a l i t y  i s  general ly excel lent .  Some l and  surfaces 
are susceptible t o  wind erosion. These dust storms are general ly mi ld and 
infrequent. Smoke i s  sometimes generated from range f i r es  and t rash burning. c71) 

. .Water Qua l i t y :  Water q u a l i t y  i s  excel lent .  
supplied. Two excel lent  f i s h i n g  r i v e r s  are present. Water i s  used extensively 
f o r  i r r i g a t i o n .  Almost a l l  ava i lab le water appropr iat ion r i g h t s  are pr ivate.  
The lower Big Hole River runs adjacent t o  the springs. 

. .Noise: No area indust ry  i s  present other than occasional agrar ian pursui ts.  
The noise i s  representative o f  a f a i r l y  i so la ted  woodland and p r a i r i e  w i t h  the  
exception o f  areas near the highway and sparsely populated urban areas. 

Surface runo f f  i s  snowmelt 

(-71 , 39) 

(71) 

. .Biological :  

..Dominant Flora: The primary p lan t  l i f e  i s  b i g  sagebrush and va r ie t i es  o f  
bunchgrass, w i t h  some forests  of Lodgepole pine. 

. .Dominant Fauna: The la rge  animals present include mule deer, e lk,  antelope, 
and f i sh .  (71) 

. .Endangered Species: 

(71) 

Flora: None (71) 

Fauna: None (71) 
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p t e r  K 

WARM SPRI 

’ Warm Springs i s  the s i t e  o f  the State Mental Hospital Complex. 
11 mi les (17.6 km) south o f  Deer Lod 
Montana purchased t h i s  s i t e  over 100 
s ta te  mental hospi ta l  because o f  the therapeutic e f fec ts  o f  the n a t u r a l l y  
occurring hot water. A f a c i l i t y  was constructed which housed 1,900 
pat ients.  A number of the pat ients  were able t o  par t i c ipa te  i n  the opera- 

Hot 
water was used t o  heat the greenhouse and cow barn. The water was also 
used f o r  showers and soak tubs f o r  the patients. The dec l in ing p a t i e n t  

I t  i s  
i n  Deer Lodge County. The s ta te  of 
ars ago as the loca t ion  fo r  the 

I 

1 t i o n  of a greenhouse f o r  supplying vegetables and a c a t t l e  operation. 

populat ion and remodeling o f  f a c i l i t i e s  f i n a l l y  shut down a l l  uses o f  hot  I 

I water by 1950. The present p a t i e n t  population i s  380. 
I 
i 

The ho t  springs are cur ren t ly  the second ho t tes t  surface springs i n  the 
state.  The f low i s  moderate bu t  can possibly be enhanced and the po- 
t e n t i a l  f o r  heat production i s  moderate t o  good as compared t o  other s i t e s  
i n  the state. 
c o s t l y  equipment f o r  heat extract ion. The on-site use o f  t h i s  energy 
w i t h i n  the i n s t i t u t i o n a l  complex t o  supply much o f  the present ly required 

but  adjacent land could be 

There has been some i n t e r e s t  on the p a r t  of MERDI (Montana Energy Research 
and Development I n s t i t u t e )  t o  heat the complex w i t h  the geothermal f l u i d .  
The problems associated w i t h  h i s  proposal are sure t o  be economical ra ther  

Resource Environment 

Warm Springs i s  ad ent  t o  U.S. I n  
U.S. I n t e r s t a t e  90 located 10 mi les 
(16 km) t o  the nor 
t o  the south. But te  the southwest and 

The so l ids  content and deposit ion problems requi re more 

I energy i s  a very good p o s s i b i l i t y .  Othe uses would be l i m i t e d  on-site, 
ed for  agr icu l tu re  and aquaculture. 

i 

! than i n s t i t u t i o n a l  i 

6 miles (9.6 km) from 

i s  13 mi les (21 km) 

1 

1 
1 

I 

i 
I 

t o  a la rge  extent ear ly  i n  the 1900s. There i s  current ly  i n t e r e s t  i n  again 
using the natural  hot  water f o r  heating purposes w i t h i n  the s ta te  bui ldings. W 

j 

- -  

I 



The s p r i n g  si te is owned by the Montana Department of Institutions and used 
as a fac i l i ty  location for  a s ta te  hospital. There are a number of bu i ld ings  
on this land. The surrounding land is mostly privately owned and the land 
use is  primarily ranching and agriculture. No major economic base change or  
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 is supp l i ed  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  i t  is economically desirable. 

Geothermal Resource Bescri ption 

The surface temperature o f  Warm Springs is 172OF (78OC). 
indicates a base or  reservoir temperature range of 171OF to 383°F 
(78°C t o  195°C). 
temperature. The total dissolved so l id s  are low a t  1250 mg/a. 
flow has been measured recently a t  50 gallons per minute (3 l/s) but  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 bu t  the h i g h  calcium 
content of the water and the presence oT a large travertine mound a t  the or i f ice  
suggest extensive contact of the water a t  depth wi th  carbonate rock. 

The capacity of the reservoir has not been investigated by d r i l l i n g  and 
pump tests. The s t ra ta  from which the water is thought  t o  originate is porous 
and known t o  be a good s u p p l i e r  of ground water. An extensive f a u l t  is 
t h o u g h t  t o  exist w i t h i n  a mile of the sp r ings  and may be the source of the 
heat transfer. The artesian n a t u r e  of the surface manifestation shows sig- 
n i  f i  cant hydraul i c  pressure a t  the reservoir depth. 

Geothermometry 

176°F o r  80°C seems t o  be the most probable available 
The present 

Potential For Geothermal Development 

The range of applications that are possi*ble us ing  surface temperature of 
172°F (78OC) are i l lustrated i n  figure 2 on page 27. 

Of the above uses only a few are economically feasible i n  t h i s  area. The 
most interesting use would be t o  heat the entire s ta te  fac i l i ty  including 
bathing and washing water. This could be easily done and woul& require heat 
exchangers to  protect p ip ing .  T h i s  is the only promising use.on the s ta te  
land a t  the s i te .  Good reservoir potential on some of the surrounding land 
would support space heating for  domestic use. Although only sparsely popu- 
lated a t  the present, cheap energy sources could draw more people. 

Agricultural uses would benefit the most from this heat supply. Commercial 
processing of agricultural products for animal and human consumption would 
be possible w i t h  reservoir temperature approaching 240'F .(116"C). 

CiJ' 



168 

Greenhouses could be economically supported a t  

some direct uses. 

so a possibility i f  a sufficient freshwate 
bsence of a population center other than t 

b, 

Interest i n  Development 

The springs are  
ongoing t o  define problems associated w i t h ,  and economic feasibi l i ty  of, 
converting the s ta te  complex t o  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- 
tive 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. 

t being presently used for any heating purpose. A study is 

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 for  reservoir definition. 

Private interest  has not  been In 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 i s  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 w i l l  apply t o  t h i s  site. These are 
related t o  disposal of the warm wate effluent and concern for the effects 
of water withdrawal of previous wate r i g h t  holders i n  the same area. 

Scenario Discussion 

The presented scenario i l lus t ra tes  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 should. take 
an energy production of 4 

ximately 2 years for  

scenario are 

d by the Depa 
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 re t rof i t  of the existing heating system. w 



3. A sufficient reservoir capacity t o  supply hot be en- 
countered a t  a reasonable depth. Lid 

4. The Department of Institutions would be w i l l i n g  to  change over 
t o  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. 
T h i s  could slow t o  years under the present policy. 

Private land can usually 



CATION AND PHYSICAL DESCRIPTION W 
. .Lati tude: 46 10' 40" (31) 

..Longitude: 112 47 '  40" (31) 

. .Rectilinear: T. 5 N . ,  R. 10 W . ,  sec. 24, NE 1/4 c80) 

. .County: Deer 

. .Adjacent Counties: 

..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 its tributaries drain the valley i n  a northerly 
d i  recti  on. 

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 attain altitudes of 

great terraces, designated here as h i g h  terraces that  slope gently down- 
ward from the mountians and end i n  abrupt scarps above low terraces 
bordering the broad flood plain of the Clark Fork. The flood plains of 
the tributary 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 is 
(1467 m).  (59, 64, 78) 

..Present Land Use: 
Springs State Hospital and a s ta te  game farm. 
used for agricultural act ivi t ies  or smelter process wa 

..Future Land Use Plans: No change expected for  t h  

. .Aesthetics: In early years, miners roamed a t  large, s i n k i n g  shafts, 
d igg ing  and cutting trees. When a hole fizzled out, i t  was lef t  open; 
consequently, a large amount of disturbed area is present. T h i s  area is  
no t  subject t o  intensive tourist use. Development i n  the valley would 
be open to  visual scrutiny as the land is relatively f l a t  w i th . l i t t l e  

should not pose any large aesthetic problems. 

haeological Significance: he Upper Clark Fork River 
Valley served as a main travel route for era1 Indian tribes on their  
way t o  and from buffalo country t o  the east. Early day trappers and 
traders followed this same route. 
t o  settlement o f  the area. I t  has been populated continuously since. 

Powell , Brani te ,  Beaverhead, Jefferson, Silver Bow 

The Deer Lodge Valley is a basin trending north-south i n  

I 

! 

I more than 8,500 feet  (2590 m ) .  The valley topography is'dominated by 

t a t  approximately 4,813 feet  

The s i te  i s  presently used as a location for the Warm 
The surrounding area is  

In 1852, gold was discovered which l ed  

170 
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c SITE LOCATION AND PHYSICAL DESCRIPTION 
(continued) 

Deer Lodge County i s  the s i t e  o f  the famous Washoe Smelter which processes 
copper ore from Butte. This operation began i n  1883 and i s  important f o r  
engineering and i n d u s t r i a l  advances. 
Cross H i s t o r i c  D i s t r i c t  which was a minor gold mining area (1857). 

No archaeological s i t e s  have been discovered i n  Deer Lodge County, although 
the area i s  ra ted as high f o r  fu tu re  discovery potent ia l .  

Nearby i s  the Georgetown-Southern 

(43, 64) 



GEOLOGICAL/GEOPHYSICAL DESCRIPTION 4J 
. .Geologic Description: The mountains east  of the Deer Lodge Valley are 
formed primarily of Cretaceous sedimentary and volcanic rocks and lower 
Tertiary granitic rocks. Those mountains t o  the west of the valley are 
formed o f  Precambrian t o  Cretaceous sedimentary'rocks and a core of lower 
Tertiary granitic rocks. Geophysical data ndicates that the valley is a 
deep graben which formed i n  early Tertiary ime af ter  emplacement of the 
Boulder and P h i l i p s b u r g  batholiths. During the Tertiary Period, the 
valley was par t ly  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 
i nterbedded w i t h  m i  nor amounts of vol cani c pyrocl as t i  cs . Thi s material was 
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 t o  we1 1 -cemented , 
clay t o  boulder-sired aggregates. The s t ra ta  d i p s  gently towards the valley 
axis 3n most of the area, b u t  along the western margins of the valley they 
d i p  steeply i n t o  the mountains. 

The main source of ground water i n  the Deer Lodge Valley i s  the upper few 
hundred feet o f  unconsolidated valley f i l l .  Most of the existing wells 
drawing from these deposits range i n  depth from a few feet  to  250 feet  
(76 m ) .  
wells) t o  about 150 feet  (46 m )  below. 

The hot  water issues from a sequence of several thousand feet  of Tertiary 
valley f i l l  sediments overlain by t h i n  quaternary al luvium. The Tertiary 
sediments include unconsolidated t o  well-consolidated sil tstone,  shale,. 
arkosi c sandstone, sand conglomerate, gravel vol cani c ash , bentoni t e  , 
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 extensive 
w i t h  carbonate rocks. 

A north-northeast trending faul t  i s  thought to exist  l j 2  t o  1 mile 
(402 m to  1609 m) east  of the springs where gravity and magnetic values 
decrease rapidly westward. A reservoir located 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 Water Supply Paper 1862, 
along with geologic mapping from aerial photographs. I 

Water levels range from somewhat above land surface ( i n  f lowing 
(78) 

act  of the water a t  depth 

(101 

The geology of part of the area was mapped i n  
A. Mutch of Princeton University i n  1960. 

There are several geophysical data collection projects occurring i n  the area 
a t  t h i s  time. A warm springs s i t e  on the Montana State Prison Ranch is 
being assessed using seismic, gravity, and resist ivity to  locate positioning 
of wells fo r  hot water. A similar project for the area, including Warm 
Springs,  is slated to  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. 

Thesis by Thomas 



The water from Warm Springs has been analyzed for fluid chemistry and 
geothermometry . 
A preliminary resistivity study o f  the spring s i te  was done by the Montana 
State University, Earth Sciences Department. 
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1 

RESERVOIR CHARACTERISTICS &d 
..Reservoir Temperature 

. .Surface: 172OF ( 7 8 O C )  (31 1 

. .Subsurface: 

..Geochemical: 

Si02: Chalcedony 171°F (78OC) Quartz 225°F (107°C) ' 

Na-K-Ca: Na-K-1/3 Ca 383°F (195°C) Na-K-4/3 Ca 176OF (8OOC) (80) 

..Flow Rates: 50 gpm (190 l / m )  (31) 

..pH: 6.6 (31) 

..Total Dissolved Solids: 1250 mg/a (31) 

. . F l u i d  Chemistry: 

Conductivity 1465 
Hardness (Ca, Mg) 570 mg/a 
Ca 190 mgla 
Mg 
Na 
Bicarbonate 

5.7 mg/a 
so4 
C1 
F 2.4 mgla 
Si02 53 mgla 
B 300 mg/k 

Additional analyses o f  various parameters are available. 

The springs surface i n  the top of a large carbonate mound. 
gas is  present. (80) 

(31) 

Some 
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..Land Ownership 
(6 km radius): 

LAND OWNERSHIP AND LEASING 

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

28,250 ~ 1% 1 0% 89% 0 
11433 (hec) 

. .Land Leased: None 

. .Highest Priced 
Leases (Dol l a r s l  
Acre) : N/A 

. .Tentative Lease 
Sale Dates: N I A  

. .Number of Sales 
Offered B u t  No 
Bids:  N/A 

. .Number o f  Bids 
Rejected (Resulting 
in  No tease) : N/A 

..Summary o f  teasing S t a t u s  and Needs: 
i s  prqvately owned. A small amount o f  state land wuld be leased. 
land would be available for lease i f  interest should increase. 

Most of the land in the study area 
Private 
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..Present Development Status: 

A study by the Montana Ener 

The springs are not be$ng used a t  this time. 

esearch and Development Inst i tute  o f  Butte 
The 1 

I 

is  ongoing w i t h  a grant from Montana's renewable energy grant program. 
purpose o f  &his study is to  determine the feas ib i l i ty  and design of a space 
heating system fo r  the s ta te  hospital nearby. 

~ 

I 

I 

The Montana Bureau of Mines is  conducting various geophysical exploratory 
methods to  characterize the reservoir a t  the Warm Springs site. 

. .Projected or  Planned Development: The projected development a t  this s i te  
is  to  heat the ent i re  hospital complex w i t h  the hot water from the springs. 

INSTITUTIONAL CONSIDERATIONS 

. .Institutional Requirements: The State Department of Institutions owns 
much of the s t a t e  controlled l a n d  which limits the potential for  outside 
(private) use, unless private land is  bought or  1-eased from the owner. 

. .Agency and P u b l i c  Attitudes: 
very good. 

. .Status o f  Requirements (1 .e., EIA/EIS Requirements): 

The att i tudes o f  a l l  concerned parties are 

No special re- 

1 
i 

1 

1 

I 
I 
j 
1 
I 
I 



177 

ENVIRONMENTAL fACTORS 
6.; 

..Climate: 

..Prevailing Winds: Variable, average speed 6.3 mph (10 k/h'r), (67) 

..Precipitation (Annual): 10.5 inches (26.7 cm) (67) 

. .Days of Sunshine (Annual): Approximately 190 days (69) 

. .Average Temperature: 

Minimum: 25.3OF Lowest: -22OF 

Maximum: 62.5.F Highest: 89OF (67) . 

. .Degree Days (Annual): 8407 (69) 

. .Relative Humidity (Seasonal Peaks): 

Summer: 31% - 80% 

Idinter: 38% - 70% (67) 
. .  

