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STEPS INVOLVED IN GEOTHERMAL ENERGY USE 

The steps involved in getting geo­
thermal energy out of the ground and 
into an actual application are as 
follows: 

Geological evidence is the first-
thing to look for. Thermal springs 
and wells are an indication that a 
geothermal reservoir may exist. 

Exploration and siting begins onee 
a reservoir has been confirmed, through 
geological, geochemical, geophysical, 
and hydrological technologies. 

Drilling prognosis precedes the 
actual drilling. It involves shallow 
drilling to determine the methods and 
materials required for each well. 

Testing plans based upon hydrology 
and engineering will determine the 
usability, behavior and longevity of 
the well. 

Resource evaluation tells the user 
what the potential uses are for the 
well, based upon the quantity and tem­
perature of the fluids discovered. 

Economic feasibility includes the 
capital requirements, replacement costs, 
tax rates, and financing costs. 

Methods of financing the geothermal 
project range from bank loans to state 
or federal grants or private funding. 

Institutional requirements and 
legal aspects include the rights to 
site access, leases, easements, and 
the rights to reservoir use. The GCO 
has additional information on institu­
tional requirements for the state of 
Wyoming. 

Environmental impacts are a major 
concern of the federal and state land 
use agencies. All negative environ­
mental impacts should be solved or 
mitigated. 

Project management is important to 
the success of each geothermal project. 
A competent staff should be employed 
or consulted with at every step of the 
geothermal development. 

GCO TRIP TO CODY, WYOMING 

Patti Burgess-Lyon and Karen Marcotte 
will be travelling to Cody during the 
second or third week of May to present 
the results of the Cody SSDA report. 
An SSDA (Site Specific Development Analysis) 
has been prepared this spring on the 
geothermal energy development potential 
of the Cody region. 

Keith Brown of the Physical Sciences 
Laboratory of the New Mexico Energy Insti­
tute, and Henry Heasler of the UW Geology 
Department have contributed significantly 
to the research of this report. Mr. Brown 
and Mr. Heasler attended several public 
meetings during the GCO trip to Cody in 
March. 

Specific dates and times for the May 
GCO presentations in Cody have not been 
set at the time of this writing. Please 
watch your local newspapers for additional 
information or call the GCO at 1-800-442-
8334 (within Wyoming). 

HEAT PIPE BRIDGE IN LARAMIE, WYOMING 

The new bridge being installed in east 
Laramie is nearing completion. This bridge 
utilizes ground heat to keep the bridge 
relatively ice-free during winter months. 
A detailed description of the bridge 
design was presented in a past issue of 
the Geothermal News. The bridge is 
scheduled to be completed this summer. 

GEOTHERMAL FLUID DISPOSAL OPTIONS SUMMARY 

The following is a list of disposal 
options for geothermal energy developers. 
Method of disposal is dependent upon 
specific site parameters and the quality 
of the water encountered. 

"Discharge to surface waters 
"Evaporation ponds 
"Secondary uses 
"Injection at varying depths 
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SALT LAKE CITY, UTAH 84108 

TELEPHONE 801-581-5283 

1 June, 1981 

MEMORANDUM 

TO: Henry Heasler 

FROM: Duncan Foley W ^ 

RE: Thermopolis report 

Carl Ruscetta and I have reviewed the Thermopolis report; our comments are 
on the enclosed copy. Overall I like it, but I do have some specific comments. 
You are as an author, of course free to accecpt or reject these as you see fit. 

I like the model, it looks sound. I do wonder, however, if there are other 
data sets not included that might help your case. Is there any available gravity 
or other geophysical data? With all the well drilling in the area, can you at 
least get a look at a seismic line across the anticline, to see if your fault 
shows up? Have you had the report looked at by anyone from the oil patch? 

The hydrologic data, as far as it goes, looks very good. I did find myself, 
however, wishing there were data from aquifer tests included; are any available? 

I notice that the geochemical data are compiled from existing sources, and 
that with the exception of the analyses from Breckenridge and Hinckley, elements 
useful in geochemical thermometry calculations (Ca, Na, K, Mg, 8102) are missing. 
Do thermometry estimates on the samples you have support your interpretations? If 
the waters are all mixing, there should be good reflection of the base temperature 
of the system. If they are different, you could be looking at dilution or flow 
phenomena. Geothermometers are among the first data that developers look for; I 
think some discussion of them should be included. 

Did anything come out of the Rocky Mountain Groundwater Conference in Laramie 
that helps your understanding of the system? 

I have indicated several places where I think the style could be improved, 
as well as colloquialisms or first person references that might be changed. These 



suggestions should, of course, be dealt with appropriately to meet your style 
and Wyoming Geological Survey publication requirements. 

I would suggest that, especially to meet the DOE needs of addressing potential 
users, either the abstract be expanded to provide a more general introduction, or 
a first chapter synthesis, similar to your summary section, be included. In this 
manner, user needs of general results can be addressed, and consultant needs of 
data are not neglected. 

I have kept a copy of the report with my conments on it for our files. It 
will not have any public circulation, but will serve instead to refresh my memory 
if you have any questions or don't understand why I've said things. 

Happy reading, and keep up the good work. 
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INTRODUCTION 

The Department of Geology and Geophysics at the University of 

Wyoming is investigating the geothermal potential of Wyoming and border­

ing areas. This research is supported by the United States Department of 

Energy with earlier funding from the National Science Foundation. Department 

of Energy funding began in December of 1978 with total funding from the 

D.O.E. amounting to $588,984.00. 

Geothermal research has focused on detailed studies of low-temperature 

resource areas, compilations of regional geothermal data, and syntheses of 

pertinent geology and geophysics. Compilations of geothermal data include 

oil well bottom hole temperatures which are used to construct thermal grad­

ient and contour maps, field measurements of temperature profiles in drill 

holes, and the measurement and computation of the amount of heat flowing 

through specific rock layers. As part of the heat flow computation, lab­

oratory measurements of rock thermal conductivity are made and inteipretated 

with field measured temperature data. Heat flow values are then used to 

model the type of geothermal system in an area and predict its maximun 

temperature. 

This report presents a brief summary of current research results. It 

is divided into sections on the characterization of the resource in Wyoming, 

on specific areas with potential low-temperature resources, and on present 

and planned geothermal uses. The data on geothermal uses in Wyoming are 

from the Wyoming Geothermal Commercialization Office located at the Univer­

sity of Wyoming. 

Throughout the text, temperatures are given in °¥ or °C (°F = 1.8°C 

+ 32), geothermal gradients are given in °F/1000 feet or °C/km (°F/1000 feet 

= 1.82 °C/km) and depths are reported in feet or meters (1 foot = .305 

meters). The flow of heat within the earth is given in heat flow units 

abbreviated HFU where 1 HFU = 1 X 10 calories/cm - sec =41.8 milliwatts/m . 

GEOTHERMAL CHARACTERIZATION OF WYOMING 

Geothermal systems in Wyoming can be classified into three main 

catagories as volcanic-plutonic systems, deep sedimentary basin systems, 

or shallow to moderate depth hydrothermal convective systems. Each of 

these three systems can be further subdivided into high temperature (greater 

than 150°C C302°F)), moderate temperature (90-150°C (194-302°F)), or low 

temperature (less than 90°C (194°F)) resources. 



Volcanic-Plutonic Systems 

Volcanic-plutonic geothermal systems result from localized heat 

sources where molten rock is close to the surface of the Earth. The more 

recent and widespread the volcanic activity the more likely a high tem­

perature geothermal resource will be present. In Wyoming, Yellowstone 

National Park is the only confirmed high temperature geothermal system of 

this kind. A research drill hole by the U.S. Geological Survey encoun­

tered a temperature of 237°C (458°F) at a depth of 330 meters (1,080 

feet) in the Norris Geyser Basin of Yellowstone (White et al., 1975). The 

Yellowstone National Park area lias more than 10,000 identified hot springs, 

geysers, and steam vents which are surface manifestations of the large amount 

of heat energy present. However, since the area is a National Park, the 

exploitation of geothermal energy is not allowed. 

Two other volcanic-plutonic systems in Wyoming are young enough to 

possibly contain some useable geothermal resources. These two areas are 

portions of the Black Hills in northwestern Wyoming and the Leucite Hills 

located in the northern portion of the Rock Springs Uplift in southeast­

ern Wyoming (see Figure 1). Evidence for a possible thermal anomaly in 

the Black Hills is discussed in a paper by Decker et al., 1980. At pre­

sent the anomally is poorly defined due to the lack of drill holes avail­

able for temperature and heat flow determinations. The presence of a 

thermal anomally in the Leucite Hills has not been verified to date also 

due to a lack of drill holes accessible for thermal measurements. 

Deep Sedimentary Basins 

Deep sedimentary basins constitute tlie second type of geothermal 

system present in Wyoming. Moderate temperature waters (90°-150°C 

(194-302°F)) are found in the deeper portions of most of Wyoming's major 

structural basins. These basins include the Bighorn Basin, Wind River 

Basin, Green River Basin, Powder River Basin, Great Divide Basin, and 

Washakie Basin (see Figure 1). Hot water is found in these basins due 

to the Earth's normal increase in temperature with increasing depth (the 

increase in temperature with depth is called the geothermal gradient). 

Certain water-bearing rock units in these basins are folded deep enough 



(usually over 5 km (10,000 feet)) such that the surrounding rocks heat 

the water. 

This type of geothermal system exists only in the deep central por­

tions of the basins where drilling for a moderate temperature geothermal 

resource is uneconomical. However, since many of the water bearing 

rocks such as the Madison Limestone, Tensleep Sandstone, or Mesaverde 

Formation also sometimes contain oil, deep holes are drilled into these 

rock units. If hydrocarbons are not encountered, the drill holes are 

plugged even if hot waters are found. lV]iat would be extremely use­

ful in Wyoming is a streamlining of regulations that would easily allow 

the transferring of these oil exploration holes to municipalities or indi­

viduals for hot water utilization. 

Shallow to Moderate Depth Hydrothermal Convective Systems 

The third type of geothermal system in Wyoming is the shallow to 

moderate depth hydrothermal convective system. Low temperature resources 

(less than 90°C (194°F)) are usually associated with this type of system. 

Also, most of the hot springs located across Wyoming (Figure 2) are the 

surface manifestations of hydrothermal convective systems. With this 

type of geothermal system,water circulates in porous rock units to moder­

ate depths (1500 to 2000 meters (5000 to 6500 feet)) where it is heated 

by the Earth's normal increase in temperature with depth. The warmed 

water then circulates upwards near the surface of the Earth by either an 

upwarp of the water-bearing rock units or a porous fault system. In the 

area of the upwarp warm waters can be found at relatively shallow depths. 

An example of this t>'pe of system is shown in Figure 3 which is a repre­

sentation of a portion of the Thermopolis hydrothermal system. Figure 3 

illustrates how water in the Madison Limestone can be heated to 72°C 

(161°F) at a dei)th of 1900 meters (6200 feet) and then brought to within 

760 meters (2500 feet) of the surface. This type of geothermal system 

is relatively easily explored and the resources found can be used for 

direct heating purposes. Discussions of identified low-temperature 

resource areas of this type of geothermal system are contained in the 

next section on site specific areas. 



SITE SPECIFIC AREAS WITH POTENTIAL LOW TEMPliRAI'URE RESOURCES 

The Thermopolis Area 

Temperatures, gradients and regional geology have been compiled for 
2 

a 1800-1900 mi area that is roughly centered on the town of Thermopolis 

(Figure 2). The results demonstrate that the thermal anomaly occurs all 

along the central part of the Thermopolis anticline, occupying a 20 mile 

long by 3 mile wide area that strikes west-northwest between the southwest­

ern part of T. 43 N., R. 93 W. and the southeastern part of T. 44 N., 

R. 96 W. Within this zone, calculated gradients are in the range 43-

300°F/1000 ft (78-547°C/km) and tabulated bottom hole temperatures range 

from 90°F (32°C) to 160°F (70°C) at depths less than 2000 ft ('v .6 km). 

