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Abstract --A list of persons and groups doing geothermal research 
in Montana is presented. A revised list of springs and wells 
with their flow and temperature values is shown with the heat 
value, in billions of British Thermal Units (Btu's) per year, for 
reference temperatures related to low, temperature uses. The 
Boulder and. Hunters springs are the forem.ost hot spring resources, 
while the Madison Limestone related springs around the Little 
Rocky Mountains, and Brooks spring north of Lewistown provide the 
major...lidw temperature resources capable of large development 
utilizing heat pump technology. The water chemistry of almost 
all springs is suitable for direct application. A discussion of 
drilling activities around spring sites and the relative success 
(or lack thereof) provides some factors to consider. In an 
attempt to delineate areas with ground-water temperatures suit
able for heat pump use, a 10°C (50°F) temperature cutoff was 
used. Urban area data is suspect; inadequate pumping time may 
yield spuriously warm temperatures. 

The purpose of this paper is to summarize the work done to 
date, and to report on some recent results relating to Montana's, 
geothermal resources. 

Interest' in surface occurrences of thermal water as some
thing other than scientific or "medical" curiosity did not become 
prominent until the early 1970's when predictions of energy short
falls began appearing. In Montana, previous work consisted of 
cataloguing by G. A. Waring (23), and "while passing through" 
studies by S. L. Groff (results summarized in 3); also, Balster 
(2) compiled a map using bottom-hole temperatures in the Madison 
Group. 

Recent research was initiated by the U.S. Geological Survey 
in the early seventies from their Menlo park regional office. 
The formation of first the U.S. Energy Research and Development 
Agency (ERDA) and then the U.S. Department of Energy (DOE) 
broadened the federal research base and provided funding for 
state and private research projects. The. following list includes 
most of the Montana-based groups performing geothermal research 
(either in resource assessment or in engineering applications): 

1. U.S. Geological Survey, Montana WRD Office, Helena, 
Montana: Robert Leonard--resource evaluation. 

2. Department of Nat'ural Rescurces and Conservation, 
Division of Renewable Energy, Helena, Montana: Michael 
Chapman--user assistance and grants. 

(50) 
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3. Montana University System 
a. University of Montana, Missoula: Tony Quamar--

resource evaluation 
b. Montana State University, Bozeman: Robert 

Chadwick--resource evaluation 
c. Montana College of Mineral. Science and Technology, 

Butte: John Sonderegger and Charles Wideman--
resource evaluation 

4. Fort Peck Tribal Research Program, Poplar, Montana: 
Carl Fourstar--resource definition and application 
(near Poplar) 

5. Montana Energy Research and Development Institute, 
Butte, Montana: Karen Barclay--resource definition 
and application (Warm Springs State Hospital) 

THERMAL SPRINGS 

Because warm and hot springs represent an expression of a 
geothermal system at depth, an inventory of such springs has 
traditionally been the first step in evaluating the resource 
potential. One of the problems recognized in the mid 1970's was 
that adequate measurements of spring discharge and temperature 
were not always available (at a given temperature, the energy 
available is directly proportional to the spring discharge) 
normally because of poor discharge numbers which often varied by 
as much as 400 percent. In the fall of 1975, Robert Leonard was 
assigned to the USGS Montana district; after reviewing the 
Montana Bureau of Mines and Geology (MBMG) spring data files, 
Leonard decided to restrict his work to occurrences of waters 
hotter than 100°F in the southwestern portion of the state. 
Later, the MBMG instituted a statewide study of low temperature 
occurrences partially funded by ERDA and DOE. 

Figure 1 is a histogram of thermal spring temperatures in 
Montana. The large block of springs representing temperatures of 
30°C or less is, in the majority of cases, related to springs 
issuing from the Madison Group. Most geologic parameters tend 
toward normal or lognormal distribution. Ground-water tempera
tures appear to have a lognormal distribution; in Montana, the 
average ground-water temperature is between 7 and 9°C depending 
upon the area of the state under discussion. Figure 2 is an 
approximation of the type of distribution one would expect for 
thermal spring temperatures; from Figure 2 we infer that the data 
presented in Figure 1 are grossly biased, i.e., that we have only 
included those springs with temperatures of less than 25°C which 
have high discharges. If the temperature of a spring is greater 
than 25°C, it is usually safe to assume (in western Montana) that 
even in the summer a body of ponded spring water loses more heat 
than it gains. At temperatures less than 25°C and low spring 
discharge quantities (less than 50 gpm), it is possible for solar 
and biological factors to increase the measured temperature 
enough to cause a spuriously anomalous spring temperature. 
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FIGURE 1. HISTOGRAM DEPICTING THE FREQUENCY OF THERMAL SPRING TEMPERATURES. 

2 

O 
IT 

35 45 55 65 

TEMPERATURE OF SPRINGS, "C. 

FIGURE 2. EXPECTED LOG-NORMAL DISTRIBUTION OF SPRING TEMPERATURES. 
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Also, our investigations into mine-water drainage, which is 
usually of fairly shallow origin, showed that the smaller the 
discharge value the greater the annual variation in water tempera
ture (14). The smallest discharge reported in the MBMG spring 
data list for springs in the 15 to 20°C range is 130 gallons per 
minute, and only two of the springs have discharges of less than 
1000 gpm (4). By comparison, only two of the seven springs with 
temperatures of 65°C or greater heave discharges greater than 100 
gpm (Hunters Hot Springs and Boulder Hot Springs). 

Obviously, we have erred on the side of being conservative 
in our past work. However, Table 1 (condensed and updated from 
references 4 and 21; the former includes location information 
and some water quality data) shows that when available heat 
energy is calculated to bottom-use temperatures of 25, 18, and 
10°C, only the high discharge/low temperature springs constitute 
a significant resource. An alternate way of viewing these data 
is with respect to heat pump usage. For a domestic dwelling of 
2500 square feet, the generally available heat pumps now being 
produced would require 10 to 15 gpm of 15°C water for typical 
Montana winter weather conditions. Thus, a 15°C spring with a 
proven 150 gpm yield could only heat ten domestic dwellings. By 
comparison, even without the use of a heat pump, 150 gpm of 60°C 
water will heat 60 to 75 domestic dwellings using modern design 
practices. It is for these practical reasons that only large 
volume springs were initially emphasized in our studies. 

Figure 3 depicts the locations of the springs listed in 
Table 1. Most of these springs are in western Montana, with the 
largest concentration in southwestern Montana. At present, there 
are no known instances of magmatic heating of these thermal 
waters (6). Dates on the age of igneous rocks in Montana range 
from very ancient to 0.11 million years before present (9). Known 
rocks younger than 2.0 million years are very few, extrusive, and 
of very limited extent in western Montana; consequently, they are 
not believed to represent a significant thermal resource. The 
known geothermal systems in eastern Montana are believed to result 
solely from deep circulation of meteoric ground water with frac
ture control of spring locations (21). 

The best summary to date of all available water chemistry 
is by Leonard e t a t (15) from 24 springs and 3 wells, which is 
essentially for the southwestern portion of the state. By the 
time this article appears, the MBMG will have published a pre
liminary map of the geothermal resources of Montana, which will 
include the most representative chemical data for at least 70 
springs and wells. Also, an annotated bibliography of geothermal 
studies in Montana, current through January of 1980, has just 
been published (20), and NOAA has published a thermal spring list 
for the United States (5). 

Geophysical studies at hot spring sites have been conducted 
by the U.S. Geological Survey and the three units of the Uni
versity System listed previously. All of these results have 
emphasized the importance of faults and fractures controlling the 
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Table 1. Heat value of water from se lec ted spr ings and flowing w e l l s . 

Name 

SPRINGS 

Alhambra 
Anaconda 
Andersons 
Andersons Pasture 
Apex 
Avon 
Bear Creek 
Bearmouth 
Beaverhead Rock 
Bedford 
Blue Joint 
Boulder 
Bozeman 
Bridger Canyon 
Broadwater 
Brooks 
Browns 
Camas 
Carter Bridgel 
Chico 
Deer Lodge Prison 
Durfee Creek 
Elkhorn 
Ennis 
Gallogly 

(Lost Trail) 
Garrison 
Granite 
Green 
Gregson 

(Fairmont) 
Greyson 
Hunsaker^ 
Hunters 
Jackson 
Kimpton^ 
La Duke 
Landusky 
Landusky Plunge 
Little Warm 
Lodgepole 
Lolo 
Lovells 
McMenomey Ranch 
Medicine 
New Biltmore 

Temp. 

CC) 

56.5 
21.7 
25 
26 
25 
25.5 
24 
20 
27 
23.6 
29 
76 
54.6 
20.2 
62 
19.9 
23.7 
45 
26.5 
45 
26 
21.1 
48.5 
83.2 

38 
25 
51 
26 

70 
17.9 
24.5 
59 
58 
18 
65 
21 
24 
22 
30 
44 
19.4 
19 
46 
53 

Flow 

(gpm) 

100 
3.2 
75 

900 
750 
24 
10 

1100 
100 

1500 
200 
590 
75 

150 
12 

72000 
1100 

24 
1500 
320 
100 

2300 
30 
15 

100(?) 
54 

100 
•80* 

40 
900 
110 

1300 
260 
300 
130 
3100 
2900 
5000 
2700 
180 

3500 
7300 
100 
26-

H^ (25°C) 

(109 Btu/yr) 

24.9 

7.11 

0.09 

1.58 

6.32 
238 
17.5 

3.51 

3.79 
17.8 
50.6 
0.79 

5.57 
6.90 

10.3 

20.5 
0.63 

14.2 

349 
67.8 

41.1 

107 
27.0 

16.6 
5.75 

Hj C18°C) 

C109 Btu/yr) 

30.4 
0.09 
4.15 
56.9 
41.5 
1.42 
0.47 

17.4 
7.11 

66.4 
17.4 
270 
21.7 
2.61 
4.17 

1080 
49.5 
5.12 

101 
68.3 
6.32 
56.3 
7.23 
7.73 

15.8 
2.99 

26.1 
5.06 

16.4 

5.65 
421 
82.2 

48.3 
73.5 

137 
160 
256 
37.0 
38.7 
57.7 
22.1 
7.19 

Hj (10°C) 

(109 Btu/yr) 

36.7 
0.30 
8.89 

114 
88.9 
2.94 
1.11 
86.9 • 
13.4 

161 
30.0 

308 
26.4 
12.1 
4.93 

5630 
119 

6.64 
196 
88.5 
12.6 
202 

9.12 
8.67 

22.1 
6.40 
32.4 
10.1 

19.0 
56.2 
12.6 
503 
98.6 
19.0 
56.5 
269 
321 
474 
427 
48.3 
260 
519 
28.4 
8.83 
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Name 

Nimrdd 
Norris 
Paradise 
Pipestone 
Plunkets 
Potosi, 3 
Pullers 
Renova 
Silver Star 
Sleeping Child 
Sloan Cow Camp 
Staudenmeyer 
Sun River" 
Targhee Sulfur^ 
Toston 
Trudau 
Vigilante 
W.S. State Hosp. 
Warner 
West Fork S.H. 
White Sulphur^ 
Wolf Creek -

WELLS 

Camp Aqua 
Colstrip'' 
Lucas 
Ring!ing 
Symes 
VAite Sulphur-dug 

Temp. 
( C) 

20.5 
52.5 
43.4 
57 
16.5 
38 
44.4 
50 
71.5 
45 
29.5 
28 
30.4 
18 
15.2 
22.7 
23.5 
77 
18 
26 
46 
68 

50 
96 
42.2 
48 
40 
58 

Flow 
(gpii) 

3200 
106 
17 

250 
4000 

17 
50 
40 
40 
530(?) 
350 

1800 
710 
55 

20000 
175 

2200 
60 
130 
500 
400 + 
53 

330 + 
230 
100 
800 
100 
350 

H^ C25°C) 

(10^ Btu/yr) 

23.0 
2.47 

63.2 

1.75 
7.66 
7.90 

14.7 
83.7 
12.4 
42.7 
30.3 

24.6 

3.95 
66.4 
18.0 

65.2 
129 
13.6 
145 
11.8 
91.2 

Hj (18''C) 

(10^ Btu/yr) 

63.2 
28.9 
3.41 

77.0 

2.69 
10.4 
10.1 
16.9 

113 
31.8 

142 
69.5 

6.50 
95.6 
28.0 

31.6 
88.5 
20.9 

83.4 
142 
19.1 

190 
17.4 

111 

Hj (lO-C) 

flO^ Btu/yr) 

265 
35.6 
4.49 

92.8 
205 

3.76 
13.6 
12.6 
19.4 

147 
53.9 

256 
114 

3.46 
822 
17.6 
235 
31.6 
8.22 

63.2 
114 
24.3 

104 
156 
25.4 

240" 
23.7 

133 

Average temperature with mixing fac tors de l e t ed . 
2 
Added a f t e r Figure 1 was d ra f t ed . 

Replaced by we l l . 

Cemented and abandoned. 
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V-^ STATUTE MILES 

FIGURES. LOCATION OF THERMAL SPRINGS IN MONTANA. 

occurrence of the hot 
The Ennis hot spring h 
of all springs in the 
study by the USGS and 
At the Ennis (Thexton) 
and audio-magnetotellu 
faults parallel and ne 
trolled the discharge 
Studies at other sites 
(12); (2) Silver Star 
(7); and the Little Bi 
progress, 10, 13) show 
effect on the location 

spring systems that have been studied, 
as the highest surface temperature (83°C) 
state, and has been the object of detailed 
the Montana Tech Geophysics Department. 
hot spring, gravity, seismic, telluric, 
ric investigations have shown that block 
arly normal to the valley trend have con-
point of the thermal system (8, 17, 18). 
such as: (1) Warm Springs State Hospital 
(1, 16); (3) Norris and Hunters hot springs 
tterroot Valley (Camas area, work in 
structural factors as having a significant 
of the thermal system discharge point(s). 

WARM AND HOT WELLS 

Thermal wells can be divided into two basic categories: 
(1) those wells drilled with the express intention of obtaining 
hot water or hot dry rock; and (2) wells drilled for hydrocarbons 
or water which incidentally encountered hot water. The boundary 
between these two classes is sometimes vague, representing water 
wells drilled near a hot spring with the hope that hot water 
might be encountered. 

Wells have been drilled expressly for geothermal purposes 
at the Bozeman, Broadwater, Ennis, Fairmont, Warm Spring State 
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Hospital, and White Sulphur Springs hot spring areas and at the 
Marysville heat flow anomaly. Results to date have not been 
highly encouraging. The best results have occurred at the 
Broadwater hot spring where Frank Gruber is reported to have 
obtained about 350 gpm of water at approximately the spring tem
perature, 62''C or 144°F (R. B. Leonard, pers. comm.). The 
results and duration of pump testing at Broadwater have not been 
made public, so we have no way of evaluating whether this system 
will provide a sustained yield at the tested discharge rate and 
temperature. 

At White Sulphur Springs, Dave Grove has promoted the 
development and utilization of geothermal energy. The first 
attempt was to drill a deep well to heat the new bank building. 
The well was drilled in 1978 to a depth of 875 feet. Temperature 
logging of this well showed that the hottest zone encountered was 
between depths of 100 to 200 feet; the pump test data provided 
a calculated transmissibility of 103,000 gallons per day per foot 
of drawdown (gpd/ft) and an estimated safe yield of 50 gpm of 
118°F (48°C) on a continuous use basis (D. E. Dunn, pers. comm.). 
The second project was to improve the spring area by cleaning it 
out and installing a cement culvert (equivalent to the procedure 
used for dug and bored wells). This system is reported to be 
producing 350 gpm of 136°F (58°C) water (Lloyd Donovan, pers. 
comm.). The latter approach is an excellent example of success
ful inexpensive development; previously reported temperatures for 
the spring range from 95 to 125°F, with the "best" value being 
115°F. It appears that in the process of improving the spring, 
shallow ground water mixing was reduced, producing the higher 
temperature. 

Other spring operators have not been as fortunate. At 
Fairmont (Gregson) hot springs, several wells were drilled in an 
attempt to increase the amount of hot water available. All of 
these wells produced cold water. Experience at the Bozeman hot 
spring has been mixed. The present "spring" is actually a 
shallow well adjacent to the spring discharge point. A recent 
attempt to obtain more hot water resulted in a well which could 
not be held open and which did not produce enough,water to 
warrant installing a pump; reworking of this well has improved 
its yield. 

The Marysville "hot dry rock" well was drilled because of 
very high heat flow values in that area. Unfortunately, the 
6790 foot deep well encountered water bearing zones with a maxi- ' 
mum temperature of 204°F (96''C) (19). 

By comparison, the 540 foot well drilled last summer at 
Ennis, while originally scheduled as a test well, had smaller 
diameter pipe used for heat flow testing. The well hit bedrock 
at approximately 540 feet and had a bottom hole temperature of 
95°C (203°F). With the bottom open it was flowing 2.5 gpm with 
a surface temperature of 93°C (199°F) (R. B. Leonard, pers. 
comm.). At present there is an obstruction in the well and 
attempts to fish it out have so far been unsuccessful. 
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At Warm Springs State Hospital, a 1498 foot production/ 
test well was drilled in the fall of 1979. The driller's pump 
broke down during development, so no pump testing was conducted. 
At the time the pump failed, it was reported that the discharge 
was about 140 gpm, with 975-I- feet of drawdown, which yields a 
maximum transmissibility coefficient (T) of 200 gpd/ft. A 
flange, pressure gauge, and additional valve were recently 
installed by the shopmen at the hospital. We conducted a short, 
65 minute, shut-in test on 9 April 1980 which proved inter
connection between the well and spring, and provided T values of 
34 gpd/ft before the spring responded and 70 gpd/ft after spring 
flow started increasing. The shut-in pressure at the end of the 
test was 138 pounds per square inch (P^i)• Based upon the data 
available, we estimate that the well has a maximum safe yield of 
70 gpm of 78 to 80°C water. The difference in T values between 
the development work following drilling and the shut-in test may 
be because slotted casing was used instead of well screen and 
there may be some very large well losses. The Montana Energy 
Research and Development Institute has scheduled additional 
development and testing for this well and it is hoped that the 
well performance can be improved. 

In the category of wells which incidentally encountered hot 
water, the best documented case is the Western Energy well at 
Colstrip. The well was drilled to a depth of 9200 feet; the 
majority of the hot water is believed to have come from the 
Mission Canyon Limestone at a depth of 7700 feet. Well tests by 
Van Voast yielded a transmissibility of 650 gpd/ft, and a storage 
coefficient of 2 x 10"'*; under test conditions, the well flowed 
230 gpm of 207°F (97°C) water with a 16 psi confining pressure. 
A petroleum laboratory analysis of the water yielded a total 
dissolved solids content of about 1500 milligrams per liter. The 
pH value reported was 6.3, which is not very acidic; but, the 
water was sufficiently corrosive to cause casing leaks in a 
period of about five years. The well has since been cemented and 
abandoned. j 

Old petroleum test wells that produce warm or hot water 
frequently produce this water from the Madison Group. The Ring-
ling and Lucas wells near White Sulphur Springs produce 800 and 
100 gpm of 48°C (118''F) and 42°C (10S°F) water from Mississippiar . 
age rocks (15). The Saco well, now used by the Sleeping Buffalo 
Resort produces a reported 290 gpm of 49°C (106°F) water from 
this same strata. 

A recent study by P.R.C. Toups, Inc. for the Fort Peck 
Indian Reservation has proven a valuable resource is available 
in the water separated from the crude oil produced on the Poplar 
Dome. Also, they suspect that hot water may be available at 
relatively shallow depths north and east of Poplar along the 
trace of the Brockton-Froid fault zone (22). 

HEAT PUMP APPLICATION 

The present heat pump technology calls for "heavy duty" 
pumps and compressors in order to utilize typical Montana ground 
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water in the tem.perature range of 42 to 47°F (6 to 8°C). Figure 
4 shows six areas which appear to have ground-water temperatures 
above 10°C, and many be suitable for use with normal heat pump 
systems. A word of caution is needed with respect to these data. 
Temperature is one of the most easily altered characteristics 
of ground water due to failure to pump a well long enough for 
all aspects of the delivery system to come to thermal equilibrium, 
either due to the problem of disposing of the water or low well 
yield. Most inventory work is done during the summer months, 
which commonly means that any error in the temperature measure
ments validity will be biased towards a higher temperature. 

FIGURE 4. LOCATION OF AREAS FAVORABLE FOR HEAT PUMP USAGE. SEE TEXT CONCERNING 
SPECIFIC AREAS. 

Favorable areas B, C and D are in suburban areas of Missoula, 
Helena, and Billings, where problems of water disposal are 
greater. The reported "warm" temperatures for these areas contri
bute a smaller percentage of the total number of temperatures in 
these areas, and may be related to failure to achieve thermal 
equilibrium. The water is almost entirely from shallow (< 300 
feet deep) wells and may show considerable seasonal variation. 
In these three areas, it is recommended that the water temperature 
be measured during the winter season after the well has been 
pumped steadily for at least two hours. If the temperature and 
yield are satisfactory under these conditions, the well should be 
permitted to recover and a three-day continuous pumping recording 
the water level in the well should be conducted to ensure an 
adequate yield. Most people in the field believe that a sustained 
yield of 20 gpm is required (11). 
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Other areas depicted on Figure 4 have greater certainty of 
the temperature data. The Little Bitterroot Valley (area A) has 
an extensive gravel aquifer in the valley fill sediments. Tem
peratures of well water produced from this zone generally range 
from 10 to 51°C. The area is still under investigation by Joe 
Donovan and a final report will be issued by MBMG in 1981. 

Area E, northeast of Pryor, is tentative at this time. A 
drilling report for one water well indicates that wells drilled 
into the .Kootenai Formation should be abnormally warm in this 
area. 

Area F is provisional at present, being based upon the 
temperature from one well. The Bureau recently drilled a 400 
foot municipal test well outside of Florence. Flow testing of 
this well was brief (120 minutes at 10 gallons per minute); how
ever, the well produced water at a temperature of 64°F (17.3°C). 
Even if increased preduction from this zone lowered the tempera
ture because of pumping-induced vertical movement of cooler 
water from above, the production temperatures should still be 
adequate for heat pump use. 

Area G, just off the Poplar Dome, is the site of ground 
temperature surveys conducted by Joe Birman of Geothermal Surveys 
Inc. Temperatures were measured at a depth of ten feet below 
land surface and temperatures greater than 10°C (50 F) were 
encountered along several linear trends (22). Bedrock is the 
Bearpaw Shale in this area and it may be necessary to drill fairly 
deep to obtain sufficient water for heat pump use. The investi
gators hope to find a secondary zone of hot water at a depth of 
roughly 500 feet, just below the Bearpaw Shale. 

SUMMARY 

Good data are available for most of the thermal springs in 
Montana. The quality of data for thermal wells varies greatly 
and part of our current effort is to improve this data base. 
Data presented show heat content for various reference tempera
tures related to low temperature use. Drilling results are 
variable in the vicinity of hot springs; development of the 
springs is recommended prior to drilling. Heat pump utilization 
will increase, with the greatest potential being in the Little 
Bitterroot Valley. 
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PROJECT PROPOSAL 

Title: Expanded Geothermal Studies in Montana 

Preliminary Statement: 

The Montana Bureau of Mines and Geology (MBMG) a departunent of 
the Montana College of Mineral Science and Technology, seeks to expand 
the geothermal research program by providing a full-time geophysical 
assessment program to aid in evaluating geothermal potential in high 
energy demand areas which are either bounded by known resource areas 
or adjacent to known resource areas. This work will be done in addi
tion to the statewide resource evaluation program and the areal re
source evaluation studies. 

This proposal is for the period February 15, 1980 through 
August 31, 1981, a period of 18.5 months. Dr. Charles Wideman, an 
Associate Professor with the Geophysics Department and Chief of the 
Bureau's Geophysics Division will take a sabbatical from teaching 
duties and work full time on geothermal research program for the 
project period rather than two months per year as in the current 
project. Our research goals for the project period include: 

(1) To complete areal investigations in: (a) West Yellow
stone area, which includes drilling of one or two heat flow 
test holes; (b) the Radersburg basin area; (c) the Little 
Bitterroot Valley, which will include some test drilling. 

(2) To initiate the expanded geophysical program with 
studies in: (a) the Helena area; (b) the southern Deer 
Lodge Valley; and (c) either the Boulder, Bozeman or another 
area to be chosen once the background evaluations are com
pleted. 

(3) To meet D.O.E. goals and deadlines for data compilation 
and presentation. 

(4) To continue the transfer of ground-water data to the 
U.S. Geological Survey, Water Resources Division, data banks. 

(5) To complete the interpretation of the usefulness of air-
born heat-sensing imagery to detect the discharge of thermal 
waters to major streams. 

(6) To continue the assessment of geothermal resources in 
eastern Montana using oil field data and on-site studies of 
springs and water wells. 



(7) To initiate additional areal studies irrespective of 
current application potential in areas such as Hunters 
Hot Springs. 

Discussion of Objectives: 

Items (1) and (5) constitute the completion of authorized studies 
and presentation of the research results. This work will constitute 
roughly 30 percent of the geological effort. 

Item (2) represents the expansion of the geophysical program to 
provide geologic, hydrochemical and geophysical information in es
tablished resource potential areas flagged by the state and Operations 
Research personnel as very favorable for energy transfer operations to 
occur in the resource potential can be proved. Roughly $110,000 of the 
drilling money will be spent testing the conclusions reached in these 
study areas, mainly in the form of heat flow holes. 

Item (3) is included as a statement relating to D.G.E. needs from 
the state-coupled program, such as providing a public use oriented state 
resource map as scheduled during the current project period. 

Item (4) is a continuation of an established method of feeding data 
for the Geotherm file. 

Item (6) reflects insufficient manpower during the past year; con
sequently, this work is listed separately and an additional man has been 
authorized by the Bureau Director for work on items (2) and (6). This 
increase is also reflected in the budget. 

Item (7) is the continuation of the areal studies aspect of the re
search program, with studies based soley upon resource criteria (avail
able geologic, geophysical and geochemical data) in selecting the study 
areas. 

Under the expanded geophysical program, $17,000 of the money for 
capitol equipment will be used to modify existing equipment to permit 
deep resistivity surveys to be conducted. 



Geothermal Project Budget - Montana State-Coupled Program 

February 15, 1980 - August 31, 1981 (18.5 months) 

I Salaries and Wages DOE 

Sonderegger (4,0,5) 8,426 
Wideman (18.5,0,0) 44,797 
Editor (1,0,0) 
Hydrologists (30,0,3.5) 45,934 
Geophysical Students (30,0,0) 20,200 
Bureau Students (20,0,0) 10,000 
Technician (5,0,0) 6,667 

136,024 

Benefits (15.5% of Salaries 
and Wages) 21,084 

Total Salaries Wages and 157,108 
Benefits 

State 

0 

0 

Montana Tech 

10,112 

2,160 
5,195* 

17,467 

2,707 

20,174 

II Operations 

Expendable Equipment 
Capitol Equipment 
Travel and Per Diem 
Drilling-logging 
Water Analyses 
Computer Processing 
Publication costs 

2,000 
19,000 
23,000 
113,200 
19,000 
2,500 
5,000 

— 
— 
— 

30,000 
— 
— 
— 

Total Operations 183,700 30,000 

5,000* 

•»&',174 5"y »»*» 

III Indirect Costs 
(47.2% of Salaries, wages, 
and benefits as established 
by HEW) 

74,155 9,522 

IV Total Costs 414,963 
86.5% 

30,000 
6.3% 

34,696 
7.2% 

*Monies provided by Montana Department of Natural Resources and 
Conservation, Alternative Renewable Energy Sources Program 

Total Cost of Project $479,659 



RESUME 

iNlame: John L. Sonderegger II 

Personal: 
Born January 14, 1942, Mad ison, Wisconsin 
Marr ied, three chi ldren 

Educat ion: 
B.S.I., Geology, University of Wisconsin (Madison), 1962-1966 
M.S., Geology, University of A labama, 1967-1969 
Ph.D., Geochemistry, New Mexico Tech, 1970-1973 

Academic Honors: 
University of Wisconsin, In-State Tui t ion Scholarship, 1963-1966 
Nor thwestern Universi ty, N.D.E.A. Fel lowship, 1969-1970. 

i/Vork Experience: 
Montana Bureau of Mines and Geology, Research Associate Professor and Hydrogeologist , 1978 to 

present; Research Assistant Professor and Hydrogeologist , 1974-1978 
Georgia Earth and Water Div is ion, Geologist I I , 1973-1974; Geologist I I I , 1974 
Geological Survey of A labama, Geologist I (% t ime) , 1967-1969 

Organizations: 
Geochemical Society 
Geothermal Resources Counci l 
Amer ican Associat ion of Professional Geologists 

VI.S, Thesis: A photogeologic and st ructura l s tudy of a l imestone terrane w i t h emphasis on fractures 
af fect ing ground-water occurrence. 

^h.D. Dissertat ion: A prel iminary invest igat ion of the dissolut ion kinet ics of st ront iani te and wi ther i te. 

Publications: 
Sonderegger, J . L., 1968, Geology of the Athens quadrangle, Alabama [abs.]: Journal of the Alabama 

Academy of Science, v. 39, no. 3, p. 211. 
1969, Calculat ion of carbon dioxide partial pressure f rom chemical analyses of l imestone 

ground water : Journal of the Alabama Academy of Science, v. 40, no. 4, p. 227-231. 
1970, Hydrology of l imestone terranes-photogeologic invest igat ions: Geological Survey of 

Alabama Bul let in 94-C, 27 p. 
1974, Effect of Chattanooga shale fades dist r ibut ion on the in si tu fo rmat ion of negative struc

tures by ground-water solut ion [abs.]: Geological Society of Amer ica Abstracts w i th Pro
grams, v. 6, no. 4, p. 399. 

1974, A prel iminary invest igat ion of s t ront iani te dissolut ion kinet ics [abs.]: Geological Society 
of Amer ica Abst racts w i t h Programs, v. 6, no. 7, p. 961. 

1976, Hydrologic and geochemical controls on tai l ings pond drainage af fect ing Soda Butte Creek, 
Cooke City, Montana [abs.] : Geological Society of Amer ica Abst racts w i t h Programs, v. 8, no. 5, p. 634. 

.1978, Carbonate mineral prof i les in soi ls, t i l l , and bedrock related to ground-water chemistry 
and mineralogy in saline-seep areas of Montana [abs.]: Proceedings, Montana Academy of Science (In 
press). 

Sonderegger, J . L , Bergant ino. R. N., Donovan, J . J . , and Mi l ler, M . R., 1978, Qeothermal studies in 
Montana—Quarter ly report: Montana Bureau of Mines and Geology Open-File Report 28, 88 p. 

Sonderegger, J . L., Bergant ino, R. N., and Mi l ler, M . R., 1977, Geothermal potent ia l of the Madison Group 
at shal low depth in eastern Montana—Final report : Montana Bureau of Mines and Geology Open-Rie 
Report 25, Part I, 27 p. 

Sonderegger, J . L., and Bil l ings, G. K., 1971, The geochemical cycle of mo lybdenum [abs.]: Geological 
Society of Amer ica Abstracts w i t h Programs, v. 3, no. 7, p. 712-713. 

Sonderegger, J . L., Brower, K. R., and LeFebre, V. G., 1976, A prel iminary invest igat ion of stront ianite 
dissolut ion k inet ics: Amer ican Journal of Science, v. 276, no. 8, p. 997-1022. 

Sonderegger, J . L., Donovan, J . J . , Mi l ler , M . R., and Schmidt , F. A. , 1978, Progress Report—Saline Seep: 
Investigat ions of soluble salt loads, contro l l ing mineralogy, and some factors af fect ing the rates and 
amounts of leached salts: Montana Bureau of Mines and Geology Open-File Report 30, 31 p. 

Sonderegger, J . L., and Kelly, J . C , 1970, Hydrology of l imestone terranes—geologic investigations: 
Geological Survey of Alabama Bul let in 94-B, 146 p. 



Sonderegger, J . L., and Mi l ler, M. R., 1977, Prel iminary results of invest igat ions on teachable salt loads 
in saline-seep areas of Montana [abs.]: Geological Society of Amer ica Abstracts w i t h Programs, 
V. 9, no. 6. p. 764-765. 

Sonderegger, J . L., Pol lard, L. D., and Cressler, C. W., 1978, Qual i ty and availabi l i ty of ground water in 
Georgia: Georgia Department of Natural Resources, Geologic and Water Resources Division, Infor
mat ion Circular 48, 25 p. 

Sonderegger, J . L., and Schof ie ld , J . D., 1979, Factors contro l l ing the occurrence of wa rm springs in 
the Upper Centennial Valley, southwestern Montana [abs.]: Geological Society of Amer ica Abstracts 
w i t h Programs, v. 11, no. 6, p. 302-303. 

Sonderegger, J . L., Wal lace, J . J . , Jr . , and Higgins, G. L., Jr. , 1976, Ac id mine drainage control—feasibi l i ty 
s tudy, Cooke City, Montana: Montana Bureau of Mines and Geology Open-File Report 23, 197 p. 

Bermel , W. M. , Sonderegger, J . L., and Glasser, D. T., 1977, A reconnaissance study of geothermal poten 
t ial in the upper parts of Red Rock Creek and Madison River Valleys, southwestern Montana: Montana 
Bureau of Mines and Geology Open-File Report 25, Part I I . 

Bergant ino, R. N., and Sonderegger, J . L., 1978, Prel iminary l ist of thermal springs in Montana: Montana 
Bureau of Mines and Geology in-house report , 6 p. (Available upon request) 

Bi l l ings, G. K., and Sonderegger, J . L., 1971, The geochemical cycle of molybdenum in our environment 
[abs.]: Amer ican Chemical Society, Division of Water, Air , and Waste Chemicals, Annual Meet ing, 
Wash ington, D.C. 

Bi l l ings, G. K., Beane, R. E., Sonderegger, J . L., and Hayslip, D. L., 1972, Phase I: Quali tat ive mineralogical 
analysis and quant i tat ive chemical analysis of selected shale samples f rom the Lyons, Kansas, nuclear-
waste burial si te: Oak Ridge National Laboratory Contract Research Report for Subcontract No. 
3673, 22 p. 

Lawson, D. C , and Sonderegger, J . L., 1978, Geothermal data-base study: Mine-water temperatures: 
Montana Bureau of Mines and Geology Special Publ icat ion 79, 38 p. 

Mi l ler , M . R., Bermel , W. M. , Bergant ino, R. N., Sonderegger, J . L., Norbeck, P. M. , and Schmidt , F. A. , 
1977, Compi lat ion of hydrogeological data for southeastern Montana: Montana Bureau of Mines and 
Geology Special Report t o the Yel lowstone-Tongue A.P.O. , 295 p. 

Norbeck, P. M. , and Sonderegger, J . L., 1976, Ground-water invest igat ion of Columbia Gardens II site: 
Montana Bureau of Mines and Geology Open-File Report 22, 16 p., 15 f ig . 

Wal lace, J . J . , Jr . , Sonderegger, J . L., and Higgins, G. L., Jr . , 1975, Annual report: Ac id mine drainage con
trol—feasibi l i ty s tudy, Cooke City, Montana: Report to Montana Department of Natural Re
sources, for E.P.A. Grant No. S-802671, 39 p. 

Work in Progress: 
Determinat ion of soluble salt loads in glacial deposits and weathered Cretaceous format ions, and inter

pretat ion of hydrochemical factors relat ing to saline seep in Montana. 
A reconnaissance study of the geothermal potent ia l of the upper Centennial Valley, Montana. 

Research Interests: 
Field and laboratory studies of mineral-aqueous interact ions wh i ch af fect ground-water comp>ai t lon. 
The use of ground-water chemist ry in the evaluat ion of geothermal and uranium resource potent ia l . 
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RESUME 

Name: Charles J. Wideman 

Personal: 
Born February 7, 1936 
Married 

Education: 
B.S., Geophysical Engineer, Colorado School of Mines, 1954 
M.S., Geophysical Engineer, Colorado School of Mines, 1967 
Ph.D., Geophysics, Colorado School of Mines, 1975 

Work Experience: 
Montana College of Mineral Science and Technology, Associate Professor, Physics and Geophysics 

Department, 1974 to present 
Montana College of Mineral Science and Technology, Assistant Professor of Geophysics, 1972-1974 
Colorado School of Mines, Graduate student, 1970-1972 
Montana College of Mineral Science and Technology, Assistant Professor of Geophysics, 1968-1970 
Westinghouse Electric Corp., GeoResearch Lab, Senior Geophysicist, 1967-1968 

Societies and Memberships: 
Seismological Society of America 
Sigma Xi 
Registered Geophysicist, State of California 

Ph.D. Thesis: Earth strain: Amchitka and Adak Islands, Alaska 

Publications: 
Major, M. W., Wideman, C. J. and Butler, D. B., 1972, Episodic strain in the Central Aleutians: in 

"Earthquake Research in NOAA 1970-1971", NOAA Technical Report ERL 236-ESL 21 , 
James Taggart, Ed. 

Wideman, C. J. and Van Wormer, J. D., 1970, Residual strain from Benham, Milrow and Jorum: 
in "Earthquake Research in ESSA 1969-1970", ESSA Technical Report ERL 182-ESL 11, 
L. R. Alidredge, Ed. 

Romig, P. R., Major, M. W., Wideman, C. J. and Tocher, D. M., 1969, Residual strains associated 
with a nuclear explosion: Bull. Seis. Soc. Am., v. 59, n. 6, p. 2167-2176. 

Wideman, C. J. and Major, M. W., 1967, Strain steps associated with earthquakes: Bull. Seis. Soc. 
Am., V. 57, n. 6, p. 1429-1444. 

Research Interest: 
Earthquake seismology in general; and in particular, Montana earthquakes from a historical and 

seismic risk vie\wpoint. 
Geophysical studies of geothermal resource areas. 

Past Projects of Special Interest: 
Geophysical investigation of the Warm Springs State Hospital area to aid in test well siting for space 

heating geothermal waters. 
Geophysical investigations at Ennis, Montana in support of the U. S. Geological Survey geothermal 

resource evaluation. 
Geophysical investigations (on-going) in the Camas, Radersburg and West Yellowstone areas as part 

of the DOE/DGE state-coupled program. 
Participation in the Aleutian Seismic project for the monitoring of long term crustal deformations. 
Participation in the monitoring of the long term deformations associated with nuclear detonations 

in Nevada and Alaska. Helped design the instruments used and the deployment of the instruments. 
Participation in the development program for near surface earth-strain seismometers of the fuzed 

quartz type with thermal compensation. 
Participation in the initial deployment of a short period seismic network near Denver, Colorado 

during the period of earthquake swarm activity. Evaluation of data and determination of 
velocity structure for the area were also included in this work. 

Participation in the evaluation of the suitability of a site for a nuclear power generation facility. 
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Project Proposal 

Title; Supplementary geothermal studies in Montana. 

Preliminary Statement: 

This application for research funding is (.lesigned to pro
vide needed information for federal, slalr, and local go\aM-n; nut 
agencies; emphasis has iK̂ en pi need upon "areas of oniis.si on" 
v.tiere either basic invn>s L i g;iL i ons or daLa acpiisition, processing, 
and presentation have been omitted bv federal and state geothermal 
resource evaluation pi'ograms. Tasks to be aecompl i shecl inclnde: 
(I) the evaluation of geothemial potential in the v^icinitv ol 

« -cKr-t-

West =. Ye l lov7s t o n e , M o n t a n a ; ( 2 ) s t u d v o f hot s p r i n g , s w i t h Ccil .ii- ^ T 
lated subsurface temi>eratures ̂  140"C, Vvi.th reports and recoi -
mendations on the location of test drilling sites; (.3) processing 
and entering of approximately 2,500 chemical analvses from wells 
and springs to the U.S. Geological Survey W.R.i). computer files ,̂ 
(these data will then be accessible for inclusion in the Geotherr 
data file); and (4) field investigations to upgrade the quality/ 
of data available on hot and warm springs in Montana, and to 
evaluate geothermal gradients where possible. "" ':̂  — ', ;, 

" • • • , ' .'•. 

' ' '<>/, _ 
The proposed tasks will augment the work being conducted 

by others: (1) the geologic in\̂ es ti gation of controls on hot-
spring occurrences by Dr. R. A, Chadwick and students (.Montana 
State University"); (2.) the study of mine-water temperatures and 
geothermal potential of the Upper Centennial Valley (MBMG); and 
(3) the evaluation of geothermal potential in western Montana bv 
Robert Leonard (U.S. Geological Survey). 

Need for Study and Objectives: 

State and federal agencies are attempting to develop an 
adequate resource information base to evaluate the quality and 
quantity of geothermal resources, with the goal of producing 
geothermal resource potential maps and providing site-specific 
reports to the appropriate local government groups. The proposed 
tasks would provide the following types of information: 

(1) A detailed report on the West Yellowstone 
KGRA. This is Montanas oldest KGRA, yet state and 
federal organizations have not attempted to define the 
geothermal reso\irce in this area adjacent to Yellowstone 
National Park. West Yellowstone has a fairly large per
manent population and is a winter resort area. We believe 
that this area has the besc potential for geothermal 
energy development, for space heating purposes, in Montana. 
The area to be investigated is shown in Figure 1. 

J ^ ~ I n 
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(2) Several communities have ge,othei?'mal resources 
which may warrent development. State support is avail
able through Montana's Renewable Energy Resources Program. 
We propose to compile all existing data and to provide 
additional geological and geophysical information in order 
to produce reports for these communities, evaluating the 
geothermal potential and recommencfing test drilling sites 
for defining the resource anri its development f (.-as i h i ! i t . . 
A tentative list of studv site areas includes: Wai'rn 
Springs State Hos):)ital, Broadwater, (•Jliite Sulphur Springs. 
Boulder, Silver Star, and Norris. 

(3) Ground-water analyses collected l?y the U.S. 
Geological Survey and MBMG have not been entered in state ŷt 
or federal data files. We propose to start with current .c'-_ 
analytical data and work back to older data, checking all 
information about source, location', etc., and getting this 
data base entertnl in the state and federal (le. U.S.G.S, 
W.K.D.) data banks. This will provide a mininuim of 2,500 
new entries which can be evaluated for the Geotherm,data 
file and the Montana geothermal rcsoiu-ce map (to be [̂ -e-
pared by N.G.A.A,). 

(4) The enclosed table of tht^rmal springs has 78 
entries at prest^nt. For somĉ  of tliese springs, adequate 
discharge informatic)n is lacking, while others necCi hoth 
temperature and discharge measurements. We propose to 
measure (or remeasure) temperature, discharge, specific 
conductance, and pH at ail thermal springs not studied 
bv the U.S.G.S. investigators, to check for thermal springs 
at additional locations, and to inventory shallow (^1,000 
ft.) warm water wells and Bendix's uranium exploration 
holes, thereby improving the resource data base. 

Methods of Investigation: 

I. West Yellowstone Area 

A. Field Procedures: 

1. Locate springs and wells within the study area. 

2 . Determine in the field: temperature, flow 
(springs) or yield (wells'^, .'.pecific coni'uc tanct.>, pH, 
and silica content for wells and springs. 

3. Measure stream flows and est imatv- the th-' 
and non-tiienual contribution to t̂ ase flow. 



4. Study in detail the geology of areas suspected 
to contain geothermal cells. 

5. Collect samples for standarti chemical analysis. 

6. Collect special samples for detailed chenncal 
analysis. 

B. Office find Laboi'citorv Pi-oceilures : 

1. Examine maps and aerial photog,raphs to locate-
all identifiable wells and springs. 

2. Determine the chemical cjualitv of spring and 
well waters. 

a. Standard analyses include the (b̂ ternu'nat i on 
of: Ca, Mg, Na, K, Fe, Mn, SiO.,, Al , HCO.«, CO.,, Cl , SU,, 

F. pH, and specific conductance. 

b. Special analyses include all determinations 
in the standard analyses plus: NH.,, Sb, B, Li, Sr, As, 
Hg, U, Se,,Br, I, and H2S. 

3. Plot well and spring.1ocations on base maps. 
Contour overlay maps based upon water chemisti-y and geo
chemical calculations of equilibrium (at depth) water 
temperatures using silica and K-Na-Ca geothermometery 
models. 

4. Code all data for input to state and federal 
data systems. 

5. Compile and integrate data with related ongoing 
research projects. 

6. Calculate the volume of thermal .waters within 
each identified geothermal cell. 

7. Develop initial models to describe the physical, 
thermal, chemical, and liydrologic conditions in the stuck 
area. 

8. Test drilling to test hypotheses and evaluate 
geothermal potential. 

• 



9. Write a final report on'the studv, which will 
include the following: the quantities of energy in each 
of the cells, the annual rate ot naturiil dissipatii^n o\' 
this energy, anfl a ranked list oi" high-potential sites 
within the study area, shoultl tiie results indicate sig
nificant geothermal energy reserves. 

II. Other Areas 

A. Field Procetiures : 

1. Provide detailed geologic mapping in the 
vicinity of hot spring areas, augmented with geophysical 
data where feasible. 

w 

2. Measure temperature and specific conductance 
v'ith a Yellowsprings model 33 Salinity-Conductivity-
Temperature meter, measure discharge (flow) with a flow 
meter, and measure pH with a Digi-Sense model 5985-40 
or equivalent pH meter. Collect selected spring samples 
for standard analysis. 

3. Check thermal spring and well locations and 
elevations.' 

B. Office and Laboratory Procedures: 

1. Collection and synthesis of existing geological 
and geophysical data. 

2. Determine the chemical c|uality (standard 
analysis) of previously unsampl ed thtM-mal springs and 
we lis. 

3 . Check ing fo r e r r o r s and c o d i n g g r o u n d - w a t e r 
chemical a n a l y s i s i n f o r m a t i o n on p r o p e r i o m u i t f o r e n t r y 
i n t o st .- i te and fech ' ra l d a t a s>^stems. 

Update t h e r m a l w e l l and s p r i n g d a t a b a s e , 
d r a f t ma[)s , f i g i u ' e s , e t c . , and wi-i t e ) -epor ts to t h e 
a p p r o p r i a t e l o c a l , s t a t e , and f e d e r a l a g e n c i e s . 

4 . O b t a i n h e a t f low nieasin-cMnents i f f e a s i b l e fi'om 
t h e u ran ium t e s t h o l e s t o be d r i l l e d in t h e M i s s o i d a anc 
Bl t t e i ' r o o t •̂̂ ; 1 I < 'vs , 
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Note on Pers^onnel , Funding, Laboratory Facilities, ami Work Schedule: 

Professional resumes are prusenti'd in Appendix I. The nuri,:i; 
is currently accepting applications for a hvdrologist position 
to work on the West Yellowstone study. l-.xperience and interest 
in geothermal research will be the major criteria in hiring, 
this man. 

Dr. Sonderegger is currently matching 5', months salar\ OVLM-

the next 2*2 years as principal in.ves tigator on a geothermal 
research project entitled "A reconna i ssanc(> stud\ o\' geĉ theriial 
potential in the upper parts of Red Rock Creek and Madison River 
valleys, southwestern Montana", which is schedule(t to terminate 
September 30, 1979, and in the process of completing a final 
report on "A study of mine water temperatures in hardrock mining 
districts of Montana", a project scheduled to terminate May 15, 
1978. Both of these projects are funded under contract EY-76-
S-06-2426. No conflict with time available or duties is foreseen. 

Budget requirements for the proposed tasks are presented in 
Appendix II. (Graduate students will be utili?:ed to assist Bermel 
(task no. 1) and Bergantino (tasks 2-4) where possible; however, 
such students will be closely supervised by permanent staff 
members. Travel and per diem were calculated assuming 480 man 
days in the field ($30,000), plus the travel expenses to meetings 
to present research results. Matching funds represent two nvin 
month: pel" fiscal year for Sonderegger and one man month per fiscal 
\'ear lor Bergantino. 

Laboratory instrumentation includes: 

• 1 Modi.1 Ai\-4, Varian icchtion Atomic Absorption 
Spectrophotometer 

1 Model 403, Pc-rkin Elmer Atomic Absorption 
Spectrophotometer with background corrî el iL')n 
and auto-sampl i.- chang,er 

1 Model 'iO ' , I\M-kin Ed nie r Atoiiiic A!iso\-ption 
SptvL ro[dud, (Viu.'t er with background correction 
and graphite furnai'(> 

1 Model ,S/;\-4>, S|,Tec t i-oiiieL ri cs Co. Plasiua Source 
Ech(dle Sp(̂ c t romc^ter v.dth rjun 1 i La t i VL-
compara toi" a t tachnuMit 

The laborator\' has consistently done well on USGS interlaboratorv 
standards for the last five vccirs. and ;;nal\'?es all (M-(v,ind-'-.'-t t'. !' 
sa::iples collvetod in rk.'ntana l'\ the USGS Wat', |- Kcsoui-ces Division. 



The project work plan and scheduling may be briefly simi-
marized as follows: (a) spring of 1978, org,anize base maps, 
photos, etc., locate key points for stream flow gauging, n v i c-w 
existing maps and data; (b) summer-fall 1978, reconnaissance 
field v;ork and basic data collection in West Yellowstone, initi
ation-of measurement studies at knoum thtu-mal springs and wello, 
study of two or three of the commvini ty hot spring sites, and 
initiation of the computer jiroeessing, ol ground-water tlata; 
(c) wintei—spring 197(S-70, compilation ol data, I'tport \.-rii nr. 
lalioratory analvses. dala t'oding, etf.; (d ) siimmi i'-t a 1 1 l'~ ' . 
cor:pleLion of l̂ asic 1 i t'ld work ixnd di-illing in West Yel I ov7S tone. 
geothermal gradient work in Missoula and l̂ illt'rroot \'alK'\s. 
one or two community resoiu'Ce sLudies. continue thermal spring 
iK^asurements, ground-v;ater data coding, i^tc; wi ntc^r-spr ing 
1*^79-80, compile field results, v.'rite first tlraft o i Yellowstone 
report, laboratory analyses, data coding, drafting, etc.; summer-
tall 1980, final field work in West '̂'d lov/stĉ ne (streai-'. gaLi;.:ing 
chĉ cks on interpretations in first draft) and writing final 
draft; completion of thermal spring inventory, data processing 
and community studies, submission of all reports. 

A schedule of projected expenditures of federal funds is 
presented to facilitate understanding of the total program of 
geothermal research being conducted bv the Montana Bureau of Mines 
and Geology with support from the Geothermal Branch of the U.S, 
Department of Energy. 

STUDY FY 78 FY 79 FY 80 

Hard Rock Study 
Red Rock Area 
Supplementary Studies 

committed 7 7 
52,000 
48,000 

34,400 
80,600 135,000-

•'•'50,000 drilling costs expected to be paid in October, 1979. 
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APPENDIX II 

Project 3udg,et 
May 1, 1978-September 30, 1980 

A. Salaries, Wages, and Benefits 
P.I, (Sonderegger; 2,2,4) 
Hydrologist (Bergantino; 4,7,7) 
Hvdrologist (Bermel?; 5,0,8) 
Technicians and students 
Total Salaries 
Benef i t s-' 
S a l a r i e s p l u s B e n e f i t s 

B. T r a v e l and Per Diem (480 (.lays 
a t $ 6 2 . 5 0 - - a s s u m i n g 150 m i l e s / d a y 
a t $ . 2 ' i / m i l e ) 

C. F i e l d Equipment , S u p p l i e s , and 
R e s e a r c h M a t e r i a l s 

D. D r i l l i n g C o s t s ( 2 , 0 0 0 f t . $ 2 5 / F t . ) 

K. ComputcM" A p p l i c a t i o n s ( i n c l u d e s 
2 .500 back a n a l y s e s '$16) 

F. Repor t C o s t s 

G. L a b o r a t o r y VJater A n a l y s e s 

H, 

I. 

Conti ngenc i es 

Indirect Costs (46% of A) 

J, Total Costs 

Federal 
$ 4,386 

24,919 
24,128 
15,000 
68,433 
I0,2b^ 

$ 78,698 

32,400 

2,750 

50,000 

41,500 

5,0 50 

1 •', 000 

5.000 

36,201 

$26 3,599 

State 
$11.4^2 
4,9 20 

lb. 3-

:n> 
$]8,^ '.̂  

8,6b 

"'"Currentlv 13.5% of salaries but expected to rise with new scvial 
security legislation. The cost was calculated assuming an a . cvc: 
cost of 157o; however, only the actual costs will be charged 
against the project. 



t* '"^^V Method of Payment 

Payment in full will be $263,'•>99, which mav he madi.' accordt 
to standard ERDA accounting procedures. 

Appro\'al Signatures 

Sub;.n tted bv: 

Approved bv 

Ml". Ma i-yi n R. M i I 1 ei' 
Chief, Hydrology Division 
Montana Biu'eau of Mines and Geolos 

Dr. John L. Sonderegger 
Hydrogeologist 
Montana Bureau of Mines and Geology 

D r . S . L , G r o f f 
D i r e c t o r a n d S t a t e G c ^ o l o g i s t 
M o n t a n a B u r e a u o f M i n e s and Geol eg, v 

D r . Vi' r n o n Gr i f f i t h s 
I) i 1"' 'c t o 1' o \ ' Rl ' • ; . '.•'. r c l \ 

Moiit.an.. I ' l d i . ' ; ' . e l "^iini.'rai S c i e n c e 
an t ' feelTno I ov,\ 

M r . D a . v i d C r o e l x ' e t L 

Cl . U i vM- ' i a i l .n- 1 ;:,'. ! ) ) - , i nch 

U . . S . l ) L ~ p a r L m e n t o i i j n ' i ' g \ 

^ 
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SUMMARY PAGE 

Submitted To; 

Dr. Clayton R. Nichols 
Division of Geothermal Energy 
U«S, Energy Research and Development Administration 
Washington'. D.C. 20545 

Submitted By: 

Marvin R. Miller, Chief, Hydrology Division 
John L. Sonderegger, Hydrogeologist 
Montana Bureau of Mines and Geology 
Butte, Montana 59701 

Proiect Title: 

A reconnaissance study of geothermal potential in the upper 
parts of Red Rock Creek and Madison River valleys, south
western Montana. 