.&Air Quallty: A i r  quality is considered t o  be excellent except during 
times o f  slash burning or large wildfires i n  the west. Air quality 
requlrements are high. (64) 

,.Water Quality: Most of the streams flow through glacial till  and 
Tertiary sediments i n t o  the Clark fork River, a tributary of the Columbia 
River. This stream is  rated as B-D1 by the State  Water Quality Bureau 
which  indicates h i g h  enough water quality requirements for most uses wi th -  
out  pretreatment. Private water r i g h t s  cover most surface supplies. (39) 

..Noise: 
t ion .  The Interstate Highway runs adjacent to  the site, cont r ibu t ing  road 
noise to  most o f  the surrounding area. 

. .Biological: The following data applies t o  Deer Lodge National Forest, 
located about 5.6 miles (9 km) east and west of Warm Springs. The site 
area is i nsti tutional w i t h  surrounding 1 and u t i  1 i zed i n  agri cul tural 
pursuits. 

Noise a t  the s i t e  is characteristic of a community health i n s t i t u -  

. .Dominant Flora: 

Lower Slope (Foothill Zone) : Grassland types 
lodgepole pine,  rabbi tbrush,  sagebrush, bi tt 
mountai n ma hogany. 

General Forest : Lodgepol e p i  ne , some Doug1 as f i r , englemann 
spruce, subalpine f i r ,  and meadows have grasses, sedges and forbs. 

High Area Zone: Scrubby alpine larch, wh-itebark pine 
~ subalpine f f r ,  spruce, and lo&gepole pine- Alpine meadows. (59) 
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NVIRONMENTAL FACTORS 
(continued) 

. .Dominant Fauna: Mule deer and elk are abundant h small populations 
of antelope, whitetailed deer, moose, goats, sheep, and black bear. 

Rare species -include arctic grayling and grjzzly bear. 

. Endangered Speci es : 

Flora: None 
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Lid 
TRANSPORTATION AND UTILITIES 

. .Utility o r  Energy Transmission Corridors and Facilities: 

Electric: 100 KV 5 miles (8 km) 

Natural gas is available via pipeline adjacent t o  site. 

. .Transportation Corridors o r  Facil i ties: 

U.S. 10 

U.S. 90 

Adjacent to  s i te  

6 miles (9.6 km) 

POPULATION 

..General Description o f  Population: The s ta te  hospital complex has 500 
people full  time. The nearest populations are: 

Deer Lodge 10 miles (16 km) 4,306 population 
Anaconda 13 miles (2l h) 9,771 population 

I 
I The surroundCng area consists mostly o f  rural families. 

. . Economi cs : 

..Present Land Use: The area wide l a n d  uses include commercial forest 
production, livestock grazing, and recreation. 

Agriculture and ranch act ivi t ies  use a majority o f  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  are conducted i n  the near 
vicinity. 

Potatoes are the largest cash crop i n  the valley; this  area being one o f  
the largest- producers o f  potato seed i n  Montana. Wheat, barley, and corn 
are also grown. 

..Future land Use: The future should remain much the same as the present. ’ 







WEST YELLOWSTONE KGRA 

The West Ye1 stone KGRA i s  a narrow s t r ip  of land located adjacent t o  the 
western boundary of Yellowstone Park, nor th  of the Continental Divide. The 
c i t y  of West Yellowstone is on the northern edge o f  the KGRA. This area is 
among the southernmost areas of the s ta te  of Montana. 

The study area has good potential for containing a h i g h  o u t p u t  geothermal 
resource due t o  i t s  proximity t o  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 

steam. 

The direct-use potential  i s  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 s the town of West Yellowstone. 
T h i s  community has a low resident populat  n b u t  could use the energy for i t s  
large touris t  trade. There i s  a to ta l  of 10,528 acres of private land 
excluding West Yellowstone or the airport i n  the West Yellowstone Basin. 
Li t t le  of this  is near the KGRA. The town of West Yellowstone would very 
likely recieve the idea of a d i s t r i c t  heati ably if  protection 
of the geysers i n  the park i s  assured. 

There are geothermal resource 1 ease n the study area 
submitted by energy development corporations who are hoping for sufficient 
temperatures for steam generation. An EIS i s  being prepared a t  this  time 
for the entire West Yellowstone Park area and the Island Park area t o  the 
south. The nature of the area and i t s  proximity t o  the park are sure t o  

I 

I f ind ing  sufficient temperatures for producing the desired quant i  t i es  o f  
I 

West Yellowstone is the only west 

v i  v i  d demonstrations 
KGRA along w i t h  i t s  counterpart, the Island Park KGRA immediately across the 
border t o  the south i n  Idaho, are the closest sectio 
springs and geysers i n  the park. 

f land t o  surface cd 



The whole region to  the west of Yellowstone Park is primarily national 
forest lands, w i t h  sparse population d i s t r ibu t ion .  
large city,  w i t h  a population of 19,000. There are several very small 
communities to  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 in) a t  the foot  of the mountains. 
5,000 feet  (610 m to  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, i s  used for  summer and winter 
recreation, timber harvest, and a small amount of stock grazing. The whole 
plateau area outside of the area is  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 becomes 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 suppor t  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 of 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 i s  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 t o  the 
community. Some 
of the domestic housing uti l izes wood t o  supply part of the heat requirements. 
T h i s  source i s  quite plentiful. 

Bozeman is the nearest b.! 

Basin elevations range from 6,496 feet  (1980 m) 
Peaks r i se  2,000 to 

Propane and fuel o i l  is  trucked i n  from the south and north. 

The people of West Yellowstone depend on tourism for their economy. The 
tourists come because the land is  beautiful and the a i r  i s  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  at t i tude,  coupled w i t h  a concern for the effect  of tapping 
the geothermal resource on the park's thermal manifestations, develops a nega- 
t ive att i tude towards any kind of resource dev 
are very interested i n  maintaining a status qu 
Economic viabil i ty of a d i s t r i c t  heating system itself will have l i t t l e  effect 
on the acceptability of such a proposal. 

he area residents 
ent economy. 
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Geothermal Resource Description 

he study area is devoid of the usual indications of geothermal activity. 
This can be explained i n  pa r t  by the geology. Much of the surface rock is 
volcanic sands which i s  over 1,000 feet (305 m) thick. Since this layer 
i s  extremely porous, one can expect water t o  penetrate and move laterally 
w i t h  the gradient. This is, i n  fact, what happens since the area i s  a 
gound water recharge area for the Snake River P la in  to  the south.  Hot 
water would not show up on the surface o r  even near the surface. There 
are numerous bare warm spots often surrounded by 10 feet (3 m )  of snow. 

Recent geophysical and geological data suggests t h a t  the Snake River p l a i n  
i s  an area of crustal weakness t h a t  has opened northerly as a propagation 
fracture, w i t h  the t i p  of the fracture a t  Yellowstone. This model would 
explain the presence of active seismicity and crustal fracture accompanied 
by widespread volcanism. This area i s  a pa r t  of the Intermountain Seismic 
Belt, a north-trending zone of seismicity i n  the western United States. 
Shallow focal depth of less t h a n  9 miles (15 km) characterizes the 
seismicity. 

Potential for  Geothermal Development 

known about the temperatures, quantities, and precise locations of hot 
water springs which might be present. The theoretical reservoir temperature 
cannot be calculated since there arep' t  any known sources of hot  spring 
water. 

As an alternattve,to listing possible users, we w i l l  consider the range of 
temperatures needed t o  be usable i n  the West Yellowstone area. The limited 
privately owned land  i n  West Yellowstone precludes many possible uses of 
h o t  water. There isn' t  room for aquaculture o r  greenhouse facilities and 
there i s  l i t t l e  manufacturing o r  industrial activity i n  the area. The lumber 
m i l l  would possibly use heat for  a dry k i l n  operation i f  i t  were t o  be 
reactivated. T h i s  occurrence could be enhanced by the cutting o f  large sec- 
tions of mature lodgepole timber. The temperature needed for this use would 
be i n  the range of 250'F t o  3OO0F.(121"C t o  149°C). Space heat ing of 
the whole town o f  West Ye1 wstone is the obvious direct use o f  the'resource. 
This would require a tempe ture of a t  least 0°F (82'C) ideally. The 
water could be used t o  heat homes and busine s, melt ice on sidewalks and 
streets, and provide hot  water for  b a t h i n g ,  swimming, and cleaning purposes. 
Electrical production, us ing  present economic models, requires 
over 400°F (204OC 

hi' 

. 

- 

I The u t i l i z a t i o n  profile i s  very hazy a t  this time since ve 

I 

efficient use of capital resources. 

t o  supply the community 
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k/ 
Interest i n  Devel opment 

The Yellowstone KGRA was designated i n  Apri l  of 1971 after the passage of 
the 1970 Geothermal Steam Act. From this time u n t i l  1975, only 4 lease 
applications were received for the area outside of the KGRA. More t h a n  
150 lease applications were received for the Island Park area t o  the south. 
As a result sf  these applications, the Island Park KGRA was designated. 
These 2 areas will be studied and leased as a u n i t .  The lease applications 
for  the Yellowstone KGRA are on record, indicating development interest 
i s  s t i l l  present. The real test  will result from completion of the EIS 
and subsequent lease sale covering competitive and noncompetitive lease 
1 ands . 
The lease applications i n  the Yellowstone study area are held by Phillips 
Petroleum w i t h  3,143 acres (1272 hectares) i n  5 parcels which are located 
outside the KGRA. 

Restrictions t o  Development 

The €IS will be completed i n  late 1978, w i t h  a projected lease sale t o  be 
held sometime i n  late 1979 o r  1980. The specific lease restrictions w i l l  
not be available until the time of leasing. There are several important 
environmental problems involving various animal species which use the area 
as a habi ta t .  The most important i s  the gr izzly bear, which is a threatened 
species protected by a federal law. T h i s  will require withdrawal of a 
large section of land t o  be lef t  undeveloped. This  will most likely be 
the area on the Continental Divide. 

' 

A large pa r t  of the area i s  rather f la t  w i t h  l i t t l e  danger of d i s r u p t i n g  
critical animal habi ta ts .  Also, the visual aesthetics are minimal con- 
siderations since the installation of facilities will not  be visible f o r  
long distances. This same area will be subjected t o  a massive logging 
operation which will further negate environmental impacts from s i te  
development . 
A major concern of people interested i n  the future of the area is the pos- 
sibil i ty of affecting the workings of such landmarks as  Old F a i t h f u l  by 
withdrawing water and steam. Lease stipulations may or  may not address 
this possibility, but  i t  seems evident t h a t  the first h i n t  of change seen 
in the thermal features inside the park, the development outside the park 
will be the target of the hue and cry. 

Scenario Discussion 

The scenario for the Yellowstone KGRA Cncludes two different uses. 
time 1 i m i t  will describe electrical production. The assumptions used t o  
construct the scenario are as follows: 

I 

The f i r s t  

1. Federal land i s  t o  be leased. 
2. 
3. 

A resource of sufficient economic quality could be located. 
EIS stipulations fo r  leasing w i l l  not be unduly restrictive. 

u 
c 



The minimum power gen t ion  fac i l i ty  like1 
megawatt u n i t .  A single event is  traced from inception to  power-on-line. 
Many more events would occur if the resource proves to be adequate. These 
are not postulated i n  deference t o  the scarcity of reservoir data. The 
start ing date is 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 B t u / h r .  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 local environment were considered and incorporated 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, incidental ly, w i t h  the development of a power generation faci 1 i ty. 
The construction of a k i l n  for drying lumber is  not specifically described 
i n  the direct-use scenario. Tht’s industry may be able to use either source 
above, or i t  may have to  drill a single-use well of i t s  own. The starting 
date i s  1982, w i t h  7 years required for completion. 

o be developed is  a 100- u 

186 
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bj 
SITE LOCATION AND PHYSICAL DESCRIPTION 

..Latitude: 44 39' N (68) 

..Longitude: 111 06' W 

. .Rectilinear: 

..County: Gallatin 

..Adjacent Counties: Beaverhead, M t .  Fremont, rdaho 

. .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 of Yellowstone National Park and Hebgen Lake. Basin elevations range 
from 1980 meters along the shoreline of Hebgen Lake to  2041 meters where 
the basin plateau s t a r t s  sharply upward to  mountain ranges 610 meters to  
1524 meters above the basin floor. The Continental Divide lies w i t h i n  
16 kilometers t o  the west and southwest. The basin is essentially a h i g h  
plateau surrounded by rugged mountains. (68) 

..Present Land Use: 
West Yellowstone, the major land uses are as follows: 

Outside of the small area occupied by the town of 

1 .  Summer and winter recreation. 
2. Timber harvest. 
3. Stock grazing. (62) 

..Future Land Use Plans: 
increases i n  the timber harvest due t o  massive infestations of the mountain 
pine beetle. An increase i n  tourism is  expected. (46, 62) 

Expected t o  remain essentially the same w i t h  

..Aesthetics: 
tone i s  a major entrance t o  the park and a base for wide-ranging winter 
sports use. I t  has become a popular snowmobile and cross country skiing 
area. 
i n  the increasing popularity. Much of the land is  f l a t  and visual distances 
are short .  T h i s  will permit development i n  much of the study area w i t h o u t  
damaging the existing aesthetic resources. 
consider the existing scenic visual and audio resources. 

. .Historical/Archaeological Significance: 
valley as early 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 into 
Yellowstone Park and over t o  the Wyoming Plains. 
this  t r a i l  into the 1800s. The f i r s t  known white visitor arrived i n  1834. The 
park was created i n  1872 and West Yellowstone opened for  homesteading i n  1873. 
West Yellowstone in i t ia l ly  existed t o  serve the 100-day tourist season i n  
Yellowstone Park. Now w i t h  the current snowmobile boom, the town is  a 
year-round resort area. 

Th i s  area is  subject t o  intensive tourist use. West Yellow- 

The visual qualities of the surrounding landscape are a large factor 

Site development w i l l  have to  

Re1 ics indicate Indians used the 

Bannock and Shoshone used 

-. 



188 

SITE LOCATION AND PHYSICAL DESCRIPTION hd - (continued] 

It i s  known f o r  deep snows and long c o l d  winters.  
each w i n t e r  u n t i l  1964 when the  snowmobile became common. 
demand f o r  f a c i l i t i e s  has developed around snowmobile use ou t  o f  West 
Yellowstone. The town has become a year-round reso r t .  (62) 

Fourteen s i t e s ,  i n c l u d i n g  the  Bannock T r a i l ,  have been i d e n t i f i e d  by 
Davis (1973). The p o t e n t i a l  f o r  f u t u r e  archaeological f i nds  i s  good. 

The area was abandoned 
Now a w in te r  

(62) 
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Lid GEOLOGICAL/GEOPHYSICAL DESCRIPTION 

. .Geoldgical Description: The Yellowstone National Park region is  located 
a t  the northeast end of the Snake River plain. T h i s  is a 300-mile (500 km) 
long northeast-trending basal t - f i l led depression which has been postulated 
as a rift formed by crustal extension. Evidence suggests that  the  adjacent 
mountain blocks may have been t i l ted down during subsidence and volcanic 
f i l l i n g  of the Snake River plain. Also, the basin and range normal fau l t  
systems that trend north-south parral le1 t o  the rntermountain Seismic 
Belt terminate a t  Yellowstone and t h e n  push northwest i n t o  Montana, north 
of Ye1 1 ows tone. 

Dating o f  volcanic rocks from the Snake River plain indicates that  the 
foci of volcanic inception along the plain have progressed northeasterly 
from southwestern Idaho t o  Yellowstone beginning 15 million years ago. 
The youngest major volcanic u n i t s  of this progression are Yellowstone 
rhyolites that  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 t h a t  the Snake River plain could be an indication of a lithospheric 
zone o f  weakness that have opened northeasterly as a propagating fracture. 
T h i s  hypothesis would place the t i p  o f  the fracture a t  Yellowstone w i t h  
resultant stresses producing active seismicity and crustal fractures which 
would fac i l i t a te  widespread volcanism. 

. .Stratigraphy: 
Madison Range and near Hebgen Lake where they are exposed beneath the 
Paleozoic rocks or  Tertiary volcanic rocks. These crystalline rocks are of 
pre-belt age and consist of various gneiss, schist, dolomites, amphibolites, 
and quartzites. Granitic rocks are also found i n  the Madison Range north of 
the Hebgen Dam. 