Inasmuch as downward continuation of the lower gradients predicts 60+°C 

temperatures at depths between 3500 and 4000 ft (1.1-1.2 km), we consider 

all of the region to be a "viable" low temperature, hydrothermal resource 

area. 

The Red Springs Anticline area in T. 43 N., R. 93 W. may be a "mar­

ginal" resource area. Here the calculated gradients are in the range 

24-59°F/1000 ft (43-107°C/km). Consequently, 45°C waters might be 

encountered at 3900-4500 ft depth (1.2-1.3 km). 

A tightly folded syncline is located iiimiediately south of the 

Thermopolis anticline. We believe that waters from the Owl Creek 

Mountains are heated at the bottom of this syncline. Subsequent upward 

movement of these waters along the northern flanks of the syncline could 

explain the high gradients in the anticline. The thermal waters are 

most likely to be in the Tensleep and/or Madison Formations -- two for­

mations with porosities and permeabilities sufficient to yield the flow 

rates ('̂  2800 gpm; Breckenridge and Hinckley, 1978) of the spring sys­

tem in Hot Springs State Park. Within the central part of the anti­

cline, the "tops" of the Tensleep and Madison range from 200-2800 ft 

(.06-.85 km) and 800-3450 ft (.24-1.08 km), respectively. It is possi­

ble, therefore, that these aquifers could be reached with economical 

drilling in some parts of the structure.(see Figure 3). 



Referring to "practical" aspects of resource development, one ques­

tion that must be answered is whether drilling and large scale develop­

ment would change temperatures and flow rates of the Thermopolis hot 

springs. Lack of data on porosities and permeabilities of the regional 

subsurface units also could impede development, as could the data for 

the springs which suggest that regional thermal waters would contain 

large amounts of total dissolved solids (2300 ppm; Breckenridge and 

Hinckley, 1978). Finally, minor structures along the crest of the anti­

cline should be carefully considered during drill site selection; for 

example, numerous faults cross-cut the northwest-southeast trend of the 

anticline, and a heretofore unmapped fault is evident on air photos of 

the structure. 

The Cody-Horse Center Anticline System 

This potential resource area is bounded by the DeMaris hot springs 

(27-39°C (80-96°F) 1700 gpm) just west of Cody and the Horse Center 

anticline about 7 miles to the south (Figure 2). The first evidence 

for a low-temperature resource was provided by the 29-205°C/km (27-

112°F/1000 ft) gradients calculated using bottom hole temperatures in 

eleven dry oil wells in the anticline. Down hole measurements by 

Wyoming personnel agree with the oil well data. For example, least-

squares gradients and maximum temperatures based on measurements in 

five shallow oil wells are in the ranges 96-190°C/km (52-104°F/1000 ft) 

and 38.4-47.5°C (101-117°F), respectively, at subsurface depths in the 

range 185-500 m (607-1640 ft). 

Data from six shallow temperature gradient wells drilled by the 

Department of Geology in early 1980 suggest that the area of greatest 

potential use is in T. 52 N., R. 102 W., S h of section 2, and W h 

of section 11. In this area warm waters (34°C (93°F)) can be reached 

at shallow depths (51 to 300 meters (168 to 1,000 feet)). The maxi­

mum temperature of this system may approach 55 to 65°C (131 to 149°F) 

at depths of 260 to 500 meters (853 to 1640 feet). Warm waters will 

be found at the shallower depths in the more western portions of this 

potential use area (see Heasler, 1980). 



However, the water 

greatly between wells 

The main aquifers for the Cody-Horse Center hÂ drothermal system are 

the Tensleep Sandstone, Madison Limestone, and Bighorn Dolomite. These 

formations are reported to have good porosities anci permeabilities with 

flows in the Madison Limestone and the Bighorn Dolomite sometimes 

exceeding 1,000 gallons per minute (Lowry, 1976). 

flow of wells drilled into these aquifers may vary 

due to secondary fracture permeability, secondary silica cementation of 

the Tensleep Sandstone, and the cavernous nature of the Madison Limestone 

and Bighorn Dolomite. 

The Rattlesnake anticline is between Cody and the Horse Center anti­

cline. As seems to be the case elsewhere in the area, the Chugwater 

Formation in this anticline appears to be an impermeable cap rock that 

overlies porous, permeable and perhaps water-bearing units in the Tensleep 

and Madison Formations. It is believed that waters are heated at depth 

in a syncline that is to the southwest of the Rattlesnake anticline. 

Subsequent upward movement of the water along the northeastern flank of 

the syncline through the Tensleep and Madison Formations results in the 

warm temperatures at shallow depths. 

The Casper-Midwest-Douglas Area 

Because of much local interest in utilization 

resources in projected housing development, consid 

spent researching these areas. Present data consi 

bottom hole temperature points, from which combine 

and geologic maps are being prepared. 

Most of our data are for areas near Midwest. 

of hydrothermal 

3rable effort has been 

5t of more than 2,000 

d temperature gradient 

shovvf that the Salt Creek Oil Field is a conspicuous 
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Within this 10-12 mi field, bottom hole tempcratu[res 

4500 ft (.3-1.4 km) arc in the range 120-170°F (49 

calculated gradients are between 40 and 100°F/1000 

Additionally, water injection wells that penetrate 

produce 160-175''F (71-79°C) waters that flow to th 

exceeding 7,000 gallons/min. There can be little 

Salt Creek Field could be used to produce hydroth 

These results clearly 

thermal anomaly, 

between 1000 and 

77°C) , and maximum 

ft (72-182°C/km). 

the Madison Formation 

e surface at rates 

doubt, therefore, that 

eprmal fluids for direct-



heat applications in the vicinity of Midwest. The major impedences to 

resource development could be the relative values of hydrocarbon and geo­

thermal resources, the high concentrations of solids in the nonpotable 

waters, and the question of whether AMOCO Production Co., Wyoming, or the 

federal government owns the geothermal resource. 

Scant data exist for the Casper region because fewer oil tests have 

been drilled in the area. The available data do suggest, however, that 

most of the region within a 10-15 mile radius of the city is not thermally 

anomalous. Calculated gradients are generally in the range 14-16°F/1000 

ft (25-29°C/km) and temperatures are in the range 100-135°F (38 to 57°C) 

at depths of 3,500-4,500 feet (1,070-1,370 meters). 

Two reliable heat flow values are now available for the Douglas area 

(Figure 2). The values are in the range 2.0-2.2 HFU. These drill holes 

are in an area where the underlying Madison Formation is dipping up to 

shallower depths from the north, northeast. Perhaps upward circulating 

waters in the Madison explain the observed above-normal flux. More relia­

ble definition of the suggested resource area will require additional 

research with shallow drill holes. 

Gradients in 5 shallow holes near Torrington are in the range 23-

29°C/km (13-16°F/1000 ft). In the Wright area to the north, measurements 

in 10 holes suggest that the undisturbed regional gradient is between 19 

and 29°C/km (10-16°F/1000 ft). The meaning of these data is obscure, but 

one interpretation is that the eastern part of the Powder River Basin is 

characterized by a complex pattern of normal to high heat flow and per­

haps shallow low-temperature hydrothermal reservoirs in isolated areas. 

iVe cannot be more specific without more geothermal data for the Basin. 

Research in the Casper-Midwest-Douglas area is continuing in an 

effort to locate potential resource areas and to better define heat 

sources and hydrothermal water movement. 

The Gas Hills Area 

Research before 1979 revealed the presence of high gradients (42-

100°C/km) at 8 isolated drill holes on the Beaver Rim, in the Gas Hills 

east of Lander. Recently compiled data consist of 20 bottom hole temper­

atures and temperature measurements in 31 holes that were drilled during 



uranium exploration. Maps of heat flow, gradient and regional geologic 

data are in various stages of compilation. 

The present data are consistent with a complex pattern of gradient 

and flux in the Hills. Briefly, observed gradients range from 20°C/km 

to 100°C/km (11-55°F/1000 ft) and estimated heat flows are in the range 

1.2-3.4 HFU. From combined geothermal and geologic data, one hypothesis 

is that faults control the gradient and heat flow patterns. Thus, any 

development of geothermal resources is likely to require careful mapping 

of the local geologic structure to delineate fault zones that could 

yield waters with potential for direct-heat applications. We hope to 

conduct more studies in the area because the great interest in subsur­

face uranium could lead to local settlements and because one deep oil 

test in the Hills is reported to have encountered high temperature waters 

in the Madison (J. D. Love, personal communication, 1980). 

The Saratoga Valley Thermal System 

Our DOE cooperative agreement has allowed us to establish a gradi­

ent and heat flow profile that extends from the eastern edge of the 

Washakie Basin to the Laramie Mountains (Figure 1). Gradients and pre­

liminary heat flow values along this profile are in the ranges 7-30°C/km 

(4-16°F/1000 ft) and .9-1.6 HFU, respectively. Two holes on the profile 

are near the hot springs in the town of Saratoga (Figure 2). The gradi­

ent in the hole about 1 mile west of the springs is 20°C/km (11°F/1000 ft), 

and that in the hole about 1 mile to the east is 30°C/km (16°F/1000 ft). 

Both gradients may be considered "normal", and so these observations sug­

gest that the Saratoga hot springs {''̂  50°C (122°F); Breckenridge and 

Hinckley, 1978) are not surface manifestations of a subsurface hydrother­

mal system with large dimensions. The narrow width of the system, in 

turn, suggests that the springs could be flowing from faults in this part 

of the Saratoga Valley. This view is supported by geologic evidence for 

a fault zone near the spring system (Montagne, 1955). Like the Gas Hills, 

development of geothermal resources in the Saratoga area may require addi­

tional research on the correlations between faulting, subsurface tempera­

tures and heat flow in the region. 

We may speculate that moderate or higher temperature resource areas 

could be present at shallow depths in the region between the Saratoga 



Valley and the southern Rocky Mountains in northern Colorado. 

From our new data, the heat flow is normal or low (.9-1.6 HFU) in the 

Saratoga Valley-Sierra Madre Mountains-Medicine Bow Mountains region in 

Wyoming, whereas the flux is high (>̂  2.4 HFU) at Hahns Peak and Northgate, 

Colorado, about 50-60 km (31-38 mi) to the south. Interpreted in terms 

of steady or transient heat sources, the width and magnitude of the 

transition suggest that the excess flux in northern Colorado is partly 

due to high temperature heat sources at shallow depths in the crust and/or 

upper mantle. This view, in turn, is consistent with geothermal reser­

voirs in the transition zone and the high heat flow area immediately to 

tlie south. 

EXISTING AND PROPOSED GEOTHEiŷ lAL USES 

The existing use of geothermal resources in Wyoming is low-

temperature direct-use projects. The greatest single use is in swimming 

pools and spas such as The State Bath House in Thermopolis. One green­

house and three private homes are geothermally heated. The Wyoming 

Highway Department has constructed two heat pipe bridges (one near Laramie 

and one near Wheatland) that use geothermal heat to help keep the bridges 

ice free. Also, the town of Frannie in the northern Bighorn Basin util­

izes 32°C (90°F) well water for their domestic water supply and minor 

heating purposes. 

