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GEOTHERMAL RESOURCES IN MONTANA
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Abstract --A list of persons and groups doing geothermal research
in Montana is presented. A revised 1list 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 foremost hot spring resources,
while the Madison Limestone related springs around the Little
Rocky Mountains, and Brooks spring north of Lewistown provide the
major 16w 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 Natural Resources 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.



52 Proc. Mont. Acad. Sci., Vol. 40 (1981)

NUMBER OF SPRINGS

15 25 35 45 55 65 75 85

TEMPERATURE OF SPRINGS IN 2°C INCREMENTS; FIRST BLOCK IS 15-16°C.

FIGURE 1. HISTOGRAM DEPICTING THE FREQUENCY OF THERMAL SPRING TEMPERATURES.
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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
fromvery 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 et al (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 selected springs and flowing wells.

Temp.  Flow Hy (25°C) H, (18°C) Hy (10°C)

Name (°cy  (gpm) (109 Bru/yr)  (10% Btu/yr) (209 Btu/yr)
SPRINGS
Alhambra 56.5 100 24.9 30.4 36.7
Anaconda 21.7 3.2 0.09 0.30
Andersons 25 75 4.15 8.89
Andersons Pasture 26 900 7.11 56.9 114
Apex 25 750 41.5 88.9
Avon 25.5 24 0.09 1.42 2.94
Bear Creek 24 10 0.47 1.11
Bearmouth 20 1100 17.4 86.9 -
Beaverhead Rock 27 100 1.58 7.11 13.4
Bedford 23.6 1500 66.4 161
Blue Joint 29 200 6.32 17.4 30.0
Boulder 76 590 238 270 308
Bozeman - 54.6 75 . 17.5 21.7 26.4
Bridger Canyon 20,2 150 2.61 12.1
Broadwater 62 12 3.51 4,17 4.93
Brooks 19.9 72000 1080 5630
Browns 23.7 1100 49.5 119
Camas 45 24 3.79 5.12 6.64
Carter Bridgel 26.5 1500 17.8 101 196
Chico 45 320 50.6 68.3 88.5
Deer lLodge Prison 26 100 0.79 6.32 12.6
Durfee Creek 21.1 2300 56.3 202
Elkhorn 48.5 30 5.57 7.23 9.12
Ennis 83.2 15 6.90 7.73 8.67
Gallogly

(Lost Trail) 38 100(?) 10.3 15.8 22.1
Garrison 25 54 2.99 6.40
Granite 51 100 20.5 26.1 32.4
Green 26 80* 0.63 5.06 10.1
Gregson

(Fairmont) 70 40 14.2 16.4 19.0
Greyson 17.9 900 56.2
Hunsaker? 24.5 110 5.65 12.6
Hunters 59 1300 349 421 503
Jackson_- 58 260 67.8 82.2 98.6
Kimpton? 18 300 : 19.0
La Duke 65 130 41.1 . 48.3 56.5
Landusky 21 3100 73.5 269
Landusky Plunge 24 2900 137 321
Little Warm 22 5000 160 474
Lodgepole 30 2700 107 256 427
Lolo 44 180 27.0 37.0 48.3
Lovells 19.4 3500 38.7 260
McMenomey Ranch 19 7300 57.7 519
Medicine 46 100 16.6 22.1 28.4

New Biltmore 53 26" 5.75 7.19 8.83
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H 25°C H 18°C H 10°C
Temp. Flow 1 ) 2 ( ) 3 ¢ )
Name () (epm)  (10° Btusyr)  (10° Btu/yr)  r10° Bru/yr)
Nimrod 20.5 3200 63.2 265
Norris 52.5 106 23.0 28.9 35.6
Paradise 43,4 17 2.47 3.41 4.49
Pipestone 57 250 63.2 77.0 92.8
Plunkets . 16.5 4000 205
Potosi,3 38 17 1.75 2.69 3.76
Pullers 44 .4 50 7.66" 10.4 13.6
Renova 50 40 7.90 10.1 12.6
Silver Star 71.5 40 14.7 16.9 19.4
Sleeping Child 45 530(?) 83.7 113 147
Sloan Cow Camp 29.5 350 12.4 31.8 53.9
Staudenmeyer 28 1800 42.7 142 256
Sun River- 30.4 710 30.3 69.5 114
Targhee Sulfur? 18 5§ . 3.46
Toston 15.2 20000 822
Trudau 22.7 175 6.50 17.6
Vigilante 23.5 2200 95.6 235
W.S. State Hosp. 77 60 24.6 28.0 31.6
Warner 18 130 8.22
West Fork S.H, 26 500 3.95 31.6 63.2
White Sulphur3 46 400+ 66.4 88.5 114
Wolf Creek - 68 53 18.0 20.9 24.3
WELLS
Camp Aqua 50 330* 65.2 83.4 104
Colstrip? 96 230 129 142 156
Lucas 42.2 100 13.6 19.1 25.4
Ringling 48 800 145 190 240
Symes 40 100 11.8 17.4 23.7
White Sulphur-dug 58 350 91.2 111 133

1Avetage temperature with mixing factors déleted.
2Added after Figure 1 was drafted.
3Replaced by well.

4Cemented and abandoned.
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FIGURE 3. LOCATION OF THERMAL SPRINGS IN MONTANA.

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 con-
trolled the discharge point of the thermal system (8, 17, 18).
Studies at other sites such as: (1) Warm Springs State Hospital
(12); (2) Silver Star (1, 16); (3) Norris and Hunters hot springs
(7); and the Little Bitterroot Valley {(Camas area, work in
progress, 10, 13) 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 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+ 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 (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. 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‘4; 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.

01d 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 (108°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 o0il 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 temperature 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
yleld. Most inventory work is dome during the summer months,
‘which commonly means that any error in the temperature measure-
ments validity will be biased towards a higher temperature.
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FIGURE 4. LOCATION OF AREAS FAVORABLE FOR HEAT PUMP USAGE. SEE
SPECIFIC AREAS. TEXT CONCERNING

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 department 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.G.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

Sonderegger (4,0,5)

Wideman (18.5,0,0)

Editor (1,0,0)

Hydrologists (30,0,3.5)
Geophysical Students (30,0,0)
Bureau Students (20,0,0)
Technician (5,0,0)

Benefits (15.5% of Salaries
and Wages)

Total Salaries Wages and
Benefits

IT Operations

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

Total Operations
IITI Indirect Costs
(47.2% of salaries, wages,

and benefits as established
by HEW)

IV Total Costs

DOE

8,426
44,797
45,934
20,200
10,000

6,667

136,024

_ 21,084

157,108

2,000
19,000
23,000

113,200
19,000
2,500

5,000

183,700 °

74,155

414,963
86.5%

30,000
6.3%

Montana Tech

10,112

-—

2,160
5,195*

2,707

20,174

YTV

9,522

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
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RESUME

Name: John L. Sonderegger Il

Personal:
Born January 14, 1942, Madison, Wisconsin
Married, three children
Education:
B.S.l., Geology, University of Wisconsin (Madison), 1962-1966
M.S., Geology, University of Alabama, 1967-1969
Ph.D., Geochemistry, New Mexico Tech, 1970-1973

Academic Honors:
University of Wisconsin, In-State Tuition Scholarship, 1963-1966
Northwestern University, N.D.E.A. Fellowship, 1969-1970.

Nork 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 Division, Geologist Il, 1973-1974; Geologist I}, 1974
Geological Survey of Alabama, Geologist | (% time), 1967-1969

Jrganizations:
Geochemical Society
Geothermal Resources Council
American Association of Professional Geologists

W.S. Thesis: A photogeologic and structural study of a limestone terrane with emphasis on fractures
affecting ground-water occurrence.

dh.D. Dissertation: A preliminary investigation of the dissolution kinetics of strontianite and witherite.

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, Calculation of carbon dioxide partial pressure from chemical analyses of limestone
ground water: Journal of the Alabama Academy of Science, v. 40, no. 4, p. 227-231.
1970, Hydrology of limestone terranes-photogeologic investigations: Geological Survey of
Alabama Bulletin 94-C, 27 p.
1974, Effect of Chattanooga shale facies distribution on the in situ formation of negative struc-

tures by ground-water solution [abs.]: Geological Society of America Abstracts with Pro-

grams, v. 6, no. 4, p. 399.
1974, A preliminary investigation of strontianite dissolution kinetics [abs.]: Geological Society
of America Abstracts 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.]): Geological Society of America Abstracts with Programs, v. 8, no. 5, p. 634.

1978, Carbonate mineral profiles in soils, till, 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., Bergantino, R. N., Donovan, J. J., and Miller, M. R., 1978, Geothermal studies In
Montana—Quarterly report: Montana Bureau of Mines and Geology Open-File Report 23, 88 p.

Sonderegger, J. L., Bergantino, R. N., and Miller, M. R., 1977, Geothermal potential of the Madison Group
at shallow depth in eastern Montana—Final report: Montana Bureau of Mines and Geology Open-File
Report 25, Part |, 27 p.

Sonderegger, J. L., and Billings, G. K., 1971, The geochemical cycle of molybdenum [abs.]: Geological
Society. of America Abstracts with Programs, v. 3, no. 7, p. 712-713.

Sonderegger, J. L., Brower, K. R., and LeFebre, V. G., 1976, A preliminary investigation of strontianite
dissolution kinetics: American Journal of Science, v. 276, no. 8, p. 997-1022.

Sonderegger, J. L., Donovan, J. J., Miller, M. R., and Schmidt, F. A., 1978, Progress Report— Saline Seep:
Investigations of soluble salt loads, controlling mineralogy, and some factors affecting 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 limestone terranes—geologic investigations:
Geological Survey of Alabama Bulletin 94-B, 146 p.

1




Sonderegger, J. L., and Miller, M. R., 1977, Preliminary results of investigations on leachable salt loads
in saline-seep areas of Montana [abs.]: Geological Society of America Abstracts with Programs,
v. 9, no. 6, p. 764-765.

Sonderegger, J. L., Pollard, L. D., and Cressler, C. W., 1978, Quality and availability of ground water in
Georgia: Georgia Department of Natural Resources, Geologic and Water Resources Division, Infor-
mation Circular 48, 25 p.

Sonderegger, J. L., and Schofield, J. D., 1979, Factors controlling the occurrence of warm springs in
the Upper Centennial Valley, southwestern Montana [abs.]: Geological Society of America Abstracts
with Programs, v. 11, no. 6, p. 302-303.

Sonderegger, J. L., Wallace, J. J., Jr., and Higgins, G. L Jr., 1976, Acid mine drainage control—feasibility
study, 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
tial 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 Il.

Bergantino, R. N., and Sonderegger, J. L., 1978, Preliminary list of thermal springs in Montana: Montana
Bureau of Mines and Geology in-house report, 6 p. (Available upon request)

Billings, G. K., and Sonderegger, J. L., 1971, The geochemical cycle of molybdenum in our environment
[abs.]: American Chemical Society, Division of Water, Air, and Waste Chemicals, Annual Meeting,
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 burial site: 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 Publication 79, 38 p. ‘
Miller, M. R., Bermel, W. M., Bergantino, R. N., Sonderegger. J. L., Norbeck. P. M., and Schmidt, F. A.,
1977, Compilation of hydrogeological data for southeastern Montana: Montana Bureau of Mines and

Geology Special Report to the Yellowstone-Tongue A.P.O., 295 p.

Norbeck, P. M., and Sonderegger, J. L., 1976, Ground-water investigation of Columbia Gardens |l site:
Montana Bureau of Mines and Geology Open-File Report 22, 16 p., 15 fig.

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

Work in Progress:
Determination of soluble salt loads in glacial deposits and weathered Cretaceous formations, and inter-
pretation of hydrochemical factors relating to saline seep in Montana.
A reconnaissance study of the geothermal potential of the upper Centennial Valley, Montana.
Research Interests:
Field and laboratory studies of mineral-aqueous interactions which affect ground-water compasition.
The use of ground-water chemistry in the evaluation of geothermal and uranium resource potential.

9/79




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. Alldredge, 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 viewpoint.
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 aiso included in this work.

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

Title: Supplementary geothermal studies in Montana.

Preliminarv Statement:

This application for resecarch funding is designed to pro-
vide needed information for foederal, state, and local governrient
agencies; emphasis has been placed upon "arcas of omission®
where either basic investigations or data aquisition, processing,
and presentation have been omitted by tederal and state geothermal
resource cvaluation programs. Tasks to be accomplished include: | o4
(1) the evaluation of geothermal potential in the vicinitv ol v jf‘
West.Yellowstone, Montanaj; (2) studyv ol hot springs with calcu-
lated subsurface temperatures . 140°C ., with reports and vecor -
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.D. computer files L
(these data will then be accessible for inclusion in the Geotherrm
data file); and (4) fiecld investigations to upgrade the quality Gievic
of data available on hot and warm springs in Montana., and to g
evaluate geothermal gradients where possible. ' "y

. ’,.,'

el L .
,;4’,/'

The proposed tasks will augment the work being conducted T
by others: (1) the geologic investigation 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 Centcnnial Valley (MBMG); and
(3) the evaluation of geothermal potential in western Montana bv
Robert Leonard (U.S. Geological Survey).

227 in

Need for Study and Objectives:

State and federal agencies are attempting to develop an
adequate resource information base to evaluate the quality and
quantitv 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 resource 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 thc best potential for gecothermal
energy development, tor space heating purposes, in Montana.
The area to be investigated is shown in Figure 1.
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Figure 1, Location map
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(2) Several communities have geothermal resources
which may warrent development. State support is avail-
able through Montana's Renewable Energv Resources Program.
We propose to compile all existing data and to provide
additional geological and geophvsical information in order
to produce reports for thesc¢ communities, evaluating the
geothermal potential and recommending test drilling sites
for defining the resource and its developwment feasibilite,
A tentative list of studyv site arcas includes: Warm
Springs State Hospital, Broadwater, White Sulphur Springs.
Bou%ger, Silver Star, and Norris.

(3) Ground-water analvses collected by the U.S.
Geological Survey and MBMG have not been entered in state
or federal data files. We propose to start with current
analytical data and work back to older data, checking all
information about source, location, etc.. and getting this
data base enterced in the state and fedevral (ie. U.S.G.S.
We.R.D.) data banks. This will provide a minimum of 2,500

P

vE
el
we

<

new entries which can be evaluated for the Geotherm,data

file and the Montana gcecothermal resource map (to be pre-
pared by N.O.A.A.).

(4) The enclosed table of thermal springs has 738
entries at present.  For some of these springs, adequate
discharge inftormation is lacking, while others necd both
temperature and discharge measurcments. We proposce tu
measure (or remeasure) temperature, discharge, specific
conductance, and pH at all thermal springs not studied
by the U,S.G.S. investigators, to check for thermal springs
at additional locations. and to inventorv 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 Areca
A, Field Procedures:

1. Locate springs and wells within the study area.
2. Determine in the tield: temperature, flow
(springs) or vield (wells), specific conductance, pH,

and silica content tor wells and springs.

3. Measure stream flows and estimate the theyal
and non-thermal contribution to base (low,




VN

of: Ca, Mg, Na, K, Fe, Mn, Si0,, Al, HCO.

[

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

5. Collect samples for standard chemical analysis.

6. Collect special samples for detailed chemical
analysis.

B, Office and Laboratorv Procoedures:

1.  Examince maps and acrial photographs to locate
all identifiable wells and springs.

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

a. Standard analvses include the determination
3 COS’ Cl. SUQ,
F. pH, and specific conductance.

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

Hg, U, Se, Br, I, and HZS.

3. Plot well and spring locations on base maps.
Contour overlay maps based upon water chemistrv and gco-
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 pro jects.

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

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

8. Test drilling to test hypothceses and evaluate
geothermal potential.
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II.

-

8. Writce a final report on the studv, which will
include the following: the quantitics of energy in each
of the cells, the annual rate ot natural dissipation of
this encrgy, and a ranked list of high-potential sites
within the study arca, should the results indicate sig-
nificant geothermal energy reserves.

Other Areas

A. Field Procedures:

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

2. Measure temperature and specific conductance
with 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 quality (standard
analysis) of previously unsampled thermal springs and
wells.,

3. Checking for c¢rrors and coding ground-water
chemical analysis information on proper tormat lor entry
into state and toederal data systems,

Update thermal well and spring data base,
draft maps, figures, ete., and write reports to the
appropriate local, state, and federal agencies.

4. Obtain heat {low measurements it feasible from
the uranium test holes to be drilled in the Missoula
Bitterroot vallovs,

andi




Note on Personnel, Funding, Laboratory Facilitics, and Work Schednlo:

Professional resumes arc prescented in Appendix 1. The Burcou
is currently accepting applications for a hvdrologist position
to work on the West Yellowstone study. Lxperience and intercest
in geothermal research will be the major criteria in hiring
this man.

Dr. Sondercgger is currentlv matching 3% months salarw over
the next 2% vears as principal investigator on a geothermal
research project centitled "A reconnaissance studv of geothermal
potential in the upper parts of Red Rock Creck and Madison River
valleys, southwestern Montana'', which is scheduled 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 Mav 15,
1978. Both of these projects are funded under contract EY-76-
S~06-2426. No conflict with time available or duties is foresecen.

Budget requirements for the proposed tasks are presented in
Appendix II. Graduate students will be utilized 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 wan
davs in the field ($30.000), plus the travel cxpenses to mectings
to present research results. Matching funds represent two man
month: per fiscal year for Sonderegger and onc man month per tiscal
vear lor Bergantino.

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 5073, Pevkin Elmer Atomic Absorption
Spectrophatoncter with background correction
and graphite fturnace :

1 Model S/n243, Spectrometrics Co. Plasma source
Fchelle Spectrometer with qualitative
comparator attachment

The laboratory has consistently done well on USGS interlaboratory
standards tor the last five vears., and analvzes all eromnd-uwatoy
sanples collectod in Montana by the USGS Walor Resources Division.
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The project work plan and scheduling mav be briefly sum-
marized as follows: (a) spring of 1978, orpanizce basc maps,
C" photos. ctc., locatce key points for stream flow gauging, review
existing maps and dataj; (b) summer-fall 1978, reconnaissance
field work and basic data collection in West Yellowstone, initi-
ation of measurcment studies at known thermal springs and woells,
study of two or three of the community hot spring sites, and
initiation of the computer processing ol ground-watoer datac:
(¢) winter-spring 1678-79, compilation ot data, veport wvrit ny
laboratory analvsces. data coding, eoteo; ()Y sammer-tall 1o 0
completion ot basic lield work and drilling in West Yellowstone,
ccothermal gradient work in Missoula and Bitterroot valloevs,
one or two community resource studies. continue thermal spring
neasurements, ground-water data coding, ctce.; winter-spring
1679-80, compile field results, write first draft ot Yellowstone
report, laboratorv analvscs, data coding. drafting, ete.; summer-
fall 1980, final ficld work in West Yellowstone (stream gauw.ing
checks on interpretations in tirst draft) and writing final
draft; completion of thermal spring inventorv, data processing
and community studies, submissicn of all reports.

A schedule of projected cexpenditures of tederal funds is
presented to facilitate understanding of the total program of.
ceothermal research being conducted by the Montana Bureau of Mines

and Geology with support from the Geothermal Branch of the U.S.
v Department of Energy.

STUDY - FY 78 FY 79 FY 80
Hard Rock Study .. committed 77
Red Rock Areca 52,000 34,400
Supplementary Studies 48,000 80,600 135,000+

*50,000 drilling costs expcected to be paid in October, 1979.
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- APPENDIX II

J. Total Costs

‘ ' Pro ject Budget .
ey May 1, 1978-Scptember 30, 1980
h "4 o
A, Salaries, Wages, and anéf;ts Federal
P.I. (Sonderegger; 2,2,4) $ 4,386
Hydrologist (Bergantino; 4,7,7) 24,919
Hydrologist (Bermel?; 5,06,8) 24,128
Technicians and students 15,000
Total Salaries 68,4133
Benefitss 10, 20>
Salaries plus Benefits $ 78,6908
B. Travel and Per Diem (480 davs 32,400
at $62.50-~assuming 150 miles/dav
at $.25/mile)
C. Field Equipment, Supplies, and 2,750
Research Materials
D. Drilling Costs (2,000 ft. =$75/Ft.) 50,000
. Computer applications (includes 41,500
- 2.500 back analyses 2$16)
F. Report Costs 5,050
G. Laboratory YWater Analyscs 12,000
H. Contingencices 5,000
I. Indirect Costs (467 of A) 36,201

State
$11,4°°2
4,920

16,37
: 43()

$13.n ">

53.601

77

D

*Currently 13.5% of salarics but expected to rise with new social
security legislation. The cost was calculated assuming an a:orva.
cost of 15%; however, only the actual costs will be charged

against the pro ject.
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_3 Method of Pavment

Pavment in full will be $263,599, which mav be made accord
to standard ERDA accounting procedures,
Approval Signatures

Subnitted bye

i1

Mr. Marvin R, Miller
Chiet, Hvdrology Division
Montana Burcau of Mines and Geology

Dr. John L. Sondercgger
Hvdrogeologist .
Montana Burcau of Mines and Geologyv

Approved bhv: .

[ ad DT‘. Sa Lo (:Torr
Dircctor and State Geologist
Mountana Burcau of Mines and Geologv

Di-. Vernon Grittiths

Divector of Revearch

Montanag Collbore ot Mineral Science
and Technologpy

chve David Crocketc
Conthoaaal Faeoazs Brandd

N
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PROJECT PROPOSAL

Title: A reconnaissance study of geothermal potential in the
upper parts of Red Rock Creek and Madison River valleys,
southwestern Montana. ‘

Preliminary Statement:

This 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 study method for thé 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. '

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 KGRA's
(black areas) and also shows the Potential Geothermal Resource




Areas (outline only). The proposed study 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 assumptions behind
wildcat drilling along structural trends from known gas and oil
producing fields.

Need for Study:

The State of Montana is currently attempting to formulate
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.

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 very young volcanic
rocks (extension of the Yellowstone Park volcanic fields) within
the two valleys to be studied 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 annual water volumes and British Thermal Units of usable
head content that can be developed within the boundaries of the
study area.

Ob jectives:

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:
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1. Location and field sampling of all springs and wells
within the project area. a

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: temperéture, flow (springs)
or yield (wells), specific conductance, pH, and
silica content for wells and springs.

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

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

5. Collect samples for standard chemical analysis.
6. Collect special samples for detailed chemical analysis.
B. Office and Laboratory Procedures:

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

2. Determine the chemical quality of spring and well
waters. '

—

a. Standard analyses inciude the determination of:
Ca, Mg, Na, K, Fe, Mn, Si0,, Al, HCO5, CO,, Cl,

804, F, pH, and specific conductance,
b. Special analyses include all determinations in

the standard analyses plus: NH3, Sb, B, Li, Sr,
As, Hg, U, Se, Br, I, and H25°
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'~ 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 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 pro jects.

6. Calculate 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 annual 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 resulting from the project will
be submitted to an appropriate scientific journal.

~—

.
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NOté:oﬁaPersonnel; Fundingj Laboratory Facilities, and Work Schedule:

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

Dr. Sonderegger is 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(45-1) - 2426,
TA2) which 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, Spectrometrics Co. Plasma Source
Echelle Spectrometer with qualitative
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, study 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 valuable 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
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A map of Krown Geothermal Resource Areas as of April 1, 1976.
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- APPENDIX II

- T o Pro ject Budget
o il "April 1, 1977 - March 31, 1979
Salaries and Wages ) A ‘ Federal State

Hydrogeologist 9 mo. S ‘ $13,860 /y,742  $4,620 3w

Secretary 1 mo. ~ 655

Draftsman % mo. - 550

Hydrotechnician 6 mo. . 6,600
Subtotal 21,665 4,620

Benefits (13.5% of salaries) 2,925 624
TOTAL SALARIES AND BENEFITS 24,590 5,244

Capital Equipment
One Marsh-McBirney Model 201 _ 1,365 -
portable water current meter with
case and wading rod.

Expendable Equipment and Supplies

Field supplies--maps, aerial photos, 750

field chemical testing materials, etc.

Office and drafting supplies 300

Miscellaneous equipment rental and repair 250

Reference materials and copying 450
' 1,750

Travel and Per Diem
State vehicle (4-wheel drive)

( 7,500 miles @ $.20 1,500
| Per Diem 120 days @ $20/day 2,400
Professional Meetings 1,250
5,130
Other
Computer application : 1,000
Contingencies 765
Publication of final report 1,500
3,265
Analytical Costs
125 standard water analyses @ $42 5,250
25 special water analyses @ $159 3,975
| 9,225
TOTAL less indirect costs 45,345 5,244
Indirect costs (45.9% of wages and benefits 11,287 2,407
as determined by HEW standard accounting
procedures) _
TOTAL COSTS , $56,632 $7,651

All items purchased for this study shall become the property cf the
Montana Bureau of Mines and Geology upon completion of the pro ject.
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e | April, 1976

RESUME

Name and Position:

Marvin R. Miller :

Born May 9, 1941, Laramie, Wyoming

Married: 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 Hydrogeology, 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 hydrogeolagy 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 Bureau 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 hydrologic 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
-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 Unjv. 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 conttbl: American Soc.
Agronomy Jour. (in press).

Miller, 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).




April, 1976

RESUME

Name: John Lawrence Sonderegger Il
Born 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 Tennessqe‘, 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.

Geological Survey of Alabama - % time as Geologist I - 1967-1969. . --

M.S. Thes1s -

A photogeologic and structural study of a llmestone terrane W1th emphas1s on fractures affecting
ground-water occurrence.

Ph.D. Dissertation:

[
A preliminary investigation of the dissolution kinetics of strontianite andwitherite.

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.




A tentative exploration model for the location of oxidized uranium deposits in fluvial
sandstone: submitted to Econ. Geology.

and Billings, G. K., 1971,.the geochemical cycle of molybdenum (abs): Geol. Soc.
VAmerica Abs. with P;ograms, v.3,n0.7,p. 712-713.

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

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

and Wallace, J. J., Jr., 1976, Final 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, 197 p.

Billings, G. K., and Sonderegger, J. L., 1971, The 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 Wurial 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-w ater chemlstry in the evaluation of geothermal and uranium resource
potential.

1 eft for financial reasons.
2 Left because of faculty changes in geochemistry.
3Degree granted in 1974.
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PROFESSIONAL RESUME

Laurence A. Wegelin

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 1bs.
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 Miheral Science and Technology
present Montana Bureau of Mines and Geology
Butte, Montana 59701

Present Position: Chief Chemist, Analytical Division .
Immediate Supervisor: Dr, S. L. Groff, Director %nd 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 controi measures.

xR




1769 to

6/69

iM1nerals Bngineerlng Company, Lamps D1v151on,

General Electric Company

" P.O. Box 431

Position:

“Dillon, Montana 59725

Chief Chemist

Immediate supervisor: Blair T. Burwell Jr., General Manager

9/66 to
1/69

Position:

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.

Molybdenum Corporation of America - Research Center
P.0O. Box 607

Louviers, Colorado 80131

Chemist

Immediate supervisor: Edwin Tomasi, Chief Chemist ‘

8/65 to
9/66

Position:

Performed chemical analyses for; 1. Prgduction - 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.