Precambrian crystalline rocks are widely found i n  the 

The Precambrian crystalline rocks are overlain i n  the study area by about 
8,000 feet  (2438 m) of bedded sedimentary rocks that represent 5 of the 
7 Paleozoic systems and a l l  of the Mesozoic systems. 

The southern part of the Madison Range is  composed chiefly of a sequence 
of volcanic rocks t o  a depth of about 1,500 feet thick. Welded rhyolite 
tuff  , ol i v i  ne basal t , ol i v i  ne trachyandesi te, and 1 euci t e  basalt are present. 
The age dating o f  a sample found low i n  the sequence dates i t  as o f  
Oligocene age. The volcanic rocks have been raised several thousand feet  
and subjected t o  extensive erosion. 

The Madison and central plateaus are formed mostly of enormous rhyolite 
flows of l a te  Quaternary age. The youngest flow i n  the study area overlies 
moraines of both advances of the B u l l  Lake glaciation, b u t  was subsequently 
eroded by a Pinedale Valley glacier. 

. .Sei smi ci ty: The Intermountain Sei smic Bel t , a north- trendi ng zone of 
seismicity i n  the western United States, is t h o u g h t  t o  be a boundary between 
subplates of the North American crustal plate. T h i s  seismic activity closely 44 
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GEOPHYSICAL DESCRIPTION 
(continued) 

follows the boundary between the Great Basin and the Colorado Plateau- 
middle Rocky Wountains, and extends northwest i n t o  the northern Rocky 
Mountains. Sballow focal depths, less than 9 miles (15 km), characterize 
the seismicity, 
features and ar of h i g h  heat flow, also occur. 

Earthquakes of b o t h  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: 
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 t o  the public. 

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 
a great deal of surface damage. The p 
catastrophic. The presence o f  unstable landforms is  h i g h  i n  some areas and 
should be investigated as a prelude to  any construction project. 

Earthquake swarms, which can be coincident w i t h  geothermal 

In Montana, 

Earthquake surveys, aeromagnetic surveys, and heatflow 

s t  large quake was i n  1959, and d i d  
erty damage was large b u t  not 

c) 
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RESERVOIR CHARACTERISTICS 

. .Reservoir Temperature: 

..Surface: 
"warm" springs ( 2 O O C )  and numerous bare, warm spots, often surrounded 
by 3 meters depth of snow. 

No direct reservoir assessment work has been done t o  date. 

..Subsurface: 

. .Geochemical : 

No flowing surface manifestations exist  except for a few 

(46) 
\ 

Si02: 

N a - K- C a : 

. . F1 ow Rates: 

. .pH: 

. .Total DSssatved Solids: 

+ .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 kilo- 
meters w i t h i n  the Yellowstone caldera. 

Insufficient assessment data for competent 

(53) 

\ 



LAND OWNERSHIP AND LEASING hd 

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

. . Land Owners h i p  

. .Lease appl i ed 
for:  3,143 

..Land Leased: 0 

..Highest Priced 

. .Tentative Lease Sale 

KG RA 12,763 

Leases (Dol lars/Acre) : N/A 

Dates: 5/79 
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LEASE DATA FOR WEST YELLOWSTONE KGRA 

Phillips Petroleum Company 

Leases Applied For Acres Lease Applica I1 

w 

Sec 5 T15S R5E 640 M27443 

Sec 8 (Partial) T15S R5E 583 

Sec 20 T14S R5E 640 

Sec 29 T14S R5E 640 M27454 

See 32 T14S R5E 640 
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GEOTHERMAL DEVELOPMENT STATUS 

..Present Development Status: The U.S. Forest Service is preparing an 
EIS f o r  the West Yellowstone-Island Park KGRAs.. T h i s  action was begun 

976, and is projected for  completion w i t h  a lease sale i n  

Earthquake surveys , aeromagnetic surveys , and heat flow measurements have 
been done for the West Yellowstone area. 

. .Projected o r  Planned Development: 
the USGS. 
the summer of 1978. The Forest Service has written i n  requirements for 
temperature logging o f  the hole. 

(53) 

Lease applications are on f i l e  w i t h  
A wildcat oi l  well i s  planned for the Hebgen Lake area dur ing  

(46) 

INSTITUTIONAL CONSIDERATIONS 
1 

. .Institutional Requirements: The development requirements which will be 
dictated by the U.S. Forest Service and the U.S. Geological Survey will 
not, be known u n t i l  completion of the EIS. 

. .Agency and Public Attitudes: The public comments which are currently 
available show much concern for the aesthetics and environmental protection 
o f  the area. The presentation of the development o f  this resource has been 
rather one-sided i n  that  the need for domestic, clean, and renewable 
energy sources is cr i t ical  i n  the U.S. and has not been brought  o u t  i n  the 
evaluation process. 
made a t  some level a t  some point i n  the energy-starved future, a more meaning- 
ful development program would be sanctioned a t  this time, 

I I 

I 
I 

If the public is made aware of the tradeoffs which w i l l  be 

1 
I 

I 

1 
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ENVIRONMENTAL FACTORS 
'tyl 

..Climate: The chief characteristics of the climate are short, cool summers; 
the long, rigorous winters, w i t h  a tendency t o  linger la te  i n  the spring; and 
the usually pleasant open f a l l .  The severity of the winters is not due so 
much to  prolonged periods of extremely low temperatures, b u t  rather t o  the 
persistence of comparatively low temperatures and cloudy, unsettled weather 
w i t h  frequent l i g h t  snows. (14) 

From the east, w i t h  a mean speed of 10 mph (4.5 m/s). ..Prevailing Winds: 
(68) 

. .Precipitation (Annual): 22.7 inches (57.6 cm). Area is snowbound 
8 months of the year. (77) 

. .Days of Sunshine (Annual): 

. .Average Temperature: 

January July 

M i  nirnum: -4'F (-1 8'C) 38'F (3.3"C) 

Maxfmum: 2 5 O F  (-3.9'C) 79'F (26.1OC) (62) 

. .Degree Days (Annual): 10,879 Heating. (68) 

. .Relative Humidity (Seasonal Peaks): 

Sumer: 

Winter: 

..Air Quality: An a i r  analysis by the U.S. Geological Survey i n  the fa l l  
o f  1975 found good quality a i r  w i t h  pollutants coming from slash burning,  
d u s t  from road t ra f f ic ,  farming, and auto emissions. (50) Temperature 
inversions are common. (62) 

. .Comments and Critical rssues: The Madison Plateau is relatively well 
suited for geothermal development due t o  i ts  f l a t  nature, absence of surface 
water, and abi l i ty  t o  mask the visual effects of development. The large 
timber sale covering this area w i l l  mitigate any construction effects to the 
envi ronment. (46) 

According to  federal law, the grizzly bear habitat must be protected as i t  
is  an endangered species. 

The area along the Divide and west will most likely be closed for the pro- 
tection of the grizzly bear habitat. c46) 

. .Water Quality: The quality of the Madison a t  this p o i n t  is good, being of 
sodium bicarbonate chloride type containing h i g h  concentrations o f  si l ica .  
Higher t h a n  normal potassium and flouride is  also present. The sandy volcanic 
nature of the soils makes the occurrence ef surface impoundments and streams 
rare. 



ENVIRONMENTAL FACTO 
$., (continued I 

I 

* 

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. The sandy so i ld  may be the 
reason that  no surface manisfestations of geothermal energy are present. 
T h i s  whole area is  the source of ground wate charge for the area i n  Idaho 
t o  the southwest. ( 

..Noise: Normal amounts of man-made noi associated w i t h  uses l i s ted  
previously. There is an abnormal amount of noise from snowmobiles i n  
winter time use. 

. . B i  ol ogi cal : 

. .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 lions, 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 f o r  den area and 
summer and winter range. (77) 

, 

- bid 
I 
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TRANSPORTATION AND UTILITIES 

. .Utility or Energy Transmission Corridors and Facil i t ies:  

50 KV 17 meters (27 km) a 

10 meters (16 km) 46 KV 

There are e lectr ic  and natural gas corridors supplying the ci ty  of West 
Yellowstone as well as w i t h i n  the c i ty  itself. (20) 

. .Transportation Corridors or Facilities: 

Highway U.S. 287 and Highway U.S. 20, 191 access the area. 

Many l o g g i n g  roads throughout the area make easy access. 
closes a l l  o f  these roads for 8 months of the year. 

Snow 
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POPULATION 

ion: The populat io i s  area i s  i n  a 
somewhat unique s i tuat ion,  i n  t h a t  almost 100 percent of the surrounding 
land i s  owned by the U.S. Forest Service. There are a few iso la ted  p r i -  
vate parcels., The town of West Yellowstone i s  only a few hundred acres i n  
s i ze  w i t h  no room f o r  growth. It i s  rumored t h a t  the Forest Service i s  
considering g i v i n g  (se l l ing?)  an addi t ional  160 acres t o  the town f o r  
s t r i c t l y  res ident ia l  growth. The town's economy i s  dependent on tourism. 
It has about 22 restaurants, 14 service stat ions, and 59 motels and hotels. 
The populat ion i s  about 1,000. 

The nearest towns are: Ennis 72 miles (115 km) 501 populat ion 
Ashton, I D  55 miles (88 km) populat ion 

There i s  a school w i th  grades 1-12 and 270 students. 

- 

..Economics: 

..Present Land Use: Most of the study area i s  U.S. Forest Service owned, 
w i t h  the town of West Yellowstone p r i v a t e l y  owned and the whole area 
adjacent t o  Yellowstone National Park. The economy was founded on seasonal 
tourism f o r  the summer season. With the advent of the snowmobile, the 
winter  demand for  t o u r i s t  f a c i l i t i e s  increased dramatical ly. Now there i s  
a fu l l - t ime  populat ion of about 1,000 which increases by thousands during 
the summer and by about an average of a thousand i n  the winter  snowmobiling 
season. The motel a commodations have a t o t a l  o f  about 4,000 beds. There 
i s  no farming, bu t  a few l i ves tock  operations are present. The la rges t  
s ing le  timber sale o s ide o f  Alaska was held i n  t h i s  area recently. It 
covered over 100 square miles and was necessitated by the i n fes ta t i on  o f  
the  mountain pine beetle. There w i l l  be a great deal o f  wood avdi lab le i n  
t h i s  area for  qu i te  a few years. Employment outside o f  the town of West 
Yellowstone includes support f a c i l i t i e s  f o r  recreat ion such as resorts,  
marinas, dude r a  and rea l  estate dealings i n  recreat ion home s i tes.  
(42, 46, 66) 

. .Future Land Us the Forest Service should decide t o  deed the ex t ra  
parcel o f  land t o  West Yellowstone, the community would surely 

ses should be 
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WHITE SULFUR SPRINGS 

White Sul fur  Springs is a town of about 1,200 people, located i 
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 s ign i f i -  
cance common t o  these Indian groups. The hot water i s  presently used i n  
a hotel swimming pool. 

The geothermal use potential i s  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 to  a 
nearby user i n  this case, the town of Whi te  S u l f u r  Springs.  The community 
is an economic and trade center for this part of the state.  Some lumber 
harvesting i s  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 b n very good. The motel spa 
owner has worked to  increase his supply, and Montana State University has 
done some geophysical measurements to  locate the heat anomaly. The First 
National Bank has been active i n  pursui 
source t o  heat a new bank faci l i ty .  

The s i t e  i s  a wide ro l l i ng  valley situated on the n t h  fork of the Smith 
River. The valley is bordered on two sides by rugged mountains. The 
elevations vary from 1295 meters a t  
t o  over 2950 meters a t  Edi th  Mountai 
w i t h  some state-owned parcels. There is a very good potent ia l  for extended 
use of the geothermal r 

f 

1 

lopment of the natural re- 

north border of the Smith River, 
Land ownership is mostly private 

The rec 
township 9 north, range 7 east. 
92 miles (147 km) south of Great Falls, population 60,000, and 50 miles 
(80 km) east  of Helena, population 2 

rdinants of White Sul fur  Spri  re section 18 o f  
I t  i s  located i n  Meagher County about 

ral i n  nature 

h o t  sp r ing  are 
f the county p 
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k; Land ownership is  private w i t h  t h e  municipal part being the previous site 
of the hot sp r ing  activfty. Only 8 percent of the land i n  a 6-kilometer 
radius is state-owned, the res t  being privately owned. The U.S. Forest 
Service controls the mountainous regions t o  the east  and west. 

The springs no longer flow from numerous vents, the major portion of spring 
area being covered over by asphalt o r  f i l l .  The major spring or i f ice  is 
enclosed w?%hin a wooden fence and is used by the Spa Motel. Another d i s -  
charge seeps out  o f  a f i l l  bank across the highway. 

The heating requirements are met w i t h  e lectr ic i ty ,  fuel o i l ,  and bottled 
gas. O i l  and bottle gas a re  trucked i n  from Great Falls, Livingston, o r  
Me9 ena 

Geotherma 1 Resourx;e Description 

The water i ssues from fractured , we1 I-indurated Belt shales . Many i ndi v i  dual 
seeps used t o  exist i n  the swampy areas south of Main Street which is now 
cavered by f i l l .  The soil  temperature survey of shallow (0.6 meters depth) 
i n  t h i s  central area of town shows a high temperature anomaly (maximum 4l0C) 
i n  an area previously filled w i t h  sawdust waste, southeast of the town 
hospi tal  . Shal l  ow resi sti v i  ty  coup1 ed w i  t h  a soi 1 temperature survey (both 
done by Montana State Universi ty-Earth Sciences Department) defines an 
obvbus area of about 32 acres (13 hectares). The actual size of the 
reservoir could be much larger, 

Previous excavation found ho t  water seepage a t  the 2 meter depth across 
Main Street  and th5s 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 later i n  the textl 

The temperature of the water used i n  the spa is 113.9'V (45.5"C). The flow 
has been measured a t  IO l i t e r s  per second. The geothermometry gives pre- 
d i c t ed  reservoir temperatures of 158°F to 298°F (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 ho t  water seepage has appeared before. Hot water almost exactly the 
same temperature as the spa was located i n  the 180 foot t o  220 foot 
(55 m t o  67 m )  zone. 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 s t ra ta .  Well 
logs and temperature logs for this well, a much shallower we11 dril led a t  the 
spa motel , are available. 

Potential for Geothermal Development 

'The possible uses w i t h i n  the surface temperature range o f  11 3.9'F (45.5OC) 
i s  shown i n  figure 2 on page 27. The applica 
a71 of those-listed with the exception'of aqu 
are  too low for  good heat exchanger operation an 
used directly, is poor for fish survival. 

The possible uses , considering the predicted reservoir temperatures , are 
many. 
a l so  wood products processing. Agricultural processing for such crops as 
ca t t le  feed and grain is also a possibility. 

r this area include 
The temperatures 
ter quality, i f  

The community could use hot water for  d i s t r i c t  space heating and -_ 
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ppear economically feasible a t  the present are 
eating of greenhouse fac i l i t i es  or  d i s t r i c t  home heat would 

i ty  is not served by natural gas 1 ines. Other forms o f  available 

U 
we1 1 w i t h i n  the predicted reservoir temperatures. 

energy are expensive and will increase i n  the coming years. 
White S u l f u r  Springs are i n  favor of geothe 
heating project. 

The people of 
1 heating and would support  a 

Interest i n  Development 

Development interest  is high i n  the community of White Sulfur 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 t o  extend the present depth of i t s  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 t o  characterize 
the formation and heat the new bank bui lding.  

c t  was init iated early i n  the summer o f  1978. 
t o  1,000 fee t  w i t h  well logging and temperature logging for the entire length .  
Water approaching 200°F (93°C) was expected. The results showed a fracture 
zone a t  about 200 feet  (61 m )  which i s  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 disappointing 
bu 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 t e s  could locate 
a hotter resource. 

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 the U.S. 
Geological Survey. Th i s  classification for federal land allows leasing on a 

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 bu t  i t  does not  appear to be lo- 

A well was d r i l l e d  

ompetitive basis unless overlapping lease applications are received. 

land could be leased if desired. 

c ter is t ics  , together w i t h  the economic environment 
provide a rea l i s t ic  base for 

nts are postulated for  the 
entral space heating d i s t  

for this development are as follows: 

1. Municipal interest  will be present. 
2. Funding can be arranged. 
3. A suitable resource will be found. LiJ 
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, The beginning date i s  1982 w i t h  6 years required fo 
power delivered would be 15 x lo6 B t u / h r .  