- - ' t 
Project Director; 

John L. Sonderegger 

Investigators: 

.John L. Sonderegger 
Vies ley M, Bemiel 
Laurence A, Wegelin 

Pro.ject Duration: 

April 1, 1977, to March 31, 1979 

Financial Agency for Grant: 

Grants and Contracts Office 
Montana College of Mineral Science and Technology 

Butte, Montana 59701 

Total Grant Requested; 

$56-,6 32 
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PROJECT PROPOSAL 

Title; A reconnaissance study of geothermal potential in the 
iĵ per parts of Red Rock Creek and Madison River valleys, 
southwestern Montana. 

Preltroinary Statement; 

/nils application for a research project is intended to 
augment several related geothermal resource investigations in 
western Montana. Most Known Geothermal Resource Areas (KGRA's) 
were first identified by regional investigations of ground
water and surface-water resources or were previously known as 
hot-spring areas. The regional inventory of springs and wells 
as an initial field sttjdy method for the assessment of geothermal 
energy resource potential is a widely accepted approach (Coombs 
and Muffler, 1973, p. 99-101). The proposed investigation will 
augment studies concerning: (1) the geologic investigation of 
hot-spring occurrences by Professor R. A. Chadwick and students 
(M.S.U.); (2) the study of mine-water temperatures in hardrock 
mining districts (MBMG); (3) the evaluation of geothermal poten
tial in western Montana by Robert Leonard (U.S. Geological 
Survey); and (4) the investigation of microseismic activity in 
the vicinity of Yellowstone National Park being conducted by 
Professor R. B. Smith and students (Univ. of Utah), The investi
gation will not, to the best of our knowledge, duplicate any 
work being performed by other investigators. ' j 

The Centennial (Red Rock Creek) Valley is west of Yellow
stone National Park. The orientation of the valley is 
controlled by major deep-seated faults. Volcanic rocks are 
exposed on both sides of the valley and are believed to consti
tute a significant thickness of the fill within the valley. 
These rocks are of Pliocene age (Don Coffin, oral commun.), 
suggesting that considerable heat may still be retained within 
these rocks should they occur within the valley fill. 

Investigation of the geothermal potential of this area has 
been almost nonexistent, and no additional research is known to 
be planned in this area, despite its classification as a pro
spectively valuable geothermal area (Bob Leonard, oral commun.). 

Exhibit one shows the areas classified as a Known Geothermal 
Resource Area (KGRA) as of April 1, 1976, by the U.S. Geological 
Survey. Exhibit two, from the U.S. Geological Survey's Circular 
647 (published In 1971), shows the areas then classified as KGPJ^'S 
(black areas) and also shows the Potential Geothermal Resource 

.......i,-:i':tiai>y<i i ^ t l l ^ l t t u k t l l m » m t S K i i m i ^ M l l f f ' - - - - i : ' ' ' ' • V -îi '-ill—I ' - ' - t m • 
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Areas (outline only). The proposed stiidy area constitutes a 
logical area for extension of known geothermal energy related to 
the Yellowstone Park volcanic rocks. 

Exhibit three is a geologic map of Montana. The proposed 
study area (red outline) occurs in the same geologic setting as 
the West Yellowstone KGRA (blue outline). This proposal is to 
conduct a reconnaissance study of the geothermal potential of 
this offset area along a recognized structural trend, where 
geologic conditions are similar. The geologic assumptions in 
support of this study are similar to the asstjmptions behind 
wildcat drilling along structural trends from known gas and oil 
producing fields. 

Need for Study: 

The State of Montana is currently attempting to formtflate 
energy strategies and to project the rate of energy resource 
development within the state. Similarly, the federal government . 
is attempting to evaluate the nations's energy resources in order 
to plan for the future. Of particular interest are nonfossil 
fuel energy sources. In view of these objectives it is neces
sary that Montana's geothermal resources be investigated and 
the Bureau Director has given a top priority to cooperative 
studies toward this goal. 

I 

Montana is believed to have several types of geologic heat 
sources capable of development for space heating and possibly 
for electrical generation. The occurrence of veity young volcanic 
rocks (extension of the Yellowstone Park volcanic fields) within 
the two valleys to be sttidied and the possibility of a post-
Eocene pluton at depth (Witkind, 1974) suggest that these sites 
should rank at the top of a list of areas within Montana with 
excellent geothermal energy potential. The results of this study 
will provide the State of Montana with an assessment of the 
energy potential in terms of water temperatures at depth and 
estimated annvial water voltomes and British Thermal Units of usable 
head content that can be developed within the botmdaries of the 
study area. 

Objectives; 

Objectives of the proposed research are to provide an areal 
hydrochemical data base and to interpret the significance of 
these data with respect to geologic factors and the geothermal 
energy resource potential of the upper parts of Red Rock Creek 
and Madison River valleys. Particular emphasis will be placed 
upon; 

; j - i ^ i;|i'v._ ,.-- ••-



1, Location and field sampling of all springs and wells 
within the project area, 

im 
N"^' 2, Correlation of the most promising geothermal areas 

with the controlling geologic variables. 

3, Modeling and characterization of the geothermal 
resources using U.S. Geological Survey research 
computer programs and facilities. 

Methods of Investigation: 

A, Field Procedures; 

1. Locate springs and wells within the study area, 

2. Determine in the field; temperature, flow (springs) 
or yield (wells), specific conductance, pH, and 
silica content for wells and springs, 

3. Measure stream flows and estimate the therinal and 
non-thermal contribution to base flow. 

4. Study in detail the geology of areas suspected to 
^ contain geothermal cells. 

'Vt 

% 0 . •:•!' 

5. Collect samples for standard chemical analysis, 

6, Collect special samples for detailed cneMcal analysis, 

B* Office and Laboratory Procedures; 

1, Examine maps and aerial photographs to locate all 
identifiable wells and springs. 

2. Determine the chemical qtiality of spring and well 
waters. 

a. Standard analyses include the determination of: 
Ca, Mg, Na, K, Fe, Mn, Si02, Al, HCO^, CO3, Cl, 

SO,, F, pH, and specific conductance, 

b. Special analyses include all determinations in 
the standard analyses plus: NH.,, Sb, B, Li, Sr, 

As, Hg, U, Se, Br, I, and H2S, 

, . ^ ,.. iitgi,it. 



3, Plot well and spring locations on base maps. 
Contour overlay maps based upon water chemistry 
and geochemical calculations of equilibrium (at 
depth) water temperatures vising silica and K-Na-Ca 
geothermometery models, 

4, Code all data for input to state and federal data 
systems, 

5, Compile and integrate data with related ongoing 
research projects, 

6, Calciilate the volume of thermal waters within each 
identified geothermal cell. 

7, Develop initial models to describe the physical, 
thermal, chemical, and hydrologic conditions in 
the study area. 

8. Write a final report on the study, which will include 
the following: the quantities of energy in each 
of the cells; the annual rate of natural dissipation 
of this energy; and a ranked list of high-potential 
sites within the study area, should the results indicate 
significant geothermal energy reserves. ' 

Presentation of Results: 
/ 

An anntaal progress report for limited distribution (ERDA 
and USGS) will be made available by March 31, 1978. The final 
report to ERDA will also be issued as a Montana Bureau of Mines 
and Geology Bulletin, with distribution to more than four hundred 
agencies and libraries throughout the United States, It is also 
expected that at least one paper resialting from the project will 
be submitted to an appropriate scientific journal. 

"•at**-;.;* '..»jii«*uijUfc. 



Note on Personnel, Funding^ Laboratorv Facilities, and Work Schedtile; 

Professional resiimes are presented in Appendix III, The 
Bureau is currently reviewing applications for a hydrologist 
position caxjsed by resignation. Experience and interest in geo
thermal research will be one of the criteria in hiring this man. 

Dr. Sonderegger isl currently funded for one month's salary 
by ERDA as principal investigator on a geothermal research project 
entitled "A reconnaissance study of mine-water temperatures in 
hardrock mining districts of Montana" (Contract No, E(45-l) - 2426, 
TA2) w^ich is scheduled to terminate May 15, 1977. There should 
be no conflict with time available or duties during the overlap 
period. 

Laboratory instrumentation includes: 

1 Model AA-4, Varian Techtion Atomic Absorption 
Spectrophotometer 

1 Model 403, Perkin Elmer Atomic Absorption 
Spectrophotometer with background correction 
and auto-sample changer 

1 Model 503, Perkin Elmer Atomic Abosrption 
Spectrophotometer with background correction 
and graphite furnace 

1 Model S/N243, Spectrometries Co. Plasma Source 
Echelle Spectrometer with qioalitative ^ 
comparator attachment / 

The laboratory has consistently done well on USGS interlaboratory 
standards for the last four years, since Laurence Wegelin became 
laboratory chief. 

The project work plan and scheduling may be briefly sum
marized as follows; (a) spring of 1977, organize base maps, 
photos, etc, locate key points for stream flow gauging, review 
existing maps and data; (b) summer-fall 1977, reconnaissance 
field work and basic data collection; (c) winter-spring 1977-78, 
evaluate field data, work up preliminary models and locate key 
areas to test validity of models, write progress report; (d) 
summer-fall 1978, continue basic data collection for hydrologic 
budget, stuuiy key areas in detail to test models; (e) winter-
spring 1978-79, refine models, input data to computer systems, 
write final report. 



List of References and Persons Cited in Text 

Coffin, Don, U.S. Geological Survey, Water Resources Division, 
Federal Building, Helena, Montana, 

Coombs, Jim, and Muffler, L. J. P,, 1973, Exploration for 
geothermal resources, in Kruger, P,, and Otte, C., ed,, 
Geothermal Energy, Stanford, California, Stanford Univ, 
Press, p, 95-128, 

Godwin, L. H., Haigler, L. B., Rioux, R. L., White, D. E., 
Muffler, L. J. P., and Wayland, R. G., 1971, Classification 
of public lands valxaable for geothermal steam and associated 
geothermal resources: U.S. Geol. Survey Circ. 647, 18 p. 

Leonard, Robert, U.S. Geological Survey, Water Resources Division 
Federal Building, Helena, Montana, 

Witkind, I. J., 1974, A possible concealed pluton in Beaverhead 
and Madison Counties, Montana, and Clark County, Idaho: 
U.S. Geol. Survey open-file report 74-312, 7 p. 

' / 

^•^, 

• » ' i ^ ^ M M i k l t a i a l l l M t t ^ M t ^ l l ^ l m i i . ^ a i b i ^ k i s » i , , i ^ * . m - : - Ma&.t;atiia&i«ii4.f.;s- -...J.".̂ - .- iC ' m.,-yiktS. ..^..yt.j., .ji:";i'.A*cl'..ks,. 



APPENDIX I 

E x h i b i t s 

t: 

"^'^jfe'liftSlfek ^ '...̂  



O N I T K D BTATES 
' A R T . M E . N T O V T H E l .STERIOR 

O E O L O O I C A L B U K V t Y MC TANA 
^r^^ 

1 - Yellowstone KGRA 

2 - Boulder Hoc Springs KGRA 

3 - Marysville KGRA 

4 - Corwin Springs KGRA 

S T A T U T E M I L E S 

100 I7J IM 171 n o 

Exhibit 1. A map of Known Geothermal Resource Areas as of April 1, 1976. 
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Exhibit 2. Outlined areas denote Potential Geothermal 
Resource Areas as of December 24, 1970 (from 
U.S, Geol. Survey Circular 647). 
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SEDlMENla«f ROCKS 

TQ.J 

Otiuvtum \t\ western MoMoco 
f o d Union, FlQxville, Woso'cfi, and VJJMIC R' l t r 
in cenWol and eo»lei'n Momoro. 

. ? T T ' \ area-, indudos Mo"' '^ 

St. MOry P.ivft tocmotion ô  fiCiilh-cer>U(ji 
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APPENDIX II 
Project Budget 

April 1, 1977 - March 31, 1979 

- % 

Salaries and Wages 
Hydrogeologist 9 mo. t/-̂'/' 
Secretary 1 mo. 
Draftsman % mo. 
Hydrotechnician 6 mo. 

Subtotal 
Benefits (13.5% of Salaries) 

TOTAL SALARIES AND BENEFITS 

Capital Equipment 
One Marsh-McBirney Model 201 
portable water current meter with 
case and wading rod. 

Expendable Equipment and Supplies 
Field supplies—maps, aerial photos, 
field chemical testing materials, etc. 
Office and drafting supplies 
Miscellaneous equipment rental and repair 
Reference materials and copying 

Federal 
$13,860/^,7*/ 

655 
550 

6,600 
21,665 
2,925 
24,590 

z. 

Travel and Per Diem 
State vehicle (4-wheel drive) 
7,500 miles @ $.20 
Per Diem 120 days @ $20/day 
Professional Meetings 

Other 
Con^uter application 
Contingencies 
Publication ot final report 

Analytical Costs 
125 standard water analyses @^$42 
25 special water analyses @ $159 

TOTAL less indirect costs 

1,365 

750 

300 
250 
450 

1,750 

1,500 
2,400 
1,250 
5,'l30 

1,000 
765 

1,500 
3,265 

5,250 
3,975 
9,225 

45,345 

Indirect costs (45.9% of wages and benefits 11,287 
as determined by HEW standard accounting 
procedures) 

TOTAL COSTS $56,632 

State 
$4,620 

4,620 
624 

5,244 

3 T-̂ -̂V 

5,244 

2^407 

$7,651 

All items purchased for this study shall become the property of the 
Montana Bureau of Mines and Geology upon completion of the project. 
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April, 1976 

RESUME 

Name and Position: 

Manrin R. Miller 
Born May 9, 1941, Laramie, Wyoming 
Manied: 1968, one child 
Chief, Hydrology Division, Montana Bureau of Mines and Geology 
Research Associate Professor, Montana College of Mineral Science and Technology 

Education: 

A.B. in Geology, University of Montana, Missoula, Montana, June 1963 
A.M. in Geology, Indiana University, Bloomington, Indiana, June 1965 
Ph.D. in Hydrogeo logy, minors in Civil Engineering and Geomorphology, Indiana 

University, Bloomington, Indiana (currently completing work on dissertation). 

Academic Honors: 

Outstanding senior in geology at University of Montana 1963 
National Defense Education Act (NDEA) 3-year fellowship in hydrogeology at Indiana 

University 1963-1966. 
National Aeronautics and Space Administration fellowship in hydrogeol&gy at Indiana 

University 1967. 

Work Experience: 

1965 Geologist, Humble Oil & Refining Co., Summer job 
1966 Instructor, Indiana University, Summer job ' 
1967 Instructor, Indiana University, Summer job 
1967-1969 Instructor, Montana Tech, and Hydrogeologist, Montana ^ureau of Mines 

and Geology ' 
1969-1971 Assistant Professor, Montana Tech, and Hydrogeologist, Montana Bureau 

of Mines and Geology 
1971-present Research Associate Professor, Montana Tech, and Chief, Hydrology Division, 

Montana Bureau of Mines and Geology. The position involves supervising, conducting, 
and directing technical ground-water, surface-water, and quality of water investigations. 
Additional duties include hydrogeologic research, teaching courses in ground-water 
geology, and assisting federal, state, and local organizations and individuals in developing 
and utilizing Montana's water resources. The hydrology division currently has a full-time 
staff of 14 in offices in Butte and Billings. 

Current Research Interests: 

Ground-water flow systems, water-quality changes within liydrologic systems, and ground-water 
exploration and development. Current research emphasis has been placed on the hydrogeologic 
aspects of the origin and development of dryland salinity problems throughout the Northern 
Great Plains. 

Publications: 

Miller, M. R., 1969, Water Resources of Eastern Montana, in Montana Geological Society Guide
book, 20th Ann. Field Conf., p. 239-243. 

1971, Hydrogeology of saline-seep spots in dryland farm areas—a preliminary evaluation, 
in Proceedings of Saline Seep - Fallow Workshop, Great Falls, Montana, Feb. 22-23, 1971, 12 p. 
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and Juvan, Eddie, 1971, Possibilities of developing potable water supplies, north-central 

.^iii:-

Montana, in Proceedings of Saline Seep - Fallow Workshop, Great Falls, Montana, Feb. 22-23, 
1971, 9 p. 

and Bond, E. W., 1972, an evaluation of weather modification in the Great Plains of Mon
tana—Part 1 (ground water), in Impacts of Induced Rainfall on the Great Plains of Montana -
An Interim Report: Montana Agricultural Experiment Station Research Report 26, p. 41-73. 

Ferguson, Hayden, Brown, P. L., and Miller, M. R., 1972, Saline seeps on non-irrigated lands of 
the northern plains, in Proceedings on Control of Agriculture Related Pollution in the Great 
Plains, Lincoln, Nebraska: Great Plains Agricultural Council Publication No. 60, p. 169-191. 

Miller, M. R., and Bond, E. W., 1973, Impacts of induced rainfall on the Great Plains Montana -
Section 8 (ground-water hydrology) Final Report: Montana Agricultural Experiment Station 
Research Report 42, 74 p. 

^1973, Saline-seep development in Montana and adjacent areas—hydrogeological aspects, in 
Proceedings of Governor's Saline Seep Emergency Meeting, Helena, Montana, April 25, 1973, 
p. 23-28. 

Bahls, Loren L., and Miller, M. R., 1973, Saline seep in Montana, in Second Annual Report, Montana 
Environmental Quality Council, p. 35-44. 

Miller, M. R., 1974, Hydrogeochemical investigation of selected water sheds in southwestern Montana: 
Montana Univ. Joint Water Resources Research Center Report No. 60, 27 p. 

and Bahls, L. L, 1975, Ground-water seepage and its effects on native soils: 'Montana Univ. 
Joint Water Resources Research Center Report No. 66, 56 p. 

Brown, P. L., and Miller, M. R., 1975, Perennial cropping for saline seep control: American Soc. 
Agronomy Jour, (in press). 

MJUer, M. R., and others, 1976, An overview of saline-seep programs in the states and provinces of 
the Great Plains, in Regional Saline-seep Control Symposium, Bozeman, Montana: Montana 
Agricultural Experiment Station Research Report No. (in press). 

Brown, P. L., Cleary, E. C, and Miller, M. R., 1976, Water use and root depths of crops for saline 
seep control, in Regional Saline-seep Control Symposium, Bozeman, Montana: Montana 
Agricultural Experiment Station Research Report No. (in press). 
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April, 1976 

RESUME 

Name: John Lawrence Sonderegger II 
Bom January 14, 1942, Madison, Wisconsin 
Married, two children 

Education: 

B.S.I. - Geology, 1962-1966, University of Wisconsin 
M.S. - Geology, Fall 1966, University of Tennessee', 1967-1969, University of Alabama 
Ph,D. - Geochemistry, 1969-1970, Northwestern University^ 1970-1973, New Mexico Tech^ 

Academic Honors: 

University of Wisconsin - Instate Tuition Scholarship 1963-1966 
Northwestern - N.D.E.A. Fellowship 

Work Experience: 

Montana Bureau of Mines and Geology - Research Assistant Professor and Hydrogeologist-
December 1974 to present. 

Georgia Earth & Water Division - Geologist II -1973-1974; Geologist III -1974 to December 1974. 
Geologloal Survey of Alabama - % time as Geologist I -1967-1969. 

M.S. Thesis: 

A photogeologic and structural study of a limestone terrane with emphasis on fractures affecting 
ground-water occurrence. , 

Ph.P. Dissertation: 

A preliminary investigation of the dissolution kinetics of strontianite and'witherite. 

Publications: 

Sonderegger, J. L., 1968, Geology of the Athens quadrangle, Alabama (abs): Jour. Alabama Acad. 
Sci, V. 39, no. 3, p. 211. 

1969, Calculation of carbon dioxide partial pressure from chemical analyses of limestone 
ground water: Jour. Alabama Acad. Sci, v. 40, no. 4, p. 227-231. 

1970, Hydrology of limestone terranes-photogeologic investigations: Geol. Survey 
Alabama Bull. 94-C, 27 p. 

1974, Effect of Chattanooga shale facies distribution on the in situ formation of negative 
structures by ground-water solution (abs): Geol. Soc. America Abs. with Programs, v. 6, 
no. 4, p. 399. 

1974, A preliminary investigation of strontianite dissolution kinetics (abs): Geol. Soc. 
America Abs. with Programs, v. 6, no. 7, p. 961. 

1976, Hydrologic and geochemical controls on tailings pond drainage affecting Soda 
Butte Creek, Cooke City, Montana (abs): Geol. Soc. America Abs. with Programs, v. 8, 
no. 5 p. 634. 
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_A tentative exploration model for the location of oxidized uranium deposits in fluvial 

/f 

sandstone: submitted to Econ. Geology. 

and Billings, G. K., 1971,-the geochemical cycle of molybdenum (abs): Geol, Soc. 
America Abs. with Programs, v. 3, no. 7, p. 712-713. 

^Brower, K. R., and LeFebre, V. G., 1976, A preliminary investigation of strontianite 
dissolution: Am. Jour. Sci., in press. 

ând Kelly, J. C., 1970, Hydrology of limestone terranes-geologic investigations: Geol. 
Survey Alabama Bull. 94-B, 146 p. 

ând Wallace, J. J,, Jr., 1976, Final report: Acid mine drainage control-feasibihty study. 
Cooke City, Montana: Report to Montana Department of Natural Resources for E. P. A. 
Grant No. S-802671, 197 p. 

Billings, G. K., and Sonderegger, J. L., 1971, Tlie geochemical cycle of molybdenum in our 
environment (abs): Am. Chem. Soc, Div. Water, Air and Waste Chem., Ann. Mtg., Washington, 
D.C. 

Billings, G. K., Beane, R. E., Sonderegger, J. L., and Hayslip, D. L., 1972, Phase I: Qualitative 
mineralogical analysis and quantitative chemical analysis of selected shale samples from the 
Lyons, Kansas, nuclear-waste hurial site: Oak Ridge Nat. Lab. Contract Research Report for 
Subcontract No. 3673, 22 p. 

Wallace, J. J., Jr., Sonderegger, J. L., and Higgins, G. L., Jr., 1975, Annual report: Acid mine 
drainage control-feasibility study, Cooke City, Montana: Report to Montana Department 
of Natural Resources for E. P. A. Grant No. S-802671, 39 p. 

Work in Progress: 

An Atlas of Georgia's Ground-Water Quality by Sonderegger, Pollard, and Cressler, in final review 
for publication by the Georgia Department of Natural Resources, Earth and Water Division. 

A reconnaissance study of mine-water temperatures in hardrock mining districts of Montana (with 
Don Lawson, MBMG). 

Research Interests: 

1. Field and laboratory studies of mineral-aqueous interactions which effect ground-water 
composition. 

2. The use of ground-\\ ater chemistry in the evaluation of geothermal and uranium resource 
potential. 

* Left for financiai reasons. 
' Left because of faculty changes in geochemistry. 
'Degree grai^ted in 1974. 
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PROFESSIONAL RESUME 

Name: Laurence A. Wegelin 
w 1021 West Diamond Street 

Butte, Montana 59701 
Telephone: (406) 792-8321 ext. 274 (work) 

(406) 792-7213 (home) 

Personal: 
Birth date: 8/13/40 Married, four children 5'6" 156 lbs. 
U.S. Citizen 

Professional Experience: 11 years 

Field: Analytical Chemistry - Inorganic 

Education: 

University of Wyoming, Laramie, Wyoming 
Electrical Engineering, 7 semesters - 117 credit hours 
GPA: 3.67/4.0 from 1959 to 1962 

Professional Experience: 

3/70 to Montana College of Mineral Science and Technology 
present Montana Bureau of Mines and Geology 

Butte, Montana 59701 

Present Position: Chief Chemist, Analytical Division i 

Immediate Supervisor: Dr. S. L. Groff, Director and State Geologist 

Responsible for all chemical analyses required by the 
Bureau's Geology Division, Hydrology Division, and 
Energy Division as well as for chemical analyses re
quested by other State or Federal cooperating agencies, 
such as the U.S. Geological Survey, U.S.D.A. Forest 
Service, Environmental Protection Agency, the Bureau 
of Land Management, the Montana Department of Fish and 
Game, Montana Department of Agriculture, the Montana 
Department of Health and Environmental Sciences, and 
Montana Department of State Lands. This includes; 
chemical analyses of geological materials, surface 
and groundwater and coal; purchasing equipment and 
instrumentation; budgeting and staffing; and overall 
supervision of laboratory staff. Also responsible 
for: evaluating new analytical methods and improving 
existing ones; has maintained and demonstrated a 
high degree of analytical quality control for the 
last several years through a reference-sample exchange 
program with the U.S. Geological Survey and the 
Environmental Protection Agency as well as maintaining 
good internal control measures. 
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1/69 to 3 Minerals Engineering Company, Lamps Division, 
6/69 General Electric Company 

P.O. Box 431 

Dillon, Montana 59725 

Position: Chief Chemist 

Immediate supervisor: Blair T. Burwell Jr., General Manager 
Was responsible for analytical quality control and 
the supervision of laboratory staff to furnish chemical 
analyses for three divisions of the operation. 
1. Mining Division - to assure the removal of a 
specified grade of ore. 2. Mineral Dressing Division -
to assure a specified concentrate was being produced. 
3. Chemical Extraction Division - to assure a pure 
tungsten product was being produced. Also was re
sponsible for the purchasing of laboratory equipment, 
instrumentation, and budgeting to operate the laboratory. 

9/66 to Molybdenum Corporation of America 
1/69 P.O. Box 607 

Louviers, Colorado 80131 

Research Center 

rfi-
Position: Chemist 

Immediate supervisor: Edwin Tomasi, Chief Chemist ' 

Performed chemical analyses for; 1. Pr9duction - trace 
metal analyses for quality control of sik rare earth 
products. 2. Research and Development - chemical and 
trace metal analyses needed for engineering and process 
development. 3. Exploration and Geology - chemical 
analyses of geological material and ore. 

8/65 to Colorado School of Mines Research Foundation, Inc. 
9/66 Golden, Colorado 80401 

Position: Technician 

Immediate supervisor: James Drobnick, Manager, Chemical Extraction 
and Hydro-Metallurgical Division 

Performed chemical analyses needed for various process 
design or process control projects undertaken by the 
administration. Also assisted in pilot-plant operations 
by monitoring or controlling one or more stages of 
several different test plants. 
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RESUME' 

Personal: 

Wesley Martin Bermel 
B o m April 8, 1952, Williston, North Dakota 
Married, one child 

Education; 

B.S. - Geologifcal Engineering (June, 1976), Montana College of 
Mineral Science and Technology 

Professional Orp;anizations; 

Junior Member, American Association of Petrolevim Geologists 

Work Experience; 

Currently employed by the Montana Bureau of Mines and 
Geology, Hydrology Division, as a Hydrotechnician (classified 
in June, 1975). 

My present work assignments include: 1. To review subdivision 
environmental impact statements and make comments on the subdivision 
with respect to its effects on ground and surface water as well as 

/̂•'•f-. potential flood danger. 2. To supervise six (6) student assistants 
I 'I which are presently collating all existing v/ater quality information 

in the Port Union Goal Region. 3. To supervise one (l) student who 
is presently doing some of Hydrology Division's comnuter programming 
and to control system design, computer programming anjfl system 
analysis. 4. To construct plane table maps of hydrologic test 
areas. 5. To produce photographic materials such as black-and-
white prints and color slides for Division use. 6. To perform 
routine technical work in collecting and processing geological 
data and materials: a. Specific conductivity surveys of ground 
and surface water; b. V/ell inventorying and monitoring; c. 
Aquifer testing. 

Presently, I am one of several whom are supervising the 
collating of all ground-v/ater infoi'mation for the Fort Union 
Coal Region in Montana. 

Preceding June, 1975, I was also employed by the Montana 
Bureau of Mines and Geology, Hydrology Division, as a student 
assistant; my responsibilities were centered around the super
vision of coding Y/ater Quality Data. However my main job v.'as to 
write,.revise, and update the Hydrology Division's programs. 
Associated with the programming, I was also involved in the developing 
of several Data Systems. Along with these responsibilities 1 also 
monitored our test wells throughout the state. 

••>*iMli. .v..MiAtfia. .;. • ^ - ; -^li m^miiM:.:: . .^.Jli.is-.1 o.wiiJi i ...;iiAiiafc£>; 
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Other work done with the Bureau also includes two (2) years of 
work assiciated with the Silver Bow Creek drainage study. This 
involved water quality sampling, measuring field parameters such as 
pH, specific conductivity, EH, turbidity, and stream flow measurements. 

During the summer of 1973? I was employed by the Anaconda 
Copper Mines Company where my job consisted of taking drill rig 
samples and splitting core when necessary. 

Major Accomplishments Included; 

Water Qviality Data System 
;; Printer Plot Routine 
'" Y/ater Level Program and Data Ease 
Well, Appropriation Data Base and Associated Programs 

Open Pile Reports; 

Bermel, W.M., 1974, Conversion of Section-Township-Range 
to Latitude-Longitude. 

., 1973, Kineral Identification, Question Ansv/er 
Dociimentation. 

_, 1974, Recording on the IK,I 13II Disk System. 

, 1974, Storage Data Preparation for Lat-long. 
' / 

Bergantino,Robert, Bermel, W.M., 1975, Montana Geological Maps 
of Southeastern Montana at 1:250,000 scale. 
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Method of Payment 

Pajnment in full will be $56,632, which may be made according 
to standard ERDA accounting procedures. 

Approval Signatures 

Submitted by: 
Mr.'' Marvin R. Miiier 
Chief, Hydrology Division 
Montana Bureau of Mines and Geol ogy 

/^?fi-: 

Dr. John L. Sonderegger 
Hydrogeologist 
Montana Bureau of Mines and Geology 

Approved by: 
Dr. S. L. Groff 
Director and State Geologist 
Montana Bureau of Mines'and Geology 

h ^ i ' ^ y y i f i ^ 

Dr. Vernon Griffl*chs 
Director of Research 
Montana College of Mineral Science 

and Technology 

Dr. Clayton R. Nichols 
Division of Geothermal Energy 
U.S, Energy Research and Development 
Adminis tration 

' •i^'fitiu&ili' 'i 
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TASK AGREEMENT NO. 2 UNDER 
CONTRACT NO. E(45-1)-2^26 

,'W'- W New Task 

/~7? Continuation of vork previous Iv 
conducted under Contract 
No. 

TASK AGREEMENT betv/een.the UNITED STATED ENERGY RESEARCH AND DEVELOPMENT 
A33MINIST11ATION ("ERDA") and MONTANA COLLEGE OF MINERAL SCIENCE AND 
TECHNOLOGY 

TITLE: A STUDY OF MINE WATER TEMPERATURES IN HARDROCK HINIIIG DISTRICTS 
OF MONTANA 

EFFECTIVE DATE: May 15, 1976 

DEFINITION - The term "Basic Contract" means the Special Research Support 
Agreement entered into between the parties hereto and designated Contract No. 
E(A5-1)-2A26 

A-I. RESEARCH TO BE FERFORMED BY CONTRACTOR 

The Contractor will conduct the research program outlined in its 
December 21, 1975 proposal entitled "A Reconnaissance Study of Mine-Water 
Temperature in Hardrock Mining Districts of Montana," which is hereby 
incorporated herein and made a part hereof by reference. 

The objective of the program is a reconnaissance evaluation of thermal 
anomalies in western Montana through investigation of mine-water 
temperature and water chemistry. 

In order to accomplish this objective, the Contractor will undertake 
three main tasks as follows: 

1. Visit representative mines within each of the 199 Montana 
hardrock mining districts and record the follovjing information 
for each site visited: Temperature measurement, conductivity, 
depth of the sample site and estimate of the flow. If waters 
having a temperature of AO°C or greater are encountered, 
samples will be collected according to the methods described 
by Presser and Barnes (197A). 

2. Analyze hot water samples in the Montana Bureau of Mines and 
Geology laboratory. Laboratory analyses will include but not 
necessarily be restricted to Si, Na, K, Ca, Mg, Cl, B and Fl. 

3. Interpret the results of the study in terms of the distribution 
of anomalous m.ine temperatures and \.;ater chemistries in 
Montana's hardrock mining districts. 

TYPE OF WORK CODE (CIS): 3 Pt.4^.Jp..i^^ .//.vJVV/^-f^'.^ ''/ ^..^J-S/'-'^^-'^ V"/'^ 
U K 



TASK AGREEMENT NO. 2 UNDER 
CONTRACT NO. K(45-1)-2/4 26 

Reports will include the following: 

• 1. A tabulation of the results of the study which shall include 
the mine name, location by both latitude and longitude and 
temperature, conductance, flov.' rate and, for samples with 
temperatures 40°C or greater, chemical analyses. 

2. A report interpreting the results of tlie investigation in 
terms of observed temperature and/or chemical anomalies 
which would seem to warrant more detailed investigations 
of specific areas. 

Principal Investigator Dr. John L. Sonderegger x>d.ll devote 100% 
time for one month. 

'*f'''i 

A-II. WAYS AND MEANS OF PERFORMANCE 

(a) Items for which support will be provided, as indicated 
in A-III below: 

(1) Salaries and Wages 

Principal Investigator J. L. Sonderegger, one month 
One mining field agent 
One student 
Secretarial - clerical help 

(2) Equipment to be purchased or fabricated by 
the Contractor. Title is being vested witli the 
Contractor pursuant to the Grant Act (PL 85-934) 

Mine lamps, converter, and battery charger 
S-C-T meter and probes 
Thermometers, pack, and pack frame 

(3) Travel 

Domestic 

Foreign 

(4) Other Direct Costs 

(5) Indirect costs based upon predetermined rate of 
of 45.9% of direct salaries, v/ages and benefits. 

Amount 

$ 8,080.00 

499.00 

$ 5,235.00 

- 0 -

$ 2,165.00 

$ 3,709.00 

- 2 



TASK AGREEMENT NO, 2 UT-IDER 
CONTRACT NO. E(45-l)-2426 

(b) Items, if any, significant to the performance of this contract, but 
excluded from computation of Support Cost and from consideration in 
proportion cost; 

(•̂) Items to be contr.ibuted by the Contractor. 
In accordance with Article B-II(c) of the Basic Contract, 
if a proposed Contractor contribution is included in this 
paragraph (b)(1), the Contractor shall maintain records 
adequate to permit ERDA to determine the extent of the 
contribution. 

Salary of one mining field agent for one month 

(2) Items to be contributed by the Government. 

None 

(c) Time or effort of Principal Investigator(s) contributed by Contractor 
but excluded from computation of Support Cost and from consideration 
in proportioning costs: 

None 

A-III. TOTAL ESTIMATED COST 

The total estimated cost of items under A-Il(a) above for the contract 
period stated in this Task Agreement is $19,688; ERDA v/ill pay 100 
percent of the actual costs of these items incurred during the contract 
period stated in this Task Agreement, subject to the provisions of 
Article IV and Article B-XXXIII of the Basic Contract. The estimated 
ERDA Support Cost for the contract period stated in this Task Agreement 
is $19,688. 

The estimated ERDA Support Cost is funded as follows: 
Amount 

(a) Estimated unexpended balance from the prior $" - 0 -
period(s) 

(b) New funds for the current period $ 19,688.00 

The new funds being added in A-III(b) constitute the basis for advance 
payments provided under Article B-XIII. 

A-IV. CONTRACT PERIOD 

The period for performance under this Task Agreement shall commence on 
May 15, 1976, and expire on May 14, 1977. 

3 -



TASK AGREEMENT NO. 2 UNDER 
CONTRACT NO. E(45-l)-2426 

A-V. SUPPORT CEILING 

Iff 

The Support Ceiling for contract period specified in this Task Agreement 
is $19,688. 

A-VI. TER>1S AND CONDITIONS 

This Task Agreement is subject to the terms and conditions of the 
Basic Contract. 

A-VII. PRINCIPAL INVESTIGATOR 

The work shall be conducted under the direction of Dr. John L. Sonderegger 
or such other members of the Contractor's staff as may be mutually 
satisfactory to the parties. 

A-VIII. GOVERNMENT PROPERTY 

The following items of property procured or fabricated by the Contractor 
are hereby listed as "Government Property." 

None 

A-IX. DEVIATIONS 

It is understood that Articles A-I and A-II above, a guide to the per
formance of this Task Agreement, may be deviated from by the Contractor 
subject to the specific requirements of the Basic Contract. 

A-X. ADDITIONAL PROVISIONS 

In addition to reporting requirements outlined in Article B-XXIII of the 
Basic Contract, twelve copies of the final report shall be sent to: 
U. S. Energy Research and Development Administration, VJashington, D. C. 
20545. Attn: Clayton R. Nichols, Division of Geothermal Energy. 

AGREED TO THIS 12th DAY OF May • , 1976. 

UNITED STATES OF AMERICA 
UNITED STATES ENERGY RESEARCH AND 
DEVELOPMEOT ADMINISTRATION 

By: 

Title: Supervisory Contracts Specialist 

MONTANA SCHOOL OF MINERAL SCIENCE AND 
. TECHNOLOGY 

By: 

Title: 

- 4 -



MODIFICATION NO. AOOl TO TASK AGREEMENT NO. 2 
UNDER CONTRACT NO. EY-76-S-06-2426 BETWEEN THE 
UNITED STATES ENERGY RESEARCH AND DEVELOPMENT 
ADMINISTRATION ("ERDA") AND MONTANA COLLEGE OF 
MINERAL SCIENCE AND TECHNOLOGY ("CONTRACTOR") 

TITLE: A STUDY OF MINE WATER TEMPERATURES IN HARDROCK MINING DISTRICTS OF 
MONTANA , 

i 

Effective as of May 15, 1977, Task Agreement No. 2 is modified as follows: 

1. The period of performance under this Task Agreement is extended for one 
year commencing May 15, 1977, and expiring May 14, 1978. 

2. The Support Ceiling under this Task Agreement is increased by $12,899 to 
$32,587 in order to cover costs of conducting the new work described herein 
during the period July 1, 1977, through September 30, 1977. These new tasks 
are to be conducted concurrently with work funded earlier, for which funds 
remain available under the contract. 

3. The Research to be performed by the Contractor, the Ways and Means of Perfor
mance and the Total Estimated Cost thereof for the additional work to be 
performed during the period July 1, 1977, through September 30, 1977 are 
as follows: 

A-I. RESEARCH TO BE PERFORMED BY CONTRACTOR 

(a) The Contractor will conduct a reconnaissance investigation of potential 
geothermal reservoirs in the upper Centennial and Madison River Valleys. 

(b) The Contractor will conduct a "Phase Zero" study of the geothermal 
potential of the Madison Limestone in central and eastern Montana. 
This will involve the survey of available data, coordination with 
ongoing, related water studies, and development of a plan for the 
assessment of the geothermal potential of the region. 

Principal Investigator Dr. J. L. Sonderegger will devote 100 percent 
time for two and one-half months to the project. 

A-II. WAYS AND MEANS OF PERFORMANCE 

(a) Items for which support will be provided, as 

indicated in A-III below: Amount 

(1) Salaries and Wages (including fringe benefits) $5,676 

Principal Investigator J. L. Sonderegger 
Technician 
Student 

. : A 



MODIFICATION NO. AOOl TO 
TASK AGREEMENT NO. 2 UNDER 
CONTRACT NO. EY-76-S-D6-2426 

Amount 

(2) Equipment to be purchased or fabricated by 
the Contractor. Title is being vested with 
Contractor pursuant to the Grant Act (PL 85-934) 

Flow Meter 

(3) Travel 

Domestic 

Foreign 

(4) Other Direct Costs 

(5) Indirect costs based upon predetermined rate 
of 45.9 percent of direct salaries and wages 

(b) Items, if any, significant to the performance of this 
Task Agreement but excluded from computation of Support 
Cost and from consideration in proportioning cost: 

(1) Items to be contributed by the Contractor. 
In accordance with Article B-II(c) of the Basic 
Contract, if a proposed Contractor contribution 
is included in this paragraph (b)(1), the 
Contractor shall maintain records adequate to 
permit ERDA to determine the extent of the 
contribution. 

Contractor will contribute salary of professional 
staff for 1 / 2 month, salary of student assistant 
for 2 months, and supplies and expendable equipment 
of approximately $100. 

(2) Items to be contributed by the Government. 

None 

(c) Time or effort of Principal Investigator contributed by 
Contractor but excluded from computation of Support Cost 
and from consideration in proportioning costs: 

2-1/2 Months 

$1,500 

$2,500 

$ - 0 -

$ 618 

$2,605 

- 2 -



MODIFICATION NO. AOOl TO 
TASK AGREEMENT NO. 2 UNDER 
CONTRACT NO. EY-76-S-06-2426 

A-III. TOTAL ESTIMATED COST 

The total estimated cost of items under A-II(a) above for 
the contract period stated in this Task Agreement is 
$12,899; ERDA will pay 100 percent of the actual costs 
of these items incurred during the contract period 
stated in this Task Agreement, subject to the provisions 
of Article IV and Article B-XXVII of the Basic Contract. 
The estimated ERDA Support Cost for the contract period 
stated in this Task Agreement is $12,899. -

Amount 

(a) Estimated unexpended balance from the $ - 0 -
prior period(s) 

(b) New funds for the current period $12,899 

The new funds being added in A-III(b) constitute the basis 
for advance payments provided under Article B-XI. 

A-IV. ADDITIONAL PROVISIONS 

f The Contractor will prepare the following reports on the additional 
tasks performed during the period July 1, 1977, through September 30, 
1977. 

(a) A report which summarizes the results of the reconnaissance 
investigation of the geothermal reservoir potential in the 
upper Centennial and Madison River Valleys will be prepared. 
The report will be based on a synthesis of existing geologic, 
hydrologic, geophysical, and geochemical data. 

(b) A plan for the assessment of the geothermal potential of the 
Madison aquifer in the central and eastern Montana will be 
prepared. The plan will incorporate related programs of other 
State and Federal agencies. 

In addition, the Contractor will submit a statement of costs for the 
additional tasks performed during the period July 1, 1977 through 
September 30, 1977. 

The requirements for reports for previously funded work remain the same, 

4. All other terms and conditions of this Task Agreement remain in full 
force and effect. 

,"^fi^. 

- 3 



MODIFICATION NO. AOOl TO 
/ijT. TASK AGREEMENT NO. 2 UNDER 

CONTRACT NO. Ef-76-S-06-2426 

AGREED TO THIS 19th DAf OF Septpmher . 1977. 

UNITED STATES OF AMERICA 
UNITED STATES ENERGf RESEARCH AND 
DEVELOPMENT ADMINISTRATION 

By: ^ / ^ A y -^/^AyiTu-

Title: Chief, Contracts Branch 

MONTANA SCHOOL OF MINERAL SCIENCE AND 
TECHNOLOGY 

By: 

Title: Director of Research 

- 4 -
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nODIFICATION NO, A002 TO TASK ACRttKEHT NO. 2 
tCfOCR CONTItACr NO. Ey>76>S-06»2426 BETt^CH TRE 
UNITED StATES DEPARTMENT OF ENERGY (XX}E> AND 

. MONTANA COLLEGE o r HINERAL SCIENCE AND 
TECKNOLOGT (COOTltACTOlO I 

m a s KECffflNAISSAHCB L W AND MODERATB IBffERftlURB ^OTBERKAL SURVCX I S 
KQUTANA (FOEKERLrs A SUfD? OP MINE WATER TCHPERATURBS IN HARDROOC 
MINING DISTRICTS Of HONTMIA) 

Etttiexivm « • o f October 1 . 1977* Task A^rscBent No. 2 1« n o d l f l e d os f e l l e a o s 
m 

1. The porfod of fterfocsuiAco for cKo new woxlc under this Tosk Ĵ recfsent SM, 
9extende& for two years conffikencisg October 1» 1977, aod escplxlns Septeniber SO* 
-1979. 

2. '̂ thm Satpport Csllins tmder this Tssk Asrecaoeiit Is Increased by $86,400 to 
'$118,9A7 in order to cover costs of conducting fcke new work described herein. 
These new tasks arc to be conducted concurrently (tbroogli May 14, 197B) with 
'work funded earlier, for whfch funds resialn a.vallable under the concract. 

3. Tho Besoerch to bo perfosned by the Contractor, the Kayo and Means of Perfor-
i&ance and the Total Estimated Coat thereof for th* addltl<mal w<n>k to be 
'perfocmed during the period October 1, 1977, through Septenber 30, 1979 are 
are followss 

A-lJ HESEARCH TO BE PERPOBMED BT CONTRACTOR 

• (a) Locato, saaple and analyro all spring and veils In th* Hadlsoa-Bed 
Bock study area as * oeans of detecting possible hidden geothemal 
resources. 

^ ) Conpilo and analya* all avallabl* geologic and geophysical data 
relevant to potential geothecnal reeources la the study area. 

(c) Oewelt^ nodels of the hydrologic systeos within the Red Rock Creek 
and Hadisoa River Valleys of southwestern Montana with enphasis oa 
possibl* hydrotheraal systea developacnt. 

(d) Assist th* U.S. Ceologlcal &ir«ey aad DOE in tho update of tho 
OeoiNEI^ data base for the Stat* of Montana* 

(e) Frepara a prclintlnary geotheraal resource aap for the State of 
Montana (scale IsSOO.OOO), shewing th* lotiowa geographic distribution 
of low and aoderat* teinperatwr* geothenaal resources. 

Principal Investigator Dr. J. L. Sonderegger will devot* 100 percent 
tiae for three aonths to the project. 

A-U. WAYS AMD MEWS OF PSBTOBMANCE 

€a> Iteas for whldi sî fpport will he provided, as 
indicated ia A-111 below: 

I 

Type oi{ yvork Cods (CIS}; 

MM -



MODIFXCAIIOH NO. A002 TO 
TASK ACREEMENT NO. 2 UNDER 
CONTRACT NO, EY'76-S-06-242f i 

Amount 

(1) Salaries and t%̂ ges (Including fring* benefits) $38,476 

Principal Zavestlgator J. L. Sendereg^r, 9 aonths 
Bydrogeologlsts 
Secretary -
Draftsaan 
Hydrotechniciaa 

J Student 

(2) Eqaipoent to ba purchased or fabricated by $ 4,500 
the Contractor. Title is being vested with 

Contractor pursuant to the Grant Act (PL 63^934) 

Cooo-Stor RS~232 

(3) Travel 

; Domestic $ 7,500 

Ibreiga $ - 0 -

(4) Other Direct Costs $1B,225 
(5) Indirect costs based upoa predetemined rat* $17,699 

of 461 of direct salaries and wages 

Cb) Items, if any, significant te tiie perfoxaanc* of this 
' Task Agrcenent but eneluded froa coaputation of Support 

Coat and froa.consideration ia proportioning costs 
S 

(I) Items to b* omtributed by the Contractor. : 

Za ac^tdaoc* with Article B<-ZZ(c) of th* Basle 
Contract, If a proposed Contractor cMitrlbutioa 
is included ia thie paragraph (b>(l), th* 

• Contractor shall otaintain records adequate to 
pemit VOB to determine the extent of the 
contribution. * -

Salary of Trincipal Tnvostigator for 3~l/2 aonths* 

- iZy Iteas to b* contributed br the Covemaent. 

Hon* 

(c) Time or effort of rrinclpsl Investigator contributed by 
Contractor but excluded from coaputation of Support Cost 
aad froa consideration In proportioning costss 

Non* 

«2 -
- ^ ^ i 



MODIFICATION NO. A002 TO 
TASK AGREEMEHT NO. 2 UXDEB 
CONTRACT NO. E]r-76'S-06-2426 

A-Irt. TOTAL E5T1IIATED COST 

Tha total estimated cost of iteas under A'Xl'<a) above foe 
the contract period atatcd in this Task Agreeaent is 
$86,400; DOE will pay 100 percent of the actual cost* 
of these Items Incurred during the contract period 
stated la this Task Agreeeent, contiingent upoa app^r-
tlooaent of DOB funds by Office of Manageaeat and 
Budget, and subject to the provisions of At tide IV 
and Article B-XXVIZ of th* Basic Contract. Th* 
estlojfted DOB Support Cost for th* contract period 
stated ia this Task Agreeaent ia $86,400. 

Th* estinated ERDA Support Cost is funded as follows S 

(a) Estimated unesipended balance froa th* 
prior period(a) 

Anount 

$ - 0 -

A-IV 

^> New funds for th* current -period 

The new funds being added ia A'III0») constitute the basis 
for advance pdyaenta provided under Article B->XI. 

ADDITIONAL PKOVISIONS 

^ e Contractor will prepare the following report* on' th* new tasks to 
be perforaed during the period October 1, 1977, through Septedber 30, 1979. 

(a) A report detailing the geothermal potential of tha upper Madisea 
River Valley and Red Rock Creek area, aouthwestera Montana. 3h* 
report will include analysis aad interpretations of th* water 
chemistry sampling progran, the results of attempts to nodel the 
hydrologic systea, and raconnendatioas aa to potential geothermal 
reservoirs suitable for developaent. 

&> A Mmitana geothctaal data file of water aaalyai* prepared for incor
poration into the GEOTHERM data base. 

(<^ A preliminary Stat* wap (seal* 1:500,000) showing the distrlbutioa -
of knoua geothermal resourcea ia A a Stat* of Montana. 

• * 
MiHithly l e t t e r r e p o r t s , quar ter ly r e p o r t s , seaiannoal and annual technical 
progress r e p o r t s , and a f i na l r e p o r t ' s h a l l be submitted i a accordance with 
the attached repor t ing guide l ines . 

The reqal r e sen t s fo r repor ts fo r previously funded work reaaln the sa sc . 

- 3 -



MODIFICATION NO. A002 TO I 
TASK ACRE^ENT NO. 2 WiVOL i 
CONTKACr NO. ET-76>S-06-2424 

! 
4 . A l l o t h e r t e r a s and c o n d i t i o n s of t h i s Task Agreement r e a a l n i n f u l l 

f o r c e and e f f e c t . i 

AGREED TO THIS FlftJCDth ^ y ^ ^ Kirch ^ ^ ^ ^ ^ • 

UNITED STATES OF AMERICA I 
tmiTED STATES DEPAR1MEMT OF EKERCT 

I 

Chfftf, Uboratofy fi University 
"J^^'i^s Pwtrac t s granch i 

MONTANA SCHOOL OP MINOtAL SCIENCE » m 
TECHNOLOGY 

Title: Director of Ifeseirch 

I 

I 

I 

I 

- 4 - a 
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GEaf HEBMAL I7iBRGT DEVCL0P»!ENT PROGRAM 
RFPOR'r RBOUIRFMCKTS 

Montana Collog* of Mineral Science aad 
(Contractor) <̂̂ ^̂ '»"̂ mtJ> 

EY-76-S-q6-2426 
(P/R Kusber) 

Reports 

Cenerail reporting requfrnsants for EROA/DGS contractors ar* preaented ia 
SRSA''76/72 "Requirements and Procedures for Reporting Geotheraal Inforaa-
tioa" dated July 1976.. Repotts should be prepared for this contract as 
follous: 

AdB^nistrativ* 
Letter Report 

Technical Progress 
Import 

FYnsl Report 

Topical Reports 

Report* Potaats 

Freouency 

CosfletloB 
of contract 
effort 

a* required 

Draft to 
Program Manager Distribution 
for Concurrence Program Manager TIC 

M/A . 10 

3 weeks after 
end of report- 10 
ing period 
I 
3 weeks after 10 
end of reporting 
period 

«s agreed with 10 
Frogras Ibmager 

N/A I 1 caiiSer 
ready 
copy 

1 eaaera-
ready j 
copy I 

1 cascra-
seady j 
copy 

Ih* following will apply to all t*chaieal progress reports, topical 
reports and final reports: 

t 

(a) Tb* cover page will b* supplied by EBBA/bCE unlsss th* contractor 
intends to use hie corporate cover. 

1 

(b) Reports under this contrsct will all carry tha nusftier i ( l A f : t 4 l * . f r L ^ 
Report ttuabera will be assigned sequentially. ^ ifs^ 

(e) Ih* distrlbutioa category for reports prepared under this * I 
contract will be UC-6«»3. as defined on page tf, of EBDA-76/72. ' 

" 1 

i 

i 
1 ^ 
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MONTANA BUREAU Of MINES AND GEOLOGY 
MONTANA COLLEGE OF MINERAL SCIENCE AND TECHNOLOGY 

BUTTE, MONTANA 59701 

(406) 792-8321 

^ . ^ ^ ^ 

^ -iJ^'vx*^ May 1 , 1978 

^-^^^^v^ _~--̂  -
^ "̂̂  r' RECEIVED 
Dr. Clayton Nichols 
Division of Geothermal Energy MAY 4 1S78 
U.S. Department of Energy ' 
Third Floor GE0TH5RMAL CHSRGY 
20 Massachusetts Avenue, NW ^ BRANCH 
Washington, D.C. 20545 *-' 

Dear Dr. Nichols: 

This is a cover letter with the proposal for adjustment of 
task goals as per our conversation yesterday (4/26/78) in Salt 
Lake City. On the advice of Sandra Smith (Richland contracts 
office) I am sending these proposals directly to you, and 
splitting the changes into two areas: one group of tasks not 
requiring new funds during this fiscal year, and a second task 
requiring additional funds during this fiscal year. The 
proposals follow the same logic expressed in my letter to you 
on 4/14/78 of this year. 

Copies of the proposals will be sent to Sandra Smith and 
Maggie Widmayer to facilitate communication on the proposed 
changes. 