Colorado School of Mines Research Foundation, Inc.
Golden, Colorado 80401

R

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!

Poersonal:

Wesley Martin Bermel
Born April 8, 1952, Williston, North Dakota
Married, one child

Education:

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

Professional Organizations:

 Junior Member, American Association of Peiroleum Geologists

Work Experience:

- Currently employed by the Montana Burezu 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
potential flood danger. 2. To supervise six (6) student assistants
which are presently collating all existing water quality information
in the Fort Union Coal Region. 3. To supervise one (1) student who
is presently doing some of Hydrology Division's computer programming
and to control system design, computer programming anf 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. Well inventorying and monitoring; c.

Aquifer testing.

Presently, I am one of several whom are supervising the
collating of all ground-water information 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 Water Quality Data. However my main job was 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 I also
monitored our test wells throughout the state.

o as ad aiadts . M RESCER . L a2 e DaeedaRift bl e
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Other work done with the Bureau also includes two (2) years of
work assiclated 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
samplea and gplitting core when necessary.

aJor Accomplishments Included:

‘Vater. Quality Data System

. Printer Plot Routine

" Water Level Program and Data Pase

Well. Appropriation Data Base and Associated Programs

Open File_Reports:

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

y 1973, Nineral Identification, Guestion Answer
Documentation.

y 1974, Recording on the IRI 1711 Disk System.:

, 1974, Storage Data Preparation for L%t—long.
l

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




Method of Payment

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

Approval Signatures Al%(zl
Submitted by: : /meﬂ<&g}§>h§7
Mr/ Marvin R. Miller

Chief, Hydrology Division
Montana Bureau of Mines and Geology

R SN Y

Dr. John L. Somderegger
Fydrogeologist
Montana Bureau of Mines and Geology "

Approved by: —ég;}/t;zfi;fjéfj;Zizz/f

Dr. S. L. Groff
Director and State Geologlst
Montana Bureau of Mines'and Geology

Voo {%L/

Dr. Vernon Grif

Director of Research

Montana College of Mineral Science
and Technology

Dr. Clayton R. Nichols

Division of Geothermal Energy

U.S. Energy Research and Development
Administration
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TASK AGREEMENT NO. 2 UNDER
CONTRACT NO. E(45-1)-2426
[X] New Task
[:7 Continuation of work previousty

- - conducted under Contract
No.

TASK AGREEMENT between,the UNITED STATED ENERCY RESEARCU AND DEVELOPHMENT
ADMINISTRATION ("ERDA") and MONTANA COLLEGE OF MINERAL SCIENCE AND
TECHNOLOGY

TITLE: A STUDY OF MINE WATER TFMPERATURES IN HARDROCK MINING 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(45-1)-2426

A-I1. RESEARCHI TO BE PERFORMED DY CONTRACTOR

The Contractor will conduct the research program outlined in its

December 21, 1975 proposal entitled "A Reconnaissance Study of Mine-Yater
Temperature in Hardrock Mining Districts of !Montana,' which is hercby
incorporated herein and made a part hereof by reference.

The objective of the program is a reconnaissance evaluation of thernal
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 following information
for each site visited: Temperature measurement, conductivity,
depth of the sample site and estimate of the flow. If waters
having a temperature of 40°C or greater are encountered,
samples will be collected according to the methods described
by Presser and Barnes (1974).

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 mine temperatures and water chemistries in
Montana's hardrock mining districts.

TYPE OF WORK CODE (CIS): 3 R,
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A-IIL.

(a)

TASK AGREEMENT NO. 2 UNDER
CONTRACT NO. 1i(45-1)-24206

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, flow rate and, for samples with

temperatures 40°C or greater, chemical analyses.

2. A report interpreting the results of the 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 will devote 1007

time for one month.

WAYS AND MEANS OF PERFORMANCE

Items for which support will be provided, as indicated

in A-III below:

(1)

(2)

3

(4)
(5)

Salaries and Wages

Principal Investigator J. L. Sonderegger, one month

One mining field agent,
One student
Secretarial - clerical help

Equipment to be purchased or fabricated by
the Contractor. Title is being vested with 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
Travel

Domestic

Foreign

Other Direct Costs

Indirect costs based upon predetermined rate of
of 45,97 of direct salaries, wages and benefits.

Amount

$ 8,080.00

$  499.00

$ 5,235.00
-0 -
$ 2,165.00

$ 3,709.00




TASK AGREEMENT NO, 2 UNDER
CONTRACT NO. E{45-1)-2426

(b) Items, 1f any, significant to the performance of this contract, but
excluded from computation of Support Cost and from consideration in
proportion cost;

(1) Items to be contributed by the Contractor.
In accordance with Article B-II(c) of the Basic Contract,
if a proposed ConLractor contribution is included in this
paragraph (b)(1l), 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 Investipator(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-II(a) above for the contract
period stated in this Task Agreement is $19,688; 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-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-1IV, CONTRACT PLERIOD

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




A-V,

A-VI.

A-VII.

A-IX.

A-X.

TASK AGREEMENT NO. 2 UNDER
CONTRACT NO. E(45-1)~2426

SUPPORT CEILING

The Support Ceiling for contract period specified in this Task Agreement

-1s.§19,688,

TERMS AND CONDITIONS

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

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.

GOVERNMENT PROPERTY

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

None
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.

ADDITIONAL PROVISIONS

In addition to reporting requirements outlined in Article B-XXIII of the
Basic Contract, twelve coples of the final report shall be sent to:

U. S. Energy Research and Development Administration, Washington, D. C.
20545. Attn: Clayton R. Nichols, Division of Geothermal Energy.

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

UNITED STATES OF AMERICA
UNITED STATLES ENERGY RESEARCH AND
DEVELOPMENT ADMINISTRATION

By: t/giakfkfz “;it%;”f/Q

Title: Supervisory Contracts Specialist

MONTANA SCHOOL OF MINERAL SCIENCE AND

. TECHNOLOGY
e
By: }45::&vx g::;:794¢§
3 // W97*
Title:

-4 -
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MODIFICATION NO. AO01 TO TASK AGREEMENT NO. 2
UNDER CONTRACT NO. EY~76-5-06-2426 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 )

]
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 additiomnal work to be
performed during the period July 1, 1977, through September 30, 1977 are
as follows:

A-1. 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 tec the project.

A-T1I. 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

l,, A d
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MODIFICATION NO. AOQO1l TO
TASK AGREEMENT NO. 2 UNDER
CONTRACT NO. EY-76-S-06-2426

Amount
(2) Equipment to be purchased or fabricated by $i,500
the Contractor. Title is being vested with
Contractor pursuant to the Grant Act (PL 85-934)
Flow Meter .
(3) Travel
Domestic $2,500
Foreign $ -0 -
(4) Other Direct Costs S 618
(5) 1Indirect costs based upon predetermined rate $2,605

of 45.9 percent of direct salaries and wages

(b) Items, 1f 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) 1Items 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




A_III .

A-1V.

MODIFICATION NO. A001 TO
TASK AGREEMENT NO. 2 UNDER
CONTRACT NO. EY-76~S5-06-2426

TOTAL ESTIMATED COST

The total estimated cost of items under A-II1(a) above for
the contract period stated in this Task Agreement 1is
$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,

27

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.

ADDITIONAL PROVISIONS

The Contractor will prepare the fgllowing 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,
hydrelogic, 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.




MODIFICATION NO. A00l TO
TASK AGREEMENT NO. 2 UNDER
CONTRACT NO. EY-76-S-06-2426

ST

UNITED STATES OF AMERICA )
UNITED STATES ENERGY RESEARCH AND
DEVELOPMENT ADMINISTRATION

By: ﬁﬁfijfzzﬁéf?i;1;7/~zf?£%?/%(/c,/

Title: Chief, Contracts Branch

MONTANA SCHOOL OF MINERAL SCIENCE AND

TECHNOLOGY
}//// //f/idfﬁ//
By : L oq v L s
44
~Title: Director of Research
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Type of Work Cade (CIS}.nat. :

-

MODIFICATION NO. AO02 TO TASK ACREEMENT NO. 2
URDER CONTRACT NO. EY~-26-5-06-2426 BETWEEN TRE
: UNITED STATES DEPARTMENT OF ENERGY (DOE) AND
) - MONTANA COLLEGE OF MINERAL SCIENCE AND
TECHROLOGY (ogm RACTOR) i

TITLE: RECONNAISSANCE LOW AND MODERATE TEMPERATURE CBOTHERMAL SURVEY 1IN
- MONTANA (FORMERLY: A STUDY OF MINE WATER TEMPERATURES IN HARDROCK
MINING DISTRICTS OF MONTANA)

Efféctive as of .October 1, 1922, Task Agnennt No. 2 4s modified ss follows:

1. Thc period of performance for the new work under this Tssk Agreement is.
iextended for tuo yests comnencing October 1, 1977, and expiring Sepum‘bet 3o,
1979,

2. The Support Ceiling under this Tssk Agreenment Is Increased by $86,400 to
'$118,987 in order to cover costs of conducting the new work described herein.
These nev tasks are to be conducted concurrently (through May 14, 1978) with
‘work funded earlier, for vhich funds renain available under ths contract.

3. Thie Pesaarch to be performed Dy the Contractor, the Ways and Means of Perfor-
imance and the Total Estimatad Cost thereof for the additional work to be
‘perforned during the pericd October 1, 1977, through September 30, 1979 sre
_are follows:

‘?

RESEARCH TO BE PERFORMED '»n CONTRACTOR

(a) Locate, sazple and analyze all springs and vells in the Madison-Red
Rock study area as a means of Jetecting possible hidden geothermal
TeSDUYCEeS,

e

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

' (c) Develop nodels of the hy:lzoiogic systeps withi{a the Red Rock Creek
‘ and Madison River Vslleys of southuesterm Montana with enphasis on
possible hydrothermal system development.

(d) Assist the U.S. Ceological Survey and DOE in the update of the
GCEOTHERM data bage for the State of Montana.

‘/ (e) Prepars a preliminary gnﬂ:enial resource map for the State of
: "~ Montana (scale 1:500,000), showing the known geographic distribution
of low and moderate temparature geothernal resources,

- Pr!mipal Investigator br. 3. L. Sonderegger will devote 100 yorcent
° tize for three months to the project.

A-11. VAYS AND MEANS OF PERFORMANCE

(a) Items for vhich sypport will be provided, as
indicated fin A-11I below:

z . |

.
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MODIFICATION NO. AOD2 TO
b . TASK AGREEMENT NO. 2 UNDER
[ CONTRACT ND. EY-76-S-06-2426
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Agount
(1) Sslarfes and Wages (including fringe benefita) $38,476
Principal Investigator J. L. Sonderegger, 9 months
Bydrogeologists
Secretacy . -
Draftsman
Hydrotechnician
Stadent -
(2) Equipwent to ba purchased or fabricated by . $§ 4,500
the Contractor. = Title is being vested with
Contractor pursusnt to the Grant Act (PL 85-934)
Conm~Stor RS-232 |
(3) Travel
Domestic $ 7.5”
Foreign. $-0-
(3) Other Direct Costs $18,225
(5) Indirect costs dased upon pradeternined rate $17,699

of 46X of direct salaries and wages

Itens, if any, signiffcant to the perforvance of this
Task Agreement but excluded from computation of Support
Cost and from consfderatfon in proporticaing cost:

(1) Items to be contributed by the Contractor.

In accordance with Article B-IX(c) of the Basie
Contract, if a proposed Contractor contribution
is fncluded £n this pavagraph ()(1), the
Contractor shall maintafn records adequate to
pernit DOE to Jdetermine the extent of the
contribution. .

Salary of Principal Investigato;.‘ for 3-1/2 months’

(2) Itews te be contributed by the Government.

None

Tims or effort of Principsl Investigator contffbuted by
Contractor but excluded {rom computatfon of Support Cost

and from considerstiov iIn proportioning costs:

None

LR}
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MODIFICATION NO. AOD2 TO
TASK AGREEMENT NO. 2 UNDER
CONTRACT NO. EY-76-S-06-2426

JOTAL ESTIMATED COST - ]
The totsl estimated cost of {tems under A-1I{s) above for i
the contract period atated in this Task Agreement is '
$86,400; DOE will pay 100 percent of the actual costs
of these items incurted Juring the contract period
stated fa this Task Agreevent, contingent upon appor~
tionnent of DOE funds by Office of Management and
Budget, and subject to the provisions of Article 1V
and Artficle B-XXVIXI of the Bagzic Contract. The
estivated DOE Support Cost for the contract pertod '

stated In this Task Agreement fs $86,400. L

-

The estimated ERDA Support Cost is funded as follows: Amount .
{a) TEstivated wmexpended balance from tb; $-0- .

. prior perfod{s) 1,
(b) New funds for the current period _—

The new funds being added in A-III(b) constitute the basisl : .

for advance poynents provided under Article B-XI.

ADDITIONAL. PROVISIONS

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

(a) A report detailing the geothermal potential of the upper Madisom
River Valley and Red Rock Creek sres, southvestern Mootana. The
report will include analysis and Interpretations of the water
chenistry sampling program, the results of attempts to model the
bydrologic system, and recommendstions as to potentisl geothermal -
resexvoirs suitable for developuent.

®) 4 Montans geothermal data file of vater analysis prepared fot ineor-
poration into the GEOTHERM data base.

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

. Monthly Jletter reports, quarterly repotts. nnhmmnl and annual techaical

progress reports, and a finsl report shall be submitted in accordsnce with '
- the attached xeporung guidelines.

The requiregents for reports for previously funded work ramain the same.
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MODIFICATION NO. AO02 TO
TASK AGREEMENT NO. 2 UNDER
CONTRACT NO. EY-76-S-06-2426

All other terms and conditions of this Task Agreenment remain im full
force and effect.

AGREED TO THis  Fifteenth pay op  March , 1978
- . UNITED STATES OF AMERICA )

UNITED STATES DEPARTMENT OF ENERGY

Bys _ % é/é/é j A7

Chief, Laboratory & University
A ' Tiele: __ Coptracts Branch

. MONTANA SCROOL OF MINERAL SCIENCE AND
' ‘ TECHNOLOGY

. ’ By: %A\ -Ié d
7 Yy l

= ) ‘ Ticle: Director of Research
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) GBOChERMAL ENBRGY DEVELOPMENT PROGRAM  °
RFPORT REQUIRFMENTS .

.

Montana College of Minersl Science and EY=26~5-06-2426

. P

: (Contractor) JCCIMOIGEY (P/R Nunber)

ceﬁerdl reporting requirements for ERDA/DCE contractors srs presented in
ERDA-76/72 “Requirements and Procedures for Reporting Geothermal Inforuwa-

tion" dated July 1976. Reports should be prepared for this contract as
followss .

Draft to . )
' Program Manager Distributiop |
] Fregquency for Concuirence FProgram Menager IIC;
Adoinistrstive
Letter Report Mopthly WA 10 WA
Technical Progress 3 wveeks after 1 cadevh-
Report , Quarrerly end of reporc- 10 ready
. ing period ) copy
_ ' ) .
Finsl Report Completion 3 veeks after 10 1 cawerp-
' of contract end of reporting ready r
effort period copy
Topical Reports as requived as agreed with - 10 1 camr*-—
Progran Manager _ zeedy !
‘ copy

Repores Pormats

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

(2) 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 ecarry the number w_

Report numbers will ba assigned sequentislly.

{c) Tha distribution category for reports prepazed under this
. contract will be UC-6633 as defined on page L of ERDA-76/72.

N g
s oo A——— A ST 51ty ASAN O, R "
e A Wy L grimaa g




MONTANA BUREAU OF MINES AND GEOLOGY
MONTANA COLLEGE OF MINERAL SCIENCE AND TECHNOLOGY
BUTTE, MONTANA 59701
(406) 792-8321
N'ﬁ'a ()-) /
Vel °- Y |

P D ?\ df May 1, 1978
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THE BUREAU OF MINES AND GEOLOGY WAS ESTABLISHED &Y LAW N 1919 AS A DEPARTMENT OF WNONTANA COLLEGE

> OY o

r f | RECEIVED

Dr. Clayton Nichols

Division of Geothermal Energy MAY 4 1678

U.S. Department of Energy !

Third Floor ' ' GEOTHERMAL ENTRGY
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 communlcatlon on the proposed
changes.

Upon .return from Salt Lake City, discussions with Dr.
Charles Wideman were held concerning the establishment of an
ongoing summer program of geophysical investigations at sites
that have potential for direct application. They currently
have adequate 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

OF MINERAL SCIENCE AND TECHNOLOGY, TO PROMOTE

EPPICIENT DRVELOPMENT OF MONTANA § MINEAAL REROURCES 9Y GATHENING AND PUSLISHING INFORMATIUN ON THE GEOLEGY, TOROGRAPHY, AND MINENAL DEPOSITS OF THE

..m Db nmllu unm [T TR IY ] wn N MM Nm uuumuhmum m Pl
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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,

3R

John Sondereggér
Hydrogeologist

JS:ch

- Enclosures




‘Proposed Contract JERERMERITESTO0TY to Tosk Agveement lo. 2
under Contract No. EY-76-5-06-2426,
May 1, 1978, through September 20, 1¢78

Task Description:

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

&9 for laboratory analysis.
Ay o F
k& VafR . 2) Start the assistance program to state and local
,d% Y government to assist in evaluation of geothermal
1o 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.

s e O U U PHUR N - . —
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A003 Modification

Budget for May 1, 1978, through September 30, 1678

(Requires reallocation of existing funds
but no new funding needed in FY 78)

Federal State
Salaries, Wages, and Benefits
P.I., Sonderegger - 1 mo. $ $1,647
Hydrogeologist - 3 mo. 4,380 '
Technicians and students __2,000.
Total salaries $ 6,380 $1,647
Benefits (14.5% of salaries) 925 236
Salaries plus benefits $ 7,305 $1,886
Travel and Per Diem 6,250
(100 days @ $62.50/day assuming
150 miles/day @ $.25/mile)
Field Equipment, Supplies, and
Research Materials 500
Computef Applications (1,000 back
analyses @ $16) 16,000
Report costs 250
Laboratory Costs (20 standard
water analyses @ $50) 1,000
Contingencies 250
Indirect Costs (46% of A) 3,360 868

Total Costs

$3,254
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Signature Sheet

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

Submitted by: - o

r. J. L. Sonderegger! (o 1
Hydrogeologist 57‘,//%725
Montana Bureau of Mines

and Geology

. ' C
Approved by: (i;;i:;;(’f2422%222222’"
Dr. S. L. Groff, Biféctor
and State Geologist
Montana Bureau of Mines
and Geology

Voo SSipdie

Dr. Vernon @Griffiths
Director of Research
Montana College of Mineral

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




Proposed Contract Modification AQ004, to Task Agreement llo. 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.




. - AOO4 Modification

Budget for May 1, 1978, through September 30, 1678

(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
B. Travel and Per Diem

C. Field Equipment, Supplies,
and Research Materials

D. Computer Applications

E. Report Costs

F. Contingencies

G. Geophysical Equipment Rental
H. Indirect Costs (46% of A).

I. Total Costs

Federal

$
4,667
500
2,080

4,412

$11,655

1,691

$13,350

7,200

500

500

500

1,000

6,141

29,191

State

51,647

250
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Signature Sheet

Proposed Budget Modification AOO4
(Federal $29,191; State $6,214)

i

Submitted by:

Approved by:

CA\ Z;;-¢~;

Dr. J. L. Sonderegg //
Hydrogeologist 5”/78
Montana Bureau of Mines

and Geology ' !

CZfp |

Dr. C. Wideman

Associate Professor of Geophysics
Montana College of Mineral
Science and Technology

Dr. S. ﬁ?fézz;;, Dé%%ctor

and State Geologist
Montana Bureau of Mines
and Geology

Vn, Syl
Dr. Vernon Griffiths
Director of Résearch

Montana 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 AGREFMENT NO. 2
UNDER CONTRACT NO. EY-76-5-06-2426 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

MONTANA (FORMERLY: A STUDY OF MINE WATER TEMPERATURES IN HARDROCK
MINING DISTRICTS OF MONTANA)

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

1. The period of performance for the new work under this Task Agrecment is
extended for two years commencing 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 14, 1978) 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 October 1, 1977, through Septe-ber 30, 1979 are
are follows

A-I.  KESEARCH TO BE PERFORMED 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.

(¢) 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. t. Sonderegger will devote 100 percent
time for three months to the project.

A-11. WAYS AND MEANS OF PERFORMANCE

(a) Items for which support will be provided, as
indicated in A-III below: ‘
o ‘D
Type of Work Code (CI5); e

Q’“‘f vﬂ)&»‘C\. ‘D“ Hs ](

v
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MODIFICATION RO. A002 TO
TASK AGREEMENT NO. 2 UNDER
CONTRACT NO. EY-76-S~-06-2426

Amount
(1) salaries and Wages (including fringe benefits) $38,476
Principal Investigator J. L. Sonderegger, 9 months
Bydrogeologists
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)
Comm-Stor RS-232
(3) Travel
Domestic $ 7,500
Foreign $ -0 -

(4) Other Direct Costs 7 $18,225

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

®) 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 Rasic
Contract, 1f 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
(¢) Time or effort of Principal Investigator contfibuted by
Contractor but excluded from computation of Support Cost

and from consideration in proportioning costs:

None
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A-IV

MODIFICATION NO. A002 TO
TASK AGREEMENT NO. 2 UNDER
CONTRACT NQ. EY-76-S-06-2426

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 gduring 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

estimated DOE Support Cost for the contract period

stated in this Task Agreement is $86,400. ‘
The estimated ERDA Support Cost is funded as follows: Amount
(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.

ADDITIONAL PROVISTIONS

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.
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MODIFICATION NO. A002 TO
TASK AGREEMENT NO. 2 UNDER
CONTRACT NO. EY-76-S5-06-2426

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

ACREED TO THIS  ifteenth DAY OF  larch 1978

UNITED STATES OF AMERICA
UNITED STATES DEPARTMENT OF ENERGY

GG

Chief, Laboratory & Univers{E;—
Title: Contra

MONTANA SCHOOL OF MINERAL SCIENCE AND

TECHNOLOGY
By: }42;:pﬂ \\7/:;24¢é,
Title: Director of ﬁ/;earch




o 7oy AT (0

IS MR- P v o LD

CEOTHERMAL EXERGY DEVELOPMENT PROGRAM

REPORL REQUIRFMENTS

Montana College of Mineral Science and

EY-76-5-06-2426

(Contractor) Lcchnolbgy

Reports

General reporting requirements for ERDA/DGE contracto
ERDA~76/72 "Requirements and Procedures for Reporting
tion" dated July 1976. Reports should be prepared fo
follows:

Draft to
Program Manager

(P/R Number)

rs are presented in
Geothermal Informa-
r this contract as

Distribution

Frequency for Concurrence Program Manager TIC
Administrative hi
Letter Report Monthly N/A 10 N/A
Technical Progress terl 3 weeks after 1 camera-
Report Quarterly end of report- 10 ready
ing period copy
Final Report Completion 3 weeks after 10 1 camera~-
of contract end of reporting ready
effort period copy
Topical Reports as required as agreed with 10 1 camera-
Program Manager ready
copy

Reports Formats

The following will apply to all technical progress reports, topical

reports and final reports:

(a) 7The cover page will be supplied by ERDA/DGE
intends to use his corporate cover.

unless the contractor

(b) Reports under this contract will all carry the number 61&7&212@(&?-«

Report numbers will be assigned sequentially.

(c) The distribution category for reports prepared under this

contract will be UC-6633 as defined on page

16 of ERDA-76/72.




MONTANA BUREAU OF MINES AND GEOLOGY
MONTANA COLLEGE OF MINERAL SCIENCE AND TECHNOLOGY
BUTTE, MONTANA 59701
(406) 792-8321

S ' May 1, 1978
« % | . Sy

v ‘ RECEIVED
Dr. Clayton Nichols : _
Division of Geothermal Energy ? MAY 4 1078
U.S. Department of Energy ‘

Third Floor | | GEOTHERMAL [iiZacy
20 lMassachusetts Avenue, NW ' BRANCH
Washington, D.C. 20545 -

Dear Dr. NWichols:

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 scnding these proposals dircectly to you, and
splitting the changes into two arcas: onc group of tasks not
requiring new funds during this fiscal yecar, and a second task
requiring additional funds during this f{iscal 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 Swmith and
Maggie Widmayer to facilitate communication on the proposed
changes.

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

FHT O BURFAI OF MINFS AND GFOLOGY WAS FSTABLISHED 8Y (AW N 1019 AS A DFPARIMENT OF MONTANA COLITGE OF MUIMFRAL SCIFNCE AY4D TFrHNNI DAY,

TO PROMOTE
PEPTCHERD LUEVELOPMENTD U MONTANA & MINENAL NESOBROEE BY GATHENING ANG PUBL EROING JNIONMA L OR

QOHANE GREOLOLY, TOFOGRAPIY, AN MINENAL DEPOSIYS OF THE
= ool I T L B R o L B R R R TN AN Y TRIT) i [N




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;QK
John Sonderegger
Hydrogeologist
JS:ch

Enclosures
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Proposed Contract Modification A003, Lo Task Agrecment Ho. 2

- v

under Contract No. IY=76-5-06-24720,
May 1, 1978, through Scptember 30, 1978

Task Description:

>1)
o
o
LY
< ¢J2)
£
3)
4)

Inventory approximately fifty thermal springs mcasuring
temperature, discharge, pll, and specific conductance,
by June 30, 1978, plus collection of seleccted samplces
for laboratory analysis.

Start the assistance program to state and local
government to assist in evaluation of gcothermal
resource potential for direct application.

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.

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




H AQ03 Modification “

Budget for May 1, 1978, through Scptember 20, 19578
(Requires reallocation of cxisting funds
but no new funding nceded in TY 78)

Federal Statoe
A, Salaries, Wages, and Bencfits
P.I., Sonderegger - 1 mo. $ $1,647
Hydrogeologist - 3 mo. 4,380
Technicians and students __ 2,000
Total salarics $ 6,380 $1,0647
Benefits (14.5% of salaries) 925 236
Salaries plus benefits $ 7,305 $1,886
B. Travel and Per Diem 6,250
(100 days @ $62.50/day assyping
150 miles/day @ $.25/mile)
C. Field Equipment, Supplics, 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 250
H. Indirect Costs (46% of A) 3,360 868

1. Total Costs §34=415 $3,254

——




Type of Work Code (CIS).... 5 -

MODIFICATION NO. AOO3 TO TASK AGREEMENT ND. 2
UNDER CONTRACT NO. EY-76-S-06-2426 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 Montana

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 June 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-1. RESEARCH T0O 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
approximateYy one week's time to the project.

A-11. 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 $ -0-
Contractor. Title is being vested with Contractor
pursuant to the Grant Act (PL 85-934)




(b)

(c)

A-11I.

3
!
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MODIFICATION NO.

TASK AGREEMENT HO.

A003 TO
2 UNLDER

CONTRACT EY-76-S-06-2426

(3) Travel
Domestic

Foreign ,

(4) Other Direct Costs

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

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 t5 be contributed by the Government.