Proposed geothermal projects within the State also deal with the 

direct use of low-temperature resources. The U.S. Department of Housing 

and Urban Development has recently funded a $50,000.00 geothermal dis­

trict heating feasibility study for the town of Thermopolis. Also in the 

Thermopolis area two geothermal greenhouses (34 feet by 90 feet each) are 

being built. In the Cody area interest has been expressed in geothermally 

heating two subdivisions containing 220 homes. One proposed small ethanol 

plant in the Bighorn Basin is considering using oil field treater water 

as a heat source. Other known potential uses of geothermal resources in 

the State include a greehouse and aquaculture facility near the town of 

Midwest, possible district heating of Midwest, and use by an ethanol plant 

or cheese plant near the town of Thayne. 
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CONCLUSION 

Reports are in various stages of completion for the Bighorn Basin, 

the Great Divide-Washakie Basins, the Thermopolis area, and the Cody 

area. Additional work is planned for the Wind River Basin, Green River 

Basin, Laramie Basin, and the Thrust Belt of Wyoming. Studies will also 

continue in identified resource areas. Public input has been very use­

ful in past studies in supplying information on thermal springs, wells 

available for logging, and areas of potential resource use. Continued 

input of this type is strongly encouraged. The Wyoming Geothermal 

Resource Assessment Group can be contacted at P. 0. Box 3006, Department 

of Geology and Geophysics, University of Wyoming, Laramie, Wyoming 82071 

(307-766-4888). 
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PRELIMINARY DATA FROM SIX TEMPERATURE GRADIENT HOLES NEAR CODY, WYOMING 

INTRODUCTION 

Six holes were drilled near Cody in northwest Wyoming in an effort to de­

fine a low- to moderate temperature hydrothermal resource. The holes were 

drilled during January, February, and March of 1980. The total depths of the 

holes ranged from 116.0 meters (38O.5 ft.) to 56.4 meters (185-0 ft.). The pro­

ject was financially supported by Cooperative Agreement DE-FC07-791-D12026 be­

tween the U.S. Department of Energy and the University of Wyoming. This report 

briefly summarizes the mechanical details of the drilling and casing, and pre­

sents preliminary geothermal data for the holes. 

EVIDENCE FOR HYDROTHERMAL SYSTEM 

The DeMaris Hot Springs, a group of at least seven vents ranging in tem­

perature from 2h to 37 C are one mile west of Cody In northwest Wyoming (see 

Figure 1). The springs occur on the southeastern flank of a large anticline, 

the Rattlesnake anticline, where the impermeable Chugwater Formation has been 

eroded through by the Shoshone River. Within 1000 feet of the hot springs a 

well that passed through the Chugwater Formation yeilds 208 gallons per min­

ute of water at 3^ C. This well and the hot springs appear to define the nor­

thern boundary of the hydrothermal system. 

A series of travertine and sulfur deposits crop out along the eastern 

flank of the Rattlesnake anticline. The deposits are near the contact of the 

Chugwater Formation and the underlying rock units. The travertine deposits ex­

tend approximately two miles south of the DeMaris Hot Springs. In this area 

the Rattlesnake anticline merges into a smaller structure known as the Horse 

Center anticline. 

The thermal data for the Horse Center anticline suggest that the regional 

hydrothermal system extends as much as seven miles south of Cody. The most 
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convincing data are the thermal gradients of H9 to 205 C/km in the anticline, 

based on bottom hole temperatures in eleven oil wells. (Twenty-three "dry" oil 

wells have been drilled in the structure. Of these, eleven wells yield gradi­

ents of ks to 205 C/km, five wells yield normal to slightly high gradients 

of m to 37 C/km, while seven wells had no reported bottom hole temperature). 

Our agreement with the U.S. Department of Energy has made it possible for 

us to log temperatures in three of the five unplugged wells in the Horse Center 

anticline. The resulting temperature-depth profiles for the wells are plotted 

in Figure 2. Figure 3 shows the locations of the holes in the area. 

Well Letha C-k may be on the southern edge of the thermal high because 

the bottom hole temperature of 38.A C at 320 meters yields the lowest gradient 

of 96 C/km (see Fig. 2). A maximum temperature of 47-5 °C was measured at 

500 meters in hole Rose Government 1 (Fig. 2). In contrast, the bottom hole 

temperature is 45.1 ''at 185 meters in Gains Government C-2 (Fig. 2) and the 

calculated gradient is 190 C/km. 

Referring to drill hole geology, the three remeasured wells were collared 

in the Chugwater Formation. Two of the holes ended in the Tensleep Sandstone, 

with the depth to the Tensleep ranging from 138 to 290 meters. 

GEOLOGIC AND DRILLING STRATEGY 

The Horse Center - Rattlesnake anticlines geothermal system may be ex­

plained by the combined effects of local geology, local hydrology and the re­

gional geothermal gradients.. Briefly, we believe that waters in deep porous 

units are warmed by the thermal gradients outside the middle portions of the 

anticlines. These waters then quickly gain access to shallower depths by mov­

ing upward along the steep limbs of the anticlines. The Chugwater Formation 



TEMPERATURE. T 
8.00 12.00 16.00 20.00 24.00 28.00 32.00 36.00 40.00 44.00 48.00 
0 _ _ _ _ ^ _ = _ = . . ^ ^ - , , , , , , , , . . . . 0 

8.00 12.00 16.00 20.00 21.00 26.00 22.00 36.00 40.00 41.00 4S,00 

Figure 2. Temperature plots for three oil wells on the Horse 
Center ant i c ] ine. 



R.I02W. R.IOI W. 

Figure 3- Map showing locations of drilled holes (triangles) and 
the three thermally logged oil wells (circles). 



appears to be an impermeable cap rock above the water bearing units in the 

central parts of both structures. 

The above described model is shown in a general way in Figure 4. The six 

holes in the Cody-Horse Center region were drilled in the vicinity of a "po­

tential site area" on the southeastern flank of the Rattlesnake anticline. 

DRILLING METHODS 

The holes were drilled with air or foam using a Frank's Model FJ4HP truck 

mounted drill rig. The rig was capable of drilling to a depth of 610 meters 

(2,000 feet). A 5 1/8" tri-cone rotary bit was used to drill the softer units. 

This bit could not be used for all of holes UWH-3, UWH-4, and UWH-6 because 

extremely hard units were encountered; therefore a 5 1/8" down hole hammer was 

used to drill portions of these holes. 

The air and foam drilling mediums worked successfully when "dry" fractures 

etc., were encountered. At some sites, however, water flows or aquifers were 

encountered and fine sand flowed into the holes as rapidly as drilling pro­

ceeded. These "running" sands greatly impeded or prevented further dril­

ling and so cementing was tried to hold the walls of the holes or "stabilize" 

the sands. The Dowel 1 Company was employed for this grouting, and a special 

cement was used because the warm subsurface waters had high sulphate contents. 

This cement gelled in as little as three minutes, and interested readers are 

referred to the Dowel 1 Company for details on components of the mixture. 

The Dowel 1 company was able to cement zones in the upper part of hole 

UWH-2. When drilling continued downward in this hole, however, other zones of 

"bad" ground were encountered. These deeper zones could not be cemented be­

cause they were either in large caverns or in aquifers with very large volumes 

of water or high flow rate. A similar problem was encountered at the bottom 
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of hole UUH-4. For example only 1.7 meters (5 feet) of "fill up" occurred in 

3 3 

UWH-2 when 2.3 meters (80 ft ) were pumped into the bottom of the hole. Con­

sequently, drilling of UWH-2 and UWH-4 was terminated at 123 and 101 meters, 

respectively, because further drilling was not possible without very costly 

casing of the troublesome zones. 

COMPLETION METHODS 

Each well was completed so that temperature gradients could be monitored 

for an indefinite period of time. This was accomplished by setting an access 

pipe as deep as possible in each hole. The access pipe is H inch inside di­

ameter schedule 40 black iron pipe. 

The pipe in holes UWH-1, UWH-3," UWH-5 and UWH-6 is grouted with neat 

cement. The grouting procedure directly followed the methods outlined in Moses 

and Sass (1979). Grouting was done in an effort to stop vertical flows of wa­

ter in the annuli between the pipe and the walls of the boreholes. This tech-

nique was not used at sites UWH-2 and UWH-2 because both holes bottomed in 

large cavities and/or very bad ground; therefore, cement would have flowed lat­

erally rather than vertically up around the pipe. Another reason for not 

cementing pipe in UWH-2 is that it is desirable to deepen this hole in the fu­

ture, if funding can be obtained. 

A latching plug was "chased" to the bottom of the H " pipe in all of the 

holes. The plug cleaned the pipe and created a tight seal at the end of each 

string of casing. Each string of pipe was then filled with water, the collars 

were capped, and each drill site was restored according to the requirements 

of the State of Wyoming and our agreement with the Department of Energy. 



PRELIMINARY RESULTS 

Figures 5-10 are plots of the preliminary temperature - depth data for 

the six holes. A combined plot of these data is in Figure 11. Other measure­

ments in holes UWH-1 - UWH-5 are plotted in Figures 12-17; these measurements 

were made at times before those shown in Figures 5-9. Tables 1-6 list loca­

tions, land owner data, information on drilling, casing and cementing, and 

generalized lithology for the holes. 

Bottom hole temperatures, cased depth, least squares estimates for the 

gradients in the holes and depth ranges for the gradient calculations are listed 

below. 

Hole Bottom Hole Temperature Cased Depth Gradient Depth Range 

meters 

98.5 

116.0 

72.0 

96.7 

108.7 

85.1 

Rotary chip samples were collected at 3 meter (10 feet) spacings for each 

hole. The chips were used to determine stratigraphy as drilling progressed. 

Related geothermal research involves thermal conductivity measurements of the 

samples. A final report on the resulting heat flow values and regional ther­

mal interpretations for the holes should be fowarded in the next 4-6 months. 

UWH-1 

UWH-2 

UWH-3 

UWH-4 

UWH-5 

UWH-6 

Ĉ 

26.6 

35.4 

25.3 

13.2 

18.3 

20.4 

°C/km 

156.7 

161.4 

181.7 

14.6 

78.2 

108.1 

meters 

10- 98.5 

10- 45 

5- 72 

5- 96.7 

10-108.7 

18- 85.1 
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PRELIMINARY INTERPRETATION 

The Cody-Horse Center hydrothermal system is believed to extend on a line 

south-southeast from the DeMaris Hot Springs to well Letha C-4 (see Figure 3). 

The width of this zone varies from one to about two miles. 

The area of greatest potential use is in T. 52 N., R 102 W., Si of sec­

tion 2, and Wj of section 11 (see Figures 1 and 3). In this area warm waters 

(34 °C (93 °F)) can be reached at shallow depths (51 to 300 meters (168 to 

1,000 feet)). The maximum temperature of this system may approach 55 to 65 C 

(131 to 149 °F) at depths of 260 to 500 meters (853 to 1640 feet). Warm waters 

will be found at the shallower depths in the more western portions of this po­

tential use area. 

The main aquifers for the Cody-Horse Center hydrothermal system are the 

Tensleep Sandstone, Madison Limestone, and Bighorn Dolomite. These formations 

are reported to have good porositites and permeabilities with flows in the 

Madison Limestone and the Bighorn Dolomite sometimes exceeding 1,000 gallons 

per minute (Lowry, 1976). However, the water flow of wells drilled into these 

aquifers may vary greatly between wells due to secondary fracture permeability, 

secondary silica cementation of the Tensleep Sandstone, and the cavernous 

nature of the Madison Limestone and Bighorn Dolomite. 
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TABLE 1. Drilling and other data for the hole UWH-1 

We 11 Name: 

Area: 

Location: 

Elevation: 

Landowner: 

Commenced Drilling: 

Completed Dri11ing: 

Total Drilling Depth: 

Casing Set: 

Depth of Casing: 

Casing Cemented: 

Sacks of Cement Used: 

Lithology: 

Notes: 

UWH-1 

Cody, Wyoming 

SWi SWi Sec. 2, T. 52 N., R. 102 W. 