Upon return from Salt Lake City, discussions with Dr. 
Charles Wideman were held concerning the establishment of an 
ongoing sxjmmer program of geophysical investigations at sites 
that have potential for direct application. They currently 
have adeqtoate gravity, magnetic, and seismic equipment, and 
new resistivity equipment has been ordered. I would like to 
try merging their program with ours for the coming summer to 
see what kind of product can be obtained. If the results are 

THf BUMffAU o r MINEt ANO dfOLOCY WAt KSTAtLISHCD flY LAW fN 1919 A t A OCPAATMfNT Or MONTANA COLLEOI o r HINIRAL fCICNCf ANO TICHNOLOaV. TO .ROMOTf 
(i>rici(Nr uivnoPHfNT or HONTANA < MiNiaAi iii<nu9i.ii •« I IHHIIUHO ANS rut iKHit t* iNFoanAnuN ON THC «(ai.()««. roroaxA^Hr, mo tiiNtiiAL o i ro i iT i or THE 

.»., *i*i» !.!!inHiii"! i i n i u II II l i m n i-Kii iiii Hjij KiH iiiiiifii*tiNM/in =miH «iirii 



"1 

Dr. Clayton Nichols - 2 - May 1, 1978 

good, I would then like to utilize the Department of Geophysics 
at the Montana College of Mineral Science and Technology in 
future summers at about the $15-20 K funding level. The 
proposed budget for their services for this summer has been 
kept down ( 10 K) by underestimating Wideman's time and 
providing all equipment rental costs. 

Sincerely, 

d 
John Sonderegger 
Hydrogeologist 

JS:ch 

Enclosures 



. ' "Proposed r̂.i-.f-rar-h -':|«|(P̂ ||p̂ K̂ IBSBÔ $§ to Task Agreement; tio. 2 
under Contract No. EY-76-S-06-2426, 

May 1, 1978, through September 30, 1978 

Task Description: 

l-'l) Inventory approximately fifty thermal springs measuring 
-"' temperature, discharge, pH, and specific conductance, 

by June 30, 1978, plus collection of selected samples 
.(s,0 for laboratory analysis. 

^ eP- , "̂ ^ Start the assistance program, to state and local 
x ^ .-•-"' government to assist in evaluation of geothermal 

ij^" resource potential for direct application. 

. 3) Attempt to expand the number of known thermal springs 
by investigating areas with suggestive geographic 
names and areas of orally reported but unconfirmed 
warm springs or shallow warm wells. 

, 4) Start the transfer of ground-water chemical data 
(which includes field temperature) to the U.S. 
Geological Survey W.R.D. data file. It is estimated 
that data for 1,000 wells would be transfered by 
September 30, 1978. 



A003 Modification 

Budget for May 1, 19 78, through September 30, 1978 
(Requires reallocation of existing funds 
but no new funding needed in PiT 78) 

A. Salaries, Wages, and Benefits 
P.I., Sonderegger - 1 mo. 
Hydrogeologist - 3 mo. 
Technicians and students 
Total salaries 
Benefits (14.5% of salaries) 
Salaries plus benefits 

Federal 

$ 
4,380 
2,000 

$ 6,380 
925 

State 

$1,647 

$1,647 
2 39 

$ 7,305 $1,886 

B. Travel and Per Diem 
(100 days @ $62.50/day assuming 
150 miles/day @ $.25/mile) 

6,250 

C. Field Equipment, Supplies, and 
Research Materials 500 

D. Computer Applications (1,000 back 
analyses @ $16) 16,000 

E. Report costs 250 

F. Laboratory Costs (20 standard 
water analyses @ $50) 1,000 

G. Contingencies 

H. Indirect Costs (46% of A) 3,360 

250 

868 

I. Total Costs $3,254 



Signature Sheet 

Proposed Budget Modification A003 
(Federal $34,415; State $3,254) 

Submitted by; 
TJr. J. L. Sonderegger' /f̂::./ i - -„ . 
Hydrogeologist 
Montana Bureau of Mines 
and Geology 

Approved by: 
^ ^ 

Dr. S. L. Gnfff, D^ector 
and State Geologist 
Montana Bureau of Mines 
and Geology 

/ i ^ •ii^wi^x^ 

Dr. Vernon j3rC£fiths 
Director of Research 
Montana College of Mineral 

Dr. Clayton Nichols 
U.S. Department of Energy 
Division of Geothermal Energy 



Proposed Contract Modification A004, to Task Agreement Vo. 2 
under Contract No. EY-76-S-06-2426, 

May 1, 1978, through September 30, 1978 

Task Description: 

1) Start the West Yellowstone investigation as 
outlined in the November 1977 proposal. 

2) Provide eight weeks of geophysical investigations 
at selected hot spring sites to increase knowledge 
about these areas and aid in selecting drill hole 
sites for communities. 



A004 Modification 

Budget for May 1, 1978, through September 30, 1978 
(Requires additional funding in FY 78) 

A. Salaries, Wages, and Benefits 
P.I., Sonderegger - 1 mo. 
Hydrogeologist - 4 mo. 
Technician - mo, 
Geophysicist - 1 mo. 
Students - 6 mo. 
Total Salaries 
Benefits (14.5% of salaries) 
Total Salaries plus Benefits 

Federal 

4,667 
500 

2,080 
4,412 

$11,659 
1,691 

$13,350 

State 

$1,647 

$1,647 
239 

>f>l , O O O 

B. Travel and Per Diem 7,200 

C. Field Equipment, Supplies, 
and Research Materials 500 

D. Computer Applications 500 

E. Report Costs 500 250 

F. Contingencies 1,000 

G. Geophysical Equipment Rental 3,210 

H. Indirect Costs (46% of A) 6,141 868 

I. Total Costs $29,191 $6,214 



Signature Sheet 

Proposed Budget Modification A004 
(Federal $29,191; State $6,214) 

Submitted by: ^ ^ C ^ ̂ ^^VA^-'^ 0̂  ^ v Dr.'J. L. Sonderegg 
Hydrogeologist 
Montana Bureau of Mines 
and Geology 

^ / / ? ^ 

y^Uc-

Dr. C, Wideman 
Associate Professor of Geophysics 
Montana College of Mineral 
Science and Technology 

Approved by: 
Dr. "^. tf Groff, DpiT̂ ctor 
and State Geologist 
Montana Bureau of Mines 
and Geology 

Dr. Vernon Gri£^M:hs 
Director of Research 
k̂̂ ntana College of Mineral 
Science and Technology 

Dr. Clayton Nichols 
U.S. Department of Energy 
Division of Geothermal Energy 
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MODIFICATION NO. A002 TO TASK AGKEE.4ENT NO. 2 
ITAUEK CONTRACT NO. EY-76-S-06-2426 BETls'EEN THE 
UNITED STATES DEPARTMENT OF ENERGY (DOE) AND 

• MOOTANA COLLEGE OF MÎ rt:R.̂ L SCIENCE AND 
TECHNOLOGY (CONTRACTOR) 

TITLE: RECONNAISSAl^CE LOW AND MODERATE TEMPERATURE GEOTHERl-LAL SURVEY IN 
MONTANA (FOR>IERLY: A STUDY OF MINE WATER TEMPERATURES IN HARDROCK 
MINING DISTRICTS OF MONTANA) 

Effective as of October 1, 1977, Task Agreement No. 2 is inociifled as follows: 

1. The period of performance for the new work under this Task Agreement is 
extended for two years cominencing October 1, 1977, and expiring September 30, 
1979. 

2. The Support Ceiling under this Task Agreement is increased by $86,400 to 
$118,987 in order to cover costs of conducting the new work described herein. 
These new tasks are to be conducted concurrently (through May IA, 1978) with 
work funded earlier, for which funds renain available under the contract. 

3. The Research to be performed by the Contractor, the Ways and Means of Perfor
mance and the Total Estimated Cost tliereof for the additional work to be 
performed during the period October 1, 1977, through Septr̂ b̂er 30, 1979 are 
are follov.'s: 

A-I. RESEARCH TO BE PERFORI'fED BY CONTRACTOR 

(a) Locate, sample and analyze all springs and wells in the Madison-Red 
Rock study area as a means of detecting possible hidden geothermal 
resources. 

(b) Compile and analyze all available geologic and geophysical data 
relevant to potential geothermal resources in the study area. 

(c) Develop models of the hydrologic systems within the Red Rock Creek 
and Madison River Valleys of southwestern Montana with emphasis on 
possible hydrothermal system development. 

(d) Assist the U.S. Geological Survey and DOE in the update of the 
GEOTHERM data base for the State of Montana. 

(e) Prepare a preliminary geothermal resource map for the State of 
• • Montana (scale 1:500,000), showing the known geographic distribution 

of low and moderate temperature geothermal resources. 

Principal Investigator Dr. J. L. Sonderegger will devote 100 percent 
time for three months to the project. 

A-II. WAYS AND MEANS OF PERFORMANCE 

(a) Items for xjhich support will be provided, as 
indicated in A-III below: 

Type of Work Gacie (C!Sj: .̂ .U" ^.V.^...V,T..-A 

V - ^ ^ ^ ' ^ ' " ' ^ ' /.K-..c,^/;^/7^>./' 
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MODIFICATION NO. A002 TO 
TASK AGREEMENT NO. 2 UNDER 
CONTP̂ '̂ CT NO. EY-76-S-06-2A26 

Amount 

(1) Salaries and Wages (including fringe benefits) $38,476 

Principal Investigator J. L. Sonderegger, 9 months 
Hydrogeologis ts 
Secretary , 
Draftsman 
Hydrotechnician 
Student 

(2) Equipment to be purchased or fabricated by $ 4,500 
the Contractor. Title is being vested with 
Contractor pursuant to the Grant Act (PL 85-934) 

Coiam-Stor RS-232 

(3) Travel 

Domestic $ 7,500 

Foreign $ - 0 -

(4) Other Direct Costs $18,225 

(5) Indirect costs based upon predetermined rate $17,699 
of 46% of direct salaries and wages 

(b) Items, if any, significant to the performance of this 
Task Agreement but excluded from computation of Support 
Cost and from consideration in proportioning cost: 

(1) Items to be contributed by the Contractor. 

In accordance with Article B-II(c) of the Basic 
Contract, if a proposed Contractor contribution 
is included in this paragraph (b)(1), the 
Contractor shall maintain records adequate to 
permit DOE to determine the extent of the 
contribution. ^ .. 

Salary of Principal Investigator for 3-1/2 months 

(2) Items to be contributed by the Government. 

None 

(c) Time or effort of Principal Investigator conti-ibuted by 
Contractor but excluded from computation of Support Cost 
and from consideration in proportioning costs: 

None 

* 
- 2 -



MODIFICATION NO. A002 TO 
TASK AGREE-IENT NO. 2 UNDER 
CONTRACT NO. EY-76-S-06-2426 

A-III. TOTAL ESTIMATED COST 

The total estimated cost of items under A-II(a) above for 
the contract period stated in this Task Agreement is 
$86,400; DOE will pay 100 percent of the actual costs 
of these items incurred during the contract period 
stated in this Task Agreement, contingent upon appor
tionment of DOE funds by Office of Management and 
Budget, and subject to the provisions of Article IV 
and Article B-XXVII of the Basic Contract. The 
estinated DOE Support Cost for the contract period 
stated in this Task Agreement is $86,400. 

The estimated ERDA Support Cost is funded as follows: AjTsount 

(a) Estimated unexpended balance from the $ - 0 -
prior period(s) 

(b) New funds for the current period $86,400 

The new funds being added in A-III(b) constitute the basis 
for advance payments provided under Article B-XI. 

A-IV ADDITIONAL PROVISIONS 

The Contractor will prepare the following reports on the new tasks to 
be performed during the period October 1, 1977, through September 30, 1979. 

(a) A report detailing the geothermal potential of the upper Madison 
River Valley and Red Rock Creek area, southwestern Montana. The 
report will include analysis and interpretations of the water 
chemistry sampling program, the results of attempts to model the 
hydrologic system, and recommendations as to potential geothermal 
reservoirs suitable for development. 

(b) A Montana geothermal data file of water analysis prepared for incor
poration into the GEOTHERM data base. 

(c) A preliminary State map (scale 1:500,000) showing the distribution 
of known geothermal resources in the State of Montana. 

Monthly letter reports, quarterly reports, semiannual and annual technical 
progress reports, and a final report shall be submitted in accordance with 
the attached reporting guidelines. 

The requirements for reports for previously funded work remain the same. 

- 3 



MODIFICATION NO. A002 TO 
TASK AGREE-iENT NO. 2 UlvDER 
CO^̂ TRACT NO. EY-76 -S -06 -2426 

'iftp'^t^ 

4. All other terms and conditions of this Task Agreement renain in full 
force and effect. 

AGREED TO THIS Fifteenth DAY OF March , 1978 

UNITED STATES OF A.MERICA 
UNITED STATES DEPARTMENT OF ENERGY 

By: 
Chief, Laboratory & University 

Title: Contracts Branch ^_ 

MONTANA SCHOOL OF MINERAL SCIENCE AND 
TECHNOLOGY 

By: 'Ce^'^rlC'-X f i r ' - i i ^ . / ' / l ^ 

Title: Director of Research 

- 4 -
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GEOTHERl-fAL ElsT.RCY DEVELOPMENT PROGRAM 
REPORT REQUIRFMENTS 

Montana College of ̂ ineral Science and 
: (Contractor) iechuolagy" 

EY-76-S-06-2426 
(P/R Number) 

Reports 

General reporting requirements for ERDA/DGE contractors are presented in 
EPJ)A-76/72 "Requirements and Procedures for Reporting Geothermal Inforraa-
tion" dated July 1976. Reports should be prepared for this contract as 
follows: 

Administrative 
Letter Report 

Technical Progress 
Report 

Final Report 

Topical Reports 

Reports Formats 

Frequency 

Monthly 

Quart_erly 

Completion 
of contract 
effort 

as required 

Draft to 
Program Manager Distribution 
for Concurrence Program Manager TIC 

N/A . 10 N/A 

3 v;eeks after 1 camera-
end of report- 10 ready 
ing period copy 

3 weeks after 10 1 camera-
end of reporting ready 
period copy 

as agreed with 10 1 camera-
Program Manager ready 

copy 

The following will apply to all technical progress reports, topical 
reports and final reports: 

(a) The cover page will be supplied by ERDA/DGE unless the contractor 
intends to use his corporate cover. 

(b) Reports under this contract will all carry the number KLd Z H ' ^ b / j ^ ~ 
Report numbers will be assigned sequentially. 

(c) The distribution category for reports prepared under this 
contract will be UC-66a3_ as defined on page ̂ _̂ of ERDA-76/72. 

^ 1 . 



MONTANA BUREAU Of MINES AND GEOLOGY 
MONTANA COLLEGE OF MINERAL SCIENCE AND TECHNOLOGY 

BUTTE, MONTANA 5970? 

(406) 792-8321 

-,0'^ ^'>) \ '^ .̂ O 

, ^ ^ ĉ  x%̂ ^ May 1, 1978 

^ ^" /r'̂  RECEIVED 
Dr. Clayton Nichols 
Division of Geothermal Energy i M.^Y 4 19/8 

U.S. Department of Energy 
Third Floor GEOTHCiV-VM. C.;:.-.GY 

20 Massachusetts Avenue, NW ^ BRANCH 

Washington, D.C. 20545 "̂  

Dear Dr. Nichols: 

This is a cover letter with the ])roi)osal for adjustment of 

task goals as ŷ er our conversation yesterday (4/26/78) in Salt 

Lake City. On the advice of Sandra Smith (Richland contracts 

office) I am sending these proposals directly to you, and 

splitting the changes into two areas: one group of tasks not 

requiring new funds during this fisccil year, and a second task 

requiring additional funds during this fiscal year. The 

proposals follov/ the same logic expressed in my letter to you 

on 4/14/78 of this year. 

Copies of the proposals will be sent to Sandra Smith and 

Maggie Widmayer to facilitate communication on the proposed 

changes. 

Upon return from Salt Lake City, discussions with Dr. 

Charles Wideman were held concerning the establishment of an 

oi"igoing summer program of geophysical investigations at sites 

that have potential for direct application. They currently 

have adequate gravity, magnetic, and seismic equipment, and 

tiew resistivity equipment has been ordered. I would like to 

try merging their program with ours for the coming sununer to 

see what kind of product can be obtained. If the results are 
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Dr. Clayton Nichols - 2 - May 1, 1978 

good, I would then like to utilize the Department of Geophysics 
at the Montana College of Mineral Science and Technology in 
future summers at about the $15-20 K funding level. The 
proposed budget for their services for this summer has been 
kept down ( 10 K) by underestimating Wideman's time and 
providing all equipment rental costs. 

Sincerely, 

c ^ 
John Sonderegger 
Hydrogeologist 

JS:ch 

Enclosures 



Proposed Contract ModifiC£ltion A003,' Lo I'ask Agi-ccnicnL 
under Contract No. MY-70-8-0^.-2426 , 

May 1, 15 78, through September 30, 19 7H 

Task Description: 

>1) Inventory approximately fifty thermal springs measuring 
temperature, discharge, pll, and specific conductance, 
by June 30, 1978, plus collection of selected samples 

(J for laboratory analysis. 

..y 
2) Start the assistance program to state and local 

government to assist in evaluation of geothermal 
resource potential for direct application. 

3) Attempt to expand the number of known thermal springs 
by investigating areas with suggestive geographic 
names and areas of orally reported but unconfirmed 
warm springs or shallow warm wells. 

4) Start the transfer of grotmd-water chemical data 
(which includes field temperature) to the U.S. 
Geological Survey W.R.D, data file. It is estimated 
that data for 1,000 wells would be transferee! by 
September 30, 1978. 



A003 M o d i f i c a t i o n 
LM 

Budget for May 1, 1978, tlirough September 30, 1978 
(Requires reallocation of existing funds 
but no new funding needed in FY 78) 

A. Salaries, Wages, and Benefits 
P.I., Sonderegger - 1 mo. 
Hydrogeologist - 3 mo. 
Technicians and students 

Total salaries 
Benefits (14.5% of salaries) 
Salaries plus benefits 

F e d e r a l 

$ 
4 , 3 8 0 
2 ,000 

$ 6 ,380 
925 

State-

$1 ,647 

$1 ,647 
239 

$ 7,305 $1,886 

B. Travel and Per Diem 
(100 days @ $ 6 2 . 5 0 / d a y assxQ^ing 

150 m i l e s / d a y @ $ . 2 5 / m i l e ) 

6,250 

C. Field Equipment, Supplies, and 
Research Materials 

D. Computer Applications (1,000 back 
analyses @ $16) 

500 

16,000 

E. Report costs 250 

F. Laboratory Costs (20 standard 
water analyses @ $50) 1,000 

G. Contingencies 2 50 

H. Indirect Costs (46% of A) 

I. Total Costs 

3,360 

$34,415 

868 

$3,254 



MODIFICATION NO. AOOS TO TASK AGREEMENT NO. 2 
UNDER CONTRACT NO. EY-76-S-05-2426 BETWEEN 

THE UNITED STATES DEPARTMENT OF ENERGY (DOE) AND 
MONTANA COLLEGE OF MINERAL SCIENCE AND TECHNOLOGY (CONTRACTOR) 

TITLE: Reconnaissance Low and Moderate Temperature Geothermal Survey 
in Hontana 

• • • 

Effective ..as of June 1, 1978, Task Agreement No. 2 is modified as follows; 

1. The Support Ceiling under this Task Agreement is increased by $13,984 to 
$132,971 in order to cover costs of conducting the new work described 
herein during the period Oune 1, 1978, through September 30, 1978. This 
new work is to be conducted concurrently with work funded earlier, for 
which funds remain available under the contract. 

2. The Research to be performed by the Contractor, the Ways and Means of 
Performance and the Total Estimated Cost thereof for the additional work 
to be performed during the period June 1, 1978, through September 30, 1978 
are as follows: 

A-I. RESEARCH TO BE PERFORMED BY CONTRACTOR 

The Contractor will conduct geologic and geographical logging on 
exploration wells to be drilled in the Deer Lodge Valley area of 
Montana. Principle Investigator Dr. John Sonderegger will devote 
approximateTy one week's time to the project. 

A-II. WAYS AND MEANS OF PERFORMANCE 

(a) Items for which support will be provided, as Amount 
indicated in A-III below: 

(1) Salaries and Wages (including fringe benefits) $6,907 

Geophysicist - 1 1/2 months 
2 Students - 2 months 

(2.) Equipment to be purchased or fabricated by the S -0-
Contractor. Title is being vested with Contractor 
pursuant to the Grant Act (PL 85-934) 

Type of Work Code (CIS): j . -1-



MODIFICATION NO. A003 TO 
TASK AGREEMENT NO. 2 UM'DER 
CONTRACT EY-76-S-06-2426 

(3) Travel 

Domestic $1,138 

Foreign $ -0-

(4) Other Direct Costs $2,900 

(5) Indirect costs based upon predetermined rate $3,039 
of 44% of direct salaries and wages 

(b) Items, if any, significant to the performance of this 
Task Agreement but excluded from computation of 
Support Cost and from consideration in proportioning 
cost: 

.(1) Items to be contributed by the Contractor. 

In accordance with Article B-II(c) of the Basic 
Contract, if a proposed Contractor contribution 
is included in this paragraph (b)(1), the 
Contractor shall maintain records adequate to 
permit DOE to determine the extent of the 
contribution. 

None 

(2) Items tb be contributed by the Government. 

None 

(c) Time or effort of Principle Investigator contributed 
by the Contractor but excluded from computation of 
Support Cost and from consideration in proportioning 
costs: 

One week 

A-III. TOTAL ESTIMATED COST 

The total esitmated cost of items under A-lI(a) above 
for the contract period stated in this Task Agreement 
is $13,984; DOE will pay 100 percent of the actual 
costs of these items incurrred during the contract 

MZiM 



r 

MODIFICATION NO. A003 TO 
TASK AGREEMENT NO. 2 UNDER 
CONTRACT EY-76-S-06-2426 

period stated in this Task Agreement, subject to the 
provisions of Article IV and Article B-XXVII of the 
Basic Contract. The estimated DOE Support Cost for 
the contract period stated in this Task Agreement is 
$13,984. 

The estimated DOE Support Cost is funded as follows: Amount 

(1) Estimated unexpended balance from the $ -0-
prior period(s) 

(2) New funds for the current period $13,984 

The new funds being added in A-III(b) constitute the 
basis foradvance payments provided under Article B-XI. 

3. All other terms and conditions of this Task Agreement remain 
in full force and effect. 

AGREED TO THIS - ^ S ^ DAY OF / i ^ ? ^ , 1978 

UNITED STATES OF AMERICA 
UNITED STATES DEPARTMENT OF ENERGY 

Title: Contracting Officer 

Montana College of Mineral 
Science and Technology 

Title: Director of Research 



Proposed Contract Modification A004, to Task Agrc>emenL Wo. 2 
under Contract No. EY-76-S-06-2426, 

May 1, 1978, through September 30, 1978 

Task Description: 

1) Start the West Yellowstone investigation as 
outlined in the November 19 77 proposal. 

2) Provide eight weeks of geophysical investigations 
at selected hot spring sites to increase knowlcrlge 
about these areas and aid in selecting drill hole 
sites for communities. 
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A004 Modification 

Budget for May 1, 1978, through September 30, 1978 
(Requires additional funding in FY 7t') 

A. Salaries, Wages, and Benefits 
P.I., Sonderegger - 1 mo. 
Hydrogeologist - 4 mo. 
Technician - ^ mo. 
Geophysicist - 1 mo. 
Students - 6 mo. 
Total Salaries 
Benefits (14.57o of salaries) 
Total Salaries plus Benefits 

FederaJ 

$ 
4 , 6 6 7 

':̂ oo 
2,0^:0 
/;., /i-1 2 

$ 1 1 , 6 5 9 
1 , 6 9 1 

S t a l . c 

$;l , 6 4 7 

$ 1 , 6 4 7 
2 39 

$13 ,350 vj> .1- , C J O O 

B. Travel and Per Diem 7,200 

C. Field Equipment, Supplies, 
and Research Materials 

D. Computer Applications 

t^ 

500 

300 

E. Report Costs 500 250 

F. Contingencies 1,000 

G. Geophysical Equipment Rental 3,210 

M. Indirect Costs (467o of A) 6,141 r, r n 
<j U O 

I. Total Costs $29,191 $6,214 
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Montana College of Mineral Science 
and Technology 

But te , Montana 59701 

At tn : John Dunstan J 
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) '• SOUOTAnOH M3., 

3Ara. .fSotlUmk'3) 
Task Agreement No. 2 c 

^ , >»00»<M10N Of T H"_ A =;rT 7 _ 7 f̂  TT)'' '^ f̂  •" 

( F o r m e r l y EY-76-S-06-2426) 

OAno. 4/19/76 . ( S t i b i o t k XI) 

f. rxia MJOGK >/ni23 O K I TO AM0«oM<Hra u scuczAncNS 

•<«<•«• nHBHM ol i M l . • i i iMar «««««• < b« ttta MliotWlxw. oe a> aimwaia. >r < 

- . 1 1 ;.. 

(al I r t i ^ ' o ^ * H - • • • • • t a f -Ma* 

SA:« ; 

aaioo a l rtiii qm*<i^w—•» o« *acn raov -a' ; « • «»f«r wom inv^ i ar (ei Jv M O f l m i . . f*r ar t i i ' i i i i n 
?Aau« cr •'Ouu AOcowisocMfNr :o jg tscii-ria * : rue ISSUING cff 'Ci ' n e t "O 'MS HCU« AW 

I H A t (CSWT IM n j S C n O N C f T o u t C W m . if, > r • "«> • « ' * « • a u m u l w n * y>»« aovm n e.ian<ja an ai fw a i m i i i i «i.b«w»«< iu<n crano* mar " • lomam o r l U i p a 
I >nM«ari HMM KM^naa v l . m r atoim» r i i w — M M m * «H«*MiH i otm m o aaaMMMH*, » M i t raomrta^ srior -a ma . a m .'Mur anri d « « u a u A ^ a . 

10. A C S S U N T M O M « A / r « C r M * n C N Q A I A ( i f rw^m •/ 

11. Tifn « x z A/Tua CM.r TO McomcAnoKt cr caoMCsycnea 

(bl (_J TJi« A n « nu i i k i i i d a — w w / i i w i i r i t wa t fU id ! • laitatf * • i i- iaiai i«uii n j i aa^a i (mjai a* dtmt^oo in aar'"<l aiiloa, aunfuarinKaii d a n , <M.) mt -Wm m eiaok 

«, (2 nu.̂  , ,1. „_̂ -.:-̂ i -̂.̂ -. mutual agreement of the Parties. 

» mm^»o» <tm afaOT* mnoiom,4 ammma a* tat fartti ia atedl 12. 

1 Z. 3 £ S a v n O N c r AM(hOMe<T/MCSVICAnCH 

As requested by letter dated November 14, 1979, the period of performance 
for Task Agreement No. 2 is extended from September 30, 1979, to June 30, 
1980. 

Cxraa* a* t n t U i W a M . t i )ariiM m>4 i.aiwJlWm»a/ Hia 4m 11 •faiawcad I'n 'isltok i , oo haia*afai a ciwwi^t^. /<*«nawt wii..*.jwgad and In ^ i l ^aiav and a^aef. 

U . 
E I ^ j S t f S w ' w a S ^ l f f '**" * * " " * " ' Q csNtuOM/cnwe* is ssouitsj TO SIOW TVIS oeaa«©<T **« imujw cc?ia TO ISSUING offKS 

^w«a <y coMSAcm/offaot I 17. JN<TB} iTXfHS,.a? AMflUCA , 

•r. 
• C . - t O t ' 

Signalura of Onnawm^ Olf^oM) 

\ S . f**otA AMI m u Of i W t O ( T y f o o r p r m l t Id. OArt UCMO 18. .sÂ M Of coNTxvcriHG cmcsjt (" r^^ «• /jn*/; 

J . p . Anderson, Chief 
Contrac t Admin i s t r a t i on Branch 

19. 3Arz jiGNeo 

''// 
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DEC 2 1 W» ^ v \ ^ 

D». Vturaaa GriffitlMi \ ^ - , V ^ 
Dlraetor e£ l«M«reh v* ^ C " ^ v"'^ 
MMtnta Cell«9»of Hlanral ieicaea ^ ' -̂̂ ^ & 

•ad 7«elaM>li%7 - ^ ^ " ^ ^ 
Sttttft, Motttsna 59701 "^ 

1>Mr I » . ©tl£fltli»t r /to J- V I «- / V / 

As 41aewMMt4 by t«X«phaiM b«tWMa 1 . O. !.•• ef sy secff aad Joba OwMitca 
of MoAUHMt CollftM «f MlaMral Sel«ae« «itf Ts^mology. tb« 8«i»j«et eoatraet 
has b««a tr«iuif«rc«d t « tlui S(X Idalie Opcratloos Off lev for «dBliilstttrlBK. 
All tutxtm isT»le«« «ad lnMla««s €«rrMp«iiii«sett stooid b« dir»et«d to tlift 
foll0«lB< addr«««i 

Q. S. D«Ep«rtaaat of Eaorgy 
Idaho OporttlOBO Office 
SK> SooMul Straet 

. Xtfabo Pa l i s , Idaiw 83401 

ATXERTK ;̂ &. E. Slaoada, IMreetor 
Coatraeto Kaaagcaoat BlTlalon 

Tte aaouata liocod baloo hato bo«a paid tmdor tisa cootract «lileh laairaa a 
!»alaaeo of $64«273.S0 agaloat tiio Taak AsraonMt <TA) »o. 2 of tho eoatraetx 

1. TA Bo. 2: 
lot 45X $8,859.60 
2ad 4SZ 8.859.60 

2. TA So. 2 Had AOOl: 
lot 45Z 5.805.00 

3. TA le. 2 Mod. Afi02: 
lot ASS 38,880.00 

4. TA Ho. 2 Mod, A&03: 
lot 45S 6,293.00 

Total ?aid to Bate: $68,697.20 



Dr. Vomoo GriffItbo -2 -

Tho eodtxaet oaabor i« also chaagod froo 5T-76>S-06-2426 to 
Iffi"AT0?-76gr28415. ^t-^Sc.-\--^ux&^•i-e>i«\ 

I f yoo tMrro fortbor fOMtions coaaoraing tiiia oontract pleaso 
d l roc t thoo to J . 0 . Zrfw a t tolepliotto 208-526-1838. 

Vary troly yeura, 

R. £« Siaeado, Oixoctor 
coatraeto Maaag—oat Tttviaiam 
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E. 6 . Joaofl 
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U.S. Department of Energy 
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Montana College of Mineral Science 
and Technology 

Butte, Montana 5S701 

I Attn: John Dunstan J 
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"ask Agreement No. 2 to 
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4-19-76 OATEO. . ( S t t block I D 

/ 

9 THIS SIOCX AfKISS O N t r TC A M £ N O M C N T S o t SCUOTAnCNS 
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10. ACCOUNTING ANO AfWIOn iAnON OATA ( I f n ^ u t r t t l ) 

1. tHis i ioac Afnics ONCY TO MOOincATiONS or csMTucis/oaoeRS 

(at i ] Thit Changa Ordar •« taauad purtuont lo . « « . M ^ M M M M M « * M . — ^ - « 

H I * Oianqaa »» htDt in Wodi 12 ara mada la Hio oiaoito nuwbaiad miai im/aidar. 
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io X3 Th,.suopiî nMi A,™an«,...nt«,dintop-rtuo-t• audioritrof Mutual Agreement of the Parties 
It modifiat Hta al>o.a numbarad camroct ot toe fortti in block 12. 

12. OESOtimON O t AAnENOMCNT/MOOVICAnON 

Pursuant to Participant's le t te r dated June 23, 1980, the period of performance for 
Task Agreement No. 2 is extended from June 30, 1980 to December 30, 1980. 
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IS. NAME ANO 'TtlE Q» SIGNEX ( T y p t j r p rme i ',6. OATE SIGNEO I a. NAME a t CONnuCr iNG OPFICJH ( T y p t or p m n 

Nell W. Fraser 

19. OATE SIGNED 
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COOPeRATlVE AGREEMENT 

!MMUAHT TO AUTHOBITV Of K SM10. « . SJ-«31 

X Pantcisant .f amt tnd M d r e u 

Montana College of Mineral 
Science and Technology 

Butte, Montana 59701 

t t . 

DE-FC07-79ID12033 

tai 

^ AffCWntfll rffioD I 

Ffom: To: 

February 15, 1979 February 14, 1980 

4. ParticiMfli 'yoe 

jS Educational a .'Vonorotit 

0 Stati or Local Gaverninenl C Prolil 

5. Proiect Title 

Additional Geothermal Studies in 
Montana 

I Protec: Will Se Canductea Pet 

I See Article . 

Tecnnical Reoort] Are Peauired 

VI 
See Article . 

'^incioal investifatorisi or Program Oirectorisl Name snd Ai^dress 

John L. Sonderegger 
Montana College of Mineral Science 
& Technology, Montana Bureau of Mines 
& Geology, Butte, Montana 59701 

3. 30E Program OKicer iName ano Aooressi 

•L. L. Mink, Resource Definition Branch 
DGE - Idaho Operations Office 
550 Second St., Idaho Falls, ID 83401 

Teleonone No. 208-526-0638 
10 Accounting and Accroonanon Data 

1Z Suamii voucnsrj. if any. to Agreements OC'Cer Unless 

oinentiseSoecitieoinmnsiocx D i r ec to r , Contracts 
Management Div . , Idaho Operations Office 
•?̂ n Second f^r... TriBho F a l l 8 . TD 83401 

11 Metnod ol Payment 

a "] At Award. 

Z Litter ol Creait 

;1t\tn fisouested 5-i J3on i<eceia( oi f 'nai Sesorf 

S ^eimoursement 

Other isoecifyi See Article LIX. 

3 -unoing Soutces 

Source 

20E. 

'art ic iaanf 

" j ta i "unoing: 

: i . i^emarks: 

Amount 

99,917.00 

10,778.00 

110.695.00 
i 5 --noufif ObiiQjiea 3v "•'•.is-icnon I 

99,917.00 
'6. ZOS Issuing Oltice Name and Aodressi 

Idaho Operations Office 
550 Second Street 
Idaho Falls, ID 83401 

r 



Cooperative Agreement No. DE-FC07-79ID12033 

COOPERATIVE AGREEMENT 

THIS AGREEMENT, effective the 26th day of February 
1979, by and between the UNITED STATES OF AMERICA (hereinafter called 
the "Government"), acting'through the DEPARTMENT OF ENERGY (hereinafter 
called "DOE") and MONTANA COLLEGE OF MINERAL SCIENCE AND TECHNOLOGY (here
inafter called the "Participant") located at Butte, Montana; 

WITNESSETH THAT: 

WHEREAS, the Participant began performing research as a Contractor 
to DOE under Contract No. EY-76-S-06-2426, leading to development of 
geothermal resources in the State of Montana; and 

WHEREAS, DOE is interested in continuing Che work chat was started 
under Contract No. EY-76-S-06-2425; and 

WHEREAS, the Participant has submitted a proposal to continue work 
and DOE desires to furnish financial assistance for compleCion of this 
work; and 

WHEREAS, this Agreement is authorized by the Department of Energy 
Organization Act (Public Law 95-91), Sections 7(a)(2) and 8 of Public 
Law 93-577, and Sections 103(5) and 107(a) of Public Law 93-43'8; 

NOW, THEREFORE, DOE and the Participant agree as follows: 

ARTICLE I - DESCRIPTION OF-RESPONSIBILITIES 

Responslb ilit ies - The Participant shall furnish a statewide inventory 
of known geothermal resources, compile data and transfer data Co federal 
data banks, compile and update maps, assist other invetigators working in 
Montana, and assist local and state Government agencies concerning utiliza
tion of geothermal resources. This work shall include the following in 
accordance with Participant's Proposal titled "Additional Geothermal 
Studies in Montana," incorporated herein by reference and made a part 
hereof: 

1 . 

2 . 

3. 

Complete the Centennial Valley p ro jec t . 

Provide geophysical information ( e spec i a l Iv - se i smic ) about 
"val ley s t r u c t u r e " in the v i c i n i t y of known hot spr ings , and 
hydrogeologic s tud ies and se lec ted hot sp r ings . 

Complete the t r a n s f e r of ground-water daca Co Che U. 
Survey, Water Resources Division data banks. 

S. Geological 
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ARTICLE I - DESCRIPTION OF RESPONSIBILITIES ( C o n t ' d ) 

4 . Begin a s t udy of t he geo the rmal r e s o u r c e s in the v i c i n i t y 
of West Y e l l o w s t o n e , Montana. 

5 . Meet g o a l s and d e a d l i n e s for d a t a c o m p i l a t i o n , t e m p e r a t u r e -
g r a d i e n t s t u d i e s , and map p r e s e n t a t i o n of v a r i o u s d a t a 
b a s e s . 

6 . E v a l u a t e t h e a b i l i t y of a i r b o r n h e a t - s e n s i n g imagery to d e t e c t 
t h e d i s c h a r g e of t h e r m a l w a t e r s t o major s t r e a m s . 

7 . Conduct t e s t d r i l l i n g a t Ennis or in Che Deer Lodge V a l l e y , 
depending upon t h e i n t e r p r e t a t i o n of t he g e o p h y s i c a l d a t a 
for t h e s e a r e a s . 

ARTICLE I I - ESTIMATE OF COST AND OBLIGATION OF FUNDS 

A. The Cota l e s t i m a t e d c o s t of per forming t h e work under t h i s 
Agreement i s One Hundred Ten Thousand Six Hundred N i n e t y - F i v e Dollar.'^ 
( 5 1 1 0 , 6 9 5 . 0 0 ) . For per formance of work under t h i s AgreemenC, the agreed 
s h a r e r a c i o is 90.263% DOE, 9.736% P a r t i c i p a n t of t o t a l a l l o w a b l e c o s t s . 
The P a r t i c i p a n t s h a l l be r e imbursed by DOE for not more t han 90.263% of the 
c o s t s of t h e p r o j e c t d e t e r m i n e d t o be a l l o w a b l e in acco rdance wi th A r t i c l e 
A-I of the Genera l P r o v i s i o n s e n t i t l e d "Al lowable C o s t s . " The remain ing 
9.763% or more of t h e c o s t s of t he p r o j e c t so de t e rmined s h a l l c o n s t i t u t e 
t he P a r t i c i p a n t ' s s h a r e for which i t w i l l not be re imbursed by DOE. The 
t o t a l c o s t to DOE i s he r eby e s t a b l i s h e d as Nine ty -Nine Thousand Nine 
Hundred Seven teen D o l l a r s ( $ 9 9 , 9 1 7 . 0 0 ) and t h i s amount i s a l s o Che maximum 
amount of the p r o j e c t which is s u b j e c t to re imbursement by DOE u n l e s s such 
maximum c o s t i s changed in w r i t i n g by the C o n t r a c t i n g O f f i c e r . 

B. F i n a l payment w i l l no t be made u n t i l t h e F i n a l Report is r e c e i v e d 
and a c c e p t e d by the C o n t r a c t i n g O f f i c e r . In no even t w i l l t he f i n a l 5% 
of Che amount of o b l i g a t e d funds be paid to the P a r c i c i p a n C u n c i l DOE has 
r e c e i v e d the F i n a l Report and the F i n a l Cost Report d e s c r i b e d in A r t i c l e VI 
A. of t h i s C o o p e r a t i v e Agreement . 

ARTICLE I I I - METHOD AND BASIS OF PAYMENT 

A. The P a r t i c i p a n t s h a l l r e c e i v e 25% of DOE's s h a r e ( 5 2 4 , 9 7 9 . 0 0 ) 
a t Che t ime Chis Agreement i s e x e c u t e d . The b a l a n c e becomes payable in 
p e r i o d i c i n s t a l l m e n t s as r e q u e s t e d by the P a r t i c i p a n t and approved by DOE. 
Reques ts for paymenC s h a l l noC be more f requenc Chan m o n t h l y , and the 
r e q u e s t should c o n t a i n a c o s t breakdown showing t h e amount r e q u e s t e d , the 
CoCal amounC r e q u e s t e d to d a t e , and Che CoCal cosC of Che p r o j e c t Co daCe, 
i n c l u d i n g the v a l u e of Che P a r C i c i p a n c ' s c o s t s h a r i n g as provided for in 
A r t i c l e I I of t h i s Agreement . The t o t a l amount paid by DOE w i l l not 
exceed the amounC s p e c i f i e d in ArCic le I I . 
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ARTICLE I I I - METHOD AND BASIS OF PAYMENT ( C o n t ' d ) 

B. F i n a l payment w i l l not be made u n t i l t h e F i n a l Report is r e c e i v e d 
and a c c e p t e d by t h e C o n t r a c t i n g O f f i c e r . In no even t w i l l t h e f i n a l 5% of 
t h e amount of o b l i g a t e d funds be pa id t o t h e P a r t i c i p a n t u n t i l DOE has 
r e c e i v e d the F i n a l Report and the F i n a l Cost Report d e s c r i b e d in A r t i c l e 
VI .A . of t h i s C o o p e r a t i v e Agreement . 

ARTICLE IV - TERM OF AGREEMENT 

Work under t h i s Agreement s h a l l be accompl i shed d u r i n g t h e per iod 
from Februa ry 1 5 , 1979 th rough Feb rua ry 14 , 1980. The p e r i o d of t h i s . 
Agreement may be ex tended as m u t u a l l y agreed upon by DOE and Che 
P a r t i c ipan t . 

ARTICLE V - PROJECT MANAGEMENT, DEFINITIONS AND REPORTING 

A. In a d d i t i o n t o DOE p e r s o n n e l , t he P a r t i c i p a n t a g r e e s Co permic 
non-DOE p e r s o n n e l who a r e under c o n t r a c t wi th DOE, and i d e n t i f i e d from 
t ime to t ime by t h e C o n t r a c t i n g O f f i c e r , t o a s s i s t the DOE P r o j e c t Manager 
in per formance of h i s d u t i e s to have n e c e s s a r y a c c e s s to the P a r C i c i p a n C ' s 
a n d / o r major s u b c o n t r a c t o r s ' r e c o r d s p e r t a i n i n g t o t he p r o i e c t . All 
c o r r e s p o n d e n c e wi th t he s u b c o n t r a c t o r s from DOE w i l l be made th rough 
the P a r t i c i p a n t . 

B . l . DOE's Program O f f i c e r on t h i s p r o j e c t and the person who 
s h a l l be t he P a r t i c i p a n t ' s c o n t a c t for a l l m a t t e r s p e r t a i n i n g 
to t h i s Agreement s h a l l be t he fo l lowing-named pe r son or such 
o t h e r p e r s o n ( s ) a s may be d e s i g n a t e d by Che ConCracCing O f f i c e r : 

L. L . Mink 
Resource D e f i n i c i o n Branch 
Idaho OperaCions O f f i c e , DOE 
550 Second S t r e e t 
Idaho F a l l s , Idaho 83401 
Telephone 208-526-0638 

2 . The P a r t i c i p a n t ' s P r o j e c t D i r e c t o r for the work under c h i s 
Agreement w i l l be the fo l lowing pe r son or such o t h e r p e r s o n ( s ) 
as may be m u t u a l l y a c c e p t a b l e to t he p a r t i e s : 

John L. Sonderegger 
Montana Co l l ege of Mine ra l 
Sc ience and Technology 
Montana Bureau of Mines & Geology 
B u t t e , Montana 59701 
Telephone 406-792-8321 
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ARTICLE V - PROJECT MANAGEMENT, DEFINITIONS AND REPORTING (Cont'd) 

C. The term "DOE" means the United States Department of Energy or 
any duly authorized representative thereof, including the Contracting 
Officer except for the purpose of deciding an appeal under this article 
entitled "Disputes." 

D. The term "Contracting Officer" means the person executing this 
Agreement on behalf of DOE, and includes his successors or any duly 
authorized representative of any such person. 

ARTICLE VI - PROJECT INFORMATION 

A. The f o l l o w i n g r e p o r t s , as r e q u i r e d by DOE Uniform C o n t r a c t o r 
R e p o r t i n g System, Volume 1, Februa ry 1978, s h a l l be s u b m i t t e d to Che DOE 
Program O f f i c e r : 

Tvpe Frequencv 

Draf t t o Program 
O f f i c e r 

for Concur rence 

D i s t r ibut ion 
Program 
O f f i c e r TIC 

C o n t r a c t Management Monthly N/A 
Summary Report 

N/A 

Technical Status 
Report 

Hotline Report 

Monthly 

As Required 

N/A 

N/A 

N/.A 

N/A 

Final Report Completion of 
Contract 

3 weeks after 
end of reporting 

period 

1 camera-
ready 
copy 

B. Content of Reports 

(1) Contract Management Summary Report - A single-page graphic 
presentation of integrated cost; major milestones, and manpower for 
rapid visual analysis and trend forecasting. 

(2) Technical Status Report - A periodic report to communicate 
to DOE management an assessment of contract status; explain variances 
and problems; and discuss any other areas of concern or achievements. 

(3) Hot Line Report - A hardcopy report by the fastest means 
available (TWX, etc.) documenting critical problems, emergency 
situations, and important technical breakthroughs. 
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ARTICLE VI - PROJECT INFORMATION ( C o n t ' d ) 

(4) F i n a l T e c h n i c a l Report - Very comprehens ive r e p o r t o u t l i n 
ing o b j e c t i v e s , a c c o p p l i s h m e n t s , problems e n c o u n t e r e d , and s t e p s 
t aken t o overcome p rob lems . P lan s e t f o r t h in Task V of A r t i c l e 
A-I s h a l l be i nc luded in t h e f i n a l r e p o r t . 

ARTICLE VII - CHANGES AND MODIFICATIONS 

Any changes o r m o d i f i c a t i o n s t o c h i s Agreement or in r'^e scone of work 
t o be performed s h a l l be made by mutual w r i t t e n agreement of t h e p a r t i e s . 
A change may be i n i t i a t e d by e i t h e r p a r t y t o t h i s Agreement . The C o n t r a c t 
ing O f f i c e r s h a l l have t h e a u t h o r i t y to d e t e r m i n e what c o n s t i t u t e s a change . 

ARTICLE V I I I - TERMINATION 

A. I t i s t h e e x p r e s s i n t e n t of DOE and t h e P a r t i c i p a n t t o fund t h e i r 
r e s p e c t i v e c o s t p a r t i c i p a t i o n fo r t h e p r o j e c t . 

B. N o t w i t h s t a n d i n g t h e f o r e g o i n g , i t i s u n d e r s t o o d t h a t t he P a r t i c i p a n t 
may a t any t i m e , upon g i v i n g s i x t y (60) days p r i o r w r i t t e n n o t i c e t o DOE, 
t e r m i n a t e t h i s Agreement for i t s conven ience for any r e a s o n . 

C., In t h e even t of t e r m i n a t i o n , i t i s e x p e c t e d t h a t t h e p a r t i e s w i l l 
c o o p e r a t e wi th each o t h e r t o r e a s o n a b l y phase out t h e P a r t i c i p a n t ' s c o s t s 
and c o s t cotnmitments, i n c l u d i n g c o s t l i a b i l i t i e s t o t h i r d p a r t i e s ; p r o v i d e d , 
however , t h a t t h e t o t a l amount o b l i g a t e d by t h e Government under t h i s 
Agreement s h a l l no t be exceeded . Moreover , unon any such t e r m i n a t i o n t h e 
P a r t i c i p a n t a g r e e s t o p r o m p t l y , upon DOE's r e q u e s t , t r a n s f e r t o DOE a l l 
i n f o r m a t i o n r e s u l t i n g from t h e work performed to t h e d a t e of t he t e r m i n a t i o n 
n o t i c e . 

D. In t h e even t of t e r m i n a t i o n , t h e Government a g r e e s to pay t h e 
P a r t i c i p a n t 90.263% of a l l a l l o w a b l e c o s t s for t e r m i n a t i o n , and t h e 
P a r t i c i p a n t s h a l l : 

1. P l a c e no f u r t h e r o r d e r s or s u b c o n t r a c t s for m a t e r i a l s , 
s e r v i c e s , o r f a c i l i t i e s , i n t e n d e d t o be i n v o i c e d t o t h e 
Government for i t s c o n t r i b u t i o n . 

2 . T e r m i n a t e a l l o r d e r s and s u b c o n t r a c t s to t h e e x t e n t t h a t 
they r e l a t e t o t h e per formance of work t e r m i n a t e d by the 
N o t i c e of T e r m i n a t i o n and i n t e n d e d to be i n v o i c e d t o t h e 
Government for i t s c o n t r i b u t i o n . 

3 . N o t w i t h s t a n d i n g 1. and 2. above , t h e P a r t i c i p a n t has 
t he r i g h t t o p roceed wi th such o r d e r s and s u b c o n t r a c t s should i t 
d e c i d e t o c o n t i n u e per formance of t h e work a t i t s expense o n l y . 
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ARTICLE V I I I - TERMINATION ( C o n t ' d ) 

E. After a t e rmina t ion , the Pa r t i c ipan t sha l l submit fp the Contract
ing Officer i t s terminat ion claim. Such claim sha l l be submitted promptly 
but in no event l a t e r than one (1) year from the e f fec t ive date of termina
t ion unless one or more ektensions in wri t ing are granted by the Contracting 
Off icer . .Upen f a i l u r e of the Pa r t i c ipan t to submit i t s terminat ion claim 
within the time allowed, the Contracting Officer may determine, on the 
bas i s of information ava i l ab l e to him, the amount, if any, due to the 
Pa r t i c ipan t by reason of the terminat ion and sha l l thereupon pay to the 
P a r t i c i p a n t the amount so determined. 

F. Costs claimed, agreed t o , or determined pursuant to t h i s a r t i c l e 
must c o n s t i t u t e allowable cos ts as defined in Ar t i c l e A-1 of the Appendix A 
of t h i s Agreement. 

G. Any terminat ion not ice rendered by e i t h e r DOE or Che ParcicipanC 
sha l l be senc by r e g i s t e r e d mail with r e tu rn r ece ip t reques ted . 

H. If in the opinion of DOE, the P a r t i c i p a n t f a i l s to subsCanC i a l l y 
perform under Chis AgreemenC, and does not cure such fa i lu re within a 
reasonable t ime, a f t e r wr i t t en not ice of such f a i l u r e by the Contracting 
Off icer , DOE may by wr i t t en not ice to the P a r t i c i p a n t terminate chis 
Agreement. Such terminat ion n o t i c e , signed by the Contracting Off icer , 
sha l l be e f f ec t ive upon r ece ip t by the P a r t i c i p a n t . The Government sha l l 
not be l i a b l e for the incurrence of any ob l iga t i ons under t h i s Agreement 
from the date of the r ece ip t of such terminat ion n o t i c e . Upon any such 
te rmina t ion , the P a r t i c i p a n t agrees to promptly, upon DOE's reques t , 
t r a n s f e r to DOE a l l information r e su l t i ng from the work performed to Che 
daCe of Che Cermination n o t i c e . 

I . Except with respect to de fau l t s of subcon t rac to r s , the Pa r t i c ipan t 
sha l l not be in defaul t by reason of f a i l u r e to s u b s t a n t i a l l y perform under 
t h i s Agreement if such f a i l u r e a r i s e s out of causes beyond the control and 
without the fault or negligence of the P a r t i c i p a n t . Such causes may include, 
but are not r e s t r i c t e d t o , ac t s of God or of the public enemy, ac t s of the 
Government in e i t h e r i t s sovereign or con t rac tua l capac i ty , f i r e s , f loods, 
epidemics, quarantine r e s t r i c t i o n s , s t r i k e s , f re ight embargoes, and unusually 
severe weather, but in every case the f a i lu re to perform must be beyond the 
control and without the faul t or negligence of the P a r t i c i p a n t . If the 
f a i l u r e to s u b s t a n t i a l l y perform is caused by the f a i l u r e of a subcontractor 
to perform or make progress , and if such f a i lu re a r i s e s out of causes 
beyond the cont ro l of both the P a r t i c i p a n t and a subcont rac tor , and without 
the faul t or negligence of e i t h e r of them, the P a r t i c i p a n t shal l not be 
deemed to be in defaul t unless the suppl ies or se rv ices to be furnished by 
the con t rac tor were reasonably ob ta inab le from other sources . Upon request 
of the P a r t i c i p a n t , if the Contracting Officer sha l l determine that f a i lu re 
Co perform was occasioned by any one or more of Che said causes , chis 
AgreemenC sha l l be revised accordingly , subjecC Co Che righCs of DOE under 
paragraph B. above. 
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ARTICLE IX - LIABILITY AND INDEMNIFICATION 

The Government w i l l not be l i a b l e for payment of damages for i n j u r i e s 
to any p e r s o n , o r l o s s of l i f e or p e r s o n a l p r o p e r t y , o r l o s s su f f e r ed or 
s u s t a i n e d and a r i s i n g from t h e work performed under t h i s Agreement. The 
P a r t i c i p a n t a g r e e s Co indemnify and save t h e Government h a r m l e s s from any 
and a l l c l a i m s , demands, damages , a c t i o n s , c o s t s , o r c h a r g e s a g a i n s t t h e 
Government a r i s i n g as t h e r e s u l t of t h e above-ment ioned i n j u r i e s , damages , 
or l o s s , excep t for any such damages or c l a i m s a r i s i n g out of t he n e g l i g e n t 
a c t of the Government o r i t s employees in the c o u r s e of t h e i r o f f i c i a l 
d u t i e s . 

ARTICLE X - USE OF INFORMATION 

All d a t a and i n f o r m a t i o n g e n e r a t e d , d e r i v e d or o b t a i n e d from the 
a c t i v i t i e s p rov ided fo r h e r e i n , and t h i s Agreement , w i l l be p u b l i c 
i n f o r m a t i o n . 

ARTICLE XI - ADDITIONAL CONTRACT PROVISIONS 

Appendix A, a t t a c h e d h e r e t o and made a p a r t h e r e o f , s e t s f o r t h a d d i t i o n a l 
g e n e r a l p r o v i s i o n s of t h i s Agreement . 