The second possible event is a wood processing industry. A green lumber k i l n  
for drying is to  be heated by the geothermal resource. The assumptions used 
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 of an economical resource w i l l  occur. 

T h i s  i s  an extension of the above scenario. The beginning date is 1982 w i t h  
a period o f  8 years needed to provide power-on-line. 
a t  12 x 106 B t u / h r ,  and since l i t t l e  heat is extracted per pound of water, a 
cascade system w i t h  the district space heat may work. 

I f  any one project met w i t h  success i n  locating a usable reservoir, other pro- 
j ec t s  would be initiated. These are  not shown w i t h  subsequent time lines be- 
cause of the completely unknown quality o f  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 2OOOF 
reservoir temperature, is  110 x lo6 Btu /h r ,  assuming favorabTe conditions. 

Power used is postulated 
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SITE LOCATION AND PHYSICAL DESCRIPTION 

..Latitude: 46 32' 21" (31) 

..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 through the f o o t h i l l s  of 
the Li t t le  Belt Range. 

Broadwater, Cascade, Gal la t in ,  Park, Judith Basin, 

Meagher County's western border is the rugged Big Belt 

The Smith River is the major drainage of western Meagher County, flowing 
north and west where i t  empties i n t o  the Missouri near U l m .  White Sulfur  
Springs is situated on the North Fork of the Smith River, about 5 kilometers 
from i t s  confluence w i t h  the South Fork. Here, the North Fork Valley i s  
beginning t o  widen to  a large f l a t  area as i t  approaches the confluence 
w i t h  the South Fork. 

j 

i 
I 
i j I  

I 

! 

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 i s  
about 1295 meters. White S u l f u r  Springs i s  about 1539 meters. 

. .Present Land Use: The county economy is based on ranching, farming, and 
lumbering. Some tourism is developing. White Sulfur Springs is the home 
o f  a majority o f  the county populat ion.  (34) 

(34) 

I 

..Future Land Use Plans: No large change from the present i s  expected. 

. .Aesthetics: 

. . Historical/Archaeological S i g n i f i  nce: The Cas 
(1880's) was located 19 kilometers southwest of White Sulfur Springs.  
Discovery o f  s i lver  ore led t o  a number of mines and founding o f  the 
town of Castle. Copperopolis, located 24 kilometers east of W h i t  
was the first major copper strike. Fort 
northwest o f  Mhite Sulfur was establishe 
route from Fort Benton t o  Helena and for 

Twenty-eight archaeological s i t e s  have been identified i n  Meagher County. 
The future archaeological potential i s  rated as high. 

i 
I 
1 

I I 

(431 
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RESERVOIR CHARACTERISTICS 

. . Reservoir Temperature: 

. .Surface: 45.5% (31 ) 

.Subsurface: 1 50°C (80) 

. .Geochemical : 

$‘io2: Chalcedony 70°C Quartz 103°C 

Na-K-Ca: 1/3 Ca 148°C 4/3 Ca 127°C (80) 

..Flaw Rates: 600 liters per minute (31) 

..pH: 6.5 (31) 

..Total Dissolved Solids:  1530 mg/a (31) 

- . . F l u i d  Chemistry: 
I 

0.7 mg/a 
160 mgfa. 

H2S 
Hardness (Ca, Mg) 
Noncarbonate hardness 0 mg/a 
Ca 44 mg/a 

12 mg/a 
480 mg/a 

Mg 
Na 
A1 kal i n i  ty 591 mg/a 

420 mg/a 
320 mg/a 

co2 

6.5 mg/a 
so4 
F 
Si02 44 mg/a 
B 9100 mg/a 
K 20 mgla 

Specific conductance 2380 m i  cro-mhos 

Additional detailed data is  available. (31) 

‘Estimated Nonelectric Energy Potent ia l  (MBtuh 30 years): 

. .Subsurface Area o f  Reservoir: Soil  temperature and shallow resis t ivi ty  
surveys define an obvious area o f  about 13 hectares. 
the reservoir should be much larger. 

The actual size of a 

I (11) 
I I 
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GEOLOG 1 CAL/GEOPHYS I CAL DESCRIPTION 

. .Geologic Description: Exposed rock s t ra ta  ranging i n  age from Precambrian 
to  Tertiary 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 Valley lies i n  a structurally complex region between the 
Big Belt upl i f t ,  the Li t t le  Belt uplift ,  and the Castle Mountain dome. 
addition, the valley is  the apparent zone of the intersection of the huge 
central Montana arch comprising the B3g Belt; Little Belt; Big Snowy and 
Porcupine up1 i f t ;  and the famous southeast-trending zone of intricate thrust 
faulting, termed the Disturbed Belt. Th i s  belt  extends from Canada to 
the Lombard-Three Forks area. Another major structural feature, as shown 
by the Livingston Formation, is the Crazy Mountain Basin which extends i n t o  
western Meagher County. (34) 

. .Geophysical Summary: A soi 1 temperature survey showed anomalies w i t h  tem- 
peratures as h i g h  as 41°C i n  the spr ing  area. There was discovered a north- 
west-trending zone which may outline a major fracture conduit system. 
Resistivity was also used i n  this survey by Montana State University. 

Magnetometer survey was done for part of the county around the Fort Logan- 
Camas Creek area. (34) 

In 

(11) 
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..Land Ownership 
113 km2: 

LAND OWNERSHIP AND LEASING 

Total Area Federal State Pri va t e  
- (Acres) (Acres) (Acres) 

11300 (hec) 0% 8% 
27922 (acre) 

Ld 

- (Acres 1 Other 

92% 

. .Land Leased: (76) 0 

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

. .Tentative Lease Sale  
Dates: W A  

..Number o f  Sales 
Offered B u t  No 

. .Number of Bids 

, Bids: N/A 

i n  No Lease): N/A 
Rejected (Resulting 

..Summary of Leasing Status and Needs: 
Slnce geothermal development i s  i n  the beginning stages w i t h  no hard knowledge 
o f  the reservoir potential, no leasing ac t iv i ty  is  present. 

Most o f  the  land is i n  pr ivate  hands. 
I 

f 
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I 

GEOTHERMAL DEVELOPMENT STATUS 

..Present Development Status: The Spa Motel uses water from a hot spring t o  
heat a pool. 

The First National Bank of White Sulfur Springs has grant money from the 
State o f  Montana totaling $43,500 for  development and installation of geo- 
thermal space heat for  a new bank building. Drilling was slated t o  begin i n  
July, 1978. 

Mountainview Memorial Hospital has a grant o f  $2,000 for test hole dr i l l ing t o  
be used eventually for space heating. 

Montana State University has done DC res is t ivi ty  and soil  t6mperature survey 
work i n  the spring area. 

..Projected or  Planned Development: If  the bank space heating project well 
shows promise of a useful reservoir, planning w i l l  begin on a central space 
heating d i s t r i c t  for the entire town. Some industrial use may be developed. 

I 

i 
I 

INSTITUTIONAL CONSIDERATIONS 

. . Inst i tut ional  Requirements: Explor r i l l i ng  must be done t o  
preclude the possi bi o f  surface w ntamination from temperature, 
di  ssol ved sol ids  , o r  
stipulated using mud for dril l ing.  

Disposal of small quantities of discharge water can be handled by permit. 

pended sol ids Water Quality Bureau has 
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i d  
ENVIRONMENTAL FACTORS 

..ClSmate: 
c 1 i mate. 

Vegetation of western Meagher County is indicative o f  a semiarid 

. .Prevailing Winds: Southwesterly, average 8 mph (67) 

. ,Precipitation (Annual): 17.5 inches (67) 

..Days of Sunshine (Annual): 225 (69) 

. .Average Temperature: 

Minimum: January 25.5'F Lowest - 2 6 O f  

Maximuin: duly 65.J"f Highest -9l0F (67) 

..De(lree Days (Annual): 8,792 (69) 

. .Relative Humidity (Seasonal Peaks): 

Summer: 

. vinter: 

b . A 5 r  Qual Sty: AS? qual'lty over the entire area is very good, due to the 
sparseness of popull ation and mfn3mum amount of commercial -industrial activity. 
Soil particulates may be raised by high winds i n  the dryer parts of the 

. .Geologic Factors: 

. .Water Quality: The Smith River is the major stream of western Meagher 
Gounty flowing north to  join the Missouri. 
the lower stretches have noted higher temperatures The s ta te  classification 
i s  B-Di which indicates high standards. 
quali ty.  (391 

..Noise: 
area, comes from vehicular traffic., mod production near the edge o f  town, 
and occasional cmstructlon sounds. The outlining areas are subject to 
occasional agricultural activity noise, but the majority of the time the 
sounds are natural. 

. . B i  ol ogi cal : 

sljmer. (74) 

The quality i s  excellent though 

Ground water varies widely i n  

Noise, associated w i t h  the urban part of t h e  White Sulfur Springs 

I 

.Dominant Flora: The vegetation i s  characteristic of dry land environments. 
Sagebrush and many varieties of bunchgrass are present. The forest types 
vary from lodgepole pine i n  the dryer ayeas, to Engelmann spruce i n  the 
wettest areas. (63) 

/ 

b 





TRANSPORTATION AND UTILITIES ‘ 

Lid 

i t y  o r  Ertera Transmissi’on: Corrfdors and Fac 

E l  ectric L i  nes : There are no 1 arge electr ic  transmi ssi  on. 1.i nes nearby. 

.. .TransportatTon Corri dbrs or Fad 1 i ties : 

Highways: 

U.S. Highway 89 Adjacent 

U.S. Highway 12 Adj acmt 

..General Descripticin of Population: The bulk of the county’s 2,000 inhabi- 
tants F&& h t % ~  tawn o f  Whfte Swlfw.. The r m t n i n g  portion aaupy out- 
i y i m  ~ S f r ” i ~ i d i t t ~ 1  gperations, These are l8irn+t& to the southern part  o f  
the Gt~mty S~HW the r ~ ~ % ! i  OS afmost eamp’fetdy composed. o f  immta%m: and 
f%reS%f. 

fke &r“a was first populated by gold seekem i n  1896. The population then  
wa~s 4,349. Ten years l a t e r  o ~ l y  2,526 remained. The present population 
dens$ty i s  less than one person per square mile. 

. .Economics: 

.,Present Land Use: The  economy i s  based on ranching, farming., and 
1 umbering. White Su l fu r  Springs is the dom4nant economic and trade center 
o f  the county. Mast of the county’s towns are clustered i n  the southern 
haff as i s  the bulk o f  the scattered ranches and farms. Tourism is 
l’licreasing and makes d significant contribution to the present economy. 

, , h t u r e  land Use: No drastic changes are anticipated. 

(34) 
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REGIONAL INTRODUCTION 

Montana's Eastern Geothermal Planning Region i s  shown on Map 18. This 
la rge  area i s  essen t ia l l y  a l l  o f  the land east of the western mountainous 
region and i s  tw ice as b i g  as the western region, w i th  94,099 square miles. 
There are minor scattered mountain ranges i n  t h i s  region, as i l l u s t r a t e d .  
on Map 18. 

The 1975 populat ion o f  t h i s  region i s  estimated a t  386,000 o r  about 53 per- 
cent o f  the s tate 's  whole. The populat ion s t a t i s t i c s  through 2000 are shown 
by county i n  tab le  2. The two la rges t  populat ion centers are Great Fa l l s  
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  t h i s  region. Al- 
though Great F a l l s  i s  close t o  the western border o f  the planning area, i t  
was included i n  the eastern region. Cascade and Yellowstone counties contain 
these two p r inc ipa l  c i t i e s  and account f o r  33 percent o f  the eastern region 
population. The remaining populat ion i s  i n  sparsely located farms and 
ranches w i t h  very small communities--the major i t y  o f  which have less  than 

\ 

, 

1,000 persons. 

I f  Cascade and Yellowstone Counties are subtracted f r o m  the populat ion o f  
the Eastern Planning Region, there are s l i g h t l y  over 200,000 people l e f t .  

two most populous counties, the densi ty i s  only 4.0/mi2. 

The populat ion growt 
A f f a i r s  f o r  the 1970-80 period, no t  inc lud ing the two most populous centers, 
i s  0.7 percent/year. This i s  about one-hal f 'o f  the western t o t a l  r a t e  o f  
growth. Many farming and ranching communities i n  the eastern region are ex- 
per iencing populat ion decreases as people leave t o  search f o r  more l u c r a t i v e  

' 

' This i s  an overa l l  populat ion densi ty o f  about 2.3/mi2. Even 

ontana Department of Community 

mpl oyment opportunit ies. 
ne and nine tenths perce 
resent populat ion o f  these 

B i l l i n g s  are growing a t  a fast  rate. 
wth i s  expected, increasing the 
8,000 by the year 2000. 

essions w i th  no out le ts .  



table 2 

EASTERN, REGION POPUlAfn ON STATI $Tl,CS 

P r6 j e c teci 
Change Change Population 

Are& Est. Pmjected'  ' Pop. i n  Pop, % i n  Pop. % 
M P  a 1970 1975 1980 1990 2000 Den. 1 96U- 1970 1970-1 980 County 

Big  Horn 5,023 10,057 10,900 11,400 13,400 14,960 2 * 5  13.3 
B1 a i  ne 4,275 6 , 727 6,800 6,700 6,500 . 6,400 2 -16.9 -.4 

Carter 3,313 1,956 1,900 1,800 1,700 1,506 1 -21.5 -8.0 
Carbon 1,193 7,080 7 , 700 8,900 9,700 11,006 6 -14.9 253 7 

Cascade 2,661 81,804 84 , 700 85,600 93,000 101,400 32 11.4 4.6 

Chouteau 3,927 6,473 
Custer 3,756 12,174 
Daniels 1,443 3,083 
Dawson 2 ,370 11,269 

Fergus 4 , 242 12,611 
Garf i el d 4,455 1,796 
G1 acier 2,964 10,783 

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 1,655 675 

P h i l l i p s  5,213 5,386 
Pondera 1,645 6,611 
Powder River 3,288 2,862 

R i  chland 2,079 9 , 837 

Fa1 1 on 740 4,050 

Golden Val ley 93 1 

Prairie 1,730 1,752 

c i  

6 , 200 
12,000 
3 , 000 

10,400 
4 , 000 

12,900 
1,600 

11,600 
900 

17,900 

2 , 700 
2 , 500 

4,100 
700 

2 , 700 

5,500 
6,900 
2 , 300 
1,900 
9;700 

6,300 6,100 
13;lOO 13,500 
3,100 3,700 

11,200 11,200 
4,100 4,100 

13,300 13,300 
1,800 1,800 

11,200 19,600 
1,000 900 

18,200 19,200 

2,700 2,400 
2,500 2,300 
2,600 2,500 

700 600 
4,400 4,600 

5,500 5,200 

2,600 '2,600 

10,400 10,200 .. 

7,100 5,800 

1,800 1,700 

5,800 2 
13,906 3 
3,400 2 

11,600 4 
4,100 5 

13,600 3 
1,600 1 

12,100 4 
900 1 

20 , 300 6 

2 , 200 1 
2 , 200 2 
2 , 300 1 
4 , 600 2 

500 1 

5,100 1 
6 , 600 4 
2,600 1 
1,600 1 

10,000 5 

-8.5 
1.3 

-11.9 4 . 7  
-8.0 7.6 

-17.9 .6 
-.6 
1.2 . 

-10.0 5.5 
9.3 42 

-6.8 9 
-22 6 6 4 
-6.9 4*9 

-13.5 1.2 
-10.1 .o 
-13'4 .6 
1.23'6 17.8 
-24.5 3.7 

-1 0,6 2.1 
-13.6 7.4 
15'2 -9.2 

-24.4 2.7 
-6.3 51 7 

c \  
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i-& 
irigs located i n  the eastern re A number of springs 

warmer than the normal for cold springs exist. The largest part of this 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 ZOOOF. This  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 d r i l l e d  t o  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 t o  increase oi l  recovery. 

For example, just below the 

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 distribution of hot water reservoir areas of the Madison are not presently 
charted. The U.S. Geological Survey is working t o  identify regional parameters 
i n  Montana and Wyoming. T h i s  is primarily to  ident i fy  the potential to 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 w i l l  be agricultural processing such as feed-pelleting, 
barley malting, and grain drying. The population is so sparsely d i s t r i b u t e d  
t h a t  space heating is n 
duction. I t  will certa 
i n  the comunities’of sufficient size located i n  the eastern region. 