5120 ft. 

Coy Gail; Cody, Wyoming 

January 2, I98O 

January 3, 1980 

327 ft. 

January 4, I98O 

321 ft. 

January 4, I98O 

60 sacks neat cement with 6 gallons water per sack 
used to cement casing 

0 to 2 feet; surface gravels 
2 to 327 feet: Triassic Chugwater Formation; red 

siltstones, red shales, and fine red 
sandstone 

Drilling on this hole progressed smoothly. The for­
mation became moist at 40 feet but never flowed any 
quantity of water into the drill hole. 
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TABLE 2. Drilling and other data for hole UWH-2 

We11 Name: 

Area: 

Location: 

Elevation: 

Landowner: 

Commenced Drilling: 

Completed Dri11ing: 

Total Drilled Depth: 

Casing Set: 

Depth of Casing: 

Casing Cemented: 

Sacks of Cement Used: 

Lithology: 

Notes: 

UWH-2 

Cody, Wyoming 

SWi, NWi, Sec. 11, T. 52 N., R. 102 W. 

5160 feet 

Coy Ga i1 

January 11, I98O 

March 19, 1980 

403 feet 

18 joints (378 ft.) 

378 feet 

No. (see notes) 

45 sacks neat cement, 80 sacks Dowel 1 12-3 R.F.C, 
cement (see notes). 

0 to 20 feet: 
20 to 130 feet: 

140 to 180 feet: 

180 to 200 feet: 
200 to 403 feet: 

Travertine; white, powdery 
Triassic Chugwater Formation; red 
siltstones, red shales and fine red 
sandstone. 
Triassic Dinwoody Formation; tan and 
gray siltstone and dolomite. Started 
making over 5 gallons per minute 
water at l4o feet. 
No sample return. 
Pennsylvannian Tensleep Sandstone; 
light gray to tan, sometimes sil­
iceous sandstone. At 220 feet small 
cubes (1/16 inch) of pyrite were 
present. 

The hole was making up to 200 gallons per minute of 
H„S smelling water starting at 280 feet. The tem­
perature of the water measured at the surface was 
18° C. 

Starting at this depth of high water flow, zones of 
loose, well washed sand were encountered, The hole 
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Table 2 continued 

Notes continued: would not stay open through these zones. Consequent­
ly various cement jobs (a total of 4) were tried. 
These were successful to a depth of 403 feet where 
it was decided that further cementing would be too 
costly. 

The li inch casing was put in the hole but not grou­
ted in place. It was felt that due to the large, warm 
water flows in the bottom of the hole the grout would 
have been washed away. 

-r^tKr.^ 
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TABLE 3. Drilling and other data for hole UWH-3 

Well Name: 

Area: 

Location: 

Elevation: 

Landowner: 

Commenced Drilling: 

Completed Dri11ing: 

Total Drilled Depth: 

Casing Set: 

Depth of Casing: 

Casing Cemented: 

Sacks of Cement Used: 

Li thology: 

Notes: 

UWH-3 

Cody, Wyoming 

SWi SWi Sec. 11, T. 52 N., R. 102 W. 

5180 ft. 

Jerry and John Housel 

January 3, 1980 

February 5, 1980 

333 ft. 

February 5, 1980 

13 joints (273 ft.) 

February 5, 1980 

55 sacks, 6 gals. H^O/sack 

0 to 95 feet: Permian Park City Formation; gray 
to tan siliceous limestone. At 
50 feet there was a strong sulfur 
odor. 

100 to 333 feet: Lost circulation 

At 180 feet the rock becomes very hard. A hammer is 
used from this depth on to complete the hole. 

The H inch casing was set to 273 feet because of a 
zone at 275 feet that kept closing off. 
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TABLE 4. Drilling and other data for hole UWH-4 

We 11 Name: 

Area: 

Location: 

Elevation: 

Landowner: 

Commenced Drilling: 

Completed Dri11ing: 

Total Drilled Depth: 

Casing Set: 

Depth of Casing: 

Casing Cemented: 

Sacks of Cement Used: 

Lithology: 

Notes: 

UWH-4 

Cody, Wyoming 

NWi, NWi, Sec. 14, T. 52 N., R. 102 W. 

5160 feet 

Dale and Roberta Pike 

March 7, 1980 

March 18, I98O 

333 ft. 

March 18, I98O 

314 ft. 

No. (see notes) 

50 sacks Dowel 1 12-3 RFC cement (see notes) 

0 to 90 feet: 

90 to 106 feet: 
106 to 218 feet: 

218 to 333 feet: 

Permian Park City Formation; grey 
to tan siliceous limestone. 
Poor sample recovery 
Pennsylvanian Tensleep Sandstone 
(?); light gray to tan siliceous 
sandstone with sometimes as much 
as 20% white silica chips. Small 
(1/16 inch) quartz spar present at 
126 feet 
Lost circulation. 

At 218 feet a well washed sand was encountered before 
circulation was lost. 

A cement job was done by Dowel 1 at 333 feet but was 
unsuccessful. Consequently, the li inch casing was 
not cemented in place due to the large water flow and/ 
or cavern that was present. 
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TABLE 5. Drilling and other data for hole UWH-5 

Well Name: 

Area: 

Location: 

Elevation: 

Landowner: 

Commenced Drilling: 

Completed Dri11ing: 

Total Dri1 led Depth: 

Casing Set: 

Depth of Casing: 

Cas ing Cemented: 

Sacks of Cement Used: 

Li thology: 

Notes: 

UWH-5 

Cody, Wyoming 

NWi, SWi, Sec. 14, T. 52 N., R. 102 W. 

5210 feet 

Glenn Nielson 

February 27, 1980 

February 28, I98O 

360 ft. 

(17 joints) 357 ft. 

354 ff. 

February 28, I98O 

35 sacks neat cement, 7 gals. H O/sack 

0 to 360 feet: Jurassic Sundance Formation; green to 
gray shale, thin brownish limestone 
and sandstone layers. From 235 feet 
to 329 feet a red shaley zone was 
encountered. 

Drilling on this hole progressed smoothly. The for­
mation became moist at about 100 feet but never flowed 
water into the drillhole. 
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TABLE 6. Drilling and other data for hole UWH-6 

Well Name: 

Area: 

Location: 

Elevation: 

Landowner: 

Commenced Drilling: 

Completed Drilling: 

Total Dri1 led Depth: 

Casing Set: 

Depth of Casing: 

Casing Cemented: 

Sacks of Cement Used: 

Li thology: 

Notes: 

UWH-6 

Cody, Wyoming 

NEi, NWi, Sec. 15, T. 52 N., R. 102 W. 

5280 feet 

Carrol Koster 

February 6, 1980 

February 26, 1980 

311 feet 

9 joints (189') (see notes) 

185 feet 

February 26, I98O 

30 sacks neat cement with 6 gallons H_0/sack 

0 to 10 feet: 

11 to 19 feet: 
20 to 269 feet: 

270 to 310 feet: 
311 feet: 

Rounded stream gravel, i to 2 inches 
in diameter. 
Light tan mud out of hole. 
Pennsylvanian Tensleep Sandstone; 
hard silicified sandstone chips 
dark gray to tan colored. Sporadic, 
small (less tan 1/8 inch) sulfur 
veinlets in upper 90 feet. 
Lost circulation. 
Became stuck In hole. 

Stuck in hole from Feb. 7 until Feb. 25. During that 
time the bit was pulled free from 289 ^t. up to 186 
ft. by injecting 10 gallons diesel fuel in the com­
pressed air. At I86 ft. the bit became plugged. 
Five gallons 33% HC1 acid was put in the drill pipe. 
Circulation returned 4 hours later when the drill 
pipe broke free at the downhole hammer. The last 8 
joints (164 feet) of drill pipe to come out of hole 
were covered with a black tarry substance. The sub­
stance was extremely black and had a musky to burnt 
odor. 

,L 
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Table 6 continued. 

Notes continued: The hammer was stuck in the hole at 186 feet. Con­
sequently the li black iron pipe was set to that 
depth and cemented in place with 30 sacks neat cem­
ent. 

A thermal log of the well was attempted only to find 
an obstruction in the li inch casing at a depth of 21 
feet. Consequently the only downhole temperature-
depth data was that taken during breaks in drilling. 
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Figure 9. Temperatures as functions of depth in hole UWH-5 
(3/21/80). 
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Figure 10. Temperatures as functions of depth in hole UWH-6 
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Figure 12. Temperatures as functions of depth in hole UWH-1 
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INTRODUCTION 

Our original proposal to the U.S. Department of Energy was submitted 

in the Fall of I978, with funding being approved in January of 1979. That 

program is now in the final stages of completion. It was hoped that hydro-

thermal resource data would be obtained for at least 600 oil wells, five in­

dicated low-temperature reservoirs, and 12-24 new heat flow sites. Addition­

al ly, reg iona I gradient and heat flow maps were to be prepared and interpreted. 

These objectives have been substantially achieved: >1500 bottom hole tempera­

tures for oil wells have been compiled and analyzed; temperature-depth measure­

ments have been made on >100 drill holes; the Thermopolis, Cody-Horse Center 

Anticline, and Saratoga spring systems have been studied in detail, as have 

areas in the neighborhood of Casper, Midwest, and the Gas Hills; new heat 

flow measurements are being completed for some 30 localities; a site specific 

drilling program near Cody is in progress; and combined heat flow and geologic 

maps for the Rocky Mountain region have been prepared. A brief summary of the 

present state of our work is presented below. The principal question 

discussed here is our proposal for additional work for the coming year (June 

1 , 1980-May 31, 1981). 

Circumstances to be considered are the following (See Figures 1 and 2 for 

loca1i t ies ) : 

1. While our analyses of bottom hole temperatures, subsurface gratiients 

and other geothermal data greatly expand the inventory of hydrothermal 

2 

resource data for Wyoming, the actual investigated area ("vSOOO mi ) is 

too small to permit reliable assessnient of this 95,000-100,000 square 

mile region. One important Justification for additional work, there­

fore, is that there is a critical need for data in large, unstudied 

...i&mi.Jt^AgU. 



areas. We plan to improve knowledge of the resource base in these 

areas in at least four ways: 1) with measurements of temperature 

in water wells and other accessible drill holes; 2) from compilations 

andanalyses of bottom hole temperatures in oil wells; 3) with analyses 

of water composition; and 4) with compilations of regional geology and 

geophysics. 

2. Research to date shows that indicated low temperature resource areas 

must be examined in detail and on an individual basis, if reliable 

reservoir models are to be obtained. The Thermopolis, Cody-Horse 

Center anticline, and Salt Creek Oil Field (Midwest) thermal anomalies 

(Fig. 1), for example, can be explained by hydrologic circulation in 

the vicinity of anticlinal structures. In contrast, the hot springs 

and/or high gradients in the neighborhoods of the Saratoga Valley and 

the Gas Hills ( Figs. I and 2) appear to be fault controlled and per­

haps related to narrow subsurface reservoirs. The controls are not 

understood in other areas (Auburn, Alcova, Lander, DuBois, etc.), but 

studies are in progress. This research is expected to extend into 

the new year of research. Related studies will focus on water quality, 

regional porosities and permeabilities, and quantification of indicated 

resources. 