None

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

TOTAL ESTIMATED COST

The total esitmated cost of items under A-11{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




MODIFICATION NO. AOO3 T0
TASK AGREEMENT NO. 2 UNDER
CONTRACT EY-76-5-06-2426

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. Al other terms and conditions of this Task Agreement remain

T

in full force and effect.

AGREED TO THIS 257 DAY OF Prgact™ | 1978

UNITED STATES OF AMERICA
UNITED STATES DEPARTMENT OF ENERGY

VES W

Txt\e Contracting Offwcer

Montana College of Mineral
Science and Technology

By: %w 32%/75

Title: Director of Research
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Proposed Contract Modification AO04, to Task Agrcement to. 2
under Contract No. EY-70-S-006-2426,
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 increasc knowledge
about these areas and aid in selecting drill hole
sites for communities.
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AQ04 lModification

Budget for May 1, 1978, through September 30, 1473

(Requires additional funding in FY 78)

Federal

A. Salaries, Wages, and Benefits
P.I., Sonderegger - 1 mo. $
Hydrogeologist -~ 4 mo. 4,667
Technician - 5 mo. 500
Geophysicist - 1 mo. 2,080
Students -~ 6 mo. 5,012
Total Salaries $11,059
Benefits (14.5% of salarics)’ 1,601
Total Salaries plus Benefits $13,350
B. Travel and Per Diem 7,200
C. Field Equipment, Supplies,
and Research Materials 500
\;Afl
D. Computer Applications 500
I2.  Report Costs 500
F. Contingencies 1,000
G. Geophysical Equipment Rental
1. Indirect Costs (46% of A) 6,141
T. Total Costs

$2¢,191

Statce

$1,0647
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[STAnGAZD ICDA 13, JULY 1908
now | AMENDMENT CF SOLICITATICN/MCOIFICATICN OF CONTRACT | | 1

G!NRM SERVNCES ADMORSTEAT!
.G WA, 4l AWM LlaliQY
. M""mm . 2, THECTIVE DATE 1, LEQUISITION/ PURCHASE ASCUEST NO, [ 4. PROUECT NO, (If J”uu.m
M004 ;
. 35UED 3Y CODE& 3. AQMINISTERED 3Y (If scovr coam 3isck ) CSDE | *

U.S. Department of Energy
daho Operations Office
550 Second Street

Idaho Falls, Idaho 83401
7. CONTRACIOR CoD8 FACLTY 3.
Naswd Ard A00RESY L f coEL_____ o AMENOMENT OF
r.. —_ | SOUCITATION NQ.
! .
Montana College of Mineral Sc:.ence DATED {Set lach 3)
Rtiad and Technology meances 35K Agreement No. 2 ¢
e Butte, Montana 539701 ng:mzcm wo. DE=3807-76ID12C7
Come) At John D (Formerly EY-76-53-06-2426)
tn:
l.— [~ . onn unstan —J ) DATED 4/19/76 (lsdé‘dr!)

7. TS ROCR APPUSS CMY 1O AMENOMENTS C2 SCLICTADTONS
o @8 snt foweh in Dlesk 12, The haur and dam wedfed v reosar of Iffers | s cxoended, | | is nee exrensed.

F"! he et 4 wask "

L=

Qfforars arul asmnewicege rvcniot of this - prine te the heur and dam soecifed n the sai o o i, 3y one of the fouewag museeme

(sl v 'v'—v“ weses of *hia - (51 Sy actmewienqing rcwet of tis amendment on +dcn a0y af ne arfer wamteds or (¢} 3v LeORIGNY (ever OF teiagren

—ich | ; " the \evcimrion and < FALUZE OF YOUR ACKOWLEDGMENT T2 16 2ECIIVED Al THE ISSUING ST sgCR "0 "HE HCNR ary

DAF!MMY LESULY 1M ZLECTION CF TOUR CFPER,  [f, Sy virfue of this amendment you desire (3 ciange an 2w cweedy wontfed, isc) TTonge mdy e made oy Hegm
or ' emer, e Sl Febeyr or lewar f » e oy s - and s ¢ d >ior 3 Me aseming howr and Jare Weufed.

10. ACTIUNTING ANO APPRCPRATIGN GATA (1] reqmeres)

11, 728 ROCK APFUES S 10 MOOICATIONS OF CONTRACS/ CROERS

(.;Shhci—aﬁd-iliuu-d L]
The Cumugen 90t faeth i blnekt 12 re mude to 1he chuve cumvbered conreet/ erder,
) C he mwm/*.:mnmmmm\mamm saywq odlce, somroenatian dom, «ie.) e ‘orm n diock |

(o (K] e Swwes { Age is enterend inve Garsment o avdanty of mutual agreement of the parties,
N wadfies the chove mumbered convR o8 sab forth ia biecs 12.

12, JESCAFNION CF AmENOMEMT/MCTSIICAICN

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.
— /
Excont ot arwvidad hasia, ol terme and condiifons of the decmens rvferenced in blacic 3, o1 heresséere changed in unchanced and in il fore end efect.
13. - ros, e
& 1O requie i O SIGN HIS JOTUMENT ANO RETURM IIMES 1O ISSUING CPRCE
X] o sce nis Socumer ] conmacowscrmeRor 1S (5QUIRED YO SIGN —_—
NamE OF CONTZACTOR/COrERce 17. UNTED s\xrzs oF mmc.\7
T s _
v 1Sogr -t o veny i /1,7“ Signamere of Canrracnng Wthaen)
[ 14, OATE SiGiveD 18, NAmE OF CONTZACTIMG CFMCR ( Trpe ar prewe) 19, SAIE JGMED

15, vl NGO TITUE OF SICIER (“I-';,-or;v-u
./I

J. P. Anderson, Chief VA
Contract Administration Branch '“/ v

-

L . ama Mmd .
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=\
Dr. Verson Griffiths Q,O Ay g :
Director of Resesrch ' < AR .
Youtana College of Mineral 3cienes A e
asd Technology 4{,;&1«;@?‘
Butte, Montana 59701 - R

Subject: CONTRACT HO. rY-76-5-06-2426 — C\n avqe \co DE-ASOT-
763ID 12029

Prasawr (outrAcTNo 191D 1203 31
As discussed Dy telephone betwean J. 0. lLee of uy gtaff aud John Duneten
of Momtane College of Minaral Science and Technology, the subject contraet
has beea transferred te the DOE Idahs Operatioms 0ffice for administeriagz.
41l future irvoices and business correspondence sheuid be directed to the
following address:

U. S. Departmant of Enargy
Idaho Operstiocus Office

550 Secoud Street
Idaho Talls, Idaho 83401

Dear Dr. Gri!ﬁt!u'

ATTENTION: R. E. $imonds, Director
Contracte Mansgement Division

The smouats listed below have been psid under the contract which laavaes &
balance of $64,273.30 against the Task Agreement (TA) No. 2 of the coatract:

1. TA No. 2:
1st 452 $8,859.60
2ad 451 8,859.69

2. TA Ne. 2 Fod AOOL:
st 458 5,805.00

3. TA ¥o. 2 Mod. AQO2:
lat 453 38,880.00

4. TA Re. 2 Mod ., AQ03:
1st 453 §,293.00

Total Paid to Date: $68,697.20




-~ Dr. Vernoa Criffiths -2~

The contract nusber i alsolchmgad from EY-76~-8-06-2416 teo
PE-AT07-FOETRBSLS5. Q- NS -"Lidr2erq

If you have further guestions comgerning this contract please
direet tham to J. 0. Lse at telephone 208-3526-18138.

Very truly yours,
OvEa8 Eigsind N0

R. E. Simouds, Director )
Contracts Management Divistolpi

bee: Ruth Nelson
v L. L. Mink
E. G. Jones

CAB RDB ¥MD D

JOLee:ahb LiMink EGJones RESimonds
JPAnderson

12/19/78




STANDARD FORM 30, JULY 1966

GENERAL JERVICES ADMINISTRATICN

FED. 2R0C, LG, (41 CW 114,101

AME "WENT OF SOLICITATION/MODIFIC 1ON OF CONTRACT |

PAGE | OF

2. SFFECTIVE OATE

6-30-80

1, AENDIAENT/ MQUIFICATION NOQ.

MOQS

3. REQUISITION/PURCHASE REQUEST NO.

4. PROJECT NO. (If applicable)

5. 1SSUED 3Y CODE

U.S. Department of Energy
Idaho Operations Office

550 Second Street
ldaho Falls. Idaho 83401

8. ADMINISTERED 8Y (If other tham hleck 5)

[7. conmactor CODE | [
NAME AND ADDRESS

—

Montana College of Mineral Science

Cowety, e and Technology
222?’ Butte, Montana 59701

John Dunstan

L_ Attn:

FACILITY CODE 8.

CODE ]
AMENOMENT OF

M. a.. L}
oo kd

WMQ/ (See black 9) N
ask greement No. 2 to

Trooer no. DE-ASQ7-761312029

CONTRACT/ ORDER

1

(formerly EY-76-5-06-2426)
B-19=76 _  (See block 11

-

DATED

9. THIS SLOCK APPUES OMNLY TG AMENOMENTS OF SOUCTANCNS

¢
dod as wt forrh in block 12, MMrmkhwaMhmﬂdW .

It e wd in block 3, a3 ner

(] e sbave membersd safctation i
Oferors must acknrowiedy iot of thie dmemt prior to the hour and dave soecified in the o ded, Wy one of the following methads: T
1al* Sy ugning end Lapres of w«s c (b} Sy acknawisdging recesor of this amendment on each copy of the offer submitted; or (¢} 3y sepe letter or telegram "
which includes @ to the 1akich drm 1. FAIURE OF YOUR ACKNOWLEDGEMENT TO S€ RECHVED AT THE ISSUING OFFICE PIOR TO THE HOUR AND
DATE SPECIMED MAY RESULT IN REJECTION o' YOUR OFPER.  If, by virtue of this amendmens you dusire o change an offer aiready whmirted, swch change mey ae made by ielegram
ar lener, proveded wich telegram o lefter makes ref to the soli ian and Mis o , and i3 ived prior 1o he apening haur and dete soecified.

TG, ACCOUNTING AND APPROPRIATION OATA (If requmed) V

11, THIS BAOCK APPUES OMY TO MODIFCANIONS OF CONTRACTS/ORDERS

(@) D This Change Qrder 13 1ssued p [

The Changes et farh in biock 12 are made 10 the above numbered contract/order.
8) (] The above numoared controct/order s modified 1o raflect the sdminismative changes (such ov chonges in paying office, appropnation data, e%e.} et farh in Slock 12.
et K i Suspiomental g s entered into o ouhorty of MU tual Agreement of the Parties
it modifies the cbeve numbered acr as set torth in block 12,

12. DESCRIPTION OF AMENGMENT/ MODIFICATION
Pursuant to Participant's letter dated June 23, 1980, the period of performance for
Task Agreement No. 2 is extended from June 30, 1980 to December 30, 1980.

e

remain ged and ‘n ‘ull force ana efect.

Exceot 33 orovaed hermen, all rerms Ind candin
13.

W CONTRACTOR/ QSFEROR (S NQT WQUIRED
i TO SIGN THIS OOCUMENT

[} CONTRACTOR/OFFEROR 'S REQUIRED TO SIGN THIS DOCUMENT AND TETURN

CCPMIES 1O ISSUING OFFICE

T4, NAME OF CONTRACTOR/OFFEROR

3r

i7. UNITED STAYES or AM!RICA .

\.I' ‘fl . 4

(S«gnawre of serson autharized 'o ugn}

/ o
(Signature af Gontracnng GRRcar!

15. NAME AND TITLE OF SIGNER (Type o7 primt) 14. DATE SIGNED

19. DATE SIGNED

1 11989

1% L =
18. NAME OF CONTRACTING OFFICER ¢ T vpe or priwe;

Nell W. Fraser




COQPERATIVE AGREEMENT

PURASUANT 70 AUTHORITY OF A §3-410. PL 338
AL JTA AL 35T, ans PL 9591

ta l.:.h
DE-FC07~791D12033

3 Parncigant Name and Acdress

]
Montana College of Mineral
Science and Technology
Butte, Montana 59701

X

Agreement Periog

Fram: To:

February 15, 1979 February 14, 1980

Participant s’yoe
B Educationat S
Q State or Local Gavernment

Nonprotit
G Profit

Y3

Praject Title

Additional Geothermal Studies in
Montana

Praject Will Be Canducted Per
I

Ses Articte

Tecnmicat Recarts Ars Reguired

VI

Ses Arncte

3 2nincioal Investigatoris) or Program Oirectorts) Name and Acdress

John L. Sonderegger

Montana College of Mineral Science

& Technology, Montana Bureau of Mines
& Geology, Butte, Montana 59701

JOE Pregram Qfficer :Name ana Adaress)

L. L. Mink, Resource Definition Branch

DOE - Idaho Operations Office

208-526-0638

Tetephone No.

Management Div., Idaho Operations Oiffice

I
550 Second St., Idaho Falls, ID 83401 t

10 Accounnung and Aggrapnanon Data 11 Mathod of P3yment
12 Suamt Youcnars, if any, 10 Agreements Qfficer Uniess =] ¥ At Award. *; When Requested. 3% Uoon Recerot gt Frnat Seaort
Otnerwise Specitiea in s Stoex Director , Contracts T Latter of Creait S Aeimoursement

INNS

W Omer ispecity) Ses Aruicte

Idaho Operatious Office
550 Second Street
Idaho Falls, ID 83401

50 Second St., Tdabg Falls, ID 83401
13 Cunaing Sources 14 Aemarks: |
Source Amount I
SOE. . }
s _99,917.00 |
2aruciaant s 10,778.00
]
“ata Funoing: 3 110.695.00
'3 imnunt 2bngateg 3v This dcnton 8
99,917.00
*6. J0E issuing Cffice -Name ang Aqaress!




Cooperat ive Agreement No. DE-FC07-791D12033

COOPERATIVE AGREEMENT

THIS AGREEMENT, effective the 26th day of February
1979, by and between the UNITED STATES OF AMERICA (hereinafter called
the "Govermment"), 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 continuilng the work that was started
under Contract No. EY-76-5-06-2426; and

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

WHEREAS, this Agreement is authorized by the Department of Energy
Organization Act (Public Law 95-91), Sectioms 7(a)(2) and 8 of Public
Law 93-577, and Sections 103(5) and 107(a) of Public Law 93-438;

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

ARTICLE I - DESCRIPTION OF-RESPONSIBILITIES

Responsibilities - The Participant shall furnish a statewide inventory
of known geothermal resources, compile data and transfer data to federal
data banks, compile and update maps, assist other invetigators working in
Montana, and assist local and state Government agencies concerning utiliza-
t ion 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. Complete the Centennial Valley project.

2. Provide geophysical information (especiallv-seismic) about
"valley structure" in the vicinity of known hot springs, and
hydrogeologic studies and selected hot springs.

3, Complete the transfer of ground-water data to the U. S. Geological

Surveyv, Water Resources Division data banks.

011579
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Cooperat ive Agreement No. DE-FC}7-791D12033

ARTICLE I - DESCRIPTION OF RESPONSIBILITIES (Cont'd)

4. Begin a study of the geothermal resources in the vicinity

of West Yellowstone, Montana.
]

5. Meet goals and deadlines for data compilation, temperature-
gradient studies, and map presentation of various data
bases.

6. Evaluate the ability of airborn heat-~sensing imagery to detect
the discharge of thermal waters to major streams.

7. Conduct test drilling at Ennis or in the Deer Lodge Vallev,
depending upon the intervretation of the geophysical data

for these areas.

ARTICLE II - ESTIMATE OF COST AND OBLIGATION OF FUNDS

A. The total estimated cost of performing the work under this
Agreement is One Hundred Ten Thousand Six Hundred Ninety-Five Dollars
($110,695.00). For performance of work under this Agreement, the amreed
share ratio is 90.263%Z DOE, 9.736% Particivant of total allowable costs.
The Participant shall be reimbursed by DOE for not more than 90.263% of the
costs of the project determined to be allowable in accordance with Article
A-1 of the General Provisions entitled "Allowable Costs.'" The remaining
9.763% or more of the costs of the project so determined shall constitute
the Participant's share for which it will not be reimbursed by DOE. The
total cost to DOE is hereby established as Ninety-Nine Thousand Nine
Hundred Seventeen Dollars ($99,917.00) 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 writing by the Contracting Officer.

B. Fipal payment will not be made until the Final Report is received
and accepted by the Contracting Officer. In no event will the final 5%
of the-amount of obligated funds be paid to the Participant until DOE has
received the Final Report and the Final Cost Report described in Article VI
A. of this Cooperative Agreement.

ARTICLE III - METHOD AND BASIS OF PAYMENT

A. The Participant shall receive 25% of DOE's share (524,979.00)
at the time this Agreement is executed. The balance becomes pavable in
periodic installments as requested by the Participant and approved bv DOE.
Requests for payment shall not be more frequent than monthly, and the
request should contain a cost breakdown showing the amount requested, the
total amount requested to date, and the total cost of the project to date,
including the value of the Participant's cost sharing as provided for in
Article Il of this Agreement. The total amount paid by DOE will not
exceed the amount specified in Article II. o

011579 -2




Cooperat ive Agreement No. DE-FC07-791D12033

ARTICLE II1 - METHOD AND BASIS OF PAYMENT (Cont'd)

B. Final payment will not be made until the Final Report is received
and accepted by the Contracting Officer. In no event will the final 5% of
the amount of obligated flinds be paid to the Participant until DOE has
received the Final Report and the Final Cost Report described in Article
VI.A. of this Cooperative Agreement.

ARTICLE IV - TERM OF AGREEMENT

Work under this Agreement shall be accomplished during the period
from February 15, 1979 through February 14, 1980. The period of this .
Agreement may be extended as mutually agreed upon by DOE and the
Participant.

ARTICLE V - PROJECT MANAGEMENT, DEFINITIONS AND REPORTING

A. In addition to DOE personnel, the Participant agrees to permit
non-DOE personnel who are under contract with DOE, and identified from
time to time by the Contracting Officer, to assist the DOE Project Manager
in performance of his duties to have necessary access to the Participant's
and/or major subcontractors' records pertaining to the project. All
correspondence ‘with the subcontractors from DOE will be made through
the Participant,

B.l. DOE's Program Officer on this project and the person who
shall be the Pariicipant's contact for all matters pertaining

to this Agreement shall be the following-named person or such
other person(s) as may be designated by the Contracting Officer:

L. L. Mink

Resource Definit ion Branch
Idaho Operations Office, DOE
550 Second Street

Idaho Falls, Idaho 83401
Telephone 208-526-0638

2. The Participant's Project Director for the work under this
Agreement will be the following person or such other person(s)
as may be mutually acceptable to the parties:

John L. Sonderegger

Montana College of Mineral
Science and Technology

Montana Bureau of Mines & Geoloegy
Butte, Montana 59701

Telephone 406-792-8321

011579 ' -3~




Cooperative Agreement No. DE~FC07-791D12033

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 following reports, as required by DOE Uniform Contractor
Report ing System, Volume 1, February 1978, shall be submitted to the DOE
Program Officer:

Draft to Program Distribution
Officer Program
Tvpe Frequencv for Concurrence Officer TIC
Contract Management Monthly N/A 8 N/A
Summary Report
Technical Status Monthly N/A . 8 N/A
Report
Hotline Report As Required N/A 8 N/A
Final Report Completion of 3 weeks after 8 1 camera-
Contract end of reporting ready
period 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.) document ing critical problems, emergency
situations, and important technical breakthroushs.

011579 —he




Cooperative Agreement No. DE-FC07-791D12033

ARTICLE VI - PROJECT INFORMATION (Cont 'd)

(4) Final Technical Report - Very comprehensive report outlin-
ing object ives, accopplishments, problems encountered, and steps
taken to overcome problems. Plan set forth in Task V of Article
A-1 shall be included in the final report.

ARTICLE VII - CHANGES AND MODIFICATIONS

Any changes or modifications to this Agreement or in f»e scove of work
to be performed shall be made by mutual written agreement of the parties.
A change may be initiated by either party to this Agreement. The Contract-
ing Officer shall have the authority to determine what constitutes a change.

ARTICLE VIII - TERMINATION

A. It is the express intent of DOE and the Participant to fund their
respect ive cost participation for the project.

B. Notwithstanding the foregoing, it is understood that the Part icipant
may at any time, upon giving sixty (60) days prior written notice to DOE,
terminate this Agreement for its convenience for any reason.

C. In the event of termination, it is expected that the parties will
cooperate with each other to reasonably phase out the Participant's costs
and cost commitments, including cost liabilities to third parties; provided,
however, that the total amount obligated by the Government under this
Agreement shall not be exceeded. Moreover, unon any such termination the
Participant agrees to promptly, upon DOE's request, transfer to DOE all
information resulting from the work performed to the date of the terminat ion
notice.

D. In the event of termination, the Government agrees to pay the
Participant 90.2637% of all allowable costs for termination, and the
Participant shall:

1. Place no further orders or subcontracts for materials,
services, or facilities, intended to be invoiced to the
Government for its contribution.

2. Terminate all orders and subcontracts to the extent that
they relate to the performance of work terminated by the
Notice of Termination and intended to be invoiced to the
Government for its contribution.

3. VNotwithstanding 1. and 2. above, the Participant has

the right to proceed with such orders and subcontracts should it
decide to continue performance of the work at its expense only.

011579 5.




Cooperative Agreement No. DE-FC07-791D12033

ARTICLE VIII ~ TERMINATION (Cont'd)

E. After a termination, the Participant shall submit fo the Contract-
ing Officer its termination claim. Such claim shall be submitted promptly
but in no event later than one (1) year from the effective date of termina-
tion unless one or more ektensions in writing are granted by the Contracting
Officer.:. Upen failure of the Participant to submit its termination claim
within the time allowed, the Contracting Officer may determine, on the
basis of information available to him, the amount, if any, due to the
Participant by reason of the termination and shall thereupon pay to the
Participant the amount so determined.

F. Costs claimed, agreed to, or determined pursuant to this article
must constitute allowable costs as defined in Article A~1 of the Appendix A
of this Agreement.

G. Any termination notice rendered by either DOE or the Part icipant
shall be sent by registered mail with return receipt requested.

H. 1If in the opinion of DOE, the Participant fails to substantially
perform under this Agreement, and does not cure such failure within a
reasonable time, after written notice of such failure by the Contracting
Officer, DOE may by written notice to the Participant terminate this
Agreement. Such termination notice, signed by the Contracting Officer,
shall be effective upon receipt by the Participant. The Government shall
not be liable for the incurrence of any obligations under this Agreement
from the date of the receipt of such terminat ion notice. Upon any such
terminat ion, the Participant agrees to promptly, upon DOE's request,
transfer to DOE all information resulting from the work performed to the
date of the termination notice.

1. Except with respect to defaults of subcontractors, the Participant
shall not be in default by reason of failure to substantially perform under
this Agreement if such failure arises out of causes beyond the control and
without the fault or negligence of the Participant. Such causes may include,
but are not restricted to, acts of God or of the public enemy, acts of the
Government in either its sovereign or contractual capacity, fires, floods,
epidemics, quarant ine restrictions, strikes, freight embargoes, and unusually
severe weather, but in every case the failure to perform must be beyond the
control and without the fault or negligence of the Participant. If the
failure to substantially perform is caused by the failure of a subcontractor
to perform or make progress, and if such failure arises out of causes
beyond the control of both the Participant and a subcontractor, and without
the fault or negligence of either of them, the Participant shall not be
deemed to be in default unless the supplies or services to be furnished by
the contractor were reasonably obtainable from other sources. Upon request
of the Participant, if the Contracting Officer shall determine that failure
to perform was occasioned by any one or more of the said causes, this
Agreement shall be revised accordingly, subject to the rights of DOE under
paragraph B. above. :

011579 -6




Cooperat ive Agreement No. DE~FC07-791ID12033

ARTICLE IX - LIABILITY AND INDEMNIFICATION

The Government will not be liable for payment of damages for injuries
to any person, or loss of life or personal property, or loss suffered or
sustained and arising from the work performed under this Agreement. The
Participant agrees to indemnify and save the Government harmless from any
and all claims, demands, damages, actions, costs, or charges against the
Government arising as the result of the above-mentioned injuries, damages,
or loss, except for any such damages or claims arising out of the negligent
act of the Government or its employees in the course of their official
duties.

ARTICLE X - USE OF INFORMATION

All data and information generated, derived or obtained from the
activities provided for herein, and this Agreement, will be public
information.

ARTICLE XI -~ ADDITIONAL CONTRACT PROVISIONS

Appendix A, attached hereto and made a part hereof, sets forth additional
general provisions of this Agreement.

IN WITNESS WHEREOF, the parties hereto have executed this document
as of the day and year first above written.

THE UNITED STATES OF AMERICA

BY THE DEPARTMENT OF ENERGY

Contracts Management Division
Idaho Operations Office
Contract ing Officer

1011579 -




Cooperative Agreement No. DE-FCO7-791ID12033

MONTANA COLLEGE OF MINERAL

Witnesses as to signature of SCIENCE AND TECHNOLOGY
Part1c1panzj) '
Q(L LA : L’vaﬁ{W\—--; By ’ Mﬁ
: 'Signature '
K’ VERNON GRIFFI%ég/
JOHN DUNSTAN Name (typed)
Name (typed)
Montana College of Mineral Title DIRECTOR OF RESEARCH
i MT Montana College of Mineral
(Address) 59701 Science & Technology, Butte, MT 59701

(Business Address)

<64%K{1/ b \«%/ft(l( e )"

(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
FISCAL AFEAIRS of the Participant named under this document, that
that VERNON GRIEFITHS , who signed this document on
behalf of the Participant, was then DIRECTOR OF RESEARCH '
of said Participant; that said document was duly signed for and in behalf
of said Participant by authority of its governing body, and is within the
scope of its legal powers.

IN WITNESS WHEREOF, I have hereunto affixed my hand and the seal of
said corporation this 16th day of February 1979.

LT e S P S Sl )

( CORPORATE SEAL)
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APPENDIX A

GENERAL PROVISIONS

COOPERATIVE AGREEMENTS

ARTICLE A-I - ALLOWABLE COST

Costs shall constitute allowable costs as specified in Title 41, Code
of Federal Regulations Part 1-15 of the Code of Federal Regulations in
effect on the date of this Agreement.

ARTICLE A-I1I1 - APPROVAL OF SUBCONTRACTS ‘

All subcontracts and purchase orders in excess of $10,000 shall
require the written approval of the Contracting Officer.

ARTICLE A-III - PUBLIC INFORMATION RELEASES

The parties agree that public disclosure or dissemination of new
data or information arising out of the feasibility assessment will be
coordinated by the parties, it being understood that the intent of both the
Participant and DOE is to release all data and information to the greatest
practicable extent in order to achieve the objective of obtaining maximum
public value from the results of this project. It is understood that the
foregoing is not intended to afford either party the right to prevent a
public release by the other; however, nothing in this article shall impair
the rights of the parties set forth elsewhere in this Agreement, including
but not necessarily limited to the article entitled "Patent Rights."

