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INTRODUCTION

This study investigated the possibility of high-temperature-heat sources
(greater than 300 OC) in the area of Jackson Hole, northwestern Wyoming (see
Figure 1 for study area location). Analytical and finite-difference numerical
models describing conductive and convective terrestrial heat transport were
utilized in an attempt to define the thermal regime of this area.

This report will first present data which were used as constraints for
the analytic and numerical thermal models. These data include a general
discussion of geology of the area, thermal spring information, subsurface
temperature information, and hydrology of the area.

The modeling techniques are presented next with a discussion of
assumptions and data used to constrain the models.

Lastly, results of the models are presented with a discussion of
interpretations and implications for the existence of high-temperature heat

sources in the Jackson Hole area.

GENERAL GEOLOGY OF JACKSON HOLE

Jackson Hole is a 60 km by 15 to 30 km complexly folded and faulted basin
(Love and Reed, 1971; Love et al., 1973). Within the basin are three
structurally deep areas in which the Precambrian basement varies from 3 km to
4.5 km below sea level (Love in Behrendt et al., 1968). Sediments contained
in Jackson Hole represent all systems except Silurian (see Table I for a
generalized stratigraphic column). The Cenozoic sedimentary section is the
most complete of any Wyoming basin, due to the basin”s subsidence during
Cenozoic time.

Surrounding tectonic features include the Teton Mountain Range and the

Yellowstone volcanic plateau (refer to Figure 1). The height of the
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surrounding tectonic features (modified from Behrendt et al., 1968).
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Table I. Generalized stratigraphic column showing thermal conductivities
and units used in thermal models.

1

Era Period Description Modeled Thermal Model%?g
Thickness Conductivity2 Unit
(meters) (watts/meter Kelvin)
Cenozoic Quaternary Glacial gravels 0 to 3.3 8
Stream deposits 525
Cenozoic Tertiary Gray and white clay, 0 2.5 7
limestone, and to
volcanic ash 2400
Cenozoic Tertiary Gray conglomerate and 300 3.4 6

volcanic ash

Mesozoic Cretaceous Brown conglomerate 300 3.1 5
Mesozoic Cretaceous Gray sandstone and 1500 to 1.9 4
shale 3000
Mesozoic Cretaceous Red, gray, green and 1050 2.3 3
Jurassic mottled sandstone,
Triassic shale and limestone
Paleozoic Gray limestone, gray 1200 3.5 2

and green shale, and
red-brown sandstone

Precambrian Gneiss, schist and 3.2 1
granite
1 Description is taken from U.S. Geological Survey”s Map of Grand Teton National Park
(1968), Love (in Behrendt et al., 1968), and Love et al., (1973).
2 Thermal conductivity values were assigned using measured data from Heasler
(1978). For the Quaternary, Tertiary, and uppermost Cretaceous strata thermal

conductivity values were estimated based onm lithology.

3 Refers to cross—section AA~ (Figure 4).




Precambrian in the Teton Range exceeds 4 km above sea level. Love (in
Behrendt et al., 1968) interprets the Teton Range as a horst between the two
downfaulted blocks of the Teton Basin to the west and Jackson Hole to the
east. The north-south trending Teton fault system (Figure 2) separates the
Teton Range from Jackson Hole. Behrendt et al. (1968) have interpreted up to
7 km of vertical displacement along the Teton fault system. The Yellowstone
volcanic plateau terminates against the northern portion of Jackson Hole.

Beginning in the Miocene and continuing through the Pliestocene, there
has been extensive volcanism in the Yellowstone region which roughly coincides
with the subsidence of Jackson Hole. Contemporaneous with the subsidence of
Jackson Hole has been the uplift of the Teton Range. Movement originated in
the last 10 my (million years) and is still active (Love in Behrendt et al.,
1968). Barnosky (1984) proposes that volcanoes were active in Jackson Hole
from the early to middle Miocene (about 24 to 13 my ago). Within 5 km of the
southern boundary of Yellowstone Nationmal Park are volcanic rocks of the
Plateau Rhyolite which ranges in age from 70,000 to 600,000 years old
(Christiansen and Blank, 1972).

Summaries of the geologic history of Jackson Hole are given in Behrendt

et al. (1968), Love and Reed (1971), and Love et al. (1973).

THERMAL. SPRINGS

Ten thermal springs are located near the study area with four thermal
springs contained within the study area (Figure 2). Chemical and flow data
for all ten springs are listed in Table II.

The two highest temperature springs (Huckleberry Hot Spri%gs and Jackson
Late Hot Springs) are nearest Yellowstone Natiomal Park. Huckleberry Hot

Springs includes two groups of vents and seeps flowing 380 L/min (liters per
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» Geothaermal gradient (°C/Km) calculated from oil well bottom-hole
temperatures. See Tables llf and IV,

X Bottom-hole temperature (°C) and depth (meters) from precision
thermal measurements. See Figure 3.

i Line of cross-sections used in finite-diffarence thermal modals.

Figure 2. Locations of study area (stippled), thermal springs, subsurface
temperature data, and cross sections used in finite difference
models.




Table II.

Thermal Spring

Huckleberry
Jackson Lake

North Buffalo Fork
Kelly

Teton Valley
Abercrombie

Boyles Hill
Granite

Granite Falls
Astoria

Thermal spring data for the Jackson

Temperature

(°0)

51
72
45
27
18
27
30
41
45
37

Flow
(L/min)

1136
5520
757

946
189
1136
454
379

TDS
(Mg/L)

688

284
248
192
2480
670

1160

Hole area.1

Location
(Township/Range/Sec)

48/115/20
46/115/19
45/111/32
42/115/2
42/115/11
41/116/2
41/117/36
39/113/6
39/113/6
39/116/32

1 A11 data is from Breckenridge and Hinckley (1978) except for the flow data
for Jackson Lake Hot Springs which is from J.D. Love (personal
communication, 1986).




minute) of 45 to 61 °C water (Breckenridge and Hinckley, 1978). These springs
occur in a large area of siliceous sinter overlying glacial material and
Pliestocene rhyolites (Love, 1974). Chemical geothermometry has been
interpreted as indicating a subsurface reservoir temperature of 133 °C
(Muffler, 1979).

Jackson Lake Hot Springs are located on the western shore of Jackson Lake
(Figure 2). Wagner (1964) described a variety of small springs along 275
meters of shoreline with temperatures ranging between 24 to 50 °C.
Measurements by J. D. Love indicate a minimum flow of 5520 L/min with the
highest temperature being 69 °C (J. D. Love, personal communication, 1986).
These springs occur along the north-south trending Teton fault system and the
intersection of two smaller converging northwest—-southeast trending normal
faults (Love and Reed, 1973). Madison Limestone is mapped at the location of
the springs (Love and Reed, 1973).

Breckenridge and Hinckley (1978) consider both Teton Valley Warm Springs
(18 °C, flow undetermined) and Kelly Warm Springs (27 °C, flow undetermined)
to be sourced from the Madison Limestone. They base their assumption on the
chemical similarity between these springs and Madison waters and on the
geologic structure near tﬁe springs. Kelly Warm Springs occur in Quaternary
alluvium while nearby Teton Valley Warm Springs are located at the base of a
long slope of deeply fractured Madison Limestone (Breckenridge and Hinckley,
1978).

Abercrombie Warm Springs (27 °C, 950 L/min) occur in an area of Holocene
loess (Breckenridge and Hinckley; 1978). Paleozoic rocks which have been
intruded and covered by Tertiary or Quaternary andesites, are located just
south of the springs (Love, 1975). These springs are located along the Warm

Springs fault, an east-west normal fault mapped by Love (1975).




SUBSURFACE TEMPERATURE DATA

Bottom-hole temperatures (BHT’s) reported with logs from oil and gas
wells were analyzed in an attempt to provide subsurface temperature data.
Data from Wyoming Geological Survey files for 18 wells are presented on Figure
2 and in Tables III and IV. Figure 2 shows the location and range of
calculated geothermal gradients for the 18 wells. Table III statistically
summarizes the 34 BHT’s and calculated geothermal gradients for the 18
wells. Table IV lists data for the 34 measurements including depth, BHT,
location, and calculated gradient.

Geothermal gradients were claculated from BHT data using the formula

(BHT) - (MAAT)
Depth

Gradient =

where MAAT is the mean annual air temperature. For the gradient calculation a
mean annual air temperature of 3 °C was assumed. This is between Becker and

Alyea’s (1964) reported values of 3.3 °C for the town of Jackson Hole and 1.2

°C for Moran.

Difficulties exist with the use of oil well BHT’s in geothermal
studies. There are problems associated with the thermal effects of drilling
and with operator inattention in measuring and reporting BHT’s. Also,
drilling fluids may transfer heat to the bottom of a drill hole, warming or
cooling the rock depending on the drilling fluid temperature %nd the depth of
the hole. The magnitude of the thermal disturbance depends o% such factors as
the temperature difference between the drilling fluid and the‘rock, the time
between end of fluid circulation and temperature measurement, the type of
drilling fluid used, the length of time of fluid circulation, and the degree

to which drilling fluids have penetrated the strata.




DEPTH
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400.
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1600.
1800.
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2400.
2600.
2800.
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3200.
3400.
3800.

Notes:

Table 111. Summary of 34 bottom-hole temperature measurements for

18 wells in the Jackson Hole area.

NO. HIGH
2. 37.8
2. 42.2
2. 46.7
4, 56.1
3. 40.0
1. 73.3
2. 50.6
2. 63.3
4, 65.6
2. 50.0
i. 4647
2. 8l.1
4 71.1
2. 67.8
1. 72.8

NO. HIGH
2. 92.9
2. 48.1
2. 40.0
4. 39.9
3. 23.4
1. 41.2
2. 23.9
2. 28.9
4. 27.7
2. 18.8
1. 16.8
2. 26.8
4. 22.0
2. 19.6
1. 19.1

Depth range is from the indicated value to 200 meters
are computed using the formula:
annual surface temperature) / depth) * 1000.

DEPTH - TEMPERATURE ANALYSIS

(meters)

LOW
22,2
35.6
29.4
23.3
32.8
73.3
27 .8
56.7
52.2
45.6
46.7
7546
53.3
56.1
72.8

DEPTH - GRADIENT ANALYSIS

(meters)

LOW
66.0
38.0
23.4
16.7
20.1
41.2
13.4
24.5
21.0
16.6
16.8
24.3
16'5
16.6
19.1

(°0)

MEAN
30.0
38.9
38.1
38.6
36.5
73.3
39.2
60.0
56.7
47.8
46.7
78.3
65.1
61.9
72.8

50%
37.8
42.2
46.7
37.8
36.7
73.3
50.6
63.3
56.7
50.0
46.7
8l.1
70.6
67 .8
72.8

(°C / km)
MEAN 507
79.5 92.9
43.0 48.1
31.7 40.0
27.1 26.2
22.3 23.3
41.2 41.2
18.6 23.9
26.7 28.9
23.5 23.1
17.7 18.8
16.8 16.8
25.6 26.8
20.1 21.7
18.1 19.6
19.1 19.1

667%
37.8
42.2
46.7
37.8
40.0
73.3
50.6
63.3
56.7
50.0
46.7
8l.1
70.6
67.8
72.8

667%
92.9
48.1
40.0
26.2
23.4
41.2
23.9
28.9
23.1
18.8
16.8
26.8
21.7
19.6
19.1

((bottom-hole temper
Percent

807% 907%
37.8 37.8
42.2 42.2
46.7 46.7
56.1 56.1
40.0 40.0
73.3 73.3
50.6 50.6
63.3 63.3
65.6 65.6
50.0 50.0
46.7 46.7
8l.1 8l.1
71.1 71.1
67 .8 67.8
72.8 72.8

807% 90%
92.9 92.9
48.1 48.1
40.0 40.0
39.9 39.9
23.4 23.4
41.2 41.2
23.9 23.9
28.9 28.9
27.7 27.7
18.8 18.8
16.8 16.8
26.8 26.8
22.0 22.0
19.6 19.6
19.1 19.1

less. Gradients
ature — mean
iles identify the

data value below which that percentage of the data faﬂls. This is
done on a case counting basis, i.e. the actual data values are not

considered.