3, Although tiie present distribution of heat flow is incomplete and ir­

regular, it does suggest interesting possibilities as well as directions 

(or further study. Briefly, more heat flow values are needed for the 

Powder River Basin, the Owl Creek Mountains-Bridger Mountains area, 

the Absaroka Mountains and the Southern Rockies in extreme southeastern 

Wyoming (Fig. 2) because there is new evidence for ;, H ^ 
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(>1.8 HFU (+̂  HFU = 1 x 10 caVcm sec = 41.8 m W/m )) and thus 

buried geothermal reservoirs in parts of these regions. The new 

low to intermediate heat flow values (.9-1.7 HFUj in parts of the 

Green River, Great Divide and Laramie Basins and the Medicine Bow-

Sierra Madre Mountains area (Fig. 2) imply that they are not "viable" 

geothermal areas. However, like most of Wyoming, the sites are too 

few and too widely scattered to permit accurate generalizations for 

these large provinces. The final resolution of these questions 

may require comprehensive drilling specifically for heat flow measure­

ments, but considerable amounts of new data can be obtained using 

holes that were drilled for other reasons. Possible research sites 

are listed in Table 1; others are likely to become available during 

the coming year. 

4. The relatively large increase in drill hole measurements (lOB vs. 20-30) 

has come mainly through intensive cultivation of working relations with 

mining and other exploration companies. Additionally, the U.S. Geologi­

cal Survey, the Wyoming Geological Survey, and State of Wyoming person­

nel have given their complete cooperation. As a result, we have access 

to locations for numerous water wells in the region. The general public 

appears to be similarly enthusiastic; for example, it is not unusual 

for us to receive letters from people describing previously unknown 

thermal springs or wells. This cooperation and interest has therefore 

led to an almost continual stream of information on drill holes, etc., 

and the number is likely to increase in the next year as exploration 

for water, uranium and other resources continues its upward spiral. 

Tfiere is little doubt, therefore, that much temperature, water quality 

and other pertinent data can be obtained if the program is handled by 

''"•'' '̂ ''•'' p.'rM.nnrl. Brta.jsc n,>cr-,sary equipment and facilities are 
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already at the University, continued research and exploitation of 

facilities, equipment and cooperation depends mainly on funds for 

salaries, field expenses, supplies and equipment repair and replace­

ment and in some cases contract casing, as discussed below. 

5. The program now terminating has created a sizeable group of Wyoming 

personnel with expertise in various aspects of hydrothermal resource 

evaluation. Interest is likely to remain high: a M.Sc. thesis on 

heat flow in southern Wyoming and northern Colorado will be completed 

by June of I98O (by K. L. Buelow); an experienced M.Sc. candidate 

in geophysics (Mr. Eric Medlin) from the University of Florida will 

join our research team in May of I98O; and a "qualified" Ph.D. candi­

date (Mr. Doug Hanson) wishes to begin geothermal energy research by 

June of 1980. Considered together, the principal investigators and 

these students would be a solid group that could accomplish a large 

amount of resource identification, if new funds are provided. 

In view of the above considerations, another year of research on hydrothermal 

resources in Wyoming is proposed. Primary emphasis would be placed on an assess­

ment of the low and/or moderate temperature resources with direct-heat applica­

tions, by compiling and studying temperatures, heat flow, water qualities and 

other pertinent geothermal, geologic and geophysical data for large areas of the 

state. Hovjever, moderate or high temperature resources also could be defined 

because there is evidence for high heat flow zones in the regions that would 

be studied. 



PROCEDURES: ACQUISITION AND AVAILABILITY OF DATA 

Research would be conducted by five full-time personnel. We propose to 

divide the state into four quadrants and require that one full-time researcher 

manage the resource assessment of an entire quadrant. The principal investiga­

tors will oversee all aspects of data acquisition and interpretations to insure 

that the same quality control and procedures are used during research in each 

quadrant. 

Research in the Summer and Fall of I98O would focus on area by area 

measurement of temperatures in water wells, exploration holes, or any acces­

sible and reliable underground opening. Concomitant field work would involve 

the collection of samples of water from flowing or pumpable wells; these samples 

would be sent to the University of Utah Research Institute (UURl) for chemical 

analyses. The program in the Winter and Spring of I98O-8I would focus on analyses 

of data collected in the previous field season, and compile pertinent geologic 

and geophysical data for each area. Other work in I98O-8I would involve prepara­

tion of maps and final reports. 

Interpretations and resource assessments would focus on areas in which sub­

surface temperatures are in the range 30 -oO'c at depths near 1.0-).5 km. How­

ever, we would also compile gradients, depths, etc., for holes in which T <30 C 

because these data can yield estimates of the depths to potentially usable low 

temperature reservoirs. Special attention would be given to areas characterized by 

hitih geothermal gradients. Evidence for high gradients and flux in the Gas Hills 

and Powder River Basin areas vias mentioned ai)ovc; new drilling in both areas should 

provide a valuable opportunity for more subsurface temperature studies and thus 

better definition of any resources. Other topics will be investigated; for ex­

ample, the thermal waters in the Madison Formation in the Big Horn Basin area and 

the Gas Hills. We cannot be more specific without closer examinations of available 

\ 



data. At present vje have access to all of the well logs at the Wyoming Geo­

logical Survey and at State offices in Casper. Data for new wells would be 

examined as records are released and stored in the nearby offices of the Geo­

logical Survey of Wyoming. 

Water quality data, depths to water, aquifer productivities, regional hy­

drology and pertinent geology would be compiled for all investigated areas. 

Water quality must be studied because the environment can be contaminated if 

certain elements (e.g. Hg, As, S) in some geothermal fluids are not disposed 

of properly, and because low-temperature heat exchanger systems must be designed 

according to local water compositions (Wright, 1978). It is equally important 

to compile specific data or "educated" generalizations on regional aquifer pro­

duction, hydrology, geologic structure, and proximity of potential resources to 

communities. It is sufficient to state that a resource is not likely to be 

developed, if the yield of water is too small, or the market is distant, regard­

less of the temperature at reasonably shallow depths. Geologic and hydrologic 

data would be obtained from the literature and records of the U.S. Geological 

Survey in Cheyenne, Wyoming. Water quality data would be abstracted from the 

literature, and six previously promised water analyses, and from water analyses 

providec) by UURI . 

Regional heat flov-j and radioactivity studies would be continued throughout 

the region. We plan to use shallow holes and a limited number of "shut in" oil 

wells. Thermal conductivities of regional units will be used to determine heat 

flow in established oil fields, hard rock areas and other regions. Basic heat 

flow and radioactivity (U, Th, K) data would be collected using well established 

techniques. To insure acquisition of reliable data in critical areas, selected 

holes would be cased so that they would remain open for temperature measurements. 

I 
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DELIVERABLES 

All data would be used to update file GEOTHERM of the USGS. Maps for 

the public and geosclentists would be prepared according to requirements of 

the Department of Energy, NOA, the USGS, and UURI. All written reports would 

attempt to quantify reservoirs with direct-heat or other applications. 

Short status reports and preliminary results would be submitted to the 

U. S. DOE on a monthly basis. We expect to furnish the following "hard" 

deliverables by July, I98I. 

1. A compilation of locations, temperatures, depths, gradients, and. If 

possible, depths to water for the •f^w- quadrarrty of Wyoming. Regional 

maps of subsurface temperatures arid depths wguld be suppl IPH \ j ] t h fhp 

data, as would written reports. Available water quality and aquifer 

production data would be incorporated into the reports, as would 

relevant stratigraphy and geologic structure. The maps would show 

pertinent control points and relevant geology. 

2. Regional gradient maps and interpretations thereof would be prepared 

and delivered. These deliverables would reflect local geology and 

the thermal properties of local rock units. This would be done because 

the conductive gradient varies sympathetically with corresponding con­

ductivities of the loca! rocks. Reports would also summarize available 

shallow and deep wacer quality data, aquifer disposition, and aquifer 

production. We expect to deliver detailed reports and maps for areas 

that could be prospectively valuable for near term direct-heat or other 

applications. One of these areas is expected to be the Powder River 

Basin, where the Madison Formation is known to locally contain thermal 

waters. 

' • ' ^ - ' ' Z ' " •• • y — - • ^ j • • • ; • ' • • • • • • • • • - — • - • • • • • • . . : • • . . . . . • i o . . . ; . . . ; - . v . . - : . . . - : . . y ; ; v ^ ; - ^ . - • . . • • - ^ ^ . • . . . , t ^ ^ ^ ^ ^ ^ ^ , . ^ ^ ^ . , g ^ . 
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The now terminating program will provide reports on the Thermop­

olis area, the Cody-Horse Center anticline, the Gas Hills area, 

the Saratoga area, and the Casper-Midwest area. The new 

program would be arranged so that research on the Saratoga, 

Casper-Midwest, Auburn and DuBois areas is expanded to include data 

for regions within a 20-30 mile radius of each suggested resource. 

This detailed research will be done to better define their lateral 

extents, and to quantify the magnitude of each reservoir. Other 

systems would be analyzed in a similar manner as data are located. 

Reports would directly fol kn̂ / available drill hole data, the geologic 

and hydrologic literature, and the proximity of resources to popula­

tion centers. 

Chemical analyses will be delivered for six heretofore unanalyzed 

springs or spring systems. These were to be furnished by the now 

terminating project, but bad weather and the urgency of drilling in 

the Cody area prevented us from doing such. Water samples and analyses 

would be accompanied by descriptions of collection sites, local geology 

and other pertinent geoscience data. From cooperative studies with 

qualified personnel elsewhere (e.g. the USGS), we expect to deliver 

preliminary interpretations of the chemical analyses. Following pro­

cedures of Breckenridge and Hinckley (1978), these analyses would 

be done in the laboratory of the Wyoming State Chemist. We also plan 

to try to collect samples of subsurface waters in areas where gradient 

data are collected and where existing waters, etc., are flowing or 

can be pumped. As mentioned above, analysis of these samples will 

be done hy UURI. We believe that 70-75 samples will be sent to UURI 

for analys i s. 



An updated (I98I) regional heat flow map would be delivered, as would 

detailed maps of gradients and heat flow in prospectively valuable 

areas. All maps would be interpreted. Both heat flow and available 

radioactivity data would be used in interpretations. We expect to 

acquire heat flow data for at least twenty new stations. '̂  

^ ' - ^ ^ ^ 
One of the tasks of our 1979 program was to ccyntact casjll^bout 12,000 

feet of drill holes for heat flov̂ / studies. This was not possible in many 

of the suggested areas because of the early onset of winter. It is also 

true that casing was not needed in many areas because we were able to ob­

tain some 30-35 heat flows, rather than the promised 20. We therefore 

request permission to carry over $10,000 of 1979 funds so that they can 

be used to contracj^j;:^?^ about 5,000 of drill holes (-̂5) in I98O-8I . 

PERSONNEL 

Dr. Edward R. Decker, Professor of Geology, would be ultimately responsible 

for every phase of the research. During the academic year, he would devote 50 

percent of his time to research and 50 percent to teaching. The summer of I98O 

would be entirely devoted to the proposed research. 

Mr. Henry P. Heasler would be co-investigator of the project. He would 

be in immediate charge of most of the library and field research. He would 

work intininlely with Decker on all aspects of the project. Heasler holds an 

M.Sc. dcfirce iti (jeothermal studies, and is a co-i nves t i gator of the 19/9 program. 

A new research associate would be employed by June 1, I98O. We expect 

the associate to be K. L. Buelow, an M.Sc. candidate in geophysics (heat flow), 

at Wyoming. Buelow is very familar with all aspects of the University's pro­

cedures for field and laboratory studies of heat flow. 

t 



Other personnel would consist of a half-time secretary, three summer 

field assistants, and two research assistants for the academic year (September, 

1980-May 15, 1981). One part-time assistant would also be employed during 

the academic year. 