IN WITNESS WHEREOF, t h e p a r t i e s h e r e t o have execu ted t h i s document 
as of t h e day and yea r f i r s t above w r i t t e n . 

THE UNITED STATES OF AMERICA 

BY THE DEPARTMENT OF ENERGY 

R|r"E^ Simonds ^ D i r e c t o r 
C o n t r a c t s Management D i v i s i o n 
Idaho O p e r a t i o n s Of f i ce 
C o n t r a c t i n g O f f i c e r 
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Wi tnes se s as to s i g n a t u r e of 
P a r t i c i p a n t A < 

If'-Ui^^ ^ t'-t̂ '-r-̂ T. 
( S i g n a t u r e ) 

JOHN DUNSTAN 

MONTANA COLLEGE OF MINERAL 
SCIENCE AND TECHNOLOGY 

VERNON GRIFFIT 

Name ( t y p e d ) 
Montana College of Mineral 
Science & TechnologVi guUe^ Mi 

(Address) 59701 

Name (typed) 

Title DIRECTOR OF RESEARCH 
Montana College of Mineral 
Science & Technology. Butte, MT 59701 
(Business Address) 

S^U-^: > - ^ ^ 1 - A.Al<.r- ^-r.^_y 
(Signature) 

GLORIA WILLIAMS 
Name (typed) 

Montana College of Mineral 
Science & Technology, Butte, MT 

(Address) 59701 

I. VICTOR BURT , certify that I am the DIRECTOR OF 
FTSOAI AFFAIRS of the Participant named under this document, that 
that VFRNON GRIFFITHS > who signed this document on 

DIRECTOR QF RESEARCH b e h a l f of the P a r t i c i p a n t , was then 
of s a i d P a r t i c i p a n t ; t h a t s a id document was d u l y s igned for and in b e h a l f 
of s a i d P a r t i c i p a n t by a u t h o r i t y of i t s g o v e r n i n g body, and i s w i t h i n Che 
scope of i t s l e g a l powers . 

IN WITNESS WHEREOF, I have h e r e u n t o a f f i x e d my hand and the s e a l of 
s a id c o r p o r a t ion t h i s 16th day of F e b r u a r y 1979 . 

""Se^^^et-aj:^ 
^ ^ 

^ . ' • ^ . . . y > . -̂ ^ y ^ > . ^ - ' j 

(CORPORATE SEAL) 
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APPENDIX A 

GENERAL PROVISIONS 

COOPERATIVE AGREEMENTS 

ARTICLE A-I - ALLOWABLE COST 

Costs s h a l l c o n s t i t u t e a l l o w a b l e c o s t s as s p e c i f i e d in T i t l e 4 1 , Code 
of F e d e r a l R e g u l a t i o n s P a r t 1-15 of t he Code of F e d e r a l R e g u l a t i o n s in 
e f f e c t on t h e d a t e of t h i s Agreement . 

ARTICLE A - I I - APPROVAL OF SUBCONTRACTS 

Al l s u b c o n t r a c t s and p u r c h a s e o r d e r s in excess ' of $10,000 s h a l l 
r e q u i r e the w r i t t e n app rova l of t he C o n t r a c t i n g O f f i c e r . 

ARTICLE A - I I I - PUBLIC INFORMATION RELEASES 

The p a r t i e s a g r e e t h a t 
d a t a or i n f o r m a t i o n a r i s i n g 
c o o r d i n a t e d by t h e p a r t i e s , 
P a r t i c i p a n t and DOE i s to r 
p r a c t i c a b l e e x t e n t in o r d e r 
p u b l i c v a l u e from t h e r e s u l 
fo r ego ing i s not i n t ended t 
p u b l i c r e l e a s e by t h e o t h e r 
t he r i g h t s of t he p a r t i e s s 
b u t no t n e c e s s a r i l y l i m i t e d 

ARTICLE A-IV - AUDIT 

p u b l i c d i s c l o s u r e or d i s s e m i n a t i o n of new 
out of t h e f e a s i b i l i t y a s ses smen t w i l l be 
i t b e i n g u n d e r s t o o d t h a t t h e i n t e n t of both the 

e l e a s e a l l d a t a and i n f o r m a t i o n to the g r e a t e s t 
t o a c h i e v e the o b j e c t i v e of o b t a i n i n g maximum 

t s of t h i s p r o j e c t . I t i s unde r s tood t h a t the 
o a f fo rd e i t h e r p a r t y t h e r i g h t t o p reven t a 
; however , n o t h i n g in t h i s a r t i c l e s h a l l impair 
e t f o r t h e l s e w h e r e in t h i s Agreement , i n c l u d i n g 

t o t h e a r t i c l e e n t i t l e d " P a t e n t R i g h t s . " 

A. The P a r t i c i p a n t sha l l mainta in , and the Contracting Officer or 
h i s r e p r e s e n t a t i v e sha l l have the r igh t to examine books, r ecords , documents, 
and other evidence and accounting procedures and p r a c t i c e s , suf f ic ien t to 
r e f l e c t properly a l l d i r e c t and ind i r ec t cos ts of whatever nature claimed 
to have been incurred and an t i c ipa ted to be incurred for the performance of 
t h i s Agreement. Such r i g h t of examination sha l l include inspect ion at a l l 
reasonable times of the P a r t i c i p a n t ' s p l a n t s , or such pa r t s thereof, as may 
be engaged in the performance of t h i s Agreement. 

B. The m a t e r i a l s described above, sha l l be made ava i l ab le at the 
of f ice of the P a r t i c i p a n t , a t a l l reasonable t imes, for inspec t ion , audit 
or reproduct ion , u n t i l the exp i ra t ion of three (3) years from the date of 
f inal payment unde« t h i s Agreement or such l e s s e r time specif ied in T i t l e 
4 1 , Code of Federal Regulations Part 1-20 and for such lesse r period, if 
any, as is required by appl icable s t a t u t e , or by o ther a r t i c l e s of th i s 
Agreement, or by (1) and (2) below: 
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ARTICLE A-IV - AUDIT (Cont'd) 

(1) I f t h i s Agreement i s c o m p l e t e l y or p a r t i a l l y 
t e r m i n a t e d , t h e r e c o r d s r e l a t i n g t o the work t e r m i n a t e d 
s h a l l be made a v a i l a b l e for a p e r i o d of t h r e e (3) y e a r s 
from t h e d a t e of any r e s u l t i n g f i n a l s e t t l e m e n t . 

(2 ) Records which r e l a t e to a p p e a l s under the " D i s p u t e s " 
a r t i c l e of t h i s Agreement , o r l i t i g a t i o n or the s e t t l e m e n t 
of c l a i m s a r i s i n g ou t of t h e per formance of t h i s Agreement, 
s h a l l be made a v a i l a b l e u n t i l such a p p e a l s , l i t i g a t i o n , or 
c l a ims have been d i s p o s e d of. 

ARTICLE A-V - OFFICIALS NOT TO BENEFIT 

No member of or d e l e g a t e to C o n g r e s s , o r r e s i d e n t commiss ioner , s h a l l 
be admi t t ed t o any sha re or p a r t of t h i s Agreement , o r to any b e n e f i t t h a t 
may a r i s e t h e r e f r o m ; b u t t h i s p r o v i s i o n s h a l l not be c o n s t r u e d to ex tend t o 
t h i s Agreement i f made w i t h a c o r p o r a t i o n for i t s g e n e r a l b e n e f i t . 

ARTICLE A-VI - COVENANT AGAINST CONTINGENT FEES 

The P a r t i c i p a n t w a r r a n t s t h a t no pe r son or s e l l i n g agency has been 
employed or r e t a i n e d t o s o l i c i t or s e c u r e t h i s Agreement upon an agreement 
or u n d e r s t a n d i n g for a commiss ion , p e r c e n t a g e b r o k e r a g e , or c o n t i n g e n t 
f e e , e x c e p t i n g bona f i d e employees or bona f i de e s t a b l i s h e d commercial or 
s e l l i n g a g e n c i e s m a i n t a i n e d by the P a r t i c i p a n t for t h e purpose of s e c u r i n g 
b u s i n e s s . For b r e a c h or v i o l a t i o n of t h i s w a r r a n t y t he Government s h a l l 
have the r i g h t to annual t h i s Agreement w i t h o u t l i a b i l i t y o r in i t s d i s c r e 
t i o n t o deduct from t h e Agreement p r i c e or c o n s i d e r a t i o n , o r o t h e r w i s e 
r e c o v e r , t he f u l l amount of such comraisison, p e r c e n t a g e , b r o k e r a g e , or 
cont ingent f e e . 

ARTICLE A-VII - EXAMINATION OF RECORDS BY COMPTROLLER GENERAL 

A. The P a r t i c i p a n t a g r e e s t h a t the C o m p t r o l l e r Genera l of the United 
S t a t e s or any of h i s d u l y a u t h o r i z e d Government employees s h a l l , u n t i l t he 
e x p i r a t i o n of t h r e e (3) y e a r s a f t e r f i n a l payment under Chis AgreemenC, 
u n l e s s DOE a u t h o r i z e s t h e i r p r i o r d i s p o s i t i o n , have a c c e s s to and the r i g h t 
Co examine any d i r e c t l y p e r t i n e n t books , documents , p a p e r s , and r e c o r d s of 
Che P a r c i c i p a n C i n v o l v i n g CransacC ions r e l a c e d Co Chis .AgreemenC. 
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ARTICLE A-VII - EXAMINATION OF RECORDS BY COMPTROLLER GENERAL (ConC'd) 

B. The P a r t i c i p a n f f u r t h e r a g r e e s to i n c l u d e in a l l i t s s u b c o n t r a c t s 
h e r e u n d e r a p r o v i s i o n to t he e f f e c t t h a t the s u b c o n t r a c t o r a g r e e s t h a t the 
C o m p t r o l l e r Genera l of t he Uni ted S t a t e s or any of h i s d u l y a u t h o r i z e d 
Government employees s h a l l , u n t i l t h e e x p i r a t i o n of t h r e e (3) y e a r s a f t e r 
f i n a l payment under t he s u b c o n t r a c t , o r such l e s s e r t ime s p e c i f i e d in 
e i t h e r Appendix M of t h e Armed S e r v i c e s Procurement R e g u l a t i o n or the 
F e d e r a l Procurement R e g u l a t i o n s P a r t 1-20, a s a p p r o p r i a t e , have a c c e s s t o 
and t h e r i g h t t o examine any d i r e c t l y p e r t i n e n t books , documents , p a p e r s , 
and r e c o r d s of such s u b c o n t r a c t o r , i n v o l v i n g t r a n s a c t i o n s r e l a t e d to t h e 
s u b c o n t r a c t . The term " s u b c o n t r a c t " a s used in Chis a r t i c l e e x c l u d e s (1) 
p u r c h a s e o r d e r s not exceed ing $10,000 and (2) s u b c o n t r a c t s or purchase 
o r d e r s for p u b l i c u t i l i t y s e r v i c e s a t r a t e s e s t a b l i s h e d for uniform 
a p p l i c a b i l i t y t o t h e g e n e r a l p u b l i c . 

C. The p e r i o d s of a c c e s s and e x a m i n a t i o n d e s c r i b e d in A. and B . , 
above , for r e c o r d s which r e l a t e t o (1 ) a p p e a l s under t he " D i s p u t e s " a r t i c l e 
of t h i s Agreement , (2) l i t i g a t i o n or the s e t t l e m e n t of c l a ims a r i s i n g 
out of the per formance of t h i s Agreement , o r (3) c o s t s and expenses of 
t h i s Agreement as t o which e x c e p t i o n has been t a k e n by t h e C o m p t r o l l e r 
Genera l or any of h i s d u l y a u t h o r i z e d r e p r e s e n t a t i v e s , s h a l l c o n t i n u e 
u n t i l such a p p e a l s , l i t i g a t i o n , c l a i m s or e x c e p t i o n s have been d i s p o s e d of. 

ARTICLE A-VIII - ASSIGNMENT OF CLAIMS 

Pursuan t t o t he p r o v i s i o n s of the Assignment of Claims Act of 1940, as 
amended (31 U .S .C . 2 0 3 , 41 U .S .C . 1 5 ) , c l a i m s for moneys due or t o become 
due the P a r t i c i p a n t from t h e Government under c h i s AgreemenC may be a s s igned 
t o a bank , t r u s t company, or o t h e r f i n a n c i n g i n s t i t u t i o n , i n c l u d i n g any 
F e d e r a l l e n d i n g a g e n c y , and may t h e r e a f t e r be f u r t h e r a s s i g n e d and r e a s s i g n e d 
Co any such i n s t i t u t i o n . Any such ass ignment or r e a s s i g n m e n t s h a l l cover 
a l l amounts payab le under t h i s Agreement and not a l r e a d y p a i d , and s h a l l 
not be made to more t han one p a r t y , e x c e p t t h a t any such ass ignment or 
r e a s s i g n m e n t may be made t o one p a r t y as agent or t r u s t e e for two or more 
p a r t i e s p a r t i c i p a t i n g in such f i n a n c i n g . Unless o t h e r w i s e provided in t h i s 
Agreement , payments to a s s i g n e e of any moneys due or t o become due under 
t h i s Agreement s h a l l n o t , t o t h e e x t e n t provided in s a id Af":, as amended, 
be s u b j e c t t o r e d u c t i o n or s e t o f f . 
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ARTICLE A-IX - PERMITS 

Except as o t h e r w i s e d i r e c t e d by the C o n t r a c t i n g O f f i c e r , t h e P a r t i c i p a n t 
s h a l l p r o c u r e a l l n e c e s s a p y p e r m i t s or l i c e n s e s and a b i d e by a l l a p p l i c a b l e 
l a w s , r e g u l a t i o n s , and o r d i n a n c e s of t he Uni ted S t a t e s and of the S t a t e , 
t e r r i t o r y , and p o l i t i c a l s u b d i v i s i o n in which t h e work under t h i s Agreement 
i s pe r fo rmed . 

ARTICLE A-X - DISPUTES 

A. Except as otherwise provided in t h i s Agreement, any d i spu te 
concerning a question of fact a r i s ing under t h i s Agreement sha l l be decided 
by the Contracting Off icer , who sha l l reduce h is dec is ion to wri t ing and 
mail or otherwise furnish a copy thereof to the P a r t i c i p a n t . The decision 
of the Contracting Officer sha l l be f inal and conclusive unless within 
t h i r t y (30) days from the date of r ece ip t of such copy, the Pa r t i c ipan t 
mails or otherwise furnishes to the Contracting Officer a wr i t t en appeal 
addressed to DOE. The decis ion of DOE or i t s duly authorized r ep resen ta t ive 
for the determinat ion of such appeals sha l l be final and conclusive iinles.<? 
determined by a court of competent j u r i s d i c t i o n to have been fraudulent , or 
c a p r i c i o u s , or a r b i t r a r y , or so gross ly erroneous as necessa r i ly to imply 
bad f a i t h , or not supported by s u b s t a n t i a l evidence. In connection with 
any appeal proceeding under t h i s a r t i c l e , the P a r t i c i p a n t sna i l be afforded 
an oppor tuni ty to be heard and to offer evidence in support of i t s appeal . 
Pending f ina l dec is ion of a d ispute hereunder, the Pa r t i c ipan t sha l l 
proceed d i l i g e n t l y with the performance of t h i s Agreement and in accordance 
with the Contracting Of f i ce r ' s dec i s ion . 

B. This "Disputes" a r t i c l e does not preclude cons idera t ion of law 
quest ions in connection with dec is ions provided for in paragraph A, above: 
Provided, That nothing in t h i s Agreement sha l l be construed as making f inal 
the dec is ion of any admin i s t ra t ive o f f i c i a l , r e p r e s e n t a t i v e , or board on a 
quest ion of law. 

ARTICLE A-XI - PAYMENT OF INTEREST ON PARTICIPANT'S CLAIMS 

A. If an appeal is f i l ed by the P a r t i c i p a n t from a f inal decision 
of the Contracting Officer under the "Disputes" a r t i c l e of t h i s Agreement, 
denying a claim a r i s i n g under the Agreement, simple i n t e r e s t on the amount 
of the claim f i n a l l y determined owed by the Government shal l be payable to 
the P a r t i c i p a n t . Such i n t e r e s t sha l l be at the r a t e determined by the 
Secretary of the Treasury pursuant to Public Law 92-41 , 85 S t a t . 97, from 
the date the P a r t i c i p a n t furnishes Co Che Contracting Officer i t s wr i t ten 
appeal under the "Disputes" a r t i c l e of t h i s Agreement, to the date of (1) a 
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ARTICLE A-XI - PAYMENT OF INTEREST ON PARTICIPANT'S CLAIMS (Cont'd) 

f i n a l judgment by a c o u r t of competent j u r i s d i c t i o n , o r (2 ) m a i l i n g t o the 
P a r t i c i p a n t of a supp lemen ta l agreement for e x e c u t i o n e i t h e r conf i rming 
completed n e g o t i a t i o n s between t h e p a r t i e s or c a r r y i n g out a d e c i s i o n of a 
board of c o n t r a c t a p p e a l s . 

B. N o t w i t h s t n d i n g A . , above , (1) i n t e r e s t s h a l l be a p p l i e d on ly 
from t h e d a t e payment was d u e , i f such d a t e i s l a t e r t h a n t h e f i l i n g of 
a p p e a l , and (2 ) i n t e r e s t s h a l l no t be pa id for any p e r i o d of time t h a t 
t h e C o n t r a c t i n g O f f i c e r d e t e r m i n e s t h e P a r t i c i p a n t has unduly de layed in 
p u r s u i n g i t s r emed ie s b e f o r e a board of c o n t r a c t a p p e a l s or a c o u r t of 
competent j u r i s d i c t i o n . 

ARTICLE A-XII - SEX DISCRIMINATION PROHIBITED 

No pe r son s h a l l on t h e ground of sex be exc luded from p a r t i c i p a t i o n in , 
be den ied a l i c e n s e u n d e r , be den ied t h e b e n e f i t s of, o r be s u b j e c t e d under 
any program or a c t i v i t y c a r r i e d on or r e c e i v i n g Fede ra l a s s i s t a n c e under 
any t i t l e of t h i s Act ( P . L, 9 3 - 4 3 8 ) . 

ARTICLE A-XIII - CIVIL RIGHTS 

The P a r t i c i p a n t a g r e e s t h a t no person in the Uni ted S t a t e s s h a l l , 
on t h e ground of r a c e , c o l o r , o r n a t i o n a l o r i g i n , be exc luded from 
p a r t i c i p a t i o n i n , be den i ed t h e b e n e f i t s of, o r be s u b j e c t t o d i s c r i m i n a t i o n 
under any program or a c t i v i t y for which the P a r t i c i p a n t r e c e i v e s F e d e r a l 
f i n a n c i a l a s s i s t a n c e from DOE. 

ARTICLE A-XIV - DISCRIMINATION AGAINST HANDICAPPED PROHIBITED 

The P a r t i c i p a n t a g r e e s t h a t no o t h e r w i s e q u a l i f i e d handicapped 
i n d i v i d u a l in t he Uni t ed S t a t e s [ a s d e f i n e d in S e c t i o n 7(6) of the A c t ] , 
s h a l l , s o l e l y by r e a s o n of h i s h a n d i c a p , be exc luded from t h e p a r t i c i p a t i o n 
i n , be d e n i e d Che b e n e f i t s of, o r be s u b j e c t e d t o d i s c r i m i n a t i o n under any 
program o r a c t i v i t y r e c e i v i n g F e d e r a l f i n a n c i a l a s s i s t a n c e . 

ARTICLE A-XV - SMALL AND MINORITY BUSINESS PARTICIPATION 

I t i s the p o l i c y of DOE t o e n s u r e t h a t smal l and m i n o r i t y b u s i n e s s e s 
have a r e a s o n a b l e o p p o r t u n i t y t o p a r t i c i p a t e in t h e p r o j e c t s which i t 
s u p p o r t s . In a cco rdance wi th t h i s p o l i c y , t h e P a r t i c i p a n t w i l l make a 
r e a s o n a b l e e f f o r t t o e n s u r e f a i r c o n s i d e r a t i o n and u t i l i z a t i o n of small and 
m i n o r i t y b u s i n e s s e s in p u r c h a s e s and s u b c o n t r a c t s awarded by t h e P a r t i c i p a n t 
under t h i s Agreement . 
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ARTICLE A-XVI - PREFERENCE FOR U. S. FLAG AIR CARRIERS 

A. I t i s t he p o l i c y ^ o f t h e Uni ted S t a t e s t h a t a l l F e d e r a l a g e n c i e s 
and Government c o n t r a c t o r s and s u b c o n t r a c t o r s u t i l i z e U. S. f l ag a i r c a r r i e r s 
for i n t e r n a t i o n a l a i r t r a n s p o r t a t i o n of p e r s o n n e l and c a r g o . 

B. The P a r t i c i p a n t a g r e e s to u t i l i z e U. S. f l ag a i r c a r r i e r s to the 
maximum e x t e n t p r a c t i c a b l e in c o n n e c t i o n wi th t he performance of t h i s 
Agreement in t h e t r a n s p o r t a t i o n by a i r of any p e r s o n n e l and ca rgo between 
t h e Uni t ed S t a t e s and a f o r e i g n c o u n t r y , o r between f o r e i g n c o u n t r i e s . 

C. The te rms used in t h i s a r t i c l e have the fo l l owing mean ings : 

(1) " I n t e r n a t i o n a l a i r t r a n s p o r t a t i o n " means t r a n s p o r t a t i o n by 
a i r of p e r s o n n e l and ca rgo from t h e Uni ted S t a t e s to a f o r e i g n 
c o u n t r y , between two or more f o r e i g n c o u n t r i e s , and between a 
f o r e i g n c o u n t r y and t h e Uni t ed S t a t e s . 

(2 ) "U. S. f l a g a i r c a r r i e r " mearis one of a c l a s s of a i r c a r r i e r s 
h o l d i n g a c e r t i f i c a t e of p u b l i c conven ience and n e c e s s i t y i s sued 
by t h e C i v i l A e r o n a u t i c s Board, approved by t h e P r e s i d e n t , a u t h o r i z i n g 
o p e r a t i o n s be tween t h e Uni ted S t a t e s a n d / o r i t s t e r r i t o r i e s and one or 
more f o r e i g n c o u n t r i e s . 

(3) The term "Uni ted S t a t e s " incudes t he f i f t y S t a t e s , Common
wea l th of P u e r t o R ico , p o s s e s s i o n s of the Uni ted S t a t e s and t h e 
D i s t r i c t of Columbia . 

(4) " P r a c t i c a b l e " i n c l u d e s ( i ) s a t i s f a c t o r y s e r v i c i n g of 
agency p rograms , and ( i i ) t i m e l y d e l i v e r i e s a t f a i r and r e a s o n a b l e 
p r i c e s . 

D. The P a r t i c i p a n t s h a l l i n c l u d e t h e s u b s t a n c e of t h i s a r t i c l e , i n c l u d i n g 
t h i s p a r a g r a p h D. i n each s u b c o n t r a c t or p u r c h a s e o r d e r h e r e u n d e r which may 
i nvo lve a i r t r a n s p o r t a t i o n between the Uni t ed S t a t e s and a fo r e ign c o u n t r y , or 
be tween f o r e i g n c o u n t r i e s . 

ARTICLE A-XVII - CLEAN AIR AND WATER 

A. The P a r t i c i p a n t a g r e e s as f o l l o w s : 

(1) To comply wi th a l l t he r e q u i r e m e n t s of s e c t i o n 114 of the 
Clean Ai r Ac t , as amended (42 U .S .C . 1857, e t s e q . , as amended by 
P. L. 91-604) and s e c t i o n 308 of t he F e d e r a l Water P o l l u t i o n Cont ro l 
Act (33 U . S . C . 1 2 5 1 , e t s e q . , as amended by P . L. 9 2 - 5 0 0 ) , r e s p e c t i v e l y , 
r e l a t i n g t o i n s p e c t i o n , m o n i t o r i n g , e n t r y , r e p o r t s and i n f o r m a t i o n , as 
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ARTICLE A-XVII - CLEAN AIR AND WATER ( C o n t ' d ) 

wel l as o t h e r r e q u i r e m e n t s s p e c i f i e d in s e c t i o n 114 and s e c t i o n 308 of 
t h e Ai r Act and t h e Water Ac t , r e s p e c t i v e l y , and a l l r e g u l a t i o n s and 
g u i d e l i n e s i s sued t h e r e u n d e r b e f o r e t he award of t h i s Agreement . 

(2) That no p o r t i o n of the work r e q u i r e d by t h i s Agreement w i l l 
be performed in a f a c i l i t y l i s t e d on the Envi ronmenta l P r o t e c t i o n 
Agency L i s t of V i o l a t i n g F a c i l i t i e s on t he d a t e when t h i s Agree
ment was awarded u n l e s s and u n t i l t h e EPA e l i m i n a t e s t h e name of 
such f a c i l i t y o r f a c i l i t i e s from such l i s t i n g . 

(3) To use i t s b e s t e f f o r t s t o comply wi th c l e a n a i r s t a n d a r d s 
and c l e a n w a t e r s t a n d a r d s a t t h e f a c i l i t y in which the Agreement i s 
be ing pe r fo rmed . 

(4) To i n s e r t t h e s u b s t a n c e of t h e p r o v i s i o n s of t h i s a r t i c l e 
i n t o any nonexempt c o n t r a c t , i n c l u d i n g t h i s subpa rag raph A . ( 4 ) . 

B. The terms used in t h i s a r t i c l e have the fo l lowing mean ings : 

(1 ) The term "Ai r Act" means the Clean Ai r Act , as 
amended ( 4 2 , U . S . C . 1857, e t s e q , , as amended by P. L. 9 1 - 6 0 4 ) . 

(2) The terra "Water Act" mearis F e d e r a l Water P o l l u t i o n 
Con t ro l Ac t , a s amended (33 U .S .C . 1251 e t s e q . , as amended by 
P . L . 92-500) . 

(3) The term " c l e a n a i r s t a n d a r d s " means any e n f o r c e a b l e 
r u l e s , r e g u l a t i o n s , g u i d e l i n e s , s t a n d a r d s , l i m i t a t i o n s , o r d e r s , 
c o n t r o l s , p r o h i b i t i o n s , or o t h e r r e q u i r e m e n t s which are c o n t a i n e d 
i n , i s s u e d u n d e r , or o t h e r w i s e adopted p u r s u a n t t o t he Air Act 
or E x e c u t i v e Order 11738, an a p p l i c a b l e implemen ta t ion p lan as 
d e s c r i b e d in s e c t i o n 110(d) of t h e Clean Air Act [42 U .S .C . 
1 8 5 7 c - 5 ( d ) ] , an approved implemen ta t ion p rocedu re or p lan under 
s e c t i o n 111(c) o r s e c t i o n 1 1 1 ( d ) , r e s p e c t i v e l y , of the Air Act 
(42 U . S . C . H 5 7 ( c ) - 6 ( c ) or (d ) , o r an approved implementa t ion 
p r o c e d u r e under s e c t i o n 112(d) of the Air Act [42 U.S .C . 
1 8 5 7 c - 7 ( d ) ] . 

(4) The term " c l e a n w a t e r s t a n d a r d s " means any e n f o r c e a b l e 
l i m i t a t i o n , c o n t r o l , c o n d i t i o n , p r o h i b i t i o n , s t a n d a r d , o r o t h e r 
r e q u i r e m e n t which i s promulgated p u r s u a n t t o the Water Act or 
c o n t a i n e d in a pe rmi t i s sued t o a d i s c h a r g e r by t h e Envi ronmenta l 
P r o t e c t i o n Agency or by a S t a t e under an approved program, as 
a u t h o r i z e d by s e c t i o n 402 of t he Water Act (33 U.S .C . 1342 ) , or 
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ARTICLE A-XVII - CLEAN AIR AND WATER (Cont'd) 

by local government Jto ensure compliance with pretreatment 
regulations as required by section 307 of the Water Act (33 
U.S.C. 1317). 

(5) The term "compliance" means compliance with clean air 
or water standards. Compliance shall also mean compliance with 
a schedule or plan ordered or approved by a court of competent 
jurisdiction, the Environmental Protection Agency or an air or 
water pollution control agency in accordance with the require
ments of the Air Act or Water Act and regulations issued 
pursuant thereto. 

(6) The term "facility" means any building, plant, 
installation, structure, mine, vessel, or other floating craft, 
location, or site of operations, owned, leased, or supervised 
by a contractor or subcontractor, to be utilized in the perform
ance of a contract or subcontract. Where a location or site of 
operations contains or includes more than one building, plant, 
installation, or structure, the entire location or site shall 
be deemed to be a facility except where Che DirecCor, Office of 
Federal Activities, Environmental Protection Agency, determines 
that independent facilities are collocated in one geographical 
area. 

ARTICLE A-XVIII - RIGHTS IN TECHNICAL DATA - SHORT FORM 

A. Definit ions. The definitions of terms set forth in 41 CFR 
9-9.201 apply to the extent these terms are used herein. 

B. Allocation of Rights. 

(1) The Government s h a l l have: 

( i ) Unlimited r igh t s in t echn ica l data f i r s t produced 
or s p e c i f i c a l l y used in the performance of t h i s Agreement; 

( i i ) The r igh t of the Contract ing Officer or h is 
r e p r e s e n t a t i v e s to inspect at a l l reasonable times up to 
three (3) years a f t e r f inal payment under t h i s Agreement 
a l l t echn ica l data f i r s t produced or s p e c i f i c a l l y used in 
the Agreement (for which inspect ion the Pa r t i c ipan t or i t s 
subcontrac tor s h a l l afford proper f a c i l i t i e s to DOE); 
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ARTICLE A-XVIII - RIGHTS IN TECHNICAL DATA (Cont'd) 

(iii) The right to have any technical data first 
produced or speaifically used in the performance of this 
Agreement delivered to the Government as the Contracting 
Officer may from time to time direct during the progress 
of the work or in any event as the Contracting Officer 
shall direct upon completion or termination of this 
Agreement. 

(2) The Participant shall have: The right to use for its 
private purposes, subject to patent, security or other provisions 
of this Agreement, technical data it first produces in the perform
ance of this Agreement provided the data requirements of this 
Agreement have been met as of the date of the private use of such 
data. The Participant agrees that to the extent it receives or is 
given access to proprietary data or other technical, business or 
financial data in the form of recorded information from DOE or a 
DOE contractor or subcontractor, the Participant shall treat such 
data in accordance with any restrictive legend contained thereon, 
unless use is specifically authorized by prior written approval 
of the Contracting Officer. 

C. Copyrighted Material. 

(1) The Participant agrees to, and does hereby grant to . 
the Government, and to its officers, agents, servants and 
employees acting within the scope of their duties: 

(i) A royalty-free nonexclusive, irrevocable license 
to reproduce, translate, publish, use, and dispose of and 
to authorize others so to do, all coyrightable material 
first produced or composed in the performance of this 
Agreement by the Participant, its employees or any individual 
or concern specifically employed or assigned to originate 
and prepare such material; and 

(ii) A license as aforesaid under any and all copyrighted 
or copyrightable works not first produced or composed by the 
Contractor in the performance of this contract but which are 
incorporated in the material furnished under the AgreemenC, 
provided that such license shall be only to the extent 
the Participant now has, or prior to completion or final 
settlement of the Agreement may acquire, Che righc co grant 
such license without becoming liable to pay compensation to 
others solely because of such grant. 
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ARTICLE A-XVIII - RIGHTS IN TECHNICAL DATA (Cont'd) 

(2) The P a r t i c i p a n t agrees tha t i t w i l l not knowingly include 
any ma te r i a l copyrighted by o thers in any wr i t t en or copyrightable 
ma te r i a l furnished or de l ivered under t h i s Agreement without a l i cense 
as provided for in subparagraph ( l ) ( i i ) hereof, or without the consent 
of the copyright owner, unless i t obta ins spec i f i c wr i t t en approval of 
the Contract irig Officer for the inc lus ion of such copyrighted ma te r i a l . 

ARTICLE A-XIX - REPORTING OF ROYALTIES 

I f t h i s c o n t r a c t is in an amount which exceeds $10,000 and if any 
r o y a l t y payments a r e d i r e c t l y i nvo lved in t he c o n t r a c t or a r e r e f l e c t e d 
in t h e c o n t r a c t p r i c e t o t h e Government, t h e P a r t i c i p a n t a j e e s Co reporC 
in w r i c i n g t o t h e P a t e n t Counsel (wi th n o t i f i c a t i o n by P a t e n t Counsel t o 
t h e C o n t r a c t i n g O f f i c e r ) d u r i n g t h e per formance of t h i s c o n t r a c t and p r i o r 
t o i t s comple t i on or f i n a l s e t t l e m e n t t h e amount of any r o y a l t i e s or o t h e r 
payments pa id or t o be pa id by i t d i r e c t l y t o o t h e r s in c o n n e c t i o n wi th t h e 
per formance of t h i s c o n t r a c t t o g e t h e r wi th t h e names and a d d r e s s e s of 
l i c e n s o r s t o whom such payments a r e made and e i t h e r t he p a t e n t numbers 
invo lved or such o t h e r i n f o r m a t i o n as w i l l permi t i d e n t i f i c a t i o n of the 
p a t e n t s o r o t h e r b a s i s on which t h e r o y a l t i e s a r e to be p a i d . The a p p r o v a l 
of DOE of any i n d i v i d u a l payments or r o y a l t i e s s h a l l not s t o p t he Govern
ment at any t ime from c o n t e s t i n g t h e e n f o r c e a b i l i t y , v a l i d i t y o r .scope of, 
o r t i t l e t o , anv p a t e n t under which a r o y a l t y or payments a r e made. 

ARTICLE A-XX - PATENT RIGHTS - SHORT FORM 

A. D e f i n i t i o n s . 

(1 ) " S u b j e c t I n v e n t i o n " means any i n v e n t i o n or d i s c o v e r y 
of the C o n t r a c t o r conce ived or f i r s t a c t u a l l y r educed t o 
p r a c t i c e in t h e c o u r s e of o r under t h i s c o n t r a c t , and i n c l u d e s 
any a r t , method, p r o c e s s , mach ine , m a n u f a c t u r e , d e s i g n , o r 
c o m p o s i t i o n of m a t t e r , o r any new and u s e f u l improvement 
t h e r e o f , o r any v a r i e t y of p l a n t s , whe ther p a t e n t e d or 
u n p a t e n t e d , under t h e P a t e n t Laws of t h e Un i t ed S t a t e s of 
America o r any f o r e i g n c o u n t r y . 

(2 ) " P a t e n t C o u n s e l " means t h e DOE P a t e n t Counsel 
a s s i s t i n g t h e p r o c u r i n g a c t i v i t y . 

B. I n v e n t i o n D i s c l o s u r e s and R e p o r t s . 

(1) The P a r t i c i p a n t s h a l l f u r n i s h t h e P a t e n t Counsel 
(w i th n o t i f i c a t i o n by P a t e n t Counse l t o t h e C o n t r a c t i n g 
O f f i c e r ) : 
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( i ) A w r i t t e n r e p o r t c o n t a i n i n g f u l l and 
comple te t e c h n i c a l i n f o r m a t i o n c o n c e r n i n g each 
Sub jec t I n v e n t i o n w i t h i n 6 months a f t e r c o n c e p t i o n 
or f i r s t a c t u a l r e d u c t i o n t o p r a c t i c e whichever 
o c c u r s f i r s t in t h e c o u r s e of or under t h i s A g r e e 
ment , bu t in any even t p r i o r t o any on s a l e , p u b l i c 
u s e , o r p u b l i c d i s c l o s u r e of such i n v e n t i o n known t o 
t h e P a r t i c i p a n t . The r e p o r t s h a l l i d e n t i f y t h e 
Agreement and i n v e n t o r and s h a l l be s u f f i c i e n t l y 
comple te in t e c h n i c a l d e t a i l and a p p r o p r i a t e l y 
i l l u s t r a t e d by s k e t c h or d iagram t o convey t o one 
s k i l l e d in t h e a r t t o which t h e i n v e n t i o n p e r t a i n s a 
c l e a r u n d e r s t a n d i n g of t h e n a t u r e , p u r p o s e , o p e r a t i o n , 
and t o t h e e x t e n t known, t h e p h y s i c a l , c h e m i c a l , 
b i o l o g i c a l , o r e l e c t r i c a l c h a r a c t e r i s t i c s of . t he 
inven t i on ; 

( i i ) Upon r e q u e s t , b u t not more t h a n a n n u a l l y , 
i n t e r i m r e p o r t s on a DOE-approved form l i s t i n g Subjec t 
I n v e n t i o n s fo r t h a t p e r i o d and c e r t i f y i n g t h a t a l l 
Sub jec t I n v e n t i o n s have been d i s c l o s e d o r t h a t t h e r e 
were no such i n v e n t i o n s ; and 

( i i i ) A f i n a l r e p o r t on a DOE-approved form w i t h i n 
3 months a f t e r complet ion of t h e Agreement work 
l i s t i n g a l l Sub j ec t I n v e n t i o n s and c e r t i f y i n g t h a t a l l 
Subjec t I n v e n t i o n s have been d i s c l o s e d or t h a t t h e r e 
were no such i n v e n t i o n s . 

(2) The P a r t i c i p a n t a g r e e s t h a t t he Government may d u p l i 
c a t e and d i s c l o s e Sub jec t I n v e n t i o n d i s c l o s u r e s and a l l o t h e r 
r e p o r t s and p a p e r s f u r n i s h e d or r e q u i r e d t o be f u r n i s h e d p u r s u a n t 
t o t h e Agreement . 

C. A l l o c a t i o n of P r i n c i p a l R i g h t s . 

(1) Assignment to the Government. The Pa r t i c ipan t 
agrees to ass ign to the Government the e n t i r e r i g h t , t i t l e , 
and i n t e r e s t throughout the world in and to each Subject 
Invent ion, except to the extent tha t r i gh t s are re ta ined by 
the P a r t i c i p a n t under paragraphs C.(2) and D. of t h i s a r t i c l e . 

(2) Greater Rights Determinat ions. The P a r t i c i p a n t , or 
the employee-inventor with au thor i za t ion of the P a r t i c i p a n t , 
may request g r ea t e r r igh t s than the nonexclusive l icense and 
the foreign patent r i g h t s provided in paragraph D. of t h i s 
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article on identified inventions in accordance with the 
procedure and criteria of 41 CFR 9-9.109-6. A request for a 
determination of whet?her the Participant or the employee-
inventor is entitled to retain such greater rights must be 
submitted to the Patent Counsel (with notification by Patent 
Counsel to the Contracting Officer) at the time of the first 
disclosure of the invention pursuant to subparagraph B.(l) of 
this article or not later than 9 months after conception or 
first actual reduction to practice, whichever occurs first, or 
such longer period as may be authorized by the Patent Counsel 
(with notification by Patent Counsel to the Contracting 
Officer) for good cause shown in writing by the Participant. 
The information to be submitted for a greater rights determina
tion is specified in 41 CFR 9-9.109-6(e). 

D. Minimum Rights to the Participant. The Participant reserves a 
revocable, nonexclusive, paid-up license in each patent application filed 
in any country on a Subject Invention and any resulting patent in which the 
Government acquires title. Revocation shall be in accordance with the 
procedure of subparagraphs C.(2) and (3) of the clause in 41 CFR 9-9.107-5(a). 
The Participant also has the right to request foreign rights in accordance 
with the procedures of paragraph (c)(4) of the clause in 41 CFR 9-9.107-5(a). 

E. Employee and Subcontractor Agreements. Unless otherwise authorized 
in writing by the Contracting Officer, the Participant shall: 

(1) Obtain patent agreements to effectuate the provisions 
of the Patent Rights article from all persons who perform any 
part of the work under this Agreement except nontechnical 
personnel, such as clerical employees and manual laborers. 

(2) Unless otherwise authorized or directed by the 
Contracting Officer, the Participant shall include the PatenC 
Rights article of 41 CFR 9-9.107-5(a) or 41 CFR 9-9.107-6, as 
appropriate, modified to identify the parties in any sub
contract hereunder having as a purpose the conduct of research, 

(3) Promptly notify the Contracting Officer in 
writing upon the award of any subcontract containing a 
Patent Rights article by identifying the subcontractor, 
the work to be performed under the subcontract, and the 
dates of award and estimated completion. Upon the request 
of the Contracting Officer the Participant shall furnish a 
copy of the subcontract to such requester. 
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F. Atomic Energy. 

(1) No claim for pecuniary award or compensation 
under the provis ions of the Atomic Energy Act of 1954, as 
amended, s h a l l be asse r ted by the P a r t i c i p a n t or i t s 
employees with respect to any invent ion or discovery made 
or conceived in the course of or under t h i s Agreement. 

(2) Except as otherwise authorized in wr i t ing by 
the Contract ing Off icer , the P a r t i c i p a n t w i l l obtain 
patent agreements to e f fec tua te the provis ions of sub
paragraph F . ( l ) of t h i s a r t i c l e from a l l persons who 
perform any part of the work under t h i s Agreement, except 
nontechnical personnel such as c l e r i c a l employees and 
manual l abo re r s . 

G. P u b l i c a t i o n . In o r d e r t h a t i n f o r m a t i o n c o n c e r n i n g s c i e n t i f i c or 
t e c h n i c a l deve lopments conce ived o r f i r s t a c t u a l l y reduced t o p r a c t i c e 
in t h e c o u r s e of or under t h e c o n t r a c t i s not p e r m a t u r e l y p u b l i s h e d so as 
t o a d v e r s e l y a f f e c t p a t e n t i n t e r e s t of DOE, t h e P a r t i c i p a n t ag ree s t o submit 
t o t h e P a t e n t Counsel f o r p a t e n t rev iew a copy of each paper 60 days p r i o r 
t o i t s i n t ended p u b l i c a t i o n d a t e . The P a r t i c i p a n t may p u b l i s h such in forma
t i o n a f t e r e x p i r a t i o n of a 60-day p e r i o d f o l l o w i n g such submiss ion or p r i o r 
t h e r e t o i f s p e c i f i c a l l y approved by P a t e n t C o u n s e l , u n l e s s t h e P a r t i c i p a n t 
i s informed in w r i t i n g w i t h i n t h e 60-day p e r i o d , t h a t in o r d e r t o p r o t e c t 
p a t e n t a b l e s u b j e c t m a t t e r , p u b l i c a t i o n must f u r t h e r be d e l a y e d . In t h i s 
e v e n t , p u b l i c a i t o n s h a l l be de l ayed up t o 100 days beyond t h e 60-day pe r iod 
o r such longe r p e r i o d as m u t u a l l y ag reed t o . 

AI^TICLE A-XXI - NOTICE AND ASSISTANCE REGARDING PATENT AND COPYRIGHT 
INFRINGEMENT 

(The p r o v i s i o n s of t h i s a r t i c l e s h a l l be a p p l i c a b l e only i f t h e amount 
of t h i s Agreement exceeds $ 1 0 , 0 0 0 . ) 

A. The P a r t i c i p a n t s h a l l r e p o r t t o t h e C o n t r a c t i n g O f f i c e r , 
p rompt ly and in r e a s o n a b l e w r i t t e n d e t a i l , each n o t i c e or c l a im of 
p a t e n t or c o p y r i g h t i n f r i n g e m e n t based on t h e per formance of t h i s 
Agreement of which t h e P a r t i c i p a n t has knowledge. 

B. In t h e event of any c l a i m or s u i t a g a i n s t Che GovernmenC on accounC 
of any a l l e g e d p a t e n t or c o p y r i g h t i n f r ingemen t a r i s i n g out of t h e pe r fo rm
ance of Chis Agreement or out of t he use of any s u p p l i e s fu rn i shed or work 
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INFRINGEMENT (Cont'd) 

or services performed hereunder, the Participant shall furnish to the 
Government twhen requested by the Contracting Officer, all evidence and 
information in possession of the Participant pertaining to such suit or 
claim. Such evidence and information shall be furnished at the expense of 
the Government except where the Participant has agreed to indemnify the 
Government. 

C. This article shall be included in all subcontracts. 
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1. The t o ta l estimated cost i s increased by $2,070 from $110,695.00 to $112,765.00. 
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Modif ica t ion No. AOOl (Cont 'd) 
Cont rac t No. DE-FC07-79ID12033 

ARTICLE A-XXII PROPERTY ITEMS 

A. Except as otherwise provided in this paragraph A. and paragraph 
B. of this Article A-XXII,i title to all materials, supplies and equipment 
purchased or otherwise acquired by the Participant in the performance of its 
research activities shall be and remain in the Participant. Said materials, 
supplies, and equipment shall be used for the benefit of research under 
this Agreement and any extensions "or successor Agreements hereto and, provided 
there is no interference with said research, shall be made available for 
use by investigators working on any Federal research agreement at the same 
location. Subject to these priorities, the materials, supplies, and 
equipment may be used as the Participant wishes. Except as otherwise agreed 
in writing, title to any items of property listed as "Government property" 
shall pass directly to the Government; such property shall be subject to 
paragraphs B., C., D., E., and F. of this Article B-VII. 

B. Subject to the mutual agreement of DOE and the Participant, 
the Government may furnish the Participant items of equipment, materials, 
supplies, or facilities for use by the Participant in the performance of 
the Agreement work; title to these items shall remain in the Government 
unless otherwise agreed in writing. Such items of property and the 
items of property listed elsewhere in this Agreement as Government property, 
are hereinafter referred to as "Government property." Title to Government 
Property shall not be affected by the incorporation or attachment thereof 
to any property not owned by the Government nor shall any such property, or 
any part thereof, be or become a fixture br lose its identity as personalty 
by reason of affixation to any realty. 

C. To the extent practicable, the Participant shall cause all items 
of Government property to be suitably marked with an identifying mark or 
symbol indicating that the items are the property of the Government. 
The Participant shall maintain, at all times and in a manner satisfactory 
to DOE, records showing the use and disposition of Government property. 
Such records shall be subject to DOE inspection at all reasonable times and 
DOE shall at all reasonable times have access to the premises wherein any 
items of Government property are located. Unless otherwise authorized in 
writing by DOE, the Participant shall use Government property only for the 
purposes of this Agreement; provided, however, that the Participant is 
hereby authorized to use items of equipment constituting Government property 
for other Federal research contracts to the extent such use (1) does not 
interfere with its work under this Agreement, (2) is not prohibited by 
provisions of the other Federal contracts, and (3) is promptly reported by 
the Participant to DOE under this Agreement. 
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Modification No. AOOl (Cont'd) 
Contract No. DE-FC07-79ID12033 

D. The Participant shall promptly notify DOE of any loss or destruction 
of or damage to Government property. It is understood that the Participant 
shall not be liable for ai\y such loss, destruction, or damage, unless same 
results from wilful misconduct or lack of good faith on the part of any 
corporate officer of the Participant, or of one or more of the Participant's 
representatives having supervision or direction of all or substantially all 
of the activities under this Agreement. If the Participant is liable for any 
such loss, destruction, or damage, it shall promptly account therefor to 
the satisfaction of DOE; if the Contractor is not liable therefor, and is 
indemnified, reimbursed, or otherwise compensated for such loss, destruction, 
or damage, it shall promptly account therefor to the satisfaction of DOE. 

E. With the written approval of DOE, the Participant may sell, 
transfer, or otherwise dispose of items of Government property to such 
parties and upon such terms as so approved, or itself acquire title to 
items of Government property upon such terms as may be mutually agreed 
upon in writing by the Participant and DOE. The proceeds of any such 
disposition, and any agreed price of any such Participant acquisition, 
shall be paid by the Participant to the Government, or credited on account 
of DOE payments to be made under this Agreement, as DOE may direct. Subject 
to the other provisions of this Agreement, the Participant shall deliver 
Government property to DOE upon request (suitably packed and shipped at the 
Government's expense). 

F. The Participant shall utilize for the benefit of the work under 
this Agreement such items of property available to the Patuicipant by 
reason of its activities under other Federal research Agreements as are 
appropriate for utilization under this Agreement pursuant to the provis
ions of the pertinent Federal Agreements. 

091879 -3-
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Modification No. A002 (Cont(d) 
Contract No. DE-FC07-79ID12033 

Page 2 of 5 

Article I - DESCRIPTION OF RESPONSIBILITIES (Cont'd) 

11. Acquire all available geoscience information on holes in Eastern 
Montana; inventory all warm wells and springs for bottom hole 
temperatures, producing formation, and water chemistry. 

12. Detailed geologic/geophysical studies will be conducted in the 
Deer Lodge - Anaconda Valley, Helena Valley, and a third site to 
be chosen. Studies will include collating and interpreting all 
available geoscience information in the study areas, sampling all 
available springs and wells for bottom hole temperatures, flow 
rates, and water chemistry. Deep resistivity studies will be 
conducted in the Deer Lodge - Anaconda Valley; a microseismic 
study will be conducted in the Helena Valley. The final product 
for each of these study areas will be a detailed scientific report 
defining the resource potential within the study area and the 
possible uses for geothennal energy by the surrounding communities. 

None of the drilling work resulting from this Modification is 
authorized at this time." 

B. Article II - ESTIMATE OF COST AND OBLIGATION OF FUNDS is revised to read 
as follows: 

"A. The total estimated cost of performing the work under this 
Agreement is Five Hundred Ninety-Two Thousand Four Hundred 

, Twenty-Four Dollars ($592,424.00). For performance of work 
under this Agreement, the agreed share ratio is 87.226% DOE, 
12.774% Participant of total allowable costs. The Participant 
shall be reimbursed by OOE for not more than 87.226% of the 

~ costs of the project determined to be allowable in accordance 
with Article A-I of the General Provisions entitled 'Allowable 
Costs.' The remaining 12.774% or more of the costs of the 
project so determined shall constitute the Participant's 
share for which it will not reimbursed by DOE. The total 
cost to DOE is hereby established as Five Hundred Sixteen 
Thousand Seven Hundred Forty-Eight Dollars ($516,748.00) and 
this amount is also the maximum amount of the project v̂ hich 
is subject to reimbursement by DOE unless such maximum cost 
is changed in writing by the Contracting Officer. 

B. The total amount of funds obligated under this Agreement by 
DOE is Two Hundred Seventy Thousand Seven Hundred Eighty-Five 
Dollars ($270,785.00). The balance of $245,963 will be 
obligated when and If funds become available." 



Modification No. A002 {Cont(d) 
Contract No. DE-FC07-79ID12033 

Page 3 of 5 

Article II - ESTIMATE OF COST AND OBLIGATION OF FUNDS (Cont'd) 

The cost of this Agreement and obligation of funds is summarized 
as follows: 

Total DOE Funds 
Montana Share DOE Share Est. Cost Obligated 

Original Contract $ 10,778 $ 99,917 $110,695 $ 99,917 
Inc. per Mod AOOl 202 1,868 2,070 1,868 
Inc. per Mod A002 64,696 414.963 479.559 169.000 

Total $ 75,676 $516,748 $592,424 $270,785 

% Share 12.774% 87.226% 100% 

C. Article IV - TERM OF AGREEMENT, is revised to extend the term from 
February 14, 1980 to September 2, 1981. 

D. Article VI - PROJECT INFORMATION, is changed to read as follows: 

"Reports shall be submitted to the DOE Program Officer in accordance 
with the attached Form CR-537, as required by the DOE Uniform 
Contractor Reporting System, Volume 1." 

£. Article VIII - TERMINATION, paragraph D. is revised to change the DOE 
share from 90.263% to 87.226%. 

Fa Article XII - GOVERNMENT PROPERTY, is revised to add the following 
items as Government Property: 

One deep resistivity set (transmitter and receiver) - $12,000.00. 
Two microseismic units - $3,500.00 each. 

G. Add Article XIII -DATE OF INCURRENCE OF COSTS, as follows: 

"The Participant shall be entitled to reimbursement for costs incurred 
in an amount not to exceed $10,000 on or after January 1, 1980, 
which, if incurred after this Modification had been entered into, 
would have been reimbursable under the provisions of this Modification." 

H. Add Article XXIII - LIMITATION OF FUNDS to Appendix A to read as follows: 

"ARTICLE XXIII - LIMITATION QF FUNDS (COST-SHARING) 

A. It is estimated that the total cost to the Government for the 
performance of this agreement will not exceed the estimated cost set forth 
in the Article II, and the Participant agrees to use his best efforts to 
perform the work specified in the Article I and all obligations under this 
contract within such estimated cost to the Government plus the share of 
the cost of performance agreed to be borne by the Participant, as set forth 
in the Article II. 

br:7H-B3 



Modification No. A002 (Cont(d) 
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ARTICLE XXIII - LIMITATION OF FUNDS (COST-SHARING) (Cont'd) 

B. The amount presently available for payment by the Government and 
allotted to this Agreement, the items covered thereby, the Government's share 
of the cost thereof, and the period of performance which it is estimated the 
allotted amount will cover, are specified in this Agreement. It is contemplated 
that from time to time additional funds will be allotted to this Agreement up 
to the full estimated cost to the Government set forth in the Article II. The 
Participant agrees to perfonn or have performed work on this Agreement up to 
the point at which the total amount paid and payable by the Government pursuant 
to the terms of the Agreement approximates but does not exceed the total amount 
actually allotted by the Government to the Agreement, 

Ca If at any time the Participant has reason to believe that the costs 
which he expects to incur in the performance of this Agreement in the next 
succeeding 60 days, when added to all costs previously incurred, will exceed 
75 percent of the total of the amount then allotted to the Agreement by the 
Government plus the Participant's corresponding share, the Participant shall 
notify the Contracting Officer in writing to that effect. The notice shall 
state the estimated amount of additional funds required to continue performance 
for the period set forth in the Agreement. Sixty days prior to the end of the 
period specified in the Agreement-the Participant will advise the Contracting 
Officer in writing as to the estimated amount of additional funds, if any, that 
will be required for the timely performance of the work under the Agreement or 
for such further period as may be specified in the Agreement or otherwise 
agreed to by the parties. If, after such notification, additional funds are 
not allotted by the end of the period set forth in the Agreement or an agreed 
date substituted therefor, the Contracting Officer will, upon written request 
by the Participant, terminate this Agreement pursuant to the provisions of the 
"Termination" article on such date. If the Participant, in the exercise of his 
reasonable judgment, estimates that the funds available will allow him to 
continue to discharge his obligations hereunder for a period extending beyond 
such date, he shall specify the later date in his request, and the Contracting 
Officer, in his discretion, may terminate on that later date. 