Table IV. 0il well bottom-hole temperature data for the
Jackson Hole area.

DEPTH _ TEMPERATURE GRADIENT ' LOCATION2

(meters) (°c) (°C/km) (Township/Range/Section)
291. 22.2 66.0 42/112/14 A
374, 37.8 92.9 42/114/1
815. 42.2 48.1 42/113/6
857. 35.6 38.0 44/112/31
1132. 29.4 23.4 43/114/9
1091. 46.7 40.0 , 44/113/25 B
1216. 23.3 16.7 42/112/11 C
1305. 37.2 2642 44/111/25 D
1332. 56.1 39.9 45/113/29
1367. 37.8 25.4 44/113/13 E
1445. 36.7 23.3 42/113/24
1484, 32.8 20.1 44/111/25 D
1582. 40.0 23.4 447112731
1707. 73.3 41.2 43/112/34 F
1854. 27.8 13.4 42/112/14 A
1990. 50.6 : 23.9 43/112/34 G
2088. 63.3 28.9 44/113/25 B
2189. 56.7 24.5 44/112/31 H
2201. 52.2 22.4 43/112/34 G
2258, 65.6 27 .7 44/113/25 B
2324. 56.7 23.1 43/110/15 1
2341. 52.2 21.0 43/112/34 G
2494, 50.0 18.8 43/112/34 F
2570. 45.6 16.6 42/112/14 A
2603. 46.7 16.8 42/112/11 C
2914, 81l.1 26.8 44/112/31 H
2981. 75.6 24.3 44/113/13 E
3045. 53.3 16.5 42/112/11 C
3075. 70.6 22.0 43/110/15 1
3107. 65.6 20.1 ' 43/112/34 F
3134. 71.1 21.7 43/111/6
3200. .56.1 ' 16.6 42/112/14 A
3313. 67.8 19.6 43/112/34 F
3653. 72.8 19.1 43/113/2

1 Data gathered from records at the Wyoming Geological Survey, 1986. Thirty-

four measurements from 18 wells are listed.

9 !
Letters refer to multiple bottom-hole temperature measurem#nts within one
well.
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It can be generally assumed that such factors as time oflyear, operator
error, time since circulation, and drilling fluid characteristics are random
disturbances which average out when considering a large data set. However,
circulation of drilling fluids is generally a systematic effect which tends to
decrease rock temperature more with increasing depth. With sufficient data at
all depths, anomalous gradients may be identified despite the fact that they
are depressed in value (for examples see Hinckley and Heasler, 1984; Heasler
and Hinckley, 1985; Buelow et al., 1986; and Hinckley and Heasler, 1987).

Given the scarcity of BHT data for the Jackson Hole area, it becomes very
difficult to define equilibrium temperatures, geothermal gradients, or thermal
anomalies. However, generalities may be discerned from the data as presented
in Table III. The calculated gradient falls between 18 to 27 °C/km for 77
percent of the data. This range of gradient applies roughly over the depth
range of 1216 meters to 3653 meters. Such a generalized gradient for the
study area is similar to the background gradient for the Bighorn Basin of
29°C/km based on the analysis of 2035 BHT”s (Heasler and Hinckley, 1985) and
the background gradient for the Wind River Basin of 28 °C/km on the analysis
of 1744 BHT”s (Hinckley and Heasler, 1987).

The reliability of using gradient values greater than 27 °C/km to define
thermally anomalous areas cannot be adequately assessed at this time due to
the scarcity of BHT data. However, as can be seen from Table IV, most of the
gradients greater than 27 OC/km occur at relatively shallow depths (less than
1100 meters). Similar patterns have been observed in other Wyoming basins and
do not necessarily indicate the presence of anomalous heat sources (Hinckley

|
and Heasler, 1984; Heasler and Hinckley, 1985; Buelow et al., 1986; and

Hinckley and Heasler, 1987).

One of the most valuable sources of subsurface temperature data results
|
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from precision thermal measurements in wells. During September of 1986
precision thermal measurements were made in three wells in the study area
using the methodology described by Decker (1973). A calibrated thermistor
probe was lowered at discrete intervals and allowed to equilibrate at each
level. Temperatures measured in this manner are believed to be precise to
0.005 °C and accurate to 0.1 °C (Decker, 1973).

Shown in Figure 3 are the measured temperature-depth profiles for these
three wells (locations shown on Figure 2). All three wells are water wells
which had been undisturbed for many months. However, all three temperature-
depth profiles show effects of convective heat transport (water flow).

The Jenny well is located near Jenny Lake Lodge in Grand Teton National
Park (Figure 2) and is drilled into glacial gravels and sands. Temperatures
in the Jenny well are substantially lower than in the two wells near the town
of Jackson Hole. In this area, the glacial material is an unconfined aquifer
recharged by surface waters with generally shallow depth of circulation (Cox,
1976).

The Jackson El well is located on the National Elk refuge east of the
Jackson Hole hospital, Temperatures in the Jackson El well clearly indicate
subsurface water flow as shown by the two isothermal segemends from 17 to 37

meters and 37 to 58 meters. Water movement from depth is al%o suggested
because the second isothermal segment is near 11.3 °C. This temperature is

greater than could be caused by conductive heat flow or shallow circulation of

groundwater.

The Jackson E2 well is located approximately 300 meters 'west of the
Jackson El well. Temperatures are cooler than the Jackson El well with a more
regular change in the geothermal gradient. However, due to the change in

gradient down the hole (from 80 OC/km at 27 meters to 12 °C/km at 73 meters),

12
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Figure 3. Measured temperature-depth profiles (September, 1986). The
Jenny Lake well is located in T44N/R116W, the Jackson El and E2
wells are located in T41N/R116W (see Figure 2).
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the temperatures in this well are also believed to be disturbed due to water
movement.

Although not useful in defining conductive equilibrium temperatures or
geothermal gradients, the temperature data from these three wells suggests
factors which should be considered. First, data from the Jenny Lake well
suggests that water temperatures in the surficial unconfined aquifer will be
within a few degrees of the mean annual air temperature. Consequently, the
11.3 °C temperatures from 43 to 58 meters in the Jackson El well indicate that
groundwater is transporting heat from a greater depth. This is consisitent
with Breckenridge and Hinckley’s (1978) interpretation for the origin of Teton
Valley Warm Springs, Kelly Warm Springs, and Jackson Lake Hot Springs.

Second, the indication of both shallow and deep water movement makes it very
difficult to establish a conductive geothermal gradient from shallow well

data.

HYDROLOGY

Hydrologic data has primarily been interpreted for alluvium and glacial
outwash in Jackson Hole. Cox (1976) has constructed a potentiometric surface
map for this unconfined aquifer, mapped approximate thickness of saturated
alluvium and glacial outwash, and lists chemical anlayses and specific
capacties for selected wells. Cox reports productivity from this aquifer as
great as 7600 L/min and a very high transmissivity of .032 mZ/sec. This
suggests that the alluvium and glacial outwash will be effec;ive in coancealing
the deeper thermal structure of the basin because of the great amount of
convective heat transport (water flow) which it supports.

Hydrologic data for deeper aquifers are unavailable and consequently are

inferred from data collected in other basins. 1In the Bighorn Basin, major

14




aquifers are the Paleozoic Madison Limestone and Tensleep Sandstone. Artesian
flows up to 11400 L/min are reported for the Madison Limestone (Lowry et al.,
1976). Minor aquifers may exist stratigraphically higher than these aquifers,
but will not be considered in this study because they will generally have
poorer aquifer characteristics than the Paleozoic aquifers and will not be as

deeply buried and hence will be cooler than the Paleozoic aquifers.

THERMAL MODELING

Two types of thermal models were constructed for Jackson Hole. The first
type was used to estimate the temporal thermal effects of known volcanism in
the area. The second type was used to estimate the present day thermal regime

along cross-—sections in Jackson Hole.

Analytic Thermal Models for Intrusions

The temporal thermal effects of volcanism were estimated by considering a
rectangular intrusion buried at a depth below a surface held at 0°C. The
rectangular intrusion cools by conduction as described by Carslaw and Jeager

(1959). The equation solved was

or
at

Klr—-

where T represents temperature, t is time, « is thermal diffusivity, and x, vy,
and z are spatial coordinates. Input parameters include size of the
intrusion, depth of burial, temperature of the intrusion, thérmal diffusivity
of the strata, and coordinates rélative to the intrusion for temperature
calculation. The model then calculates the conductive thermal effect of the

intrusion at the specified location.
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Results of the model are sensitive to the size of the intrusion, initial
temperature, and coordina;es for temperature calculation. The model assumes
uniform thermal properties, an initial temperature distribution of 0 o¢
everywhere, a constant surface temperature of 0 OC, thermal diffusivity of 32
kmz/my, heat transfer by conduction only, and no heat sources or sinks other
than the intrusion.

The first application of this model is to the early to middle Miocene
volcanism proposed for Jackson Hole by Barnosky (1984). During this time
period from approximately 24 to 13 my ago, Barnosky believes that the volcanic
vents were located along or near the Teton fault system within 25 km of
Pilgrim Mountain perhaps near the northern end of Jackson Lake. Barnosky
spearates the volcanism into an andesitic cycle lasting from 24 to 18 my ago
and a basaltic cycle at 13 my ago.

In an effort to determine the effect of this volcanism on the present
thermal regime on Jackson Hole, parameters which maximize the thermal effect
of the volcanism were chosen. Model A as shown in Table V represents an
intrusion which is 3 km thick by 30 km long by 12 km wide and is buried 1
km. The coordinate for temperature calculation is centered on the upper
surface of the intrusion. The initial temperature of the intrusion was chosen
as 1200 °c. Although such a temperature is unrealistically high for andesitic
volcanism, it represents the maximum possible initial temperature. Parameters
for Model B (Table V) are identical to Model A except that the intrusion is
buried 10 km rather than 1 km.

As can be seen from Table V, the present day temperature increase due to
Models A and B would be undetectable. If the intrusion were unrealistically
enlarged (6 km thick by 60 km long by 24 km wide) then the present-day thermal

effect for a 1 km burial is still undetectable (Model C in Table V). Even for
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Table V.

Results of cooling intrusion models for Miocene volcanism
Models A and B are 3 km thick by 30 km long

in Jackson Hole.

by 12 km wide and are buried 1 and 10 km, respectively.

Models

C and D are 6 km thick by 60 km long by 24 km wide and are

buried 1 and 10 km, respectively.

The coordinate for

temperature calculation is centered on the upper surface of the
intrusion. An initial intrusion temperature of 1200°C was
used. See text for discussion.
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the case where the intrusion is buried 10 km (Model D in Table V) the
temperature increase for a point centered on the upper face of the intrusion
is only 6 °C.

Models of the thermal effects of Yellowstone volcanism on Jackson Hole
are difficult to constrain. First, the size and depth of the intrusive bodies
responsible for the volcanism are unknown. Second, the distribution and
location of the subsurface intrusive bodies in relation to Jackson Hole are
also largely unknown.

As a first approximation, the size of the intrusion responsible for
Yellowstone volcanism was chosen to be equal to the size of the Yellowstone
caldera (40 km wide by 70 km long (Keefer, 1971; Smith and Braile, 1982)).
Smith and Braile (1982) estimated that 6700 km3 of material has been contained
in Quaternary silicic eruptions from the Yellowstone region. This equates to
a thickness of 2.4 km over the area of the caldera. An intrusion thickness of
10 km was used as a maximum case. The initial intrusion temperature was
modeled as 1200 °C with the depth of burial being either 3 or 10 km.

Christiansen and Blank (1972) discuss three main volcanic cycles ia the
Yellowstone region. The oldest cycle considered is associated with the
deposition of the Huckleberry Ridge Tuff at 2 my ago. The next cycle is
associated with the Lava Creek Tuff deposited at .6 my ago. The final cycle
is defined by rocks of the Central Plateau Member (.20 to .07 my ago).

The cross—section lines AA” and BB~ (Figure 2) are located approximately
50 km from the southern corner of the Yellowstone caldera. Consequently,
temperatures were calculated for locations 20 km and 60 km from the southern
corner of the intrusion.