FACILITIES 

Wyoming's heat flow equipment includes portable and truck-mounted tempera­

ture cables ( 1- 2 km lengths), two pick-up trucks, three divided-bar systems 

for thermal conductivity measurements, a conductivity sample saturation facility, 

a temperature calibration facility ("30 C to 235 C, +̂  .001 C control), and a 

gamma ray system (two S" x 4" Nal(Tl) crystals) for measurements of uranium, 

thorium and potassium. The temperature calibration facility is traceable to 

the U.S. National Bureau of Standards. The gamma-ray system and standards 

are modeled after those used by C. M. Bunker of the U.S. Geological Survey, 

Denver Federal Center, Denver, Colorado. 

The University has XDS Sigma 7 and CDC Cyber computers with multiple 

stream batch and time-sharing capabilities. Calcomp and Versatec plotters are 

connected to the computers. The Department of Geology has three time sharing 

terminals that are connected to the computers. proposed investigators are 

experienced computer programmers; so digital data and preliminary maps and 

figures could be readily prepared at the University. We request funding for 

computer time or other services because the University recently initiated 

a charge *'"'' computing, etc. 

The College of Arts and Sciences in the University has well-staffed electron­

ic and machine shops. Both shops have much experience with construction and 

maintenance of geothermal equipment. The machine shop also expertly prepares 

conductivity samples. The Geology Department employs an electronics technician. 
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The Wyoming Geological Survey occupies offices, etc., in a facility 

that is connected to the building occupied by the Department of Geology. The 

U.S. Geological Survey maintains offices in the building of the Wyoming Geologi­

cal Survey. We enjoy good support and relations with these offices and personnel, 

and with U.S.G.S. and state personnel in Cheyenne. 

PRESENT RESULTS 

Our first year of research involved detailed studies of indicated low-

temperature resource areas, compilations of regional geothermal data, and 

syntheses of pertinent geology and geophysics. Compilations of geothermal 

data directly followed >1500 bottom hole temperatures in oil wells, and measure­

ments of temperatures in more than 100 drill holes. The regional geology and 

geophysics were synthesized from published articles. Present results are 

summarized below. 

The Thermopolis Area. Temperatures, gradients and regional geology have been 

2 
compiled for a I8OO-I9OO mi area that is roughly centered on the Thermopolis 

hot springs (Figure I). The results demonstrate that the thermal anomaly occurs 

all along the central ()art of the Thermopolis anticline, occupying a 20 mi long 

by 3 mi wide area that strikes west-northwest between the southwestern part of 

T. '13 N. , R. 93 W. and the southeastern part of T. 44 N., R. 96 W. (Fig. 3). 

Witliifi this 7one, calculated gradients range from 43 to 300°F/1000 ft (78-547°C/km) 

and tabulated bottom hole temperatures arc in tiie range 90 F(32 C)-l60 F(70 C) 

at depths li-ss tlian 2000 feet ( "»'.6 km). Because dov^nward continuation of 

the lower gradients predicts 60 C temperatures at depth between 3500 and 4000 

feet (1.1-1.2 km), all of the middle part of the structure is considered a 

viable low temperature resource area. 

^C^s/i'j 
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The Red Springs Anticline area in T. k3> H. , R. 93 W. may 

be a "marginal" resource area. Here the calculated gradients are in the 

range 24-59°F/IOOO ft (43"107°C/km) (Fig. 3). Consequently 60"̂ °C waters 

might be encountered at 3900-4500 ft depths (1.2-1.3 km) here. 

The narrow boundaries of the Thermopolis-Red Springs anticlines anomaly 

suggest that "thermal waters" would be at shallow depths. The best examples 

are the changes from 43-300°F/l000 ft (78-547°C/km) gradients from the 

Thermopolis anticline to the 11-23 F/1000 ft gradients about 5-6 miles 

(8-10 km) to the north-northwest (Fig. 3). The IO-25°F/IOOO ft (l8-46°C/km) 

gradients at five sites S'lO miles (8-16 km) southv/est of the anticline also 

suggest that shallow sources are responsible for the increased gradient in the 

middle part of the structure. 

A tightly folded syncline is located immediately south of the Thermopolis 

anticline. We believe that waters from the Ov/1 Creek Mountains are heated at 

the bottom of this syncline. Subsequent upward movement of these waters along 

the northern flanks of the syncline could explain the high gradients in the 

anticline. The thermal watcs are mostly likely to be in the Tensleep and/or 

Madison Formations, tvs/o formations vj'\th porosities and permeabilities sufficient 

to yield the flow rates ( 2800 gpm (Breckenridge and Hinckley, 1978)) of the 

spring system in Hot Springs State Park. Within the central part of the anticline, 

the "tops" of the Tensleep and Madison range from 200-2800 ft (0.6-.85 km) and 

800-3450 ft (.24-1.08 km), respectively. It is possible, therefore,that these 

aquifers could be reached with economical drilling in some parts of the structure. 
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Referring to "practical" aspects of resource development, one question 

that must be answered is whether drilling and large scale development would 

change temperatures and flow rates of the Thermopolis hot springs. Lack of 

data on porosities and permeabilities of the regional subsurface units also 

could impede development, as could the data for the springs which suggest 

that regional thermal waters would contain large amounts of total dissolved 

solids (2300 ppm (Breckenridge and Hinckley, 1978)). Finally, minor structures 

along the crest of the anticline should be carefully considered during drill site 

selection; for example, numerous faults cross cut the northwest-southeast 

trend of the anticline, and a heretofore unmapped fault is evident on air photos 

of the structure. 

The Cody-Horse Center Anticline System. This potential resource area 

seems to be bounded by the DeMaris hot springs (27-36 C, I7OO gpm) Just west of 

Cody and the Horse Center anticline about 7 miles to the south (Fig. 1). The 

first evidence for a low-temperature resource was provided by the 49-205 C/km 

gradients calculated using bottom hole temperatures in eleven dry oil wells in the 

anticline. Recent down hole measurements by Viyoming personnel agree with 

the oil well data. For example, least-squares gradients and maximum temperatures 

based on measurements in five shallow wells are in the ranges 96"I90 C/km 

and 38.4-47.5 C, respectively, at subsurface depths in the range l85-500m. 

Thi> Rattlesnake anticl irie is between Cody and the Horse Center anticline. 

As seems to be the case elsewhere in the area, the Chugwater Formation in this 

anticline appears to be an impermeable cap rock that overlies porous, permeable 

and perhaps water-bearing units in the Tensleep and Madison Formations. From 

recent detailed geologic mapping, we believe that '̂ 6̂0 C waters might be 
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encountered at -̂ 3̂00 m depths in the vicinity of the southeastern flank of 

this structure. Confirmation of a reservoir at such temperatures and depths 

with adequate flow rates is of great local interest because the resource could 

be used in two possible projects, a housing development or an alcohol plant. 

The inferred most promising area is presently being examined with a 

drilling program that started in January of 1980. From measurements in four 

'̂ •100 m drill holes, the gradients off the flank of the Rattlesnake anticline 

are in the range 130 to 200 C/km. Coticomitant bottom hole temperatures at 

these depths are in the range 20 to 29 C. We hope to complete at least one 

300+ meter hole in the Madison Formation by the end of the third week in 

March, I98O. Observed temperature, water geochemistry and flow rate studi( 

for this locality would provide data on the base temperature and other important 

characteristics of ihe indicated syste 

Te 

ies 

tem. 

The Casper-Midwest Area. The town of Midwest is about 40 miles north 

of Casper (Fig. l). Because of much local interest in utiIization of hydro-

thermal resources in protected housing developments, considerable effort 

has been spent researching these areas. Present data consist of more than 

1000 bottom hole temperature points, from which combined temperature gradient 

and geolo(iic maps are being prepared. 

Mo!. t of our da La are for areas near Midwest. These results clearly show 

that the S.ilt Croî k Oil Field is a conspicuous thermal anomaly. Within this 

.2 
10-12 1111 field, bottom hole temperatures between 1000 and 4500 ft (.3-1.4 km) 

arc in the- range 120 F-I70 F (49-77 C), and maximum calculated gradients are 

between 40 and 100°F/1000 ft (72-I82°C/km). Additionally, water injection 

wells that penetrate the Madison Formation produce l60-I75°F (71-79°C) waters 

that flow to the surface at rates exceeding 7OOO gallons/min. There can be 

little doubt, therefore, that the Salt Creek Field could be used to produce 
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hydrothermal fluids for direct-heat applications in the vicinity of Midwest. 

The major impedances to resource development could be the relative values of 

hydrocarbon and geothermal resources, the high concentrations of solids in the 

non-potable waters, and the question of whether AMOCO Production Co., Wyoming, 

or the Federal Government owns the geothermal resource. 

Scant data exist for the Casper region because fewer oil tests have been 

drilled in the area. The available data do suggest, however, that most of the 

region within a 10-15 mile radius of the city is not thermally anomalous. 

However, two areas near the city are being examined in greater detail: 1) 

the Emmigrant Gap Ridge, where 3 bottom hole temperatures are 90-117 F at 

depths between 1350 and 1550 ft; and 2) the airport area, where a 202 F bottom 

hole temperature was logged in a 2922 ft. deep well. The 200 F temperature 

obviously is of particular interest and much effort is being spent to confirm 

the measurement, find supporting data, and interpret the local geologic 

St rueture. 

The Gas Hills Area. Research before 1979 revealed the presence of high 

gradients (42-100 C/km) at 8 isolated drill holes on the Beaver Rim in 

the Gas Hills (Fig. 1). He\-i data consists of 20 bottom hole temperatures 

and temperature measurements in 31 holes that vjere drilled during uranium 

exploration. Maps of heat flow, gradient and regional geologic data are in 

various stages of compilation. 

The present dala are consistciU vjith a complex pattern of gradient and 

flux in tlie Hills. Briefly, observed gradients range from 20°C/kni to 100 C/km 

and estimated heat flows are in the range of 1.2-3-4 HFU. From combined 

geothermal and geologic data, one hypothesis is that faults control the gradient 

and heat flow patterns. Thus, any development of geothermal resources is likely 

to require careful mapping of the local geologic structure to delineate fault 
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zones that could yield v̂ aters with potential for direct-heat applications. 

We hope to conduct more studies in the area because the great interest in 

subsurface uranium could lead to local set11ements, and because one deep oil 

test in the Hills is reported to have encountered high temperature waters in 

the Madison (J. D. Love, pers. communication, I98O). 

The Saratoga Valley Thermal System, The 1979 cooperative agreement has 

allowed us to establish a gradient and heat flow profile that extends from the 

eastern edge of the Washakie Basin to the Laramie Mountains (Fig. 2). Gradients 
- ^ ^ 

^> 

o S' 
and preliminary heat flow values along this profile are in the ranges 7-30 C/km ^ ;̂' 

and .9-1-6 HFU, respectively. Two holes on the profile are near the hot springs 

in the tov/n of Saratoga (Fig. I). The gradient in the hole about I mile west 

of the springs is 20 C/km, and that in the hole about I mile to the east is 

30 C/km. Both gradients may be considered "normal," and so these observations 

suggest that the Saratoga hot springs ('̂50 C (Breckenridge and Hinckley, 1978)) 

are not surface manifestations of a subsurface hydrothermal system with large 

dimensions. The narrow width of the system, in turn, suggests that the springs 

could be flowing from faults in this part of the Saratoga Valley. This view 

is supported by geologic evidence for a fault zone near the spring system 

^lontagne, 1955). Like the Gas Hills, development of geothermal resources in 

the Saratoga area may require additional research on the correlations between 

faulting, subsurface temperatures and heat flow in the region. 