Cascade and Yellowstone Counties could greatly benefit from residental space 
heating by geothermal hot water. Great Falls has no known geothermal indica- 
t ions,  while B i l l i ngs  does have several rumored warm wells and spr ings .  Both 
of 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  possibility should be sufficiently explored 
since the energy expended for space heating of these two areas is quite substantial 

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 s i n  evaluating the 
geothermal resource i n  the Eastern Planning Re The approximate locations 
of these springs are i l lustrated i n  Map 19. 

projected to account for significant energy pro- 
y be possible to  use the resource for  space heat 
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Lower Missouri River Val ley f ,  

1. 

3. 

4. 

5. 

k.i 
Flat  Mountain, township 15 N., range 20 E., section 6. T h i s  is a 
warm s p r i n g s  which stopped flowing i n  the early 1900's. 

Lodgepole, 1 ,  2, and 3. Discharge 95 1 iters per second from number 
1, Flows from the other two unknown. The temperatures are about 
32OC.  These three springs 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 is 1,980. Total dissolved solids 
1,669 mgla. Other mineral analyses are available. 

Li t t le  Warm Springs,  1, 2, and 3, township 26 N., range 26 E , ,  secti.on 
30 and 32. 
317 l i ters 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 solids 1,806 mgla. Additional mineral analyses 
are available. 

Flow varies, b u t  number 2 has been measured as h i g h  as 

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 20°C and 24OC. The sp r ing  issues near Madison-Jurassic 
contact. Waters presently for domestic and livestock watering. 
Specific conductance is 1,262--pH 8.09--total dissolved so l ids  
1,008 mgla. Additional mineral analyses are available. 

Sac0 abandoned well, township 31 N., range 34 E.  
well. No firm data. 

Petroleum exploration 

Mussel she1 1 R i  ver Val 1 ey 

6. Durfee Creek 1, township 12 N. ,  range 22 E., section 13. The discharge 
i s  .06 liters per second a t  23OC. T h i s  s p r i n g  issues near the Madison 
and Pennsylvanian s t ra ta  contact. The water i s  presently used for  
livestock watering. Specific conductance is 2,535--pH 8.08--total 
dissolved sol i d s  2,655 mgla. Other analyses are avai 1 ab1 e. 

Durfee Creek 2, township 12 N., range 23 E., section 19. The dis- 
charge is 950 liters per second w i t h  a temperature o f  23%. T h i s  
spring is also near the Madison and Pennsylvanian s t ra ta  contact. 
Total dissolved solids is 558 mgla. Other mineral analyses are 
avai 1 ab1 e. 

Powder R i  ver Val ley 

7. 

8. Personal cormnunications w i t h  USGS project director for the 
Madison Aquifer studies indicate tha t  water of 140QC can be found 
i n  much o f  the Powder River Basin i n  northeast Wyoming, and that 
supplies of a t  least  100°C should be available i n  the Powder 
River Valley i n  Montana. 

L d  
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boundary is defined by a diagonal l ine from Glacier . The study area i s  the area t o  the east of this line. 
b 

Blaine, Carbon, Carter, Cascade, Chouteau, Custer, 
Daniels, Dawson, Fallon, Fergus, Garfield, Glacier, Golden, Hill, J u d i t h  
Basin, Liberty, McCone, Musselshell, Petroleum, P h i l l i p s ,  Pondera, Powder 
River, Prairie, Richland, Roosevelt, Rosebud, Sheridan, Stillwater, 
Sweetgrass, Teton , Tool e, Tr ure, Valley, Wheatland, Wilbaux, Yellowstone. 

..Topography: The northern a t  Plains r i se  gradually westward from about 
2,000 feet (609 m) above sea level on the Coteau du Missouri i n  North Dakota 
to 5,000 fee t  t o  6,000 f ee t  (1524 m t o  1828 m )  a t  the Rocky Mountain front. 
Though generally smooth' featured, the p la ins  are considerably dissected, 
sometimes have a relief of 500 feet  t o  1,500 feet (152 m t o  457 m ) .  There are 
several outlying mountain groups whose crests range from 6,300 feet t o  
9,000 feet (1920 m to  2742 m).  A t  the boundaries of the study area, the Crazy 
Mountains a t ta in  11,000 f ee t  (3352 m) an 
Wyoming, 13,000 feet (3961 m). (1 )  

. .Geologic De 
are mostly shale a 

The carbonate ro 
are the most widely found and a lso the thickest Paleaoic rocks i n  

he Big Horn Mountains i n  northern 

f the plains i n  Montana and Wyoming 
i n g  i n  age from Early Cretaceous through 

roup of Mississippian age 

hich allow surface e ure i n  the southern part of 

(35) 

on i n  the south- 
i n  the Porcupine . 

the study area are the Bighorn and Pryor Mountain uplifts 
are exposed i n  the Litt le Rocky Mountains to  the northwes 

Madison rocks 
i n  the J u d i t h  

, and the Beartooth Mountains west of the area. 

1 the study area, 

The Madison is  approximately 2,000 feet (610 m) thick i n  the northeast part o f  
the study area. 
The Madison appears to  t h i n  northward and northwestward. 
toward the Montana-Wyoming border t o  about 800 feet  (240 m) and to  about 
700 fee t  (210 m) i n  the Big Horn Mountains. 

In central Montana, the Madison is 1,600 feet  (490 m )  thick. 

(35) 

I t  also t h i n s  
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. ,Hydrology: The Madison Aquifer holds water under high pressure i n  much 
of i t s  area. The s t ra ta  above and below the Madison have low permeability, 
but  are not perfectly confining. Artesian pressure causes flowing wells 
i n  most of eastern Montana except i n  h igher  areas south of the Yellowstone 
R i  ver . 
Water enters the Madison Aquifer a t  outcrops i n  mountain areas. The general 
movement is  northeastward and is  discharged through leakage i n  the east- 
central area o f  study. The recharge-discharge systems have equalized 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  ab i 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 liters per second) a t  
several places. Two reports of 1,400 gallons per minu te  (88 liters per 
second) from the site of a flowing well on the north edge of the Porcupine 
Dome. Drill stem yield tests range from 1 t o  157 gallons per minute 
(1 t o  9.9 liters per second). 

L$ 

Water from the Madison contains generally less t h a n  3,000 milligrams per 
l i t e r  dissolved solids south of township 1 N. The remaining areas have con- 
centrations of frorn-3,000 t o  10,000 milligrams per  l i t e r  and i n  the Willison 
Basin, the concentration increases t o  more .than 100,000 milligrams per liter. 

..Institutional Considerations: There have been no tests of any institutional 
requirements for  the development of 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 
requirements. The p u b l i c  will not be interested i n  uti l izing geothermal 
resources u n t i l  they can be convinced of i ts  economic viability. 

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 hot water i n  the eastern portion o f  Montana. There are a few 
occurrences sf isolated ranchers us ing  abandoned oil  test  wells which have - 
flowing hot water from the Madison s t ra ta .  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 buildings w i t h  this hot water. A major 
use of the Madison, a t  this time, i s  by the Continental O i l  Company near 
Sheridan, Myoming, which pumps half a million barrels of 200°F Madison 
water into o i l  fields t o  stimulate production. 

There are no lease applications on f i l e  for any federal lands i n  the Eastern t 

i 

I 

i 

t 
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Two grants have been arded t o  South Dakota countf 
bu i ld ings  w i t h  Madison Aquifer water. There is so 
for use o f  this water i n  Wyoming. The results of 
study of the geothermal potential o f  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 of the geo- 
thermal resource providing information and technology transfer for possible 
appl icatiolns. 
mphasized. 

. .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. 
B i l l i n g s ,  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  is  located on the border1 ine 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 i ga 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 area is l i t t l e  over 14 inches (36 cm), w i t h  
a t h i r d  coming dur ing  May and June. June is the wettest month followed by 
May, Apri 1 , September, and October. The winter months contribute less than 
20 percent of the annual precipita on, bu t  i t  is not uncommon t o  have snow- 
fal ls  of 6 inches t o  1 foot dur ing  this period. Snow seldom accumulates to 
great depth because of the occurrence of thawing. 

Winter is usually cold b u t  not extreme. Mild peri 
occasionally. 
waves break suddenly w i t h  the onset of moderate t o  stro 
winds. T h i s  condition i s  called a "chinook." 

The summer season is  characterized by warm days w i t h  much sunshine and low 
humidity, and cool evenings. Thunderstorms threaten the afternoons 
occasionally, b u t  lengthy rainy spells 

Average maximum tempe C)  w i t h  an average 
minimum temperature i n  January of 12.5'F (-10.8"C). There is an average of 
72.65 degree heating days. 
Resultant wind direction is west a t  an average o f  12 mph (19.2 km/hr). T h i s  
area received 65 perc 

i n  the shallow part of the Yellowstone Valley. There are no nearby mountain 
anges t o  m p l i c a t e  the climatfc conditions. 

by the USDOE t o  heat 
ngoing future planning 
U. S . Geological Survey 

W 

Greenhouse and agricultural processing applications will be 

f a week or more occur 

west t o  southwest 
Cold periods are accompanied by snow and wind. These cold 

1 

ures i n  July a r  

Humidity varies from 28 percent to  71 percent. 

tuated on the of the Northern Great Plains 

ange from very 
I d  i n  the winte o hot i n  the su ontinental. 
infall i s  norma about 13 inche the climate can 

be classified as semiarid. 
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The temperature has dipped to  -65'F (-54OC) i n  January, 1958, t o  a h igh  of 

0°F (-18°C) o r  below temperatures dur ing  the winter. 
snow, l a s t ing  from 2 t o  4 days, are typical. 

Spring and f a l l  are cool w i t h  h i g h  temperatures rarely reaching 90°F (30°C). 
Lows of 0°F (-18°C) have been reported as  la te  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 dur ing  the growing season--April 
through September. Spr ing  and summer precipitation fa1 1s during thunderstorm 
activity. Measurable snowfall can occur as late as May and as  early as 
September. The growing season averages 158 days. 
May and June ra infa l l  , promotes rap id  crop development. 
area seldom have difficulty reaching maturity. The heating degree days 
average 78°F t o  89°F (26°C t o  32OC). The average h i g h  temperature during 
July is 88.9"F (31.6OC) and the low during 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: 
very good, w i t h  exceptions being sites containing coal f i re  electrical 
generation plants. These s i t e s  are subject t o  constant supervision w i t h  an 
ongoing program of reducing pollutant admission. Subsequent coal f i r e  
generation p lan ts  will not be allowed unless a i r  pollution can be suitably 
limited. Wind-generated dus t  particulates sometimes occur. Some pol lu t ion  
from oil  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 quality than those flowing directly out of the mountainous 
snow melt supply regions. The elevation gradient is  usually much less, so 
rivers flow slower receiving less oxygen regeneration. The water has picked 
up a l o t  of suspended sediment a t  this po in t  and irrigation return waters 
have contributed much dissolved constituents t o  the river system. . (39) 

I -  

111°F (44°C) i n  July o f  1901. Cold periods are usually accompanied by h, 
Northerly winds and 

The sunny weather, w i t h  
Crops grown i n  t h i s  

(69) 

Air quality i n  the eastern portion of Montana is generally 

Concentrations 
(38) 

Streams and rivers i n  the eastern par t  of Montana are 

..Noise: 
sounds. Urban areas can be expected t o  supply man-made noise i n  the immediate 
area. There is  l i t t l e  t ra f f ic ,  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 cultivation for harvest of crops. 

Noises, i n  general, i n  eastern Montana, are almost exclusively natural 

. . Uti 1 i ty  or  Energy Transmission Corridor Faci 1 i t ies : A 1 arge coal -generating 
electrical p l a n t  is located a t  Coal S t r i p  i n  the southeastern corner of the 
state.  Transmission lines go west from here following the bottom of the 
s ta te  t o  t h e  west. Transmission lines go from the southwest portion to the 
north-central part of the state. The central part o f  the Eastern Planning 
Region has transmission lines through par t  of it. Then the northern tier 
portion of the s ta te  has a couple of main lines runn ing  along the northern 
border. Much o f  the Eastern Planning  Region does not have close access t o  
major transmission lines. 

b. 
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. .General Description of Population: Th two largest counties are Yellowstone 
and Cascade. These counties contain Mon ria's b igges t  c i t i e s ,  each of which  
has approximately 60,000 people. The area covered by the Madison has only 
three other towns of approximately 10,000 people and four towns of approxi- 
mately 5,000 people. The remaining communities, for  the most part, contain 
less than 1,000 people. The employment picture for  the two biggest c i t i e s  
have a large proportion of service-oriented employment. 
is engaged i n  re tai l ing.  Manufacturing empJoys a number of people i n  both of 
these areas. The remaining portion of the entire area depends upon agriculture 
and forestry for  continued existence. 

The southeast portion of the Eastern Planning Region is almost exclusively 
devoted t o  livestock ranching. The northeast portion re l ies  more on cash 
crop farming, mostly g r a i n ,  and some mixed livestock and cash crop farming. 
The northwest part of the region also follows this trend w i t h  l i t t l e  live- 
stock ranching. 
some general farming and irrigation. The area w i t h  the largest cash income 
i s  the northwest area of the Eastern Planning Region. 
a great amount of income from wheat production. 

Most of the population i n  the Madison Aquifer planning area is sparsely 
located i n  towns of less t h a n  1,000 people. 
gaged i n  some form of agriculture. A future study of the area should attempt 
t o  identify subregions w i t h i n  the Madison Aquifer study area, which  can be 
grouped according to  common pursuits. A study area m i g h t  encompass a re- 
gion where barley production is  concentrated. T h i s  crop production might  
support development of a barley malting p l a n t  which  could use geothermal 
heat resources. Another subregion m i g h t  be a h i g h  wheat growing concentration 
area which  could use drying 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 alfalfa'growing area might  be able to  support a feed-pelleting 
and drying plant. 
local heat sources i n  the future for production of higher quality products. 
The coal resources i n  Montana show particular promise i n  this area. 

Another large portion 

The southwest protion is mostly livestock ranching w i t h  

T h i s  area produces 

T h i s  population is usually en- 

Both  coal and petroleum production may be able t o  use 
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I 

ENERGY 

Z ENERGY DEMAND 

Montana produces large quantities of coal, o i l ,  gasoline, natural gas, and 
electricity.  Al though  Montana must import natural gas t o  meet i ts  re- 
quirements for i t ,  Montana produces more than  enough energy t o  meet the 
s ta te ' s  needs. 

The state's consumption of natural gas is approximately 93.7 x l o f 2  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 1OI2 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  table 3. The energy used by category, 
together with energy product ion,  i s  shown on table 4. 

The major energy consumer i n  this northern state is space heating, which re- 
quires ap roximately 29.5 x 1OI2 B t u  per year. Of this, natural gas supplies 
24.6 x lop2 Btu. Industry accounts for the use of 28.8 x lo1* B t u  of natural 
gas per year. A table o f  major industrial categories and the Btu's required 
i n  1974 is  presented i n  table  5. 

The present population i n  Montana is approximately 748,000. 
t o  .increase a t  the rate of 1 .O percent per year. T h i s  will mean a 187,000- 
person i ncreas by the year 2000. Energy consumption for Montana has not 
been projected t this writ ing.  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 of some form 
of heat energy will be required by the year 2000. 