Model A of Table VI lists the temperature results for am intrusion that

is 10 km thick by 70 km long by 40 km wide and is buried 3 km. The initial
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Table VI. Results of cooling intrusion models for thermal effects of
Yellowstone volcanism in Jackson Hole. Models A, B, C, and D
are 10 km thick by 70 km long by 40 km wide. Models A and B
are buried 3 km with the corrdinate for temperature calculation
at 8 km depth and 60 and 20 km, respectively, from the corner
of the intrusion. Models C and D are buried 10 km with the
coordinate for temperature calculation at 15 km depth and 60
and 20 km, respectively, from the cornmer of the intrusion. An
initial intrusion temperature of 1200°C was used. See text for
discussion,
Time since Intrusion Temperature (°C) | ,
(my) Model A Model B Model C Model D
0.0 0 0 0 0
0.5 0 0 0 0
1.0 0 1 0 2
1.5 0 3 0 5
2.0 0 5 0 8
2.5 0 6 0 10
3.0 0 6 0 10
3.5 . 0 6 0 12
4.0 0 6 0 13
4.5 0 6 0 13
5.0 0 6 0 13
545 0 5 0 13
6.0 0 5 0 13
6.5 0 5 0 12
7.0 0 5 0 12
7.5 0 4 0 12
8.0 0 4 0 11
8.5 0 4 0 11
9.0 0 4 0 10
9.5 0 4 0 10
10.0 0 3 0 10
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temperature of the intrusion is 1200 °C and temperatures are calculated for a
point located 8 km deep and 60 km from the corner of the intrusion. Model B
is identical to Model A except the point for temperature calculation is only
20 km away from the edge ofthe intrusion. Model C is identical to Model A
except the intrusion is buried 10 km and the depth for temperature calculation
is changed to 15 km. Model D is the same as Model C except the point for
temperature calculation is only 20 km from the edge of the intrusion.

As can be seen from the results in Tables V and VI, the modeled
intrusions have little effect on the present thermal regime of the area
studied in Jackson Hole. However, many approximations and assumptions have
been used to construct these models. As additional geologic and thermal data

become available, the models should be revised to incorporate such data.

Finite—difference Thermal Models for Cross—Sections

Finite-difference thermal models were constructed for two cross-sections
through Jackson Hole (see Figure 2). The purpose of the models was to
estimate temperatures in the Paleozoic aquifers by solving a two dimensional

steady-state heat conduction and convection equation. The equation solved was

where T represents temperature, Kx and Ky are the thermal conductivity of the
fluid-saturated rock in the horizontal and vertical directious, V., and Vy are
the Darcian velocities of the groundwater in the horizontal and vertical
directions, p is the density of the water, and c is the specific heat of
water. This equation was solved using a Gauss-Sidel iterative method similar

to that described by Kilty and Chapman (1980).
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Input data for the models include the thermal conductivity of strata, the
structure {(geometry) of the area, approximate mean annual ground temperature,
regional heat flow values, Darcian velocity of groundwater and the spacing
between node points for temperature calculation. The model uses this data to
calculate a temperature at every node point.

The geometry used for cross-section AA’ is shown in Figure 4. This
cross-section was taken from the U.S. Geological Survey’s map of Grand Teton
National Park (1968). The grid spacing used was 150 m vertically between
nodes and 250 m horizontally between nodes. This resulted in temperatures
being calculated for 9211 node points over a cross-sectional depth of 9 km and
a length of 37.5 km.

Thermal conductivities were assigned to the rock units shown in Figure &
based upon measurements in other Wyoming Basins (Heasler, 1978) and estimates
considering rock lithologies (see Table I)., The most poorly constrained
thermal conductivity was that assigned to the upper Tertiary. To test the
sensitivity of the model to the thermal conductivity of this unit, Tertiary
thermal conductivity values were changed from 1.8 to 3.4 W/mK (Watts / meter
Kelvin). The results of these calculations are shown in Figure 5 for a
location where the Paleozoic section is deepest (16 km from the west side of
the model shown in Figure 4). The maximum temperatures predicted at the base
of the Paleozoic section differs only by 14 °C (169 °C for a thermal
conductivity of 1.8 W/mK verses 155 °C for a thermal conductivity of 3.4
W/mK). Using the lithologic description of the Upper Tertiary given by Love
(in Behrendt et al., 1968), a estimated thermal conductivity of 2.5 W/mK was
used in subsequent models.

No heat flow data exist for Jackson Hole. Nearby heat flow values range

from a low of 54 mW/m2 (milliWatts / meterz) 150 km to the southeast in the
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Figure 4., Geologic cross section AA' taken from the U. S. Geological Survey's

map of Grand Teton National Park (1968). Unit refers to thermal

conductivity values used in the finite difference thermal models
(Table I). See text for discussion.
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Figure 5. Calculated temperature profiles for three thermal conductivity
: . values for the upper Tertiary. Location for temperature profiles
is 16 km from the west boundary of the cross sejtion shown in

Figure 4. A heat flow value of 67 mW/m? was usdd in the calculations.
| .
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Wind River Range (Sass et al., 1971) to a value of over 100 mW/m2 as measured
in the southeast arm of Yellowstone Lake (Morgan et al., 1977). Heasler et
al. (1983) summarize published heat flow data for the area around Jackson Hole
and Wyoming. A heat flow value of 67 uW/m? has been used to model geothermal
systems in the Bighorn Basin (Heasler and Hinckley, 1985) as well as the Wind
River Basin (Hinckley and Heasler, 1987). Thus, heat flow values of 50, 67,
75, and 100 mW/m2 were input into the model for cross-—-section AA~,

Results of varying the heat flow are shown in Figure 6 for the location
where the Paleozoic aquifers are deepest (16 km from the west side of the
model shown in Figure 4). The maximum temperatures predicted for the
Paleozoic section varies by 100 °C. However, it is important to note that
even for the lowest heat flow value, the Paleozoic section is at a temperature
of 108 to 122 °C. These temperatures are greater than any reported thermal
spring temperature in Jackson Hole.

Modeled results for the four cases of varying heat flow are shown as
temperature cross—sectiouns in Figures 7A through 7D. The effects of thermal
refraction due to variations in thermal conductivity and structural geometry
are shown in these figures. Also shown are the steady-state conductive
temperatures associated with the Paleozoic aquifers. ©Note that in all four
cases of varying heat flow, the Paleozoic section in the deepest portion of
Jackson Hole is substantially warmer than the highest reported thermal spring
temperature (72 °C for Jackson Lake Hot Springs)

Given the modeled results as shown in Figure 7, BHT analyses as listed in
Tables III and IV, and familiarity with geothermal studies in nearby basins
(Heasler and Hinckley, 1985; Hinckley and Heasler, 1987), a heat flow value of
67 mW/m2 is chosen as being the most reasonable value. It will be important

in further studies to more precisely determine heat flow values for the
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Figure 6. Calculated temperature profiles for four heat flow values.

Location for the temperature profiles is 16 km from the west
boundarv of the cross section shown in Figure 4. Thermal
conductivities used for the calculations are listed in Table T.
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Figure 7. Calculated temberatures for cross section AA' (Figuﬁes 2 and 4)
for four heat flow values. Thermal conductivities lised are listed
in Table I. See text for discussion.
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Jackson Hole area.

In order to estimate the steady-state, two-dimensional thermal effects of
forced convective heat transport using the method of Kilty and Chapman (1980),
the mass flux (Darcian flow) of the water contained within the Paleozoic
section must be estimated. As discussed in the éection on hydrology,
hydrologic data for aquifers in Jackson Hole are sparse. Consequently, at
this time only very general constraints can be placed on the Darcian flow.

Darcey’s law was used to estimate reasonable values for the Darcian

velocity. In one form of Darcey’s law

<
I
ol
:ala
—|

where v is Darcian velocity (also termed specific discharge), T is
transmissivity, dh/dl is hydraulic gradient, and b is saturated aquifer
thicknesse.

For the northeastern Bighorn Basin, Huntoon (1985) lists Madison
Limestone transmissivities of 2.7 x 107° to 6.9 x 107% ﬁzlsec. Heasler (1982)
shows hydraulic gradients for the northwestern Bighorn Basin of 2.3 to 31.6
m/km. If an aquifer thickness of 1 km is assumed, then Darcian velocities

0712 ¢ 2.2 x 1078 m/sec.

calculated using these parameters range from 6.4 x 1
The Darcian velocity could approach zero m/sec as a lowest limit. For
such‘é case, the thermal regime would be purely coanductive as modeled 1in
Fiéures 7A through 7D and Figure 8A. An reasonable upper limit to the Darcian
velocity is more difficult to define. Huntoon (1985) believes that the high
transmissivity values reported for ﬁhe Madison Limestone are only applicable

to basin margins. He believes that in the deeper centers of basins, hydraulic

transmissivities are much less than those reported for basin margins.
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Consequently, the Darcian velocity estimate of 2.2 x 1078 m/sec which was
calculated using a high transmissivity value of 6.9 x 10_4 m2/sec and a large
hydraulic gradient of 31.6 m/km is perhaps orders of magnitude too great.
Lacking additional constraints, a Darcian velocity of 1072 m/sec was used as a
maximum value.

Data from cross—section BB’ (Figure 2) were used to estimate the combined
effects of heat conduction and convection. Figure 8 (taken from Figure 7 in
Behrendt et al., 1968) shows the structural geometry used in the model.
Temperatures were calculated every 500 m horizontally and 200 m vertically for
3914 node points over a cross-sectional depth of 7.4 km and a length of 51
km. Because Behrendt et al. (1968, their Figure 7) separate the geologic
units differently than shown in Figures 4 and 7, the thermal conductivity
values used to model Figure 8 were chosen to roughly correspond to those
listed in Table I. A single heat flow value of 67 mW/m2 is used.

Figure 8A shows the results of modeling cross-section BB’ when there is
no water flow (a Darcian velocity of zero). Note that the maximum temperature
of the Paleozoic section is similar to that shown in Figure 7B.

Figure 8B shows the temperature disturbance caused by the maximum Darcian
velocity (1079 m/sec). The Paleozoic section still attains temperatures of
near 100°C even with this large volume of water flow.

The temperature structure shown along the fault system in Figure 8A is
highly speculative. This is for two main reasons. First, hydrologic
properties of the fault (transmissivity, saturated thickness, hydraulic
gradient) are unknown. Second, the nature of heat transfer near the surface
is ill-defined. Whether the heated water travels to the surface and cools by
Newton’s law or whether the heated water flows into the surficial Quaternary

aquifers and cools by mixing and conduction will significantly effect the
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Figure 8. C(Calculated temperatures along cross section BB' (Figure 2). Geology

taken from Figure 7 in Behrendt et al. (1968). In Figure 8A (upper
cross section) there is no water flow. Figure 8B (lower cross
section) includes the effect of water flow in the Paleozoic section
and up the Teton fault. See text for discussion.
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modeled temperature structure along the fault.

CONCLUSION

The results of the thermal models for cross-sections AA’ and BB’ indicate
that the temperatures of the deepest Paleozoic section in Jackson Hole are
greater than observed hot springs temperatures. Since Jackson Lake Hot
Springs, Teton Valley Warm Springs, Kelly Warm Springs, and perhaps
Abercrombie Warm Springs may all be sourced from Paleozoic aquifers
(Breckenridge and Hinckley, 1978), the heating mechanism for the thermal
spring waters appears to be deep circulation of groundwater. Such a heating .
mechanism is similar to other geothermal systems in Wyoming associated with
thermal springs (Hinckley et al., 1982; Heasler, 1982).

Maximum temperatures of water contained in the Paleozoic aquifers are
poorly defined. This is due to uncertainty in the heat flow (Figures 7A to
7D), thermal conductivities (Figure 5), and Darcian velocity of the Paleozoic
groundwater (Figures 8A and 8B). Modeled Paleozoic temperatures range from
over 220 °C (Figure 7D) to 100 °C (Figure 8B).

Other important unknown factors include hydrologic data for both the
Paleozoic aquifers and the Teton fault system. The validity of the proposed
mechanism of groundwater heating (deep circulation) is linked directly to the
water-bearing properties of the deeply buried Paleozoic section and the nature
of water flow up the Teton fault system.