ARTICLE A-IV - AUDIT

A. The Participant shall maintain, and the Contracting Officer or
his representative shall have the right to examine books, records, documents,
and other evidence and accounting procedures and practices, sufficient to
reflect properly all direct and indirect costs of whatever nature claimed
to have been incurred and anticipated to be incurred for the performance of
this Agreement. Such right of examination shall include inspection at all
reasonable times of the Participant's plants, or such parts thereof, as may
be engaged in the performance of this Agreement.

B. The materials described above, shall be made available at the
office of the Participant, at all reasonable times, for inspection, audit
or reproduction, until the expiration of three (3) years from the date of
final payment undes this Agreement or such lesser time specified in Title
41, Code of Federal Regulations Part 1~20 and for such lesser period, 1if
any, as is required by applicable statute, or by other articles of this
Agreement, or by (1) and (2) below:
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ARTICLE A-IV - AUDIT (Cont'd)

(1) 1If this Agreement is completely or partially
terminated, the records relating to the work terminated
shall be made available for a period of three (3) years
from the date of any resulting final settlement.

(2) Records which relate to appeals under the "Disputes"
article of this Agreement, or litigation or the settlement
of claims arising out of the performance of this Agreement,
shall be made available until such appeals, litigation, or
claims have been disposed of.

ARTICLE A~V - OFFICIALS NOT TO BENEFIT

No member of or delegate to Congress, or resident commissioner, shall
be admitted to any share or part of this Agreement, or to any benefit that
may arise therefrom; but this provision shall not be construed to extend to
this Agreement if made with a corporation for its general benefit.

ARTICLE A-VI - COVENANT AGAINST CONTINGENT FEES

The Participant warrants that no person or selling agency has been
employed or retained to solicit or secure this Agreement upon an agreement
or understanding for a commission, percentage brokerage, or contingent
fee, excenting bona fide emplovees or bona fide established commercial or
selling agencies maintained by the Participant for the purpose of securing
business. For breach or violation of this warranty the Government shall
have the right to annual this Agreement without liability or in its discre-
tion to deduct from the Agreement price or consideration, or otherwise
recover, the full amount of such commisison, percentage, brokerage, or
cont ingent fee. :

ARTICLE A-VII - EXAMINATION OF RECORDS BY COMPTROLLER GENERAL

A. The Part icipant agrees that the Comptroller General of the United
States or any of his duly authorized Goverument emplovees shall, until the
expiration of three (3) years after final payment under this Agreement,
unless DOE authorizes their prior disposition, have access to and the right
to examine any directly pertinent books, documents, papers, and records of
the Participant involving transactions related to this Agreement.
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ARTICLE A-VII - EXAMINATION OF RECORDS BY COMPTROLLER GENERAL (Cont'd)

B. The Participan{ further agrees to include in all its subcontracts
hereunder a provision to the effect that the subcontractor agrees that the
Comptroller General of the United States or any of his duly authorized
Government employees shall, until the expiration of three (3) vears after
final payment under the subcontract, or such lesser time specified in
either Appendix M of the Armed Services Procurement Regulation or the
Federal Procurement Regulations Part 1-20, as appropriate, have access to
and- the right to examine any directly pertinent books, documents, papers,
and records of such subcontractor, involving transact ions related to the
subcontract. The term "subcontract" as used in this article excludes (1)
purchase orders not exceeding $10,000 and (2) subcontracts or purchase
orders for public utility services at rates established for uniform
applicability to the general public.

C.  The periods of access and examination described in A. and B.,
above, for records which relate to (1) appeals under the "Disputes' article
of this Agreement, (2) litigation or the settlement of claims arising
out of the performance of this Agreement, or (3) costs and expenses of
this Agreement as to which exception has been taken by the Comptroller
General or any of his duly authorized representatives, shall continue
until such appeals, litigation, claims or exceptions have been disposed of.

ARTICLE A-VIII - ASSIGNMENT OF CLAIMS

Pursuant to the provisions of the Assignment of Claims Act of 1940, as
amended (31 U.S.C. 203, 41 U.S.C. 15), claims for moneys due or to become
due the Participant from the Government under this Agreement mayv be assigned
to a bank, trust company, or other financing institution, including any
Federal lending agency, and may thereafter be further assigned and reassigned
to any such institution. Any such assignment or reassigmment shall cover
all amounts payable under this Agreement and not already paid, and shall
not be made to more than one party, except that any such assignment or
reassignment may be made to one party as agent or trustee for two or more
parties participating in such financing. Unless otherwise provided in this
Agreement, payments to assignee of any monevs due or to become due under
this Agreement shall not, to the extent provided in said A%, as amended,
be subject to reduction or setoff.
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ARTICLE A-IX - PERMITS

Except as otherwise directed by the Contracting Officer, the Participant
shall procure all necessany permits or licenses and abide by all applicable
laws, regulations, and ordinances of the United States and of the State,
territory, and political subdivision in which the work under this Agreement
is performed.

ARTICLE A-X - DISPUTES

A, Except as otherwise provided in this Agreement, any dispute
concerning a question of fact arising under this Agreement shall be decided
by the Contracting Officer, who shall reduce his decision to writing and
mall or otherwise furnish a copy thereof to the Participant. The decision
of the Contracting Officer shall be final and conclusive unless within
thirty (30) days from the date of receipt of such copy, the Participant
mails or otherwise furnishes to the Contracting Officer a written appeal
addressed to DOE. The decision of DOE or its duly authorized representative
for the determination of such appeals shall be final and conclusive unless
determined by a court of competent jurisdiction to have been fraudulent, or
capricious, or arbitrary, or so grossly erroneous as necessarily to imply
bad faith, or not supported by substantial evidence. 1In connection with
any appeal proceeding under this article, the Participant suall be afforded
an opportunity to be heard and to offer evidence in support of its appeal.
Pending final decision of a dispute hereunder, the Participant shall
proceed diligently with the performance of this Agreement and in accordance
with the Contracting Officer's decision. :

B. This "Disputes'" article does not preclude consideration of law
quest ions in connection with decisions provided for in paragraph A, above:
Provided, That nothing in this Agreement shall be construed as making final
the decision of any administrative official, representative, or board on a
question of law.

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

A. If an appeal is filed by the Participant from a final decision
of the Contracting Officer under the "Disputes' article of this Agreement,
denying a claim arising under the Agreement, simple interest on the amount
of the claim finally determined owed by the Govermment shall be payable to
the Participant. Such interest shall be at the rate determined by the
Secretary of the Treasury pursuant to Public Law 92-41, 85 Stat. 97, from
the date the Participant furnishes to the Contracting Officer its written
appeal under the "Disputes" article of this Agreement, to the date of (1) a

062178




APPENDIX A
Page 5

ARTICLE A-XI - PAYMENT OF INTEREST ON PARTICIPANT'S CLAIMS (Cont'd)

final judgment by a court of competent jurisdiction, or (2) mailing to the
Participant of a supplemental agreement for execution either confirming
completed negotiations between the parties or carrying out a decision of a
board of contract appeals.

B. Notwithstnding A., above, (1) interest shall be applied only
from the date payment was due, if such date is later than the filing of
appeal, and (2) interest shall not be paid for any period of time that
the Contracting Officer determines the Participant has unduly delayed in
pursuing its remedies before a board of contract appeals or a court of
competent jurisdiction.

ARTICLE A-XII - SEX DISCRIMINATION PROHIBITED

No person shall on the ground of sex be excluded from participation in,
be denied a license under, be denied the benefits of, or be subjected under
any program or activity carried on or receiving Federal assistance under
any title of this Act (P. L. 93-438).

ARTICLE A-XIII - CIVIL RIGHTS

The Participant agrees that no person in the United States shall,
on the ground of race, color, or national origin, be excluded from
participation in, be denied the benefits of, or be subject to discrimination
under any program or activity for which the Participant receives Federal
financial assistance from DOE.

ARTICLE A-XIV - DISCRIMINATION AGAINST HANDICAPPED PROHIBITED

The Participant agrees that no otherwise qualified handicapped
individual in the United States [as defined in Section 7(6) of the Act],
shall, solely by reason of his handicap, be excluded from the participation
" in, be denied the benefits of, or be subjected to discrimination under any
program or activity receiving Federal financial assistance.

ARTICLE A-XV - SMALL AND MINORITY BUSINESS PARTICIPATION

It is the policy of DOE to ensure that small and minority businesses
have a reasounable opportunity to participate in the projects which it
supports. In accordance with this policy, the Participant will make a
reasonable effort to ensure fair consideration and utilization of small and
minor ity businesses in purchases and subcontracts awarded by the Participant
under this Agreement.
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ARTICLE A-XVI - PREFERENCE FOR U. S. FLAG AIR CARRIERS

A. It is the policy of the United States that all Federal agencies
and Government contractors and subcontractors utilize U. S. flag air carriers
for international air transportation of personnel and cargo.

B. The Participant agrees to utilize U. S. flag air carriers to the
max imum extent practicable in connection with the performance of this
Agreement in the transportation by air of any personnel and cargo between
the United States and a foreign country, or between foreign countries.

C. The terms used in this article have the following meanings:

(1) "International air transportation' means transportation by
air of personnel and cargo from the United States to a foreign
country, between two or more foreign countries, and between a
foreign country and the United States,

(2) "u. S. flag air carrier'" means one of a class of air carriers
holding a certificate of public convenience and necessity issued
by the Civil Aeronautics Board, approved by the President, authorizing
operations between the United States and/or its territories and one or
more foreign countries.

(3) The term "United States" incudes the fifty States, Common-
wealth of Puerto Rico, possessions of the United States and the
District of Columbia.

(4) "Practicable" includes (i) satisfactory servicing of
agency programs, and (ii) timely deliveries at fair and reasonable
prices.

D. The Participant shall include the substance of this article, including
this paragraph D. in each subcontract or purchase order hereunder which may
involve air transportation between the United States and a foreign country, or
between foreign countries.

ARTICLE A-XVII - CLEAN AIR AND WATER

A, The Participant agrees as follows:

(1) To comply with all the requirements of section 114 of the
Clean Air Act, as amended (42 U.S.C. 1857, et seq., as amended by
P. L. 91-604) and section 308 of the Federal Water Pollution Control
Act (33 U.S.C. 1251, et seq., as amended by P. L. 92-500), respectively,
relating to inspection, monitoring, entry, reports and information, as
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ARTICLE A-XVII -~ CLEAN AIR AND WATER (Cont'd)

well as other requirements specified in section ll4 and section 308 of
the Air Act and the Water Act, respectively, and all regulations and
guidelines issued thereunder before the award of this Agreement.

(2) That no portion of the work required by this Agreement will
be performed in a facility listed on the Environmental Protection
Agency List of Violating Facilities on the date when this Agree-
ment was awarded unless and until the EPA eliminates the name of
such facility or facilities from such listing.

(3) To use its best efforts to comply with clean air standards
and clean water standards at the facility in which the Agreement is
being performed.

(4) To insert the substance of the provisions of this article
into any nonexempt contract, including this subparagraph A.(4).

B. The terms used in this article have the following meanings:

(1) The term "Air Act" means the Clean Air Act, as
amended (42,U.S.C. 1857, et seq., as amended by P. L. 91-604).

(2) The term '"Water Act'" means Federal Water Pollution
Control Act, as amended (33 U.S.C. 1251 et seq., as amended by
P. L. 92-500).

(3) The term "clean air standards' means any enforceable
rules, regulations, guidelines, standards, limitations, orders,
controls, prohibitions, or other requirements which are contained
in, issued under, or otherwise adopted pursuant to the Air Act
or Executive Order 11738, an applicable implementation plan as
described in sectiom 110(d) of the Clean Air Act [42 U.S.C.
1857¢~5(d)], an approved implementation procedure or plan under
sect ion 111(c¢) or section 111(d), respectively, of the Air Act
(42 U.s.C. 1157(c)-6(c) or (d), or an approved implementation
procedure under section 112(d) of the Air Act [42 U.S.C.
1857c¢-7(d)] . .

(4) The term "clean water standards" means any enforceable
limitation, control, condition, prohibition, standard, or other
requirement which is promulgated pursuant to the Water Act or
contained in a permit issued to a discharger by the Envirommental
Protect ion Agency or by a State under an approved program, as
authorized by section 402 of the Water Act (33 U.S.C. 1342), or
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ARTICLE A-XVII - CLEAN AIR AND WATER (Cont'd)

by local government fo 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,
installat ion, or structure, the entire location or site shall
be deemed to be a facility except where the Director, 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. Definitions. 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 shall have:

(i) Unlimited rights in technical data first produced
or specifically used in the performance of this Agreement;

(ii) The right of the Contracting Officer or his
representat ives to inspect at all reasonable times up to
three (3) years after final payment under this Agreement
all technical data first produced or specifically used in
the Agreement {for which inspection the Participant or its
subcontractor shall afford proper facilities 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 spegifically used in the performance of this
Agreement delivered to the Government as the Contract ing
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 agreés 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

(i1) 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 Agreement,
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, the right- o 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 Participant agrees that it will not knowingly include
any material copyrighted by others in any written or copyrightable
material furnished or delivered under this Agreement without a license
as provided for in subparagraph (1)(ii) hereof, or without the consent
of the copyright owner, unless it obtains specific written approval of
the Contractirig Officer for the inclusion of such copyrighted material.

ARTICLE A-XIX - REPORTING OF ROYALTIES

If this contract is in an amount which exceeds $10,000 and if any
royalty payments are directly involved in the contract or are reflected
in the contract price to the Government, the Participant ag ees to report
in writing to the Patent Counsel (with notification by Patent Counsel to
the Contracting Officer) during the performance of this contract and prior
to its completion or final settlement the amount of any royalties or other
payments paid or to be paid by it directly to others in connection with the
performance of this contract together with the names and addresses of
licensors to whom such payments are made and either the patent numbers
involved or such other information as will permit identificat ion of the
patents or other basis on which the royalties are to be paid. The approval
of DOE of any individual payments or royalties shall not stop the Govern-
ment at any time from contesting the enforceability, validity or scope of,
or title to, anv patent under which a royalty or payments are made.

ARTICLE A-XX - PATENT RIGHTS - SHORT FORM

A. Definitions.

(1) "Subject Invention" means any invention or discovery
of the Contractor conceived or first actually reduced to
practice in the course of or under this contract, and includes
any art, method, process, machine, manufacture, design, or
composition of matter, or any new and useful improvement
thereof, or any variety of plants, whether patented or
unpatented, under the Patent Laws of the United States of
America or any foreign country.

(2) '"Patent Counsel" means the DOE Patent Counsel
assisting the procuring activity.

B. Invention Disclosures and Reports.

(1) The Participant shall furnish the Patent Counsel
(with notification by Patent Counsel to the Contracting
Officer):
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ARTICLE A-XX - PATENT RIGHTS - SHORT FORM (Cont 'd)

(i) A written report containing full and
complete technical information concerning each
Sub ject Invention within 6 months after conception
or first actual'reduction to practice whichever
occurs first in the course of or under this Agree-
ment, but in any event prior to any on sale, public
use, or public disclosure of such invention known to
the Participant. The report shall identify the
Agreement and inventor and shall be sufficiently
complete in technical detail and appropriately
illustrated by sketch or diagram to convey to one
skilled in the art to which the invention pertains a
clear understanding of the nature, purpose, operation,
and to the extent known, the physical, chemical,
biological, or electrical characteristics of ,the
invent ion;

(ii) Upon request, but not more than annually,
interim reports on a DOE-approved form listing Subject
Inventions for that period and certifying that all
Subject Inventions have been disclosed or that there
were no such inventions; and

(iii) A final report on a DOE-approved form within
3 months after completion of the Agreement work
listing all Subject Inventions and certifying that all
Subject Inventions have been disclosed or that there
were no such inventions.

(2) The Participant agrees that the Government may dupli-
cate and disclose Subject Invention disclosures and all other
reports and papers furnished or required to be furnished pursuant
to the Agreement.

C. Allocation of Principal Rights.

(1) Assignment to the Government. The Participant
agrees to assign to the Govermment the entire right, title,
and interest throughout the world in and to each Subject
Invention, except to the extent that rights are retained by
the Participant under paragraphs C.(2) and D. of this article.

(2) Greater Rights Determinations. The Participant, or
the employee-inventor with authorization of the Participant,
may request greater rights than the nonexclusive license and
the foreign patent rights provided in paragraph D. of this
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ARTICLE A-XX - PATENT RIGHTS - SHORT FORM (Cont'd)

article on identified inventions in ‘accordance with the
procedure and criteria of 41 CFR 9-9.109-6. A request for a
determination of whether 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 im 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 Patent
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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ARTICLE A-XX - PATENT RIGHTS (Cont'd)

F. Atomic Energy.

(1) No claim for pecuniary award or compensation
under the provisions of the Atomic Energy Act of 1954, as
amended, shall be asserted by the Participant or its
employees with respect to any invention or discovery made
or conceived in the course of or under this Agreement.

(2) Except as otherwise authorized in writing by
the Contracting Officer, the Participant will obtain
patent agreements to effectuate the provisions of sub-
paragraph F.(1) of this article from all persons who
perform any part of the work under this Agreement, except
nontechnical personnel such as clerical employees and
manual laborers.

G, Publication. In order that information concerning scientific or
technical developments conceived or first actually reduced to practice
in the course of or under the contract is not permaturely published so as
to adversely affect patent interest of DOE, the Participant agrees to submit
to the Patent Counsel for patent review a copy of each paper 60 davs prior
to its intended publication date. The Participant may publish such informa-
tion after expiration of a 60-day period following such submission or prior
thereto if specifically approved by Patent Counsel, unless the Participant
is informed in writing within the 60~day period, that in order to protect
patentable subject matter, publication must further be delayed. 1In this
event, publicaiton shall be delayed up to 100 days beyond the 60-day period
or such longer period as mutually agreed to.

ARTICLE A-XXI - NOTICE AND ASSISTANCE REGARDING PATENT AND COPYRIGHT
INFRINGEMENT

(The provisions of this article shall be applicable only if the amount
of this Agreement exceeds $10,000.)

A. The Participant shall report to the Contracting Officer,
promptly and in reasonable written detail, each notice or claim of
patent or copyright infringement based on the performance of this
Agreement of which the Participant has knowledge.

B. In the event of any claim or suit against the Government on account
of any alleged patent or copyright infringement arising out of the perform-
ance of this Agreement or out of the use of anv supplies furnished or work
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ARTICLE A-XXI - NOTICE AND ASSISTANCE REGARDING PATENT AND COPYRIGHT
INFRINGEMENT (Cont'd)

or services performed hereunder, the Participant shall furnish to the
Government when 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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[ ™ cbove mumbersd salicitation is omended o set forth in block 12.  The hour and date specified for recaipt of Offers [ | is extended, [ it not extended.
CHhurors must acknowiedge receipt of this amendment prior to the howr and date specified in the salicitation, or os ded, by one of the following methods:
{al By signing and ing copies of this dment; (b) 8y ging receipt of this amendment on each copy of the offer submitted; or (<) 8y separate letter or telegram
whi.ch includes o reference 1o the solicitation and d t bers. FAILURE OF YOUR ACKOWLEDGMENT TO 88 RECEIVED AT THE ISSUING OFFICE PRIOR TO THE HOUR AND
OATE SPECIFIED MAY RESULT IN REJECTION OF YOUR OFFER. If, by virtue of this amendment you desire to change on offer alrsady submitted, such change may be made by telegrom
or .arter, provided such lslegrom of leiter makes reference 1o the solicitation ond this dment, and i ived prior 1o the opening hour ond dote specified.

70, ACCOUNTING AND APPROPRIATION OATA (1] required)

Th THIS BLOCK APPLIES ONLY TO MODIFICATIONS OF CONTRACTS/ORDERS
ia} D This Change Qrder is issued pursuant to
The Changes st forth in biock 12 are made to the above numbered contract/order,

Law 95-91 and other applicable laws

{5} D The above numbered tract /order is modified 1o refiect the odmininnmp qunTn gudn as chonges in poying office, appropriation data, elc.) set forth in black 12.
[ E This Supplemental Agrasment is entered into pursuant to autherity of u 1
it modifies the ubove numbered contract os set forth in block 12. :

T: DESCRIPTICN OF AMENDMENT/MODIFICATION

1. The total estimated cost is increased by $2,070 from $110,695.00 to $112,765.00.
2. The total cost to DOE is increased by $1,868 from $99,917.00 to $101,785.00.

3. Add Article XII - Government Property to read as follows:

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

gne digital thermometer with conductor cable and associated equipment -
2,070.00.

4. Add Article A - XXII - Property Items to Appendix A to read as follows:

Continued . . . .

Excapt as pravided herein, all terms ond conditions of the document referenced in block 8, as h i haonged, remain vnch d and in full force and effect.

CONTRACTOR/ OFFEROR IS NOT

REQUIRED 2
R/OFFEROR 1S REQUIRED TO §i oG PIES TO ISSUING OFFICE
10 Son s ﬂ CONTRACTO! S ReQu O SIGN THIS DOCUMENT AND RETURN COPIES

14 NAEV/CONMC‘[Q[/ . 17. UNITED STATES OF AMERICA R
Erary “% sy k / //’/ ‘../’(_4'.,—J_,v/
> /(Wn- of person avthorized to sign) , /— [Signature of Controcting Officar)
15, NAME AND TITLE OF SIGNER (Type or print) 18, DATE SIGNED 18, NAME OF CONTRACTING OFFICER ( Type or print) 19. DATE SIGNED
/2 J. P. Anderson,:Chi . /o,
7 /77 Caontract Admin cgr;\?jnn Rranch 7427 2

30-101-01 T U.5. GOVEANMENT PRINTING ‘!_Flélx 130F —204-008




Modification No. AQOl (Cont’d)
Contract No. DE-FC07-791D12033

ARTICLE A-XXTI PROPERTY ITEMS

A. Except as otherwise provided in this paragraph A. and paragraph
B. of this Article A-XXII,stitle 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 hereéto and, provided
there is no interference with said research, shall be made -ivailable for
ugse 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 or 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 propertye.
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.

091879 -2-
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Modification No. A0Ol (Cont’d)
Contract No. DE-FC07-791D12033

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 any 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 upoh 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 Par.icipant 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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AMENDA (T OF SOLICITATION/MODIFACATIO. ,bF CONTRACT 1 5

PAGE | OF

and Technology
Butte, Montana 59701

{ Streat, city,
counly, stabe,
and 2IP
Code)

Attention: John Dunstan
L=

rﬁontana College of Mineral Science.

| AMENDMENT/MOOIFICATION NO. 2. EPPECTIVE DATE 3. REQUILITION/PURCHASE REQUEST NO. 4. PROJECT NO. (If applicable)
A002 1/1/80 -
5. 1SSUED WY CODE 6. ADMIMNSTERED 3Y (If esber tham dloch 3) COOE I
U.S. Department of Energy -
Idaho Operations Office -hlg_ m9.4 .
550 Second Street .
Idaho Falls, Idaho 83401 ,
7. coM:'mftnpn . CODE ] FACILITY CODE | .. or

-

DATED

-

DATED

(3 soucrranon wo.

q ?mm no DE=FC07-791D12033

2/26/79

(Soe black 9)

(See block 11)

T, THIS SLOCK APPLIES OPLY TO AMENOMENTS OF SOLIITATIONS
3 e cbome

Soted seliciution s

{a) By signing and capies of Whis

b 08 vot forth In Slock 12 The hovr and dote mecified for reanipt of Offers (] s cavondied, (] & net cntended.
Qffecors must achnowiedge receipt of this emendment prier 1o the hew end dete spacified in the

10 a0 g

dmont; (b} by
donont somb

which includes o ref o the el ond

or letter, provided such telegram or letter mokes ref to the

liciotion end this

, and is

dod, by ene of the fellewing methedss

chnowiedging recoipt of this amendment on sech copy of the offer ssbmitted; or {c} By sep ’
FARURE OF YOUR ACKOWLEDGMENT TO BE RECEIVED AT THE ISSUING OFFICE PRIOR TO THE HOUR AND
DATE SPECIFIID MAY RESULT IN REIECTION OF YOUR OFPER, if, by vidue of this amendment you desire lo change en afier sireedy whmilted, weh dhange mey be made by telegram
ived priar o the opening heur end dete 1pecified.

wte lotter or telegr

10. ACCOUNTING AND APPROPRIATION DATA (If required)

to) ([ ™is Change Order s iseued 9 .

TI. ™IS BLOCK APRUES OMLY TO MODIICATIONS OF CONTRACTS/QRDERS

“' m.. .-. 1 -—'— h

d inte pu

The Changes mt forth in bisck 12 ore mode fo the ebove numbered sonirect/ender,
(51 (] ™o ebave aumbered cortroct/erder is modified 10 reflect the edministrative
ot %0 eutherity of

changes (wch as chenges in peying
Public Law 95-91 et al,

ofice, oppropristien data, eic.) set forth in block 3.

¥ modifes the ebove avmbered caniraet os set forth in bleck 12,

12 DESCRIPTION OF AMENOMENT/MOBIFICATION

8.

Except as pravided herein, oil terms and conditions of the decument referencad in bleck 8, as b o hanged, remain unch

A. Add the following to Artic]e I - DESCRIPTION OF RESPONSIBILITIES:

“This work shall include the following in accordance with the Participant's
proposal titled "Expanded Geothermal Studies in Montana," which is
incorporated by reference and made a part hereof:

Complete field studies in the West Yellowstone, Little Bitterroot
Valley, and Radersburg areas.

9. Complete heat sensing imagery study.
10. Provide data to USGS -GEOTHERM files; provide data compilations to
DOE as part of the resource inventory program.
Continued....
ged and in Riil force and effect,

" CONTRACTOR/OFFEROR IS NOT REQUIRED
TO SIGN THIS DOCUMENT

m CONTRACTOR/OFFEROR IS REQUIRED TO SIGN THIS DOCUMENT ANO l!TUN._}_.COﬂ!S T0 ISSUING OFFICE

_ o
NaME mouom ,# Z//:

17, UNITED STATES OFf AMERICA

Feey U

(33 w y
(Wﬂmnmﬁudn-on: (Signature of )
15 NAME AND TIUE OF SIGNER (Trype or prmi) 14, OATE SIGNED 18. NAME OF CONTRACTING OFFICER ( Type or prini) 19. OATE SIGNED

Nell W.

Fraser, Director
Contracts Management Division

30-101=01

MAY § 198?~

@ V.5, GOVERNMENT PRINTING OFFICE: 1567 —z0d-008



PN

Modification No. AO02 (Cont(d)
Contract Mo. DE-FC07-791D12033
Page 2 of §

Article I - DESCRIPTION OF RESPONSIBILITIES (Cont'd)

1.

12.

Acquire all available géoscience information on holes in Eastern
Montana; inventory all warm wells and springs for bottom hole
temperatures, producing formation, and water chemistry.

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 geothermal energy by the surrounding communities.

None of the drilling work resulting from this Modification is
authorized at this time."