We may speculate that moderate or higher temperature resource areas could 

be present at shallow depths in the region between the Saratoga Valley and the 

Southern Rocky Mountains in northern Colorado (Fig. 2). From our new data, the 

heat flow is normal or low (.9-I.6 HFU) in the Saratoga Valley-Sierra Madre 

Mountains-Medicine Bov̂/ Mountains region in Wyoming, whereas the flux is high 

>2.4 HFU) at Hahns Peak and Northgate, Colorado about 50-60 km to the south. 

• ^ 
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Interpreted in terms of steady or transient heat sources, the width and magni­

tude of the transition suggest that the excess flux in northern Colorado is 

partly due to high temperature heat sources at shallow depths in the crust 

and/or upper mantle. This view, in turn, is consistent with geothermal 

reservoirs in the transition zone and the high heat flow area immediately 

to the south. 

The Big Horn Basin, Excluding the Thermopolis and Cody-Horse Center Systems. 

Bottom hole temperature data have been compiled and analyzed for '̂ -ISO oil wells 

that are within a triangular area bounded by Worland, Meeteetse and Thermopolis 

in the southern part of the Big Horn Basin (Fig. 2). The widely scattered data 

points cannot be interpreted in detail, but one general conclusion is that the 

geothermal gradients increase betv-̂ een Worland and the Absaroka, Wind River and 

Owl Creek Mountains to the west, southwest, and south, respectively- Confirma­

tion of this regional variation(?) would be important because it suggests that 

any low-temperature reservoirs are most likely to exist along the flanks of 

these RKJuntains. 

A new heat flow value of 1.78 HFU has been determined for Meadow Creek 

Basin in the eastern part of the Absaroka Mountains. This flux and Blackwell's 

(1969) 1-8 HFU value near Kirwin about 20 km to the south suggest that a large 

part of the Absarokas is a zone of high flux like the western Great Basin. 

Additional evidence for Basin and Range type flux in these mountains, in turn, 

would suggest that 1ow-temperature reservoirs could occur in this part of 

northwestern Wyoming. 

Temperatures have been measured in 15 drill holes in the Bridger Mountains 

(Fig. 2). Although some of the observed gradients (5-3-12.8 C/km) arc consistent 

wijth local hydrologic disturbances in these mountains, the most reliable values 
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of 19.0-22.6"c/km support earlier suggestions that the Lysitc-Bridger Mountain 

area is a zone of above-normal heat flow (see Decker and others, I98O). Like 

the elevated flux in the Absarokas to the northwest, the above-normal regional 

heat flow may imply the presence of hydrothermal reservoirs locally in the 

Bridger Mountains. 

The Wyoming Basin. New temperature-depth data for seven widely separated 

localities in the Great Divide-Green River Basins area (Fig. 2) yield gradients 

in the range 17-30 C. Estimated heat flows near Eden, Wyoming are 1.6-1.7 HFU, 

values that agree with Sass and others' (1971) conjecture that this locality is 

in a zone of normal to intermediate flux. New heat flow values (8) in the 

Rawlins Uijl i f t-Laramie Basin part of the Wyoming Basin (Fig. 2) are low to 

normal (1.1-1.3 HFU). We, therefore, conclude that there is very little geo­

thermal evidence for shallow reservoirs with direct-heat potential in the eastern 

Wyoming Basin, although there are very few control points in this province. 

The Powder River Basin, Excluding the Casper-Midwest Area. Head and 

others (1978) have contoured depths and temperatures for the Madison Formation 

in the Powder River Basin (Fig. 2). The temperatures and assumed permeabilities 

of this unit suggest that it could yield vast quantities of waters adequate for 

direct-heat applications. It is a 1 so the case, however, that the Madison is at 

great, perhaps uneconomically drilled depths in many parts of the area. Con­

sequently, our studies of the Basin have focused on shallow temperature, gradient 

and heat flow measurements. 

Two reliable heat flow values are now available for the Douglas low-

temperature resource(?) area (Fig. I). The values are in the range of 2.0-2.2 HFU. 

These drill holes are in an area where underlying Madison Formation is dipping 

UP to shallower depths from the north -northeast. Perhaps upward circulating 

mmW::' ^fswv"~-mimms^m»r:.:'̂ zi-
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le waters in the Madison explain the observed above-normal flux. More reliabli 

definition of the suggested resource area will require additional research 

with shallow drill holes. 

Gradients in 5 shallow holes near Torrington are in the range of 23-29 C/km. 

In the Wright area to the north, measurements in 10 holes suggest that the un­

disturbed regional gradient is between 19 and 29 C/km. The meaning of these data 

are obscure, but one interpretation is that the eastern part of the Powder River 

Basin is characterized by a complex pattern of normal to high heat flow and 

perhaps shallow low-temperature hydrothermal reservoirs in isolated areas. We 

cannot be more specific without more geothermal data for these and other parts 

of the Basin (Fig. 2). 

Maps of Regional Heat Flow and Geology. Figures 4 and 5 are maps of heat 

flov'̂  and generalized geology in Southern Rocky Mountain and Northern Rocky Mountain 

regions, respectively. The maps were prepared shortly after the beginning of 

our 1979 program using U.S. DOE funds. They are presently in press in Chapter 

13 of a new book entitled "Physical Properties of Rocks and Minerals" that is 

being published by McGraw Hill and Purdue University. The proposed principal 

investigators are co-authors of the chapter. 

The maps permit rather easy visualization of correlations between flux, 

faulting and/or bedrock geology. Updated versions of the Wyoming part of the 

Northern Rocky Mountain region map will be submitted to the U.S. DOE in our 

final report on research in 1979-
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BUDGET: Funds are requested for the period June 1, I98O to May 31, 1981, a 
period that includes the University's entire academic year. 

Salaries 

Principal Investigator (Decker) 
13 weeks summer, I98O) 
10 weeks, acad. yr I98O-8I 

Co-Investigator (Heasler) 
I mo. (June, I98O) 
11 months (July-May, I98O-8I) 

Research Associate II-
12 mo. (June, 1980-May, I98I) 

Secretary - Half Time 
Graduate Assistants 

Summer I98O 3 people x 13 wk x 
40 hrs X $5.45/hr. 

Acad, yr 8O-8I 2 people $4500 
Part-time Assistant 

ko weeks x 15 hrs x $5.00 

Fringe (17": x 5^916-00) 

From the U.S. DOE 

9777.00 

Travel 
Field expenses, per diem 250 da x S'tO 
Expenses for permanently consigned 
field trucks (2), 40,000 mi ffl .25 

Rental of Univ. Wyo. Car Pool vehicle 
summer, I98O, 10.000 ml 9 .25 

Travel to US DOE meetings (Salt Lake 
City, Idaho Falls, Washington, D.C. 

Total Travel 

Expendable Equipment 
Replacement of Armoured cable (4000' 
at $2100 and Portable cables (6OOO' 
at $1900 Total 

Other costs 
Supplies (thermistors, probe parts, 
standards, water sample containers, 
computer cards, tapes, etc.) 
American Tel and Tel 
Publication chartes (drafting, etc.) 
Processing of data, etc. 600 mi/$4.00 
Machine and Electronics shop time 
(prepare conductivity samples, con­
struct and repair equipment, etc.) 
800 hri $2.50 

Chemical analyses (6 W $100.00 
Contract Casing (casing and rig time) 
6500feet 9 $2 

Total Other costs 

TOTAL DIRECT COSTS 
f 

1346.00 
16291.00 

15000.00 
4000.00 

8502.00 
9000.00 

3000.00 
"5^16.00 

_ 9336.00 
'76252.00 

10000.00 

10000.00 

2500.00 

2500-00 
25000.00 

4000.00 

4500.00 
2000.00 
3000.00 
2400.00 

2000.00 
600.00 

13000.00 
2/500.00 

132752.00 

University of Wyoming 

9192.00 

9192.00 

1563.00 
10755-00 

10755.00 



continued . . . 

TOTAL DIRECT COSTS 132752.00 10755.00 

INDIRECT COSTS 48.5^.) 32454.00 4458.00 
[^5206.00 , 15213.00 

Less carry-over from 1979 IO6OO.OO 
154606.00 15213.00 

NEW AMOUNT REQUESTED FROM U.S. DOE 154500.00 



TABLE I. Areas In which drilling will occur in I98O-8I. Localities 
may be visited and/or cased for subsurface geothermal 
measurements. 

Local I ty No. of Holes, Depth Range 

Absaroka Mtns. (Sunlight Basin) 

Beartooth Mtns. (Cooke City) 

Bighorn Mountains 

Central Part Bighorn Basin 

Laramie Mtns, Southern 
(Diamond Exploration) 

Sierra Madre-MedicIne Bow Mountains 

Saratoga Valley 

Laramie and Shirley Basins 
(Rock River to North) 

Rawlins Area 

Ft. Collins, Colo. Area 

19, 
2-4, 

2-4. 

6-10, 

6-12, 

4-6, 

2-4, 

>10, 

> 3. 

I2+, 

up to 1000' 

200-400' 

200-300' 

<700' 

up to 1000' 

up to 1000' 

up to 1000' 

700-1000' 

1000+ ft. 

500-700' 
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Figure 2. Map of physiographic provinces and major structural elements in Wyoming. 
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Figure 3. Geologic and thermal data for the Thermopolis anticline area. 
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INTRODUCTION 

Our first year of researcli involved detailed studies of indicated 

low-temperature resource areas, compilations of regional geothermal 

data, and syntheses of pertinent geology and geophysics. Compilations 

of geothermal data directly followed bottom hole temperatures in oil 

wells, and measurements of temperatures in more than 100 drilJ holes. 

The regional geology and geophysics were synthesized from published 

articles. This report is a brief summary of the liighlights of our 

present results. 

Figure 1 shows many of the investigated areas. A map of regional 

physiographic provinces and major structural elements in Wyoming is shown 

in Figure 2. Throughout the text, temperatures are given in °F or °C 

and geothermal gradients are given in °F/100G ft cr "C/km. The heat 

—ft 7 

flow unit is abbreviated to HFU, wliere 1 HFU = 1 x 10 cal/cm sec = 

41.8 mW/m^. 

AREAS WITH INDICATED LOW-TEMPERATURE RESOURCES 

The Tliermopolis Area 

Temperatures, gradients and regional geology have been compiled 

2 
for a 1800-1900 mi area that is roughly centered on the Thermopolis 

hot springs (Figure 1). The results demonstrate that the thermal 

anomalv (u-curs all along the c:entral [lart of the Thermopolis anticline, 

oceupyiiig a 2()-mi long by '-mi wiiie area ili.it strikes west-northwest 

between the southwestern part of T. 43 N., R. 93 W. and the southeastern 

part of T. 44 N., R. 96 W. (Figure 3). Within this zone, calculated 

gradients are in the range 43-300''F/1000 ft (78-547°C/km) and tabulated 

http://ili.it


bottom hole temperatures range from 90°F (32°C) to 160°F (70''C) at 

depths less than 2000 ft ('̂.6 km). Inasmuch as downward continuation 

of the lower gradients predicts 60+°C temperatures at depths between 

3500 and 4000 ft (1.1-1.2 km), we consider all of the region to be a 

"viable" low temperature, hydrothermal resource area. 

The Red Springs Anticline area in T. 43 N., R. 93 W. 

may be a "marginal" resource area. Here the calculated gradients are 

in the range 24-59°F/1000 ft (43-107°C/km) (Figure 3). Consequently, 

60°C waters might be encountered at 3900-4500 ft depths (1.2-1.3 km) 

here. 