Given the assumptions delineated in this report, the observed thermal
spring temperatures, and the numerical model results, the possibility of high
temperature heat sources in the Jackson Hole study area is unlikely. The
possibility for high temperature heat sources greatly increases nearer

Yellowstone National Park due to recent igneous activity.
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Additional study is warranted in Jackson Hole for more concise definition
of the thermal and tectonic evolution of the area. Much needed data should be
collected on the heat flow of the region, thermal conductivities of strata,
rock temperatures, geochemistry, and hydrology. The collection of such
additional data will greatly reduce the uncertainties associated with modeling

maximum temperatures of the geothermal regime.
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19. REMARKS

This document is a no-cost time extension to allow Participant to complete project
Only costs for report completion will be allowed from 1/3ﬂ/87 to 4/30/87.

reports.

20. EVIDENCE OF RECIPIENT ACCEPTANCE

(Signature of Authorized Recipient Official)

{Date)

21, AWARDED BY

At < /]

William C. Drake

)L

VEXY/ %

{Signature)

{Date)

{Name)

{Name)

Contracting Qfficer

(Title)
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THE UNIVERSITY OF WYOMING

DEPARTMENT OF GEOLOGY AND GEOPHYSICS

P.O. BOX 3006
LARAMIE, WYOMING 82071

LR
* + e
* s 0 o0

(307) 766-3386

January 9, 1987

Mr. R. A. King, CMD

U. S. Department of Energy
Idaho Operations Office
785 DOE Place

Idaho Falls, ID 83402

Dear Mr. King:

I am requesting a no—cost extension for Project DE-FC07-85ID12607 through
April 30, 1987. During the last month I have been ill and consequently unable
to finish the final report. An April completion date will allow DOE a full

45 day review period for the final report.

Thank you for your consideration in this matter.

Sincerely,

Py £ floarl

Henry P. Heasler

cc Howard Ross, Peggy Brookshier
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Under the suthority of Public Law 93-410

 (See Instructions on Aeverse) .

subject to legisiation, resulations and policies spplicable to Icite legisiative program title):

Geothermal RD&D Act of 1977

. PROJECT TITLE

Geothermal Studies in the Jackson Hole
Area, Wyoming

+

2. INSTRUMENT TYPE
i) cranT

0O #:oopermnve AGREEMENT

4. INSTRUMENT NO. 5. AMENDMENT NO.

. RECIPIENT (Narne, address, zip code, ares code and telephone no.)
University of Wyoming

Department of Geology & Geophysics
Laramie, Wyoming 82071

DE-FG07-851D12607 | M0O1

6. BUDGET PERIOD
rronB/30/86 ThRu: 12/31/84

7. PROJECT PERIOD
fROM 7/30/85 THRU. 12/31/

8¢

10. TYPE OF AWARD

. RECIPIENT PROJECT DIRECTOR {Name and telephone No.)
Henry P. Heasler (307) 766-3386

O New O CONTINUATION O RENEWAL

% RrevisioN [0 SUPPLEMENT

9. RECIPIENT BUSINESS OFFICER {Name and telephone No.)

12. ADMINISTERED FOR DOE BY (Name, address, 2ip code, telephone No.)

11. DOE PROJECT OF FICER (Name, address, zip code, telephone No.}
Peggy Brookshier 208‘5 5260-1403

U. S. DOE ldahc Operations Office

Ronald A. King (208) 526-0790
U. S. DOE Idaho Operations Office
785 DOE Place

Idah 11 4
785 DOE Place, ldaho Falls, ID 83402 o Falls, ID 83402
13. RECIPIENT TYPE
[ STATE GOV'T [J INDIAN TRIBAL GOV'T [ HOSPITAL [T FOR PROFIT O oivibuat
ORGANIZATION
[0 LocaL Gov X INSTITUTION OF T OTHER NONPROFIT [ OTHER (Specitys
HIGHER EDUCATION ORGANIZATION Oc Tp Osp
74, ACCOUNTING AND APPROPRIATIONS DATA 15. EMPLOYER |.D. NUMBER'SSN
a. Appropriation Symbol b. B & R Number c. FT/AFP;OC d. CFA Number
N/R
16. BUDGET AND FUNDING INFORMATION
s. CURRENT BUDGET PERIOD INFORMATION b. CUMULATIVE DOE OBLIGATIONS
{1) DOE Fund: Obligated This Action 3 -0- {1) This Budget Period s 17,595
, 4. 595
(2} DOE Funds Authorized for Carry Over (3 4 [Total of ines a.(1) and &.(3])
) o . 17,595 ) -0-
{3) DOE Funds Previously Obligated in this Budge: Period $ _—,T—— (2} Prior Budge: Periods $ 0
{4) DOE Share of Tctal Approved Budget §17,595
(5) Recipient Share of Tota! Approved Budge! $___ "V | {3} Project Period to Date s 17,535
(6! Tota: Approved Budget ) 17 s 5985 [Tota! of ines b. (1jand b. (2}]

17. TOTAL ESTIMATED COST OF PROJECT §

{This is the curren: estimated cost of the project. it is not & promise 1o award nor an authorization to expend funds in thic emount.}

18. AWARD AGREEMENT TERMS AND CONDITIONS

This award agreement consists of thic form plus the following

a Special terms and conditions {if grant! or schedule genera! provisions, specia! provisions (if cooperative agreement]

N/A

b. Applicable program regulations Ispecify/

fDate)

c. DOE Assistance Regulations, 10 CFR Part-600, as smended, Subparts A and {0 B (Grants) or {1 G (Cooperative Agreements).
d. Application/proposal dated 8/13/86 K as submirted O with changes as negotiated
19. REMARKS

This modification revises the budget and project period with no incre%se in the
Revision as attached. \

budget or obligated funds.

20. EVIDENCE OF RECIPIENT ACCEPTANCE

21. AWARDED BY

deNoien € (B Shaf gl
{S:ignature of Authorized Recipient Official) {Date) . . {%ignature) ’ {Date)
William C. Drake |
{Name) . . {ITame}
Contracting Officer
{Title)

tritie)
|

1



E-FG07-851D12607
odification M0O1
age 2 of 2

1
1. SPECIAL TERMS AND CONDITIONS FOR RESEARCH GRANTS,

Paragraph 4. Project Completion Date, is revised to read as
follows:

The project completion date is December 31, 1986, which
includes an additional 90 days for completion of the

final report. A1l research effort must: be compieted by
September 30, 1986. Only costs associated with preparation
of the final report will be allowed during the 90 days

from September 30, through December 31, 1986.




FORM EIA.459C
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FEDERAL ASSISTANCE BUDGET INFORMATION rORM

FORM APPROVED
OME No 1900-0127

DE2FGOT-831012607

2 ProgemPomed¥thermal Studies in the

Jaci(son Hole Area, WY.

2 Name anr! Address

University of Wyoming
Department of Geology and Geophysics, Larmie, WY 82071

A VE L

P Comeeen 2/ 31/86

SECTION A - BUDGET SUMMARY

Gram Progam. s Estmated Unobligared Funds Carryover xw}yxmxu‘ FY86/87
Achy Caralng No Federa: Non-Federal Federal Tn-&oeu' Total
@ e i o fel t )
12607 s s , . ] .4,595
) ‘
4
£ TOTALS $ $ s $ 541595
SECTION B - BUDGET CATEGORIES
Carryover - Grant Program. Functian or Activity rous
6 Object Class Categories » FY86/87 |o - o . 51
a pesone{ includes F.Bjs 3,404 s s s 3,404
b Fringe Benefits
¢ Trave! 115 115
d Equipment
e Supplies
{ Conraciuai
@ Constuction
h. Other 127 127
i. Tota! Drect Charges
1 Indwect Charges 949 949
k TOTALS 54’595 $ $ $ q,595
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Under the suthority of Public Law
subject to fegisiation, regufations and policies applicable to fcite legislative program title):

(1-81)

93-410

U.S. DEPARTMENT OF ENERGY
NOTICE OF FINANCIAL ASSISTANCE AWARD
(See Instructions on Reverse)

e

Geothermal RD&D Act of 1977

1.

PROJECT TITLE
Geothermal Studies in the Jackson Hole Area
Wyoming

2. INSTRUMENT TYPE

KJ GRANT O cooPERATIVE AGREEMENT

RECIPIENT IName-, address, zip code, area code and telephone no.)
University of Wyoming

Department. of Geology & Geophysics

4. INSTRUMENT NO.

5. AMENDMENT NO.
DE-FGO7-851D12607

\/\Ti

6. BUDGET PERIOD
FROM: 7/30/85 THRU: 9/30/86

7. PROJECT PERIOD ~
enom:9/30/85  uau9/30/86

Laramie, WY 82071

RECIPIENT PROJECT DIRECTOR (Name and telephone No.)
Henry P. Heasler (307) 766-3386

. RECIPIENT BUSINESS OFFICER (Name and telephone No.)

10. TYPE OF AWARD

%l new [0 CONTINUATION 0O RENEWAL

[0 REVISION {3 SUPPLEMENT

1.

DOE PROJECT OFFICER (Name, address, zip code, telephone No.)

Peggy A. M. Brookshier (208) 526-1403
785 DOE Place

12. ADMINISTERED FOR DOE BY {Name, address, zip code, telephone No.)

Ronald A. King ’ (208) 526-0790
Idaho Operations Office
785 DOE Place

p Idaho Falls 1D 83402
I1daho Operations Office, Idaho Falls, ID 83404 >
13. RECIPIENT TYPE
(J STATE Gov'T [ INDIAN TRIBAL GOV'T CI HOSPITAL {J FOR PROFIT O iNnDIVIDUAL
ORGANIZATION
(J LocaL cov'T ¥ INSTITUTION OF [J OTHER NONPROFIT O OTHER (Specity
HIGHER EDUCATION ORGANIZATION Oc Op Osr
14. ACCOUNTING AND APPROPRIATIONS DATA 15. EMPLOYER 1.D. NUMBER/SSN
a. Approptiation Symbol b. B8 & R Number c. FTIAFPIOC d. CFA Number

89X0224-91 AM1510000

1D-54-91/250

16. BUDGET AND FUNDING INFORMATION

a. CURRENT BUDGET PERIOD INFORMATION

b. CUMULATIVE DOE OBLIGATIONS

{1) DOE Funds Obligated This Action $ 17 s 595 {1) This Budget Period $ 17,595
{2) DOE Funds Authorized for Carry Over $ - [Total of lines a.(1) and a.(3))
(3) DOE Funds Previously Obligated in this BudgetPeriod $ = | (2) Prior Budget Periods $ -Q-
{(4) DOE Share of Total Approved Budget $ _1.7__‘_59_5_
{5) Recipient Share of Total Approved Budget (3) Project Period to Date $ 17,595
(6) Total Approved Budget s 1 7,595 {Total of lines b. (1} and b. (2)]
17. TOTAL ESTIMATED COST OF PROJECT §

(This is the current estimated cost of the project. It is not a promise to award nor an authorization to expend funds in this amount.)
18. AWARD/AGREEMENT TERMS AND CONDITIONS

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 regulations fspecify) N/R {Date)

c. DOE Assistance Regulations, 10 CFR Part-600, as amended, Subparts A and &I B (Grants) or O C {Cooperative Agreements).

d. Application/proposal dated 2/ 8/ 85 , [ as submitted B with changes as lnegotiated
19. REMARKS |

1
This Grant consists of this NFAA, the Budget Plan, the Statement of Work,

Special Terms and Conditions for Research Grants, General Terms and Conditions for Research

Grants, 10 CFR Part 600, DOE Order 1332.2, and

OMB Circulars A-110 and A-21.

20.

EV

NCE OF RECIPIENT ACCEPTANCE
\

21. AWARDED BY

10/10/85 M«- /),Q, ‘7[?’)/6’&
(Signaplir§ of Authorized Recipient Official) {Date) ] ] {Signature) {Date)
ames E. Todd William C. Drake
hd {Name) {Name)

Vice President for Finance

Contracting Officer

{Title)

ﬁTl tle)




Grantee:

BUDGET PLAN

University of Wyoming

Direct Labor (including F.B.)