8. 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% 0DOE,
12.774% Participant of total allowable costs. The Participant
shall be reimbursed by DOE for not more than 87.226% of the

* costs of the project determined to be allowable in accordance
with Article A-1 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 which
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."

e mrmsm— = s e e R, e - PR - o ——_ e e
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D.

E.

H.

Modification No. A0O2 (Cont(d)

Contract No. DE-FC07-791D12033
Page 3 of 5

Article Il - ESTIMATE OF COST AND OBLIGATION QF 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 AGOT 202 1.868 2,070 1868
Inc. per Mod AQ02 64,696 414,963 479,659  169.000
Total $ 75,676  $516,748  $592,424  $270,785
% Share 12,7747 87.226% 100%

Article IV - TERM OF AGREEMENT, is revised to extend the term from
February 14, 1980 to September 2, 1981.

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, Volune 1."
Article VIII - TERMINATION, paragraph D. is revised to change the DOE
share from 90.263% to 87. 226%.

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.

Add Article XIIT - 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."

Add Article XXIII - LIMITATION OF FUNDS to Appendix A to read as follows:
"ARTICLE XXIII - LIMITATION OF 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-83
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Modification No. AQ02 (Cont(d)
Contract Mo. DE-FC07-791D12033
Page 4 of 5

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 perform 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.

C. 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 additioral 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




Modification No. A002 (Cont(d)
Contract No. DE-FC07-791D12033
Page 5 of 5

ARTICLE XXII1 - 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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~ Q€ Form CRS17

(t-78) {See instructions on Reverse}

FORM APPRQVED
OM8 NO. 38R.0190

'. IDENTIFICATION  Montana College of
Mineral Science and Technology

2. OBLIGATION INSTRUMENT:

DE-FC07-791ID12033

. REPORTING REQUIREMENTS

«. PROJECT MANAGE’MENT Frequency 8. TECHNICAL INFORMATION REPORTING Frequency
1. O Management Plan 1. § Notica of Energy RO&D Project (SSIE) 0
2. O Milestone Scheduie & Status Report 2. @ Technical Progress Report Q
3. © Cost Plan 3. 28 Topical Report ' %
4. O Manpower Plan M 4, é Finai Technical Report F
5. T Contract Management Summary Repart )
6. 0 Project Status Report M C. PMS/MINI-PMS
7. 3 Cost Management Report M 1. Cost Performance Report
8. O Manpower Management Rioon C Formac 1 WBS
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2. (J Cost/Schedule Status Report
3. (0 Managemient Controi System

4. O Summary System Description
5. O wBS Dictionarv

O Format 3 Bassiine
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"REQUENCY CODES: A - As Required Q - Quarterly
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F - Final (End of Contract) X - Mandatory for Detivery with Proposais/Bid
M - Monthly Y -~ Yearly or Upon Contract Renewal

Q —~ One Time (Sogn After Contract Award)

TSPECIAL INSTRUCTIONS
ibmit all reports to the DOE Program Officer at Idaho Operations Office (ID) as indicated

Tow:

'3 and 6 - Six copies are due at [D within fifteen days after end of the calendar month.
- Two copies are due at ID within fifteen days after Cooperative Agreement Award.
- Six copies are due at ID within fifteen days after end of the calendar quarter.

- Six copies are due not less than forty-five days prior to completion of the
yearly term.

4 - Submit in draft forty-five days prior to completion data of Cooperative Agreement.
After thirty days for 00E review, submit aleven copies including one camera-ready
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copy.

7 -~ Three copies are due at ID 20 days after

the end of the calendar mouth.
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JAN 8 1980 | \%\"\" \6‘-

Montana College of Mineral Science
and Technology
- Butte, Montana 59701

ATTENTION: John Dunstan

SUBJECT: MODIFICATION NO. A002 TO COOPERATIVE AGREEMENT
NO. DE~FC07-791ID12033

Genthnan:

You ar® hereby authorizad effective January 1, 1980, to begin work and
incur costs up to a maximum of $10,000 of DOE's share under proposed
Modification No. AOO02 to the subject sgreement pending execution of the
formal modification. Work is to be performed in accordance with your
proposal, "Expanded Geothermal Studies in Montana," dated November 6,
1979, and the proposed Addendum, except that no drilling is authorized
at this time.

The resulting modification will include the following articla:

"Date-of Incurrence of Costs - The Participant shall be

entitled to reimbursement for costs incurred in an amount

not to exceed $10,000 on or after January 7, 1980, which,

if incurred after this modification had been entered into,
would have been reimbursable under the proviaions of this

modification."

If negotiations fail and a modification #s not executed by the parties,
DOR shall not be liable for any obligationa by the Participant arising
out of this letter.

-



Montana College of Mineral -2~ | JAN § 1980
Science and Technology

Please indicate your acceptance of this action by signing in the space
indicated belaw and returning ome copy to this office.

Any quescions you have should be directed to Elizabeth Hyster /(208)
526-1229/ of my staff,

Very truly yours,

Original Signsd By

J. P. A~dla-ron

J. P, Anderson

- Contracting Officer
Chief, Contract Administration Branch
Contracts Management Division

ACCEPTANCE

‘Name -

Title

Date

bece: M. Widmayer Lf’////

E. G. Jones

e —— e

- N '
“caB EST. pPER 5}’ ™ Iﬁ oce YO CAB
&

KLHoewing . JPAnder

EMHyster:mh MAWi er
1/4/80

Pssfith  EGJTp

Cias




.

» . PR ~ /’L 2 b‘
AT T
%.% suvcss somwesmuancn | AMENDMENT OF SOLICITATION/MODIFICATION OF CONTRACT | 1. T3 ]

. AMENDMENT/ MOOWICATION NO, 2, EPRECTIVE DATE 3 - n " .
9-15-0 = | 07-801012033.503 PRORET N0, (U spplstl)
3. 1SSUED aY cooe 6. ADMINGSTERED 8Y (If esber tham bleck $) coDe [
U. S. Department of Energy
Idaho Operations’ Office
550 Second Street
| Idaho Falls, Idaho 83401
7. CONTRAGCTOR CODE I l FACILITY CODE [ 3.
NAME AND ADORESS NT OF
: [ soucitanon no.
r?hontana College of Mineral Science and—T
¢ Swos. <y Technology 5 OATED e (Soe bioch 3)
e . Butte, Montana 59701
b Bute, h g & DE-FCO7-791012033
: John Dunstan
l—Attn _l mnn______..__"'zs'7" {Soe bloch 11)
ToTas SLOCK APPUES OPLY TO AMENOMENTS OF SOUCITATIONS
(] e avowe enmbrs soicionion is amendod a5 s farh i block 12. The Nowr and dats enfed fur recarst of Offers (] s exsended, [[] o nat emendue
om“mmudmmmnmmummhn ' w e dod, by o of the feliowing methads,
(-m - ond ing — :“““*“ o~ (N.{ chapwicdging recoipt o/ this cmendment on sach copy of rhe offer iubmitted; or (¢} Sy iomer o tolog!

FMOPYWA“NOWWMYQHQWA!MIWMM!MMNW
DAII!IO"IDMV IISUHINI!JKHONGYOU!M!I. ", wmdmmmmnm-wmmwmnumum
or lanee, provided such lelogram er lofter makes relorence 10 the selicitaen erd this ¢ and is d prier 10 e opening howr end dute wensfed.

770, ACCOUNTING AND APPROPRIATION OATA [If requived)

Hn. mmmmvmmmmmom

(oithMOvdw-nM to

mmnMn“lZnﬂmeM“/* )
MD\’NMMWA\"U“WNWM “r in paving ofcn, 'r wpri date, one.) st torin ia biech 13.
("mm p ‘A‘_ is ‘3“, 9 Suthor .‘ PU 'iC W 95'91 et. a].

# medifies the acheve numbered contract as set form in bleck 132,
12. DESCRIPTION OF AMENDMENT/MODIFICATION

! 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 86.842% 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-l of the General Provisions entitled "Allowable Costs". The
remaining 13.158% or more of the costs of the project so determined

E3copr g3 prevded herma, ail terms and conditions of the & e d in blork 8, as heremiore changed, mmam uachonged and in Whngas-&]ed

1 CONTRACTOR/ QfFt v
L_, 10 3IGN fmsI ooc:g:g i noT Requiren ﬂ CONTIACTOIIOFF!IOI 1§ REQUIRED TO SIGN THIS DOCUMENT AND RETURN 3

e COMES. TO 1SSUING  OPFICE
14, NM! Nlm 17. UNTED STATES OF AMERICA
3 W ’ -
/,//(Sl_ of perton awshori 0 ugn)
N— _ —— oo
13. NAME AMO TME OF SIGNER (1 ype or prme) 16, DATE SIGNED 18. NAmE OF CONTRACTING OFFICER [ Type or primt) 19. DATE SIGNED
VERNON GRIFFITHS

DIRECTOR OF RESEARCH 9/25/80 Nell W. Fraser © SEP 15 1980
9-101

*U.3.GRO19TO-0-281-1871 5001
A




Modification No. AGO3 (Cont‘'d)

Supplemental Agreement to
Contract No. DE-FC07-791012033

shall constitute the Participant's share for which it will not be
reimbursed by DOE. The total 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 writing by the Contracting Officer.

B. 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 will be obligated when
and if funds become available.

C. The total 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 equipment funds
shall be treated as a separate ceiling which shall be not be exceeded.

The estimated cost and share totals are summarized below:

Total DOE Funds

Montana Share DOE Share Est. Cost Obligated
Original Contract $10,778 - § 99,917 $110,695 $ 99,917
Inc. per Mod. AQO1 202 1,868 2,070 1,868
Inc. per Mod. A0Q2 64,696 414,963 479,659 169,000
Inc. per Mod. AGO3 4,800 14,400 19,200 114,400
Total 180,475 B3I 148 WITed  TH5 8

% Share ‘ 13.158% 86.842%

3. Article VIII - TERMINATION, Paragraph D. is revised to change the DOE
share from 87.226% to 86.842%. '
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STANDARD FORM 30, JULY 1966 ¥ — PAGE | Of
sewera 'st.m.cz(i‘ag;::r«:s_r‘u:ngn AMENDMENT OF SOLICITATION/MODIFICATION OF CONTRACT 1 1
| AMENDMENT/ MODIFICATION MO, 2. EFFECTIVE DATE | 3. REQUISTTION/PURCHASE REQUEST NO. . PROJECT NO. (If applicables

A004 07-811D12033.501
5. ISSUED 8Y CODE 8. ADMINISTERED BY (If other than block 5) CODE {

U. S. Department of Energy
Idaho Operations Office

550 Second Street
Idaho Falls, Idaho 83401

7. CONTRACTOR CODE ] FACILITY CODE '| 8.
NAME AND ADDRESS AMENDMENT OF
SOLICITATION NO.

My ) 1

ontana College of Mineral Sc1ence and

DATED e (See block 9)
( Street, city, TeChn()] Ogy
sounty, state. Butte, Montana 59701 mooricaTion of  DE-FC07-791D12033
and ZIP K contract/oroer No.
Code)
| Attn: John Dunstan 2-26-79
. OATED e (See block 11)
9. THIS BLOCK APPLIES ONLY TO AMENDMENTS OF SOLICITATIONS
D The above bered solicitation is ded as set forth in block 12.  The hour and date specified for raceipt of Offers D is extended, D is not extended.
Oferors must acknowledge receipt of this amendment prioe lo the hour and date specified in the selici ion, or as ded, by one of the iollowing methods:
{a) 8y ngning and # copies of this d {B) By ocknowledging receipt of this amendment on each copy of the offer submitted: or (c) By separate letter or telegrom
which inctudes a ref 1o the solicitation and dment bers. FAILURE OF YOUR ACKNOWLEDGEMENT TO 8E RECEIVED AT THE ISSUING OFFICE PRIOR TO THE HOUR AND
DATE SPECIFIED MAY RESULT IN REJECTION OF YOUR OFFER. If, by virtue of this amendment you desire 1o change an offer already submitted, tuch change may be made by telegrom
or letter, pravided such telegrom or letter makes ref to the solicitation ond this dment, and is ived prior to the opening how and date specified.

10. ACCOUNTING AND APPROPRIATION OATA (If required)

11 THIS BLOCK APPLIES OMY TO MODIACATIONS OF CONTRACTS/ORDERS
{a) D This Change Order is issved punsvant to
The Chonges-set farth in block 12 are made 1o the obove numbered contract/ order.
(1] D The above numbered contract/order is modified to refect the administ 9Qes (t;d\ n peymg offi appropriation data, etc.) set forth in block 12,

(e) m This Suppi I Ag is d im0 pursvent to suthonty f"ﬁan a §'g‘”§1 T -

It modifies the cbove bered contract a3 et forth in black 12,

12. DESCRIPTION OF AMENDMENT/MODIFICATION

1. Article IT - ESTIMATE OF COST AND OBLIGATION OF FUNDS, Paragraph B. is revised to
increase the total amount of funds obligated by DOE to a new total of Five Hundred
Thirty-One Thousand One Hundred Forty-Eight Dollars ($531,148.00).

“The estimated cost and share totals are summarized below:

Total DOE
Montana Share DOE Share Est. Cost Funds Obligated

Basic Agreement $ 10,778 o $99,917 $110,695 $ 99,917
Inc. per Mod. AQO1 202 1,868 2,070 1,868
Inc. per Mod. A002 64,696 414,963 479,659 169,000
Inc. per Mod. AOO3 ) 4,800 14,400 19,200 114,400
Inc. per Mod. A0OQ4 -0- -0- -0- 145,963

Total ' $ 80,476 . $531,148 $611,624 $531,148
Percentage Share 13.158% 86.842%

Except as pronded herein, all terms and diki of the d referenced in ﬁuk 8, as heretofore changed, remain unchonged and in tull force ond effect.

CONTRACTOR/OFFEROR 1S NOT REQUIRED

. TO SIGN THIS DOCUMENY COPIES TO ISSUING CFFICE

[X] CONTRACIOR/OFFEROR 15 REQUIRED TO SIGN THIS DOCUMENT AND RETURN

Vs, NAV'onnacron(én;nd 747// 17. UNITED STATES OF AMERICA
w__ o "‘// - /b\)\'&&hww\ C .1 IW‘QL

7 Suloo‘u of person authorized to ugnj 1Signature of Contrachng Officer]
15. NAME AND TITLE GF SIGMER (TVP! ar print) 16. DATE SIGNED 18. NAME OF CONTRACTING CFFICER ( Tybe or prime) 19 DATE SIGNED

VERNON GRIFFITHS L
DIRECTOR OF RESEARCH a/6/81  |William C. Drake LT}IO/87

3

hlal 1A -‘-‘-q.----._- camcman .
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STANDARD FORM 30, JULY 1966 PAGE | CF

— _—
cenerar services apminisTration | AMENDMENT OF SOLICITATION/MODIFICATION OF CONTRACT [ 1 1

FED. PROC REG. 41 CKR) 1-18.101 ‘
AMENDMENT/ MCOFICATION NO. 2. EFFECTIVE DATE 3. REQUISITION/PURCHASE REQUEST NO. tA PROJECT NO. (If applicable

___Moos See Blk 19 107-811D12033.503 |
53UT2 CODE 6. ADMINISTERED BY (If nther than black 5) CODE |

S I55uEe &

U. S. Department of Energy
Idaho Operations Office ]
550 Second Street

Idaho Falls, Idaho 83401

7 CONTPACTCK CODE | FACILITY CODE | 8.
NAME AND ADDRESS AMENDMENT OF
—
’,..—— L__" SOLICITATION NO.
4
Montana College of Mineral Science and
DATED . (Sec block 9)
{ Ytreet, Jury, TeChno.l Ogy
ommiy state Butte, Montana 59701 mootricatioN of  DE-FC07-791D12033
and /1P {X] conmacr/oroer No.
Cade
i Attn: John Dunstan 2-26-79
L— DATED {See block 11)
Q THIS 3LOCK «PRIES ONLY TO AMENDMENTS OF SOLICITATIONS
D The cbove bered soficitation is ded o3 set forth in block 12. The hour ond date specified for receipt of Offers D is extended, D is not extended.
Offarors must acknowledqge receipt of this amendment prior to the hour and date specified in the solicitation,.or as ded, by one of the followrng methods.
(a!' By signing ond rerrning —.———copies of this dment; (b} By ack ledging receipt of this amendment on each copy of the offer submitted; or (¢} 8y seporate lefter or telegram
whicnh includes a reference 1o the salicitation end dment bers. FAILURE OF YOUR ACKNOWLEDGEMENT TO BE RECEIVED AT THE ISSUING OFFICE PRIOR TO THE HOUR AND
DATE SPECIFIED MAY RESULT IN REJECTION OF YOUR OFFER. If, by virtue of this omendment you desire to change an ofter already submitted, such changs may be mads by telegram
ot tetter, provided such telegrom or letter mukes referance to the solicitation ond this dment, ond is sived prior to the opening hour and date ipecified.

10. ACCOUNTING AND APPROPRIATION DATA (If required)

’—l—l_.. THIS BLOCK APPLIES ONLY TO MODIFICATIONS OF CONTRACTS/ORDERS

{a) D This Chonge Order 1s issued oursuant to
The Chonges set torth in block 12 are made to the above numbered contract/order.

(b) D The aoove numbered contract/order is modified to reflect the administratiye cg“g‘s {such as cha s 10 Tayin office, 1pprcpnation data, etc.) set forth in block 12,
Public Taw 95.91"et" af.

[£3] m This Supplemental Agreement is entered into pursuant to authonty of
It modifies the cbove numbered contract ns set forth in block 12.

12, DESCRIPTION OF A MENDMENT/MODIFICATION

The term of this Agreement 1s-hereby extended from September 2, 1981 to
February 28, 1982.

Excant a1 provided herein, all terms and dit of the d referanced in block 8, as h § hanged, remain honged ond n full torce and effect.

i
’ 1 CONTRACTOR/OFFEROR 1S NOT REQUIRED g 2 3
5 TO SIGN THIS COCUMENT | CONTRACTOR/OFFEROR 1S REQUIRED TO SIGN THIS DOCUMENT AND RETURN .~ COPIES TC ISSUING OFFICE

2
14 NAMVFCNT"ACTOR@ ”V 17. UNITED STATES OF AMERICA
o Ve N o UM, LR
‘5}"“%“//“‘ person authorized to sign) (Signature of Cortracting Officer)
1S, NAME AND TITLE OF SIGNER / Twpe or print; 16, DATE SIGNED 18. NAME GF CONTRACTING OFFICER ¢ 1xpe or print) 79 DA'E SIGHED
VERNON GRIFFITHS William C. Drake . ql"ils’l
DIRECTOR OF RESEARCH /10/81

30-101 o J.8.GPO:1980-0-311-153/5520
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€ %ORM FT-T99A (TEST)
. AUGUST 1978 . U. S. DEPARTMENT OF ENERGY MOMT‘A oD

PROCUREMENT/FINANCIAL ASSISTANCE REQUEST ~AUTHORIZATION —_—
NCTE ﬁ
‘ Mol b - 1asks-§
.To QD m

) .
oM iNnTIATING OFFice  _E € T Diwrsion Seotdermal

L INITIAL: [)(] vroaTe: [ ] 4. PROCUREMENT: | ] FINANCIAL AssisTANCE: [ ]
. PHNUMBER: 6.PR CORRECTION LETTER: 7. RELATED PR NUMBER:

CTION IDENTIFICATION] :

. TITLE: _[ZQQAJ;LMA_S&&.’_&:an&z. £ SErmt RE - FLDI-7T/D 1203

LUNSOLICITED PROPOSAL NO: e - 10.PROJECT NO: 11. CFDANO: e

© PRODUCT OR SERVICE:* ___. 13. sUPPORTSERVICES: ves | J no [ ] 14.consuLTanT awarp: ves[ ] ~no [ ] ——
. CONTROLLED DELIVERABLE:* ___ 16. REPORT/DRAWING REQ: YEs | ) no [ ] 1F vES, ATTACH DETAILS,

. CLASSIFICATION OF MATERIALS/WORK: - U— UNCLASSIFIED C-- CONFIDENTIAL S - SECRET T— TOP SECRET

$. GOVERNMENT PROPERTY: _ F— FURNISHED P — PURCHASED N —NOT INVOLVED |IF CODE F QR P, ATTACH DETAILS.
WA D PLANNING |

. AWARD AS ORDE R UNGER BIN: ’ IF CODET,
i. DLSIRED AWARD DATE: __ __ __  21. KIND OF AWARD ACTION: * LGJ  22. TYPE OF AWARD:*"L  ATTACH DETAILS.
11 MULTH -YEAR AWARD,?\%NDIZXTE‘;JUMBER OF YEARS: _ 24.TYPE SOLICITATION INSTRUMENT: *  __
. ¥TENT OF COMPETITION:* __  IF COMPETITIVE, ATTACH TECHNICAL EVALUATION PLAN. IF NON—COMPETITIVE, ATTACH
JUSTIFICATION. REF: DOE-PR 9-3.805.51 or 9+4.909(), p—
. SOURCE SELECTION PROCEDURE: .. 1 — A-E 2 —SEB 3 —OTHER 4 — NONE

L G ACE, SHOW ESTIMATED CONSTRUCTION COST IN DOLLARS:

NARLEE |

1F COMPETITIVE, HAS LIST OF SOURCES BEEN ATTACHED? YES [ ] NO [ ] IF NON—COMPETITIVE. COMPLETE 28:--31.

N %&{ey_ﬁ_&g&m_p{ﬁﬂ_&iﬂeda;,__ 29. ADDRESS: 6¢¢ﬁ‘£ y/424 S9901

Lonvision: am bz Cle Hege U akaal Scoennnd ﬂémda,.] 2 »
', GOCO/LAB: _ A — GOCO/LAB B — GOCO/NON—LAB € — NON-GOCO/LAB D — NOT APPLICABLE
NANCIAL] L VALUE PROJECT MANAGER]

DOLLAR AMOUNT

GOV SHARE e 45. NAME: _SﬁZ_E‘.E&é{/JM.

- ;\)I,\l —— —— —— ——— ——— -
46. SIGNATURE: Ww
. CONSIDERATION IN KIND, LOAN, OR LOAN

GUARANTEE DATA REPORTEG#N PR—799C: [ | 47. DATE: @& 22 23  4B.OFFICE CODE:________
- PROJECT PERIOD: FROM G 2o €2 Tvru 2 2p €3 49. FTS TELEPHONE NUMBER: e

MCNTH DAY  YEAR PONTH DAY  YEAR

PROGRAM OFFICIAL |

CURRENT FY FUNDS COMMITTED

37, 38. 50. NAME:

36.
H&R NUMBER FUND DOLLAR, 51. SIGNATURE.:

CLASS AMOUNT ik,lg:g::)’ y [}, & i & :

_________ - e ———— 52. paATE: .. £
MONTK DAY YEAR

CERTIFYING OFFICIALY

. FROM PR—7938 (PART A) 53. NAME: £ S Smith
—— el ;
- TOTAL THIS PR Bl <o Rl 1 HEREBY CERTIFY TWAT THE FUNDS CITED IN ITEM 40 ARE AVAILABLE.
. TUNDING PERIOD: +ROM __ __ __  THRU _
NONTH BAY  YLAR WNTH DAY Tiam 54. SIGNATURE:
. APPROPRIATION SYMBOL:  ___ 55. DATE: !
AL LOTMENT SYMBOL: FONTH DAY vEAR

. OBIECT CLASS:

Sttt BACK OF FORM FOR CODES
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ADVANCED TECHNOLOGY
BRANCH

MONTANA BUREAU OF MINES AND GEOLOGY
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 summer'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 completed by
October 1, 1982, and reduce the budget proportionately; or

(2) extend the project duration to the end of FY 83 at noc cost to DOE.

T 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 T
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. This, 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. A

Sincerely,

o0 Sondiarg <

John Sonderegger
Hydrogeologist

JS:blm
THE BUREAU OF MINES AND GEOLOGY WAS ESTABLISHED BY LAW IN 1919 AS A DEPARTMENT OF MONTANA COLLEGE OF MINERAL SCIENCE AND TECHNOLOGY, TO PROMOTE
EFFICIENT DEVELOPMENT OF MONTANA'S MINERAL RESOURCES BY GATHERING AND PUBLISHING INFORMATION ON THE GEOLOGY, TOPOGRAPHY, AND MINERAL DEPOSITS OF THE
o 2 STATE, INCLUDING METALS, NON-METALS, COAL, OIt, GAS, AND UNDERGROUND WATER SUPPLY.




STATE: Montana .
ORGANIZATION: Col. Mineral Science & Technology PHONE:_406-49
PRINCIPAL INVESTIGATOR/CONTACT:_ John Sonderegger/Charles Wideman

CONTRACT NO.: DE-FC07-791D12033* DATE: 2/15/79 ‘ B

EST. COM@LETag§§Q§/14/8g7 6T 3T9E8 ORIGINAL AMOUNT OBLIGATED BOE: $89,917

*Orig. EY-$-06-2426 (5/17/76) $19,688 NTRACTOR: 10 792
.Changed to DE-AS07-761D12029 (R.E. Simonds Letter of CONTRACTOR: 10,778
12/19/78). Have letter and a Mod 005 to this Contract No. TOTAL:$110,695
-Changed to DE-FC07-791D12033 ? No Documentation. '

MODIFICATIONS: AMOUNT

NUMBER DATE DESCRIPTION DOE. ~ CONTRACTOR

002 1011/77 (#2426) Add Tasks - Increase Fund:
003 5/1/78 Request -~ Modify Tasks - Incn“éﬁe Fuﬂﬂs ot DOE ,
ne DOE Documentation of Med 003 on this contrgc&. .