D. Except as required by other provisions of this Agreement specifically 
citing and stated to be an exception from this clause, the Government shall not 
be obligated to reimburse the Participant for costs incurred in excess of the 
amount from time to time allotted by the Government to the Agreement, and the 
Participant shall not be obligated to continue performance under the Agreement 
(including actions under the "Termination" article) or otherwise to incur costs 
in excess of the total of the amount then allotted to the Agreement by the 
Government plus the Participant's corresponding share, unless and until the 
Contracting Officer has notified the Participant in writing that the amount 
allotted by the Government has been increased and has specified in such notice 
an increased amount constituting the total amount then allotted by the Govern
ment to the Agreement. To the extent the total of the amount allotted by the 
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ARTICLE XXIII - LIMITATION OF FUNDS (COST-SHARING) (Cont'd) 

Government plus the Participant's corresponding share exceeds the estimated 
cost set forth in Article II, such estimated cost shall be correspondingly 
increased. Any increase in such estimated cost shall be allocated in accord
ance with the formula set forth in Article II governing such increases. No 
notice, communication, or representation in any other form or from any person 
other than the Contracting Officer shall affect the amount allotted by the 
Government to this Agreement. In the absence of the specified notice, the 
Government shall not be obligated to reimburse the Participant for any costs in 
excess of the total amount then allotted by the Government to the Agreement, 
whether those excess costs were incurred during the course of the Agreement or 
as a result of termination. When and to the extent that the amount allotted by 
the Government to the Agreement has been increased, any costs incurred by the 
Participant in excess of the total of the amount previously allotted by the 
Government plus the Participant's corresponding share shall be allowable to the 
same extent and in the same percentage as if such costs had been incurred after 
such increase in the amount allotted; unless the Contracting Officer issues a 
termination or other notice and directs that the increase is solely for the 
purpose of covering termination or other specified expenses. 

E. Change orders issued pursuant to the "Changes" article of this Agreement 
shall not be considered an authorization to the Participant to exceed the 
amount allotted by the Government in Article II in the absence of a statement 
in the change order, or other modification, increasing the amount allotted. 

F. Nothing in this article shall affect the right of the Government to 
terminate this Agreement. In the event this Agreement is terminated, property 
produced or purchased under the Agreement shall be distributed in accordance 
with the "Property" article." 
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Montana Collega of Mineral Science 
and Tacbnologj 

Butte, Montana 59701 

AITEMTIOM: John Dunstan 

SUBJECT: MODIFICATION NO. A002 TO COOPERATIVE AGREEMENT 
NO. DE-FC07-79ID12033 

Gentlei&en: 

Tou ar6 hereby authorised effective January 1, 1980, to begin vork and 
Incur coata up to a waximua of $10,000 of DOE's share under proposed 
Modification No. A002 to the atibject agreement pending execution of the 
fomal modification. Work la to be performed In accordance with your 
proposal, "Expanded Geothermal Studies in Montana," dated November 6, 
1979, and tha proposed Addetuitaa, except that no drilling Is authorized 
at this tine. 

The resulting nodlflcatlnn v l U Include the following article: 

"Date-of Incurrence of Costa - The Particlpamt shall ba 
entitled to relBd}iurseoent for costs Incurred In an amount 
not to excecKl I!I10,000 on or after January 7. 1980, which. 
If Incurred after this modification had been entered Into, 
would hove been relobursable under the provlslotis of this 
modification." 

If negotiations fall and a modification is not executed by the parties, 
DOE shall not be Uabla for any obligations by the Participant arising 
out of this letter. 
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Montana College of Mineral 
Science and Technology 

-2- JAN 8 1980 

Please Indicate your acceptance of this action by signing in the space 
indicated below and returning one copy to this office. 

Any questions you have should be directed to Elizabeth Hyster IJ.ZOQ) 
526-1229./ of my staff. 

Very truly yours, 

O r i o i * ^ &ion«sd By 
J. P. A'c'*-?on 

J. P. Anderson 
Contracting Officer 
Chief, Contract Administration Branch 
Contracts Management Division 

ACCEPTANCE: 

Name _ 

Title 

Date 

bcc: M. Widmayer 
E. G. Jones 

^^---"^ 
CAB 
EMHyster:mh 
1/4/80, 

E&T.-yJ 
MAWî rt 

/ w 
iSfiv 

V 

J ^ 
^isith EGJ^nhs 

O C C V ^ 
KLHoewing 

CAB 
J P A n d e r ^ ^ 
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9-15-80 
I. ucMismoN/fueaiAsi KOUUT NO. 
07-80ID12033.503 

i . M O i t a NO. ( t / a p p i k a U e l 

i . OSUtO IV cooe «. AOHUMSTew IV (If other limm Hock i ) CODt 

U. S. Department of Energy 
Idaho Operations* Office 
550 Second Street 
Idaho Falls. Idaho 83401 

7. coNnAcroc 
NAMC ANO A O O C C U 

CODE FAOUTY COOE 

Hlontana College of Mineral Science and ' 
Technology 

^ ^ ^ . Butte, Montana 59701 
ZIP 

, Attn: John Dunstan 
J 

D 
AMCNOMCNT or 
SOUCTAIION NO. 

0ATB3. .(See Utek 9) 

Moo«c*«>Nw DE-FC07-79ID12033 
coNTKACT/oaoa NO. "»- ^ " ' > • " • " 

OAno. 
2-25-79 

, ( S t t U a t k I I ) 

*.' TM i HOCX A m i s OMV TO AMeMJUMMRI O t SOUOTATIOM 

r i B - - 1 . [ • • l l i c • " • " • • - • - • ' - ' — - • ' - — - " — ^ 12. Th, tmtt on* < • » m m t i i h t wooiti a l O^on | ~ | i» m im t i i * , f ~ [ i»««t 

Of^ tm* »m» L j i i m l i < | i •Mi iy I << <M> • •M i l i im i t ^cipc M ih« Iww one 4aM i>«ii»i< !• «<• n l W l u i i . w « «i«ii<<«<. k f on* •< dw M t | 

l a r l r >V<*e ( " ^ m w i i l r i n w i n • ( * » aaMeaiMrfi (k| ( r itli iMi <i '<| l i i | raoift • ' *M, o w o ^ w m t M « « * n p r «> f*^ o l h i utkmmo4i ot (<l I r H|»«»»ii M H r « • • ( • f r e * 
.r inA In^ i r t i i • i v t anM* M MM M U O I M I M I a M i»»«iie»m» MH«h«n. r * l U i « Of TOUt ACKNOWUDOaMNT TQ M t fCdVeO AT THt IMWHO 0 I * K 1 W O I TO I M M O M AND 
O A T I S R O n i O MAV HSUIT IN I t W C n O N Ot TOUt O H I I . I I , br oitttto o l iM* • iwi i^ i i i i i i l r w 4Mira )• dM*«« «* o*m oteo^tf w t a M M , M N * «lw>«i M r k« amha h r '•••e»lM 
t , i taoi, iw»ie«< i w l i w i re*— Ol taMw i m k n r t f c r w w the u l l t e m l w ou i MMt — r t w . M 4 It i « * i » W «fMr w mm om»i<t taar aW M * i « i i i i i i . 

10. ACCOUiytMO ANO A m O M U T I O N OATA ( I f r t fm i r t d ) 

11. ma Rocx Amia OM,T TO MOOVKATIONS or o A u c n v o s e n 
(•I Q Ih i , Ol—e* Oldtr i t i H M ^ PMWIOH* I* _ _ ^ _ ^ _ _ > . _ _ ^ _ _ 

Ha* O M U V M ««tarth ia M*dk U i M n i a t e t * 

tb) Q n « ataww i»iiiiib»ri4 MMiod/ai 

i*mrt< oHmat/i 

IO di««ai« ( w A * • chaitan i * tar iae « M a , af< 

Public Law 95-91 et. al 
*a»m, Mt.) Mt iMik '« W « k l a . 

» nMdidti H M Mb I'll I iHHiterarf MMraa « i Mt f«r<t> in Uacii 13. 

12. ocsourriON or AMCNOMÔ T/MOomcATiaH 

' 1. Delete the following from Article I - DESCRIPTION OF RESPONSIBILTIES: 

"None of the drilling work resulting from this Modification is authorized 
at this time." 

2. Article II - ESTIMATE OF COST AND OBLIGATION OF FUNDS is revised to read 
as follows: 

"A. The total estimated cost of performing the work under this Agreement 
is Six Hundred Eleven Thousand Six Hundred Twenty-Four Dollars 
($611,624.00). For performance of work under this Agreement, the 
agreed share ratio is 86,842X DOE, 13.158% Participant of total 
allowable costs. The Participant shall be reimbursed by OOE, 
subject to Paragraph B, for not more than 86.842% of the costs of 
the project determined to be allowable in accordance with Article 
A-I of the General Provisions entitled "Allowable Costs". The 
remaining 13.158% or more of the costs of the project so determined 

t%cteo en p»».id«d l<««i«i. all iMwt and «Mi*»iom o« Hw decwuwM loloioitcod in htar.k I . •> h w n i t i n dMii«.4. I M M M imtttaii^ml and in M loi«» 
contijiued 

,—1 CONtlACTOI/OrKDOt 1$ NOT tCOUittO i r n , , , - _ . _ . . , _ . - , ^ . „ . « - , . _ . - _ . . _ , . _^,. -> . . - , . , .w , . ^ - . . n . . . ^ 
I J i g j i g , ^ f ^ ^ j OOCUMCNT SLA COMlACTOK/OrKIOI IS iCOUItIO TO SIGN THIS OOCUMCNT ANO KCIUCN. .conts TO issueto o m a 

14. NAMf 

J T . 

* i f o r CON! 

- & > ^ f f ^ 
• • • • • • I 

17. UNITS STARS or AMcncÂ  

t v . 

^ 
iSi^MIHM ol CMHWOHH Omcaf) 

IS. NAMC AMO m u o r SICNCC (Type or p r m t ) 

VERNON GRIFFITHS 
DIRECTOR OF RESEARCH 

14. OATt SIGNCO 

9/25/80 

I I . N A M C o r CONTIACTINS o m a i (Type or p r m t ) 

Nel l W. Fraser 

1 * . OATI SICMCD 

SEP 1 5 198Q 

0-101 •u.s.apo:i«r»o4it-ierr9m 



B. 

C. 

Modification No. A003 (Cont'd) 
Supplemental Agreement to 
Contract No. 0E-FCO7-79I012O33 

shall constitute the Part icipant 's share for which i t w i l l not be 
reimbursed by DOE. The tota l costs to DOE, subject to the future 
obligation of additional funds, is hereby established as Five 
Hundred Thirty-One Thousand One Hundred Forty-Eight Dollars 
($531,148.00) and this amount is also the maximum amount of the 
project which is subject to reimbursement by DOE unless such maximum 
cost is changed in wri t ing by the Contracting Off icer. 

The total amount of funds obligated under this Agreement by DOE is 
Three Hundred Eighty-Five Thousand One Hundred Eighty-Five Dollars 
($385,185.00). The balance of $145,963.00 w i l l be obligated when 
and i f funds become available. 

The to ta l amount of funds obligated under this Agreement by DOE is 
inclusive of Thirty-Three Thousand Four Hundred Dollars ($33,400.00) 
of capital equipment funds. The amount of capital equipn»nt funds 
shall be treated as a separate cei l ing which shall be not be exceeded. 

The estimated cost and share totals are summarized below: 

Original Contract 
Inc. per Mod. AOOl 
Inc. per Mod. PO02 
Inc. per Mod. A003 

Total 

% Share 

Montana Share 

$10,778 
202 

64,696 
4,800 

$6d 476 

13.158% 

DOE Share 

$ 99,917 
1,868 

414,963 
14,400 

$531,146 

86.842% 

Total 
Est. Cost 

$110,695 
2,070 

479,659 
19.200 

$611 524 

DOE Funds 
Obligated 

$ 99.917 
1,868 

169,000 
114.400 

$385 165 

3. Article VIII - TERMINATION. Paragraph D. 
share from 87.226% to 86.842%. 

is revised to change the DOE 



'•rr>i 

STANDARD FORM 3 0 , JULY 196A 
OEMKAi SEIVICES A O M I N I S T R A T I O N 
n o . MOC. HKJ. (41 c « i 1-14.101 

AMENDMENT OF SOLICITATION/MODIFICATION OF CONTRACT 
PACE Of 

1 AWEMOMENT/MOOIF ICAI ' ION N O . 

A004 
2. EFFEOIVE DATE 3. REQUISITION/njItCHASE REQUEST NO. 

07-81IDI2033.501 
4. PROJEa NO. t I f applicable) 

s. ISSUED ar CODE 

U. S. Department of Energy 
Idaho Operations Off ice 
550 Second Street 
Idaho Fa l ls , Idaho 83401 

i . ADMINISTERED lY ( I f o lh t r than block } ) CODE 

7. CONTRACTOR 
NAME ANO ADDRESS 

CODE FAOUTY CODE \_ 

(Street, city, 
county, slate. 
and ZIP 
Code) 

r n 
Montana College of Mineral Science and 

Technology 
Butte, Montana 59701 

\ 1 
At tn : John Dunstan J 

n AMENDMENT OF 
SOLICITATION NO. 

DATED. .(See block 9) 

MODIFICATION OF D E - F C 0 7 - 7 9 I D 1 2 0 3 3 
^ I CONTRACT/ORDER NO. 

2-26-79 
DATED. . (See block 11) 

9 THIS ILOCK AFFIIES ONLY TO AMENDMENTS OF SOliriTATIONS 

I Tha abova numbarad wlicilotiail it omandad at Ml farfh in block 12. Tha hour and dota ipacifiad for racaipt of Offart j it axtandad, I j it not axtandad. 

QITarort mutt ocknowladga racaipt of thit omandmant prior to tha hour and data tpacifiad in tho telicitation, or at omandad, by ona of ttt* following mathodt: 

{ol l y ugning and r t l u m i n g _ _ _ a p i a « of thit omandmanti |b) l y ocknowledging tacaipl of thit amandmant on aoch copy of iha offar lubmiHad: or (c| l y t.parota lattar or lalagrom 

wh.ch includai a rafaranca te tha telicitation and aoMndmant nvmban. FAILURC OF YOUR ACKNOWLEDGEMENT TO IE RECEIVED AT THE ISSUING OFFICE PRIOR TO THE HOUR AND 
DATE SPECIFIED MAY RESULT IN REJECTION OF YOUR OTFER. If, by «irtva of thit omandmam you datira to chonga on ollar olraody tubminad. tuch changa moy ba mode by talagrom 
or l . i tw, providad tuch talagrom or lattar mebal rafaranca to Iha lalicilation end thit amandmant, and i> rocaivad prior to Iha opaning hour and data tpacifiad. 

10. ACCOUNTING AND APPROFRIATION DATA ( I f r t t f u i r t d ) 

I I . THIS HOCK APPLIES ONLY TO MODIFICATIONS OF CONTRACTS/ORDERS 

(a I | _J Thit Chonga Ordar it ittuad punuoni lo _ _ ^ ^ ^ ^ _ ^ _ ^ . ^ _ _ 

Tha OwngafcMt fanh in Week 12 ara mode la Ih* obova numbarad controct/eidor. 

1̂ 1 Tho abova numbarad controet/ordar it modifiad te raflact tha odminittrgtiva,cbaagat (>uch at chongaj in poying of f i t t , appropriation doto, .tc.) Mt fonh in block 1 2. 

a - . ^ . . . . _ . ^ PUDTIC Law 95.^1 e t . a l . 
Thit Supplamantol Agraamant ifl antarad into purtuont to oufhonty of . ^ . ^ _ ^ _ . _ — — 

Il modifiat tha abovo numbarad contract at tat forth In block I 2. 
1} . DESCRIPTION OF A/wENOMENT/MODIFICATION 

1. A r t i c l e I I - ESTIMATE OF COST AND OBLIGATION OF FUNDS, Paragraph B. is revised to 
increase the to ta l amount of funds obligated by DOE to a new to ta l of Five Hundred 
Thirty-One Thousand One Hundred Forty-Eight Dollars ($531,148.00). 

The estimated cost and share to ta ls are summarized below: 

Basic Agreement 
Inc. per Mod. AOOl 
Inc. per Mod. A002 
Inc. per Mod. A003 
Inc. per Mod. A004 

Total 

Percentage Share 

Montana Share 

$ 10,778 
202 

64,696 
4,800 
-0-

$ 80,476 

13.158% 

DOE Share 

$ 99,917 
1,868 

414,963 
14,400 

-0-

$531,148 

86.842% 

Total 
Est. Cost 

$110,695 
2,070 

479,659 
19,200 
-0 -

$611,624 

DOE 
Funds Obligated 

$ 99,917 
1,868 

169,000 
114,400 
145,963 

$531,148 

Excapt at providad harain, all larmt and condiliont of iha documont rafaroncad in block S, ot harvtofora chongad. ramoin unchengad and in Hill forca and .ffvct. 

13. 

C T O ' ^ S ™ N ^ W * S ° 0 0 C U M \ N ^ ^ ° ^ " O " ' " " g ] CONTRAaOR/OFFEROR IS REQUIRED TO SIGN THIS DOCUMENT AND 8ETURN_Z COPIES TO ISSUINO OFFICE 

CONTRAaOR^FFfR« M f O f / ^ l 

, y l/^trVlO^ 
^^i^nolCra of parton outhorixad to ugn) 

17. UNITED STATES OF AMERICA 

JA^̂ ^̂ '-̂ Ĵ-M'r' ^ ^w)t̂ -v4 
iSignonjrt of Controcling Officar) 

IS. NAME ANO TITLE OF SIGNER ( T t p t or p r t n l ) 

VERNON GRIFFITHS 
DIRECTOR OF RESEARCH 

14. DATE SIGNED 

4 / 6 / 8 1 

I 8. NAME OF CONTRACTING OFFICER ' Ty)>e or p r in t ) 

Will iam C. Drake 

19 DATE SIGNED 

^ / l o / ^ / 
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FED. PROC REG. [41 CFR) 1 - 1 4 . 1 0 1 

AMENOM&rr OF SOLICITATION/MODIFICATION OF CONTRACT 1 
AMtNDMENT/MCOlF lCAT iON N O . 

M005 
;. ISoUtO : COOE 

U. S. Department of Energy 
Idaho Operations Off ice 
550 Second Street 
Idaho Fa l l s , Idaho 83401 

2. EFFEOIVE DATE 

See Blk 19 
3. REQUISITION/PURCHASE REQUEST N O . 

07-81ID12033.503 
U . PROJECT H O . ( I f app l i cab le I 

4. ADMINISTERED IT (I f other than block i ) C O D E 

CONT»*CTCS 
NAME AND ADDRESS 

CODE l A C l U T Y CODE 

r • 1 
Montana College of Mineral Science and 

Technology 
•,TJ'//r"' Butte, Montana 59701 

1 At tn : John Dunstan 

( Street, .ify. 

J 

AMENDMENT OF 
I I SOLICITATION N O . 

.(See block 9) 

_ MODIFICATION OF D E " F C 0 7 - 7 9 I D 1 2 0 3 3 
| A J CONTRACT/ORDER N O . 

2-26-79 
. (See hlock \ I J 

THIS 3tCC.< •K9^ \ ^^$ . O N L Y r o AMENDMENTS O f SOUCITATIONS 

{ I Th9 obov* numbered lo l ic i tat ior i is amended o i set forth in block 12. The hour ond da** specified for receipt of OFFers [ | is exter>ded, 1 is not vxtended. 

OF*«rors must acknowledge receipt of 'his amendment pr ior to the hour a n d do te specified in Ihe solicitotion,-or as amended, by one of the fo l lowing methods. 

-cop ies of this omendment; (b) By ocknowtedging receipt o f this o m e n d m e n f on each copy of the ofTer l u b m i l t e d ; or (c) 8y lepo ro te letter or te le f l rom I'ol B/ i i gn ing ond r e t u r m n g -

wh.cn includes a reference 'o the soi ic i tot ion ond omendment numbers. FAILURE OF YOUR ACKNOWLEDGEMENT TO BE RECEIVED AT THE ISSUING OFFICE PRIOR TO THE HOUR AND 

DATS SPECIFIED MAY RESULT I N REJECTION OF YOUR OFFER. If, by virtue of this omendmeni you desire l o chonge on o f U r a l ready submitted, such c h o n g * moy be made by telegram 

or ^erter, prov ided tuch te legrom or Wttei makes reference lo the sol ic i lot ion a n d this omendmet^ , ond is 'ece ived pr ior to the open ing hour and do le speci f ied. 

10 ACCOUNTING AND APPROPRIATION DATA U f rec fu i red ) 

1 1 . THIS BLOCK APPIIES ONLY TO MODIFICATIONS OF CONTRAOS/ORDERS 

|a) j ' This Chonge Order is issued oursuont to _ ^ - — _ _ _ _ „ . « — _ 

The Chonges set lorlh in block 12 ore mode to Ihe above numbered controct /order. 

(b) j The aoove numbered cont roct /order is modi f ied to reflect the administrat ive cbongfs (such as chqngps m o o y i n g of f ice, gpp ropno t i on da to , etc.] sel forth in block ) 2 , 

Pubnc Law 95.91 et . " (c) [ A I This Supplemental Agreement is entered into pursuant to author i ty of . 

It modif ies the above numbered contract os sel for th in block 12 . 

ai 

12, DESCRIPTION OF »MENDMENT/MOOI f ICATION 

The term of this Agreement is hereby extended from September 2, 1981 to 
February 28, 1982. 

Encept as provided herein, all 'ermi ond conditions of the document referenced in block 8, a» heretofore changed, remoin Mnchonged ond m full torce ond ef'ect-

I ] T o ' ^ S ^ ^ ^ TH^S ° OOJM^^ ^ ° ^ REQUIRED g - j C O N T R ^ C T O R / O F F E R O R IS REQUIRED TO SIGN THIS DOCUMENT AND RETURN _ £ _ _ _ COPIES r c ISSUING OFFICE 

'it 
i f j^ t t i person outhorized to sign) 

17, UNITED STATES OF AMERICA I / , UMIICW 5 IA IC3 U r •!A\CKll-A « . j,^^ 

(Signature of Corlroct ing O^ce r ) 

\ 5 . NAME A N D TITLE OF SIGNER ( T y p e o r p r i n t i 

VERNON GRIFFITHS 
DIRECTOR OF RESEARCH 

16, OATE SIGNED 

?/10/81 

l a . NAME OF CONTRACTING OFFICER I T \ r i e or p r i n t ) 

William C. Drake 

19 DAfE SIGNED 

^/H/8- ; 

30-101 <r U.S.GPO:19e(H)-311-153/5520 
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DECEIVED 

ADVANCED TECHNOtOOY 
BRANCH 

M O N T A N A BUREAU OF MINES A N D G E O L O G Y 
MONTANA COLLEGE OF MINERAL SCIENCE AND TECHNOLOGY 

BUTTE, MONTANA 59701 
406/496-4166 

March 24, 1982 

Susan Prestwich 
U. S. Department of Energy 
Idaho Operations Office 
550 Second Street 
Idaho Falls, Idaho 83401 

Dear Susan: 

Joseph Donovan has resigned his position with the Bureau effective at the 
end of March; this leaves us short handed for the upcoming field season, and 
required that I take over all of his current work. This suimner's projected 
geothermal work schedule included: (a) field work in the vicinity of Ennis 
(drilling), Anaconda (mapping and drilling at end of the field season), White 
Sulphur Springs (geologic map evaluation and drilling if there was any money 
left), and hydrologic work (tentative: near Hot Springs, in cooperation with 
the Flathead reservation, and near Bozeman) , and (b) the compilation of the 
final report and "blind prospects" map. 

We would have probably needed to request a three month no-cost extension 
to adequately perform those tasks. With Joe leaving, there are two basic 
options available: 

(1) Reduce the allotted task description to what can be ccmipleted by 
October 1, 1982, and reduce the budget proportionately; or 

(2) extend the project duration to the end of FY 83 at no cost to DOE. 

I do not think that we can hire a new person to replace Joe earlier than August 
1, 1982 and most likely his replacement will not be working before September. 
Because we are In the final stages of the project, much of the work is inter
pretive, requiring comparisons of one area and its known resources with similar 
geologic settings. A new person will be of limited value at this stage, and I 
would prefer sole responsibility for producing the final reports on the geologic 
and hydrologic investigations. 

The question of how to proceed is yours. I would prefer accomplishing all 
of the tasks over the longer time frame. ThiSj, however, may not be in harmony 
with DOE objectives. As soon as you can provide me with a decision as to the 
approach to take, I will work up revised schedules, cost estimates, and milestone 
charts for the project. 

Sincerely, 

John Sonderegger 
Hydrogeologist 

JS:blm 
IHt BUREAU OF MINES AND GEOLOGY WAS ESTABLISHED BY LAW IN 1919 AS A DEPARTMENT OF MONTANA COLLEGE OF MINERAL SCIENCE AND TECHNOLOGY. TO PROMOTE 
t f FICIENT DEVELOPMENT OF MONTANA S MINERAL RESOURCES BY GATHERING ANO PUBLISHING INFORMATION ON THE GEOLOGY. TOPOGRAPHY, AND MINERAL DEPOSITS OF THE 
.-.^g^. ' STATE. INCLUDING METALS, NON-METALS, COAL. OIL, GAS. ANO UNDERGROUND WATER SUPPLY. 



STATE: Montana 

PHONE: ORGAN I ZAT I ON: CoT. Mineral Science & Techinoloqy 

PRINCI PAL I NVf ST I GATOR/CONTACT: John Sonder-ec^qer/Charles Widemaw 

•4f i -415 | 

CONTRACT NO.: DC-FC07-79ID12033* DATE: 2/15/79 

EST. COMPLETION: 2/I4/S0 
*Orig. EY-S^0i-24f6 (5/ l7/7g) 

ORIGINAL AMOUNT OlLIGATiED JQE: $f9.fl7 
$19,Sis 

Changei t© DC-AS07-76ID 12029 (R.E. SiMiids L e t t t r ©f CONTRftCTOi: 10^7?@ 

12/19/78). Have l e t t e r and a Mod 0OS to th i s Contract No. 
•Changed to DE-FC07-79ID12033 ? No Documentation. 
MODIFICATIONS: 

TOTAL :$ l i t ) , ff§ 

NUMB€R DATE DESCRIPTION DOi 

10/1/77 (#42@) Add Tasks - Increase Funds $M,m. 
mmmcjm 

003 5/ l /7t lletiiuest - Modify Tasks - Increase Funds Net 
m Wt DoGumtntati@m tf jted 0iQ3 oin this contrMil,. e contract (120331 isstitd 2/15/79 I IS.§17 i m . n & 

001 Additionjl Funds (Eauiiwent?) 1. ML 
002 1/ l / m Add TaskS 8-12: Funds: T.E. to 9/2/81 ;M4'II 
003 9/15/^ Increase Fundint 14 ( 

mi A I M M ^ 

004 4 / i / i l Doe Funds Allocated to Total 
005 9/4/81 N.C.T.E. U 2/2S/82 

DELIVERABLE STATUS: 

TASK NO. DESCRIPTION DATE DUE 

Per Mod (2421) 2. Compile Geitlogic/Geofhysical Data 
" i ^ Il tells 

9/3Q/79 

RECEIVED OR 

Per y d 002 (2426) 1. Madison/Red lock Springs & Wells 9/30/79 f̂̂  

XJ_ Madison 
"Roc^ liî  Creel-^diswi Riv. Val. g/JM/yl 7.3.4 Per 

Per fted ^Oi t242f j 4 . Geotherm F i l e In 
Per Mod 002 (2426) 5 . GeothermaT User Map 
~ New Contrac t (12033) 2 /15/79 

9/pQ/79 USGS C:|1C 7fiO 
9/30/7f MK. 

1. 2/15/79 - Complete Centennial yalley Pro.lect. zmm 
2. 2/15/79' Provide Geophys. (Sefswic) & Hydroloeiy around 2/14/80 l T H M 12, is" 

known Hot Springs • 
3. Conf>lgte Groundwater data transfer to USGS 

M.A. 4. Begin Yellowstone Geoth. Study 

/syj 
2/14/80 ;̂ N^Fg .̂gOMPUTER|̂ 00 
2/14/80 

5. ines on TenD. Grad. Studies - Map data 2/14/80 DO^E(M w m DATIA 
} ALS® #5&iJlN PRESS 6. Evaluate Airborn-Heat Sensing Imagery - Thermal discharge 

to wjor streams. CONTRACT COMPLETION DATE: 
(Cont d on P. 2) 

TOTAL FUNDS EXPENDED DOE: 

N.A.-$18 TASK #9 

CONTRACTOR: 

TOTAL: 
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STATE: Montana (Cont'd) 

ORGANIZATION: 

PRINCI PAL INVESTI GATOR/CONTACT; 

PHONE: 

CONTRACT NO.: DE-FC07-79ID12033 

EST. COMPLETION: 

DATE; 

ORIGINAL AMOUNT OBLIGATED DOE 

CONTRACTOR 

TOTAL 

MODIFICATIONS: 

NUMBER DATE DESCRIPTION 

AMOUNT 

DOE CONTMCTOR 

DELIVERABLE STATUS: 

TASK NO. DESCRIPTION 

New Contract (Cont'd) 
7. Conduct Test Drilling at Ennis or Deer Lodge 
Per Mod QQf: 1/1/iO Time Extension to 

DATE DUE RECEIVED 

2/14/80 
9/1/81 

9. ^ ^.lete Heat Sensing Imagery Study g / l / sT 
10. Provide Data to Geotherm. 9/^/81 
11. Acquire Geoscience Data on Eastern f4ontana Dr i l l Holes 9/2/81 

12 

17 CowpTete West Yellowstone-Little Bitterroot-Radersberg 9/^/81 vt^-%-fii 
%m pre-s-s 
uses. CIRC 790 

12. Geo]./Gepphys. studies: Deer Lodge - Anaconda. Helena 
¥alle|s and th i rd si te to be chosen. ~~ 

2/28/82 

6, 8 

l%d #5 iCc.T.E. to 

12-1 , -13 ,H 

for FY82: Add Geoscience Study i te Sulphur Springs: 
Norris Area: Predictive irodel for geoth. w/without surfacji 
manifestations. 

(Cont. on P. 3) 
im pgef. 

CONTRACT COMPLETION DATE:_ 

TOTAL FUNDS EXPENDED DOE: 

CONTRACTOR: 

TOTAL: 
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STATE: Montana (Cont'd) CONTRACT NO.: DE-FC07-7fID12033 

SUMMARY OF DELIVERABLES STATUS 

DESCRIPTION TASK 

State Nursery Test tifell #1 . Sonderegger Dr i l l ing Report 
Sub-Surface Investigation - Bozeman Mot Spring -poreovan, e t . a l j 
Structure of Centennial and Madison Vflleys - Schofield. 
Geol. & Geoth. Resources - E. Centennial Valley 
Dr i l l i ng of Campaqua Geoth. #1 - Hot Springs MT. - Etonovan. et].al 

"Geothermal User Map 
Geothtyw^l Resources of the Upper Centennial and Hadison ValleYy' -

OOE/ID/ 
1:2079-35 

go3ft4ereggey, e t . a l . 
GeQtlt#CT#il R^S^urces in MQnta^.a - Sefidereiggr md. gehfiidt 
Prolllems ©f Traee Element Ra t ios sm^ Geothefa^iaetry - Sonderegg'^r aftd 

,G»opfeiilfjil In 'Vfs t iga t ions of eeirtajn Mgrotajna (geotfo. Areas-Wid«^ian,ec 
GeoeJimi^al ivaluatloiii of sha l lew d i l u t i o n ©I GefntfeeiffBal Watet' r 

— • " - • '•' • " - • • • • • ' " I ' . . i f c . I — . • . . . . — I — . • • i . i i i i III. I • . . • — , — - — . , • • — ^ , . , . — _ . i . , . 1, _ . _ _ , , , — , _ . i i . 1 • II . j , . I I — . 1 I . , . . I , 1 - , . , • . . 1 . - i — i . • . , • • 

Ds!mov|La, et,. a l 
ctURI - ^ Dfeer Lod^e ¥ a l l e y I n v e s t l g a t i o a s - Ijideman, e t . a l 
^ p r i l , 8 2 Quar te r ly Report : 5 /13/81 - B^mlder Area " m^<mm-

F i e l d CTi^cfe 0£ GeologY-Soufehern To^rasemd Basiia - Straw 
Calcula ted Reservoir Temps-in Quar t e r ly Report %ll%n^ 

DATE iECaVED ITEM 

2/1^/82 
2/16/f2 
2/16/82 
imiM-
imm 1/82 

1 
2 
3 
4 
5 
6 

?./».. 
Atrn^ 
4/m 

al 

4/«i 
5/M 

Mm 
em 

.10 

11 
12 
13 
14 
15 

COMMENTS AND ACTION ITEMS: 



17 -Mk:) «. NOTICE QF FINANCIAL ASSISTANCE AWARD 
(See instructions on Reverse) /y7^¥-

under th.«.thority of Public uw 93-410, 93-438, 93-473, 93-577. and 95-91 
subject to legiitation, rsgulations and policies appiicabi* to (cite legislativa program title): 

National Geothermal Resource Assessment Program 

and 

1. PROJECT TITLE 

Additional Geothermal Studies in Montana 

i , RECIPIENT/iVamft address, lipcode, area tsode and telephone no.) 
Montana College of Mineral Science & Technology 
Butte, Montana 59701 

3. RECIPIENT PROJECT DIRECTOR (Nameand telaphona No.) 

John Sonderegger 

9. RECIPIENT BUSINESS OFFICER Warn*»/»(/ talephona No.) 

John Dunstan 

: 1, OOE PROJECT OFFICER (Name, address, zip coda, talephona No.) 

S.M.Prest/^ich, Energy & Technology Division 
U.S.Department of Energy, 550 Second Street 
Idaho Falls, ID 83401 (208) 526-1147 

2. INSTRUMENT TfPE 

D GRANT E COOPERATIVE AGREEMErilT 

4. INSTRUMENT NO. 

DE-FC07-791012033 
S. BUDGET PERIOD 
PROM: 2-15-79THRU: 9 - 3 0 - 8 2 

5. AMENDMENT NO. 

A006 
7. PROJECT PERIOD 

FROM: 2-1 5 -79 THnU:9-30-82 
10. TYPE OF AWARD 

a NEW CL CONTINUATION n RENEWAL 

Q REVISION • SUrtHJMENT 

12. ADMINISTERED FOR DOE BY (Name, address, zip coda, talephona No.) 

,E. M. Hyster . 
U. S. Departtnent of Energy 
R&D Contracts Br., Contracts Mgmt. Div. 
550 Second Street, Idaho Falls, ID 83401 
(208) 526-1229 

13. RECIPIENT TYPE 
O STATE GOVT 

D LOCAL GOVT 

n INDIAN TRIBAL GOVT D HOSPITAL 

d i INSTITUTION OF 
HIGHER EDUCATION 

I OTHER NONPROFIT 
ORGANIZATION 

DFORPfiOflT 
ORGAJNIZATION 

Dc DP, OSP 

D INblVIOUAL 

• OTHER ,'5/»e/yy/ 

14. ACCOUNTING AND APPROPRIATIONS DATA 

a. Appropriation Symbol 

^9X0224.91 
b. 8 & R Number 

AM I b l U 
e. FT/AFP/OC d. CFA Number 

15. EMPLOYER 1.0. NUMBER/SSN 

16. BUDGET AND FUNDING INFORMATION 

a. CURRENT BUDGET PERIOD INFORMATION b. CUMULATIVE DOE OBLlGATIQiMS 

1) OOE Funds Obligated This Action 

2) DOE Funds Authorized far Carry Over 

143,097 
—ITJ-
b3r,I4B .3) OOE Funds Previottslv Obligated in this Budget Period $ 

4) DOE Share of Total Approved Budget S § 7 4 , 2 4 5 

5) Rscipient Share of Total Approved Budget S ' " ' ; Jt^P 

•ii Total Approved Budget $ _ Z £ £ j - L Z J _ 

(1) This Budget Period 
[Total o f lines a. ID and g. 13)] 

(2) Prior Budget Periods 

(3) Prcject Period to Date 
[Total of lines b. IV and b. 12)] 

t 674.245 

-0-

<; 674,245 

m,\'l\ • 7. TOTAL ESTIMATED COST OF PROJECT S , 

(This is the current estirnatad cost of the profect. It is not a promise to award nor an authorization to expand funds ih this amount.) 

.3. AWARD/AGREEMENT TERMS ANO CONDITIONS 

This award/agreement consists of this form plus the following: 

a. Special terms and conditions t'if grant) or schedule, general provisions, special provisions lif cooperative agraament) 

b. Applicable program regulations (specify) National Geothennal Resource Assessment Prpqratn/n.,,;. 

c. DOE Assistance Regulations, 10 CFR Part-600, as amended, Subparts A and n B (Grants) or B C (Cooperetive Agreements). 

d. Apolicationyproposal dated May 13 . 1 981 Q as submitted iXl vwth changes ai negotiated 

MA. 

9. REMARKS 

0. EVIDENCE OF RECIPIENT ACCEPTANCE 

j l ^ ^ i r v i C ^ y 

(Signature of Authorized R A i 0 l ^ t Offieiall 
f l /^h V.3 

(Data! 

r- iccrtO^ OF RES^AKf H 

IVtla) 

21. AWARDED BY 

^,psw..c>Cuft. 
Will iam,C. Drake 

(Signature) 
:i /y/^^ 

(Data) 

„. - - . (Name) 

Contracting Officer 
(nt la l 



Modification No. A0Q6 
0E-FCO7-79IDT2O33 

Article I - DESCRIPTION OF RESPONSIBILITIES is revised to add the 
following tasks: 

13. Project Management 

The Participant shall provide overan project manageinent and timely 
reporting as fQuired by the attached DOE FonnCR*^̂  
Participant win attailnlster subcontracts and conduct field 
monitoring as required. The Participiant will exctjange Information 
and otherwise cooperate with the USGS, UURI/ESL, and others as 
identified by OOE. 

14. User Assistance 

The Participant will accept referrals under the User Assistance 
program and provide assistance to the private sector in the area of 
resource assessment. 

15. Seothermal State Map 

The Participant will complete data compilation and publish through 
NOAA a Montana State Geothermal Map. 

16. White Sulphur Springs Study 

The Participant vfin study the White Sulphur Springs area using 
geology, geophysics, and water chemistry as InitUl tools. The 
Participant win seek funds from thi& Renewable Energy Division, of 
the Montana Department of Natural Resources for t$st drming at 
White Sulphur Springs in order to confirm the size of the resource. 

17. Norris Area Study 

The Part1cIpant wi11 conduct a study of the NorrIs area us1ng 
appropriate geophysical, geologlcaV, geothermal techniques to see 1f 
geothermal resources can be identified beyond those presently 
known. A final report will be published. 

18. Summary Study 

The Participant win draw together into a coherent model the 
Information from geothermal studies In Montana* Part one of-this 
study will be the identification of the controls for the several 
types of systems In Montana. Part two will be a speculative 
discussion of areas without surface manifestation that appear most 
favorable for a "blind" resource to exist. Publication of the 
results of this task in either MBMG or Technical Journal format will 
constitute the final technical report under this Agreement. 

H3-1562H 
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Modification Mo, A006 
DE-FC07-79IDr2033 

2. Article II 
as follows: 

ESTIMATE OF COST AND OBLIGATION OF FUNDS Is revised to read 

"A. The total estimated cost of performing the work under this Agreement 
is Seven Hundred and Eight-Two Thousand One Hundred and Seventy-One 
Dollars ($782,171.00). For performance of work under this 
Agreement, the agreed share ratio Is 86.2% DOE, 13.8% Participant of 
totaV allowable costs. The Participant shall be Reimbursed by DOE 
for not more than 86.2% of the costs of the project determined to be 
allowable In accordance with Article A-I of the General Provisions 
entitled "Allowable Costs." The remaining 13.8% or more of the 
costs of the project so determined shall constitute the Participant 
share for which I t will not be reimbursed by DOE. The total costs 
to DOE subject to the future obligation of additional funds, is 
hereby established as Six Hundred Seventy-Four Thqusahd Two Hundred 
Forty-Five OoTlars ($674,245.00U 4rid this amount :is also the 
maximum amount of the project which is subject to VeirabUrsement by 
DOE unless such maximum cost Is changed In writing by the 
Contracting Officer. 

B. The total amount of funds obligated under this Agreement by DOE I s 
Six Hundred Seventy-Four Thousand Two Hundred Forty-FlVe Dollars 
($674,245.00). 

C. The total amount of funds obligated under this Agreement by DOE Is 
Inclusive of Thifi^-Three Thousand Four Hundred Donars ($33^400.00) 
of capital equipment funds. The amount of capital equipment funds 
shall be treated as a separate celling which shall not be exceeded. 

The estimated cost and share totals are summarized below: 

Original 
Inc. per 
Inc. per 
Inc. per 
Inc. per 
Inc. per 
Inc. per 

Total 

% Share 

Contract 
Mod, AOOl 
Mod. A002 
Mod, A003 
Mod. A004 
Mod. A005 
Mod. A006 

Montana 
Share 

$ 10,778 
202 

64,696 
4,800 
-0-
-0-

27,450 

$107,926 

13.8% 

DOE Share 
$ 99,917 

1,868 
414,963 
14,400 

-0-
-0-

143,097 

$674,245 

86.2% 

Total 
Estimated 

Cost 
$no,695 

2,070 
479,659 
19,200 

-0-
-0-

170.547 

$782,171 

DOE 
Funds 

Obligated 
$ 99:917 

1,868 
159,000 . 
114,400 
145,963 

-0-
143.097 

$674,245 

3. Article IV - TERM OF AGREEMENT is revised to extend the term from 
February 28, igaz to September 30, 1982. 



Modification No. A006 
DE-FC07-79ID12033 

4 . Art icle Y - PROJECT MANAGEMENT. DEFINITIONS AND REPOy^NG I s revised to 
change the DOE Program Manager from L^L. Mink to S W. Prestwich. 

5. Article YI - PROJECT INFORMATION 1s changed to refer to the DOE 
Form CR-537 attached to t h i s Modification No. A006. 

6. Art icle YIII - TEM1INATI0N, paragraph D,, Is revised to change the DOE 
share from 86,842% to 86.2%. 

7. Article A-XX - PATENT RIGHTS - SHORT FORM 1s deleted and the attached 
a r t i c l e en t i t l ed PATENT ĵ IfiHTS - July 1981 substi tuted therefore. 



o o e Form CR.$37 
(l-7») 

U. S. OEPARTMKNT OF ENERQY 

REPORTING REQUIREMENTS CHECKLIST 
(See Instnxtionson Reverse) PORM APPROVE 

O M B N O . 3 8 R ^ ] l | 0 

1. IDENTIFICATION Geothermal Resource 
Assessment I n Montana 

2. OBLIGATION INSTRUMENT: Modif icat ion No. A006 
:o Contract No. FC07-79ID,12033 

3. REPORTING REQUIREMENTS 

A. PROJECT MANAGEMENT 

I . D Management Plan 

2. O Milestone Schedule & Status Report 

3. O Cost Plan 

4. Q Manpower Plan 

5. (3 Contract Management Summary Report 

a 3 Project Status Report 

7. O Cost Management Report 

8. a Manpower Management Report 

9. D Conference Record 

10. O Hot Line Report 

Frequency 

M 
M 

B. TECHNICAL INFORMATION RePORTJNG 

1. D Notice of Energy RO&D Project (SSIE} 

2. Q Technical Progress Report 

3. Q Topical Report 

4. C3 Final Technical fleiJort 

C. PMS/MINI-PMS 

1. Cost Performance Report 

a Format 1 WBS 

D Format 2 Functional 

D Formats Baseline 

D Formats Problem!Analysis 

2. Q dost/Schedule Statu* Report 

3. Q Management Control System 

Description 

4. • Summary System Description 

5. Q WBS Dictionary 

Frequency 

A 
Y 

FREQUENCY COOES: A - As Required 
C — Contra« Change 
F - Final (End of Contract) 
M — Monthly 
0 "• One Time (Soon After Contract Award) 

Q - Quarterly 
S — Semi-Annually 
X — Mandatory fo l Detivery with Proposals/Bid 
Y - Yearly orUpoih Contract Renewal 

4. SPECIAL INSTRUCTIONS 

A.5., A.5. - Copies are due within fifteen days after end of the calendar month. 

8.3 

b.4. 

Submit in draft after completion of work as indicated in Statement of Work 
After DOE approval Is received, submit copies as required on attached 
"Report Distribution List." 

Submit 2 copies in draft forty-five days prior to completion date of contract 
term. After DOE approval is received, submit in fiani Including one 
camera-ready copy. 

5. ATTACHED HEREWITH: 

09 Report Oistribution List 
a WBS/Reporting Category 

a 
a 

6. PREPARED BY (Signature and date): 7. REVIEWED BY (Signature and date): 



io F-m (fl««, oa.n) 
R««. tXJE 13302 
<UM witn o o e Cn-S37) 

U.S. DEPARTMENT OF ENERGY 
IDAHO OPERATIONS OFFICE . 

REPORT DISTRIBUTION UST 

Contract No. 

DE-FC07-79ID 12033 

Modif icat ion No. 

Addressees Number of Report Copies 

U.S. Department of Energy 
Idaho Operations Off ice 
550 Second Street 
Idaho Fa l ls . Idaho 83401 

A t tn : Susan Prestwich, Program 
Manager - Energy and 
Technology Div is ion 

A t tn : Nell W. Fraser, Director 
Contracts Management Div 

A t tn : E. G. Jones, Director 
Financial Management Div 

Dave Lombard ^ 
U.S. Department of Energy, DGE 
MS: 3344, Federal Bui lding 
12th and PA. N.W. 
Washington, D.C. 20461 

Duncan Foley 
UURI 
420 Chipeta Way, Suite 120 
Salt Lake City, Utah 84108 

12 

Special Instructions 



1 
PATENT RIGHTS - COMTRAGTS WITH SMALL BUSINESS FIRMS 

OR NONPROFIT ORGANIZATlONS - JULY 1981 

a. Definitions 

(1) "Invention" means any Invention or discovery which Is or may be 
patentable or otherwise protectable undafTltlg 35 of the United States Code 

- ( U S C - ) . • 

(2) "Subject Invention" means any Invention of the contrpctor concelyed 
or f i rs t actually reduced to practice In the performance of woi*k under this 

'contract. •••̂ '., 

(3) "Practical Application" means to manufacture in the case of a 
composition or product, to practice in the case of a process or method, or to 
operate In the case of a machine or system; and. In each case,.under such V 
conditions as to establIsh that the Invention Is utilized and that I ts 
benefits are, to the extent permitted by law or Gove 
available to the public on reasonable terras. 

(4) "Made" when used In relation to any Invention means the conception 
or f irs t actual reductlbn to practice of such Invention. 

(5) "Small Business Finn" means a small business concern as defined at 
Section 2 of Public Law 85-536 (15 USC 632) and Implementing regulations of 
the Administratbr of the Small Business Administration. For the purpose of 
this clause, the size standard for small business concerns Involved In 
Goverrmient procurement, contained in 13 CFR 121.3-8, and in subcontracting, 
contained in 13 CFR 121.3-12, will be used. 

(6) "Nonprofit Organization" means universities and other Institutions 
of higher education or an organization of the type described in-
section 501(c)(3) of the Internal Revenue Code of 1954 (26 USC 501a) or any 
nonprofit scientific or educational organization qualified under* a state 
nonprofit organization statute. 

(7) "Patent Counsel" means the Department of Energy (DOE) patent counsel 
assisting the DOE contracting activity. 

b. Allocation of Principal Rights 

The contractor may retain the entire right, t i t l e , and interest 
throughout the world to each subject invention subject to the provisions of 
this clause. With respect to any subject invention in which the contractor 
retains t i t l e , the Federal Government shall have a nonexclusive, 
nontransferable. Irrevocable, paid-up license to practice or have practiced 
for or on behalf of the United States any subject Invention throughout the 
world for which the contractor has elected to retain t i t l e . 

P2-n05H 



c. Invention Disclosure, Election of T i t le and Fil ing of Patent Applications 
by Contractor """""""" " • 

(1) After a subject Invention has been disclosed 1n writing by the 
Inventor(s) to contractor personnel responsible for the administration of 
patent matters, the contractor w i l l : 1 

(1) Disclose such Invention to the Patent Counsel within six months; 

(11) Elect whether or not to retain t i t l e to any such Invention by 
notifying the Patent Counsel within twelvis months of disclosure to the 
contractor but In any event, a t least three;months (unless shortened by 
the Contracting Officer) before (a) a publtC use or on sale of the 
Invention occurs, (b) a manuscript describing the invention is submitted 
for publication without assurances of confidential i ty, or (c) the 
invention is otherwise made available to the public; 

(111) File I ts In i t ia l pateni: application on an elected Ijivention 
within two years after ielectiOn; and 

(iv) File patent applications In additional countries within eitherv 
ten months of the corresponding i n i t i a l patent appllcationi, or six months 
from the date a license Is granted by the Commissioner of Patents and 
Tradanarks to f i l e foreign patent applications when such f i l i ng was 
prohibited for security reasons. 

(2) Requests for extention of the time for disclosure to the Patent 
Counsel, election and f i l i n g ; where reasonable^ w i l l normanybe^g^^ 

(3) The disclosure to the Patent Counsel shall be in the form of a 
written report and shall Identify the contract under which the invention was 
made and the inventor(s). I t shall be suff iciently complete In-technical 
detai l to convey a clear understanding of the nature, purpose, operation, and, 
to the extent known, the physical, chemical, biological or electrical 
characteristics of the invention. The report shan also identify any 
publication, on sale or public use of the invention and whether a manuscript 
describing the Invention has been submitted for publication and accepted at 
the time of disclosure. 

d. Forfeiture of Tit le 

(1) The contractor w i l l convey to OOE, upon written request, t i t l e to 
any subject Invention: 

(1) I f the contriatctor fa l ls to disclose or elect the subject 
Invention within the times specified in c above, or elects not to retain 
t i t l e . 

(11) In those countries In which the contractor fa i ls to f i l e patent 
, application within the times specified in c above; provided, however, 

that i f the contractor has f i led a patent application in a country after 
the times specified in c above but prior to i t s receipt of the written 
request of the Patent Counsel, the contractor shall continue to retain 
t i t l e in that country; or 



( i l l ) In any country In which the contractor decides not to continue 
the prosecution of any application for, to pay the maintenance fees on, 
or defend in a reexamination or opposition proceeding on, a patent on a 
subject invention. 

e. Mlnimum Rlghts to Contractor 

The contractor will retain a nonexecluslve, royalty-free license 
throughout the world In each subject invention to which the Goyermient obtains 
t i t l e except if the contractor falls to disclose the subject invention within 
the times specified In c above. This license extends to, and Is revocable and 
transferable, as follows: 

(1) The contractor's license extends to Its domestic subsidiaries and 
affil iates. If any, within the corporate structure of which the contractor Is 
a part and Includes the right to grant sublicense of the same scope to the 
extent the contractor was legally obligated to do so at the time the contract 
was awij^edv The license Is transferable only With the approval of DOE except 
when transferred to the successor of that part of the contractor's business to 
which the Invention pertains. 

(2) The contractor's domestic license may be revoked or modified by OOE 
to the extent necessary to achieve expeditious practical application of the 
subject Invehtion pursuant to an application for an exclusive license 
submitted In accordance with 10 CFR 781. This license will not be revoked In 
that field of use or the geographical areas In which the contractor has 
achieved practical application and continues to make the benefits of the 
invention reasonably accessible to the public, Tlie 11 cense In any fore 1 gn 
country may be revoked or modified at "the discretion of DOE to the extent the 
contractor. I t s licensees, or i t s domestic subsidiaries or affiliates have 
failed to achieve practical application in that foreign country. 

(3) Before revocation or modification of the license, DOE will furnish 
the contractor a written notice of i t s Intention to revoke or modify the 
license, and the contractor will be allowed thirty days (or such other time as 
may be authorized by DOE for good cause shown by the contractor) after the 
notice to show cause why the license should not be revoked or modified. The 
contractor hiiis •Uie nght to appeal, in accordance with 10 CFR 781, any 
decision concerning the revocation or modification of i ts license. 

f. (Contractor Action to Protect Government's Interest 

(1) The contractor agrees to execute or to have executed and promptly 
deliver to the Patent Counsel all instruments necessary to: 

(1) Establish or confirm the rights the Government has throughout 
the world in those subject inventions for which the contractor retains 
t i t l e , and 

(11) Convey t i t l e to DOE when requested under d above and to enable 
the Government to obtain patent protection throughout the world in that 
subject Invention. 
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(2) The contractor agrees to require, by written agreement, ists 
employees, other than Clerical and nontechnical employees, to; disclose 
promptly In writing to personnel Identified as responsible for the 
administration of patent matters and In a format suggested by the contractor 
each subject Invention made under this contract in order that the cpntractor 
can comply with the disclosure provisions of c above and to execute a l l papers 
necessary to file patent applications on subject inventions and to establish 
the Government's rights In the subject Inventions, The disclosure format 
should require, as a minimum, the Information requested by subparagraph c 3 
above. The contractor shall instruct such employees through the employee 
agreements or other suitable educational programs on Wie Importance of 
reporting inventions In sufficient time to perniit the filing of patent 
applications prior to U.S. or foreign statutory bars. 