Computer Time

Travel -
Other

Indirect

Domestic

Costs

Total

DE-FGO7-851D12607
Budget Plan
Page 1 of 1

$ 9,900
1,500
600

658
4,937

$17,595




DE-FGO70851D12607
Statement of Work
Page 1 of 4

STATEMENT OF WORK

~ UNIVERSITY OF WYOMING, DEPT. GEOLOGY AND GEOPHYSICS

The purpose of these geothermal energy investigations will be accomplished
by performing the following tasks in the greater Jackson Hole area:

Task 1.

Task 2.

Task 3.

Task 4.

Task 5.

Compile existing data, including hydrologic information,
subsurface temperatures, general geology, thermal spring
(temperature, flow, water chemistry, and appropriate other
information) data, tectonic history, thermal conductivity
data, and heat flow information.

Add appropriate new data, which will be gathered during one
field trip.

Using existing and new data, develop a finite difference
numerical model of the thermal regime in the Jackson Hole
area.

Prepare a final report, which will include all data gathered
during Tasks 1 and 2, and documentation, and results of the
model. Interpretations of the model in terms of hydrologic
circulation and the nature and temperature of the heat source
for the thermal springs will be made.

Provide overall project management and complete and report on
tasks in a timely manner. Management reports shall be
provided as defined by the attached DOE Form EIA 459A -
Reporting Requirements Checklist. The required reports are
also summarized as follows:




(5)
(6)

REPORT

Form DOE 538 Notice of Energy RD&D

Quarterly Management Summary Report

Project Status Report

Final Report (Draft)

Final report

Financial Status Report -
OMB Form 269

DE-FGO7-851D12607
Statement of Work
Page 2 Tf 4

DUE

30 days a*ter award of
grant i

15 days after calendar
quarter end

15 days after calendar
quarter end

Due 45 days prior to
completion date

Due on completion date

Due annually and upon
completion

The deliverables resulting from the tasks outlined above which will be
delivered to DOE are summarized as follows:

1.

The Final report--one camera-ready copy plus twelve additional

copies--will be distributed as specified in the attached DOE Form EIA

459A.

Reports previously described under Task 5 above will be prepared and
issued in the amounts and at the frequency shown.




U.S. DEPARTMENT OF ENERGY

FORM E1A-459A
{10/80}

FEDERAL ASSISTANCE REPORTING CHECKLIST |

&tatement of Work
Page 3 of 4

FORM APPROVED
0OM8 NO. 1900-0127

1. Identification Number:

DE-FGO7-851D12607

2. Program/Project Title: Geotﬁerma] Studies

in the Jackson, Wy. area.

3. Recipient: . . .
University of Wyoming

4. Reporting Requirements:

. Frequency No. of Copies - Addressees
PROGRAM/PROJECT MANAGEMENT REPORTING
D Federal Assistance Milestone Plan
D Federal Assistance Budget Information Form
[D Federal Assistance Management Summary Report Q A > B ’ C
&] Federal Assistance Program/Project Status Report Q A N B . D
Financial Status Report, OMB Form 269 Y ’F_ A L C

TECHNICAL INFORMATION REPORTING :
Notice of Energy RD&D ' Y A s E
D Technical Progress Report
Topical Report A*
Final Technical Report F*

A,B,D
A,B,D

FREQUENCY CODES AND DUE DATES:

A - As Necessary; within 5 calendar days after events.

F - Final; 90 calendar days after the performance of the effort ends.

Q - Quarterly; within 30 days after end of calendar quarter or portion thereof. .

O - One time after project starts; within 30 days after award. ) N
X - Required with proposals or with the applicaticn or with significant planning changes.

Y - Yearly; 30 days after the end of program year. (Financial Status Reports S0 days).

S - Semiannually; within 30 days after end of program fiscal haif year.

5. Special Instructions:

*Draft copy due 45 days prior to completion date.
One camera-ready copy of final report should be included.

6. Prepared by: (Signature and Date) 7. Reviewed by: (Signature and Date)




DE-FGO7-851D12607
Statement of Work
Page 4 of 4

REPORT DISTRIBUTION LIST

U. S. Department of Energy
Idaho Operations Office
785 DOE Place

Idaho Falls, 1ID 83402

. ATTN: R. A. King, CMD
. ATTN: P. A. Brookshier, ATD

. ATTN: E. G. Jones, FMD

. University of Utah Research Institute
Earth Science Laboratory

391 Chipeta Way, Suite A

Salt Lake City, ut 84108

ATTN: Duncan Foley

. U. S. DOE

Technical Information Center
P. 0. Box 62
Qak Ridge, TN 37830
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ASSURANCES w

The Applicant hereby assures that it will comply with the regulations,
policies, guidelines and requirements, including the applicable OMB
Circulars as they relate to the application, acceptance and use of Federal
funds for this federally-assisted project. Also the Applicant assures and
certfies that:

1.

5.

It possesses legal authority to apply for the grant; that a reso]ut1on,
motion or similar action has been duly adopted or passed as an official
act of the applicant's governing body, authorizing the filing of the -
application including all understandings and assurances contF1ned
therein, and directing and authorizing the person identified as the
official representative of the applicant to act in connection with the
application and to provide such additional information as may be
required.

It will comply with Title VI of the Civil Rights Act of 1964

(P.L. 88-352) and in accordance with Title VI of that Act, 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 otherwise subjected to discrimination under any program or
activity for which the applicant receives Federal financial assistance
and will immediately take any measures necessary to effectuate this
agreement

It will comply with Title VI of the Civil Rights Act of 1964 (42 usc
2000d) prohibiting employment discrimination where (1) the primary
purpose of a grant is to provide employment or (2) discriminatory
employment practices will result in unequal treatment of persons who
are or should be benefiting from the grant-aided activity.

It will comply with requirements of the provisions of the uniform
Relocation Assistance and Real Property Acquisitions Act of 1970
(P.L. 91-646) which provides for fair and equitable treatment of
persons displaced as a result of Federal and federally assisted
programs, '

It will comply with the provisions of the Hatch Act which 11m1t the
political activity of employees.
It will comply with the minimum wage and maximum hours prov1s1ons of
the Federal Fair Labor Standards Act, as they apply to hospital and
educational institution employees of State and local govern1mgs.

It will establish safeguards to prohibit emmployees from us1ng their
positions for a purpose that is or glves the appearance of belng
motivated by a desire for private gain for themselves or others,
particularly those with whom they have family, business, or other ties.

It will give the sponsoring agency or the Comptroller General through
any authorized representative the access to and the right to examine
all records, books, papers, or documents related to the grant.
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11.

&@-

It will comply with all requirements imposed by the Federal sponsoring
agency concerning special requirements of law, program requirements,
and other administrative requirements. ‘

It will insure that the facilities under its ownership, lease or

supervision which shall be utilized in the accomplishment of khe
project are not listed on the Environmental Protection Agency's (EPA)
1ist of VioYdting Facilities and that it will notify the Federal

rantor agency of the receipt of any communication from the Director of
ghe EPA Office of Federal Activities indicating that a facility to be
used in the project is under consideration for listing by the EPA.

It will comply with the flood insurance purchase requirements of
Section 102(a) of the Flood Disaster Protection Act of 1973, Public Law
93-234, 87 Stat. 975, approved December 31, 1976. Section 102(a)
requires, on and after March 2, 1975, the purchase of flood insurance
in communities where such insurance is available as a condition for the
receipt of any Federal financial assistance for construction or
acquisition purposes for use in any area that has been identified by
the Secretary of the Department of Housing and Urban Development as an
area having special flood hazards.

The phrase "Federal financial assistance" includes any form of loan,
grant, guaranty, insurance payment, rebate, subsidy, disaster
assistance loan or grant, or any other form of direct or indirect
Federal assistance.

It will assist the Federal grantor agency in its compliance with
Section 106 of the National Historic Preservation Act of 1966 as
amended (16 U.S.C. 469a-1 et seq.) by (a) consulting with the State
Historic Preservation Officer on the conduct of investigations, as
necessary, to identify properties listed in or eligible for inclusion
in the National Register of Historic Places that are subject to adverse
effects (see 36 CFR Part 800.8) by the activity, and notifying the

-Federal ?rantor agency of the existence of any such properties, and by

(b) complying with all requirements established by the Federal grantor
agency to avoid or mitigate adverse effects upon such properties.

The Applicant certifies that it will comply with the above assurances
if the assistance is approved.

Grant Applicant: University of Wyoming

Preliminary Numerical Analysis of the
Project Title: Thermal Regime!South of Yellowstone....

Certifying Representative: K:;h

Signature
Jangles E. Todd:
ce President for Finance
Name and Title

August 9, 1985
vate

H3c-3950H




THE UNIVERSITY OF WYOMING

DEPARTMENT OF GEOLOGY AND GEOPHYSICS
P.0. BOX 3006

LARAMIE, WYOMING 82071

(307) 766-3386

13 August 1986

Mr. R.A. King, CMD

U.S. Department of Energy
Idaho Operations Office
785 DOE Place

Idaho Falls, ID 83402

Dear Mr. King:

Enclosed are copies of the Federal Assistance Management Summary Report
and the Federal Assistance Program Status Report for Project DE-FCO7-
851D12607. Copies are enclosed for the third quarter reporting period.

At this time, I would like to request a two-month, no-cost extension for
this project. A no-cost extension would allow me to complete field work in
September. A September completion date for the field work is desirable
because it will allow me to contact individuals in the Jackson area who have
been away from Jackson this summer.

In addition to the no-cost extension, 1 am requesting that $1,500.00
allotted for computer time be changed to the salary category. Less money is
needed for computer time because I have been using a Geology Department
computer rather than the University“s Cyber 760 computer.

Sincerely,

iy . plonill

Henry P. Heasler

HH/nf




€

U.8. DEPARTMENT OF ENERGY

FORM APPROVED
o FEDERAL ASSISTANCE MANAGEMENT SUMMARY REPORT - o e eeeeZ
‘ Pege ...l Of e
1. Program/Project ideniification No. 2. Program/Praject Tille ; a.mm 6786
DE-FG07-851ID12607 Geothermal Studies in Jackson Hole, WY through
4. Name end Address 8. Progrem/Preject Slart Dute
Henry P. Heasler, Dept, of Geology, P.0. Box 3006, 30/85
University of Wyoming, Laramie, WY 82070 - ‘-mg‘
78F6V 8. Monthe or Quarters . 7
rters g
Qua lmim.Lm Jan | Feb [Mar LAnr bay Liun Liul |
9. Cost St o Oolws Exgressed in uz
Hundreds v
: 180
10. Cost Chart r
160 I
= om e | 14
fund te |2 |3 | 4n |ous [P | 20 ///
— [eJdd |44 |44 133 759 100 7
DOE [al52.1[18 (127 ~
[ 4 ] !
8
: ) ¥ }
. 60 ,44 =
A
[ 4 40 2
‘ y
TowP |44 | 88 75.9 13 20 .
T J52.1170 127 1 ]
Verincs -8 _1] 18 S
P = Puarmed A= Ackel G Cumulative Accrued Costs
Tomi Plarned Cose for ProgramvProject Pranned llolo 88 132 175.9
175.9 hundreds Ack -2 70 12]
Variance 8.1 18 5
11. Mejor Misstone Status Planned ’ F
Compile existing data
Add new data -\
Computer Modeling
Reporting
' ) .
; T T e ¥. s T el 5
[ 4 - nan
= o
’
C
P .
[
P
C
I
C |
P .
C
P
C
[
C
12. Remarks

am::;.pm.é ] %"1' T S o O€ i P w50



FORM EIA-400F
(10800

U.S. DEPARTMENT DOF ENERGY

FEDERAL ASSISTANCE PROGRAM/PROJECT STATUS REPORT | roma

i OMB No. 1900 0127

.