The most widely used heat ing fuel is natural gas and the increased population 
w i l l  create a greater demand f o r  t h i s  fuel. 
product are unlikely. 
i t s  population. New development of domestic reserves is presently being 

T h i s  is  expected 

Increased imports of this 
In fact ,  decreases are expected as Canada increases 

not expect to meet the project demand. 
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Hydroelectric 
(t herma 1 

equi val ent ) 
Natural 

Gas Total Coa 1 O i  1 

TABLE 3 

Production 
l e  s use 
10 5 B t u  

FUEL AND HYDRO PRODUCTION L+ 

I Billions of B t u  Production 1 
P1 ace 
Name 

Big Horn 
Blaine 
Carbon 
Carter 
Cascade 
Custer 

Daniels 
Dawson 
Fa1 lon 
F1 a t  head 
Garfield 
Glacier 

Golden Val 
Hill 
Lake 

' Lewis and 
Liberty 
McCone 

Mussel she1 1 
Petroleum 
P h i  11 i ps 
Pondera 
Powder Riv  
Prai ri e 

R i  c h l  and 
Roosevel t 
Rosebud 
Sanders 
S heridan 
S t i l l  water 

Teton 
Tool e 
Val 1 ey 
Wil 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 

10,427 385 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 
20,874 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 

0 
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 

6,548 
0 

179 

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 

116,520 
18,129 
11,312 

21 

-1,766 
18,973 

-678 
4,424 

-35,594 

-1,093 

275,314 

t 



Table 4 

ENERGY BUDGETS 

c 
I 

M i  11 ions 
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  o f  B t u  Use 

Natural  Prod., Thousands o f  MWH - Name Tota l  - Coal - O i  1 Gas Gasoline Tota l  b n e r a t i o n  - Use 

Beaverhead 333 2,722 668 1,252 
B i g  Horn 342 3,440 0 665 1,246 
B la ine  276 1,858 0 466 874 
Broadwate 35 7 901 0 196 368 
Carbon 250 1,773 0 476 892 
Car ter  365 730 0 190 355 

Cascade 300 24,509 0 5 9705 10,694 
Chouteau 339 2,195 0 643 1,206 
Cus t e r  304 3 , 700 0 886 1,661 
Daniel s 368 82 7 0 271 509 
Dawson 307 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 

0 37 
0 11 

405 1,106 
185 64 ' 

8,110 16,415 1,603 1,286 
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  30 1,238 0 286 ' 537 415 56,235 0 19 I 

Fergus 349 4,407 0 1,002 1,878 1,526 0 0 89 
F1 a thead 10,845 0 2,702 5,064 3,079 9,239 902 1,024 
Gal 1 a t i  n 9,510 0 2,125 3,983 3,402 0 0 29 7 
G a r f i e l d  689 0 193 36 1 136 512 0 11 
G lac ie r  295 0 61 7 1,157 785 17,634 0 

Go1 den Val l e y  3 0 90 169 40 61 9 0 
Grani te 586 0 176 330 80 0 0 23 
H i l l  4 , 724 0 1,212 2,271 1,241 16,022 0 122 
Jef ferson 3 86 2,023 0 220 41 2 1,392 0 0 14 
J u d i t h  Basin 367 978 0 221 41 5 342 0 0 13 
Lake 283 4,087 0 85 7 1,607 1,623 12,648 1,235 181 

+ 

Iu 
0 
0 

8 

I____ 



Table 4. 

ENERGY BUDGETS 
(continued) 

M i l l i o n s  
o f  Btu Use 

Per 
Name Capita 

Lewis & Clark  272 

L i  ncol  n 242 
McCone 348 
Madison 304 
Meagher 450 

Mineral  258 
M i  ssoul a 31 5 
Musselshel l  256 
Park 296 
Petroleum 406 
P h i l l i p s  298 

Pondera 314 
Powder R i  vel- 31 5 
Powel 1 300 
P r a i r i e  339 
Raval l  i 241 
Richland 81 1 

- 

L i b e r t y  455 

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  
Natural Prod. Thousands of MWH 

O i  1 Gas Gasoline Tota l  Generation Use Tota l  - Coa 1 - 
9,067 
1,024 
4,402 
1,001 
1,524 

902 

4,358 
460 

2,104 
514 
709 
344 

10,136 
4,831 

0 
18,751 

0 
0 

990 
0 
0 

1,629 
0 
0 

428 
14 

41 1 
16 
24 
33 

1,123 
274 
378 
183 

1,175 
21 3 
437 
375 

247 41 5 0 0 
7,865 6,284 0 0 

430 295 10,427 0 
1,336 1,270 0 0 

131 55 51 2 0 
798 396 2,915 0 

9 
1,344 

18 
. 75 

4 
25 

0 132 
0 4,196 
0 229 
0 71 3 
0 70 
0 426 

79 4 
18,345 

954 
3,318 

256 
1,620 

9 79 0 
53 , 320 0 

0 0 
4 , 785 0 -  

0 0 
14,752 488 

1,097 
447 
76 1 
298 

1,468 
1,409 

39 1 
216 
833 
138 

1,220 
889 

0 585 
0 238 
0 406 
0 ' 159 
0 783 

4,943 735 

2,073 
90 1 

2,000 
595 

3,471 
7,977 
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c 
Table 5 

CONSUMPTION OF NATURAL GAS AND ELECTRICITY 1 

BY M I N I N G  AND MANUFACTURING I N  MONTANA, 1974 

Percent o Equivalent 
Percent E l e c t r i c i t y  Percent Combined Btu ' s  

- SIC Industry o f  Total (1000 kwhr) o f  Total Energy x 1012 

M i  n i  ng 

10 Metal Mining NA -c 377 , 370 6.5% 
8 , 336 0.1% 

205,475 3.5% 
12 Bituminous Coal and L ign i te  NA 
13 Crude Petroleum, Natural Gas NA 
14 Nonmetallic Mineral Mining NA 45 , 790 0.8% 

Subtotal Mining 9 .O% 636 , 91 1 11 .O% 9.7% 4.73 

Manufacturin 

20 Food and Kin 3.4% 69,577 1.2% 2.6% 1.21 
24 Lumber and Wood Products 2.4% 4 .O% 3 .O% 1.48 
25 Furni ture and Fixtures 1 .O% 0.6% .28 
26 Paper and A l l i e d  Products 4 , 700 12.5% 2.6% 4.09 
27 P r i n t i n g  and Publishing 508 1.4% 6,414 0.1% .41 
28 Chemicals and A l l i e d  Products 1,100 2.9% 489,802 8.4% 2.51 
29 Petroleum and Coal Products 6,195 16.5% 31 1,767 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 ical ) 0 0 .O% 1,342 0.02% 0 .O% .01 
36 E l e c t r i c a l  Machinery 327 0.9% ' 0 0.0% 0.6% .25 
37 Transportation Equipment 300 0.8% 402 0.01% 0.5% .24 
39 Other Manufacturing 546 1.5% 0 0 .O% 1 .O% .42 

Subtotal Manufacturing 34,145 91 .O% 5 , 176,865 89 .O% 90.3% 43.61 

Total  Mining & Manufacturing 37,512 100 .O% 5,813,777 100.0% 100.0% 48.35 

N 
w 
tu 
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- CONVENTIONAL ENERGY REPLACEMENT 

Geothermal resources can be used i n  place of e lectr ic i ty  and natural gas 
i n  many instances, especially for provid ing  low level heating. 
shows the relative consumption of electricity and natural gas for the 
domestic and commercial energy uses. 
heating and hot  water supply are the prime energy consumers. 
consumption f o r  space heat and hot water is 19.1 x 1OI2 B t u  per year. 
T h i s  energy use i n  particular could be easily adapted to 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 1OI2 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. 
and many o f  the industries can be adapted to  a geothermal heat supply. 
the industrial uses l isted i n  t&ble 5, the following could have major 
processes adapted t o  a geothermal heat supply. 

'tpyi 

Table 6 

In the domestic community, space 
Total 

Certain processes 
O f  

- SIC Manufacturing 
Natural Gas Electricity 

equiv.  Btu x use Btu x 1Ol2 

.97 .24 Food and kindred products 

.68 .80 
20 

Lumber and wood products 
.52 

24 
28 Chemical and a l l i e d  products .84 1.67 26 

Petroleum and coal products 4.71 1.06 
.28 

29 

Paper and a l l i ed  products 3.57 

32 Stone, clay, and concrete 3.34 

These industries use 49.4 percent of the natural gas and 23 percent o f  the 
electr ic i ty  consumed by industry i n  Montana. 

t 



Megawatt - % of To ta l  E q u i  va 1 en t % of Total Equi  val en t 
Category Hours Category Use Btu  B i  11 ion  Cf Category Use B t u  

Domestic Space Heat 31 3,600 23.3 1.1 x 10'2 17.97 78.1 13.8 x 1012 

TOTAL 585,000 43.5 2.0 x 1012 22.3 96.8 17.1 x 1012 

Commercial Space Heat 736,488 

Hot Water 11 4,256 7.4 0.4 x 10l2 1.3 7 -4 1.00 x 1012 

TOTAL 

i--- 

I 

Source 
Table 1 Consumption of Natural Gas and Electricity i n  Montana, 
Table 2 Consumption of Natural Gas and Electricity i n  Montana, 
Table 3 Consumption of Natural Gas and Electricity i n  Montana, 
Table 6 Consumption of Natural Gas and Electricity i n  Montana, 
Table 7 Consumption of Natural Gas and Electricity i n  Montana, 

976 
9 76 
9 76 
976 
976 
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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 o f  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 lists many of the uses which are suited to 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 
benefit the Montana economy. 

For this 

. .  
Energy is becoming a very important resource which is not l imited to  sh ipp ing  
of raw fuel resources. The near future will see manufacturers looking for 
energy rich areas i n  which t o  s i t e  new industry. Geothermal resource areas 
will be prime targets. 

Some of the more ideally suited uses which could be usable now are crop 
drying and feed pel 1 e t i  ng , greenhouse heating , sugar ref in4 ng , aquacul ture , 
individual and d i s t r i c t  space heat, pulp ,  paper and wood product drying. 
The above mentioned l i s t  should not  construed as a complete l i s t i n g .  
heat-process which requires about 300°F or  less is a candidate for  adaption. 
t o  geothermal heat. The majority of Montana's geothermal resources will 
be limited t o  the ZOOOF temperature range, however. 

Any 



I POTENTIAL GEOTHERMA TANA 

I 

Crop Drying (Wheat, Hay) 
Freeze Drying o f  Foods 

I F r u i t  Dehydration (Cherries) 

Seed Drying 
S o i l  S t e r i l i z a t i o n  
Soi 1 Warmins 
Sugar Ref in ing 
Vegetable Dehydration (Onions and Potatoes) 

Ani ma 1 Product i on 

Aquacul t u r e  (Trout, Ca tf i sh, Prawns) 
Dairy Farming (Mi lk  Cooling and Pasteurization) 
Feed1 o t  Warming (Cows) 
Livestock Pen Warming (Poul t ry and Hogs) 

Y 

Domes t i c  and Commerci a1 

Accelerated E l i  omass Conversion (Methane Production) 
E l e c t r i c a l  Power Generation 
Ind iv idua l  and D i s t r i c t  Space Heat 
Recreation 
Ref ri g era t i o 
Space Cool i n  
Water Heat i ng 

Manufacturing 

236 

Cement Curing 
Gas i f i ca t ion  o f  Coal and Other Carbonatious Mater ia ls 
Mineral O i l  Processing 
Products o f  Fermentation (Ethyl Alcohol 
Pulp and Paper 
Recovery o f  Sa l ts  and Minerals 
Recovery of Trace Elements 
T e x t i l e  Processing (Wool) 
Wood Chemical Production 

Bute 01 Acetone, C i t r i c  Acid, etc.) 

een Lumber and Veneer 
I 

I 
1 

i 

~ 

; i d  
i 
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Page 238 lists example utilization areas for specific geothermal uses. T h i s  

i n  the world. I t  is included as a partial 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 i l lustrates  some of the commonly used 
ranges. T h i s  i s  not  t o  show absolute limits b u t  can be expected to give 
reasonable, tested temperatures for a specific use. Temperatures lower 
than are indicated for a use may be possible b u t  detailed economic studies 
are required t o  insure feasibil i ty.  

Many variables enter into the economic feasibil i ty question. 
are: 

l i s t ,  like the previous one, is not meant to show a l l  uses of the energy LJ 

Just a few 

- How much expense is  necessary to  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 the pumping costs too high? 

- How fa r  will the water have t o  be pumped? 

t .  

- How much heat will be used? 

Each of these questions alone could make a product an economic disaster 
- i f  I t  is not well considered. 
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UTILIZATION EXAMPLE AREAS 

Freshwater prawns - K1 amath Fa1 1 s , Oregon 
Japan 

Catfish - Buhl, Idaho 
Trout - Hot Creek, Bishop, California 
Alligators and eels - Japan 
Tropical fish - California 

Japan 

hd 

Animal Husbandry: Heated holding buildings - Japan 

Hog raising study - Idaho 

Hungary 
USSR 

Animal Processing: Butchering facility - Vail , Oregon 
De-icing: Sidewalks - Roosevelt School, K ath Falls, Oregon 

Ponderosa School , Klamath Fa1 1 s, Oregon 
Roads - Sapporo City , Japan 

Greenhouses : Oregon Desert Farms, Andy Parker, Lakeview, Oregon (3/4 acre) 
Liskey Farms, South o f  Klamath Falls, Oregon (1 acre) 
Hobo Hot Springs, Susanville, California (35 units) 
Millsted, Idaho 
Johnson, Idaho 
Garden Valley, Idah 
Sun Valley, Idaho 
Bob Erkin, Buhl, Idaho 

Boric Acid - 

Individual - Hung a ry 
Vale, Oregon 
Paris , France W Larderel lo, Italy 
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, 
REGIONAL ENERGY USE - 

I LJ i 

i 

j Energy consum ion and production, by category, for the Western and 
Eastern Geothermal Planning  Regions is shown i n  table 7. 

Western Regional Energy 
i The production i n  the western region i s  less t h a n  the use by 37.6 x 1OI2 B t u  

per year. T h i 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 s i  te-specific studies 
can be related t o  the energy picture. Table 8 i l lus t ra tes  possible 
geothermal heat energy production i n  the western geothermal planning region. 
The direct-use heat to ta l  of 2.5 x lOI2 B t u  per year is 7.0 percent o f  the 
region's present energy deficit .  If the total  electrical production i s  a lso 
included, the percentage is increased t o  39 percent. The geothermal space- 
heating energy supply from table 8 shows 1.2 x 1OI2 B t u  per year or  7.0 per- 
cent of the residential heating demand for natural  gas. While the amount of 
energy which could be supplied by the geothermal resource appear small, the 
contribution is  supp l i ed  by only 13 si tes .  If  the known s i t e s  are considered 
t o  be 10 percent of existing resource, the to ta l  future supply might have the 
capacdty 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 l is ted on the previous page. 
The lumber and wood products require 0.68 x 10l2 B t u  per year. The small 
o u t p u t  from the 13 s i t e s  could supply 15 percent or  more. If s i tes  near the 
lumber industries 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. 

In many cases, the fuel savings will more t h a n  offset increased 

I The present emphasis of the Federal Department on Energy is t o  replace 
i 

j 
existing conventional energy consumption w i t h  geothermal energy supplies. 
There are a number of uses for geothermal energy which are new (not 
presently existing) , b u t  which would displace energy requirements i n  other 
areas o f  energy demand. The principle uses are related t o  agriculture. 
For instance, commercial greenhouses wduld be new construction, but pro- 
duction of vegetables would eliminate transportation of produce from the 
southern and western United States. Another example would be feed 
pelleting which involves combining alfalfa and grains i n  a compressed 
pellet. This process requires hea t  energy for drying. Manufacture of 
this product fn Montana would eliminate the energy equired t o  br ing  i n  
feed pellets from out  of state.  In addition, the 
uninterruptible energy supply w i l l  allow more compet 
market place. 
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Barke 11 * s 

Bozeman 

Bou 1 der 

Broadwater 

Corwin 

Deer Lodge 

Enni s 

Hunter 

Marysvi l  l e  

New B i  1 tmore 

Warm Springs 

TOTAL RATE 

L’ Table 8 

POSSIBLE FUTURE GEOTHERMAL ENERGY PRODUCTION 

Yearly energy pro- 
duction estimation 
50% use 

TOTAL 

Heating Dis t .  
x lo6 Btuh 

100 

14 

35 

7 

8 

72 

4 

275 - - 

West Yellowstone 20 

15 White Sul fur  Springs - 

1.2 x 1012 
Btu/yr 

2.5 x 10l2 
Btu/yr 

Greenhouse 
x lo6 Btuh 

40 

E l e c t r i c  
Manufacturing x lo6 Btu 

h r  MWH 

341 100 

-- x lo6 Btuh 

40 

32 

341 100 

24 

40 

40 

24 

- 
264 - - 

1.2 x 1012 

171 50 

12 171 50 

1,365 400 -- -- 

.1 x 1.012 12.0 x 3.5 x 
1012 106 
Btu/yr MWHR 
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The development of as many feasible sites as possible w i t h i n  this area w i l l  
be needed t o  supply the additional energy sources. Th i  
number of surface manifestations of geothermal act ivi ty  

than the eastern region, which should allow development t o  occur a t  a faster pace. The net 
energy demand f o r  this area identifies a basic need t o  develop additional 
energy resources t o  he lp  balance the energy budget. 

region has a larger 

Future increases i n  energy consumption will surely tax the s ta te ' s  energy 
supply. 
may be needed by the year 2000. I t  i s  quite possible that  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. 