(3) The contractor will notify the Patent Counsel of any decision not to 
continue prosecution of a patent application, pay maintenance fees, or defend 
in a reexamination or opposition proceeding on a patent, In aily country, not 
less than thI rty days before the expiratibn#f the response period requl red by 
the relevant patent office. 

(4) The contractor agrees to Include, within the speciflcatldn of any 
United States patent application and any patent Issuing thereop covering a 
subject invention, the following statement, "This Invention wai made with 
Government support under (Identify the contract) awarded by the Department of 
Energy. The Government has certain rights In this invention." 

(5) The contractor agrees to: 

(1) Provide a report prior to the close-out of the contract listing 
all subject inventions; 

(11) Provide notification of all subcontracts for experimental, 
developmental, demonstration, or research work, the identity of the 
patent rights clause therein, and copy of each subcontract upon request; 

( i l l ) Provide promptly a copy of the patent application, filing date, 
and serial number; and patent number and issue date for any subject 
Invention ,in any country in which the contractor has applied for patents. 

g. Subcontracts 

(1) The contractor will include this clause, suitably modified to 
identify the parties, in all Subcontracts, regardless of t ie r , for 
experimental.developmental or research work to be performed in the United 
States by a small business firm or a nonprofit organization. The 
subcontractor will retain all rights provided for the contractor in this 
clause, and the contractor will not, as part of the consideration for awarding 
the subcontract, obtain rights in the subcontractor's subject inventions. 

(2) The contractor willinclude in all other subcontracts, regardless of 
t ier , for experimental, developmental, demonstration, or research work the 
patent rights clause required by 41 CFR 9-9.107-5(a). 
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h. Reporting on Utilization of Subject Inventions 

The contractor agrees to submit on request periodic reports no more 
frequently than annually on the utilization of a subject Invention or on 
efforts at obtaining such utilization that are being made by the contractor or 
i ts licensees or assignees. Such reports shall include infonrtation regarding 
the status of development, date of f i rs t conanercial sale or use, gross 
royalties received by the contractor, and such other data and information iS 
OOE may reasonably specify. The contractor also agrees to provide additiohal 
reports as may be requested by DOE in connection with any march-in proceeding 
undertaken by pOE in accordance with paragraph j of this clause. To the 
extent data or information supplied under this section is considered by the 
contractor, I ts licensee or assignee to be priyileged and confidential and is 
so marked, the agency agrees that, to the extent permitted by 
35 use 202(c)(5), i t will not disclose such information to persons outside the 
Government, 

i . Preference for United States Industry 

Notwithstanding any otter provision of this clause, the contractor agrees 
that neither i t nor any assignee will grant to any person the exclusive right 
to use or sell any subject invention in the United States unless such person 
agrees that any products embodying the subject invention or produced through 
the use of the subject Invention will be manufactured substantially in the 
United States. However, in individual cases, the requirement for such an 
agreement may be waived by OOE upon a showing by the contractor or I ts 
assignee that reasonable but unsuccessful efforts have been madie to grant 
licenses on similar terms to potential licensees that would be likely to 
manufacture substantially in the United States or that under the circumstances 
domestic manufacture Is not commercially feasible. 

j . March-in Rights 

The contractor agrees that with respect to any subject invention in which 
i t has acquired t i t l e , DOE has the right in accordance with the procedures In 
OMB Bulletin 81-22 to require the contractor, an assignee or exclusive 
licensee of a subject invention to grant a nonexclusive, partially exclusive, 
or exclusive license in any field of use to a responsible applicant or 
applicants, upon terras that are reasonable under the circumstances, and if the 
contractor assignee, or exclusive licensee refuses such a request, OOE has the 
right to grant such a license itself if DOE determines that: 

(1) Such action is necessary because the contractor or assignee has not 
taken, or is not expected to take within a.reasonable time, effective steps to 
achieve practical application of the subject invention in such field of use; 

(2) Such action is necessary to alleviate health or safety needs which 
are not reasonably satisfied by the contractor, assignee, or their licensees; 

(3) Such action is necessary to meet requirements for public use 
specified by federal regulations and such requirements are not reasonably 
satisfied by the contractor, assignee, or licensees; or , 
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(4) Such action Is necessary because the agreement required by : 
paragraph 1 of this clause has not been obtained or waived or because a 
licensee of the exclusive right to use or sell any subject invention in the 
United States is In breach of such agreement. 

k. Special Provisions for Contracts with Nonprofit Organizatibns 

(1) Rights to a subject invention i n the United States nay not be 
assigned without the approval of DOE, except where such asslgrinent is made to 
an organization which has as one of I t s primary functions the manageraent bf 
Inventions and which is not. I t se l f , engaged;in or does not ho5d a ^substantial 
Interest in other organizations engaged ?in the manufacture or s i le of products 
or the use of processes that nilght u t i l i ze the Invention or be in competition 
with embodiments of the invention (provided that such assigneeiwlll be subject 
to the same provisions as the contractor); 

(2) The contractor may not grant exclusive licenses under United States 
patents or patent applications in subject inventions to persons other than 
small business firms for a period in excess of the earlier of: 

(1) f ive years from f i r s t commercial sale or use of the invention; 
or 

(11) eight years from the date of the exclusive license excepting 
that time before regulatory agencies necessary to obtain premarket 
clearance, unless on a case-by-case basis, DOE approves ai l onger 
exclusive license. I f exclusive fielxt of use licenses arei granted, 
commercial sale or use in one f ie ld of use v^il 1 not be delined ccMnmerclal 
sale br use as to other f ields of usev and a firstCommercial sale or use 
with respect to a product of the invention wll 1 not be deeiied to end the 
exclusive period to different subsequent products covered by the 
invention, 

M[3) The contractor w i l l share any royalties collected on a subject • • 
Invention with the Inventor; and 

(4) The balance of any royalties or income earned by the contractor with 
respect to subject inventions, after payment of expenses (including payments 
to inventors) incidental to the administration subject inventions, wi l l be 
ut i l ized for the support of scientif ic research or education. 
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TEST WELL NO. 1 

INTRODUCTION 

A geothemial test well was sited and drilled approximately 0.8 miles 

(1.3 km) east of Broadwater Hot Springs, near Helena, Montana. The site is on 

the property of the State Nursery, along the north side of Ten Mile Creek. The 

purpose of the drilling was to test a thermal infrared imagery anomaly and to 

evaluate whether a source of warm water for space heating of a series of new 

greenhouses could be developed to replace ones destroyed in the spring 1981 

flooding of Ten Mile Creek. 

SITING AND LOCATION 

The test well was sited in T. 22 N., R. AW., section 22 CD. This 

location is on a small low-intensity thermal anomaly apparent on infrared 

imagery flown over the Broadwater Hot Springs area in September 1977. It is 

also near the contact between a late Cretaceous granite body and Belt sediments 

(Proterozoic) of the Helena Formation. The well was sited at the intersection 

of the projection of this contact with the long axis of a small colluvium-filled 

draw, which probably represents a fault or pronounced joint plane cutting 

through the Precambrian section. The exploration rationale was to investigate 

the infrared anomaly, assuming that hot water circulation is encouraged along 

the granite-limestone contact, particularly near an Intersecting fault. The 

infrared anomaly was not the largest or the most intense in the vicinity, but 

was the only one which was located on State Nursery property. 

LOCAL GEOLOGY 

The test well site is located near the center of a gently-dipping 

anticlinal structure across which are exposed lower Belt sediments of the 



Precambrian Helena, Empire, and Spokane Formations, as mapped at a scale 

of 1:48,000 by Knopf (1963) (Figure 1). The anticline is, according to 

Knopf's map. Intruded by a late Cretaceous granite-adamellite stock assoc

iated with a late stage of the Boulder Batholith. In the field, a pre-

drilling site investigation of the granite-limestone contact approximately 

200 feet (65 m) from the test site was made. Chilled margins in the gran

ite and obvious contact raetamorphism in the sediments (viz., calc-silicates 

or argillic alteration products) were not evident at the outcrop. There

fore, it was tentatively interpreted that the contact could be either of 

fault or intrusive origin. 

DRILLING SUMMARY 

The test well was spudded with a chum drill operated by the 

Montana Department of Highways Core Drill Section on 10/19/81. 6" I.D. 

well casing was driven through poorly-sorted colluvial sand, clay, and 

cobbles derived from the rock outcrops Immediately upslope, dominated by 

Helena Formation quartzite and limestone. Solid bedrock was encountered in 

the well at 27 feet (8.2 m) below ground surface, where the casing was 

set and the cable tool rig moved off the hole. A Failing 1500 air rotary 

rig was moved onto the hole on 10/21/81 to proceed into bedrock with a 

tungsten carbide chisel-tooth tricone bit. However, due to insufficient 

pull-down pressure on the rig, it was unable to penetrate deeper than 33 

feet (10.1 m) . A water well contractor (Lindsay Drilling of Clancy, MT) 

was mobilized on the hole on 10/26/81 with an Ingersoll-Rand TH-60 air 

rotary rig. Drilling proceeded rapidly with an air hammer to a depth of 

280' (85.3 m) under open hole conditions. 

No significant amount of water was obtained in the overburden 
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material. A good flow of water was obtained from permeable zones in the 

limestone from 90-120 feet (27-37 m) and from fractures associated 

with the granite-limestone contact and within the granite itself, from 

120-150 feet (36-46 m). Yield by air lift was estimated by the driller 

at 100-150 gallons per minute, although this is by no means a precise 

value. The specific capacity of each producing zone is not known. 

The water-producing zones were subject to caving and sloughing 

at several levels between 110-150 feet (3A-A6 m). For this reason the 

driller did not remove the drill string from the hole after water was en

countered; to continue much deeper than 280 feet (85.3 m) a steel liner would 

have had to have been set to prevent the sloughing from egdahgering the drill 

string. 

A temperature log (Figure 2) was run while the rig was still 

on the hole, running the thermistor down the Inside of the drill steel to 

penetrate the sloughed zone. The water ranged from 9.8 -12.8 C from top 

to bottom. The ten foot spacing on the readings was inadequate to delineate 

water producing zones in detail, but does describe in general the zone from 

120-140* (36-43 m) as being an aquifer. Temperature gradients in the bottom 

80 feet (25 m) of the hole, which the driller had indicated had produced no 

additional water, ranged from 3.3 -16.4 C/km, with an average of about 9 C/km, 

far less than a 'normal' conductive geothermal gradient of 25 C/km. This 

was Interpreted to indicate that (a) no warm water source ('>30 C) was located 

within a few hundred feet of the bottom of the hole, and (b) the depressed 

gradient at the bottom of the well suggests an extensive cold water reservoir, 

either below or around the 280 foot (85 m) depth of the test well. For this 

reason, and due to the additional expense of the liner needed to pursue deep

ening of the well, the well vas drilled no deeper than 280 feet and the rig 



demobilized on 10/27/81. 

Geophysical logs (gamma, SP, and resistivity) were run on the 

hole after drilling (Figure 2). Water-bearing fractures in both the lime

stone and the granite can be recognized by a characteristic high SP-low 

resistivity signature. Unfractured dry granite is characterized by gen

erally higher gamma values and a slightly higher frequency and amplitude 

of transient noise-like spikes in the gamma curve, probably due to gamma 

radiation from potassium in clots of biotite. . 

DRILL CUTTINGS 

Both cable tool and rotary cuttings were fine, ranging from 0.1-5 mm 

in size, with rarely a few larger chips mixed in. Cuttings were sampled in 

the field and returned to the lab, where they were washed to remove the 

fine carbonate flour which coated many of them, sieved to obtain the 

coarser than 100 mesh fraction, and split. One split was saved for stor

age, while the other was used for microscopic examination and, for intervals 

for which there was sufficient sample, for carbonate determinations. Carbon

ates were determined using an acid digestion-pressure bomb technique, using 

the washed sieved fraction. Cuttings were pulverized in a Buehler puck mill 

prior to bomb carbonate determination, to assure complete digestion of 

carbonates. •*• 

The drill cuttings log (Table 1) Indicate that the Helena Formation 

at this site is generally a weakly calcareous, vell-crystalllzed siliceous 

lloestcme or calcareous quartzite, with secondary calclte precipitated along 

the fracture planes. The granite is of relatively homogenous composition: quartz, 

biotite, plagioclase, and potassium feldspar. Inmost cases relatively fresh, 

although the biotite In some zones has been strongly weathered and oxidized, 

staining the surrounding rock a bright orange with iron hydroxide weathering 



products. The biotite is fine-grained and subhedral to euhedral, some

times occurring in euhedral subsequent hexagonal plates in the cuttings, 

characteristic of plutonic biotite. 

The first trace of granite in the bedrock cuttings occurs at 

110' (33.5 m). This sample is composed almost exclusively of granite 

cuttings (limestone <15%). The next deeper sample (120*, 36.6 m) showed 

about 35% granite cuttings but was dominantly limestone fragments. The ° 

next deeper sample (120-140', 36-43 m)) was almost exclusively granite 

cuttings again (limestone <15%), with an amount of carbonate material that 

could be accounted for by contamination from the open-hole or sloughing 

portion of the hole above the drilling depth. It seems likely that about 

8 feet (2.4 m) of granite was drilled through at 110-118 feet (33.5-36.0 m) 

then about 6 feet (1.8 m) of limestone, and finally back into granite from 

123 feet (37.5 m) to total depth (see geophysical logs. Figure 2). This 

makes a fault block hypothesis for the igneous sedimentary contact seem 

unlikely; the contact is probably of intrusive origin despite the apparent 

lack of chilled margins in outcrop. 

INTERPRETATION AND SUMMARY 

The test well site was picked to investigate a thermal imagery 

anomaly located near a suspected fault. The well was drilled to 280 feet 

(85 ffl) total depth, with no success in obtaining hot or even warm water. 

The thennal anomaly has been confirmed to be spurious with regard to the 

presence of underlying warn or hot ground water, or to the existence of 

anooalously high subsurface heat flow. No cold water was encountered at 

Shallow depth (<80 feet) that could have contributed to the anomaly. Abun

dant cold water (12^0) was encountered at 100-150 feet (30-46 m) depth; this 



water may be associated with the intrusive contact zone between the late 

Cretaceous granite and the Helena Formation sediments penetrated by the 

well. There is no indication from the test well data that this well is 

connected in any way with the hot water system at Broadwater Hot Springs, 

or that deeper drilling at this site would tap into this system. 

REFERENCE CITED; 

Knopf, A., 1963. Geology of the Northern Part of the Boulder 
Bathylith and Adjacent area, Montana. U.S. Geological Survey Misc. Geologic 
Investigations, Map 1-381 . 
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Table 1. Sample Lithologic Log: State Nursery Test No. 1 

VISUAL ESTIMATES 
DEPTH 

15-20* 

. CUTTINGS 
DESCRIPTION OF CONSTITUENTS 

.WEIGHT % 
..CARBONATE 

Disaggrega ted q u a r t z , .fragments q u a r t z , 
of q u a r t z i t e and q u a r t z i t e I s . ^ q u a r t z i t e 

40% 

20-25* 

25-28' 

minor granite fragments 

Quartz; quartzitic fragments; 
granite fragments; white 
opalline silica; minor Is. 
fragments 

light gray and pink quartzitic4 
Is.; dark gray quartzite; 
disaggregated quartz 

quartzitic limestone 15 
granite fragments 10 
white opalline silica 10 

quartz ^ 
quartzite P '̂* 
granite • ' " " \ 
limestone 
opalline silica 

40% 
25 
30 
2 
2 

. . * • " ' 

light gray siliceous,!50% 
i ' limestone i'-, ^ "̂  " 

i4»t 

28-33* 

30-40* 

gated q u a r t z M ' ^ ' ' " p ink 8 l l l ceo t t s i l8 . ' « j S'lOf^M *.»3.0» 

w;, r̂  :';.fe>i,̂ ^4. dark.g»yliuartiite^a|& ;.:J.m^̂  
4 .' ^^*"^^^f^t-'*»T'̂ »|;^w^ 

light gray quartzite Is.; 
pink and clear quartzite ^ 
fragments <' ''/ 

light gray quartzitic Is.; 
buff quartzitic Is.; pink 
quartzite 

light gray, siliceous ̂ ^0%'M*^ 3.0 
limestone'K i i ^ - ^ f ^ K : ' P A ^ ^ ' - <"***'')̂ .' "̂ "̂r '" 

quartzite 
^ u 1 >•!<-. i). i 

If 10 * t̂, iK 
'H *•'.*» s. .il .* 

light gray siliceous 30% 
limestone " 

buff quartzitic Is." ' 50 ^ 
pink quartzite v 20 

2.8 

Fine grained white and light 
gray recrystalllzed siliceous 
limestone 

It 

. > j 3.4 

40-50* Fine grained white and light It. gray siliceous l8l25% 
white siliceous Is. "f25 
dark gray finely ^ y ^ 

crystalline^argilla-20 ̂ / 

gray^-siliceoMS limeston^and ^^^W^^l»8tone^'S^,%fflPHP^^^ > ^ M % i 

V lp]pKw«BraE«fflffa3a2T|(rP 



Table 1 (continued) 

DEPTH 
CUTTINGS 
DESCRIPTION 

VISUAL ESTIMATES 
OF CONSTITUENTS 

WEIGHT % 
CARBONATE 

80-100' Fine grained It., gray sili
ceous limestone, white and 
clear quartzite 

110' small fragments of quartz 
and biotite, very few small 
fragments of fine-grained 
granite; large cuttings of 
light gray siliceous lime
stone and clear quartzite 

120' rounded granite fragments, 
small biotite and quartz 
fragments, large light gray 
siliceous limestone cuttings 
Fe-oxide stained granite 
cuttings 

120-160' angular and rounded granite 
fragments, disaggregated 
quartz and biotite, very 
minor limestone fragments 

160-180' angular and rounded granite 
fragments, disaggregated 
quartz and biotite, very 
minor limestone fragments 

180-280' angular and rounded granite 
fragments, perthitic inter-
growths in granite; disaggre
gated quartz and biotite, very 
minor limestone fragments 

clear quartz 30% 
white quartzite 30 
light gray siliceous 40 
limestone 

2.1 

quartz 
biotite 
granite fragments 
light gray limestone 
clear quartzite 
sparry clear calcite 

granite fragments 
biotite 
quartz 
light gray siliceous 
limestone 

clear quartz 

20% 
30 
5 
35 
10 
trace 

10% 
15 
20 
45 

5 

granite fragments 65% 
biotite 10 
quartz 10 
light gray limestone 10 

limestone 
granite fragments 
quartz 
biotite 

limestone 
granite fragments 
quartz 
biotite 

5% 
70 
15 
10 

5% 
70 
10 
15 

2.3 

1.4 

1.1 

1.3 

1.3 



rm No. 603 R10/79 File No. 

WELL LOG REPORT 
State law requires that this form be f i led by the water wel l dr i l ler wi th in 60 days after comple t ion of the well. 

/ y ^ A - U t U i ^ ^ ^ - ^ - ^ ^ / / / - ' . t v j r f 
1. WELL OWNER 

Name 

2. CURRENT MAILING ADDRESS 
t^Afdt,.ir, TJx^k ColleQ^ 

in. 
WATER LEVEL 
Static water level 
It flowing, closed-in pressure 

gpm flow through 
Controlled by: valve, 

feet below land surface 

P«t 

(if other, specify) 

incit pipe 
reducers, other 

3. WELL LOCATION 

y« 
Townsliip 
County 
Lot 
Subdivision 
Well Elevation 

Accuracy: 

V4 V4 Section dL 
/ C N/y Range • r ^ ^ / W 

Block 

±10'; ±50'; ±100'; 

4. DRILLING METHOD cable, bored, 
forward rotary, reverse rotary^ _ jetted. l o rwa ro ro ia ry , reversB ro idrv , 

J , Other (specify) fi\ A / J f y j / ^ ^ . 

5. WELL CONSTRUCTION AND COMPLETION 
Q-

SizB ol 
drilled 
hole 

(> 

Size and 
weight 
ol eating 

From 
(teet) 

O 

JI 

To 
(teat) 

^7 

Ŝ C 

Perloratlons 
Screen 

and/or 

Kind 
Size 

From 
(leet) 

To 
(teat) 

Was casing left open end? 
Was a paclcer or seal used? 

If so, what material 

Jdves 
Yes 

No 
: ^ N o 

Was the well gravel packed? 
Was the well grouted? 

To what depth? 

Yes 
"Yes 

Material used in grouting 
Well head completion: PItless adapter 

12 In. above grade , 
(it other, specify) 

Pump horsepower j 

other 

Pump intake level_ 
, pump type 

teet below land surface 
Power (electric, diesel, elc.)[_ 

pump baiter X other WELL TEST DATA _ 
(if other, specify) 

PunipiM level below tand surface 

Z l C o ft. after / hrs. pumping r ~ / ( r > r / - Igpw 
ft. after hrs. pumping gpm 

8. WAS WELL PLIiGGED OR ABANDONED? Yes / < No 
If yes, how? ^ _ _ _ 

9. DATE STARTED 
OATE COMPLETED 

10. WELL LOG 
Depth (ft.) 
From To Formation 

11 
is: 
im. 
TJ-a 
- V ^ 

E: 
Jlo_ 

JZC 
7fc 

/O^CBAI y u ^ c ^ 

.Mryfyx i t iJL?^^^. 

ft k U X j L 

lAz 

Ui-Ju. UQC ^^"^ 

5 VUz-y^A'L^^ 

(uM separatt-tfteet U necessary) 

11. DRILLER'S CERTIFICATION 
This well was drilled under my jurisdiction and this report is 
true to Ihe best of my knowfedge. .. ^ . rs / 

S ^ S - ^ ^ ^ Q^̂ ûJJcd. 

L ic tmt No. 

MONTANA D E P A R T m C N T OF N A T U R A L R C S O U R C C S A CONSCRVATION, 

s a S O U T H B W I N O H K L B N A . M O N T A N A B S e O I DNM: 
DEPARTMENT COPY \ M \ Rftpn 
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DRILLING REPORT: 

STATE NURSERY TEST WELL 

NO. 1 

Joseph Donovan 
John Sonderegger 

Montana Bureau of Mines and Geology 
Montana College of Mineral Science and Technology 

Butte, Montana 59701 

Supported by 
U. S. Department of Energy 

CONTRACT NO. DE-FC07-79ID12033 



TEST WELL NO. 1 

INTRODUCTION 

A geothermal test well was sited and drilled approximately 0.8 miles 

(1.3 km) east of Broadwater Hot Springs, near Helena, Montana. The site is on 

the property of the State Nursery, along the north side of Ten Mile Creek. The 

purpose of the drilling was to test a thermal infrared imagery anomaly and to 

evaluate whether a source of warm water for space heating of a series of new 

greenhouses could be developed to replace ones destroyed in the spring 1981 

flooding of Ten Mile Creek. 

SITING AND LOCATION 

The test well was sited in T. 22 N., R. 4 W., section 22 CD. This 

location is on a small low-intensity thermal anomaly apparent on infrared 

imagery flown over the Broadwater Hot Springs area in September 1977. It is 

also near the contact between a late Cretaceous granite body and Belt sediments 

(Proterozoic) of the Helena Formation. The well was sited at the intersection 

of the projection of this contact with the long axis of a small colluvium-filled 

draw, which probably represents a fault or pronounced joint plane cutting 

through the Precambrian section. The exploration rationale was to investigate 

the infrared anomaly, assuming that hot water circulation is encouraged along 

the granite-limestone contact, particularly near an intersecting fault. The 

infrared anomaly was not the largest or the most intense in the vicinity, but 

was the only one which was located on State Nursery property. 

LOCAL GEOLOGY 

The test well site is located near the center of a gently-dipping 

aitlcllnal structure across which are exposed lower Belt sediments of the 



Precambrian Helena, Empire, and Spokane Formations, as mapped at a scale 

of 1:48,000 by Knopf (1963) (Figure 1). The anticline is, according to 

Knopf's map. Intruded by a late Cretaceous granite-adamellite stock assoc

iated with a late stage of the Boulder Batholith. In the field, a pre-

drilling site investigation of the granite-limestone contact approximately 

200 feet (65 m) from the test site was made. Chilled margins in the gran

ite and obvious contact raetamorphism in the sediments (viz., calc-silicates 

or argillic alteration products) were not evident at the outcrop. There

fore, it was tentatively interpreted that the contact could be either of 

fault or intrusive origin. 

DRILLING SUMMARY 

The test well was spudded with a chum drill operated by the 

Montana Department of Highways Core Drill Section on 10/19/81. 6" I.D. 

well casing was driven through poorly-sorted colluvial sand, clay, and 

cobbles derived from the rock outcrops Immediately upslope, dominated by 

Helena Formation quartzite and limestone. Solid bedrock was encountered in 

the well at 27 feet (8.2 m) below ground surface, where the casing was 

set and the cable tool rig moved off the hole. A Failing 1500 air rotary 

rig was moved onto the hole on 10/21/81 to proceed into bedrock with a 

tungsten carbide chisel-tooth tricone bit. However, due to insufficient 

pull-down pressure on the rig, it was unable to penetrate deeper than 33 

feet (10.1 m). A water well contractor (Lindsay Drilling of Clancy, MT) 

was mobilized on the hole on 10/26/81 with an Ingersoll-Rand TH-60 air 

rotary rig. Drilling proceeded rapidly with an air hammer to a depth of 

280* (85.3 m) under open hole conditions. 

No significant amount of water was obtained in the overburden 
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Ksd 

yenodiorite, d = 2.70-2.78 

iwnite jrabbro.d = 3.02-3.IS 

î  V Vl0tis_ 

.*!honkinite. d=:2.8t) 
\ i i .<t u f .-Xi/.i/iii 

Kgp 

•anodiorite porphyrj" ^nd 
relateii porphyries 

Kgd 

jranodiorite, undivided 

Kgr 

•aphoph yre, d = 2.67-2.70 

Kog 

orthoclase gabbro and gabbro. 
undivided 

'(• pcrjitiyry. includes .some 
'lia! i> synbathvlithie 

l l l l . l ! . 

KlU 

.\l.i.><kitt';m(i . i i d i t c , <l tr 2..'>7 - ' l 

Muscovite-biotite jrranite. 
d = 2.61 

Biotite adamellite, d = 2.6'i 
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gabbro(d = 2.85) 

Andesite. basalt, and rhymlat-iti 
Granodiorilf iindividfd 
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Flasinark Dolomite 
I p f i r r i m r t . ' iyh l - i i i lored d o l o m i t e , l . o i r e r p n r l i h i i k -

hn l i l r r l l i i i rk d o l o m i t e m o t t l e d i n b i z a r r e p n t t e r v t 
P r i i g i t y i n i to i 'S6. C o m m o n l y i» m e t a m o r p h u n e d 
til h i l f m n r h l e 

Park Argillite 
I h i r k i mpnc l rock (d = J 7 J i i i J.Mil), liicnlli/ 

fnx.iilifetiiiiD. Thirkiic'i.'^, Jiio feel 

^F 
.MeajrhiT Limestone 

I f ipi I p o r t , iiiii .o'iii I ' l i n l i inent ' ine , .'SO feet i l i ick. 
I .Hirer p o r t , Ih i i i -be i t ih i l i i n i u i n l i m e s t o n e , li'iO fee t 
t h u k 

Wolsey Formation 
S t i c n r e o u s n i l tn tonr . l a r g e l y d e t r i t a l q u a r t z , m u s c o v i t e . 

a n d h i o t i t e . a n d p o n s i b l y g l a u c o n i t e ; p h y l l i t i r a p 
p e a r a n c e on b e d d i n g s u r f a c e s : iOOfeet t h i c k 

€ f 

Flathead Quartzite 
W h i t t . vi t re tyus; a l m o s t IDO p e r c e n t q u a r t z ; 

HO to 170 fee t t h i ck 

Greenhorn Mountain Quartzite 
F e l d s p a t h i c q u i i r l z i U i c i th n b m i i /.-j p e r c e n t n f c l e a r 

l i m p i d in i cn ic l ine l ' ) j ) ier t h n d is 'cel l .^trntif iei l in 
hedn iireriifjini/ I tu J n u h e s . L i m i r i j n r t , tun s s i rel tf 
bedded. I..M111 teet t h u k Dens i t i ) J..:.S In J.6J 

Marsh Formation 
A rgillitea, eomtnonly deep-red, maroon, purple, and 

violet, with interbedded quartzite in belts aa much aa 
500feat tkiek, croas-bedded siltatones, and laminitee 
eoHtaitting eaata cf salt eryatals; 3,000 feat thick 

Helena Dolomite 
Stit««eii« d^omita, bu/f-weathering, and avbordinate 

limestone; i,000 feet thick. Collenia biohtrms are 
riinimtm. Density of dolomite 2.7H to 'J.82 

' II' and Spokane Formations 
nn j i l . , dei ' / i - rpd i i r p i l l i t e s i b n c k - r e d . i i m n n i n . 
Ill. I iidt 1 i, mi l l clcii r-l) recti t i tie ij r,i i i>,ii f e ld -

•h I i i u m f - i l r , l.iiiHlfeel t h i ck 
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material. A good flow of water was obtained from permeable zones in the 

limestone from 90-120 feet (27-37 m) and from fractures associated 

with the granite-limestone contact and within the granite itself, from 

120-150 feet (36-46 ra). Yield by air lift was estimated by the driller 

at 100-150 gallons per minute, although this is by no means a precise 

value. The specific capacity of each producing zone is not known. 

The water-producing zones were subject to caving and sloughing 

at several levels between 110-150 feet (34-46 m)• For this reason the 

driller did not remove the drill string from the hole after water was en

countered; to continue much deeper than 280 feet (85.3 m) a steel liner would 

have had to have been set to prevent the sloughing from endangering the drill 

string. 

A temperature log (Figure 2) was run while the rig was still 

on the hole, running the thermistor down the inside of the drill steel to 

penetrate the sloughed zone. The water ranged from 9.8 -12.8 C from top 

to bottom. The ten foot spacing on the readings was inadequate to delineate 

water producing zones in detail, but does describe in general the zone from 

120-140' (36-43 m) as being an aquifer. Temperature gradients in the bottom 

80 feet (25 m) of the hole, which the driller had indicated had produced no 

additional water, ranged from 3.3 -16.4 C/km, with an average of about 9 C/km, 

far less than a 'normal' conductive geothermal gradient of 25 C/km. This 

vae Interpreted to indicate that (a) no warm water source ('>30 C) was located 

within a few hundred feet of the bottom of the hole, and (b) the depressed 

gradient at the bottom of the well suggests an extensive cold water reservoir, 

either below or around the 280 foot (85 m) depth of the test well. For this 

reason* and due to the additional expense of the liner needed to pursue deep

ening of the well, the well was drilled no deeper than 280 feet and the rig 



demobilized on 10/27/81. 

Geophysical logs (gamma, SP, and resistivity) were run on the 

hole after drilling (Figure 2). Water-bearing fractures in both the lime

stone and the granite can be recognized by a characteristic high SP-low 

resistivity signature. Unfractured dry granite is characterized by gen

erally higher gamma values and a slightly higher frequency and amplitude 

of transient noise-like spikes in the gaimna curve, probably due to gamma 

radiation from potassium in clots of biotite. . 

DRILL CUTTINGS 

Both cable tool and rotary cuttings were fine, ranging from 0.1-5 mm 

in size, with rarely a few larger chips mixed in. Cuttings were sampled in 

the field and returned to the lab, where they were washed to remove the 

fine carbonate flour which coated many of them, sieved to obtain the 

coarser than 100 mesh fraction, and split. One split was saved for stor

age, while the other was used for microscopic examination and, for intervals 

for which there was sufficient sample, for carbonate determinations. Carbon

ates were determined using an acid digestion-pressure bomb technique, using 

the washed sieved fraction. Cuttings were pulverized in a Buehler puck mill 

prior to bomb carbonate determination, to assure complete digestion of 

carbonates. •* 

The drill cuttings log (Table 1) indicate that the Helena Formation 

at this site is generally a weakly calcareous, well-crystallized siliceous 

lioestone or calcareous qtiartzlte, with secondary calcite precipitated along 

the fracture planes. The granite is of relatively homogenous composition: quartz, 

biotite* plagioclase, and potassium feldspar, in most cases relatively fresh, 

although the biotite in some zones has been strongly weathered and oxidized, 

staining the surrounding rock a bright orange with Iron hydroxide weathering 



products. The biotite is fine-grained and subhedral to euhedral, some

times occurring in euhedral subsequent hexagonal plates in the cuttings, 

characteristic of plutonic biotite. 

The first trace of granite in the bedrock cuttings occurs at 

110' (33.5 m). This sample is composed almost exclusively of granite 

cuttings (limestone <15%). The next deeper sample (120', 36.6 m) showed 

about 35% granite cuttings but was dominantly limestone fragments. The ' 

next deeper sample (120-140*, 36-43 m)) was almost exclusively granite 

cuttings again (limestone <15%), with an amount of carbonate material that 

could be accounted for by contamination from the open-hole or sloughing 

portion of the hole above the drilling depth. It seems likely that about 

8 feet (2.4 m) of granite was drilled through at 110-118 feet (33.5-36.0 m) 

then about 6 feet (1.8 m) of limestone, and finally back into granite from 

123 feet (37.5 m) to total depth (see geophysical logs. Figure 2). This 

makes a fault block hypothesis for the igneous sedimentary contact seem 

unlikely; the contact is probably of intrusive origin despite the apparent 

lack of chilled margins in outcrop. 

INTERPRETATION AND SUMMARY 

The test well site was picked to investigate a thermal Imagery 

anomaly located near a suspected fault. The well was drilled to 280 feet 

(85 m) total depth, with no success in obtaining hot or even warm water. 

The thermal anomaly has been confirmed to be spurious with regard to the 

presence of underlying warn or hot ground water, or to the existence of 

anooalously high subsurface heat flow. No cold water was encountered at 

shallow depth (<80 feet) that could have contributed to the anomaly. Abun

dant cold water (12°C) was encountered at 100-150 feet (30-46 m) depth; this 



water may be associated with the Intrusive contact zone between the late 

Cretaceous granite and the Helena Formation sediments penetrated by the 

well. There is no indication from the test well data that this well is 

connected in any way with the hot water system at Broadwater Hot Springs, 

or that deeper drilling at this site would tap into this system. 

REFERENCE CITEDt 

Knopf, A., 1963. Geology of the Northern Part of the Boulder 
Bathylith and Adjacent area, Montana. U.S. Geological Survey Misc. Geologic 
Investigations, Map 1-381. 
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*. . .• 

DEPTH 

15-20' 

20-25' 

25-28' 

28-33' 

30-40' 

Table 1. Sample Lithologic Log: State Nursery Test No. 1 

CUTTINGS 
DESCRIPTION 

Disaggregated quartz, fragments 
of quartzite and quartzite Is., 
minor granite fragments 

Quartz; quartzitic fragments; 
granite fragments; white 
opalline silica; minor Is. 
fragments 

light gray and pink quartzitic 
Is.; dark gray quartzite; 
disaggregated quartz 

light gray quartzite Is.; 
pink and clear quartzite 
fragments 

light gray quartzitic Is.; 
buff quartzitic Is.; pink 
quartzite 

VISUAL ESTIMATES 
OF CONSTITUENTS 

quartz 
quartzite 
quartzitic limestone 
granite fragments 
white opalline silica 

quartz 
quartzite 
granite 
limestone 
opalline silica 

light gray siliceous 
limestone 

pink siliceous Is. 
dark gray quartzite 
quartz 

40% 
25 
15 
10 
10 

40% 
25 
30 
2 
2 

50% 

10 
20 
20 

WEIGHT % 
CARBONATE 

—-. 

— 

3.0 

light gray siliceous 90% 
limestone 

quartzite 10 

light gray siliceous 30% 
limestone 

buff quartzitic Is. 50 
pink quartzite 20 

3.0 

2.8 

40-50' 

50-60* 

60-70* 

Fine grained white and light 
gray recrystalllzed siliceous 
limestone 

Fine grained white to light 
gray siliceous limestone and 
calcareous argillite, car
bonate cement in fractures 

Fine grained light gray 
siliceous limestone, clear 
quartzite and argillaceous 
limestone, calcareous cement 
in fractures 

It. gray siliceous Is.25% 
white siliceous Is. 25 
dark gray finely 3.4 
crystalline argilla-20 
ceous limestone 

white quartzite 10 
clear quartz 15 

light gray siliceous 50% 3.1 
limestone 

white quartzite 5 
clear quartz 25 
dark gray crystalline 20 
argillaceous Is. 

light gray siliceous 60% 2.3 
limestone 

white quartzite 20 
dark gray argillaceous 
limestone 10 

micaeous siltstone 10 

70-80* Fine grained light gray 
siliceous limestone, white 
f t t f t t y - t***!^ O-e 

light gray siliceous 50% 
limestone 

1.5 



Table 1 (continued) 

CUTTINGS 
DEPTH DESCRIPTION 

80-100' Fine grained It., gray sili
ceous limestone, white and 
clear quartzite 

VISUAL ESTIMATES 
OF CONSTITUENTS 

clear quartz 30% 
white quartzite 30 
light gray siliceous 40 
limestone 

WEIGHT % 
CARBONATE 

2.1 

110' 

120' 

120-160' 

160-180' 

180-280' 

small fragments of quartz 
and biotite, very few small 
fragments of fine-grained 
granite; large cuttings of 
light gray siliceous lime
stone and clear quartzite 

rounded granite fragments, 
small biotite and quartz 
fragments, large light gray 
siliceous limestone cuttings 
Fe-oxide stained granite 
cuttings 

angular and rounded granite 
fragments, disaggregated 
quartz and biotite, very 
minor limestone fragments 

angular and rounded granite 
fragments, disaggregated 
quartz and biotite, very 
minor limestone fragments 

angular and rounded granite 
fragments, perthitic inter-
growths in granite; disaggre
gated quartz and biotite, very 
minor limestone fragments 

quartz 
biotite 
granite fragments 
light gray limestone 
clear quartzite 
sparry clear calcite 

granite fragments 
biotite 
quartz 
light gray siliceous 
limestone 

clear quartz 

20% 
30 
5 
35 
10 
trace 

10% 
15 
20 
45 

5 

2.3 

granite fragments 65% 
biotite 10 
quartz 10 
light gray limestone 10 

limestone 
granite fragments 
quartz 
biotite 

limestone 
granite fragments 
quartz 
biotite 

5% 
70 
15 
10 

5% 
70 
10 
15 

1.4 

1.1 

1.3 

1.3 
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WELL LOG REPORT 
State law requires that this form be filed by the water well driller within 60 days after completion of the well. 

^ 5 " f e ^ A J i U \ J i y ^ 1. WELL OWNER 
Name 

CURRENT MAILING ADDRESS 

6. WATER LEVEL 
Static water level | <? \ feet below land surface 

__P$i If flowing, closed-in pressure 
gpm How through inch pipe 

Controlled by: valve, reducers, other 
(if other, specify) 

3. WELL LOCATION 7. WELL TEST DATA 
(i l Other, specify) 

pump bailer X other 

: ^ j i 
Putnpinp level below land surface: 

U C o ft. after / hrs. pumping r ~ / , r > ^ ^ |gpm 
It. after hrs. pumping gpm 

8. WAS WELL PLUGGED OR ABANDONED? Yes ^ No 
If yes, how? 

DATE STARTED 
OATE COfVIPLETED 

/o-U~^\ 
/o ' i l ' ^ -

10. WELL LOG 
Depth (ft.) 
From To Formation 

H 

V4 

Township^ 
County 
Lot 

'A 'A Section iC :s: 
/ C ^ H i t Range ^7- ^ /W 

A.^i ^ 
HR 

Block 
Subdivision 
Well Elevation 

Accuracy: 

43C-

±10'; ±50'; ±100'; 
- y ^ 

4. DRILLING METHOD 
forward rotary. 

cable. 
_.«.™u.w .u i« . , , reverse r o t a r y , ^ ^ ^ 
S o«''ef (specify) / f \ A / / v f e ^ . 

bored. 
Jetted, 

5. WELL CONSTRUCTION ANO COMPLETION 
U-

Size ol 
drilled 
hole 

(' 

Size and 
weight 
ot eating 

i 'Ji 
I ' •P 

From 
(teat) 

o 

J I s^o 

To 
(teet) 

^7 

Perforations 
Screen 

and/or 

Kind 
Size 

From 
(leet) 

To 
(teet) 

Was casing left open end? 
Was a packer or seal used? 

Jdves 
Yes 

No 

22 
//o 

JJJI 

Tfc 
M L 

/o-mAk y v o ^ 

.J^rxL^JCtf^i,. 's-iit'-

c A A ^ \ uXv-

idL.U •JJr 7 < ' ^ 

f \.^l^^uJsL 

(use separate sfteei If necessary) 



n so, what material 
Was the well gravel packed? 
Was the well grouted? 

To what depth? 

Yes 
Yes 

Material used in grouting 
Well head completion: PItless adapter 

12 in . above grade , 
(it other, specify) 

Pump horsepower | 
Pump intake level 

other 

] , pump type 
feet below land surface 

Power (electric, diesel, etc.) 

11 . DRILLER'S CERTIFICATION 
This well was drilled under my jurisdiction and this report is 
true to the best of my knowledge. 

^ .Date - ' 

/ )^.^1. 
/f-j?-g/ 

Lictnto No. 
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SUBSURFACE INVESTIGATIONS AT BOZEMAN HOT SPRINGS 
DONOVAN,Joseph J.,STICKNEY.Michael C. ,and SONDEREGGER,John L . , 

Montana Bureau of Mines and Geology, Butte, MT 59701; and PAGE, 
Charles, Bozeman Hot Springs, Bozeman, MT 59715. 

Recent drilling activities have investigated the subsurfece geology directly 
beneath Bozeman Hot Springs. Beneath 470 ft. of valley fill sand, clay, and 
gravel,there is a 30-40 ft. thick caving zone, dry during drilling, which yields 
large subangular cobbles but little sand. This zone is either fractured bedrock 
(pre-Belt gneiss) or monolithologic "rubble" of uncertain origin directly over
lying bedrock. Fractured gneiss from 525-680 ft. produced >2000 gpm during 
drilling, later decreasing to 1510 gpm due to massive caving in the rubble 
zone. Aquifer testing yielded initial transmissivity estimates of 190,000 gpd/ft 
followed by a boundary condition value of 26, 000 gpd/ft encountered after eight 
hours. Two possible interpretations are:(a) the very permeable fractured aqui
fer is of limited extent, (b) the dry "rubble" zone fills with water when the well 
is shut in and causes the initial high-T values. Long-term sustained yield is 
790 gpm; temperature is 54* C, very close to that of the taring. Hotter temp
eratures occur elsewhere in the system at shallow depth: temperature of water 
seeping from a Tertiary sand bed at depth 125 ft. is 59' C. Aqueous silica-
quartz and cation geothermometers yield temperatures from H4*-130*C, 
thought to be estimates of temperature at the greatest depth of circulation. 
Under normal gradient conditions this would be about 5 km. 

Gravity measurements taken near the springs at half mile intervals with a 
Lacoste-Romberg gravimeter define a broad NE -trending anomaly, correspond
ing to that shown by Davis et al.(1965), extending nearly across the Gallatin 
Valley. This anomaly reflects a bedrock high beneath valley fill that is prob
ably fault-bounded. The faulted SE margin of the anomaly may be part of the 
geothermal system. In a detailed survey near the springs, precise (0.1 mgal) 
Bouguer anomalies were determined for stations with 300 ft. spacing, revealing 
a subtle elongate gravity high of several milligal amplitude, trending about N 
60* E, subparallel to the broad high. This anomaly is about 0. 3 mi. north of 
the springs and represents either a buried bedrock ridge or a zone of hydrother
mal mineralization in alluvial gravels along the axis of a relict flow system. 
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STRUCTURE OF THE CENTENNIAL AND MADISON VALLEYS 
BASED ON GRAVITATIONAL INTERPRETATION 
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by 
James Dean Schof ie ld ' 

ABSTRACT 

Major structural elements in the Centennial-Madison region of Southwestern Montana and adjoining Idaho are 
revealed by examination of the gravity maps of the area. The gravity anomaly of the eastern Centennial Valley is almost 
40 m/gals. and the southern Madison Valley has a comparable anomaly; whereas the Henrys Lake basin has a 25 milligal 
anomaly. 

Modeling suggests there exists approximately 3500 feet of Cenozoic deposits in the Henrys Lake basin, less than half 
the depth of Cenozoic sediments estimated for the Centennial and Madison Valleys. A gravity low extends from the 
eastern end of the Centennial Valley toward the Madison Valley. The low is interpreted as a valley that previously 
connected the two valleys but is now hidden beneath several hundred feet of volcanic flows. The buried valley is 
aligned with the O'dell Creek fault, and appears to be controlled by the fault The east side of the O'dell Creek fault has 
been uplifted. The sediment thickness below the Upper Red Rock Lake is just 2000 feet, significantly less than the 
remainder of the Centennial Valley. Both the Centennial and Madison faults are normal faults that can be traced into 
the Henry Lake Basin. 

INTRODUCTION 

Gravity data for tiie Centennial and Madison Valleys (see 
Fig. 1) has been examined in an attempt to delineate the 
major faults of the region and to estimate the thiclcness of the 
low density Cenozoic fill of the valleys. Gravity measurements 
can reveal structural elements not visible on the surface. 
Density contrasts cause variations in the local gravitational 
acceleration; therefore, those structures that juxtapose ma
terials of different densities, such as faults, can be detected. 
The geologic map shown in Fig. 1 has been simplified 
because differences in density may not correspond to differ
ences in age or lithology. 

Most o i the major topographic units of southwestern 
Montana, including the Centennial and Madison Valleys and 
surrounding mountain ranges, are related to Cenozoic block 
faulting. The faulting took place in a regime of crystalline rock. 
The two faults with the largest displacement in this area are 
the Centennial Fault and the Madison Range Fault. These are 
the bounding faults of the valleys investigated. The Centen
nial Mountains are controlled by the normal fault to the north. 
The southern flank is buried by volcanic rocks of the plain. 

On Fig. 1 are the sources of gravity data for this paper. With 
179 gravity stations in the Henrys Lake area, 175 stations in 
the eastern Centennial Valley, and nearly two hundred 
stations in the northern portion of the Madison Valley, the 
station density is adequate. There is data across the Upper 
and Lower Red Rock Lakes. The coverage is sparse in the 
mountains near Hidden Lake. 

M E T H O D OF INTERPRETATION 

The interpretations of the gravity data in Figs. 4 and 6 are 
based on 2-D modeling using Talwani-type programs (Tai
wan! and others^ 1959). The emphasis of this paper is on the 
eastern Centennial Valley. Ten profiles of the area were 
modeled in detail (Schofield, 1980); three additional profiles 
were modeled for the Madison Valley interpretation, and 
another for Heniys Lake Basin. The models consisted of a 
simplified geologic cross section having a single density 
contrast with the observed and calculated gravity for the 

Amoco Oil Company, Denver, Colorado 80202 

profile plotted above (Fig. 2). The basement interpretation of 
Fig. 4 was constructed by plotting the structures portrayed on 
the 2-D models in their proper location, and then using the 
gravity map to guide the interpolation between cross 
sections. 

The density contrasts used for the Centennial profiles 
ranged from -0.6 g/cc to -0.35 g/cc. The density contrasts 
picked are the differences between the estimated bedrock 
density and the traditional 2.25 g/cc for Cenozoic valley fill in 
southwestern Montana (Burfeind, 1967). These density con
trast values used may be large and may not reflect the true 
amount of compaction and lithification. The density contrast 
used for the Madison Valley and Henrys Lake Basin profiles 
was-0.3 g/cc. Gary (1980) used a-0.5 ^cc contrast (2.8 g/cc 
for Precambrian metamorphic rocks, 2.3 g/cc for Cenozoic 

^ 9,000 
Hi 
S 10,000 

INTRUSION BASEMENT 

figure 2. A2D gravity model of a north-south profile across the 
lower Red Rock Lake showing the Murphy Creek stock, the fill 
in Centennial Valley, the faults (F) controlling the shape of the 
valley, and the north dipping block associated with anomaly H 
or Fig 3. The density conlrast between both the intrusion and 
the fill with the basement is -0.564 2/cc The X's represent the 
observed gravity; the solid line, the calculated gravity. 
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sediments and volcanic tuffs). 

In general, gravity highs are associated with mountainous 
areas and gravity lows with valleys. Large gravity gradients are 
associated with major faults that juxtapose materials with 
different densities. Small highs within the low of the valley 
may be interpreted as uplifted basement blocks, but there is 
no unique structural interpretation for any given gravity 
anomaly. The expression of a particular body will broaden as it 
is buried deeper and deeper; thus, gravity anomalies of small 
areal extent are assumed to be near surface. 

SCHOFIEl 

CENTENNIAL VALLEY 

Fig. 3 is the complete Bouguer gravity map of the easterili 
Centennial Valley. There is a broad east-trending gravity 1 
in conjunction with the Centennial Valley. The gravit 
anomaly across the valley is 20 milligals. The complet 
gravitational expression of the Centennial and Madisc 
Valleys is not known because very few gravity stations 
setup in the mountina.s The map of the basement of i 
valley (Fig. 4) shows a complex structure which is concealed! 
beneath the nearly flat surface. The depth to basement isl 
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CENTENNIAL AND MADISON VALLEY MONTANA 
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Figure 1. Index map. Generalized geology map (after Egbert, 19600 with bibliographic index for gravity data. 
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probably too conservative because of large density contrasts 
used. The maximum thickness of Cenozoic sediments, based 
on the 2-D model's 7000 feet of fill, may be as much as 3000 
feet too smalL The smaller anomalous gravity features are 
marked with letters, and are: 

A. The steep gravity gradient with variable contour spac
ing between the Centennial Mountains and the Lower 
Red Rock Lake. 

B. The south pointing indentation of the gravity contours 
where Odell Creek emerges from the Centennial 
Mountains; 

C. The steep gradient between the Centennial Mountains 
and the Upper Red Rock Lake; 

D. The nose in the gravity contours at the U pper Red Rock 
Lake; 

E. The closed gravity low at Alaska Basin; 
F. The narrow gravity low paralleling the trend of Elk and 

Hidden Lakes; 
G. The south pointing nose at Teepee Creek; 
H. The bend in the gravity contours north of the Lower Red 

Rock Lake; and 
I. The closed gravity low near Murphy Creek. 

CENTENNIAL FAULT 

Modeling of the gravity data suggests that the Centennial 
Fault should actually be thought of as a fault system rather 
than a single fault The Centennial Fault is broken into a 
number ofsegments, and in the eastern half of the valley there 
are two major branches to the Fault: a branch beneath the 
sediments as well as the high angle normal fault mapped on 
the surface. South of the Lower Red Rock Lake the displace
ment of the Centennial Fault has taken place in two large 
steps, and perhaps several smaller steps below the resolution 
of the data. The basement elevations south of the lower lake 
increases from sea level to -(-5000 feet at the top of a fault 
block which dips south into the surface branch of the 
Centennial Fault (Fig. 4). The south dipping blocks are the 
cause of the widening of the contours at gravity anomaly A of 
Fig. 3. A dip to the south would conform in direction with the 
dip of the Mesozoic formations (20°- 30° S) south of the lower 
lake (Pardee, 1950). Pardee states that the Tertiary lavas on 
the summits also dip to the south, though less steeply. It 
should be noted that Witkind (1975) mapped the Centennial 
Mountains east of Odell Creek as the southwest limb of a 
southeast-plunging anticline. At Odell Creek, the Centennial 
Fault appears to be a single unit that ends against the Odell 
Creek Fault (anomaly B). 

The Centennial Fault bifurcates east of the Odell Creek 
Fault and forms an upraised platform beneath the Upper Red 
Rock Lake (nose D). The north branch of the Centennial Fault 
lifts the bedrock more than 4000 feet The surface of the 
platform is inclined to the northwest The unexpected exist
ence of a shallow basement below the Upper Red Rock Lake 
helps explain the warm water discovered by the Montana 
Bureau of Mines and Geology in the Upper Red Rock Lake. 
Metoric water probably circulates along the north Centennial 
Fault which forms the north face of the platform. The path of 
the wamn water for the final few hundred feet to the surface is 
not known uniquely, but the most probable route is the 
suspected fault along the northern border of the upper lake. 
The fault was not detected on the gravity map; however, small 
vertical offsets would not be detected and the fault need not 
be large to trigger depositional infilling of the older lake of 
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which Swan Lake, Upper Red Rock Lake, and the surrounding 
swamps are but remnants. Such a fault could easily serve as a 
conduit for the warm water. 

The imposing front of the Centennial Mountains, where the 
elevation changes 3000 feet in a mile, coincides with the 
large gravity gradient marked Con Fig. 3. At least 10,000 feet 
of vertical displacement has occurred along the Centennial 
Fault system, and the movement has probably taken place in 
the last ten million years. An average rate of displacement of 
0.3 mm/yr is easily accepted in view of present rates of uplift 
and subsidence. Recent releveling has revealed that the 
eastern Centennial Valley is being uplifted by 5 mm/yr 
(Reilinger and other, 1977) and rates of uplift as high as 14 
mm/yr have been measured at the center of the Yellowstone 
Caldera (Smith and Christiansen, 1980). Curiously, the Cen
tennial Fault has an obvious scarp in the western half of the 
valley where the rate of uplift is only a fifth of that on the 
eastern end, yet the eastern scarp is lost beneath till, land
slides, and alluvial fans. That the Pliocene (?) volcanics at the 
southern rim of the Centennial Valley were probably once 
continuous with the volcanics near the Continental Divide in 
the Centennial Mountains (Witkind, 1975) illustrates the 
magnitude of movement of the bounding fault of the valley. 