{3 None

1. Program/Project identification No. 2. Program/Project Title 3. Period
| DE-FGO07-851D12607 | Geothermal Studies in Jackaon Hole, WY 3780 " peouon_6/86
4. Neme and Address L% sm/Project Start Date
Henry P. Heasler, Dept. of Geology, P.0. Box 3006, 9/30/85
University of Wyo., Laramie, WY 82071 8. mg“‘
7. Approach Cheanges

 None

8. Pwumvmé,mnﬂidmmnuw

Computer modeling of heat transfer in Jackson Hole continued with the input of
thermal conductivities, heat flow, and water flow parameters,

Conferred with Dr. David Love of the U. S, Geological Survey concerning preliminary
results of the computer modeling,

9. Open items

50 None

10. Status Assessment and Forecast

G No Devistion from Plan is Expected

11. Description of Attachments

of Recipient

13. Signature of DOE Reviewing Representative and Date




TECHNICAL EVALUATION
OF GRANT PROPOSAL

TITLE: Pretiminary Numerical Analysis of the Thermal Regime
South of Yellowstone National Park in Jackson Hole,
Wyoming

SUBMITTED TO: - DOE-ID

SUBMITTED BY: Department of Geology and Geophysics

University of Wyoming
Laramie, WY

AMOUNT REQUESTED: $17,595

AMOUNT SUGGESTED: $17,595

PROPOSED DURATION: July 1, 1985 to May 1, 1986

PROJECT DESCRIPTION: Compile hydrologic, geologic, thermal spring,
tectonic, thermal gradient, thermal conductivity, and heat flow data in the
Jackson Hole area. Use these data to develop a finite difference numerical
model of the thermal regime in the Jackson Hole area. Evaluate the model

in terms of deep circulation of fluids and, if possible, determine the
nature and temperature of the heat source for the thermal springs.

GENERAL REMARKS:

1. Work Statement: As listed from the proposal, it adequately covers
their efforts.

2. Task Changes: None required

3. Cost Information: Amounts appear reasonable.

SPECIFIC REMARKS:

1. Manhours: With anticipated match from WY Water Research Center, hours
are adequate. DOE funding only will result in a less well refined
model, rather than no model at all. The DOE-funded effort will be
a significant contribution to knowledge.

2. Materials: None required

3. Subcontracts: None |

4, Travel and Per Diem: Only 1 field trip, which is adequate to measure
availlable gradients.

5. Other Direct Costs: Minimal and adequate




6.

8.

Proposer's Capability to Meet the Objectives: Dr. Heasler has been

working on State Coupled Program projects in Wyoming for several years,
and can easily meet these objectives. He is familiar with geothermal
resources in Wyoming and has developed computer models to look at
geothermal systems in Wyoming basins.

Key Personnel Qualifications: DOr. Heasler's reputatibn in ground water

and heat flow is national (and growing). He is one of the few experts
in this field.

Anticipated Objectives and Probability of Success: Objectives are well
defined and have a 90% chance of success. Some data may not be
available, which could leave the model less well constrained than is
desired.




STATEMENT OF WORK

UNIVERSITY OF WYOMING, DEPT. GEOLOGY AND GEOPHYSICS
|

The purpose of these geothermal energy investigations will be accomplished
by performing the following tasks in the greater Jackson Hole area:

Task 1.

Task 2.

"Task 3.

Task 4.

Task 5.

Compile existing data, including hydrologic information,
subsurface temperatures, general geology, thermal spring
(temperature, flow, water chemistry, and appropriate other
information) data, tectonic history, thermal conductivity
data, and heat flow information.

Add appropriate new data, which will be gathered during one
field trip.

Using existing and new data, develop a finite difference
numerical model of the thermal regime in the Jackson Hole
area,

Prepare a final report, which will include all data gathered
during Tasks 1 and 2, and documentation, and results of the
model. Interpretations of the model in terms of hydrologic
circulation and the nature and temperature of the heat source
for the thermal springs will be made.

Provide overall project management and complete and report on
tasks in a timely manner. Management reports shall be
provided as defined by the attached DOE Form EIA 459A -
Reporting Requirements Checklist. The required reports are
also summarized as follows:




(1)

(2)

(3)

(4)

(5)
(6)

REPORT DUE

Form DOE 538 Notice of Energy RD&D 30 days after award of
grant

Quarterly Management Summary Report 15 days after calendar
quarter end

Project Status Report 15 days after calendar
quarter end

Final Report (Draft) Due 45 days prior to
compietion date

Final report Due on completion date

Financial Status Report - Due annually and upon

OMB Form 269 completion

The deliverables resulting from the tasks outlined above which will be
delivered to DOE are summarized as follows:

1.

The Final report--one camera-ready copy plus twelve additional
copies--will be distributed as specified in the attached DOE Form EIA
459A,

Reports previously described under Task 5 above will be prepared and
issued in the amounts and at the frequency shown,




U.S. DEPARTMENT OF ENERGY
FEDERAL ASSISTANCE REPORTING CHECKLIST
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1. Identification Number: 2. Program/Project Title: Geothermal

DE-FGO7
3. Recipient:

4. Reporting Requirements:

' Frequency No. of Copies | Addressees
PROGRAM./PROJECT MANAGEMENT REPORTING :

Federsl Assistance Milestone Plan
Federal Assistance Budget Information Form

Federal Assistance Management Surnmary Report

Federal Assistance Programi/Project Status Repon

EIEEICIO]

- o O

Financial Status Report, OMB Form 269 Y,

TECHNICAL INFORMATION REPORTING

m Notice of Energy RD&D Y

D Technica! Progress Report

L] A -
Topical Report

[z] Fina! Technical Report

FREQUENCY CODES AND DUE DATES:
|
A - As Necessary; within 5 calendar days atier events.
F-Fnal; Upon completion date
Q - Quarterly; within] 5 days shier end of calendar quarter or portion thereol.
O - One time ahier project starts; within 30 days after sward.
X - Requited with propossls or with the application or with significant planning changes.
Y - Yearly; 30 days after the end of program year. (Financial Status Reports 90 days).
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5. Special Instructions:
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6. Prepared by: (Signature and Date) 7. Reviewed by: (Signature and Date}
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U. S. Department of Energy
Idaho Operations Office
550 Second Street

Idaho Falls, 1D 83401

Attn: Peggy Brookshier, Prog. Mgr. 2l 2 8%¥ 8k
Energy & Technology Division

Attn: Elizabeth M. Hyster IRRIAER 11
Contracts Management Div.

Attn: E. G. Jones, Director ]

Financial Management Div.

U. S. Department of Energy ' 111 212
Forrestal Bldg., CE-324
1000 Independence Ave, S.W.

Washington, DC 20585
Attn: Marshall Reed

/

University of Utah Research Institute 111 11
Earth Science Laboratory
391 Chipeta Way, Suite A'.
Salt Lake City, UT 84108
Attn: Duncan Foley

U. S. Department of Energy ]
Technical Information Center ‘
P. 0. Box 62

Oak Ridge, TN 37830
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DETERMINATION OF RESTRICTED ELIGIBILITY

(Modification'of Attached FY-84 Justification for Non-Competitive Awards)

I recommend that negotiations be conducted only with those organizations
listed below for the services described herein in accordance with DOE

. Assistance Regulations Subpart 600.38 (b). Also, approximately five grants
made to similar agencies in FY-84 will be amended and additional funds
provided.

Organization
University of North Dakota, Geology Dept.

State of South Dakota, Energy Office

University of Wyoming, Dept. of Geology & Geophysics

1.

2.

Assistance to be Furnished

A.

DOE will be providing financial assistance to the above named
universities and state government agencies for geothermal resource
assessment and to promote geothermal technology transfer within the
participating states. Emphasis will be placed on detailed studies
within areas with high temperature resources and/or expansion of
work previously conducted within the states.

The work to be provided by each university or state agency will be
tailored to the needs within each state and DOE objectives for
continued resource assessment and technology transfer.

Background

A.

The State Teams Programs were initiated approximateiy seven years
ago. At the program peak DOE-ID was administering 39 geothermal
contracts, cooperative agreements, or grants with universities and
state agencies. Eight of the above mentioned organizations are at
present in the final phases of their agreements with DOE; the
remainder have completed the work, and their agreements were closed
out. Ten new grants or contract additions were implemented in
FY-84,

This work is a continuation of the previous program in the sense
that it is for geothermal resource assessment and technology
transfer. However, the new emphasis will be in accordance with the
generic guidelines set forth in "C" below and will generally
investigate higher temperature systems.

A1l work will be within the generic guidelines of DOE which are to
implement these activities within states which:

1. Have potential for high temperatur2 geothermal resources
2. Whose resource assessment afforts will support R&D
investigations required by magma and Cascades research programs




3.

D.

-2-
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3. Have existing resource and energy groups actively supporting
geothermal development

4. Are currently providing outstanding technology transfer and
institutional problem mitigation activities

It is not anticipated that DOE will be able to develop competition
for this work. The performing state agencies and universities were
designated by the Governor's Office of each participating state.

An attempt to stimulate competition would be contrary to DOE's
policy of cooperation with state governments.

Estimated Cost

A.

c.

The program funding level of $1,000,000 was designated by the FY-85
Appropriations Bill and DOE-HQ. The funding levels for the
individual states range from $20,000 to $150,000 and were
estabiished by ID and HQ based on the prior state teams annual
funding levels, the amount and quality of work previously
accomplished at these levels, and the amount of productive work
remaining to be done.

The FY-85 funding level for the portion of the program to be
administered at DOE-ID is $620,000 of the total program funding of
$1,000,000. This level of funding is lower than any of the
previous seven years; the amount to be funded in future years is
uncertain.

It is the intent of this program to expand the knowledge of higher
temperature resources within individual states. This work was
performed in previous years by the organizations within each state
which were designated by the respective Governor's 0ffice. Any
change in contractors at this time would increase costs and delay
the program and could only be undertaken with the consent of the
Governor's Office in each state.

Schedule Requirements

A.

The basis for the rapid emplacement of the subject program is the
need by the agencies to commit funds several months in advance of
the summer field season. Delay in emplacement of the grants could
cause a l-year postponement of field activities.

It is also important to get the work started as soon as possible
hecause the existing expertise may be disbanded if the work
presently contracted for is completed prior to the emplacement of
this subject program. The existing expertise has been developed to
a great extent under the previous DOE-ID assistance and a lapse in
DOE funding could result in lack of financial support for the
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organizations. This cadre of experienced expertise is critical for
high quality resource assessment and technology transfer, and it is
doubtful that any other organizations can perform as well in the
respective states as those which are listed above. Rapid
emplacement of this program will help ensure the retention of the

existing expertise.

C. It is doubtful that any savings can be realized or that competition
can be increased by relaxing schedules.

5. Exclusive Capacity & Capability

It was determined at the beginning of the previous program to use
universities and state agencies to perform the work because these
organizations had already performed research in the particular areas,
had basic staffs and departments capable of performing the research

and were designated by the state executives. The experience of these
organizations has been further enhanced by the work they have conducted

for DOE during the past seven years.

In light of these facts, I consider the proposed sources as the only
acceptable ones for the planned assistance and recommend authorization of

negotiations without further competition.

RECOMMENDED:

o

R. t. Wood, Assistant Manager
Projects and Energy Programs

e
CONCUR: '

/o
Dpne (W irsion

"~ Gegrge C. Wingerson
Office of the Chief Cgunsel

f%///m

/;Z J. F. Marmo, Director
[ Gontracts Management Division

'\

APPROVED: Ve
—_— - V4 :;} ,-'/ /] /
/ ,_{//L_. -~ _‘/(, Ll

,f' Troy E. Wade II, Mhnager
Idaho Operations Office

/)5 /e -

ate
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JUSTIFICATION FOR NON-COMPETITIVE AWARDS

[ recommend that negotiations be conducted only with those organizations
listed below for the services described herein in accordance with DOE-PR

9-3.805-501.
4

Organization
State of Washington, Department of Natural Resources

State of Washington, Energy Office

State of Oregon, Dept. of Geology & Mineral Industries
State of Oregon, Department of Energy

State of Alaska, Department of Commerce & Economic Development, Office of Energy
University of Alaska, Geophysical Institute

State of Alaska, Department of Natural Resources

New Mexico State University, Energy Institute

State of New Mexico Engrgy & Minerals Department

Idaho Department of Water Resources

State of Utah, Utah Geological & Mineral Survey

State of Utah, Division of Water Rights

State of Montana, Dept. of Natural Resources & Conservation
State of Montana, Coliege of Mineral Science & Technoloay




Description of Supplies or Sefvices to be Supported

A.