As mentioned before, a rough estimate is 116.9 x 10l2 B t u  per year 

Eastern Regional Energy 

The energy consumption f o r  the Eastern Geothermal Planning  Region by Cate- 
gory is  included i n  t a b l e  7,  Since this area is the net energy exporter, 
the demand for additional supplies i s  less. However, the cost for  providing 
the energy consumed will continue to  r i s e  regardless of the amount produced. 
The few surface occurrences of geothermal activity i n  the Eastern P lann ing  
Region are  connected to  the Madison Formation. The widespread nature of the 
Madison makes u t i l i za t ion  of this geothermal resource a better prospect than 
the isolated springs of the western region. 
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DEVELOPMENT FACTOR 
W 

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 aPfect 
direct  use of the geothermal resource. The fol1 owing di scussion considers 
each factor in decreasing order o f  impact upon direct-use development. The 
development factors for electrical  production will not be addressed 
separately. 

conomic Incentives 

Perhaps the most obvious deterrent t o  geothermal resource development i n  
Montana is the lack of economic incentive. T h i s  incentive mus t  come i n  the 
form o'f demand f o r  cheaper energy production alternatives. The present 
price structure for natural gas and other forms o f  key energy does not allow 
competitive use of geothermal energy. I t  i s  more expensive t o  provide space 
heat w i t h  geothermal energy and i t s  higher preproduction cost than  t o  i n -  
s ta l l  very cheap natural gas using existing supply lines. 
suitable 20-year energy inf la t ion  factor is considered i n  the feasibi l i ty  
evaluation--the desirability of using the geothermal resource i n  many cases 
can be just i f ied.  Unfortunately, ' the particular inf la t ion  rate which is t o  
be used i s  not universally accepted. Inflation rates used i n  the past do 
not ref lect  the reali ty of a world population reaching cr i t ical  proportions. 
These same rates are usually accepted by the public as indicative of future 
costs. Therefore, the public does no 
on the energy market. 

Even so, if a 

ew economic me 
development. They cannot change the cost picture of available 

fuel reserves, b u t  by manipulation of other factors such as tax incentives 

U 
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The s ta te  also has an energy system tax  incentive for individuals which 
allows a t a x  credit against the s ta te  income t a x  owed. The amount allowed 
i s  10 percent of the first $1,000, and 5 percent of the next $3,000 of the 
cost of such a system. 

I a; 
! *  Tax credit i s  allowed t o  public u t i l i t i e s  on capital loaned t o  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  e lectr ic i ty  or  natural gas. 

The  ind iv idua l  t a x  deductions or  t ax  credit allowed by the s ta te  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 s ta te  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 t a x  credits. The small t a x  credit to  
the public utilities does not encourage them t o  loan money for less interest  
t h a n  their  expected rate of return. 

Financing 

The present cost o f  borrowing money greatly affects capital intensive 
projects. Capital intensive means projects which require large sums of 
i n i t i a l  capital  . 
Conventional energy technology, such as  natural gas heating, uses well- 
tesTed systems which-can be installed by any number of  local tradesmen. I t . .  
usually requires l i t t l e  more t h a n  connecting the fac i l i ty  t o  existing gas 
lines. Th i s  also applies t o  e lectr ic i ty  or fuel o i l .  
t ion  requires geophysical exploration, resource development, a p i p i n g  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. Natur l Y ,  much t h o u g h t  
would be required t o  construct a working program such a t h i s  t o  prevent 
unrestricted speculation. Such a program would require rather large 
funding base. Un t i l  some sort of guarantee program or greatly increased 

Geothermal ut i l iza-  

i c  demand is e ent, geotherm velopment w i l l  mov 

For information purposes, a pa r t i a l  l i s t i n  
descriptions is presented i n  Appendix B. 
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ther Rocky Mountain s land can be found i n  
ed sections a l l  over the state. Direct use of geothermal 

resources is effected more by s ta te  than federal land because of t h i s  
spatial distribution. The communities are traditionally located i n  valleys 
and broad basins surrounded by private land. 
i n  particular, i s  loc d i n  mountain ranges some distance from these popu- 
lation centers, while a te  land can usually be found nearby. As i t  is  
essential t o  locate geothermal reservoirs near the use area, to avoid p ip ing  
costs , access 

As a good example o f  the rob1 em presently plaguing 1 easi ng of s ta te  1 ands , 
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 
supporting 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 

t ion .  

up t o  guarantee protection of the developer's investment. The lease was 
applied for b u t  the controlling agency, the Montana Department of State Lands, 
had adopted a policy which effectively stated that i f  a number of applications 
were not  received, then sufficient leasing interest was not present. T h i s  
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 
t e s t  wells and located a reasonable resource, signfficant outside interest 
could have been generated for a s ta te  lease sale to be held. Other companies 
could afford t o  b id  higher t h a n  this original developer for this s ta te  
parcel since the exploration expense gamble had already been taken. Now, 

, the restrictive 
every appl i cant 

Federal land, Forest Service 

these resources on s ta te  land is important. 

, Land Management parcels 'were cleared for leasing a f te r  two years of prepara- 

adjacent to  the Hunter's Hot Spr ing ' s  s i t e .  T h i s  l a s t  piece has to be tied 
I Finally, a parcel of land of less than a section was located directly 
I 

Any s t a t e  land under the Board of Land Conmissioners of State of Montana 

he minimum b id  is 
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1 

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 
of not less than 10 percent of the gross revenue received f r o m  the opera- 
tion of 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 fully 
executed lease. A person not  holding the lease may not  enter s ta te  land 
for  casual exploration or  inspection of geothermal resource potential. A l l  
s t a te  lands disturbed by exploration, development, and operation of geo- 
t h e m 1  resources must be reclaimed when the s i t e  is abandoned. 

A minimum bond o f  $2,000 is required prior t o  the issuance of any geothermal 
resources lease. 
1,000 feet  o r  deeper, the bond deposit must be increased to $10,000. The 
lease holder may not enter leased land for exploration involving earth 
moving equipment o r  otherwise engaging i n  operation which may lead to  
material disturbance w i t h o u t  submi t t ing  a plan of operation to the Department 
of State Lands. The plan of operation must  include the start ing date and 
estimated completion date,  t h e  anticipated size of t h e  operation including 
manpower equipment and extent of disturbance, and the general method o f  
operation. The plan of operation is usually required when i t  is  anticipated 
that  a well o f  1,000 Feet or  deeper i s  to be drilled. The plan of operations 
must be approved by the commissioners for projects of t h i s  extent. Projects 
which would not  require a 1,000-foot hole would not require approval of the 
commissioners a f t e r  submission of a plan of operations. 

Prior t o  init iation of operations for d r i l l i n g  a well to 

Federal Leasing and Permitting 

Federal leasing of both Bureau of Land Management and U.S. Forest Service 
land is of primary interest t o  developers of electrical energy. The 
h ighes 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 o r  Bureau of Land Management boundaries. A developer of electrical 
energy i n  an area must hold production r i g h t s  to  a l l  adj 
area of interest t o  justify r i s k i n g  exploration capital. 
volved i n  the pursuit of suitable reservoirs is so great 
attempts must  have the potential of complete use of that  area for electrical 
production. Th 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. 

Lease Procedure 

If the area h h s  been previously classified as 
Area" (KGRA),  t hen  the developer must wait fo  
i s  classified as a "Potential Geothermal Resource Area" (PGRA) or not 
designated a t  a l l ,  he may submit a lease application t o  either the U.S. 
Forest Service or  Bureau of Land rlanagement. Upon receipt of a lease applica-- 
tion, the appropriate agency m u s t  schedule to  begin an evironmental assess- 
ment record or,  i f  necessary because of sensitive issues, an evironmental 
impact statement for  the area i n  question. T h i s  same study requirement i s  

n the leasing procedure is  determined by the area 
" ~ m m  Geothermal 
lease sale. If the area 

1.i 
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is necessary before leasing can proce 
eing that  the study must be done for 
he manpower requirement for Environm 
mpact Statement is  very large, which l i m  

can be carried ou t  a t  any one time. Pres 
i n  the process of being studied w i t h  es t i  
and remaining KGRA must wait until this p 
a new one ca 

Each study requir 
complete. The study includes n o t  only the Environmental Analysis Record or  
Environmental Impact Statement, b u t  m i  t i g a t i n g  lease stipulations which are 
meant t o  lessen the environmental impact of geothermal development. 
sometimes d i f f icu l t  for the involved agencies t o  agree on specific s t ipu la-  
tions as is  the case w i t h  the Marysville KGRA. The net result of the Environ- 
mental Analysis Record or Environmental Impact Statement w i t h  m i t i g a t i n g  
stipulations is  t o  seriously limit the extent t o  which a KGRA or PGRA can 
be developed. 
Record. The most restrictive stipulation is the "no surface occupancy" 
requirement. 
use the ground i n  any manner for  dril l ing or heavy surface exploration. 
Use of directional d r i l l i n g ,  which involves boring a hole a t  an extreme 
angle from an adjacent parcel of l and  t o  tap the resource underneath that  

method and the technology cannot guarantee d r i  11 i n g  succes 
present economic incentives, this technique is not jus t i f i  
appear likely t o  be i n  the future. 

Another difference between KGRA and PGRA is easing procedure. Leasing 
of a KGRA is  required t o  be on a competitiv s. Many people are allowed 
t o  b id  on the same parcel o f  land. 
allowed t o  b id  and i f  no one else is interested, he ma have the lease. 
If a PGRA parcel is  b i d  upon by two or more applicants 
matically reclassified in to  a KGRA with competitive b i  
competitive b idding  requirement. I t  has been demonstrated t h a t  a KGRA 
classification does not guarantee competitive o r  even singular interest. 

sales have been held in a KGRA and l i t t l e  interest i s  evidence, 
should be returned t o  the noncompetitive classification. 

so, the difference 
ardless of interest. 
Record o r  Environmental 
ber of studies which 
ntana, one KGRA is 
etion i n  early 1979, 
dy is completed before 

m one and one-ha1 as three years t o  

I 

i 

1 
j 

1 
i 

I 
I 

I 

i 
i 

I t  is 

T h i s  was the case w i t h  the Boulder Environment Analysis 

This means t h a t  the company can lease the ground, b u t  cannot 

i particular piece, is usually recommended. This is a very 
I 

i 

In a PGRA, the original applicant is 

Procedures 
within the present federal laws. 

nvoives unfami 1 iar i  

ow space heating, and 
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u t i l i za t ion ,  of the technology i n  €his country makes financial consideration 
and equipment ava i lab i l i ty  subject t o  mu ng. A developer who is LJ 
interested i n  p ip ing  water a distance is the diff icul t  search t o  
obtain necessary technical and cost para economic feasi b i  1 i ty i n  
the country has not  been tested t o  any extent. Therefore, the developer 
has no guarantee t h a t  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 for geothermal applications. 
Much u t i l i za t ion  equipment is available, b u t  the present-systetn of technology 
transfer t o  a l e r t  the developer of existing hardware i s  quite inadequate. 

For commercial geothermal energy development t o  occur, entrepreneurs must  
be able t o  ju s t i fy  investment of monies i n t o  geothermally oriented systems. 
Few people can visualize the complete development picture required t o  be 
able t o  construct a profit  picture madel. While the geothermal energy 
supply technology i s  relatively l i  ttte known, the importance o f  stimulating 
a direct-use economy t o  the nation has prompted the budgeting of funds for 
the purpose of i n i t i a t i n g  demonstration projects i l l u s t r a t ing  the technology 
available. Therefore, the first projects involved i n  geothermal direct use 
will be eligible for  some subsidies from the 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 1 oans. 
government, i s  interested i n  promoting geathermal development. Technical 
assistance can be acquired through these channels also. 

- 

. 

State government , i n  addition t o  federal 

Water Quality Laws 

- The Montana Department of Water Quality is charged w i t h  the responsibility 
of maintaining water quality as se t  by the s ta te  water qual i ty  standards. 
All bodies of water, streams and river are given classifications. The 
classjfications w i l l  apply t o  specific stream segments. 
subjected t o  different water quali ty requirements for different points 
along i ts  length: If the stream quaTity was h i g h  a t  the time of classi- 
fication, the classification requirements were s t r i c t  for the stream seg- 
ment. Conversely, i f  the stream segment was subjected t o  some degradation, 
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 i s  the net temperature increase 
allowed for  a stream. For the BD-1 classification, a maximum of a 1"F 
increase above naturally occurring water temperature i s  allowed w i t h i n  the 
range of 32OF t o  66°F. 
allowed, which would cause the water temperature exceed 67OF. And, 
where the naturally occurring water temperature ,i 
maximum a1 1 owabl e i ncrease of water temperature is 
per hour maximum decrease below naturally occurring water temperature i s  
allowed when the water temperature i s  above 55OF. And,zat 2*F, the maximum 
decrease below naturally occurring water temperature is allowed w i t h i n  the 
range o f  55°F t o  32°F. 

One stream may be 

For the range of 66°F t o  66,5OF, no discharge 'is 

._ 



The concentrat ion o r  l eve l s  o f  t ox i c  o r  other deleter ious substances, i n -  
c luding heavy metal , a 
discharge i t s e l  f i s  no addressed, but the maximum in-stream concentration 
o f  t h a t  substance i s  1 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 ve r ,  the t o t a l  

l i m i t e d  under each stream c lass i f icat ion.  The 

I n  some cases, i f  a 

ncrease o f  the stream due t o  the discharge o f  the spring i s  
This would al low discharge o f  a greater volume o f  spr ing 
ould be cooled down some by e f f i c i e n t  use. 

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 ia  i r r i g a t i o n  ditches w i th  
re tu rn  t o  a stream if the discharging water i s  no higher than the normal 
ambient l eve l s  which i r r i g a t i o n  water i s  discharged at. 
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  standa-rds 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 with- 
drawal appl icat ions a t  t h i s  time. This d e f i n i t i o n  puts them under the 
s ta te 's  water r i g h t s  laws. ,Under these laws, any w e l l  which produces over 
100 gal lons per minute i s  required t o  have a permit. I n t e r i m  permits f o r  
d r i l l i n g  and t e s t  pumping o f  a w e l l  a re  avai lable. -In the i n t e r e s t  o f  
investment protect ion,  a provis ional  permit should be applied f o r  i f  the 
withdrawal i s  ant ic ipated t o  be over 100 gal lons r minute. This permit 
should be appl ied for  before d r i l l i n g  i s  started. It w i l l  no t i f y  surrounding 
landowners o f  the intended withdrawal permit appl icat ion.  
no object ions from su the permit i s  granted. If 
objections are receiv  
hearing may be held. 

I n  some cases, 

Any discharge t o  

I n  Montana, the 

I f  there are 

es t  i s  invest igated and a 

issued f o r  withdrawals 
l e t i o n  of the 
e springs are 

e permits before 
r i g h t s  o f  downstream users. 

f f i c e  which general ly takes 
g surface and w e l l  r i g h t s  i s  
es two weeks t o  two months and 

h ownership and a lso 
o months, and i s  the pub l ic  

i nvol ves n o t i  f i cat  

t o  the water r i g h t  
i ng  three weeks , 
mit can be w r i  

p l i c a t i o n  are 

twelve months 
t h a t  the proposed 

w e l 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, then the permit 
application must be subjected t o  an Environmental Impact Statement o r  clear 
and convincing evidence that no prior rights will be adversely affected. An 
interim permit cannot be issued under these circumstances. In areas of 
1 i ttl e development , some parts of the standard water r igh t s  permi t process 
can be shortened. The Department of Natural Resources and Conservation can 
issue a waiver of public notice which speeds up the permitting process. 

A t  this time, the question of whether the geothermal heat is protected by 
water rights remains unanswered. For instance, i f  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 
spr ing  goes down as water from the geothermal well is drawn, is the owner 
of the sp r ing  enti t led to  protection of that  temperature? If ,  however, the 
spr ing level or  quality that  flows from i t  is decreased and he does own sur- 
face rights on the spring, t h e n  the well owner is required to  decrease 
withdrawal to  alleviate the situation. 
cerning water w i l l  remain unanswered u n t i l  specific tests o f  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 - 

Resource definition questions con- 

Montana's Major Faci l i ty  S i t i n g  Act 

Under the present regulations, the Montana Major Facility. S i t i n g  Act of . 