ODELL CREEK FAULT 

The most important conclusion formed about the Centen
nial Valley is that the gravity low trending northeast from the 
eastern end of the valley (gravity anomaly F) is caused by the 
Cenozoic sediment fill of a valley which has been concealed 
by a layer of volcanics several hundred feet thick. This buried 
valley is a direct connection between the eastern Centennial 
and the southern Madison Valleys. Before the valley was 
covered by rhyolitic flows, it probably served as the drainage 
for the eastern Centennial Valley. The approximate width of 
the valley hidden by the volcanics is from Teepee Creek to Elk 
Lake. It would seem the western border is a north-trending 
fault east of Teepee Creek (anomaly C). The eastern boundary 
of the valley is more clearly defined. Gravity anomaly F is 
interpreted as a segment of the Odell Creek Fault; this 
segment is the bounding fault of the buried valley. The 
mapped portion of Odell Creek Fault has a strike of N.30°E. 
which is similar to the western flank of gravity anomaly D. The 
Elk Lake segment (Fig. 4) has the same N.30°E. strike as the 
series of lakes and ponds connecting the Centennial and 
Madison Valleys. High seismicity was noted along a N.35°E. 
trend from Cliff Lake into the Madison Valley during a recent 
investigation (Bailey, 1977). 

The Odell Creek Fault has"an estimated stratigraphic throw 
of 4,500 feet and a displacement of 3,000 feet" in the 
Centennial Mountains (Honkala, 1949, p. 104). This high 
angle normal fault has a general strike of N.30°E. The western 
edge of the platform of bedrock below the upper Red Rock 
Lake is formed by a segment of the Odell Creek Fault which 
has vertical displacement in excess of 2,000 feet (Fig. 4). The 
Odell Fault has been offset by movement on the younger 
Centennial Fault Basement may have been dropped as much 
as 6,000 feet on the west side of the Elk Lake segment of the 
Odell Creek Fault The movements indicated by gravity 
modeling are comparable to the measured movement of the 
fault 

ALASKA BASIN 

A simple downdropped blocl^ bounded on one side by a 

M 
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Figure 3. Complete Bouguer gravity map of the eastern Centennial Valley with an insert showing the ground magnetics for the 
Murphy Creek area. The large letters mark significant features on the gravity map. 



*fr- gri 

STRUCTURE-GRAVITY 279 

i 

Figure 4. A basement interpretation o f the eastern Centennial Valley showing the location of faults and the estimated elevation of 
the tiasement Mapped fault locations according to Witkind (1976, Witkind and Prostka (1980) and Sonderegger and others (1980). 
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Figure 5. Complete Bouguer gravity map of the eastern Centennial Valley, Madison Valley, and Henrys Lake basin. 
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figure 6. Map of the estimated thickness of Cenozoic fill for the eastern Centennial Valley, the Buried Valley, Madison Valley, and 
Henrys Lake basia 
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single major normal fault and on the other by a series of 
normal faults of small displacement, with a valley floor which 
dipped toward the large boundary fault would produce an 
asymmetric anomalylike that ofthe Alaska Basin(E, Fig.3). On 
the gravity map of Fig. 3, Centennial Valley and Alaska Basin 
appear as separate structures. The gravitational high between 
the valley and the basin coincides with a mapped horst The 
horst is breached at the surface by Red Rock Creek. The small 
structural depression of Alaska Basin has more than 3,000 feet 
of relief. 

MURPHY CREEK STOCK 
The source of the gravity low near Murphy Creek (anomaly I 

of Fig. 3) not only has a low density but also a high 
susceptibility, as demonstrated by the results of a grojid 
magnetic survey shown in Insert A (Schofield, 1980). The 
dipolarmagneticanomalysuggests the source is an intrustion. 
In southwestern Montana, gravity lows are often associated 
with intrustions. The gravity map of Montana (Bonini and 
other, 1973) has a low in conjunction with the Boulder 
Batholith and another over the Tobacco Root Batholith. 

A seven milligal residual anomaly was modeled as a sphere. 
The calculations reveal a depth of 6,000 feet to the center of 
the anomalous mass, which is 4.3 billion tons lighter than a 
uniform bedrock section would be. Such a small intrustion 
would cool quickly, and indeed the strong magnetic anomaly 
means the body is below its Curie point (Curie point for 
magnetite is 578° O. A steeply dipping cylinder is a good 
approximation of the shape of the stock. 

MADISON VALLEY 
A gravity map of the Madison Valley is provided in Fig. 5, 

and an estimation of the thickness of Cenozoic sediments is 
given in Fig. 6. The magnitude of the gravity anomaly, in 
excess of 40 milligals, associated with the Madison Valley is 
unusual in view of the narrowness of the valley. The maximum 
thickness of valley fill for the Madison Valley is 15,000 feet 
based on models with a density contrast of -0.3 g/cc. Gary 
(1980), usinga-0.5 g/cc. density contrast, predicts a miximum 
thickness of sediment in the valley of 10,000 feet Gary's work 
also indicated the valley dips east into the Madison Range 
Fault, the bounding fault A fault with northeast trend cuts the 
valley at approximately 45°05' (Gary, 1980). According to 
Gary, the fault may be a reactivated zone of weakness,for a 
lineament shows up on the topographic, gravity, and 
aeromagnetic maps of the area. Textbook quality alluvial fans 
line the eastern edge of the Madison Valley, which attests to 
the magnitude of the displacement that has produced the 
Madison Range. Although the Madison Range Fault is de
fined as a normal fault, the fault plane solution calculated by 
Gary shows left-lateral relative movement along the fault, 
which he relates to the differential spreading rates along the 
Sanke River Plain. Last minute alterationswere made to reflect 
the work of Gary in the Madison Valley. 

Only a thin veneer of sediment covers Precambrian rocks at 
Raynolds Pass on the Idaho-Montana border where the 
Madison Valley ends and Henrys Lake Basin begins. The 
Madison Range Fault continues south of the Madison Valley 
into Henrys Lake Basin where it forms the eastern border of 
the basin. The Madison Range eastt>f the basin has less relief 
than the mountains east of the Madison Valley, and the 
thickness of Cenozoic fill in the basin is substantially less than 
the fill in the Madison Valley. The maximum depth of fill 
predicted by modeling was 4000 feet Peterson and Witking 
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(1975) estimated 3600 feet using a model with two density 
contrasts (-0.6 g/cc betwen sediments and bedrock, -0.3 g/cc 
between volcanics and bedrock) rather than the single 
contrast of -0.3 g/cc used for Fig. 6. The deepest part of the 
basin appears to parallel the Madison Range Fault and to be 
east of the center of the basin. Henrys Lake Basin narrows 
where the Centennial Fault enters, but the gravity does not 
show the fault crossing the basin. If the fault actually does 
continue to the Madison Range the present displacement 
must be too small to detect with available gravity data. 

SUMMARY 
A small stock exists east of Murphy Creek. The Cenozoic fill 

in the Centennial Valley is at least 7,000 feet thick and may be 
as much as 10,000 feet thick. Gravity modeling suggests the 
narrow Madison Valley has a maximum of 15,000 feet of fill. 
Henrys Lake Basin is bounded by the same fault as the 
Madison Valley but there is only 4000 feet of fill within the 
basin. There are 3000 feet of sediments in the small, separate 
structure of Alaska Basin. The Odell Creek Fault extends north 
of the Centennial Fault under the Upper Red Rock Lake and 
northeast to the Madison Valley. The Elk Lake segment of the 
Odell Creek Fault bounds a valley buried by volcanics. The * i 
Centennial Fault is broken into several segments and into two 
main branchs. One branch of the Centennial Fault is covered 
by the fill in the valley. The basement of the Centennial Valley 
is divided into a number of separate blocks. 
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GEOLOGY AND GEOTHERMAL RESOURCES OF 
THE EASTERN CENTENNIAL VALLEY 

357 

by 

John L. Sonderegger^ 

INTRODUCTION 

The upper Centennial Valley graben was selected for 
'geothermal evaluation in 1976 because this area contains the 
' most areally extensive exposure of Quaternary igneous rock 
known within the state. Witkind's Open-File Report on known 
and suspected active faults in western Montana (1975) 
provided documentation that the southern side of the valley 

:̂ Still had an active fault system. With rocks that were believed 
to be correlative to the Yellowstone Group volcanics exposed 
on both the north and south sides ofthe graben, it was logical 
to speculate on the thickness of young volcanic rocks within 
the graben itself. The absence of detailed geologic mapping 
north of the lakes made it impossible to estimate the 
thickness of volcanics which might be preserved within the 
graben. 

Warm water occurrences were found to be restricted to the 
north sideof the Centennial Valley (figure 1). A total of seven 
springs were located in sections 17 and 18, T. 13 S., R. 2 W. 
They have a combined discharge of about sis cubic per 
second (2700 gallons per minute) and an average tempera
ture of 27°C. Also a zone of water approximately 5°C above 
the background temperature was depicted along the western 
half of the north side of Upper Red Rock Lake and along the 
marshy channel connecting it with the Lower Red Rock Lake. 
The boundaries of this zone were established by airborne 
heat sensing imagery. 

Location of the spring discharge appears to be controlled 
by both Laramide and Tertiary structures. The springs occur 
along the axial plane and on the west limb of the Metzel 
Creek anticline (Honkala, 1949, 1960) where it is cut by late 
(?) Cenozoic age, normal, basin margin faults. 

GEOLOGIC FRAMEWORK 

' This investigation was conducted in the basement province 
; of McMannis (1965) which is typified by the absence of Belt 

|v$trata, a generally thin Paleozoic and Mesozoic sequence, 
f abundant Cenozoic basin deposits and volcanic ejecta, and 

p extensive exposures of pre-Belt metamorphic rock. The study 
|area is bounded to the west by the Tendoy Mountains, and 
'the Snowcrest Range, the easternmost ranges with proven 
thrust faulting as the dominant Laramide structural mechan
ism. Late Cenozoic mountain formation is due to block 

'faulting. To the north, south and east, the Gravelly, and 
i Centennial ranges, and the Henr/s Lake Mountains, respect-
fively, are believed to be formed by blockfaulting. Most of the 
^structural grain has been previously ascribed to the Laramide 
|orogeny. The Laramide stresses from the west have deformed 
| the Paleozoic and Mesozoic rocks into broad gentle folds in 

'>ost areas. Valleys between the mountains have been infilled 

Montana Bureau of Mines & Geology, Butte, Montana; financial 
support by the U.S. Department of Energy under Contract No. EY-
76-S-06-2426 

with Tertiary sediments and sedimentary rocks which normal
ly appear undeformed, although highly deformed slump 
structures can be found in the Madison Valley. The thickness 
of valley fill varies, but up to 6,600 feet are believed to be 
present in the Centennial Valley (Schofield, this publication). 
Possibly 9,000 feet may exist under the Missouri Flats area of 
the Madison Valley (Steve Gary, 1979, oral comm.). Volcanic 
ash-flow tuffs of early Pleistocene age cover much of the valley 
margins. Glacial outwash and tills are preserved along the 
valley margins, while in the lower portions of the valleys lacus
trine deposits sand dunes and alluvium are found. 

The Cambrian through Mississippian section in the study 
area consists of carbonates interbedded with minor shale. 
Younger Paleozoic rocks become more clastic, containing 
nearly equal amounts of sandstone, shale and carbonate 
(cherts included). The Mesozoic strata are nearly all clastic, 
with minor carbonate and a preponderance of shale, siltstone, 
and sandstone, with minor coal reported nearby. The pre
served Tertiary strata consist of basalt, limestone and sand
stone, in that order of abundance. The Quaternary section 
includes 16 units of which 7 are volcanic. 

The Paleozoic strata in the study area do not consitute the 
complete stratigraphic section. Faulting near Landon Camp 
(along the West Fork) has juxtaposed the upper Jefferson 
Formation against the Precambrian. A small block of what is 
believed to be Meagher Limestone (Middle Cambrian) is 
preserved along the creek bottom, just west of the fault 
contolling the West Fork drainage, but the intervening strata, 
if present, are covered by Pliocene basalt and Pleistocene tuff. 
The description below uses the nomenclature of Sloss (1966) 
for the major depositional cycles of the Paleozoic and 
Mesozoic Eras. 

The study area is east of the Greenhorn fault, and while part 
of the "stable" craton, this area has a thinner Cambrian 
section preserved and no identifiable Ordovician age rocks. 
This suggests that the southern Gravelly Range was, to some 
extent, a positive element during Sauk sequence deposition. 
There are no preserved rocks from the Tippecanoe sequence, 
and Kaskaskia deposition starts with the Jefferson Formation of 
of Middle (?) and Late Devonian age. The area received 
Kaskaskian sequence sediments representative of those 
found in southwestern Montana, except for the Big Snowy 
Group, which, due to poor exposures, could have been 
missed in mapping. Erosion at the end of the Kaskaskia 
Sequence was severe to the north where Christie (1961, p. 40) 
notes erosional channels 200 feet deep in the Mission 
Canyon Formation. 

Absaroka sequence rocks are thicker in this area than in 
most of southwestern Montana due to crustal downwarping. 
Armstrong and Oriel (1965) attribute the basin development 
southwest of the study area to the migration of the miogeo-
syncline toward the eastern portion of Idaho. The study area 
was on the shoulder or flexure of this structure and contains 
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only two recognized unconformities within this sequence. 
Erosion following the deposition of the Kaskaskian sequence 
was accompanied by southward tilting of the strata by the time 
the Ellis Group was deposited at the start of the Zuni sequence 
(McMannis, 1965). 

The Zuni sequence starts with 300 to 400 feet of Jurassic 
rocks, mainly the Morrison Formation, unconformably over
lain by the Cretaceous Kootenai Formation. Local angulahty of 
the unconformity (Christie, 1961, p. 89) suggests additional 
tilting of the strata. Deposition following the Kootenai in
cludes a thin shale and the Aspen Formation, a predominantly 
non-marine unit 

The Laramide orogeny deformed the sedimentary rocks, 
with the major structure in the area being the Metzel Creek 
anticline (Honkala, 1949). The northwesterly trend and asm-

metry of the anticline (cross section A-A', figures 2 and 3) 
suggest that compressional force was directed from the west-
southwest. Surficial mapping does not require that the 
anticline be faulted; however, so little of the east limb is 
exposed that the western limb may be locally detached and 
thrust over the eastern limb. This is compatible with Scholten's 
(1967) overview of the Laramide tectonics of this region. 
Culmination of this oroglenic event included the thrust 
faulting west of the study area to which Scholten (1967) and 
Ryder (1967) attribute the origin of much of ihv Beaverhead 
Formation, which unconformably overlies the pre-Laramide 
rocks in the western part of the study area. Scholten (1967), 
however, believes that the Blacktail-Snowcrest and Gravelly 
"arches" contributed significant volumes of elastics to the 
Centennial Valley. Thus, as the compressional forces of the 

figure 1. Location of study area; crosshatched area is shown on geologic map (figure 2). 

^ 
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Laramide were waning, renewed (?) block fault uplifting must 
have occurred north of the study area, probably in the 
Paleocene time. 

From the end of Beaverhead deposition, presumably in late 
Paleocene or early Eocene time, there is no exposed rock 
record until the extrusion of the older Tertiary basalt at about 
the beginning of late Oligocene time. The basalt is overiain by 
lower (?) Miocene sandstone and limestone believed to 
be of continental origin. These units dip gently into the 

55 

Centennial Valley from the north at about three degrees. 
Erosion followed and only remnants of these strata are 
preserved. 

Within the study area, the Cenozoic history may be inter
preted as follows: 

(1) Doming occurred along the northwest-southeast trend 
on the east, as evidenced by the erosion of pre-Pleistocene 
rocks in the eastern portion of the study area. Faulting along 
the trend appears to be fairly local as evidenced by the 
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juxtaposition of Devonian and Precambrian strata south of 
Landon Camp and the normal transgressive sequence which is 
preserved outside the study area along the West Fork of the 
Madison, roughly two miles to the northwest (Christie, 1961). 

(2) Fluvial sedimentation and erosion were ongoing pro
cesses during Paleocene time. Sedimentation may have 
continued until the Early Eocene, with the major unit deposit
ed being the Beaverhead Formation. An ancestral Centennial 
Range probably existed further south (Ryder and Scholten, 
1973, Figure 10 and discussion of Pinyon-Harebell Conglom
erate in Wyoming), which later foundered into the Snake 
River trough. The Gravelly Range was probably the major 
souce of sediment at this time. The near absence of limestone 
clasts in the Beaverhead suggests that drainage off the 
Gravelly block was to the west, or that the materials from the 
ancestral Centennial Range uplift were the volumetrically 
dominent influx. These two factors suggest the lack of a 
western source during Paleocene time. Drainage may have 
been to the east-southeast, as depicted by Ryder and Scholten 
(1973, fig. 10). 

(3) Erosion locally reduced the land surface to a virtual plain 
during the rest of Eocene and early and middle Oligocene 
time, as evidenced by the flat basal nature fo the Oligocene 
basalt flow near Cayuse Spring. The western part of the study 
area was probably a pediment. To the north, a structurally 
active, upland erosional area must have been maintained. This 
interpretation is based upon Christie's (1961) contact be
tween the Tertiary basalt and underlying pre-Tertiary forma
tions and preexisting normal faults. 

(4) Fluvial deposition of the unnamed Tertiary sandstone 
probably occurred during the early Miocene. The influx of 
elastics was sufficient to disrupt existing drainage, as this unit 
is overlain by a limestone believed to be of fresh-water origin. 
Consequently, moderate uplift of the Gravelly block during 
the late Oligocene-early Miocene interval followed by a 
period of relative tectonic quiescence is envisioned. 

(5) Pliocene age units have not been recognized in outcrop 
Vvithin the study area. It is believed that tectonic quiescence 

continued throughout most of this time. Renewed uplift and 
erosion probably began near the end of the Pliocene as 

SONDREGCER 

evidenced by volcanic flows and reworked Beaverhead For
mation south of the map area (Witkind and Prostka, 1980), 
scattered patches of reworked gravels in the vicinity of Two 
Drink Springs, and the topographic relief formed on the 
Tertiary limestone and sandstone units before deposition of 
the overlying early Pleistocene age ash-flow tuffs. 

(6) During the early Pleistocene a moderate amount of 
relief must have existed, based upon the outcrop pattern of 
the oldest Pleistocene volcanic unit compared to underlying 
older strata (Witkind, 1976; Witkind and Prostka, 1980; 
Sonderegger and others, in prep.). It is believed that the 
Huckleberry Ridge ash-flow tuff erupted from the Island Park 
Caldera, passing over the then-low ancestral Centennial 
Mountains, across the Centennial Valley and up against the 
southern margin of the Gravelly Range (Christianson, 1979; 
Mannick, 1980). On the northwest side of Deer Mountain, 
northeast of the Upper Red Rock Lake, a minimum of 500 feet 
of preexisting relief is indicated by the Huckleberry Ridge-
Precambrian contact. Movement along the Centennial fault 
continued throughout the Quaternary, displacing the Huckle
berry Ridge Tuff a minimum of 1500 to 1800 meters (5,000 to 
6,000 feet) in the last 2.0 million years. The Centennial Range 
was sufficiently high 1.2 million years ago to block the passag( 
of the Mesa Falls ash flow into the upper Centennial Valley 
from the Island Park Caldera. The only portions of the ash flow 
to enter the valley crossed the divide through low passes such 
as one near Hell Roaring Canyon (Witkind, 1976). Major 
volcanism occurred in the Yellowstone caldera region 0.6 
million years ago producing the Lava Creek Tuff. This ash flow 
was entirely blocked from the upper Centennial Valley and is 
exposed along the lower southeastern slopes of the Centenn
ial Range. 

(7) Normal faulting on the north side of the valley is well 
exposed in the Phosphoria Formation outcrop west of tho 
Metzel Creek anticline, wheredisplacement ison the order of 
40 feet. Lineations representing unmelted snow were noted 
during a low altitude over flight the area. They are believed to 
represent minor fault scarps, unrecognizable on the ground, 
which have less than five feet of displacement and which cut 
the Huckleberry Ridge Tuff If this interpretation is correct, the 
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Figure 4. Trilinear diagram of water chemistry from wells and 
warm springs. 

faults must be less than two million years old and may be 
considerably younger. The warm springs occur just below the 
fault trace on the downdropped side of the faults, 
f ^ l t s . 

T8) Alpine glaciers eroded the mountain ranges surround
ing the Centennial Vally at different times throughout the 
Pleistocene. Deposits of pre-Bull Lake, Bull Lake and Pinedale 
glaciations indicate that the ice originated in high cirques and 
traveled downward, cutting U-shaped valleys which, in many 
instances, reached the largervalleyfloors such as the Madison 
Valley (Weinheimer, 1979). Glacial meltwater accumulated 
in the Centennial Valley to form a large lake which drained at 
several locations including a stream situated in the Cliff Lake 
Fault trench. The West Fork of the Madison River began to cut 
a valley approximately along the Huckleberry Ridge Tuff-
Precambrian contact (Gravelly faulO during late Pleistocene-
early Holocene time. The Centennial Valley glacial lake 
eventually receded to form the Upper and Lower Red Rock 
Lakes and associated ponds and marshes. As the lake reced
ed, the drainage along the Cliff Lake fault trench was dammed 
by mass wasting to create Elk, Hidden, Goose, Otter, Cliff, and 
Wade lakes. 

(9) 11 appears that the rate of movement along the Centen n-
ial fault has increased since Pinedale time to over an inch per 
year. The Centennial, Cliff Lake, and southern Madison faults 
continue to be seismicalty active today. 

WATER CHEMISTRY ASPECTS 
The types of water chemistry exhibited by springs and wells 

on the north side of the Centennial Valley are fairly similar (1) 

bicarbonate is the dominant anion; (2) calcium is the domirv 
ant cation; (3) magnesium is generally the second most 
abundant cation (based upon milliequivalents per liter). 
North of Upper Red Rock Lake, where the Huckleberry Ridge 
Tuff is thicker, springs with a shallow, local flow system 
commonly have a total dissolved solids (TDS) content of less 
than 100 milligrams per liter (mg/L.). Wells south and east of 
the warm springs have TDS values ranging from 128 to 519 
mg/L. Figure 4 depicts chemical characteristics of these wells 
in the valley Quaternary deposits. Two subgroups can be 
characterized. The low TDS wells have smaller percentages 
(ona milliequivalent per liter bases; Hem, 1970, p. 268-270) 
of magnesium and sulfate. There is a distinct hiatus of sulfate 
values betwen 7 and 24 percent The high sulfate waters are 
restricted to wells and springs along the northern margin of 
the valley. 

The major sources for sulfate in ground water are the 
dissolution of sulfate minerals such as gypsum and andydrite, 
and the oxidation of sulfide minerals such as pyrite. Warm 
springs issuing from the Madison Group (such as Anderson's, 
Bearmouth, Bridger Canyon, Brooks, Carter's Bridge, Durfee 
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Creek, LaDuke, Landusky, Little Warm, Lodgepole, Mc
Menomey, Plunkets, Toston, and Vigilante; Sonderegger and 
Bergantino, 1981) have a relatively high sulfate content Hot 
springs believed to be derived from the Madison (LaDuke, 
New Biltmore, and Warm Springs State Hospital; ibid.) have 
the anion content of their water dominated by sulfate. The 
generally accepted explanation for this phenomena is the 
dissolution of sulfate minerals from the upper portion of the 
Madison Group. 

The other shift associated with the high TDS and thermal 
waters is a change toward higher Mg/Ca ratios. The Madison 
Group is a dolomitic limestone; both dolomite and calcite 
will be dissolved by undersaturated waters. Both the dissolu
tion and precipitation of dolomite are retarded relative to 
calcite, probably by larger necessary activation energies. 
Consequently, one expects to see calcite and dolomite 
dissolution occur in recharge areas (equations 1 and 2, 
respectively) 

(1) CaC03 + H2CO3 - > Ca2+ -F 2HCO3 

(2) CaMG(C03)2 + 2H2CO3 - > Ca2+ -I-Mg2+ +4HCO3 

As water descends to greater depth, temperatures increase 
and the water becomes supersaturated with respect to both 
minerals. However, calcite precipitates much more easily 
than dolomite and the fluid phase becomes enriched with 
magnesium. 

If the thermal water is not diluted the water chemistry can 
be used to calculate values commonly referred to as "reservoir 
temperatures." The methodology varies; the silica thermomet
ers compare the silica content of the thermal water with that 
believed to be in equilibrium (laboratory data) for solid phases 
such as quarts chalcedony, a or b cristobalite, or amorphous 
silica, while the cation geothermometers use atomic ratios of 
the elements Na,K, and Ca, and equivalent ratios of the 
elements Mg,Ca, and K. 

In the Centennial Valley, the thermal springs have water 
chemistry with a definite limestone signature. Quartz and 
chalcedony geothermometers yield reservoir temperatures of 
66° and 34°C, respectively. The Na-K-Ca geothermometer 
yields a temperature of 52°C due mainly to the Na/K ratio of 
6.4. The high Mg and Ca content of the water suggests that it 
has never been very hot (Mg/Ca ratio of 0.59). 

The magnesium correction is not applied to waters which 
yield a Na-K-Ca temperature of less than 70°C (Foumier and 
Potter, 1979), so this correction is not made to the Centennial 
Valley thermal waters. Based upon the data available, and 
assuming no dilution, the reservoir temperature is believed to 
be 45''C or less, with 40°C probably being a reasonable 
estimate of the maximum resen^oir temperature. The highest 
chalcedony temperature calculated from these springs is 
37°C. Chloride content varies from 9.0 to 10.0 mg/U and silica 
from 20.1 to 23.3 mg/L These data prohibit the use of most 
dilution models for the spring data. 

If the water from the Staudenmeyer ranch house weft (T"" 
I 10.2°O is considered, due to Its high dissolved solids 

content, to represent the "best" water sample, chalcedony 
and Na>K-Ca temperatures of 48° and 62°C respediively are 
calculated^ The silica content may be elevated due to''<:6ntact 
with delrital volcanic material, and the maximum tempera
ture iat the thermal system is still about 45''C if nosigni^ant v 
mixing or precipitation has occurred. ••tP W^t-^-^'-

The silica geothermometry becomes almost useless wfien 

m 
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water interacts with glass-rich acidic rocks such as the H u c k l ^ 
berry Ridge Tuff. Samples of this rock and the Mesa Falls Tuifj 
were ground to medium- to fine-sand size and leached wit 
distilled water in the laboratory at different temperatures^ 

Within three months, the silica content in the water plottec 
between the a and 0 cristobalite curves for laboratory 
temperatures of 27° and 57°C. 

CONCLUSIONS .^ 
A lake temperature survey showed warmer water along the *| 

northern side of Upper Red Rock Lake. Heat sensing imagery | 
was flown over the northern side ofthe valley during the fall of 
1977. An intense rain storm the afternoon before the flight 
resulted in ponding of water in almost all areas except the 
sand dunes. Air temperature was slightly below freezing 
between 3:00 and 5:30 a.m. while ground truth data was] 
collected and the overflight occurred. Water temperatures on j 
the lakes and river were considered to be the only reliable^ 
values under these conditions. Temperatures ranged f r o m * | 
8.5° to 15.5°C. A warm zone was identified from the com-, 
puter printout of the digital data 

The alignment of the thermal water zone southeast of t h e ^ 
thermal springs is subparallel to Quaternary age faults' 
identified by low altitude aerial reconnaissance. These feat
ures are interpreted to be small scale step faults on the ^ 
southernmost margin of the Gravelly Range. These faults arej 
beilieved to aid in localizing the ascent of warm water from,| 
the Madison Group limestones near the axis of the doubly-"^ 
plunging Metzel Creek anticline. The hea^ source could be^ 
either p postulated intrusive (Schofield, this publication) or T 
deep circulation. Based upon the small size of the postulated 
body and the rapid cooling which it would undergo, it 
appears more probable to assign the source of the heat to the 
deep circulation of meteoric water. 
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by 
James Dean Schof ie ld ' 

ABSTRACT 

Major structural elements in the Centennial-Madison region of Southwestern Montana and adjoining Idaho are 
revealed by examination of the gravity maps of the area. The gravity anomaly of the eastern Centennial Valley is almost 
40 m/gals. and the southern Madison Valley has a comparable anomaly; whereas the Henrys Lake basin has a 25 milligal 
anomaly. 

Modeling suggests there exists approximately 3500 feet of Cenozoic deposits in the Henrys Lake basin, less than half 
the depth of Cenozoic sediments estimated for the Centennial and Madison Valleys. A gravity low extends from the 
eastern end of the Centennial Valley toward the Madison Valley. The low is interpreted as a valley that previously 
connected the two valleys but is now hidden beneath several hundred feet of volcanic flows. The buried valley is 
aligned with the O'dell Creek fault, and appears to be controlled by the fault The east side ofthe O'dell Creek fault has 
been uplifted. The sediment thickness below the Upper Red Rock Lake is just 2000 feet, significantly less than the 
remainder of the Centennial Valley Both the Centennial and Madison faults are normal faults that can be traced into 
the Henry Lake Basin. 

INTRODUCTION 

Gravity data for the Centennial and Madison Valleys (see 
Fig. 1) has been examined in an attempt to delineate the 
major faults of the region and to estimate the thickness of the 
low density Cenozoic fill of the valleys. Gravity measurements 
can reveal structural elements not visible on the surface. 
Density contrasts cause variations in the local gravitational 
acceleration; therefore, those structures that juxtapose ma
terials of different densities, such as faults, can be detected. 
The geologic map shown in Fig. 1 has been simplified 
because differences in density may not correspond to differ
ences in age or lithology. 

Most of the major topographic units of southwestern 
Montana, including the Centennial and Madison Valleys and 
surrounding mountain ranges, are related to Cenozoic block 
faulting. The faulting took place in a regime of crystalline rock. 
The two faults with the largest displacement in this area are 
the Centennial Fault and the Madison Range Fault. These are 
the bounding faults of the valleys investigated. The Centen
nial Mountains are controlled by the normal fault to the north. 
The southern flank is buried by volcanic rocks of the plain. 

On Fig. 1 are the sources of gravity data for this paper. With 
179 gravity stations in the Henrys Lake area, 175 stations in 
the eastern Centennial Valley, and nearly two hundred 
stations in the northern portion of the Madison Valley, the 
station density is adequate. There is data across the Upper 
and Lower Red Rock Lakes. The coverage is sparse in the 
mountains near Hidden Lake. 

M E T H O D OF INTERPRETATION 

The interpretations of the gravity data in Figs. 4 and 6 are 
based on 2-D modeling using Talwani-type programs (Tal
wani and others, 1959). The emphasis of this paper is on the 
eastern Centennial Valley. Ten profiles of the area were 
fnodeled in detail (Schofield, 1980); three additional profiles 
were modeled for the Madison Valley interpretation, and 
another for Heniys Lake Basin. The models consisted of a 
simplified geologic cross section having a single density 
contrast with the observed and calculated gravity for the 

^ Amoco Oil Company, Denver, Colorado 80202 

profile plotted above (Fig. 2). The basement interpretation of 
Fig. 4 was constructed by plotting the structures portrayed on 
the 2-D models in their proper location, and then using the 
gravity map to guide the interpolation between cross 
sections. 

The density contrasts used for the Centennial profiles 
ranged from -0.6 g/cc to -0.35 g/cc. The density contrasts 
picked are the differences between the estimated bedrock 
density and the traditional 2.25 g/cc forCenozoic valley fill in 
southwestern Montana (Burfeind, 1967). These density con
trast values used may be large and may not reflect the true 
amount of compaction and lithification. The density contrast 
used for the Madison Valley and Henrys Lake Basin profiles 
was -0.3 g/cc. Gary (1980) used a-0.5 g/cc contrast (2.8 g/cc 
for Precambrian metamorphic rocks, 2.3 g/cc for Cenozoic 

INTRUSION BASEMENT 

Figure2. A2D gravity model of a north-south profile across the 
lower Red Rocfc Lake showing the Murphy Creek stock, the fill 
in Centennial Valley, the faults (F) controlling the shape ofthe 
valley, and the north dipping block associated with anomaly H 
or Fig 3. The density contrast between both the intrusion and 
the fill with the basement is -0.564 2/cc The X's represent the 
observed gravity; the solid line, the calculated gravity. 
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sediments and volcanic tuffs). 

In general, gravity highs are associated with mountainous 
areas and gravity lows with valleys. Large gravity gradients are 
associated with major faults that juxtapose materials with 
different densities. Small highs within the low of the valley 
may be interpreted as uplifted basement blocks, but there is 
no unique structural interpretation for any given gravity 
anomaly. The expression of a particular body will broaden as it 
is buried deeper and deeper; thus, gravity anomalies of small 
areal extent are assumed to be near surface. 

SCHOFIEl 

CENTENNIAL VALLEY 

Fig. 3 is the complete Bouguer gravity map of the easte 
Centennial Valley. There is a broad east-trending gravity Ic 
in conjunction with the Centennial Valley. The grav 
anomaly across the valley is 20 milligals. The complett 
gravitational expression of the Centennial and Madisc 
Valleys is not known because very few gravity stations 
setup in the mountina.s The map of the basement of th 
valley (Fig. 4) shows a complex structure which is conceals 
beneath the nearly flat surface. The depth to basement 

CENTENNIAL AND MADISON VALLEY MONTANA 
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Figure 1. Index map. Generalized geo/ogy map (after Egbert, 79600 with bibliographic index for gravity data. 
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probably too conservative because of large density contrasts 
used. The maximum thickness of Cenozoic sediments, based 
on the 2-D model's 7000 feet of fill, may be as much as 3000 
feet too small. The smaller anomalous gravity features are 
marked with letters, and are: 

A. The steep gravity gradient with variable contour spac
ing between the Centennial Mountains and the Lower 
Red Rock Lake. 

B. The south pointing indentation of the gravity contours 
where Odell Creek emerges from the Centennial 
Mountains; 

C The steep gradient between the Centennial Mountains 
and the Upper Red Rock Lake; 

D. The nose in the gravitycontours at the Upper Red Rock 
Lake; 

E. The closed gravity low at Alaska Basin; 
F. The narrow gravity low paralleling the trend of Elk and 

Hidden Lakes; 
G. The south pointing nose at Teepee Creek; 
H. The bend in the gravitycontours north ofthe Lower Red 

Rock Lake; and 
I. The closed gravity low near Murphy Creek. 

CENTENNIAL FAULT 

Modeling of the gravity data suggests that the Centennial 
i Fault should actually be thought of as a fault system rather 

than a single fault The Centennial Fault is broken into a 
number of segments, and in the eastern half of the valley there 
are two major branches to the Fault: a branch beneath the 
sediments as well as the high angle normal fault mapped on 
the surface. South of the Lower Red Rock Lake the displace
ment of the Centennial Fault has taken place in two large 
steps, and perhaps several smaller steps below the resolution 
of the data. The basement elevations south of the lower lake 
increases from sea level to -i-5000 feet at the top of a fault 
block which dips south into the surface branch of the 
Centennial Fault (Fig. 4). The south dipping blocks are the 
cause of the widening of the contours at gravity anomaly A of 
Fig. 3. A dip to the south would conform in direction with the 
dip ofthe Mesozoic formations (20° - 30° S) south ofthe lower 
lake (Pardee, 1950). Pardee states that the Tertiary lavas on 
the summits also dip to the south, though less steeply. It 
should be noted that Witkind (1975) mapped the Centennial 
Mountains east of Odell Creek as the southwest limb of a 
southeast-plunging anticline. At Odell Creek, the Centennial 
Fault appears to be a single unit that ends against the Odell 
Creek Fault (anomaly B). 

The Centennial Fault bifurcates east of the Odell Creek 
Fault and forms an upraised platform beneath the Upper Red 
Rock Lake (nose D). The north branch ofthe Centennial Fault 
lifts the bedrock more than 4000 feet The surface of the 
platform is inclined to the northwest The unexpected exist
ence of a shallow basement below the Upper Red Rock Lake 
helps explain the warm water discovered by the Montana 
Bureau of Mines and Geology in the Upper Red Rock Lake. 
Metoric water probably circulates along the north Centennial 
Fault whrch forms the north face of the platform. The path of 
the warm water for the final few hundred feet to the surface is 
not known uniquely, but the most probable route is the 
suspected fault along the northern border of the upper lake. 
The fault was not detected on the gravity map; however, small 
vertical offsets would not be detected and the fault need not 
be large to trigger depositional infilling of the older lake of 
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which Swan Lake, Upper Red Rock Lake, and the surrounding 
swamps are but remnants. Such a fault could easily serve as a 
conduit for the warm water. 

The imposing front of the Centennial Mountains, where the 
elevation changes 3000 feet in a mile, coincides with the 
large gravity gradient marked C on Fig. 3. At least 10,000 feet 
of vertical displacement has occurred along the Centennial 
Fault system, and the movement has probably taken place in 
the last ten million years. An average rate of displacement of 
0.3 mm/yr is easily accepted in view of present rates of uplift 
and subsidence. Recent releveling has revealed that the 
eastern Centennial Valley is being uplifted by 5 mm/yr 
(Reilinger and other, 1977) and rates of uplift as high as 14 
mm/yr have been measured at the center of the Yellowstone 
Caldera (Smith and Christiansen, 1980). Curiously, the Cen
tennial Fault has an obvious scarp in the western half of the 
valley where the rate of uplift is only a fifth of that on the 
eastern end, yet the eastern scarp is lost beneath till, land
slides, and alluvial fans. That the Pliocene (?) volcanics at the 
southern rim of the Centennial Valley were probably once 
continuous with the volcanics near the Continental Divide in 
the Centennial Mountains (Witkind, 1975) illustrates the 
magnitude of movement of the bounding fault of the valley. 

ODELL CREEK FAULT 

The most important conclusion formed about the Centen
nial Valley is that the gravity low trending northeast from the 
eastern end of the valley (gravity anomaly R is caused by the 
Cenozoic sediment fill of a valley which has been concealed 
by a layer of volcanics several hundred feet thick. This buried 
valley is a direct connection between the eastern Centennial 
and the southern Madison Valleys. Before the valley was 
covered by rhyolitic flows, it probably served as the drainage 
for the eastern Centennial Valley. The approximate width of 
the valley hidden bythe volcanics is from Teepee Creek to Elk 
Lake. It would seem the western border is a north-trending 
fault east of Teepee Creek (anomaly G). The eastern boundary 
of the valley is more clearly defined. Gravity anomaly F is 
interpreted as a segment of the Odell Creek Fault; this 
segment is the bounding fault of the buried valley. The 
mapped portion of Odell Creek Fault has a strike of N.30°E. 
which is similar to the western flank of gravity anomaly D. The 
Elk Lake segment (Fig. 4) has the same N.30°E. strike as the 
series of lakes and ponds connecting the Centennial and 
Madison Valleys. High seismicity was noted along a N.35°E. 
trend from Cliff Lake into the Madison Valley during a recent 
investigation (Bailey, 1977). 

The Odell Creek Fault has"an estimated stratigraphic throw 
of 4,500 feet and a displacement of 3,000 feet" in the 
Centennial Mountains (Honkala, 1949, p. 104). This high 
angle normal fault has a general strike of N.30°E. The western 
edge of the platform of bedrock below the upper Red Rock 
Lake is formed by a segment of the Odell Creek Fault which 
has vertical displacement in excess of 2,000 feet (Fig. 4). The 
Odell Fault has been offset by movement on the younger 
Centennial Fault Basement may have been dropped as much 
as 6,000 feet on the west side of the Elk Lake segment of the 
Odell Creek Fault The movements indicated by gravity 
modeling are comparable to the measured movement of the 
fault 

ALASKA BASIN 

A simple downdropped block, bounded on one side by a 
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Figure 3. Complete Bouguer gravity map of the eastern Centennial Valley with an insert showing the ground magnetics for the | 
Murphy Creek area. The large letters mark significant features on the gravity map. 



STRUCTURE-GRAVITy 279 

f 
•9 

A ; IS. 

a-

-wf 

Figure 4. A basement interpretation ofthe eastern Centennial Valley showing the location of faults and the estimated elevation of 
the basement Mapped fault locations according to Witkind (1976, Witkind and Prostka (1980) and Sonderegger and others (1980). 
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Figure 5. Complete Bouguer gravity map of the eastern Centennial Valley, Madison Valley, and Henrys Lake basin. 
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^gure 6. Map ofthe estimated thickness of Cenozoic fill for the eastern Centennial Valley, the Buried Valley, Madison Valley, and 
"enrys Lake basin. 
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single major normal fault and on the other by a series of 
normal faults of small displacement with a valley floorwhich 
dipped toward the large boundary fault would produce an 
asymmetric anomaly like that of the Alaska Basin (E, Fig. 3). On 
the gravity map of Fig. 3, Centennial Valley and Alaska Basin 
appear as separate structures. The gravitational high between 
the valley and the basin coincides with a mapped horst The 
horst is breached at the surface by Red Rock (Zreek, The small 
structural depression of Alaska Basin has more than 3,000 feet 
of relief. 

MURPHY CREEK STOCK 
The source of the gravity low near Murphy Creek (anomaly I 

of Fig. 3) not only has a low density but also a high 
susceptibility, as demonstrated by the results of a grojid 
magnetic survey shown in Insert A (Schofield, 1980). The 
dipolar magnetic anomaly suggests the source is an intrustion. 
In southwestern Montana, gravity lows are often associated 
with intrustions. The gravity map of Montana (Bonini and 
other, 1973) has a low in conjunction with the Boulder 
Batholith and another over the Tobacco Root Batholith. 

A seven milligal residual anomaly was modeled as a sphere. 
The calculations reveal a depth of 6,000 feet to the center of 
the anomalous mass, which is 4.3 billion tons lighter than a 
uniform bedrock section would be. Such a small intrustion 
would cool quickly, and indeed the strong magnetic anomaly 
means the body is below its Curie point (Curie point for 
magnetite is 578° O. A steeply dipping cylinder is a good 
approximation of the shape of the stock 

MADISON VALLEY 
A gravity map of the Madison Valley is provided in Fig. 5, 

and an estimation of the thickness of Cenozoic sediments is 
given in Fig. 6. The magnitude of the gravity anomaly, in 
excess of 40 milligals, associated with the Madison Valley is 
unusual in view of the narrowness ofthe valley. The maximum 
thickness of valley fill for the Madison Valley is 15,000 feet 
based on models with a density contrast of -0.3 g/cc. Gary 
(1980), usinga-0.5 g/cc. density contrast predictsa miximum 
thickness of sediment in the valley of 10,000 feet Gar/s work 
also indicated the valley dips east into the Madison Range 
Fault the bounding fault A fault with northeast trend cuts the 
valley at approximately 45°05' (Gary, 1980). According to 
Gary, the fault may be a reactivated zone of weakness,for a 
lineament shows up on the topographic, gravity, and 
aeromagnetic maps of the area. Textbook quality alluvial fans 
line the eastern edge of the Madison Valley, which attests to 
the magnitude of the displacement that has produced the 
Madison Range. Although the Madison Range Fault is de
fined as a normal fault the fault plane solution calculated by 
Gary shows left-lateral relative movement along the fault 
which he relates to the differential spreading rates along the 
Sanke River Plain. Last minute alterations were made to reflect 
the work of Gary in the Madison Valley. 

Only a thin veneer of sediment covers Precambrian rocks at 
Raynolds Pass on the Idaho-Montana border where the 
Madison Valley ends and Henrys Lake Basin begins. The 
Madison Range Fault continues south of the Madison Valley 
into Henrys Lake Basin where it forms the eastern border of 
the basin. The Madison Range eastt>f the basin has less relief 
than the mountains east of the Madison Valley, and the 
thickness of Cenozoic fill in the basin is substantially less than 
the fill in the Madison Valley. The maximum depth of fill 
predicted by modeling was 4000 feet Peterson and Witking 
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(1975) estimated 3600 feet using a model with two density 
contrasts (-0.6 g/cc betwen sediments and bedrock, -0.3 g/cc 
between volcanics and bedrock) rather than the single 
contrast of-0.3 g/cc used for Fig. 6. The deepest part of the 
basin appears to parallel the Madison Range Fault and to be 
east of the center of the basin. Henrys Lake Basin narrows 
where the Centennial Fault enters, but the gravity does not 
show the fault crossing the basin. If the fault actually does ,,,, 
continue to the Madison Range the present displacement 
must be too small to detect with available gravity data. 

SUMMARY 
A small stock exists east of Murphy Creek. The Cenozoic fill 

in the Centennial Valley is at least 7,000 feet thick and may be 
as much as 10,000 feet thick. Gravity modeling suggests the 
narrow Madison Valley has a maximum of 15,000 feet of fill. 
Henrys Lake Basin is bounded by the same fault as the 
Madison Valley but there is only 4000 feet of fill within the 
basin. There are 3000 feet of sediments in the small, separate 
structure of Alaska Basin. The Odell Creek Fault extends north 
of the Centennial Fault under the Upper Red Rock Lake and 
northeast to the Madison Valley. The Elk Lake segment of the 
Odell Creek Fault bounds a valley buried by volcanics. The 
Centennial Fault is broken into several segments and into two 
main branchs. One branch of the Centennial Fault is covered 
by the fill in the valley. The basement of the Centennial Valley 
is divided into a number of separate blocks. 
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GEOLOGY AND GEOTHERMAL RESOURCES OF 
THE EASTERN CENTENNIAL VALLEY 

357 

by 

John L. Sonderegger^ 

INTRODUCTION 

The upper Centennial Valley graben was selected for 
geothermal evaluation in 1976 because this area contains the 
most areally extensive exposure of Quaternary igneous rock 
known within the state. Witkind's Open-File Report on known 
and suspected active faults in western Montana (1975) 
provided documentation that the southern side of the valley 
still had an active fault system. With rocks that were believed 
to be correlative to the Yellowstone Group volcanics exposed 
on both the north and south sides ofthe graben, it was logical 
to speculate on the thickness of young volcanic rocks within 
the graben itself. The absence of detailed geologic mapping 
north of the lakes made it impossible to estimate the 
thickness of volcanics which might be preserved within the 
graben. 

Warm water occurrences were found to be restricted to the 
north side of the Centennial Valley (figure 1). A total of seven 
springs were located in sections 17 and 18, T. 13 S., R. 2 W. 
They have a combined discharge of about sis cubic per 
second (2700 gallons per minute) and an average tempera
ture of 27°C. Also a zone of water approximately 5°C above 
the background temperature was depicted along the western 
half of the north side of Upper Red Rock Lake and along the 
marshy channel connecting it with the Lower Red Rock Lake. 
The boundaries of this zone were established by airborne 
heat sensing imagery. 

Location of the spring discharge appears to be controlled 
by both Laramide and Tertiary structures. The springs occur 
along the axial plane and on the west limb of the Metzel 
Creek anticline (Honkala, 1949, 1960) where it is cut by late 
(?) Cenozoic age, normal, basin margin faults. 

GEOLOGIC FRAMEWORK 

This investigation was conducted in the basement province 
of McMannis (1965) which is typified by the absence of Belt 
strata, a generally thin Paleozoic and Mesozoic sequence, 
abundant Cenozoic basin deposits and volcanic ejecta, and 
extensive exposures of pre-Belt metamorphic rock. The study 
area is bounded to the west by the Tendoy Mountains, and 
the Snowcrest Range, the easternmost ranges with proven 
thrust faulting as the dominant Laramide structural mechan
ism. Late Cenozoic mountain formation is due to block 
faulting. To the north, south and east, the Gravelly, and 
Centennial ranges, and the Henr/s Lake Mountains, respect
ively, are believed to be formed by blockfaulting. Most of the 
structural grain has been previously ascribed to the Laramide 
orogeny. The Laramide stresses from the west have deformed 
the Paleozoic and Mesozoic rocks into broad gentle folds in 
most areas. Valleys between the mountains have been infilled 
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with Tertiary sediments and sedimentary rocks which normal
ly appear undeformed, although highly deformed slump 
structures can be found in the Madison Valley. The thickness 
of valley fill varies, but up to 6,600 feet are believed to be 
present in the Centennial Valley (Schofield, this publication). 
Possibly 9,000 feet may exist under the Missouri Flats area of 
the Madison Valley (Steve Gary, 1979, oral comm.). Volcanic 
ash-flow tuffs of early Pleistocene age cover much ofthe valley 
margins. Glacial outwash and tills are preserved along the 
valley margins, while in the lower portions of the valleys lacus
trine deposits sand dunes and alluvium are found. 

The Cambrian through Mississippian section in the study 
area consists of carbonates interbedded with minor shale. 
Younger Paleozoic rocks become more clastic, containing 
nearly equal amounts of sandstone, shale and carbonate 
(cherts included). The Mesozoic strata are nearly all clastic, 
with minor carbonate and a preponderance of shale, siltstone, 
and sandstone, with minor coal reported nearby. The pre
served Tertiary strata consist of basalt, limestone and sand
stone, in that order of abundance. The Quaternary section 
includes 16 units of which 7 are volcanic. 

The Paleozoic strata in the study area do not consitute the 
complete stratigraphic section. Faulting near Landon Camp 
(along the West Fork) has juxtaposed the upper Jefferson 
Formation against the Precambrian. A small block of what is 
believed to be Meagher Limestone (Middle Cambrian) is 
preserved along the creek bottom, just west of the fault 
contolling the West Fork drainage, but the intervening strata, 
if present, are covered by Pliocene basalt and Pleistocene tuff. 
The description below uses the nomenclature of Sloss (1966) 
for the major depositional cycles of the Paleozoic and 
Mesozoic Eras. 

The study area is east of the Greenhorn fault, and while part 
of the "stable" craton, this area has a thinner Cambrian 
section preserved and no identifiable Ordovician age rocks. 
This suggests that the southern Gravelly Range was, to some 
extent, a positive element during Sauk sequence deposition. 
There are no preserved rocks from the Tippecanoe sequence, 
and Kaskaskia deposition starts with the Jefferson Formation of 
of Middle (?) and Late Devonian age. The area received 
Kaskaskian sequence sediments representative of those 
found in southwestern Montana, except for the Big Snowy 
Group, which, due to poor exposures, could have been 
missed in mapping. Erosion at the end of the Kaskaskia 
Sequence was severe to the north where Christie (1961, p. 40) 
notes erosional channels 200 feet deep in the Mission 
Canyon Formation. 

Absaroka sequence rocks are thicker in this area than in 
most of southwestern Montana due to crustal downwarping. 
Armstrong and Oriel (1965) attribute the basin development 
southwest of the study area to the migriition of the miogeo-
syncline toward the eastern portion of Idaho. The study area 
was on the shoulder or flexure of this structure and contains 
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only two recognized unconformities within this sequence. 
Erosion following the deposition of the Kaskaskian sequence 
was accompanied by southward tiltingof the strata bythe time 
the Ellis Group was deposited at the start of the Zuni sequence 
(McMannis, 1965). 

The Zuni sequence starts with 300 to 400 feet of Jurassic 
rocks, mainly the Morrison Formation, unconformably over
lain by the Cretaceous Kootenai Formation. Local angularity of 
the unconformity (Christie, 1961, p. 89) suggests additional 
tilting of the strata. Deposition following the Kootenai in
cludes a thin shale and the Aspen Formation, a predominantly 
non-marine unit 

The Laramide orogeny deformed the sedimentary rocks, 
with the major structure in the area being the Metzel Creek 
anticline (Honkala, 1949). The northwesterly trend and asm-

metry of the anticline (cross section A-A', figures 2 and 3) 
suggest that compressional force was directed from the west-
southwest. Surficial mapping does not require that the 
anticline be faulted; however, so little of the east limb is 
exposed that the western limb may be locally detached and 
thrust over the eastern limb. This is compatible with Scholten's 
(1967) overview of the Laramide tectonics of this region. 
Culmination of this oroglenic event included the thrust 
faulting west of the study area to which Scholten (1967) and 
Ryder (1967) attribute the origin of much of the Beaverhead 
Formation, which unconformably overlies the pre-Laramide 
rocks in the western part of the study area. Scholten (1967), 
however, believes that the Blacktail-Snowcrest and Gravelly 
"arches" contributed significant volumes of elastics to the 
Centennial Valley. Thus, as the compressional forces of the 

Figure 1, Location of study area; crosshatched area is shown on geologic map (figure 2), 
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Laramide were waning, renewed (?) block fault uplifting must 
have occurred north of the study area, probably in the 
Paleocene time. 

From the end of Beaverhead deposition, presumably in late 
Paleocene or early Eocene time, there is no exposed rock 
record until the extrusion of the older Tertiary basalt at about 
the beginning of late Oligocene time. The basalt is overlain by 
lower (?) Miocene sandstone and limestone believed to 
be of continental origin. These units dip gently into the 

K 

Centennial Valley from the north at about three degrees. 
Erosion followed and only remnants of these strata are 
preserved. 

Within the study area, the Cenozoic history may be inter
preted as follows: 

(1) Doming occurred along the northwest-southeast trend 
on the east, as evidenced by the erosion of pre-Pleistocene 
rocks in the eastern portion of the study area. Faulting along 
the trend appears to be fairly local as evidenced by the 
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juxtaposition of Devonian and Precambrian strata south of 
Landon Camp and the normal transgressive sequence which is 
preserved outside the study area along the West Fork of the 
Madison, roughly two miles to the northwest (Christie, 1961). 

(2) Fluvial sedimentation and erosion were ongoing pro
cesses during Paleocene time. Sedimentation may have 
continued until the Early Eocene, with the major unit deposit
ed being the Beaverhead Formation. An ancestral Centennial 
Range probably existed further south (Ryder and Scholten, 
1973, Figure 10 and discussion of Pinyon-Harebell Conglom
erate in Wyoming), which later foundered into the Snake 
River trough. The Gravelly Range was probably the major 
souce of sediment at this time. The near absence of limestone 
clasts in the Beaverhead suggests that drainage off the 
Gravelly block was to the west, or that the materials from the 
ancestral Centennial Range uplift were the volumetrically 
dominent influx. These two factors suggest the lack of a 
western source during Paleocene time. Drainage may have 
been to the east-southeast, as depicted by Ryder and Scholten 
(1973, fig. 10). 