The actions with the above named universities and state government
agencies are for geothermal resource assessment and to promote
geothermal technology transfer within the participating states.
Emphasis will be placed on detailed studies within areas with high
temperature resources and/or expansion of work previously conducted
within the states.

The work to be provided by each university or state agency will be
tailored to the needs within each state and DOE objectives for con-
tinued resource assessment and technology transfer.

History, Estimated Future Requirements, and Long-Range Ogjgctives

A.

The State Teams Programs were initiated approximately seven years ago.
At the program peak DOE-ID was administering 39 geothermal contracts,
cooperative agreements, or grants with universities and state agencies.
Eight of the above mentioned organizations are at present in the final
phases of their agreements with DOE; the remainder have completed the
work, and their agreements were closed out.

This work is a continuation of the previous program in the sense that
it is for geothermal resource assessment and technology transfer.
However, the new emphasis will be in accordance with the generic guide-
lines set forth in C below and will investigate higher temperature
systems,

A1l work will be within the generic guidelines of DOE which are to
implement these activities within states which:

1. Have potential for high temperature geothermal resources

2. Whose resource assessment efforts will support R&D investigations
required by magma and Cascades research programs

3. Have existing resource and energy groups actively supporting

'~ geothermal development

4. Are currently providing outstanding technology transfer and
institutional problem mitigation activities

It is not anticipated that DOE will be abie to develop competition
for this work. The performing state agencies and universities were
designated by the Governor's Office of each participating state. An
attempt to stimulate competition would be contrary to DOE's policy
of cooperation with state governments.




Estimated Cost”

A.

The program funding level of $1,925,000 was designated by the FY-84
Appropriations Bill and DOE-HQ. The funding levels for the individual
states range from $ 90,000 to $145,000 and were established by ID

and HQ based on the prior state teams annual funding levels, the
amount and quality of work previously accomplished at ihese Tevels,

~ and the amount of productive work remaining to be done.

The FY-84 funding level for the portion of the program to be adminis-
tered at DOE-ID is $1,295,000 of the total program funding of
$1,925,000. This level of funding is lower than any of the previous
seven years; the amount to be funded in future years is uncertain.

It is the intent of this program to expand the knowledae of higher
temperature resources within individual states. This work was per-
formed in previous years by the organizations within each state which
were designated by the respective Governor's Office. Any change in
contractors at this time would increase costs and delay the program
and could only be undertaken with the consent of the Governor's Office
in each state. :

Schedule Requirements

A.

The basis for the rapid emplacement of the subject program is the
imminent close-out of the agreements DOE now has with several of the
organizations we wish to have perform under the FY-84 program. The
agreements presently in place are scheduled for various completion
dates ranging from almost immediately to September 1984,

It is important to get the work started as soon as possible because
the existing expertise may be disbanded if the work presently con-
tracted for is completed prior to the emplacement of this subject
program.. The existing expertise has been developed to a great

- extent under the previous DOE-ID contracts and a lapse in DOE fund-

ing could result in lack of financial support for the organizations.
This cadre of experienced expertise is critical for h{gh quality
resource assessment and technology transfer, and it is doubtful

that any other organizations can perform as well in the respective
states as those which are listed above. Rapid emplacement of this

program will help ensure the retention of the existing expertise.

It is doubtful that any savings can be realized or that competition
can be increased by relaxing schedules.

-3-




5. Exclusive Capacity & Capability

It was determined at the beginning of the previous program to use
universities and state agencies to perform the work because these
organizations had already performed research in the particular areas,
had basic staffs and departments capable of performing the research,
and were designated by the state executives. The experience of these
organizations has been further enhanced by the work they have conducted
for DOE during the past seven years.

RECOMMENDED:

£ éided

R. E. Wood, Director
Energy and Technology Division

CONCUR: A
,/'?Izé Mppn

7=
George (. Wingerson
Office of the Chief Counsel

S G- Do 2P

J. F. Marmo, Director
Contracts Management Division 1

APPROVED:

Clhvo fﬁfama 2/744

Vate

Troy . Wade, Manager
Idaho Operations Office

AR e ]
W




W V3. WOVEFRINMIENT FRINTING OFFCE. 1080626800 -

S (U U B

U.S. DEPARTMENT OF ENERGY

DOE F 4220.2 (6-80) (Formerly PR-41S5)

SMALL BUSINESS/LABOR SURPLUS SET-ASIDE REVIEW | 1.D. NO.

ITEM TITLE/DESCRIPTION S C S SMALLTBUSINESS SIZE STANDARD
“‘\\M\S Z)? \Q\m\ : RECOMMENDED BY S.8. SPECIAL!ST
< . EMPLOYEES NUMBER
o E‘“\m\\\ QQMQC& R DOLLAR §
| S99 Gmede Gedlenced | SecoE
PROGRAM OFFICE: M&:\\m: - I PROCURING ACTIVITY: ng&mg_k
SB/LS PARTICIPATION WAS CONSIDERED IN THE PREPARATION OF NAME AND LOCATION OF PROPOSED
THIS PROCUREMENT ITEM AND FOLLOWING IS RECOMMENDED: . - SOURCE: (If Sole Source)
O Small Business Set-Aside % $ - '
o Lat:\o:qulu;Set;Aslde —_% $ [0 Small Business 0 Minority
.U S8 ction B{a) Procurement O Labor Surplus Firm O Other
E(Set-Aside Action Not Recommended
SET-ASIDE NOT FEASIBLE BECAUSE: : EXPLANATION/ADD!TIONAL COMMENT
ONo Reasonable Expectation of Receiving Suffucuent Offers S\Q\e \.(QQS\\S xQQ_b
- from SB/LS Firms to Assure Award* Q«c)«-\\\
\

ClProgram Objectives Dictate Broadest Possible Solucutatlon to . \)\“‘\\ g SQ\\ m\“

Obtain "Best Available" Expertise® _ EN ?\
O Solicitation if for "Best Idea/Approach R&D Effort ' ’ - k\\?- Q:\SW
DIContinuing and Directly Related R&D Effort. Competitive . - |\ i\ Ao ‘& oA

Procurement Not Feasible for Economic and/or Technical Q*QQ\Q

Reasons
OProcurement is for Completion or Within-Scope Expanslon “ SMALL BUSINESS SPECIALIST

of Current Contract

O This is for Extension of Current Services to Allow Preparation/
Award of Competitive Follow on Procurement

[JSole Source as Determined Under Current DOE Policy Directives

O Funding of Unsolicited Proposal Under Current DOE Policy
Directives

ther*
*Explanation Required

SMALL BUSINESS SPECIALIST'S ENDORSEMENT

O Accepts C1 Requests. Reevaluation

0O Request Solicitation of SB/LS Sources Attached

O Request Special SB/LS/MB Incentive Provisions (Attached)

CONSULTED (Check One) dYes DNo

TELEPHONE

SMALL BUSINESS SPECIALIST DATE

O Other Comments/Attached : |
——— |
REEVALUATION OF RECOMMENDATIONS/FINDINGS - - REVIEWED BY SBA
[ Reaffirmed _ o 0 Request Solicitation of SB Sources Attached
[J Set-Aside Feasible , - SBA Form 70 Attached ‘[JYes [INo
AUTHORIZING PROGRAM OFFICIAL DATE - SBA REPRESENTATIVE DATE

| PROCUREMENT OFFICER'S ACTION DU h |

CONTRACT NO.(S) . SB/MB/OTHER
O SB/LB Set-Aside [J Set-Aside Not Initiated

O Other Recommendations/Request Noted and Approprlate . s
Action Taken ‘ o

<*PROCUREMENT OFFICER " DATE
)

ORIQINAL - CONTRACT FHE (E18 LV EvEra rrems




e ——— “e e ——————y 0 e ~__..,,-_‘T..--—w.-,;- s e e

DOE F 4200.33 v U.S. Department of Enérgy ' Formerly PR-799A
(Rev. 11-82) ‘ Procurement Request-Authorization (Previous editions are obsolete)

1. To Awarding Office ) 3. PR Number — o :
MMM_ 4. Change/Corraction 1 ¥ PR In Process? Yes
v 5. If Item 4 is yes, enter PR corraction Letter
f%‘iom Initiating Office 6. [ Procurement w Assistance
. 7. Consistent with Principal Purpose of Program? ‘Z'Yes ] No
8. Action Description/Title (180 char, max.) s (ot Ar
If award is competitive, has list of sources been attached? [:] ves [] No If Non-Competitive, Complete ltems 9-11.

[11. Address YO . R[Qon 3
Lesesaie, WY 30N\

. For Procuremen Actions Onl Product or Service Code

13. For Asgsistance Actions Only: CFDA Number <\ 0?1 L1 4. Cooperative Agreement [] 15. Grant n
16. Controlled Deliverable 17. Kind of Award Action | 18. 19. Desired Award Date
For All Actions . (Recornmended) . Mo Day Year
[12Y Master Bin . it
20. Unsolicited Proposal Number |21. Project Number
22. Government Property F-Furnished, P-Purchased, N-Not involved
— FINANCIAL DATA

23. Government Share _\"| S O& 124 Awardee Share . S -
- _ FY_FUNDS COMMITTED
28. Approp. Symbol |27-B&RNumber[28- Dollar Amt. |29 Allotment 30. Object Class [31.  app . [32. CFA

T “otal Funds this PR \: Eaﬁ 36. Budget Period from thru A

33. From Continuation Sheet 35. Project Period from N\ /X8 thru & ;2 E

PROJECT MANAGER/INITIATOR ‘
ignatyre '

37. Name 40. Office Code

%%\ Q‘ m%mc&h\“é i GRAM REVIEWING OFFICIAL S/a ‘/?s “ —3 waf YIS

Q\:o.\{m T G\enose ﬂ Z}k ZMV “;, Vi A

PROGRAM OFFICE BUDGET OFFICIAL
45. Name 486. Signature

'bat\\\"\'§ Rm,\\

CERTIFYING OFFICIAL. | hereby certify that the tunds cited in item 34 are available

RSN

49. Date

CONTRACTING OFFICE




Wb 8
TECHNICAL EVALUATION |
OF GRANT PROPOSAL

TITLE: mﬁ:’% '&lﬁyfg% Wss ‘6 the ol i S‘oquo{ Vol \wsbne Nuthoal Paske i

SUBMITTED TO: D0e-T

SUBMITTED BY (llxl)lmhngu:g ;I““”“P‘W*‘“
Umvwd\/ ¢ qom ny
me

AMOUNT REQUESTED:YT 545

AMOUKT  WRRBAASULLCSTED: MT1,595

PROPOSED DURATION: lWaﬂ 1,1485 b May |, 1486

PROJECT DESCRIPTION: (py ﬂo drobgic, thaymal olpg:zaﬂ thorwial omg bee bome,
Wilﬂﬁp C(Md()(hlh (WL! hM}' Hw, h"L Wgﬂw Ja[kgon /( wd. ﬂ\wg (ja.u h\d[)vc‘bp a

lo He mecel tis
inibe diffeuouce nuueuml wadel o He Hotiuad peging o4 dackn Hole anea Evalun
fows of dap mwlafw% Flusds Mjﬁ pbsgblp, M(;qm,,p e, adore aud Feomptiabae ¢ Hy heat v

fa te Hewd Sprinig.