1973 p r o h i b i t s  construction of certain types of fac i l i t i es  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, inc lud ing  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 o f  Natural Resources and Conser- 
vation i s  required. T h i s  application mus t  contain certain types of informa- 
tion 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  i s  decided on as a percentage of the construction costs 
of the faci l i ty .  The Department of Natural Resources and Conservation then  
acts as the lead agency for  preparation o f  an environmental impact statement. 
The department uses the information i n  the application, i n  addition to  any 
information it  deems necessary t o  collect on its own, for  preparation o f  the 
statement. Public hearing procedures are followed for public 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 o f  
the development, additional public hearings will .be held. A decision is 
t h e n  made by the board whether the fac i l i ty  is environmentally sound and 
sat isf ies  pub1 i c  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 i n g  Act A t  this time, 
legislation setting a lower limit for  inclusion on the Major Facility S i t i n g  
Act of Geothermal Facil i t ies is being prepared. 
projects involving the equivalent to  about 7 megawatts electrical power 

I t  is anticipated that for 
8 

6r less,  would be exempted from compliance w i t h  the act. 
I -. 

w 
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Geothermal Investigation'Reports Required By The Montana Department O f  
Natural Resources 

Any person o r  en t i t y  must submi t  a long-range plan f o r  the purpose of de- 
scribing anticipated exploration f o r  geological data involving boring of 
test  holes o r  other underground exploration, investigation, o r  experimenta- 
t ion,  wh ich  i s  related t o  possible future development of 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 ie ld  reports,  periodic f ield reports, and f ina l  field reports a r e  
required of the exploration project. Geological reports a r e  required 
a f t e r  completion of the project. Confidentiality o f  pertinent technical 
data submit ted will be recognized f o r  a period of two years following 
commencement of the operations for the d r i l l i ng 'o f  an actual well f o r  testing 
of potential .  

T h i s  requirement is designed t o  augment planning consideration under the 
Major Fac i l i ty  Si t ing Act. 

I 
I 
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MPOSITE SCENARIO FOR 13 WESTERN REGION SITES 

DEVELOPMENT PROJECTION SUMMARY 

The scenario prepared f o r  the 13 s i t e s  were combined i n  a graph form using 
s t a r t i n g  dates and r e s u l t i n g  f i n i s h  dates w i th  spec i f i c  energy project ions.  
The graph i n  f i gu re  3 i s  a composite o f  possible nonelect r ic  geothermal 
development as projected f o r  the next 20 years. 
possible e l e c t r i c  geothermal development over t h i s  same period. 

The nonelect r ic  composite shows a s t a r t  o f  the development on o r  before 
1977. This 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 t o  a t o t a l  o f  567 x l o 6  Btu/hr by the year 1992. The 
t o t a l  year ly  energy production which could be expected i f  t h i s  development 
should occur i s  2.5 x 10 l2  Btu/yr. 

The e l e c t r i c  scenario summary i s  the r e s u l t  o f  f i v e  d i f f e r e n t  generating s i t e s  
being developed w i t h  one u n i t  each. 
the f i r s t  power-on-line by 1990. 
t o t a l  energy production t o  400 megawatts by 1995. 

I n  both o f  the above development summaries we see p r imar i l y  s ing le  events on 
each s i t e .  This condi t ion would be expected t o  occur i n  r e a l i t y .  
useful reservo i r  i s  discovered, then mu l t i p le  energy uses could be expected 
a t  a s ing le  s i t e  area. The purpose o f  assuming s ing le  events i s  t o  i l l u s t r a t e  
possible development and t o  increase accuracy. 
developed wh i le  others w i l l  have mu l t i p le  development and i t  i s  hoped t h a t  
t h i s  method o f  planning w i l l  r e s u l t  i n  an average energy development. 

The v a l i d i t y  o f  any one o f  the scenarios i s  very small, w i t h  a few exceptions. 
These pro ject ions were postulated t o  help i n  a r r i v i n g  a t  goals f o r  develop- 
ment efforts. The underlying premise o f  t h i s  p ro jec t  i s :  Planning w i t h  an 
analysis of possible end resu l t s  i s  necessary t o  most e f f i c i e n t l y  use 
cap i ta l  resources i n  achieving spec i f i  

Figure 4 i l l u s t r a t e s  the 

The process would begin i n  1980 w i th  
Subsequent development would ra i se  the 

I f  a 

Some s i t e s  may never be 
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, 
I 

FUTURE PLANNING RECOMMENDATIONS 

T h i s  planning effor t  pointed out some very important strategy needs. 
Specific s i t e s  w i t h  "known" potential were concentrated on during this 
study. The results i l lustrated t h a t  an end user of energy production is 
essential for  maximum use. Most o f  Montana's known resources are not 
7 ocated near energy users. T h i s  condition a1 1 ows three a1 ternati ves for 
future work. The first, which i s  undesirable and unacceptable, i s  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  
th is  author's opinion, is t o  identify the areas of 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 t o  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 s ta te  of resource assessment for  the known s i t e s  
is i n  a fledgling stage. Very l i t t l e  actual resource definition has been 
done i n  Montana on known or unknown s i tes .  

,- 

k.l 
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IME FACTORS FOR SCENARIO PREPARATION 

1 .o Private Land Owner. 

1.1 rmi ts--It was assumed from information gathered 
that little prospecting would occur without a cause. 
this is usually not applicable. 

Lease Land--This step should take from 3-6 months and is marked 
with a triangle. It was assumed that all leases would be ob- 
tained at once. 

County/Ci ty--Montana has 1 i ttle in e way of organized city/ 
county planning which would affect most of the possible projects. 
Usually not applicable, but could take 6 months for a construction 
permit if applicable. 

Therefore, 
, 

1.2 

2.0 

2.1 Not applicable. 

2.2 Not applicable. (Could b 

2.3 Not applicable. 1 

3.0 State. 
I 

i 3.1 Process EIA/EIS--Pre-Lease. ursory EAR is required on state 
land which is to be leased; 
to lease sale. 

uld not take over 6 months prior 

I 

9-18 months with an average o f  12. Must 
antee the right to 

I 

Facility Sitin Act. An average of 3 years is required for 
larger (750 MW 3 installations. Allow 1 year for smaller opera- 
tions. Now legislation will try to exempt all installations o f  
75 WM or less. ' 

. W  
1 
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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 

5.4 

Same as 3.5. 

Issue Util i ty Charter--Most cased do not acquire s ta te  level 
participation other than for  setting rate structure. 
structure has t o  be approved by the Util 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 ty  limits and approval time varies b u t  usually takes 3-6 
months. 

The rate 

Developer . 
Geophysical Exploration--Electrical requires 2-1/2 years on site. 
Direct use required 3-18 months." 

Exploratory Drilling--Electrical requires 2 years beginning 9 
months a f te r  4.1 begins; direct use requires 1-6 months.* 

Commit to  Develop--should occur a t  the end of 4.2. 

Prepare plan of Operation-Begin 9 months before 4.3 and extend 
for 1-1/2 on electrical;  begin as  early as 9 months before end of 
4.3 and extend 3-18 months for  direct use. 

Field Development Drilling--Begin 9 months a f t e r  end of 4.4 or 
3.5, whichever i s  later, and extend 1 year for electrical;  
extend from 1-12 months for  direct use.* 

U t i  1 i ty . 
Commit to  Develop--If user is different than the developer, then 
this will occur 3 months after 4.3. 
4.3 and 5.1 will occur together. 

Prepare plan of Operation--Electrical will begin 9 months before 
5.1 and extend 1-1/2 years. Direct use can vary since this is 
n o t  always well defined i n  direct  use. 
developer commits t o  develop for decision purposes, can extend 
3-18 months. 

Design--Electrical begins 6 months after 5.2 begins,  extends 1-1/2 
years. Direct use should also begin a f te r  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 start construction on this after.  
the end af 4.5 (field development dr i l l ing) ,  possibly a f te r  5.3 
and extend from 3-18 months. 

I f  user is the same, then 

Usually begin before 

* A l l  surface exploration and d r i l l i n g  has t o  occur during the summer season 
i n  Montana. Allows only 6 months work per year. 



5.5 Instal l  Distribution Lines--Electrical depends on 5.3. Direct 
use depends on type of f ac i l i t y  and stages of construction. 
Space heating district  will have continuous construction of d i s -  
tribution lines. 

5.6 Utilization System Construction-Electrical should occur a t  the 
same time as 5.4. Direct use will usually occur a f te r  5.3 ends. 
The extent of construction time varies w i t h  each roject w i t h  a 
sample period being 12 months. 

Direct Heat Application On-Line--This occurs a t  the end of 5.6 
and Direct Use can have stages of additional power-on-line. 

b, 

5.7 

6.0 D O E D G E .  

6.1 Research and Development--Direct use is very hard to  plan for  
without prior knowledge of technology available. T h i s  step 

enter any o f  the Montana scenarios. 

6.2 Resource Exploration and Assessment Scenarios were not postulated 
for  imaginary sites. 
energy needed i n  an area and postulate a reservoir. 
financed resource assessment d i d  not enter into scenarios for  
Montana, nor are they l ikely to  for  the future. 
real istic mechanism for  projecting geothermal potential. 

Hydrothermal Technology Applications DOE/DGE--This act ivi ty  does 
. not affect  overall planning effor ts  for  Montana. Demonstration 

projects and other work which  would benefit development will 
undoubtedly affect  the rate  a t  which resource use progresses. 
The t iming  o r  amount cannot be quantified and, consequently, 
was l e f t  out of Montana scenarios. Most projects will not need 
DOE/DGE h e l p  other than funding. 

Advanced Technology--Not applicable. 

Future planning effor ts  could analyze the 
DOE/DGE 

I t  is not a 
i 

6.3 

Baseline Study. Not applicable. 

-Varies w i t h  Si Interest. A completion 
projected for his does not 

c from past p 

Issue Pre-Lease Surface Exploration 
issue anytime. 

uires 3 weeks, can 

G d  

i ! 
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8.22 

8.23 

9.0 

9.1 

9.2 

9.3 

9.4 

10.0 

10.1 

11 .o 
11.1 

12.0 

12.1 

12.12 

12.13 

13.0 

13.1 

Issue Exploration Drilling Permit--Requires 3 weeks, can issue 
anytime after lease. 

Issue Production Drilling Permit--Requires up to 1 year after 
submission or application with plan of operation. 

DO?/ BLM . 
Compile EIA/EIS Pre-Lease--Begins with applications for lease, 
requires 2-3 years. 

Issue Lease--Can occur 3 months after end of 9.1. 

Compi 1 e and/or Revi ew--Thermal Supply Faci 1 i ty Dri 11 i ng and 
Distribution Lines. 
or operation prescribing development. 
exploration and drilling, ,this step can be complete 4-1/2 years 
after lease is issued and applies to large projects. 
time required can vary from 6 months or less, to a year. 
is usually a milestone. 

Certify Thermal Facility--A milestone which occurs at end of 9.3. 

DO1 / FWS . 
EAR Review--This step takes 6 months and ends at the same time as 
9.1. 

USDA/FS. 

Review EAR--This step ends the same time as 9.1. 

EPR. 

Review of EIS--This step ends the same time as 9.1. 

hT, 

This process begins with submission of plan 

The actual 

If all goes well with 

This 

Same as 8.22. 

Same as 8.23. 

DOE. 

Review Pre-Lease EAR/EIS--This step ends the same time as 9.1. 
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There are a va r ie t y  o f  sources avai lable f o r  f inancing geothermal d i rec t -  
use projects. Unfortunately, there i s  no establ ished system under which 
a person can apply f o r  a grant o r  a loan i n  the manner one might approach a 
bank f o r  a car loan. The present ly avai lab le funding sources are usual ly  
operated under a proposal approach. This involves d ra f t i ng  a descr ip t ion 
o f  the p ro jec t  i n  some deta i l ,  w i th  submission t o  the appropriate e n t i t y  
f o r  consideration, along w i t h  other proposals o f  s im i l a r  nature. I f  

a t  the same time, then t h i s  p ro jec t  could be funded. The funding i s  
usual ly  done on a cost-share basis. 

I the proposal has s u f f i c i e n t  mer i t ,  over and above other proposals submitted 
j 

1 
I 

p l y  under the proposal type 
approach i s  Montana's A1 te rna t ive  Energy Grant Program. This program i s  
se t  up under law using a small percentage o f  the s ta te 's  coal severance tax 
revenue. The purpose being t h a t  w i th  the exhaustion o f  our coal resources, 
a l te rna t ive  energy w i l l  be needed i n  the future. This program i s  designed 
t o  prepare the technology necessary f o r  the conversion. , 
t h i s  program i s  small a t  the present, but  i s  designed t o  increase over the 
years. The la rges t  grant which w i l l  cu r ren t ly  be considered i s  i n  the 
$100,000 range. There i s  no se t  matching fund requirement f o r  t h i s  program. 
The grantee i s  expected t o  supply a .ce r ta in  amount o f  funding, services, o r  
in-k ind contr ibut ions.  As mentioned above, the pro jec t  must be documented 
w i t h  a w r i t t e n  descript ion, economics, design c r i t e r i a ,  and overa l l  
approach. The funding periods are usual1 
po in t  i n  t ime,  an average o f  two grants i 
per year. This i s  ac tua l l y  a healthy pe 

The budget f o r  
I 

held twice a year and, a t  t h i s  
the geothermal area are approved 
ntage since the appl icat ion 

e q u i t e  small. 

eothermal Energy Grants 

The U.S. Department o f  Energy-Division o f  Geothermal Energy has a grant 
program s i m i l a r  t o  Montana's. 
Opportunity Notice o r  PON which asks f o r  submission o f  grant proposals. 
This grant program i s  aimed a t  s t imulat ing d i r e c t  use o f  geothermal pro- 
j e c t s  through demonstration f a c i l i t i e s .  d p ro jec t  i s  described 
i n  d e t a i l  using the app l ica t ion  package the Department of 
Energy. The requirements are usual ly  f a i  t h e  i n  t h a t  pro- 
fessional technical  assistance i s  require s issued usual ly  
once per year and gran as h igh as 2 m i l  s have been approved. 
Total  funding f o r  t h i s  ource i s  ra ther  high, bu t  cmpe 

Federal Geothermal Loans 

A federal  program establ ish ing federal ly-backed geothermal guaranteed 
loans was establ ished a f t e r  the 1970 Geothermal Steam Act, which was 
passed by Congress. I t s  purpose was t o  st imulate the development o f  

I n  the past, i t has issued a Program 

&d 



269 

i 

electrical generation from geothermal sources. Under t h i s  program, an 
entity may apply, via much red tape, t o  a bank for  a loan which will be 
federally guaranteed. I t  takes a long time period to  s e t  up the mechanism. 
Reports from applicants o f  t h i s  financing avenue have indicated that  the 
process is very unwieldy. Conversations w i t h  off ic ia ls  i n  charge of t h i s  
program have indicated that the minimum practical loan a t  t h i s  time is 
1 million dollars. A request has been made t o  the Department of Energy 
for allowing funding of much smaller loans w i t h  a decrease i n  the paper- 
work required. If smaller, easier-to-obtain loans are available, the 
economic viabil i ty of direct-use projects i n  Montana w i l l  be greatly 

~ 

enhanced. 

fndi  rect Loan Avenues 

A possible s ta te  funding avenue may be available under a s ta te  program 
which can supply small low-cost loans for job  creation i n  economically 
depressed areas. The loans are administrated through the Montana Depart- 
ment of Administration. The purpose o f  these loans i s  to  he lp  labor inten- 
sive industry i n  areas which have very l i t t l e  i n  the way o f  support for the 
local labor force. T h i s  program could be' utilized by someone interested i n  
constructing and operating some form of geothermally-heated manufacturing o r  
industrial business. An ideal example would be a commercial greenhouse 
faci 1 i t y  . By nature, greenhouse operations require very intensive manual 
care. A rural area which had l i t t l e  i n  the way of employment would offer 
re1 i ab1 e and i nexpensi ve 1 abor for a comerci a1 greenhohse. 

The Federal Economlc Development Administration makes large cut-rate loans 
which can be used for  economically desirable business ventures. Information 
on t h i s  program is  available through a branch office of the EDA i n  Helena. 

Other funding sources are sure to  be instituted i n  the future. There is 
also a good possibility that  other programs which have funding can be 
adapted t o  i n  use o f  geothermal direct use. 
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