(3) Erosion locally reduced the land surface to a virtual plain 
during the rest of Eocene and early and middle Oligocene 
time, as evidenced by the flat basal nature fo the Oligocene 
basalt flow near Cayuse Spring. The western part of the study 
area was probably a pediment. To the north, a structurally 
active, upland erosional area must have been maintained. This 
interpretation is based upon Christie's (1961) contact be
tween the Tertiary basalt and underlying pre-Tertiary forma
tions and preexisting normal faults. 

(4) Fluvial deposition of the unnamed Tertiary sandstone 
probably occurred during the early Miocene. The influx of 
elastics was sufficient to disrupt existing drainage, as this unit 
is overlain by a limestone believed to be of fresh-water origin. 
Consequently, moderate uplift of the Gravelly block during 
the late Oligocene-early Miocene interval followed by a 
period of relative tectonic quiescence is envisioned. 

(5) Pliocene age units have not been recognized in outcrop 
Vvithin the study area. It is believed that tectonic quiescence 

continued throughout most of this time. Renewed uplift and 
erosion probably began near the end of the Pliocene as 
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evidenced by volcanic flows and reworked Beaverhead For
mation south of the map area (Witkind and Prostka, 1980), 
scattered patches of reworked gravels in the vicinity of Two 
Drink Springs, and the topographic relief formed on the 
Tertiary limestone and sandstone units before deposition of 
the overlying early Pleistocene age ash-flow tuffs. 

(6) During the early Pleistocene a moderate amount of 
relief must have existed, based upon the outcrop pattern of 
the oldest Pleistocene volcanic unit compared to underlying 
older strata (Witkind, 1976; Witkind and Prostka, 1980; 
Sonderegger and others, in prep.). It is believed that the 
Huckleberry Ridge ash-flow tuff erupted from the Island Park 
Caldera, passing over the then-low ancestral Centennial 
Mountains, across the Centennial Valley and up against the 
southern margin of the Gravelly Range (Christianson, 1979; 
Mannick, 1980). On the northwest side of Deer Mountain, 
northeast of the Upper Red Rock Lake, a minimum of 500 feet 
of preexisting relief is indicated by the Huckleberry Ridge-
Precambrian contact. Movement along the Centennial fault 
continued throughout the Quaternary, displacing the Huckle
berry Ridge Tuff a minimum of 1500 to 1800 meters (5,000 to 
6,000 feet) in the last 2.0 million years. The Centennial Range 
was sufficiently high 1.2 million years ago to block the passage 
of the Mesa Falls ash flow into the upper Centennial Valley 
from the Island ParkCaldera. The only portions of the ash flow 
to enter the valley crossed the divide through low passes such 
as one near Hell Roaring Canyon (Witkind, 1976). Major 
volcanism occurred in the Yellowstone caldera region 0.6 
million years ago producing the Lava Creek Tuff. This ash flow 
was entirely blocked from the upper Centennial Valley and is 
exposed along the lower southeastern slopes of the Centenn
ial Range. 

(7) Normal faulting on the north side of the valley is well 
exposed in the Phosphoria Formation outcrop west of the 
Metzel Creek anticline, where displacement is on the order of 
40 feet. Lineations representing unmelted snow were noted 
during a low altitude overflight the area. They are believed to 
represent minor fault scarps, unrecognizable on the ground, 
which have less than five feet of displacement and which cut 
the H uckleberry Ridge Tuff. If this interpretation is correct, the 
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PfRCENTAGE REACTING VALUES 

No. T D S Source 

1 394 Anderson Springs 

2 401 Staudenmeyer Springs 

3 519 Staudenmeyer House Well 

4 376 Anderson House Well 

5 347 Anderson Stock Well 

6 128 Smith Boxcar Well 

7 184 Refuge Stock Well 

8 176 Staudenmeyer Stock S E 

9 313 Staudenmeyer Stock SW 

10 184 Staudenmeyer Stock NW 

Figure 4. Trilinear diagram of water chemistry from wells and 
warm springs. 

faults must be less than two million years old and may be 
considerably younger. The warm springs occur just below the 
fault trace on the downdropped side of the faults, 
f^ l ts . 

T8) Alpine glaciers eroded the mountain ranges surround
ing the Centennial Vally at different times throughout the 
Pleistocene. Deposits of pre-Bull Lake, Bull Lake and Pinedale 
glaciations indicate that the ice originated in high cirques and 
traveled downward, cutting U-shaped valleys which, in many 
instances, reached the largervalleyfloors such as the Madison 
Valley (Weinheimer, 1979). Glacial meltwater accumulated 
in the Centennial Valley to form a large lake which drained at 
several locations including a stream situated in the Cliff Lake 
Fault trench. The West Fork of the Madison River began to cut 
a valley approximately along the Huckleberry Ridge Tuff-
Precambrian contact (Gravelly fault) during late Pleistocene-
early Holocene time. The Centennial Valley glacial lake 
eventually receded to form the Upper and Lower Red Rock 
Lakes and associated ponds and marshes. As the lake reced
ed, the drainage along the Cliff Lake fault trench was dammed 
by mass wasting to create Elk, Hidden, Goose, Otter, Cliff, and 
Wade lakes. 

(9) It appears that the rate of movement along the Centenn
ial fault has increased since Pinedale time to over an inch per 
year. The Centennial, Cliff Lake, and southern Madison faults 
continue to be seismically active today. 

WATER CHEMISTRY ASPECTS 
The types of water chemistry exhibited by springs and wells 

on the north side of the Centennial Valley are fairly similar. (1) 
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bicarbonate is the dominant anion; (2) calcium is the domin
ant cation; (3) magnesium is generally the second most 
abundant cation (based upon milliequivalents per liter). 
North of Upper Red Rock Lake, where the Huckleberry Ridge 
Tuff is thicker, springs with a shallow, local flow system 
commonly have a total dissolved solids (TDS) content of less 
than 100 milligrams per liter (mg/L). Wells south and east of 
the warm springs have TDS values ranging from 128 to 519 
mg/L. Figure 4 depicts chemical characteristics of these wells 
in the valley Quaternary deposits. Two subgroups can be 
characterized. The low TDS wells have smaller percentages 
(on a milliequivalent per liter bases; Hem, 1970, p. 268-270) 
of magnesium and sulfate. There is a distinct hiatus of sulfate 
values betwen 7 and 24 percent The high sulfate waters are 
restricted to wells and springs along the northern margin of 
the valley. 

The major sources for sulfate in ground water are the 
dissolution of sulfate minerals such as gypsum and andydrite, 
and the oxidation of sulfide minerals such as pyrite. Warm 
springs issuing from the Madison Group (such as Anderson's, 
Bearmouth, Bridger Canyon, Brooks, Carter's Bridge, Durfee 
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Creek, LaDuke, Landusky, Little Warm, Lodgepole, Mc
Menomey, Plunkets, Toston, and Vigi lante; Sonderegger and 
Bergantino, 1981) have a relatively high sulfate con ten t Hot 
springs bel ieved to be der ived f rom the Madison (LaDuke, 
New Biltmore, and Warm Springs State Hospital ; ibid.) have 
the an ion content of their water domina ted by sulfate. The 
generally accepted explanat ion for this phenomena is the 
dissolut ion of sulfate minerals f rom the upper por t ion of the 
Madison Group. 

The other shift associated wi th the high TDS and thermal 
waters is a change toward higher Mg/Ca ratios. The Madison 
Group is a do lomi t i c l imestone; bo th do lomi te and calcite 
wi l l be dissolved by undersaturated waters. Both the dissolu
t ion and precip i tat ion of do lom i te are retarded relative to 
calcite, probably by larger necessary activation energies. 
Consequently, one expects to see calcite and do lomi te 
dissolut ion occur in recharge areas (equations 1 and 2, 
respectively) 

(1) CaC03 -I- H2CO3 - > Ca2+ -f- 2HCO3 

(2) CaMG(C03)2 + 2H2CO3 - > C a 2 + -( -Mg2+ -(-4HCO3 

As water descends to greater depth, temperatures increase 
and the water becomes supersaturated wi th respect to bo th 
minerals. However, calcite precipitates much more easily 
than d o l o m i t e and the f lu id phase becomes enr iched w i th 
magnesium. 

If the thermal water is not d i lu ted the water chemistry can 
be used to calculate values common ly referred to as "reservoir 
temperatures." The methodology varies; the silica thermomet
ers compare the silica content of the thermal water wi th that 
bel ieved to be in equi l ibr ium (laboratory data) for solid phases 
such as quartz, chalcedony, a or b cristobalite, or amorphous 
silica, whi le the cation geothermometers use atomic ratios of 
the elements Na,K, and Ca, and equivalent ratios of the 
elements M g C a , and K. 

In the Centennial Valley, the thermal springs have water 
chemistry w i th a definite l imestone signature. Quartz and 
chalcedony geothermometers yield reservoir temperatures of 
66° and 34°C, respectively. The Na-K-Ca geothermometer 
yields a temperature of 52°C, due mainly to the Na/K ratio of 
6.4. The high M g and Ca content of the water suggests that it 
has never been very hot (Mg/Ca ratio of 0.59). 

The magnesium correct ion is not app l ied to waters wh ich 
y ie ld a Na-K-Ca temperature of less than 70°C (Fournier and 
Potter, 1979), so this correct ion is not made to the Centennial 
Valley thermal waters. Based upon the data available, and 
assuming no d i lu t ion , the reservoir temperature is bel ieved to 
be 45°C or less, w i th 40°C probably be ing a reasonable 
estimate o f t h e max imum reservoir temperature. The highest 
chalcedony temperature calculated f rom these springs is 
37°C. Chlor ide conten t varies f rom 9.0 to 10.0 mg/L, and silica 
f rom 20.1 to 23.3 mg/L. These data prohib i t the use of most 
d i lu t ion models for the spring data. 

If the water f rom the Staudenmeyer ranch house wel l (T= 
10 .2°O is considered, due to its high dissolved solids 
content , to represent the "bes t " water sample, chalcedony 
and Na-K-Ca temperatures of 48° and 62°C, respectively are 
calculated. The silica content may be elevated due to contact 
w i th detr i tal volcanic material, and the max imum tempera
ture for the thermal system is still about 45°C if no significant 
mix ing or precip i tat ion has occurred. 

The silica geothermometry becomes almost useless when 
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water interacts wi th glass-rich acidic rocks such as the Huckle
berry Ridge Tuff. Samples of this rock and the Mesa Falls Tuff 
were ground to med ium- to fine-sand size and leached w i th 
dist i l led water in the laboratory at different temperatures. 

Wi th in three months, the silica content in the water p lo t ted 
between the a and 3 cristobalite curves for laboratory 
temperatures of 27° and 57°C. 

C O N C L U S I O N S 

A lake temperature survey showed warmer water a long the 
northern side of Upper Red Rock Lake. Heat sensing imager^' 
was f lown over the northern side of the valley dur ing the fall of 
1977. An intense rain storm the afternoon before the f l ight 
resulted in pond ing of water in almost all areas except the 
sand dunes. Air temperature was slightly be low freezing 
between 3:00 and 5:30 a.m. whi le ground truth data was 
col lected and the overf l ight occurred. Water temperatures on 
the lakes and river were considered to be the only rel iable 
values under these condit ions. Temperatures ranged f rom 
8.5° to 15.5°C. A warm zone was ident i f ied f rom the com
puter pr intout of the digital data. 

The al ignment of the thermal water zone southeast of the 
thermal springs is subparallel to Quaternary age faults 
ident i f ied by low alt i tude aerial reconnaissance. These feat
ures are interpreted to be small scale step faults on the 
southernmost margin of the Gravelly Range. These faults are 
bei l ieved to aid in localizing the ascent of warm water f rom 
the Madison Croup l imestones near the axis of the doubly-
p lunging Metze l Creek anticl ine. The heat source cou ld be 
either p postulated intrusive (Schofield, this publ icat ion) or 
deep circulat ion. Based upon the small size of the postulated 
body and the rapid coo l ing which it wou ld undergo, it 
appears more probable to assign the source of the heat to the 
deep circulat ion of meteoric water. 
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ABSTRACT 

This paper summarizes information concerning thermal springs and wells 

in Montana. New and previously unpublished data are included for thermal 

wells. Btu calculations for these sources are presented and a preliminary 

map depicting areas favorable for space heating with heat pumps is included. 

Introduction 

The purpose of this paper is to summarize the work done to date, and 

to report on some recent results relating to Montana's geothermal resources. 

Interest in surface occurrences of thermal water as something other 

than scientific or "medical" curiosity did not become prominent until the 

early 1970s when predictions of energy shortfalls began appearing. In 

Montana, previous work consisted of cataloguing by G. A. Waring (1965), and 

"while passing through" studies by S. L. Groff (results summarized in 

Balster and Groff, 1971). 

Recent research was initiated by the U.S. Geological Survey in the 

early seventies from their Menlo Park regional office. The formation of 

first ERDA and then DOE broadened the federal research base and provided 

funding for state and private research projects. The following list 

includes most of the Montana-based groups performing geothermal research 

(either in resource assessment or in engineering applications): 

1. U.S. Geological Survey, Montana WRD Office, Helena, Montana: 

Robert Leonard - resource evaluation. 

2. Department of Natural Resources and Conservation, Division of 

Renewable Energy, Helena, Montana: Jeff Birkby and Michael 

Chapman - user assistance and grants. 



3. Montana University System 

a. U of M, Missoula: Tony Quamar - resource evaluation 

b. MSU, Bozeman: Robert Chadwick - resource evaluation 

c. MT Tech, Butte: John Sonderegger and Charles Wideman -

resource evaluation 

A. Fort Peck Tribal Research Program, Poplar, Montana: Carl 

Fourstar - resource definition and application (near Poplar) 

5, Montana Energy Research and Development Institute, Butte, Montana: 

Karen Barclay - resource definition and application (Warm 

Springs State Hospital). 

Thermal Springs 

Because warm and hot springs represent an expression of a geothennal 

system at depth, an Inventory of such springs has traditionally been the 

first step in evaluating the resource potential. One of the problems 

recognized in the mid 70s was that adequate measurement of spring discharge 

and temperature were not always available (at a given temperature, the 

energy available is directly proportional to the spring discharge) normally 

because of poor discharge numbers which often varied by as much as 400 

percent. In the fall of 1975, Robert Leonard was assigned to the USGS 

Montana district; after reviewing the Montana Bureau of Mines and Geology 

(MBMG) spring data files, Leonard decided to restrict his work to occurrences 

of waters hotter than 100 F in the southwestern portion of the state. Later, 

the MBMG instituted a statewide study of low temperature occurrences partially 

funded by ERDA and DOE. 

Figure 1 is a histogram of thermal spring temperatures in Montana. The 

large block of springs representing temperatures of 30 C or less is, in the 



majority of cases, related to springs issuing from the Madison Group. 

However, Figure 2 is an approximation of the type of distribution one 

would expect for thermal spring temperatures; from Figure 2 we infer that 

the data presented in Figure 1 is grossly biased, i.e., that we have only 

included the high discharge springs with temperatures of less than 25 C. 

If the temperature of a spring is greater than 25 C, it is usually safe to 

assume (in western Montana) that even in the summer a body of ponded spring 

water loses more heat than it gains. At lower temperatures and small 

discharge values, it is possible for solar and biological factors to 

increase the measured temperature enough to cause a spuriously anomalous 

spring temperature. Also, our investigations into mine-water drainage, 

which is usually of fairly shallow origin, showed that the smaller the 

discharge value the greater the annual variation in water temperature 

(Lawson and Sonderegger, 1978). The smallest discharge reported in the 

MBMG spring data list for springs in the 15 to 20 C range is 130 gallons 

per minute, and only two of the springs have discharges of less than 1,000 

gpm (Bergantino and Sonderegger, 1978). By comparison, only two of the 

seven springs with temperatures of 65 C or greater have discharges greater 

than 100 gpm (Hunters Hot: Springs and Boulder Hot Springs). 

Obviously, we have erred on the side of being conservative in our past 

work. However, T.rble 1 (condensed and updated from Sonderegger and others, 

1977) shows that when available heat energy is calculated to bottom use 

temperatures of 25, 18, and 10 C, only the high discharge/low temperature 

springs constitute a significant.resource. An alternate way of viewing 

these data is with respect to heat pump usage. For a domestic dwelling of 

2,500 square feet, the generally available heat pumps now being produced 



Table 1. Heat value of water from selected springs and flowing wells, 

Name 

SPRINGS 

Alhambra 

Anaconda 

Andersons 

Andersons ] 

Apex 

Avon 

Bear Creek 

Bearmouth 

Beaverhead 

Bedford 

Blue Joint 

Boulder 

Bozeman 

Pasture 

r 

Rock 

Bridger Canyon 

Broadwater 

Brooks 

Temp. 

(°c) 

56.5 

21.7 

25 

26 

25 

25.5 

24 

20 

27 

23.6 

29 

76 

54.6 

20.2 

62 

19.9 

Flow 

(gpra) 

100 

3,2 

75 

900 

750 

24 

10 

1,100 

100 

1,500 

200 

590 

75 

150 

12 

72,000 

H^ (25' 

(10^ Btu, 

24.9 

7.11 

0.09 

1.58 

6.32 

238 

17.5 

3.51 

^C) 

/yr) 

H^ (18' 

(10^ Btu/ 

30.4 

0.09 

4.15 

56.9 

41.5 

1.42 

0.47 

17.4 

7.11 

66.4 

17.4 

270 

21.7 

2.61 

4.17 

1,080 

'O 

yr) 

H3 (10"C) 

(10^ Btu/yr) 

36,7 

0.30 

8.89 

114 

88.9 

2.94 

1.11 

86.9 

13.4 

161 

30.0 

308 

26.4 

12.1 

4.93 

5,630 



Brô sms 

Camafe 

Carter Bridge 

Chico 

Deer Lodge Prison 

Durfee Creek 

Elkhorn 

Ennis 

Gallogly 
(Lost Trail) 

Garrison 

Granite 

Green 

Gregson (Fairmont) 

Greyson 

Hunsaker 

Hunters 

Jackson 

23.7 

45 

26.5 

45 

26 

21.1 

48.5 

83.2 

38 

25 

51 

26 

70 

17.9 

24.5 

59 

58 

1,100 

24 

1,500 

320 

100 

2,300 

30 

15 

100(?) 

3.79 

17.8 

50.6 

0.79 

5.57 

6.90 

10.3 

54 

100 

80-̂  

40 

900 

110 

1,300 

260 

20.5 

0-63 

14.2 

49 

5 

01 

68 

6 

56 

7 

7 

15 

2 

26 

5. 

16. 

.5 

.12 

.3 

.32 

3 

23 

73 

8 

99 

1 

06 

4 

349 

67.8 

5.65 

421 

82.2 

119 

6.64 

196 

88.5 

12.6 

202 

9,12 

8.67 

22.1 

6.40 

32.4 

10.1 

19.0 

56.2 

12.6 

503 

98.6 



Kimpton 

La Duke 

Landusky 

Landusky Plunge 

Little Warm 

Lodgepole 

Lolo 

Lovells / 

McMenomey Ranch 

Medicine 

New Biltmore 

Nimrod 

Norris 

Paradise 

Pipestone 

Plunkets 

Potosi, 3 

Pullers 

18 

65 

21 

24 

22 

30 

44 

19.4 

19 

46 

53 

20.5 

52.5 

43.4 

57 

16.5 

38 

44.4 

300 

130 

3,100 

2,900 

5,000 

2,700 

180 

3,500 

7,300 

100 

26' 

3,200 

106 

17 

250 

4,000 

17 

50 

41.1 

107 

27.0 

16.6 

5.75 

23.0 

2.47 

63.2 

1.75 

7.66 

48.3 

73.5 

137 

160 

256 

37.0 

38.7 

57.7 

22.1 

7.19 

63.2 

28.9 

3.41 

77.0 

2.69 

10.4 

19.0 

56.5 

269 

321 

474 

427 

48.3 

260 

519 

28.4 

8.83 

265 

35.6 

4.49 

92.8 

205 

3.76 

13.6 



Renova 

Silver Star 

Sleeping Child 

Sloan Cow Camp 

Staudenmeyer 

Sun River 

2 
Targhee Sulfur 

Toston 

Trudau 

Vigilante 

W. S. State Hosp. 

Warner 

West Fork S.H. 

White Sulphur 

Wolf Creek 

m ^ c 
hLLS 

Camp Aqua 
4 

Colstrip 

50 

71.5 

45 

29.5 

28 

30.4 

18 

15.2 

22.7 

23.5 

77 

18 

26 

46 

68 

50 

96 

1 

20 

2 

40 

40 

530(?) 

350 

,800 

710 

55 

,000 

175 

,200 

60 

130 

500 

400"̂  

53 

330-̂  

230 

7.90 

14.7 

83.7 

12.4 

42.7 

30.3 

24.6 

3.95 

66.4 

18.0 

65.2 

129 

10.1 

16.9 

113 

31.8 

142 

69.5 

6.50 

95.6 

28.0 

31.6 

88.5 

20.9 

83.4 

142 

12.6 

19.4 

147 

53.9 

256 

114 

3.46 

822 

17.6 

235 

31.6 

8.22 

63.2 

114 

24.3 

104 

156 



Lucas 

Ring l ing 

Symes 

tsTiite Sulphur-dug 

42.2 

48 

40 

58 

100 13.6 19.1 25.4 

800 145 190 240 

100 11.8 17.4 23.7 

350 91.2 111 133 

•Average temperature with mixing factors deleted. 

2 
.̂ dded a f t e f figure 1 was drafted. 

3 
Replaced by well. 

Cemented and abandoned. 



would require 10 to 15 gpm of 15 C water for typical Montana winter weather 

conditions. Thus, a 15 C spring with a proven 150 gpra yield could only 

heat ten domestic dwellings. By comparison, even without the use of a 

heat pump, 150 gpm of 60 C water will heat 60 to 75 domestic dwellings 

using modern design practices. 

Figure 3 depicts the locations of the springs listed in Table 1. Most 

of these springs are in western Montana, with the largest concentration 

in southwestern Montana. At present, there are no known instances of magmatic 

heating of these thermal waters (Chadwick and Leonard, 1979). Dates on the 

age of igneous rocks in Montana range for very ancient to 0.11 million years 

before present (Daniel and others, 1980). Known rocks younger than 2.0 

million years are very few, extrusive, and of very limited extent; consequently, 

they are not believed to represent a significant therm.al resource. Thus, 

the known geothermal system in eastern Montana are believed to result from 

deep circulation of meteoric ground water with fracture control (Sonderegger 

and others, 1977). 

The best summary to date of all available water chemistry is by Leonard 

and others (1978) from 24 springs and 3 wells, which is essentially for 

the southwestern portion of the state. By the time this article appears, 

the MJ5MG will have published a preliminary map of the geothermal resources 

of Montana, which will include the most representative chemical data for 

70 springs and wells. Also, an annotated bibliography of geothermal studies 

In Montana, current through January of 1980, has just been published 

(Rautio and Sonderegger, 1980). ^ 

Geophysical studies at hot spring sites have been conducted by the U.S. 

Geological Survey and the three units of the University System listed 



previously. All of these results have emphasized the importance of faults 

and fractures controlling the occurrence of the hot spring systems that have 

been studied. The Ennis hot spring has the highest surface temperature 

(83 C) of all springs in the state, and has been the object of detailed study 

by the USGS and the Montana Tech Geophysics Department. At the Ennis 

(Thexton) hot spring, gravity, seismic, telluric, and audio-magnetotelluric 

investigations have shown that block faults parallel and nearly normal to 

the valley trend have controlled the discharge point of the thermal system 

(McRae and others, 1980; Christopherson and others, 1979; Long and Senterfit, 

1979a). Studies at other sites such as: (1) Warm Springs State Hospital 

(Halverson and Wideman, 1980); (2) Silver Star (Abdul-Malik, 1977; Long and 

Senterfit, 1979b); (3) Norris and Hunters hot springs (Chadwick and others, 

1978); and the Little Bitterroot Valley (Camas area, work in progress; 

Hawe, 1974) show structural factors as having a significant effect on the 

location of the thermal system discharge point(s). 

Warm and Hot Wells 

Thermal wells can be divided into two basic catagories: (1) those wells 

drilled with the express intention of obtaining hot water or hot dry rock; 

and (2) wells drilled for hydrocarbons or water which incidentally encountered 

hot water. The boundary between these two classes is sometimes vague, 

representing water wells drilled near a hot spring with the hope that hot 

water might be encountered. 

Wells have been drilled expressly for geothermal purposes at the Bozeman, 

Broadwater, Ennis, Fairmont, Warm Spring State Hospital, and White Sulphur 

Springs hot spring areas and at the Marysville heat flow anomaly. Results 

to date have not been highly encouraging. The best results have occurred at 



the Broadwater hot spring where Frank Gruher is reported to have obtained 

about 350 gpm of water at approximately the spring temperature, 62 C or 

144 F (Leonard, 1979, oral comm.). The results and duration of pump 

testing at Broadwater have not been made public, so we have no way of 

evaluating whether this system will provide a sustained yield at the tested 

discharge rate and temperature. 

At White Sulphur Springs, Dave Grove has promoted the development and 

utilization of geothermal energy. The first attempt was to drill a deep 

well to heat the new bank building. The well was drilled in 1978 to a 

depth of 875 feet. Temperature logging of this well showed that the hottest 

zone encountered was between depths of 100 to 200 feet; the pump test data 

provided a calculated transmissibility of 103,000 gallons per day per foot 

of drawdown (gpd/ft) and an estimated safe yield of 50 gpm of 118 F (48 C) 

on .-I continuous use basis (Dunn, 1978, iinpublished) . The second project 

was to improve the spring area by cleaning it out and installing a cement 

culvert (equivalent to the procedure used for dug and bored wells). This 

system is reported to be producing 350 gpm of 136 F (58 C) water (Lloyd 

Donovan, 1979, oral comm.). The latter approach is an excellent example 

of successful inexpensive development; previously reported temperatures 

for the spring range from 95 to 125 F, with the "best" value being 115 F. 

It appears that in the process of improving the spring, shallow ground water 

mixing was reduced producing the higher temperature. 

Other spring operators have not been as fortunate. At Fairmont (Gregson) 

hot springs, several wells were drilled in an attempt to increase the amount 

of hot water available. All of these wells produced cold water. Experience 

at the Bozeman hot spring has been mixed. The present "spring" is actually 



a shallow well adjacent to the spring discharge point. A recent attempt 

to obtain more hot water resulted in a well which could nor be held open 

and which would not produce enough water to warrant installing a pump. 

The Marysville "hot dry rock" well was drilled because of very high 

heat flow values in that area. Unfortunately, the 6,790 foot deep well 

encountered water bearing zones with a maximum temperature of 204 F (96 C; 

McSpadden, 1975). 

By comparison, the 600 foot well drilled last summer at Ennis, while 

originally scheduled as a test well, had smaller diameter pipe used for 

heat flow testing. The well hit bedrock at approximately 540 feet and had 

a bottom hole temperature of 95 C (203 F). With the bottom open it was 

flowing 2.5 gpm with a surface temperature of 93 C (199 F; Leonard, 1980, 

oral comm.). At present there is an obstruction in the well and attempts 

to fish it out have so far been unsuccessful. 

At Warm Springs State Hospital, a 1,498 foot production/test well was 

drilled in the fall of 1979. The driller's pump broke down during develop

ment so no pump testing was conducted. At the time the pump failed, it was 

reported that the discharge was about 140 gpm, with 975+ feet of drawdown, 

which yields a maximum transmissibility coefficient (T) of 200 gpd/ft. A 

flange, pressure gauge, and additional valve were recently installed by the 

shopmen at the hospital. We conducted a short, 65 minute, shut-in test on 

4/9/80 which proved interconnection between the well and spring, and provided 

T values of 34 gpd/ft before the spring responded and 70 gpd/ft after spring 

flow started increasing. The shut-in pressure at the end of the test was 

138 pounds per square inch (psi). Based upon the data available, we estimate 

that the well has a maximum safe yield of 70 gpm of 78 to 80 C water. The 

difference in T values between the development work following drilling and 

the shut-in test may be because slotted casing was used instead of well 



screen and there may be some very large well losses, especially if the 

well has silted in to the top of the perforations. The Montana Energy 

Research and Development Institute has scheduled additional development 
{ 

and testing for this well and it is hoped that the well performance can 

be improved. 

In the category of wells which incidentally encountered hot water, 

the best documented case is the Western Energy well at Colstrip. The 

well was drilled to a depth of 9200 feet; the majority of the hot water 

is believed to have come from the Mission Canyon Limestone at a depth of 

7700 feet. Well tests by Van Voast yielded a transmissibility of 650 gpd/ft, 

-4 
and a storage coefficient of 2 x 10 ; under test conditions, the well 

flowed 230 gpm of 207 F (97 C) water with a 16 psi confining pressure. 

A petroleum laboratory analysis of the water yielded a total dissolved 

solids content of about 1500 milligrams per liter. The pH value reported 

was 6.3, which is not very acidic; but, the water was sufficiently corrosive 

to cause casing leaks in a period of about five years. The well has since 

been cemented and abandoned. 

Old petroleum test wells that produce warm or hot water frequently 

produce this water from the Madison Group. The Ringling and Lucas wells 

near White Sulphur Springs produce 800 and 100 gpm of 48 C (118 F) and 

42 C (108 F) water from Mississippian age rocks (Leonard and others, 1978). 

The Saco well, now used by the Sleeping Buffalo Resort produces a reported 

290 gpm of 41 C (106 F) water from this same strata. 

A recent study by P.R.C. Toups, Inc. for the Fort Peck Indian Reser

vation has proven a valuable resource is available in the water separated 

from the crude oil produced on the Poplar Dome. Also, they suspect that 

hot water may be available at relatively shallow depths north and east of 

Poplar along the trace of the Brockton-Froid fault zone (Spencer and Cohen, 1980) 



Heat Pump Application 

The present heat pump technology calls Cor "heavy duty" pumps and 

compressors in order to utilize typical Montana ground water in the temp

erature range of 42 to 47 F (6-8 C). Figure 4 shows seven areas which 

appear to have ground-water temperatures above 10 C, and may be suitable 

for use with normal heat pump systems. A word of caution is needed with 

respect to these data. Temperature is one of the most easily altered 

characteristics of ground water due to failure to pump a well long enough 

for all aspects of the delivery system to come to thermal equilibrium, 

either due to the problem of disposing of the water or low well yield. 

Most inventory work is done during the summer months, which commonly means 

that any error in the temperature measurements validity will be biased 

towards a higher temperature. 

Favorable areas B, C, and D are in suburban areas where problems of 

water disposal are greater. The reported "warm" temperatures for these 

areas constitute a smaller percentage of the total number of temperatures. , 

The water is almost entirely from shallow (<300 feet deep) wells and may 

show considerable seasonal variation. In these areas, it is recommended 

that the water temperature be measured during the winter season after the 

well has been pumped steadily for at least two hours. If the temperature 

and yield are satisfactory under these conditions, the well should be 

permitted to recover and a three-day continuous pumping recording the water 

level in the well should be conducted to ensure an adequate yield. Most 

people in the field believe that,a sustained yield of 20 gpm is required 

(Gass, 1980). 

Other areas depicted on figure 4 have greater certainty of the temp

erature data. The Little Bitterroot Valley (area A) has an extensive gravel 



aquifer in the valley fill sediments. Temperatures of well water produced 

from this zone generally range from 10 to 51 C. The area is still under 

investigation by Joe Donovan and a final report will be issued by MBMG 

around January 1981. 

Area E, northeast of Pryor, is tentative at this time. A drilling 

report indicates that wells drilled into the Kootenai Formation should 

be abnormally warm in this area. Area F, southeast of Ashland has not been 

thoroughly checked but numerous warm stock wells are reported in this vicinity. 

Area G, just off'the Poplar Dome, is the site of ground temperature 

surveys conducted by Joe Birman of Geothermal Surveys Inc. Temperatures 

were measured at a depth of ten feet below land surface and temperatures 

greater than 10 C (50 F) were encountered along several linear trends 

(Spencer and Cohen, 1980). Bedrock is the Bearpaw Shale in this area and 

it may be necessary to drill fairly deep to obtain sufficient water for 

heat pump use. The investigators hope to find a secondary zone of hot 

water at a depth of roughly 500 feet, just below the Bearpaw Shale. 

Summary 

Good data are available for most of the thermal springs in Montana. 

The quality of data for thermal wells varies greatly and part of our 

current effort is to improve this data base. It is clear that some of the 

more ambitious projects to develop geothermal resources have fallen con

siderably short of their projected goals. But, as we learn more about the 

resource and as application technology improves, the risk factor is bound 

to be reduced and wider utilizal;ion of lower temperature resources will 

become commonplace. 



REFERENCES 

Abdul-Malik, M. M,, 1977, A geophysical investigation of the Silver Star 

area of Madison County, southwestern Montana: M.S. Thesis, Montana 

College of Mineral Science and Technology, Butte, Montana, 100 p. 

Balster, C. A., and Groff, S. L., 1971, Potential geothermal resources in 

Montana: Montana Bureau of Mines and Geology Internal Report, 9 p. 

Bergantino, R. N., and Sonderegger, J. L., 1978, Preliminary list of 

thermal springs in Montana (revised): Montana Bureau of Mines and 

Geology Internal Report, 6 p. 

Chadwick, R. A., and Leonard, R. B., 1979, Structural controls of hot-spring 

systems in southwestern Montana: U.S. Geological Survey Open-File 

Report 79-1333, 25 p. 

Chadwick, R. A., Weinheimer, G. J., Rose, C. C , and Boyer, C. I., 1978, 

Geophysical investigations and thermal water circulation at Hunters 

and Norris hot springs, Montana: Northwest Geology, v. 7, p. 26-33. 

Christopherson, K. R., Senterfit, R. M., Lewis, Vernon, and Dalati, 

Moutaz, 1979, Telluric profiles and location map for the Ennis Hot 

Springs area, Montana: U.S. Geological Survey Open-File Report 

79-1671, 5 p. 

Daniel, Faith, Berg, R. N., and Sonderegger, J. L., 1980, Geochronology 

of Montana rocks: Montana Bureau of Mines and Geology, in preparation. 

Gass, T. E., 1980, Sizing water wells for ground water heat pumps: Part I: 

Water Well Journal, v. 34, no. 4, p. 36-37. 

Halvorson, J. W., and Wideman, C. J., 1980, A geophysical investigation of 

the Warm Springs, Montana, area: Northwest Geology, in press, avail

able as Montana Bureau of Mines and Geology Open-File Report 37, 11 p. 

Hawe, R. G., 1974, A telluric current survey over two known geothermal 

areas: M.S. Thesis, University of Montana, Missoula, Montana, 45 p. 



Lawson, D. C , and Sonderegger, J. L., 1978, Geothermal data-base study: 

Mine-water temperatures: Montana Bureau of Mines and Geology Special 

Publication 79, 38 p. 

Leonard, R. B., Broston, T. M., and Midtlyng, N. A., 1978, Selected data 

from thermal-spring areas, southwestern Montana: U.S. Geological 

Survey Open-File Report 78-438, 71 p. 

Long, C. L., and Senterfit, R. M., 1979b, Audio-magnetotelluric data log 

and station-location map for the Silver Star Hot Springs area, 

Montana: U.S. Geologic Survey Open-File Report 79-1307, 8 p. 

Long, C. L., and Senterfit, R. M., 1979a, Audio-magnetotelluric data log 

and station-location map for the Ennis Hot Springs area, Montana: 

U.S. Geological Survey Open-File Report 79-1308, 7 p. 

McRae, Mark, Wideman, C. J., and Leonard, R. B., 1980, Preliminary geo

physical data interpretation for Ennis Hot Springs area, Montana: 

Montana Bureau of Mines and Geology Open-File Report 48, in press. 

Rautio, S. A., and Sonderegger, J. L., 1980, Annotated bibliography of 

the geothermal resources of Montana: Montana Bureau of Mines and 

Geology Bulletin 110, 25 p. 

Sonderegger, J. L., Bergantino, R. N., and Miller, M. R., 1977, Phase 

zero study results-Geothermal potential of the Madison Group at 

shallow depths: Montana Bureau of Mines and Geology Open-File 

Report 25, part I, 10 p. 

Spencer, G. J,, and Cohen, Jane, 1980, Geothermal space heating applications 

for the Fort Peck Indian Reservation in the vicinity of Poplar, 

Montana-Phase I report: U.S. Department of Energy, DOE/lD/12046-1, 

107 p. plus figures. 

mam 



Wa ring, G. A., revised by Blankenship R. R., and Bentall, Ray, 1965, 

Thermal springs of the United States and other countries of the world-

a summary: U.S. Geological Survey Professional Paper 492, 383 p. 



4 ' i "i'i 65 ?5 

TEMPERATURE OF SPRINGS IN 2°C INCREMENTS; FIRST BLOCK IS 15 - 16°C. 

85 

Figure 1. Histocjram depicting the (rociucncy o( thermal stiring temperatures. 

1/1 

Z 

CC 
a. 
CO 

O 

cc 
Ol 
00 

5 
D 
z 

35 " 5 5 5 G5 

TEMPERATURE OF SPRINGS, "C. 

7 5 85 

Figure 2. Expected log-norrnal distribution ol S|)ring temperatures. 



; 
t-

U. 

T 

i 
1 

1 
i 

" T 

\ 

-I J / 

^... 

. i _ . 

s ^ 
/ 
L 

- C v I 

I 

I 

^-4 . 

— > - • , 

T 
- / • 

" L J 

. - L . / 

„ . r 

A 

T 
!07° 

' L 

r" 
1 

1 

< 

" T -

_ i 

1, 
r-> 

i 
I 

\ 

; 0 6 ' 105° 

r -
' 2 - . 

-r- - i? 

I . . , • - I . 
1 I 

L . . 

' ^ • ^ . ) , 

L-.r-L 

•- - T " - N 
— — - - 1 ^ -

^ . 

. i - -

o 
^ • - • " 1 

. J 

^ a ' ' - ^ X I " • • 'i • • : • • ' ' 

)o V ^ -^ ^--.-^^ i L / r 
-J 

"L. 1 

; J 

r • f I . 

^__ _ 1 , ^ „ ^ 

v-^ -fv 
S - i f j T E M I . E S 

Figure 3. Location of thermal springs in Montana. 



.08° 
T 

10 5" 

r -
- ^ • 8 ? ° 

U 

r-
v-_y 

L-n^: 
- ' " \ 

^ 

V 

\ 

• J , -

i 

I 

I 

•~~ L . 

\ 

i I i 

i i ! 
i I 

1 i 

L . ^ . - ^ _ 

r-l 

L I 

V 

_.r-

r' .r 
. f A 

V--.-
i /-"" 

r--
r-L. 

L . . . I 

I 

I 

u 

-, .J 74 

1 
\ • 

- N 

/ 

n. / 

^ ^ ^ ^ 

DT' r 

1 

r^' 

ir..̂ -r-J 
I . 

V,-r~ .t-r^ 'OC 

' ' E M : ^ £ S 

I 

1, 

^ . 

^ - - - l " -

u, I 

Figure 4. Location of areas favorable for heat pump usage. See text concerning specific areas. 



ADDENDUM 

This—ad4endum is to explain in greater detail the tasks proposed on 

Noveinbiik6, 1979N3y Sonderegger and Wideman. The project proposal is entitled 

"Expanded Geothermal Studies in Montana," the period of performance would be 

from February 15, 1980 through August 31, 1981, at a cost of $479,659 of 

which $414,963 is requested from DOE. 

The tasks can be divided into "new" and "continuing" categories for 

purposes of discussion. Continuing tasks are discussed below: 

a. Ongoing areal investigations 

1. In the West Yellowstone, Montana area, the well and spring 

inventory is completed. Samples for chemical analysis are 

currently being run in the laboratory. The gravity studies 

are complete and a seismic line is planned for late May or 

early June. Two anomalous areas were depicted by field 

measurement of silica, flouride, and temperature. The seismic 

profile will help clarify the relationships between these 

areas and the gravity map. The western anomaly will be 

drilled with a heat flow hole after the seismic data are 

interpreted. The eastern anomaly lies within the proposed 

two mile buffer zone of Yellowstone Park; consequently, 

until the status of the buffer zone is decided, no decisions 

concerning drilling in this area will be made. 

2. In the Little Bitterroot Valley, work has progressed to the 

point where water samples are being collected, and pump and 

flow tests are scheduled for the end of this month. Additional 

water samples will be collected during aquifer testing to 



evaluate mixing phenomena. Gravity work Is essentially 

complete; resistivity studies are currently ongoing, and a 

seismic line remains to be run. The area is largely fee 

land within the Confederated Salish-Kootenai Reservation and 

cooperative arrangements have been made with the Tribal 

Council and the Hot Springs School District as part of our 

Local Assistance Program. Detailed gfeophysical and hydrologic 

data will be acquired next spring along a line between the 

(tribal) Camas Hot Spring and the (fee land) Camp Aqua hot 

well area to determine if these two systems are hydrologically 

interconnected. This will involve some test drilling and 

conversion of test holes to heat flow holes. 

3. In the Radersburg basin, pump tests will be conducted next 

spring. Seismic verification of a gravity model is needed as 

it appears that a previously unrecognized major thrust system 

has cut off the carbonate aquifer and created the Plunkett 

Lake thermal system. The initial suite of water samples are 

presently being analyzed and additional samples will be 

collected in the spring during the pump tests. 

Meeting D.G.E. goals and deadlines for data compilation (item 3 in 

proposal) is a promissory condition. It is not uncommon for 

schedules to be shifted or for a new aspect of the national program 

to require immediate attention. This item covers such changes, 

conmiitting us to meeting such conditions. Also, by having it 

listed as a task, it provides the investigators with a measure of 

leverage to receive high priority ratings for such materials in 

the editorial and drafting queues. 



c. The transfer of ground-water data to the U.S. Geological Survey's 

W.R.D. data banks provides access to the data for incorporation in 

the Geotherm file. This program was initiated between the district 

USGS office and the Bureau prior to the receipt of DOE support. 

Emphasis for this work is on data from eastern Montana, where wells 

are more common. However, by agreement with the district, thermal 

spring and well data from anywhere in the state will be processed 

as soon as received. At present, data from 30 analyses of warm 

springs and wells is in process. All additional inventory records 

and chemical analyses of warm or hot waters will continue to be 

entered as soon as laboratory results are completed. p 

d. Completion of the heat sensing imagery study will require more time 

because Arnold Boetteher was transferred from the USGS district 

office in Helena to the regional office in Denver. Also, Bob Leonard, 

who is working with Arnold on this study, was cut back from full-time 

to half-time on geothermal research; consequently, this work will be 

extended into the next contract period. 

e. The eastern Montana effort consists of two basic approaches: (1) to 

plot up available oil field information, primarily bottom hole 

temperatures, from formations believed capable of yielding substantial 

amounts of water; and (2) to inventory any warm or hot wells that 

are not plugged. The use of this information is keyed to: (1) assisting 

Operations Research personnel with data for their purposes; and 

(2) developing geologic projections in map form showing the depth to 

a target horizon, the temperature of water expected in the target 

horizon, and the chemical composition of the water and flow measurements 

from specific well sites. Work will be restricted to the basal 



Cretaceous sandstone units and the Madison Limestone (and the over

lying Kibby formation where present) during the time frame of this 

proposal. 

New tasks are keyed around an expanded geophysical program combined with 

geologic and hydrochemical investigation techniques. The focal point for 

these investigations will be to evaluate portions of major basins where 

resource indicators (hot springs and wells) are suggestive of a significant 

reservoir at depth, within the valley sediments, and where population or 

industrial energy consumption have lead Operations Research investigators to 

believe that a transfer from conventional energy usage to direct application 

of geothermal energy Is favorable. 

The southern Deer Lodge Valley is a good example of the type of area that 

we wish to focus upon. The study area will be 13 miles long by 7 miles wide, 

bounded on the north beyond the Warm Springs State Hospital, on the south by 

the valley terminous beyond Gregson (Fairmont) Hot Springs, on the west by 

the old geyser area of the Anaconda Smelter, and on the east near the valley 

margin. Thermal activity appears to have been restricted to the western 

side of the valley. Travertine deposits east of Anaconda, which were mined 

for flux many years ago, indicate to us that the circulation system that 

feeds the State Hospital could have been connected via faults or fractures 

back to the valley boundary fault in the vicinity of Anaconda. The Warm 

Springs-Anaconda-Gregson triangle of thermal indicators (see map at back) 

in the southwestern corner of the Deer Lodge Valley definitely deserves 

further study. Site specific gravity data have already been collected at 

Gregson (Stan Lawrence, 1978), gravity and shallow resistivity data have been 

collected at the Warm Springs State Hospital (Halvorson, 1980), and the 

logical next step is an areal study to learn what factors have controlled 



the occurrence of the springs and how these factors relate to the regional 

picture. The study will be oriented to test the hypothesis that a fairly 

extensive stratigraphically controlled geothermal reservoir may exist within 

the valley fill sediments. 

Deep resistivity equipment will be required to trace zones of hot 

conductive water within the valley fill materials. Geophysical logs of the 

Warm Springs State Hospital test well show that the producing zone was 

penetrated at a depth of about 1300 feet. This well was drilled in a downstream 

direction (and presumably down the potentiometric surface) from the center 

of resistivity anomaly. We presume that elsewhere in the valley, a permeable 

zone containing geothermal fluids could be as deep as 3,000 feet (approximately 

1,000 meters). Most of the funds requested under capital equipment are to 

construct a resistivity unit capable of penetrating at least 1,000 meters. 

The other two areas for intensive study will be the Helena Valley and 

a third as yet unselected valley area. The Helena region was selected to 

conform with state interests, as expressed by the Energy Division of the 

Montana Department of Natural Resources and Conservation. The study area 

includes the Broadwater Hot Springs; beyond the study area to the northwest 

is the Marysville KGRA, and to the southeast is the Alhambra hot spring 

area. Currently identified hot springs and hot wells occur within intrusive 

igneous rock units or colluvial materials derived from these rocks, not 

within the valley proper. The study will be restricted to the northern 

boundary of the Boulder batholith (and associated small intrusives) and the 

southern and western edges of the Helena Valley as shown on figure 2. The 

scheduling of the Helena areal study is set up to coincide with an earthquake 

hazard reduction study and will utilize low sun angle photography acquired 

for that project and the neotectonic specialist on that study will help 

with geologic relationships of the valley fill materials. Microseismic 



equipment will be utilized to delineate zones of present day fault movement 

and one or more thermal gradient holes will test these zones. 

The third study area will be decided upon once the effectiveness of 

the methods employed can be evaluated with respect to their geologic setting. 

Possible areas include the Jefferson Valley, the Bozeman (Gallatin) Valley, 

the Boulder area (only if results of the Helena area study are very positive), 

or the Hunters Hot Springs area near Springdale. In part, this decision will 

also be aided by the statewide compilation of existing geophysical data. In 

the proposal, items 2 and 7 were separated to ensure that the resource factors, 

irrespective of immediate application aspects, would control some of major 

research emphasis. Since the proposal was written, more detailed schedule 

planning showed a possible conflict between the third study under item 2 

and studies under item 7. Consequently, the restraints listed under item 7 

will apply to the third study under item 2, and to all;additional sites 

selected for investigation. 
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PROJECT PROPOSAL 

Title; Geothermal Resource Evaluation in Montana 

Preliroinary Statement: 

The Montana Bureau of Mines and Geology (MBMG) a department 
of the Montana College of Mineral Science and Technology, seeks to 
extend the geothermal research program to include a geological, 
geophysical, and hydrochemical reconnaissance of the White Sulphur 
Springs area and a geophysical reconnaissance of the Norris area, 
and to include a summary report using all available data. 

The proposal is for the period September 1, 1981 through 
August 31, 1982. During this period the principal investigators 
will concentrate on a unifying report and supervising the areal 
studies. Our goals for the project period include: 

( l Y ' ' Publication of areal study reports in technical journals 
ta avoid the delays encountered publishing through the MBMG. 

(2) To dnitiato a-'^study S-RJ ̂ he White Sulphur Springs area. 
The study will include geology, geophysics and water chemistry 
as initial tools; and a proposal to the Renewable Energy 
Division of the State Department of Natural Resources for 
test drilling funds at this site to confirm the size of 
the resource. 

/ (3̂ ) ̂  To meet D.G.E. goals and deadlines for data compilation 
and presentation. 

cio jusing appropfwie <^o^sicoJi ̂  t̂ elojiĉ fi, *wl c^e,cUe>^ 'c «>5. W 
(4) To (initiates a ^GophyaicgjQ study^in the Norris area to ^ 
see if {additional shallow resources can be ^ounijj. v^eAAeA ba\oindi ikiH^ pre^MfL' 

c^"^ — ^ (5) To draw together into a coherent model, the information 
from geothermal studies in Montana. Areas studied to this 
point in time have all had some surface manifestation of 
warm water (with the exception of the Marysville,Montana, 
N.S.F. study). Part one of this study will be the controls 
for the several types of systems in Montana; part two will 
be a speculative discussion of areas without surface mani
festation that appear most favorable for a "blind" resource 
to exist. Publish "ttut r&aul-H of- -fVis "bujk OlMlk tt^ SitU^WElVlio or ^e(}{\)i\\ca} 



Discussion of Objectives: 

Items (1) and (3) constitute the completion of authorized 
studies and presentation of the research results. The Bureau's 
estimated time to publication from receipt of manuscript revised 
after peer review is currently 18 months, and is expected to 
increase for the next two years. Consequently, in order to 
achieve timely publication of research results we are forced to 
turn to publication in technical journals. 

Item (2) is needed as development at White Sulphur Springs 
has not proceeded from the known resource area immediately 
around the spring itself. The resource is believed to be con
trolled by a thrust (Groff, 1965) or range front (Chadwick and 
Leonard, 1979) fault and it is hoped that a broader resource 
area can be delineated. The potential resource area shown on the 
state geothermal resource map is little more than an educated 
guess at present. Previous work consists of a shallow ground 
temperature survey over a Ih block area (Chadwick and others, 
1977). 

Item (4) is a preliminary study of a pre€ambrian bedrock 
system with a thin cover of alluvium, in a low blockfaulted range. 
Previous work in this area is restricted to a shallow (20 and 100 
meter) resisistivity survey (Chadwick and others, 1978). 

Item (5) is needed to bring together the geophysical, geo
logical and hydrochemical work in a synthesis of results. The 
synthesis is necessary if predictive models are to be developed. 

Facilities 

Equipment available for the geophysical studies permit the 
following types of -surveys: 

1. Seismic reflection and refraction 
2. Microseismic (MEQ 800) 
3. Gravity (Lacoste-Romberg and Worden meters) 
4. Magnetic (Geometries 810) 
5. Resistivity (10 kV generator, estimated max. depth > 1000 m) 

The laboratory has consistently done well on USGS interlabora
tory standards for the last eight years. Besides assay furnaces and 
normal wet chemical equipment, laboratory instrumentation includes: 

1 Model 34000 Applied Research Laboratories Argon Induction 
Coupled Plasma Emission Spectrometer (26 channels) 

1 Model 12 Dionev Ion Chromatograph 
1 Model AA-4 Varian Techtron Atomic Absorption Spectrophotometer 
1 Model 403 Perkin-Elmer Atomic Absorption Spectrophotometer 
with background correction and auto-saraple changer 

1 Model 603 Perkin-Elmer Atomic Absorption Spectrophotometer 
with background correction and graphite furnace 

1 Model 51000 Spectrametrics, Inc. Plasma Source Echelle 
Spectrometer with qualitative comparator attachment 

1 Model 102 Hitachi Digital Spectrophotometer 



Geothermal Project Budget 

Montana State-Coupled Program 

September 1, 1981-August 31, 1982 (12 months) 

Salaries and Wages 

Sonderegger (2,3) 

Wideman (2,2) 

Hydrogeologists (6,0) 

Geophysical Students 

Technicians (6,0) 

Total Salaries and Wages 

Benefits (18% of S. and W.) 

Total (S., W., and B.) 

DOE 

4,937 

6,500 

13,000 

9,760 

8,000 

42,197 

7,595 

Montana Tech 

7,406 

6,500 

13,906 

2,503 

49,792 16,409 

II. Operations 

Travel and Per Diem 

Expendable Equipment 

Equipment Rental 

geophysical vehicle support 

Water Analyses 

Computer Processing 

Equipment Maintenance 

Publication Costs 

Graduate Student Stipends 

Total Operations 

25,000 

4,500 

9,200 

6,000 

3,000 

1,250 

7,744 

19,116 

75,810 

3,000 

3,000 

III. Indirect Costs 

49% of Wages, Salaries, 
and Benefits as 
established by HEW 

24,398 8,040 

IV. Total Costs 150,000 
(84.53%) 

27,449 
(15.47%) 
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CHARLES J. WIDEMAN, Professor of Geophysical Engineering 

EDUCATION 

1974 

1967 

1958 

EXPERIENCE 

1/80-Present 

Ph.D., Geophysical Engineering, Colorado School of Mines 

M.Sc, Geophysical Engineering, Colorado School of Mines 

B.Sc, Geophysical Engineering, Colorado School of Mines 

On leave of Absence to work on detailed geothermal 
resource assessment for Southwestern Montana. 

7/74-1/80 

1972-7/74 

1970-1972 

1968-1970 

1967-1968 

PUBLICATIONS 

Associate Professor of Geophysical Engineering, Montana College 
of Mineral Science and Technology. 

Assistant Professor of Geophysics, Montana College of Mineral 
Science and Technology. Responsible for courses dealing with 
gravity, magnetic and seismic prospecting. 

Graduate student, Colorado School of Mines. Research dealing 
with earthquake seismology and emphasizing long term deforma
tions of the earth's crust. 

Assistant Professor of Geophsyics, Montana College of Mineral 
Science and Technology. 

Senior Geophysicist; Westinghouse Electric Corp., GeoResearch 
Lab. Responsible for electrical surveys throughout the United 
States. Crustal studies and instrument development. 
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