GENERAL REMARKS:

1. Work Statement: f lifal fom fhe f”W‘L | adaqw/«'ﬂj saveug Heir ollub,

2. Task Changes: Ny th/frf’/

SPECIFIC REMARKS:

wil tesoltiu o W
2. Materials: waﬁdwf

1. Manhour Ldlmtl}) U}iﬂ J. ale Wi /{ﬂzhz/ ond
annours ; Wik AUl r‘% v W W%MQJM aich | ﬂm s au ddof

3. Subcontracts: Apnt \ «

. Travel and Per Dien: ooly [ felf by, whih u adyuite #o W audubl gadléd,

-




5. Other Direct Costs: mini il and dz/MM/(

6. Proposer's Cap pability t Meetéphe Objectives: ). //!/t//é has M/ /W’é/”V a 5"(’/‘
bq, [0;/ / /Ml /ﬁ/c/ﬁ W f[/ZMM/ 1 e, 7y ﬂm/ Mt it Hise u /gc

m Mz lul gh W, ,/;;1//17 4/,,‘( Wao ;é,/{/z/y;/ lﬂ/ﬁ/z fiodde é;/ /ﬁﬁ
WL lﬁ !z/m ]t’m A dlﬂm A IVS,

1fic ati ¢ L lvve

© 8, Anticipated Objectives and Probabillty of Success:
Dhyeehitc my ol debred , aud / %

e a Y949 @[[M(( Sutlbid | &)M’ 6//(/52 ﬂ/ﬂ/ ”(/fé(
muﬂd[( which ol /(171/8 ¢ modl 1y o) eonshund Fhar 1y dyies




Supguied Stlment of Wb~ Wysming U khw 8s

T te greatt olm 1 2.

| lmplle 0N dale., wckding lwd/b[ogic main, Sobsorfe tewpou e,
il ol Hotwul Sén'ny (fowponshre, Fhw, wahu Chumishy, cud appoprisl
offu inbtmralin ) dubs, | Ferfonic M}MJ thomad waduchvily defn audl heat
Hoo {nfamahis

L M appmpn'ah' new datn, ¢ bk wll be gatlond doring ave fel hp.

3, Mm Usin (’/ﬂshng and e dlah, dusclyp a fe-d Houncs powenad
adolof e Yiowal egincin acksn Hile

4. Traunc o v o, whch wil incde sl dak gatoud dong B Taoks g
2, pud docomeutdin, i ol of the wodel b Tnfoiref i of He
ol v, of hydlgic arlabon e wabve 2 tompuaioe of
the bt oo Yo Howed sy wl b weeks,




racd Lo 85

A Proposal To
The United States Department of Energy
Division of Geothermal Energy
Idaho Falls, Idaho

For

PRELIMINARY NUMERICAL ANALYSIS OF THE THERMAL REGIME
SOUTH OF YELLOWSTONE NATIONAL PARK IN JACKSON HOLE, WYOMING

Funding Requested: $17,595.00

Period of Research: May 1, 1985 to May 1, 1986

Submitted by: M/M Z/SZy(

Henry P. Heasler Date
Principal Investigator
Research Associate I1I
University of Wyoming

C N e e 558
R. S. Houston, Head Date

Department of Geology
and Geophysics

Univepsity of Wvoming
M Z/ Fso20>

Donald L. Veal Date
President
University of Wvoming




PURPOSE

Funding is requested to study the thermal regime south of
Yellowstone National Park in Jackson Hole (Figure 1). The primary
purpose of the study is to investigate the possibility of
high-temperature heat sources (greater than<§59 °C) in the area of
Jackson Hole. This will be attempted througﬁ finite-difference
numerical modeling of the conductive and convective transport of heat.

The study will encompass two phases. Phase one will be the
gathering of existing data which will be used as constraints for the
numerical models. These data will include hydrologic information,
subsurface temperatures, general geology, thermal spring information,
tectonic history, thermal conductivities of strata, and heat flow
information,

Phase two will consist of the finite-difference numerical
modeling of the thermal regime in Jackson Hole. The differential

equation which will be modeled is

x 3% y 3y T Ty .
X + 3y + P (vx ax + Vy ay) 0

This equation describes the steady-state conductive transport of heat
and convective transport of heat by groundwater where T represents
temperature, Ky and Ky are the thermal conductivity ofithe
fluid-saturated rock in the x and y directions, Vy and Vy are the

Darcian velocities of the groundwater in the x and y directions,fﬁ}is

the density of water, and ¢ is the specific heat of water.’
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Figure 1. Location of Jackson Hole and surrounding tectonic features
(taken from Behrendt et al., 1968),




3
I1f adequate model constraints exist, it may be possible to either
deny or confirm that deep circulation of fluids is the heat source for
the 8 thermal springs in the Jackson Hole area (see Figure 2). Thus,
modeling may be able to determine the nature and temperature of the

heat source for the thermal springs.

GENERAL GEOLOGY OF JACKSON HOLE

Jackson Hole is a 60 km by 15 to 30 km complexly folded and
faulted basin. Within the basin are three structurally deep areas in
which the Precambrian basement varies from 3 km to 4.5 km below sea
level (Love in Behrendt et al., 1968). Sediments contained in Jackson
Hole represent all systems except Silurian. The Cenozoic sedimentary
section is the most complete of any Wyoming basin, due to the basin’s
subsidence during Cenozoic time.

Surrounding tectonic features include the Teton Mountain Range
and the Yellowstone volcanic plateau (refer to Figure 1). The height
of the Precambrian in the Teton Range exceeds 4 km above sea level.
Love (in Behrendt et al., 1968) interprets the Teton Range as a horst
between the two downfaulted blocks of the Teton Basinito the west and
Jackson Hole to the east. The Yellowstone volcanic p%ateau terminates
against the northern portion of Jackson Hole. }

Yellowstone volcanism may have significantly effécted the thermal
structure of Jackson Hole. Within 5 km of the southein boundary of
Yellowstone National Park are volcanic rocks of the Plateau Rhyolite
which ranges in age from 70,000 to 600,000 years old (Christiansen and
Blank, 1972). It may be possible that the high-~temperature heat
source associated with these volcanic rocks have effeéted Jackson

Hole,




" -y ey .,
! i ____________ ._...‘\_ ......
il H
I !
N . | YELLOWSTONE '\
\ E NATIONAL _.,/'
l\ i PARK e

i (..3
lHuckleberry H.Spr. (
|GI°C 360 gpm i

_‘ :

MONTANA

e e e e e i + i ¢ o+ o § S f— = S
 — ¢ —— — —— — —— St S A % S ¢ A —— — . —— o ——" | S— -0 Wt N & — —

Littie Sheep Mt. Spr.
Shoshone H.Spr.,35°C .2;‘ ¢, l:::)osqpm
cooy 215C, 450 gom
DeMaris H. Spr. w
27-36°C, 1700 gpm
Needle H. Spr.

& SHERIDAN

RGILLETTE

o — — ¢ S —
— — S — —- “——— o

wn
I e ] 24°C, 20gpm 2
. North Buffalo Fork E
Jackson Loke H.Sprs. e 45°C, 200 gpm
72°C ¢ . o
i Warm Spring Creek Sprs. poe
[+}
Kelly W. Sprs. 29°C, 133 gpm 8ig Spring, 54°C, 2908 gpm, Total Spring System 3397 gpm 6
270¢ Little Warm Spr. 2
Abercrombie W. Spr. . 25°C, 560 gpm THERMOPOLIS BN
27°cC, 250 gpm » T°'°“ Vatiey W. Spr. DUBOIS Wind River Canyon Spr. !
Boyles Hill Spr’ Gr%ni?e H.Spr. Jakoeés Fork Spr. 22°C, 989 gpm |‘
, 50 gpm 41°C, 300 gpm 20°C, 4 gpm \
| oo sprs. Koo W.Spr WYOMING i
i 37°C. 100 gpm 30°C, 3600 gpm |
. |
l o Fort Washakie H.Sprs. i
ol g;glgn;; 2::: 44°C, 150 gpm i
gl AUBURN ®LANDER o conant Creek Sprs. ® CASPER ® DOUGLAS |
i Uohnson Sprs. . Stegte H. Sprs. I6°C, 300 gpm o Hor:e Creek Sprs. {
| 46°C, 2gpm 35 2ogem 24°C, 2200 gpm *Douglas W. Spr l
i » 9 gpm L4 . C, 80 i
! . ® Sweetwater Station Sprs. é\::géalgoSg;; 30°C, 800 gpm !
i 081% Fall Creek Sprs. 31°C, 500 gpm ' |
i 16°C, 2700 gpm ° |
i immigrants Washtub |
i' 21°C, 23 gpm o
j N
i IR
i iB
i ]
|  BROCK SPRINGS ,
[ ® SARATOGA 1
i Saratoga H. Sprs. ® LARAMIE i
: 48°C, 120 gpm i
[ ® CHEYENNE ;
. —
'''''''''''''''' T-—--—._._.——.—.—-—.—.—.—.—..—-——.—._—.-—.—.—.——-—--—-——‘—'_"‘-"‘—'_
O 10 20 30 40 30 KILOMETERS
ey by—t—y
O 10 20 30 MLES
Figure 2.

Thermal springs of Wyoming exclusive of Yellowstone

National Park.




Important tectonic events effecting the thermal history of the
area include the time of subsidence of Jackson Hole, the uplift of the
Teton Mountains, and the timing and magnitude of volcanic activity.
The subsidence of Jackson Hole appears to be contemporaneous with the
uplift of the Teton Mountains. The movement originated in the last 10
million years and is still active (love in Behrendt et al., 1968).
Beginning in Miocene and continuing to the Pleistocene, there has been
extensive volcanism in the Yellowstone region which coincides with the
subsidence of Jackson Hole. This observation has led Love (in
Behrendt et al., 1968, page E12) to postulate that "Jackson Hole sank
as subcrustal material moved laterally into the area of greatest
volcanism." The consequences of such subcrustal movement may have

significantly effected the thermal structure of the area.

SUMMARY

This proposal requests funds to study the thermal regime of
Jackson Hole. The area will be thermally modeled using existing data
in an attempt to ascertain the presence of high-temperature heat
sources. Results from this study may also be useful in determining
the origin of thermal springs in the Jackson Hole area qnd potential

groundwater circulation patterns.
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DELIVERABLES
This study will result in a report which will contain the
following items.
1. A discussion of existing data used as model constraints
will be included.
2. Modeling procedures and results will be discussed.
3. An interpretaion of the modeling results integrated with
geologic and hydrologic data will be given. The
interpretation will specifically address the possibility of a

high-temperature heat source in the area of Jackson Hole.




BUDGET: Funds are requested for May 1,1985 to May 1,1986.

SALARIES
Principal Investigator
(Heasler)
1/4 time for 1 year
1/4 time for 1 year
Part-time
Clerical

Fringe (207%)

Total Salaries

COMPUTER TIME

5 hours at $300.00/hour

TRAVEL

One field trip to Jackson Hole

OTHER COSTS

Drafting, telephone, copying,
expendible computer supplies

TOTAL DIRECT COSTS

INDIRECT COSTS (38 %)

TOTAL

From D.O.E.

7250,00

400.00
600.00

1650.00

9900.00

1500.00

600.00

750.00

12750.00

4845,00

17595.00

Potential contribution

from the Wyoming Water
Research Center

7250.00

1450.00

78700.00

8700.00

8700.00




Education:

VITA

Henry P. Heasler

1984 - Ph.D., Geology, University of Wyoming,

(Dissertation - Thermal Evolution of
Coastal California with Implications
for Hydrocarbon Maturation).

1978 - M. S., Geology, University of Wyoming,

(Thesis - Heat Flow in the Elk Basin
0il Field, Northwestern Wyoming).

1975 - B. S. with Honor, Physics, University

of Wyoming.

Societies: Associate member Sigma Xi

Academic and Professional Appointments:

8/84 to 12/84

12/83 to 12/84

8/80 to 85

11/82 to 4/83

1/82 to 2/83

6/78 to 1/79

Principal investigator on a $10,425.00 grant from
the Western Area Power Administration of D.O.E.
to study the geothermal potential near WAPA's
Thermopolis, Wyoming, facility.

Principal investigator on a $29,910.00 grant from
the Wyoming Water Research Center to continue the
geothermal assessment of Wyoming.

Principal investigator on a $600,000.00 Dept. of
Energy contract studying the geothermal resources
of Wyoming. Research included geologic, hydro-
logic, and geophysical studies.

Principal investigator, Temperature Measurements
near Rico, Colorado. A $1,380.00 grant from
Anaconda Minerals Company.

Principal investigator on a $9,000.00 fontract
from the Wyoming Water Development Commission.
Responsible for siting, permitting, and surper-
vising the drilling of three geotherma? test
wells near Thermopolis, Wyoming.

Assistant Geologist, University of Utat Research
Institute, Earth Science Lab. Began research on
the geothermal resources of Wyoming.

|
|
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