“New Contract (12033) issued 2/15/79 $ 99, 917

001 ? Additional Funds (Equipment?) ' f

002 1/1/80 _ Add Tasks 8-12: Add Funds: T.E. to 9/2/81

003__9/15/80 _ Increase Funding

004 4/6/81  Doe Funds Allocated te Total

005 9/4/81 N.C.T.E. to 2/28/82

DELIVERABLE STATUS:

TASK NO. DESCRIPTION DATE DUE RECEIVED OR
| 9/30/79 IFE“
p 2oL 9 phy: 9/30/79 1,3
Mad1son/ﬁed Rock Spr1 ngs & Wells ;
Per ‘ 3. Model Red Rock Creek-Madison Riv, Val. 9/3@(23 7.3.4 ‘
Per MEE‘EUZ (2426) z. Geofherm File Input 9/30/79 UScE CIRC 790 1
Per Mod 002 (2426) 5. Geothermal User Map 9/30/79 1/82
New Contract (12033) 2/15/79 , , 8
1. 2/15/79 - Complete Centennial Valley Project. 2/14/80 7
2. 2/15/79 - Provide Geophys, (Seismic) & Hydrology around 2/14/80 1 ngg 12 18
o known Hot Springs , ‘ sy
3. Complete Groundwater data transfer to USGS _ 2/14/80 Igw_g§!§0M¥UTER 200
4, Begin Ye1lowstone Geoth. Study 2/14/80
5. Meet deadlines on Temp, Grad, Studies - Map data 2/14/80 )
6. Evaluate Airborn-Heat Sensing Imagery - Thermal discharge
to major streams. .
(Cont'd on P. 2) CONTRACT COMPLETION DATE:
TOTAL FUNDS EXPENDED DOE;
CONTRACTOR:

TOTAL:




\(-

v -2-
STATE: Montana {Cont'd)
ORGANIZATION: PHONE :
PRINCIPAL INVESTIGATOR/CONTACT:
CONTRACT NO.: DE-FC07-791D12033 DATE:
EST. COMPLETION: ORIGINAL AMOUNT OBLIGATED DOE:
CONTRACTOR:
TOTAL:
MODIFICATIONS: AMOUNT
NUMBER DATE DESCRIPTION DOE CONTRACTOR
DELIVERABLE STATUS: ’
TASK NO. DESCRIPTION DATE DUE RECEIVED
New Contract (Cont'd) ‘
7. Conduct Test Drilling at Ennis or Deer Lodge 2/14/80 12
Per Mod §02: 1/1/80 Time Extension to _ 9/2/81 _
8. Complete West Yellowstone-Little Bitterroot- Radersberg 9/2/81 10, -5-19
9. Complete Heat Sensing Imagery Study 9/2/81 in press
10. Provide Data to Geotherm. 9/2/81 USGS. CIRC 790
11. Ac,uure Geoscience Data on Eastern Montana Drill Holes  9/2/81 6, 8
12. /Geophys. studies: Deer lLodge - Anaconda, Helena 12-1, -13,14
Va]]e;s and third site to be chesen,
Mod 005 N.C.T.E. to 2/28/82
8/ Revised SOW for FY82: Add Geoscience Study - White Sulphur Springs:
ﬁarris Area: Predictive model for geoth. w/without surfage ’
manifestations. _ in prep.

(Cont. on P. 3)

CONTRACT COMPLETION DATE:
TOTAL FUNDS EXPENDED DOE:
CONTRACTOR:

TOTAL:
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STATE: Montana (Cont'd) .CONTRACT NO.: DE-FCO]—791012033
SUMMARY OF DELIVERABLES STATUS
DESCRIPTION TASK NO. DATE RECEJIVED ITEM
* Drilling Report: State Hursery Test Well #1. Sonderegger 1
- Sub-Surface Investigation - Bozeman Hot Spring - Donovan, et, al, 2
- Structure of Centennial and Madison Valleys - Schefield. ' 3
- Geol. & Geoth. Resources - E. Centennial Valley - Sonderegger 4
- Drilling of Campaqua Geoth. #1 - Hot Springs MT. - Donovam, etjal. _ 5
- Geothermal User Map 6
Geothermal Resources of the Upper Centemnisl and Madison Valleys -
Sonderegger, et. al. ‘ - ZZ:§ 7
DoE/ID/ (Geothermal Resources in Montana - Somderegger amd Schmidt = 4/81 8
12079-39) Problems of Trace Element Ratios amd Geotherm@metry - Somderggggr amd ,
Donpovan 4/81 9
. Geophydical Investigations of certain Monmtama Geoth. Areas~W1demam et. blﬁﬁ7§1 IR (¢
Geochemieal Evaluation of shaliew dilution of Geothermal Water T :
Denovan, et. al. " 4/81 . 11
UURI —) Deer Lodge Valley Investigations - Wideman, et. al. o 4/82 12
April,82 Quarterly Report: 5/13/81 - Boulder Area - Widemmm ' K | 5/81 13
Field Check of Geology-Southern Townsend B traw J; 5./82 14
Calculated Reservoir Temps-in Quarterlv Report Z @[79 6179, 15

COMMENTS AND ACTION ITEMS:
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'7-«&) . . . - NOTICE OF FINANCIAL ASSISTANCE AWARD /2. 4

_‘ — ' -~ (See instructions on Reversa)
Under the suthority of Public Law 33-410, §3-438, 93-473, 93-577, and 95-91 - o ' amj
subject 10 legislation, regulations and policies applicable to /cite legisiative program title):
National Geotheyrmal Resource Assessment Program
Y. PROJECT TITLE 2. INSTRUMENT TYPE
Additional Geothermal Stud1es m Montana (J GrRANT ] COOPERATIVE AGREEMENT
, 4. INSTRUMENT NO. _ 5. AMENDMENT NO.
STRECIFENT /Name, sddress, Zp code, ares code and telephone no.) DE-FC0O7-791012033 AQ06
ontana College of Mineral Science & Technology {s. BUDGET PERIOD 7. PROJECT PERIOD
3utte, Montana 59701 ) ‘ FROM: 2-15-791Hru: 9-30- 82 Faom: 2~15-79 tHRU:9-30-32
10. TYPE OF AWARD T _
3. RECIPIENT PRQJECT DIRECTOR (N. d tel No.) " ~ '
) i ame and telophone o) O new (4 CONTINUATION O RENEWAL
John Sonderegger o
—_ : ‘ D REVISION a SUPPLEMENT
3. RECIPIENT BUSINESS OFFICER {Name and telephone No.) :
e S ) R ' 12. ADMINISTERED FOR DOE BY (Name, addres:. 2ip code, tetephona No.)
7. DOE PROJECT OFFICER (Neme, address, 2ip code, telephone No.) U. S. Department of Energy ‘
5.M.Prestwich, Energy & Technology Division R&D Contracts Br., Contracts Mgmt. Dw
‘ .S. Department of Energy, 550 Second Street 550 Second Street, Idaho Falls, ID 83401
{daho _FaHs , 1D 83401 (208) 526-1147 | (208) 526-1229 S o :
13. RECIPIENT TYPE . — — RS ~ '
] STATE GOV'T {J INDtAN TRIBAL GOV'T  (J HOSPITAL CIFORPROFAT - [ INDIVIDUAL *
' . 3} ‘ -~ ORGANIZATION : NOMCR
T LocAL GOV'T  [NINSTITUTION OF ] OTHER NONPROFIT C1 OTHER ' ISpecify)
_ HIGHER EDUCATION ORGANIZATION - Cc Ce Osp o
73 ACCOUNTING AND APPROPRIATIONS DATA B -] 15. EMPLOYER 1.D. NUMBER/SSN
a. Appropriation Symbol b. B & R Number ¢. FTIAFRIOC d. CFA Number ‘ o
3IAULLE 9T , CAM 1510
!6. BUDGET AND FUNDING INFORMATION v o
a. CURRENT BUDGET PERIOD INFORMATION ‘ b, CUMULATIVE DOE OBLIGATIONS ]
1) DOE Funds Obligated This Action s 143,097 (1) This Budget Pericd s__ 674,245
2} DCE Funds Authorized for Carry Over . $. “U‘ {Total of lines a.11} and 5.13]}
531,148 , (.
3) DOE runds Previousty Obligated in this Budget P-nod S o | (2) Prior Budget Periods s Y
4} DOE Share of Total Approved Budget s M ’ :
5) Recipiant Share of Total Approved Budget $ ﬂ;}_&?__ {3) Prcject Periad ta Date s __é]_a;,s;?‘lé__,___
5} Total Approved Budget s_/82,17 [Total of lines b. (1) and b. (2)]-
'7. TOTAL ESTIMATED COST OF PRQJECT  § 78¢,171
(This is rhé current estimatad cost of the project. it /s not 8 promise to award nor an authorization to expend funds in this émounr./ ]
B AVARDJAGREEMENT TERMS AND CONDITIONS ~ - ~ i _ 1

This award/agreement consists of this form plus the following:
a. Special terms and conditions {if grant or schedule, general provisions, special provisions (if cooperative agreement)
b. Applicable program reguiations (specifyl Nati onal Geotherma] Resource Assessment Proqram m,,,; 'm :

c. DOE Assistance Regulations, 10 CFR Pan-soo. as amended, Subparts A and (1 B (Grants) or X C {Cooperative Agmments:.

d. Apolication/proposal dated May 13. 1981 O as submined X1 with changes a8 negotiated
9. REMARKS
3. EVIDENCE OF RECIPIENT ACCEPTANCE ' 21. AWARDED 8Y '
Yooy St b M&M Quiorn €. 2)e/5R
(Signature of Authorized Reciflignt Officiall {Date} ) (SIgnarurel . . " YDate)
T e ' William C. Drake
—VER! *e. ,' i '_; Vs ] . . . - iName)
rieer TR OF RE%K‘&'H , Contracting Ofﬁcer

{Title) {Tidlal




Modi fication No;&AOQG
DE#FCO7-7QIDIZQ33';

1. Article I - DESCRIPTION OF RESPONSIBILITIES is rev1sed to add the
following tasks . ‘

13. Project Management

- The Part1cipant shaII provide overall proaect management and: t1me1y
‘reporting as required by the attached DOE Form CR-537. -The '
Participant will administer subcontracts and conduct. field PO
monitoring as required. - ‘The- Participant will exchange. information
and otherwise cooperate w1th the USGS UURI/ESL, and others as R

- identified by DOE R

14. User A551stance

oy The Part1c1pant w111 accept referrals under the. User Ass1stance 1“1
- program and provide ass1stance to the pr1vate sector in the area of”f,‘
. resource assessment. - . ‘ S

15. Geothermal State Map

The Part1c1pant will: compIete data compilation. and pub11sh through
NOAA a Montana State Geothermal Map. _

16; White Squhur Springs Study

‘The Part1c1pant w111 study the wh1te Sulphur Springs area using
geology, geophysics, and water chemistry as initial tools. - The -
Participant will seek funds from the Renewable Energy D1v1s1en of :
the Montana Department of Matural Resources for test: drilling at
White Sulphur Springs in order to confirm the size of the resource

' ~17. Norris Area Study

The Participant will conduct a study of the Norris area using =
appropriate geophys1ca1 geological, geothermal techniques to see if
geothermal resources can be 1dent1f1ed beyond those presently

known. A final report will be published.

18. Summary Study

The Participant will .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




Modi fication No. 006
oe-rco7-791n12033_:

72, ‘Article II - ESTIMATE OF COST AND OBLIGATION _OF FUNDS is revised to read '

as follows:

IIA.

The total est1mated cost of perform1ng the work under th1s 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% Part1cipant of

total 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: Prov1s1ons _
entitled "Allowable Costs." The remaining 13.8% or.more of the =
costs of the project so determined shall constitute the Part1c1pant '
share for which it will not-be reimbursed by DOE.  The total costs
to DOE subject to the future obiigation of add1tidna1 funds, is .
hereby established as Six Hundred Seventy-Four Thqusand Two. Hundred
Forty-Five Dollars ($674,245.00), and this amount is’ also the :

‘maximum amount of the project whlch is subgect to- re1mbursement by
'DOE unless such maximum cost is changed in writing by the
- Contracting Officer. ,

B. The total amount of funds obligated under th1s Agreement by DOE is
Six Hundred Seventy-Four Thousand Two Hundred Forty-F1Ve Do11drs
($674,245.00).
C. The total 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 equipment funds
shali be treated as a separate ceiling which shall not be exceeded -
The estimated cost and share totals are summar1zed_be1ow. |
~ Total DOE.
v Montana , ‘Estimated Funds
' -Share DOE Share “Cost © ©  (QObligated.
-, Original Contract §$10,778 399,917 595 N
Inc. per Mod. AOOl - 202 1,868 _ 2,070 1,868
Inc. per Mod. AQ02 64,696 414,963 479,659 169,000 .
Inc. per Mod. AQO3 4,800 14,400 19,200 114,400
Inc. per Mod. AOO4 -0- -0- -0- 145,963 -
Inc. per Mod. A0O5 =0~ -0- -0~ - - <Q-
Inc. per Mod. AQ06 27,450 - 143,097 170,547 143,097
Total $107,926 $674,245  $782,171  $674,245
% ‘Share 113.8% 86.2%

3. Art1c1e IV - TERM OF AGREEMENT is revisad to extend the ‘term from
February 28, 1982 to September 30, 1982.




Modification No. A0S
" DE-FC07-791012033

Article V - PROJECT MANAGEMENT, DEFINITIONS AND REPORTING is revised to
change the DOE. Program Manager from L. L. Mink to S‘M;jPrestw1ch. oo

Article YI - PROJECT INFORMATION is changed to refer to the DOE
Form CR-537 attached to fﬁ1s‘ﬁ'33f1cat1on No. AQO6. -

Articie VIII - TERMINATION, paragraph D., is revised to change the DOE ,“
share from 86.812!*?5'8572%.

Article A-XX - PATENT RIGHTS - SHORT FORM is deleted and the attached
article ent1t1e3 PATENT RIGHTS - July 1981 substituted. therefore ‘




o

- ' o D u.s.nénamui OF ENERGY
REPORTING REQUIREMENTS CHECKLIST,

DOE Form CR-$37 . : . » ' . . FORM APPROV

aTn , (See Instructions on Raverse) OMB NO. 38R-01
1. IDENTIFICATION Geothermal Resource 2. OBLIGATION INSTRUMENT: M°d‘f“?at"°" No.. AQCS
Assessment in Montana - - fo Contract No. FC07-75ID12033

3. REPORTING REQUIREMENTS

A.PROJECT MANAGEMENT | Frequency | B, TECHNICAL INFORMATION REPORTING. | Frequency
1. O Management Plan . ' ’ 1.0 Notice of Energy RD&D Project {SSIE} . .~
2. .0 Milestone Schedule & Status Report B . 2. 0O Technical Progress Bepoft" ‘
3.0 CostPlan | 3 @& Topical Report . oA
4. O Manpower Plan o v | 4. 33 Final Téchnicaf Report = =~ Yy -
5. (3 Contract Management Summary Report | - o S AR
6. @ Project Status Report - oM C. PMS/MINI- PMS

1. Cost Performance Report §
O Format1 WBS
O Format 2 Functional ‘
‘0 Format 3 Baseline,
0O Format5 Problem Analysis
2.0 Cost/Schadule Stani:‘s Rébort
3.0 Management Control Svstem
Description
4. O Summary System Doscnpuon

. )] 5. 5. (J WBS Dictionary
— As Required , , Q - Quarterly

7. O Cost Management Report

8. O Manpower Management Report
9. O Conference Record
10. O Hot Line Report -

FREQUENCY CODES:

A
"C ~ Contract Change o 5 S ~— Semi- Annuallv :
F ~ Final (End of Contract) : X' ~ Mandatory fof Delivery with Proposals/Bnd
M -~ Monthly -~ 7 . » Y - Yearlyorqun Contract Renewal

O_~ One T‘me ﬁoon Atter Contract Award)
4. SPECIAL INSTRUCTIONS

A.5., A.6. - Copies are due w1th1n fmfteen days after end of the ca]endar month

B.3 - Submit in draft after completion of work as indicated in Statement of. WOrk
After DOE approval is received, subm1t copies as required on attached
"Report D1str1but1on List." ,

b.4. - Submit 2 copies in draft forty five days prior to complet1on date of contract‘
term. After DOE approval is received, submit in f1an1 including one
camera-ready copy.

5. ATTACHED HEREWITH:

& Report Distribution List ' a
O weS/Reporting Category a

6. PREPARED BY:. (Signature and date): 7. REVIEWED BY (Signature and date}:




10 F£129 (Rev, 08679

(use with OO€ CR-537)

. ‘U.S. DEPARTMENT OF ENERGY
IDAHO OPERATIONS OFFICE .

Ret. DOE 13302 ' REPORT DISTRIBUTION LIST

Contract No.

DE-FCO7-791D 12033

Modification No. AQ06

Addressees

U.S. Department of Energy
Idaho Operations Office
550 Second Street :
Idaho Falls, Idaho 83401

Attn: . Susan Prestwich, Program
-~ Manager - Energy -and
Technology Division

Attn: Nell‘w. Fraser, Director
Contracts Management Div

Attn: E. G. Jones, Director
Financial Management Div

Dave Lombard -
U.S. Department of Energy, DGE
MS: 3344, Federal Building
12th and PA. N.W. :
Washington, D.C. 20461

Duncan Foley _

UURI . .
420 Chipeta Way, Suite 120
Salt Lake City, Utah 84108

T

L

Number of Report Copies: R

Special Instructions




PATENT RIGHTS -rPONTRACTS HITH SMALL BUSINESS FIRMS
OR NONPROFIT ORGANIZATIONS - JuLY 1981 . :

a. Oefinitions

(m *Invention” means. any 1nventnon or discovery which 15 ‘or may be .
?ate?table or otherw1se protectab1e ‘under Title 35 of the. Un1ted States Code ’
-{usC .

(2) "Subject Invention“ means. any 1nvention of the contractor concevved
or first actually reduced to practice in- the performance of work under this
‘contract. - .

(3) “Pract1ca1 App1ication means. to manufacture in the case of a
compositnon 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
‘conditions as to establish that the invention is.utilized and that its ,"T? “”,
benefits are, to the extent ‘permitted by law or Government regulations,
available to the public on reasonabTe terms. - .

(4) "Made" when used in relat1on to' any invention means the concept1on
or first actual reduction to practice of such invention..

- (8) “Small Business Finn means a small bus1ness concern as defined at
Section 2 of Pyblic Law. 85-535_(15 USC 632) and implementing. regulations of

" the Administrator of the Sma1138usiness ‘Administration. For the purpose-of.: -
this clause, the size standard for small business concerns fnvolved in -

- Government procurement, contained in 13 CFR 121.3-8, and in subcontractmg, S
- contained in 13 CFR 121, 3-12 wi]l be used.

{5} “"Monprofit Organizat1on ‘means un1vers1t1es and other 1nst1tut1ons
of higher education or an organization of the type described in. - =
ssaction 501(c)(3) of the Internal Revenue Code of 1954 (26 USC 501a) or ary o
. nonprofit scientific or educational organ1zation qualified under a state - .

nonprofit organization statute.,

- (7) -“Potent Counsel” means the Department of Energy (DOE)tpatent,counse1"
“assisting the DOE contracting activity.

b. Allocation‘of Principal Rignts

The contractor may reta1n the entire right, t1t1e and 1nterest
:tnroughout the world to each subject invention. subJect to the provisions of
this clause.: with respect to any subject invention in which the contractor
‘retains title, the Federal Government shall have a nonexclusive,
nontransferab1e. irrevocable, paid-up license to practice or have practiced
for or on behalf of the Un1ted States any subject invention throughout the
world for which the contractor has electad to retain title. ‘

P2-1105H




~¢.  Invention Disc1osure, E1ect1on of T1t1e and F11ing of- Patent gpplications ,,fy;
- by Contractor - :

(1) After a subject invent1on has been-disclosed in writing by the ;‘5%355”
inventor({s) to contractor personnel- responsib!e for the adm1nistration of
patent matters, the contractor will: ‘ : :

(1) Disclose such 1nvention‘to tne Patent-Counsel‘within six months;'\*fi_;f_f:

(11) Elect whether or not: to retain title to any such invention by ut.f:f;,' |

notifying the Patent Counsel within twelve months of disclosure to.the = -
“contractor but {n any event, at least three months (unless shortened by "
~ the Contracting Officer) before (a) a public.use or on sale of the =
invention occurs, (b) a manuscript describing the invention is submitted
for publ1cation without assurances of confidentiality, or (c) the
1nvent1on is otherw1se made ava11ab1e to the. pub11c.

e (111) File its: 1n1tia1 patent application on an e]ected 1nvent1on
f,W1th1n two years after e1ect1on, and . _

(iv) File patent app11cat1ons in add1tiona1 countr1es w1th1n e1ther i
“tan ‘months of the- correspondang 1n1t1a1 ‘patent application, or.six months
from the data a license is granted by ‘the Commissioner of Patents and
. Trademarks to file foreign. patent app11cations when such fi1ing was
'*proh1b1ted for security reasons. - :

o {2) Requests for extention of the time for. dxsclosure to the Patent
-,Counsel e]ection and fiTing, where reasonable, w111 norma11y be granted

(3) The d1sclosure to the Patent Counse] sha]l vbe in the form of a -
‘,wr1tten report and shall. 1dentify the contract under which the invention was-
made-and the inventor(s). It shall be suff1c1ent1y complete in:technical 1:7 _
detail to convey a clear understanding of the nature, purpose, operat1on and,
-to-the extent known, the physical, chemical, biological or electrical -

. charactaristics of the invention. The’ report shall also identify any
publication, on sale or public use of the invention and whether:a manuscrxpt
“describing:the invention has been submitted for publication and accepted at
the time: of disclosure.

d. ~Forfeiture of Title

: (1) The contractor wi11 convey to DOE, upon wr1tten request t1t1e to
any subaect 1nvent1on'- , :

; (i) If the contractor fails to d1sc10$e or elect the Subaect
invention with1n the times spec1f1ed in ¢ above, or elects not to retain.
t1t1e. ‘

'(11) In those countries in which the contractor fails to file patent
application within the times specified in ¢ above; provided, however,
that if the contractor has filed a patent app11cat1on in a country after :
the times specified in ¢ above but prior to its receipt of the written
request of the Patent Counsel, the contractor shall cont1nue to retain
tit]e in that country; or




(iii) In any country in which the contractor decides not to continue -
the prosecut1on of any application for, to pay the maintenance fees on,
or defend in a reexam1nation or opposition proceeding on,:a patent on a.

: subaect invention. - v

e. M'lnimum R'Ights to Contractor

The contractor will retain a. nonexeclusfve, royalty-free 11cense : ,
throughout the world in each subject invention to which the Government obta1n5j
"title except if the contractor: fails to: ‘disclose the subject invention within
the times speciffed in c above. : This 1icense extends to, and is revocable and
transferable as fo1lows ,

: (1) The contractor 5. Iicense extends to its domestic subs1diaries and
jaffi1iates, 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 awarded.: The license’ is transferable only with the approva! of .DOE except
“when transferred to the successor of that part of the contractor s bus1ness to
‘which" the 1nvant1on pertains. .

(2) The contractor's domestic 1icense may be revoked or modified by DOE
to the extent necessary to achieve expeditious practical application:of the
- subject invention 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 henefits of the
invention reasonably accessible to the .public. ~The. license in any foreign
- country may be revoked or modified at the discretion of DOE to the extent the
contractor, 1ts licensees, or its domestic subsidiaries or affiliates have ‘
- failed to ach1eve practica] app1ication in that foreign country.

(3) Before revocation or modification of the license, DOE w111 furnish
the contractor a written notice of its intention to revoke or modify the
11cense -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 has the right to appeal, in accordance with 10 CFR 781, any
"decision concerning the revocation or modification of its license.

f. Contractor Action to Protect Government s Interest

(1) The contractor agrees to ‘execute or to have executed and promptly
o deliver ‘to the Patent Counsel all 1nstruments necessary to: )

: {i) Establish or confirm the rights the Government has throughout
) the world in those subject invent1ons for which the contractor reta1ns '
title, and

(11) Convey title to DOE when requested under d above. and to. enable
the Government to obtain patent protect1on throughout the wor1d in that
esubaect invention.




(2) The contractor agrees to require, by written agreement its
“employees, other than ¢lerical 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 contractor -
can comply with the disclosure provisions of ¢ above and to execute all papers
necessary to file patent applications on subject inventions and to estab1ish
~ the Government's rxghts 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 proqrams on the importance of .
reporting inventions in sufficient time to permit the filing of patent

U appl1cat10ns prior to U S..or foreign statutory bars.

(3) The contractor w111 notify the Patent Counsel of any dec1s1on not to

" continue prosecution of a patent application, pay maintenance fees, or defend
in.a reexamination or oppasition proceeding on a- _patent, in’ eny country, ‘not.

less than thirty days before ‘the: expiration ‘of . the response per1od required by‘-
the relevant patent offica. -

(4) The contractor agrees to 1nc1ude w1th1n the specwf1cat10n of any -
United States patent application and any patent issuing thereon covering a
subject invention, the following statement, “This invention was made with
Government support under {identify the contract) awarded by the Department of
- Energy. The Government has certain r1ghts in this invention."

(5) The contractor agrees to:

‘ (1) Provide a report pr1or to the close-out of the contract 1lst1ng,
all subJect inventions;

(ii) Provide notification of a]] subcontracts for axperimental,
developmental, demonstration, or research work, the identity of the
patent rights clause therein, and copy of each'subcontrac*iupon request;

(ii1) Provide promptly a copy of the patent application, f111ng 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. mod1f1ed to
identtfy the parties, in all subcontracts, ‘regardless of t1er, for
experimental, developmental or research work to be performed in the United.
States by a smaXT business firm or a nonprofit organization. The
subcontractor will retain all rights prdvided 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 1nvent1ons

{2} The contractor will include in all other subcontracts, regardless of
tier, for experimental, developmental, demonstration, or research work the
patent rights clause required by 41 CFR 9-9.107-5(a).




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
its licensees or assignees. Such reports shall include information regarding
the status of development, date of first commercial sale or use, gross
royalties received by the contractor, and such other data and information as

~ DOE may reasonably specify. The contractor also agrees to prov1de additional
. ‘reports as may. be requested by DOE in connection with any march-in proceeding
undertaken by DOE in accordance with paragraph j of this clause.. To the .
‘extent data or information supplied under this section is considered by the
v,contractor, jts licensee or assignee to be privileged and confidential and 1s
so marked, the agency agrees that, to the extent permitted by -
35 USC 202(c)(5), it will not disclose such information to persons outside the
Government.

i. Preference for United States Industry

Notwithstanding anj other provision of th1s clause, the contractor agrees
that neither it nor any assignee will grant to any person the exclusive right =
to use or saell 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 DOE upon a show1ng by the contractor or its
- assignee that reasonable but unsuccessful efforts have been made to grant
- 1icenses on similar terms to potential licensees that would be 1ikely to .

manufacture substantially in the United States or that under the c1rcunstances
domestic manufacture is not commercially feasib]e ‘

j. March-1n Rights

The contractor agrees that with respect to any subject invention in which -
it has acquired title, 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 respons1b1e applicant or :
applicants, upon terms that are reasonable under the circumstances, and if the
contractor assignee, or exclusive licensee refuses such a request, DOE has the
r1ght to grant such a license 1tse1f if DOE determines that

(1) Such action is necessary because the contractor or asswgnee has not »
taken, or is not expected to take within a .reasonable time, effactive steps: to
achieve practical application of the suhject invention in such fiald of use;

(2) Such action is necessary to alleviate health or safety.needs whuch;,_
~are not reasonably satisfied by the contractor, assignee, or their licensees;

(3) . Such action is necessafy to meet requirements for pub\ic use
specified by federal regulations and such requirements are not reasonably
satisfied by the contractor, assignee, or licensees; or

!




(4) Such action is necessary because ‘the agreement required by = -
paragraph i of this: ‘clause has not been ‘obtained or waived or because a
licensee of the exclusive :right to use or:sell any subject 1nvention in the
United States is in breach of such agreement o

k;\ Spec1a1 Provisions’ for Contracts with Nonprofit 0rggn1zat1ons

{1) Rights to a subject 1nvention 1n the Un1ted States may not be '
~assigned without the approval of DOE, except. where such assignment is made to
an-organization which has as one of its primary functions the management. of ..
- inventions and which is not, itself, engaged:in or does not hold a substant1a1
‘interest in other organizations engaged ‘in the manufacture or sale of products
_or .the use of processes that might utilize the invention or be’in competition
with embodiments of the invention (provided that such ass1gnee will ‘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
_ sma]1 business finns for a per1od in excess of the ear11er of

, -(i)‘ five years from first commercial sale or usé of ‘the invention,
or

. {ii) eight years from the date of. the exclusive 11cense excepting
- that time before regulatory agencies necessary to obtain premarket
- ¢learance, unless on a case-by-case basis, DOE approves a “Yonger
exclusive license. If exclusive field of use Jicenses are granted,
. commercial sale or use in one field of use will not be deemed commercial:
.~ 'sale‘or use'as to other fialds of use, and a first commercial sale or use
- “with respect to a product of the invention will not be deemed to end the g
exclusive period to different subsequent products covered by the : '
. invention. .

: ";(3) The contractor will share any royalties col]ected on a subJect
_ 1nvention w1th the 1nventor' and

(4) The balance of any royalties or income earned by the contractor w1th']~’x'v,,'k

*frespect to subject inventions, after payment of expenses (including payments

to inventors) incidental to the administration subject inventions, will be

utilized for the support of scientific research or education.




e —_— NOIICE UF FINANCIAL ASSISTANCE AWARD MON TARL A /h 2 Y
- (See Instructions on Reverse) o

Under the authority of Public Law 93_4] 0 e . . ar
subject to legislation, regulations and policies applicable to fcite legislative program titie):

Geothermal Research, Development and Demonstration Act of 1974

1. PROJECT TITLE 2. INSTRUMENT TYPE
Additional Geothermal Studies in Montana [ enant _?’gl??{?j’_?*jﬂ["ﬁ AGREEMENT
"4 INSTRUMENT NO. TAMENDMENT NO.
3. RLCIPIENT (Name, address, zip code, area code and telephone no.} DE-FCO7-79101 2033__ o s 1007 R L
Montana College of Mineral Science & 6. BUDGET PERIOD 7. PROJECT PERIOD
Technology LFROM: 2 /16 /7QTHRY: /30 /83 |FROM: 2/15/79 AY 9/30/4
Butte, Montana 5970] 10. TYPE OF AWARD
8. RECIPIENT PROJECT DIRECTOR (Name and telephone No.) _ :
(] NEW {1 CONTINUATION {1 RENEWAL
John Sonderegger
. (406)496-4159 ('} REVISION (X SUPPLEMENT
9 RECIPIENT BUS\NESS OFFICER {Name and telephone No. ) )
John Dunstan 12. ADMINISTERED FOR DOE BY /N e, ad(/rcss II/) cod:. u/:/)/!one N() a
(406)_496-4101 E. M. Hyster (208) 526-1229
1. DOE PROJECT Of.:FICER [{Name, address, zip code, telephone No.) u. S. Department of Energy
S.M. Prestwich, E&T (208) 526-1147 Idaho Operations Office
DOE-Idaho Operations Office 550 Second Street
550 Second St.. Idaho Falls, ID 8340] Idaho Falls, Idaha 83401
13. RECIPIENT TYPE . ~ .
(J sTaTe gov'T [J INDIAN TRIBAL GOV'T ) HosPITAL (] FOR PROFIT {") INDIVIDUAL
. ORGANIZATION .
O wocaL cov'r (8 INSTITUTION OF {J OTHER NONPROFIT ~ ] L OTHER (Specityi
HIGHER EDUCATION ORGANIZATION Mc e [lse
14. ACCOUNTING AND APPROPRIATIONS DATA ' 15. EMPLOYER 1.D. NUMBER/SSN
a. Appropriation Symbol b. B & R Number c. FT/AFP/OC d. CFA Number
N/A_ N/A _— e
16. BUDGET AND FUNDING INFORMATION
~ a. CURRENT BUDGET PERIOD INFORMATION _ _|b. CUMULATIVE DOE OBLIGATIONS ) .
i1) DOE Funds Obligated This Action $ -0- {1) This Budge Period s 074,245
{2) DOE Funds Authorized for Carry Over $___ v 0- (Totat of lines a.{1} and a.(3))
{3) DOE Funds Previously Obligated in this Budget Period § _0/% 674 245.__ __ | (2) Prior Budget Periods — _.___Q .
{4) DOE Share of Total Approved Budget $ _67_4.2___._.__245
{5} Recipient Share of Total Approved Budget $ ]O_] 292_._6 — | (3} Project Period to Date $ -_6/4 124_{1 .
{6} Total Approved Budget $ _l8_2“;j_7_1___ {Total of lines b. (1) and b. (2}]

17. TOTAL ESTIMATED COST OF PROJECT  § /92,171 T T mm T

[1his is the current estimated cost of the project. It is not a promise to award nor an authorization (o expend tunds in this amount.)

18. AWARD/AGREEMENT TERMS AND CONDITIONS
This award/agreament consists of this form plus the following:

a. Special terms and conditions {if grant) or schedule, general provisions, special provisions (if cooperative agreement}
b. Applicable program regulations (specify) _Nati onal Geothermal Resource Assessment Programpare _ N/ZA.

c. DOE Assistance Regulations, 10 CFR Part-600, as amended, Subparts A and (] B (Grants) or X} C (Cooperative Agreements).
d. Application/proposal dated 3/ 24/ 82 . X as submitted {.) with changes as negotiated
19. REMARKS T T T
20. EVIDENCE OF RECIPIENT ACCEPTANCE 21. AWARDED BY
)74 7 -
~ ;g;\e /470 &2 M&Qu\/m < QMXAL ¢ [Lf/? e
{Signature of Aurhon’ze}/[ pient Official) {Date) {Signature) {Date)
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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. 1t 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

aticlinal 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 metamorphism 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 churn drill operated by the
Montana Department of Highways Core Drill Section on 10/19/81. 6" I.D. .%
well casing wa; 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 movea 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) ﬁ
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 W




R thick, consists of thinly bedded i mestone, leaa-.
=== wenthered surfaces and gray-black [nterne
~ ‘ coal-black chert is common and in places chert
JSossils oceur
. e —
s L |
ST MDt
L% ;___}
Tz oI
IS . Three Forks Formation
; E Z 1 Cale hornfels, 50 feet thick, probably the Sappin
= < S } S(fII(IS'OIIP Member. ‘BIIN’-’)/(I("/\‘-.S:}[(llé’. 25 feet ti
~ . Limestone, 25 feet thick. Fossiliferous green si
i 2t feet thick

M
|
|

Dj_“ J‘

Upper Devonian

D . l ! ; ‘. Jefferson Formation
. i 1wa 166 e 1. e ‘ i . . .
e g Re T e T ! j ' : : Alternating dolomites and light-colored 1imest
N « i | k doloncites are black-weathering, b tghly tetid o
f‘;}e - m‘jﬂm‘;;"' ! ! smelling of vetraleum: 250 feet thick
> Y R 1
| Y ‘ 4. Figure 1. Geological map of |
3 § Helena area, scale = 1:48,000,
]

from Knopf (1963).

) J Sl Ry ¢ M-
Y N i S Lot $A7% i) N
” - = Q ~y S
S \f‘.‘\M
) P A T OlY
5 S g




T

» a - - - o
. Oq
* > ‘ P
I 1d x -
a2 Hasmark Dolomite ’
Biolie Ditcite b~ 3 Upper part, light-colored dolovm‘tc: prer part thick- i
: ‘ Q¥ bedded dark dolomite mottled in bizarre patterns.
: e ‘:J Densgity 2.81 to 2.86. Commonly is metamorphosed
: e to white marble
Kp : SR
qest Pass Leucomonzonit Alaskite and aplite, d =257 241 - >
pple pattern, levrosye ot _ g
hordder fictes i Park Argillite @
i : Dark e. mpaet rock (d=2.72 to 2.80), locally [ m
! t Joasiliferous. Thicknesa, 200 feet =
t Ksd Muscovite-biotite granite, ‘ : &
- d=261 | '
yenodiorite, d=2.70-2.78 :
Meagher Limestone
Upper part, massive pure limestone, 280 feet thick.
Biotite adamellite, d =2.65 Lower part. thin-bedded impure limestone, 360 feet
ywnite gabbro, d=3.02-3.12 .i thick
Kpg i
e .  Porphyritic granodiorite. : Wolsey Formation !
Shonkinite, d=2.86 d=2.65-2.71 ) . ) , . |
Wret of Anstin 3 Mrrnrvm_u ?rl tstone, lnrg.ely detrital quartz, muscovite, i
: o) and biotite, and possibly glauconite; pAyllitic ap- i
,—————-——‘ ! 3 pearance on bedding surfaces; 200 feet thick \
) -
ke ‘ & J
. Nonporphyritic granodiorite equi- W €t ‘
-anodiorite porphyry and granular equivalent of the por- 14
related porphyries - phyritic granodiorite v Flathead Quartzite
P — S i White, vitreous; almost 100 percent quartz;
| . 90 to 170 feet thick J
Kgd . l Kc !
| SR ': N )
iranodiorite, undivided Clancy Granodiorite. :
) d=267-275 '
e ',\‘ : Greenhorn Mountain Quartzite
TR i Feldapathic quartzite with about 15 percent of clear
PSR, ' limpid microcline. Upper third is well stratified in
raphophyre, d 267 270 2 ‘ beds averaging 1o ¢ inches.  Luwer puart, massively )
e Un‘on‘lne (_,ranodlorlte (d 78) hedded, l.”’ﬂl_f}’e' thirk. I)FN.S‘I'_I[ 258ty 2.62
! : including its basic facies grano- ;
| Kog gabbro.(d =2.85) ;
- .
or o
thocllz;rs‘«(ei i%?;)g’ro and gabbro, ! Marsh Formation 4
: Argillites, commonly deep-red, maroon, purple, and <
wiolet, with interdedded quartzite in belts as muck as e
: 500 feet thick, cross-bedded siltstones, and laminites e
B i containing casts of salt crystals; 3,000 fest thick "6
1e porphyry, ine p v
ih;‘lt ,1 s_:"{b;:h:}]xi(::sicsome Andesite, basalt. and rhyodacite > I&l
) T Granodiorite undivided < 4
g:] Hel Dolomit Do
by Silieeons delomits, Aéring, and snbordinate ~TIC™
. < limestone; 4,000]‘“! kick." Collenia biekerms are :
Gabbro, d=297-3.06 g rommon. Density of dolomite £.76 to 2.82
, ] (14
Figure 1 (cont.). Map legend from Knopf (1963).
1" +ire and Spokane Formations
o tvres o argitieio s deep-red argilliten (hrick-red, maroow,
. /"_,- and lovender). and eclear-green fine-groined feld-
) : cpecthie yuartzite; 1,000 feet thick J
//3 . T TTeSETT
%”? ' . "\\"‘ re

L. .
JAURMT I J



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 1i1ft 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 detall, 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 (330°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
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demobilized on 10/27/81.

Geophysical logs (gamma, SP, and resistivity) were rum 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 cablé tobl 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 th?
coarser than 100 meéh 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 determinatioms. 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
carbSQates. *

The drill cuttings log (Table 1) indicate that the Helena Formation

_ﬂa§“this é;;e is generally a'ﬁgékly calcareous, well-crystallized siliceous
~=11mevs:'c':‘i1e‘ or ‘paléarec;us quartzite, with secondary calcite precipitated along
Itﬁ;ﬁféécturé blanes. The granite is of relatively homogenous composition: quartz,
;‘ﬁdrv ij;:eh;"'lplagiocldge. and_pqtass'ium feldspar, 1n' most cases relatively ftesh;
'Qiih&ﬁgﬁ tﬁe bid:ite 1q>somé'zdhes has beén strongly weathered and oxidized,

o sfaiﬁing 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
: pteieu;; of underlying warm or hot ground water, or to the existence of
uanoualously high subsurface heat flow. No cold water was encountered at

;"shallou 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




“l‘? : .

wvater 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
Iuvestigations. Map I-381.




DEPTH

15-20"

20-25"'

28-33'

30-40"

N

1s.; dark gray quartzite;’

‘1ight gray. quartzite*ls.,

Table 1. Sample Lithologic Log: State Nursery Test No.,

. CUTTINGS SR VISUAL ESTIMATES _
.. 'DESCRIPTION  “ "~ .:.% "} OF: CONSTITUENTS "

2 n s . B . M k]

Disaggregated quartz, fragments quartz
of quartzite and quartzite 1s., .quartzite

minor granite fragments ,;”;-quartzitic limestone 15 .
-granite fragments - 10 ) _
. vwhite opalline silica 10 . ST

Quartz, quartzitic fragments,-* quartz’
granite fragments; white " .7".quartzite
opalline silica; minor ls.f’f‘a”'graniteﬂ
fragments e e limestone

< v

light gray . and pink quartziticé

pink and clear quartzite3g

fragments 7 N
V light gray quartzitic'ls.g' » light grey siliceous"302 o 2§8?d s
buff quartzitic ls., pink . 1imestoune s
quartzite _ o buff quartzitic’ ‘18. ;SO@Y_V ST
. pink quartzite a;au--gzq }VT‘ 4

Fine grained white and 1ight
‘gray- recrystallized siliceous
limestone .

X
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DEPTH

80-100"

110°
120'

120-160"

160-180"

180-280"

Table 1

CUTTINGS
DESCRIPTION

Fine grained 1t., gray sili-
ceous limestone, white and
clear quartzite

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

(continued)

VISUAL ESTIMATES
OF CONSTITUENTS

clear quartz

white quartzite

light gray siliceous
limestone

quartz

biotite

granite fragments
light gray limestone
clear quartzite
sparry clear calcite

granite fragments

biotite

quartz

light gray siliceous
limestone

clear quartz

granite fragments
biotite

quartz

light gray limestone

limestone

granite fragments
quartz

biotite

limestone

granite fragments
quartz

biotite

30%
30
40

20%
30

35
10
trace

10%
15
20
45

657%
10
10
10

5%
70
15
10

5%
70
10
15

WEIGHT 7%

CARBONATE

2.1

2.3

1.4

1.1

1.3
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File No.

WELL LOG REPORT

State law requires that this form be filed by the waler well driller within 60 days after completion of the well.

w.d

i
e\ rﬂ ﬂ\a l] [\/‘-Vw
1

7 Vi’")’

1. WELL OWNER 7 e T Ao ,,7 6. WATER LEVEL
Name Static water level [ "4 | | teet below land surtace
If flowing, closed-in pressure psi
2. CURRENT MAILING ADDRESS gpm flow through ___ inch pipe
¢ o L G 0 /G’Qe Controlled by: valve, reducers, other
wutle Mt g20(Y (if other, specify)
7 =¥ T
3. WELL LOCATION 7. WELL TEST DATA pump baiter X' _other
(if other, specify) SN
Purry) 2 leve! below land surface:
i atter __/ wes. pumping[ o2 Jopm
ft after hrs. pumping gpm
N NE 8. WAS WELL PLUGGED OR ABANDONED?  Yes _K_No
i yes, how?
llllllllll 9. DATE STARTED [0-3t-d1
DATE COMPLETED (o =33 ﬂ_
10.  WELL LOG
oW o Depth (ft.)
From To Formation
0177 /omg e A
T 1 /o »@/ﬂ’ s

section 4 T

‘l‘

J1 FiXO

@

Was casing left open end?
Was a packer or seal used?

It so, what material

Was the wall gravel

—_ZCYes

Yes

Va Va Ya ot
Township /C N/B Range o EW| /D] 170 gl s
County Lo & Vi -
Lot Block 1301 /60 Lo i AL Fer Gl
Subdivision . /. e -
Well Elevation 1601280 Qe L e
Accuracy: +10’; *+50°; =100; | ° Ji
4. DRILLING METHOD cable, bored,
__ forward rotary, reverse rotary jetted,
4 other (specity) 4, A 57_3;(’2 Zf,
e —
5. WELL CONSTRUCTION AND COMPLETION
Sizeof | Sizeand | From |To Perforations _and/or
drilled weight (teet) | (teet) Screen
hole - | of casing o r— =
[;lL l} jx O j 7 gize {feot) {teet)

No
X__No

{use separate: sheet il necessary) -

packed?

Was the well grouted?

To what depth?

Yes
Yes

e

Material used in grouting
Well head completion: Pitless adapter

12 in. above grade

(it other, specity) __

, other

Pump horsepower ], pump type

Pump intake leve!

fest below fand surface

Power (electric, diesel, otc.)

11,

ORILLER'S CERTIFICATION
This well was drilled under my jurisdiction and this report is
true to the best of my knowlodgo. 2 (f 2 (

ﬁi&(% an - Mkjf'

Ea AT

License No.

MONTANA

32 8OUTH EWING

HELENA, MONTANA B9601
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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 seaiments
(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 represeﬁts a fault or pronounced joint plane cutting
throﬁgh the Precaﬁbrian 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

L 4
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

articlinal 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 Bouldér Batholith. 1In 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 metamorphism 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 churn drill operated by the
Montana Department of Highways Core Drill Section on 10/19/81. 6" I.D.
well casing wa; 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 feef (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 cafbide chisel-tooth tricone bit. However, due to insufficient
bull—down pressure on the rig, it was unable to penetrate deeper than 33
feet (10.1 m). A water well contréctor (Lindsay Drilling of Clancy, MT)
was mobilized on the hole on 10/26/81 with an Ingersoll-Rand TH-60 air
rotary rig., Drilling ﬁroceeded 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 1ift 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 zomes 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 eapdangering 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 aniaquifer. Temperature gradients in the bottom
80 feet (25 m) of the hole, which the driller had indicated had produced no
additional water, ranged from 3.30-16.4°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 (53000) 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
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demobilized on 10/27/8i.

Geophysical logs (gamma, SP, and resistivity) were rum 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
resigstivity 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 cablé tool and rotary cuttings were fine, ranging from 0.1-5 mm
in siie, 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 thg
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

g;é;&this,éige'is generally a'weékly calcareous, well-crystallized siliceous
. ;limgq:§§e or caléareous'qhartzite, with secondary calcite precipitated along
‘ji;ﬁé ftéc:u:e'planes. The gténite is of relatively homogenous ¢omposition: quartz,

7#é§1th6§g§ the biotite in some zones has been strongly weathered and oxidized,

biotite, plagioclase, and potassium feldspar, in most cases relatively fresh,

Sl

 ;§£aiﬁing.the surrounding rock abright 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 ﬁo sticcess in obtaining hot or even warm water.

: Therthérmal anomaly has been E&@firmed to be spurious with regard to the

»gpresence of underlying warm ot!ho::grouhd.water, or to the existence.of

. annmalously high subsurface heat flow. No cold water was encountered at
shanov depth (<80 feet) that could have contributed to the anomaly. Abun-

i dant cold water (12 C) was encounteted 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.

§PRBFERENCE CITED:

Knopf, A., 1963. Geology of the Northern Part of the Boulder

'Bathylitb and Adjacent area, Montana. U.S. Geological Survey Misc. Geologic:

. Investigations, Map I-381.




DEPTH

15-20'
20~25"
25~-28"'

28-33'

30-40'

40~50"

50-60"

Table 1. Sample Lithologic Log: State Nursery fest No. 1

CUTTINGS
DESCRIPTION

Disaggregated quartz, fragments
of quartzite and quartzite 1s.,
minor granite fragments

Quartz; quartzitic fragments;
granite fragments; white
opalline silica; minor 1s.
fragments

light gray and pink quartzitic
l1s.; dark gray quartzite;
disaggregated quartz

light gray quartzite 1ls.;
pink and clear quartzite
fragments

light gray quartzitic 1s.;
buff quartzitic 1s.; pink
quartzite

Fine grained white and light
gray recrystallized 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

Fine 3taihed light gray
siliceous limestone, white

revaresdean

VISUAL ESTIMATES
OF CONSTITUENTS

quartz 40%
quartzite 25
quartzitic limestone 15
granite fragments 10
white opalline silica 10
quartz 407
quartzite 25
granite - 30
limestone 2
opalline silica 2

light gray siliceous 50%
limestone

pink siliceous 1ls. 10

dark gray quartzite 20

quartz 20

light gray siliceous 90%
limestone
quartzite 10

light gray siliceous 30%
limestone

buff quartzitic 1s. 50

pink quartzite ' 20

1t. gray siliceous 1s.25%

white siliceous 1ls. 25

dark gray finely
crystalline argilla-20
ceous limestone

white quartzite 10

clear quartz 15

light gray siliceous 50%
limestone

white quartzite 5

clear quartz 25

.dark gray crystalline 20

argillaceous 1s,

light gray siliceous 602
limestone

white quartzite 20

dark gray argillaceous
limestone 10

micaeous siltstone 10

light gray siliceous 50%

limestone
vwhire apavreite 1,

WEIGHT %

CARBONATE

3.0

3.0

2.8

3.4

3.1

2.3

1.5




110"
120"

120-160'

160-180"

180-280"

Table 1

CUTTINGS
DESCRIPTION

Fine grained 1t., gray sili-
ceous limestone, white and
clear quartzite

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

(continued)

VISUAL ESTIMATES
OF CONSTITUENTS

clear quartz

white quartzite

light gray siliceous
limestone

quartz

biotite

granite fragments
light gray limestone
clear quartzite
sparry clear calcite

granite fragments

biotite

quartz

light gray siliceous
limestone

clear quartz

granite fragments
biotite

quartz

light gray limestone

limestone

granite fragments
quartz

biotite

limestone

granite fragments
quartz

biotite

30%
30
40

20%
30

35
10
trace

107
15
20
45

65%
10
10
10

5%
70
15
10

5%
70
10
15

WEIGHT %

CARBONATE

2.1

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 filed by the water well driller within 60 days after completion of the well.

w4

. y
1. WELLowNer MR AL “"*‘»‘,\‘Zu\,‘z/ég 6. WATER LEVEL

Name Staticwaterlevel[ "7 | | teet below land surface
it flowing, closed-in pressure psi
2. CURRENT MAILING ADDRESS gpm Hlow through ___inch pipe
p y e 0 @.}p Controlled by: valve, reducers, other
utle MF =259 (it other, specity)
7 = ¥
3. WELL LOCATION 7. WELL TEST DATA pump baller X other
(it other, specity) /A
Pun}p 2 level below Iand surface:
f. atter __/ Wrs. pumping[ _oC £ Jopm
tt after hrs. pumping 9pm
nw NE 8. WAS WELL PLUGGED OR ABANDONED?  Yes ANo
i yes, how? o
9. DATE STARTED /o-3t-F1
"""""" DATE COMPLETED A 2|
7 77 L

10. WELL LOG

W s Depth (ft.)
, From To Formation

D15 | Lol ik

g7 1 /o «@AIW&

Vo W va Section 4 T
Township /O N/ Range o EW| /O 170C rMALva.
County /o O J
Lot ____ Block JACITEC | Zei ke
Subdivision ' M / A
Well Elevation /601 280 gletara K L
Accuracy: =10'; *50"; =100"; | ° ) /
4. DRILLING METHOD cable, ___ bored,

____ forward rotary, reverse rotar jetted,
____A___other (specify) ,4 A A It i :

5. WELL CONSTRUCTION AND COMPLETION

Size of | Sizeand | From | To Perforations and/or
driled | weight | (fest) |(test) | Sersen @
hole - { of casing =
- <vi Kind From 0
b ‘ V) 3 O J 7 Size {1eet) (feet)
[ /¥
{
‘ J7 S0
Was casing left open end? X Yes No
Was a packer or Sqa! used? Yes __No (use separate sheet if necessary)




IV $0, wnal materias

Was the well grave! packed? Yes No
Was the well grouted? Yes No
To what depth?

Material used in grouting

Well head completion: Pitless adapter

12 in. above grade '
(il ather, spacity)

other

Pump horsepower[ |, pumptyps
Pump intake level

Power (electric, diesel, eic.)

feet below land surface

[ 11. DRILLER'S CERTIFICATION

This weil was drifled under my jurisdiction and this raport is
true to the best of my knowledgo 3 ({ 2 L

Fgfyz{&\“&j 0 Data - - \/
(L AL&A Mr’".j'

L9y

License No.

MONTANA DEPARTMENT OF NATURAL RESOURCES & CONSERVATIO

32 80UTH EWING

HELENA, MONTANA 596801

“"DNRC

DEPARTMENT COPY

wL- 5820
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' . PLEASE SUBMIT ONE ORIGINAL AND FOUR* COPIES TO YOUR GSA SECTION OFFICE }nﬂﬂ)/%
Pt /
& SECTION
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1982 SECTION ABSTRACT FORM

Exact format shown on instruction sheet must be followed. Blue margins below are absolute limits.

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 subsurface 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 fractuwred 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 spring. 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 114°-130°C,
> thought to be estimates of temperature at the greatest depth of circulation.

2 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, txending 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

by

james Dean Schofield!

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 hasa 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 fauits 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
k. major faults of the region and to estimate the thickness of the
2 low density Cenozoic fill of the valleys. Gravity measurements

k' can reveal structural elements not visible on the surface.

§ Density contrasts cause variations in the local gravitational
acceleration; therefore, those structures that juxtapose ma-
E 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 refated to Cenozoic block
faulting. The faulting took place in aregime 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.

METHOD 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 profites of the area were
modeled in detail (Schofield, 1980); three additional profiles
were modeled for the Madison Valley interpretation, and
another for Henrys Lake Basin. The models consisted of a
simplified geologic cross section having a single density
contrast with the observed and calculated gravity for the

TAmoco 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 g/cc contrast (2.8 g/cc
for Precambrian metamorphic rocks, 2.3 g/cc for Cenozoic

N S
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Figure2. 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 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 vailey
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 smali
areal extent are assumed to be near surface.

SCHOFIEL
CENTENNIAL VALLEY o

Fig. 3 is the complete Bouguer gravity map of the easte,
Centennial Valley. There is a broad east-trending gravity low,
in conjunction with the Centennial Valley. The gravj
anomaly across the valley is 20 milligals. The comple
gravitationa! expression of the Centennial and Madisg
Valleys is not known because very few gravity stations a
setup in the mountina.s The map of the basement of ¢
valley (Fig. 4) shows a complex structure which is concealed
beneath the nearly flat surface. The depth to basement js
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INDEX MAP
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Figure 1. Index map. Generalized geology map (after Egbert,

19600 with bibliographic index for gravity data.
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STRUCTURE- GRAVITY

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;

The steep gradient between the Centennial Mountains
and the Upper Red Rock Lake;

. The nose in the gravity contours at the Upper Red Rock
Lake;
The closed gravity low at Alaska Basin;
The narrow gravity low paralieling the trend of Elk and
Hidden Lakes;

. The south pointing nose at Teepee Creek;

. The bend in the gravity contours north of the Lower Red
Rock Lake; and
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 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 +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 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 fauit 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. Atleast 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 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.
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Figure 4. A basement interpretation of the eastern Centennial Valley showing the location of faults and the estimated elevation of
the basement. Mapped fault locations accordingto Witkind (1976, Witkind and Prostka (1980) and Sonderegger and others (1980).
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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 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 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
of Fig. 3} not only has a low density but also a high
susceptibility, as demonstrated by the results of a grond
magnetic survey shown in Insert A (Schofield, 1980). The
dipolar magnetic anomalysuggests 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 asphere.
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° C). 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), using a-0.5 g/cc. density contrast, predicts a miximum
thickness of sediment in the valley of 10,000 feet. Gary'swork
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 toreflect
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 east'of 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 actuatly 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 thickand 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 Faultis brokeninto 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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INTRODUCTION

The upper Centennial Valley graben was selected for
gﬁgeothermal 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
g and suspected active faults in western Montana (1975)
provided documentation that the southern side of the valley
- stil had an active fault system. With rocks that were believed
¥ to be correlative to the Yellowstone Group volcanics exposed
F on both the north and south sides of the 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 galions 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 Beit
-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 Henry's Lake Mountains, respect-
L ively, are believed to be formed by block faulting. 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
0st 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 of the valtey
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 atluvium 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 minorcarbonate 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 fauit, 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 {daho. 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 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-
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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 th¢ Beaverhead
Formatian, 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 clastics to the
Centennial Valley. Thus, as the compressional forces of the
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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 Centennial Valley from the north at about three degrees.
have occurred north of the study area, probably in the trosion followed and only remnants of these strata are
Paleocene time. preserved.
Fromthe end of Beaverhead deposition, presumablyin late Within the study area, the Cenozoic history may be inter-
Paleccene or early Eocene time, there is no exposed rock preted as follows:
record until the extrusion of the older Tertiary basalt at about (1) Doming occurred along the northwest-southeast trend
the beginning of late Oligocene time. The basalt is overlain by on the east, as evidence.d by the erosion of pre—Plgistocene
lower (?) Miocene sandstone and limestone believed to rocks in the eastern portion of the study area. Faulting along
be of continental origin. These units dip gently into the 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 kocene, 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
Cravelly 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
clastics 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

Wvithin 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- ol
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 reiief 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 the
Metzel Creek anticline, where displacement is on 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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No. TDS Source

1 394 Anderson Springs

2 401 Staudenmeyer Springs

3 519 Staudenmeyer House Well

4 376 Anderson House Well

5 347 Anderson Stock Welt

§ 128 Smith Boxcar Wel!

7 184 Refuge Stock Well

8 176 Staudenmeyer Stock SE

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.

faglts.

8) 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 larger valley floors 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) ltappears 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 liten.
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 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) CaCO3 + HyCO3 —> Ca2t + 2HCO,

(2) CaMG(CO3); + 2H,CO3 > Ca?t +Mg2t +4HCO;

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 quartz, chalcedony, a or b cristobalite, or amorphous
silica, while the cation geothermometers use atomic ratios of
the elements NakK, 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 (Fournier 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 reservoir temperature. The highest
chalcedony temperature calculated from these springs is
37°C. Chloride content varies from9.0 to10.0 mg/L, 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 well (T=
10.2°Q) . 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, respectnvely are
calculated. The silica content may be elevated due to'contact

* with detrital volcanic material, and the maximum tempera-
ture for the thermal system is stifl about 45°C if nosagmﬁcant} ,

mixing or precipitation has occurred. .
The silica geothermometry becomes almost useless when
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water interacts with glass-rich acidic rocks such as the Huck
berry Ridge Tuff. Samples of this rock and the Mesa Falls T
were ground to medium- to fine-sand size and leached wi
distilled water in the laboratory at different temperatures
Within three months, the silica content in the water plotted
between the @ and B cristobalite curves for laborato
temperatures of 27° and 57°C.

CONCLUSIONS

A lake temperature survey showed warmer water along th:
northern side of Upper Red Rock Lake. Heat sensing imagery
was flown over the northern side of the 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. Watertemperatures on
the lakes and river were considered to be the only reliable
values under these conditions. Temperatures ranged from
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 the
thermal springs is subparallel to Quaternary age faults'’ A
identified by low altitude aerial reconnaissance. These feat- 4
ures are interpreted to be small scale step faults on the
southernmost margin of the Gravelly Range. These faults are
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 heat source could be;
either p postulated intrusive (Schofield, this publication) or
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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SUBSURFACE INVESTIGATIONS AT BOZEMAN HOT SPRINGS
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58 Charles, Bozeman Hot Springs, Bozeman, MT 59715.

<E Recent drilling activities have investigated the subsurface geology directly
3 < 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 watexr 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 spring. Hotter temp-
eratures occur elsewhere in the system at shallow (bpth 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 114°-130°C,

> thought to be estimates of temperature at the greatest depth of circulation.

g 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 maxgin 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, trendmg 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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anomaly.

the Henry Lake Basin.

INTRODUCTION

Gravity data for the Centennial and Madison Valleys (see
k Fig. 1) has been examined in an attempt to delineate the
’ major faults of the region and to estimate the thickness of the
f low density Cenozoic fill of the valleys. Gravity measurements
P can reveal structural elements not visible on the surface.
B Density contrasts cause variations in the local gravitational
E acceleration; therefore, those structures that juxtapose ma-
g 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-
g 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 crystailine 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 faultto 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.

METHOD 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
modeled in detail (Schofield, 1980); three additional profiles
were modeled for the Madison Valley interpretation, and
another for Hentrys Lake Basin. The models consisted of a
simplified geologic cross section having a single density
contrast with the observed and calculated gravity for the
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STRUCTURE OF THE CENTENNIAL AND MADISON VALLEYS
BASED ON GRAVITATIONAL INTERPRETATION

Y
jJames Dean Schofield?

ABSTRACT

Major structural elements in the Centennial-Madison region of Southwestern Montana and adjoining !daho 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 mitligal

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 {ow 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 controfled by the fault. The east side of the O’delt Creek fauit 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

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 g/cc contrast (2.8 g/cc
for Precambrian metamorphic rocks, 2.3 g/cc for Cenozoic
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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 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 particularbody will broaden as it
is buried deeper and deeper; thus, gravity anomalies of small
areal extent are assumed to be near surface.

SCHOFIE

CENTENNIAL VALLEY 4

Fig. 3 is the complete Bouguer gravity map of the east ;
Centennial Valley. There is a broad east-trending gravity |
in conjunction with the Centennial Valley. The gra
anomaly across the valley is 20 milligals. The comple
gravitational expression of the Centennial and Madisoy
Valleys is not known because very few gravity stations 3
setup in the mountina.s The map of the basement of th;
valley (Fig. 4) shows a complex structure which is conceal
beneath the nearly flat surface. The depth to basement
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STRUCTURE- GRAVITY

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;

The steep gradient between the Centennial Mountains
and the Upper Red Rock Lake;
. The nose in the gravity contours at the Upper Red Rock
Lake;
The closed gravity low at Alaska Basin;
The narrow gravity low paralleling the trend of Elk and
Hidden Lakes;
The south pointing nose at Teepee Creek;
. The bend in the gravity contours north of the Lower Red
Rock Lake; and
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 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-

mm g 0O
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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 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 F} is caused by the
Cenozoic sediment fili 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 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
QOdell 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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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 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 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 |
of Fig. 3) not only has a low density but also a high
susceptibility, as demonstrated by the results of a grond
magnetic survey shown in Insert A (Schofield, 1980). The
dipolar magnetic anomaly suggests the source is anintrustion.
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° (). 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), using a-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 nartheast trend cuts the
valley at approximately 45°05’ (Gary, 1980). According to
GCary, 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 east'of 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 atleast 7,000 feet thickand 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 thefill in the valley. The basement of the Centennial Valley
is divided into a number of separate blocks.
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the Meagher down on the east.
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GEOLOGY AND GEOTHERMAL RESOURCES OF
THE EASTERN CENTENNIAL VALLEY

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 of the graben, itwas 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 Laram:de 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 fauits.

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 Henry's Lake Mountains, respect-
ively, are believed to be formed by block faulting. 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
mast areas. Valleys between the mountains have been infilled

TMontana Bureau of Mines & Ceology, Butte, Montana; financial
support by the U.S. Department of Energy under Contract No. EY-
76-5-06-2426

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 tilis 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 Forkl 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.
Erasion 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 Maorrison 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-

SONDREGGER

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 s
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 clastics to the
Centennial Valley. Thus, as the compressional forces of the

_ MADISON _C!
BEAVERHEADC

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, presumablyin 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 (2) Miocene sandstone and limestone believed to
be of continental origin. These units dip gently into the
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Centennial Valley from the north at about three degrees.
Erosion followed and onily 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

55

YR PR ’

d Al \ AR 1N

< 53 J LA
%\‘p ) VL o \

I ~ -

[,’ i { > " \\ | \\
ol [ AESRE A
J“ S . g ’

|— "—— 2 o B L

\ -7 N N

W N . “'.,;""’ /y-e -

’: (AN ;,00 1 ,’ 3 .
N < e !
N - - I\ , 5 P

JH & { 4 k
] < Pid 1/1 .. bt .

ﬂ- // 3 - \\;‘"ﬂ

/7 "~ | s

- o e g

At Te
{ i

LS T

J ! - IR
Joos e .

LY A * 2500 {( N
¥ A - !

," Res N ~°." (-~ f
B AR 70 SRS - S
ST R b7 ? ¢ D

DO 4 It \ -]

i (\ \\‘\6 V4 Lo
L. \., .

e T

N
NN Lo 3
E ey e — e f e o
, .
” g

-
o” Ny
s —
f
°h..'3: “'o.{‘
v/‘/"
»
N Y S
. o
BM)‘W/)
8e
s verTeon Attitude of bedding or layering in flows.
67 14 i J MILES
* - - N G T W |
inclined vertical Fohatlon.
[« S000 FEET
O Y S S S |
16
f Bearing and plunge of lineation. o s | 2 KILOMETERS
Loddgstaogl J

"_——-*-‘\

Doubly plunging anticlinal axis, location approximate.

Formation contact, dashed where approximate, dotted

where concealed or uncertainty is >500 feet.

.._%_.. = ot Faylt, dashed where a

or uncertainty is >5

roximate, dotted where concealed
feet, dashed and dotted where

located by snow lineations photographed at low altitude.

Figure 2. Geologic map in the vicinity of the warm springs.

L Bl g R




360

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) Fiuvial 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 thistime. 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
clastics was sufficient to disrupt existing drainage, as this unit
is overlain by alimestone 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

‘within 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 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 the
Metzel Creek anticline, where displacement is on 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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2 401 Staudenmeyer Springs
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5 347 Anderson Stock Well

6 128 Smith Boxcar Well

7 184 Refuge Stock Well

8 176 Staudenmeyer Stock SE

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.

Its

“8) 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 larger valley floors 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) itappears 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 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) CaCO3 + HyCO3 => Ca?t + 2HCO,

(2) CaMG(CO3); + 2HpCO3 -» Ca2t +Mg2t +4HCO;

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 quartz, chalcedony, a or b cristobalite, or amorphous
silica, while the cation geothermometers use atomic ratios of
the elements NaK, 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 (Fournier 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 reservoirtemperature is believed to
be 45°C or less, with 40°C probably being a reasonable
estimate of the maximum reservoir temperature. The highest
chalcedony temperature calculated from these springs is
37°C. Chloride content varies from9.0 to 10.0 mg/L, 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 well (T=
10.2°C) 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, respectively are
calculated. The silica content may be elevated due to contact
with detrital volcanic material, and the maximum tempera-
ture for the thermal system is still about 45°C if no significant
mixing or precipitation has occurred.

The silica geothermometry becomes almost useless when
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water interacts with glass-rich acidic rocks such as the Huckle-
berry Ridge Tuff. Samples of this rock and the Mesa Falls Tuff
were ground to medium- to fine-sand size and leached with
distilled water in the laboratory at different temperatures,
Within three months, the silica content in the water plotted

between the a and B 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 of the 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
the lakes and river were considered to be the only reliable
values under these conditions. Temperatures ranged from
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 the
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 are
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 heat source could be
either p postulated intrusive (Schofield, this publication) or
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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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 i970s 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, Heléna, 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 Sondercgger and Charles Wideman -

resource evaluation

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

5. Montana Energy Research and Development Institute, Butte, Montana:
Karen B;rclay - 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 70s was that adequate measurement of spring discharge
and temperature were not always available (at a given temperature, the
energy available 1s 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 CGroup.
However, Figure 2 is an approximation of the type of distribution one
would expect for thermal spring temperatures; from Figure 2 we infer rcthat
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°¢.
If the temperature of a spring 1s greater than ZSOC, it is usually safe to
assume (in western Montana) that even in the summer a body of ponded spring
water loses more heat than 1t 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 discharpge reported in the
MBMG spring data 1list for springs in the 15 to 20°%¢ 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 llot Springs and Boulder Hot Springs).

Obviously, we have erred on the side of being conservative in our past
work. MHowever, Table 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 100C, 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. TFor a domestic dwelling of

2,500 square feet, the generally available heat pumps now being produéed




Table 1. Heat value of water from selected springs and flowing wells.

H, (25°0) i, (18°C) Hy (10°C)
Tgmp. Flow 9 9 3

Name oy (gpm) (10° Btu/yr) (107 Btu/yr) (10”7 Bru/yr)
SPRINGS
Alhambra 56.5 100 24.9 30.4 36.7
Anaconda 21.7 3.2 0.09 0.30
Andersons . 25 75 4.15 8.89
Andersons Pasture 26 900 7.11 56.9 114
Apex 25 750 41.5 88.9
Avon ) 25.5 2% 0.09 1.42 2.94
Bear Creek 24 10 0.47 1.11
Bearmouth 20 1,100 17 .4 86.9
Beaverhead Rock 27 100 1.58 7.11 13.4
Bedford 23.6 1,500 66.4 161
Blue Joint 29 200 6.32 17.4 30.0
Boulder 76 590 238 270 308
Bozeman 54.6 75 17.5 21.7 26.4
Bridger Canyon : 20.2 150 2.61 12.1
Broadwater 62 12 3.51 4.17 4.93

Brooks 19.9 72,000 1,080 5,630
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Kimpton
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Lucas 42.
Ringling 48
Symes 40
White Sulphur-dug 58

1 . -
Average temperature with mixing factors deleted.

2Added aftefffigure 1 was drafted.

3Replaced by well.

ACemented and abandoned.
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would require 10 to 15 gpm of 150C water for typical Montana winter weather
conditions. Thus, a 15°¢ spring with a proven 150 gpm yicld could only
hecat ten domestic dwellings. By comparison, even without the use of a
heat pump, 150 gpm of 60°C water will heat 60 £o 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 concentratlon
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 belie?ed to represent a significant thermal resource. Thus,
the known geothermal system in eastern Montana are believed to result from
deep circulation ofimeteoric 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 MBMG 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 peothermal 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 faulrs
and fractures controlling the occurrence of the hot spring systems that have
been studied. The Ennis hot spring has the'highest surface temperature
(830C) 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 llunters 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, Wagﬁ 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 Gruber 1s reported tro have obtained
about 350 gpm of water at approximately the spring temperature, 620C 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 cenergy. The first attempt was to drill a deep
well to heat the new bank building. The well was dri}led 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 (gpdlft) and an cstimated safe yleld of 50 gpm of 118°F (ABOC)
on a continuous use basis (Dunn, 1978, unpublished)} 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 (580C) water (Lloyd
Donovan, 1979, oral comm.). The latter approach is an excellent example
of successful incxpensive development; previously reported temperatures
for the spring rnnée 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'drilied 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 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 areca. Unfortunately, the 6,790 foot deep well
encountered water bearing zones with a maximum temperature of ZOAOF (QGOC;
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 (203OF). With the bottom open it was
flowing 2.5 gpm with a surface temperature of 930C (199OF; 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
drilledlin 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/fr. A
flange, pressure gauge, and additional valve were recently installed by the
shopmen at the hospital. We conducted a shoreg, 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 kesting 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 Encrgy 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_4; under test conditions, the well
flowed 230 gpm of 207°F (970C) 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 pll 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.

0ld 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°¢ (IOBOF) water from Mississippian age rocks (Leonard and others, 1978).
The Saco well, néw used by the Sleeping Buffalo Resort produces a reported
290 gpm of 41°¢ (1060F) 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 availlable in the water separated
from the crude oillproduccd on the Poplar Dome. Also, they suspect that
hot water may be available at rclatively shallow depths north and east of

Poplar along the trace of the Brockton-Froid fault zone (Spencer and Cohen, 1980).




lleat Pump Appl 1c‘a tion

The present heat pump technology calls for "heavy duty" pumps and
compressors in order to utilize typical Montana ground water in the temp-
erature range of 42 to 470F (6~80C). Figure 4 shows seven areas which
appear to have ground-water témperatures above 100C, and may be suitable
for use with normﬁl heat pump systems. A word of caution is needed with
respect to these data. Temperature is one of the mogt 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 inQentory work is done during the summer months, which commonly means
that any error in the temperature measurementé validity will be bilased
towards a higher temperaturc.

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
permitfed 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 1is 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




aquife; in the valley 111 sedlments. Temperatures of well water produced
from this zonc generally range from 10 to SlOC. The area is still under
investigation by Joe Donovan and a final veport will be issued by MBMG
around January 1981.

Area L, 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, southecast 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°¢ (SOOF) were encountered along several linear trends
(Spencer and Cohen, 1980). Bedrock 1is 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 cffort is to improve this data base. It is clear that some of the
morc 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 utilization of lower temperature resources will

become commonplace.
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Figure 3. Location of thermal springs in Montana.
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ADDENDUM

endum is to explain in greatef detail the tasks proposed on

6, 1979 by 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, 1In 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 geophysical 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 1f 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,

committing us to meeting such conditions. Also, by having it

-~y

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.

9]



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. A
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.

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
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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 £ill 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 DepagFment 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. 1In
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 undér 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

Preliminary 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:

i

(1’7/Publication of areal study reports in technical journals
ta avoid the delays encountered publishing through the MBMG.

éP/ .
ﬁé} ) (2) To Gnitiate—a)study @a}the White Sulphur Springs area.
Kﬁﬁ d The study will include geology, geophysics and water chemistry
/// as initial tools; and a proposal to the Renewable Energy

oK

>

Division of the State Department of Natural Resources for
test drilling funds at this site to confirm the size of

the resource.

AN

~/(3) ' To meet D.G.E. goals and deadlines for data compilation
-and presentation.
do \sing appiopriate qophysical , quolegqical, avel qeochesarc e tey/
(4) To @Anitiatd a geophysiexd] study,in the Norris area to 3
sgawif Gadditional] shallow resources can be &eund). deuhfied beyond Hhose prcawh]'
N,
—= (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 iﬁfear most favorable for a "blind" resource

to exist. Publigh resutts of this tack oMl en ctluy MBMG or techpical
wornad fama,
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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 1is 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 1% block area (Chadwick and others,
1977).

Item (4) is a preliminary study of a prefambrian 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:

. Seismic reflection and refraction

Microseismic (MEQ 800)

Gravity (Lacoste-Romberg and Worden meters)

Magnetic (Geometrics 810)

Resistivity (10 kV generator, estimated max. depth > 1000 m)

Gl Wb

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)

1l 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-sample 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




IT.

ITII.

iv.

Geothermal Project Budget

Montana State-Coupled Program

September 1, 198l-August 31, 1982 (12 months)

Salaries and Wages
Sonderegger (2, 3)

Wideman (2,2)4
Hydrogeologists (6,0)
Geophysical Students
Technicians (6,0)

Total Salaries and Wages
Benefits (18% of ?. and W.)

Total (S., W., and B.)

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

Indirect Costs
49% of Wages, Salaries,

and Benefits as
established by HEW

Total Costs

DOE
4,937
6,500
13,000
9,760

8,000

42,197

7,595

49,792

25,000

4,500

9,200
6,000
3,000
1,250
7,744

19,116

~75,810

24,398

150,000
(84.53%)

Montana Tech
7,406

6,500

13,906
2,503

16,409

3,000

3,000

8,040

27,449
(15.47%)
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VITA

CHARLES J. WIDEMAN, Professor of Geophysical Engineering

EDUCATION

1974
1967
1958

EXPERIENCE
1/80-Present

7/74-1/80

1972-7/74

1970-1972

1968-1970

1967-1968

PUBLICATIONS

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 Teave of Absence to work on detailed geothermal
resource assessment for_ Southwestern Montana. .

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.

Wideman, C. J. and Major, M. W., Strain Steps Associated with Earthquakes,

Bull. Seis. Soc. Am., V. 57, N. 6, p. 1429-1444, 1967.

Romig, P. R., Major, M. W., Wideman, C. J. and Tocher, Don, Residual

Strains Associated with a Nuclear Explosion, Bull. Seis. Soc. Am.
V. 59, N. 6, p. 2167-2176, 1969.

Wideman, C. J. and Van Wormer, J. D., Residual Strain from Benham, Milrow,

and Jorum; in Eqrthquake Research in ESSA 1969-70, ESSA Technical
Report ERL 182-ESL 11, Boulder, Colorado, 1970.




RESUME

Name: John L. Sonderegger !l

Personal;
Born January 14, 1942, Madison, Wisconsin
Married, three children

Education:
B.S.l., Geology, University of Wisconsin (Madison), 1962-1966
M.S., Geology, University of Alabama, 1967-1969
Ph.D., Geochemistry, New Mexico Tech, 1970-1973

Academic Honors:

University of Wisconsin, In-State Tuition Scholarship, 1963-1966
Northwestern University, N.D.E.A. Fellowship. 1969-1970.
Work 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 Division, Geologist 1l, 1973-1974; Geologist 111, 1974
Geological Survey of Alabama, Geologist | (% time), 1967-1969

Organizations:
Geochemical Society
Geothermal Resources Council
American Association of Professional Geologists

M.S. Thesis: A photogeologic and structural study of a limestone terrane with emphasis on fractures
affecting ground-water occurrence.

Ph.D. Dissertation: A preliminary investigation of the dissolution kinetics of strontianite and witherite.

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, Calculation of carbon dioxide partial pressure from chemical analyses of limestone

ground water: Journal of the Alabama Academy of Science, v. 40, no. 4, p. 227-231.

1970, Hydrology of limestone terranes-photogeologic investigations: Geological Survey of

Alabama Bulletin 94-C, 27 p.

1974, Effect of Chattanooga shale facies distribution on the in situ formation of negative struc-

tures by ground-water solution [abs.]: Geological Society of America Abstracts with Pro-

grams, v. 6, no. 4, p. 399. »

1974, A preliminary investigation of strontianite dissolution kinetics [abs.]: Geological Society

of America Abstracts 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.]: Geological Society of America Abstracts with Programs, v. 8, no. 5, p. 634.

Sonderegger, J. L., Bergantino, R. N., Donovan, J. J., and Miller, M. R., 1978, Geothermat studies in
Montana—Quarterly report: Montana Bureau of Mines and Geology Open-File Report 28, 88 p.

Sonderegger, J. L., Bergantino, R. N., and Miller, M. R., 1977, Geothermal potential of the Madison Group
at shallow depth in eastern Montana— Final report: Montana Bureau of Mines and Geology Open-File
Report 25, Part 1, 27 p.

Sonderegger, J. L., and Billings, G. K., 1971, The geochemical cycle of molybdenum [abs.]: Geological
Society of America Abstracts with Programs, v. 3, no. 7, p. 712-713.

Sonderegger, J. L., Brower, K. R., and LeFebre, V. G., 1976, A preliminary investigation of strontianite
dissolution kinetics: American Journal of Science, v. 276, no. 8, p. 997-1022,

Sonderegger, J. L., and Donovan, J. J., 1980, Neutralization of sulfide materials by fly ash for tailings pond
applications: A preliminary report [abs.]: Geological Society of America Abstracts with Programs,
v. 12, no. 7, p. 526. _

Sonderegger, J. L., Donovan, J. J., Miller, M. R., and Schmidt, F. A., 1978, Progress Report—Saline Seep:
Investigations of soluble salt loads, controlling mineralogy, and some factors affecting 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 limestone terranes—geologic investigations:
Geological Survey of Alabama Bulletin 94-B, 146 p.




Sonderegger, J. L., and Miller, M. R., 1977, Preliminary results of investigations on leachable salt loads
in saline-seep areas of Montana {abs.): Geological Society of America Abstracts with Programs,
v. 9, no. 6, p. 764-765.

Sonderegger, J. L., and others, 1980, Geothermal resources in Montana: Proceedings Montana Academy of
Science (in press).

Sonderegger, J. L., Pollard, L. D., and Cressler, C. W., 1978, Quality and availability of ground water in
Georgia: Georgia Department of Natural Resources, Geologic and Water Resources Division, Infor-
mation Circular 48, 25 p.

Sonderegger, J. L., and Schofield, J. D., 1979, Factors controlling the occurrence of warm springs in
the Upper Centennial Valley, southwestern Montana [abs.]: Geological Society of America Abstracts
with Programs, v. 11, no. 6, p. 302-303.

Sonderegger, J. L., Wallace, J. J., Jr., and Higgins, G. L., Jr., 1976, Acid mine drainage control—feasibility
study, 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
tial 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 Il.

Bergantino, R. N., and Sonderegger, J. L., 1978, Preliminary list of thermal springs in Montana: Montana
Bureau of Mines and Geology in-house report, 6 p. (Available upon request)

Billings, G. K., and Sonderegger, J. L., 1971, The geochemical cycle of molybdenum in our environment
[abs.]: American Chemical Society, Division of Water, Air, and Waste Chemicals, Annual Meeting,
Washington, D.C.

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

Donovan, J. J., Sonderegger, J. L., Miller, M. R., and Schmidt, F. A., 1980, Progress report— Saline seep:
Investigations of soluble salt loads, controlling mineralogy and some factors affecting the rates and
amounts of leached salts: Montana Bureau of Mines and Geology Open-File Report 36, 32 p.

Donovan, J. J., Wideman, C. J., and Sonderegger, J. L., 1980, Geochemical evaluation of shallow dilution
of geothermal water in the Little Bitterroot Valley, Montana: Geothermal Resources Council Trans-
actions, v. 4, p. 157-160.

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.

Miller, M. R., Bermel, W. M., Bergantino, R. N., Sonderegger, J. L., Ndrbeck, P. M., and Schmidt, F. A.,
1977, Compilation of hydrogeological data for southeastern Montana: Montana Bureau of Mines and
Geology Special Report to the Yellowstone-Tongue A.P.O., 295 p,

Miller, M. R., Brown, P. L., Donovan, J. J., Bargantino, R. N., Sonderegger, J. L., and Schmidt, F. A., 1980,
Saline-seep development and control in the North American Great Plains: Hydrogeological aspects, in
Transactions, Land and Stream Salinity Workshop, Perth, Australia, Nov. 11-21 (in press).

Norbeck, P. M., and Sonderegger, J. L., 1976, Ground-water investigation of Columbia Gardens H site:
Montana Bureau of Mines and Geology Open-File Report 22, 16 p., 15 fig.

Rautio, S. A., and Sonderegger, J. L., 1980, Annotated bibliography of the geothermal resources of Mon-
tana: Montana Bureau of Mines and Geology Bulletin 110, 25 p.

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

Work in Progress:
Determination of soluble salt loads in glacial deposits and weathered Cretaceous formations, and inter-
pretation of hydrochemical factors relating to saline seep in Montana.
A reconnaissance study of the geothermal potential of the upper Centennial Valley, Montana.
Research Interests:

Field and laboratory studies of mineral-aqueous interactions which affect ground-water composition.
The use of ground-water chemistry in the evaluation of geothermal and uranium resource potential.

10/80