The narrow boundaries of the Thermopolis-Red Springs anticlines 

anomaly suggest that "thermal waters" v.;ould be at shallow depths. The 

best examples are the clianges i ram 43-300°F/1000 ft (78-547°C/km) 

gradients from the Thermopolis anticline to the 11-23°F/1000 ft gradients 

about 5-6 miles (8-10 km) to the north-northwest (Figure 3). The 

10-25°F/1000 ft (18-46°C/km) gradients at five sites 5-10 miles (8-16 

km) southwest of the anticline also suggest that shallow sources are 

responsible for the increased gradient in the middle part of the 

structure. 

A tightly folded syncline is located immediately south of the 

Thermopolis anticline. We believe that waters from the Owl Creek 

Mountains are heated at the bottom of this syncline. Subsequent upward 

movement of these waters along tlie nortii'.'rn flanks of the syncline could 

explain the higli gradients in the anticl Lne. The thermal waters are 

most likely to be in the Tensleep and/or Madison Formations—two forma­

tions with porosities and permeabilities sufficient to yield the flow 

rates ("-2800 gpm; Breckenridge and Hinckley, 1978) of the spring system 



in Hot Springs State Park. Within the central part of the anticline, 

the "tops" of the Tensleep and Miidison range from 200-2800 ft 

(.06-.85 km) and 800-3450 ft (.24-1.08 km), respectively. It is possible, 

therefore, that these aquifers could be reached with economical drilling 

in some parts of the structure. 

Referring to "practical" aspects of resource development, one 

question that must be answered is whether drilling and large scale 

development would change temperatures and flow rates of the Thermopolis 

hot springs. l,ack of data on porosities and permeabilities of the 

regional subsurface units also could impede development, as could the 

data for the springs which suggest that regional thermal waters would 

contain large amounts of total dissolved solids (2300 ppm; Breckenridge 

and Hinckley, L978). Finally, minor structures along the crest of the 

anticline should be carefully considered during drill site selection; 

for example, numerous faults cross cut tiie northwest-southeast trend of 

the anticline, and a heretofore unmapped fault is evident on air photos 

of the structure. 

The Cody-Horse Center Anticline System 

This potential resource area seems to be bounded by the DeMaris 

hot springs (27-36°C, 1700 gpm) just west of Cody and the Horse Center 

.inticline about 7 miles to the soutii (Figure 1). The first evidence for 

a low-temperature resource was provided by the 49-205°C/km gradients 

calcuJated using liottom hole temperatures in eleven dry oil wells in 

the anticline. Recent din̂ Tn hole measurements by Wyoming personnel agree 

with the oil well data. For example, least-squares gradients and maximum 

temperatures based on measurements in five shallow wells are in the 

I 



ranges 96-190°C/km and 38.4-47.5°C, respectively, at subsurfdce depths 

in tlie range 185-500 m. 

The Rattlesnake anticline is between Cody and the Horse Center 

anticline. As seems to be the case elsewhere in the area, the Chugwater 

Formation in this anticline appears to be an impermeable cap rock that 

overlies porous, permeable and perhaps water-bearing units in the 

Tensleep and Madison Formations. Frtim recent detailed geologic mapping, 

we believe that '̂ 6̂0°C waters might be encountered at '\'300 m depths in 

the vicinity of the southeastern flank of this structure. Confirmation 

of a reservoir at such temperatures and depths with adequate flow rates 

is a great local interest bei'ause the re.'̂ ource could be used in two 

possible projects—a housing development or an alcohol plant. 

The inferred most i)romlsing, area is presently being examined with 

a drilling proj;rani that started in January of 1980. From me.isurcments 

in four "̂ 1̂00 m drill holes, the gradients off the flank of the Rattle­

snake anticline are in the range 130 to 200''C/km. Concomitant bottom 

hole temperatures at these depths are in the range 20 to 29°C. We hope 

to complete at least one 300+ meter hole in the Madison Formation by 

the end of the first week in ^L^rch, 1980. Observed temperature, water 

geochemistry and flow rate studies for this locality would provide data 

on the base temperature and other important characteristics of the 

indicated system. 

Tlie C'asper-Midwest Area 

The town of Midv̂ ?est Ls about 40 miles north of Casper (Figure 1). 

Because of much U)cal interest in utilization of hydrothermal resources 

in projected housing developments, considerable effort has been spent 
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researching these areas. Present data consist of more than 1000 bottom 

hole temperature points, from which combined tcmi)erature gradient and 

geologic maps are being prepared. 

Most of our data are for areas near Midwest. These results c;learly 

show that the Salt Creek Oil Field is a conspicuous thermal anomaly. 

2 
Within this 10-12 mi field, bottom hole temperatures between 1000 and 

4500 ft (.3-1.4 km) are in the range 120-170°F (49-77''C) , and maximum 

calculated gradients are between 40 and 100°F/1000 ft (72-182°C/km). 

Additionally, water injection wells that penetrate the Madison Formation 

produce 160-175°F (71-79°C) waters that flow to the surface at rates 

exceeding 7,000 gallons/min. There can be little doubt, therefore, 

that the Salt Creek Field could be used to produce hydrothermal fluids 

for direct-heat applications in the vicinity of Midwest. The major 

impedences to resource development could be the relative values of 

hydrocarbon and geothermal resources, the high concentrations of solids 

in the nonpotable waters, and the question of whether AMOCO Production 

Co., Wyoming, or the federal government owns the geothermal resource. 

St̂ ant data exist for the (Jasper region because fewer oil tests 

have been drilled in the area. The available data do suggest, however, 

that most of the region within a 10-15 mile radius of the city are not 

tlu'rm.i 1 ly anomalous. However, two areas near the city are being examined 

in greater detail: (1) the Emmigrant Gap Ridge, where 3 bottom hole 

tempcr.itures are 90-lL7''F at depths between 1350 1550 ft; and (2) the 

airpoit area, where a 202°F bottom hole temperature was logged in a 

2922 ft deep well. The 200°F temperature obviously is of particular 

interest and mucli effort is being spent to confirm the measurement, find 

supporting data, and interpret the local geologic structure. 

• ' • ' ' ' ^ ^ j l ^ i ^ ^ : ; t ^ : . ^ : y • . ^ ' ' ' ' ' • • • • • ••:•-••'•'•,-,,• -.-..-••:•• • f ^ j^^r*^'' 



The Gas Hills Area 

Research before 1979 revealed the presence of high gradients 

(42-l00°C/km) at 8 isolated drill holes on the Beaver Rim in the Gas 

Hills. Recently compiled data consist of 20 bottom hole temperatures 

and temperature measurements in 31 holes that were drilled during 

uranium exploration. Maps of heat flow, gradient and regional geologic 

data are in various stages of compilation. 

The present data are consistent with a complex pattern of gradient 

and flux in the Hills. Briefly, observed gradients range from 20°C/km 

to 100°C/km and estimated heat flows are in the range 1.2-3.4 HFU. From 

combined geothermal and geologic data, one hypothesis is that faults 

control the gradient and heat flow patterns. Thus, any development of 

geothermal resmirces is likely to requiri^ careful mapping of tlie local 

geologic structure to delineate fault zones that could yield waters 

with potential for direct-heat ajiplicat Ions. We hope to conduct more 

studies in the area because the great interest in subsurface uranium 

could lead to local settlements and because one deep oil test in the 

Hills is reported to have encountered high temperature waters in the 

Madison (.1. D. Love, personal communication, 1980). 

The Saratoga Valley Thermal System 

The 1979 cooperative agreement has allowed us to establish a 

gradient and heat flow profile that extends from the eastern edge of 

the W.ishakle Basin to the Laramie Mountains (Figure 2). Gradients and 

jire 1 iminary luMt flow values along this prol'ile are in the ranges 

7-30''(Vkm and .9-1.6 HFU, respectively. Two holes on the profile are 

near the hot springs in the town of Saratoga (Figure 1). The gradient 

• ̂ ..iii.^:i^y:'':^^^fM^i^Mm- • ^ 



in the hole about 1 mile west of tho springs is 20''C/km, and'that in 

the hole about 1 mile to the east is 30°C/km. Both gradients may be 

considered "normal," and so tliese observations suggest that the Saratoga 

hot springs ('\'50°C; Breckenridge and Hinckley, 1978) are not surface 

manifestations of a subsurface hydrothermal system with large dimensions. 

The narrow width of the system, in turn, suggests that the springs could 

be flowing from faults in this part of the Saratoga Valley. This view 

is supported by geologic evidence for a fault zone near the spring 

system (Montagne, 1955). Like the Gas Hills, development of geothermal 

resources in the Saratoga area may require additional research on the 

correlations between faulting, subsurface temperatures and heat flow 

in the region. 

Wo may speculate that moderate or higher temperature resource 

areas could be present at shallow depths in the region between the 

Saratoga Valley and the southern Rocky Mountains in northern Colorado 

(Figure 2). From our new data, the heat flow is normal or low (.9-1.6 

HFU) in the Saratoga Valley-Sierra Madre Mountains-Medicine Bow 

Mountains region in Wyoming, whereas the flux is high (>_2.4 HFU) at 

Hahns Peak and Northgate, Colorado, about 50-60 km to the south. 

Interpreted in terms of steady or transient heat sources, the width 

and magnitude of the transition suggest that the excess flux in northern 

Colorado is partly due to liigli temperature heat sources at shallow 

depths in the crust and/or upper mantle. This view, in turn, is 

consistent witli geothermal reservoirs in the transition zone and the 

high heat flow area immediately to the sonth. 

jf i > J lir-



RESEARCH IN OTHER AREAS 

The Big Horn Basin, Excluding the Thermopolis and Cody-Horse Center 
Systems 

Bottom hole temperature data have been compiled and analyzed for 

"̂ -150 oil wells that are within a triangular area bounded by Worland, 

Meeteetse and Thermopolis in the southern part of the Big Horn Basin 

(Figure 2). The widely scattered data points cannot be interpreted 

in detail, but one general conclusion is that the geothermal gradients 

increase between Worland and the Absaroka, Wind River and Owl Creek 

Mountains to the west, southwest, and south, respectively. Confirmation 

of this regional variation(?) wovild be important because it suggests 

that any low-temperature reservoirs are most likely to exist along the 

flanks of thest- mountains. 

A new heal flow value of 1.78 Ijl'l! ha,'; been determined for Meadow 

(̂ rcek Basin in the eastern part of the Absaroka Mountains. This flux 

and Blackwell's (1969) 1.8 HFU value near Kirwin about 20 km to the 

south suggest that a largo part of the Absarokas is a zone of high flux 

like the western Great Basin. Additional evidence for Basin and Range 

type flux in these mountains, in turn, would suggest that low-temperature 

reservoirs could occur in this part of northwestern Wyoming. 

Temperatures have been measured in 15 drill holes in the Bridger 

Mountains (Figure 2). Although some of the observed gradients 

(5.3-12.8°C/km) are consistent with local hydrologic disturbances in 

these mountains, the most reliable values of 19.0-22.6°C/km support 

earlier suggestions that the Lysite-Bridger Mountain area is a zone of 

above-normal heat flow (see Decker and others, 1980). Like the elevated 

flux in the Absarokas to the northwest, the above-normal regional heat 



flow mav imply the presence of hydrothermal reservoirs locally in the 

Bridger Mountains. 

The Wyoming Basin 

New temperature-depth data for seven widely separated localities 

in the Great Divide-Green River Basins area (Figure 2) yield gradients 

in the range 17-30°C. Estimated heat flows near Eden, Wyoming are 

1.6-1.7 HFU, values that agree with Sass and others' (1971) conjecture 

that this locality is in a zone of normal to intermediate flux. New 

heat flow values (8) in the Rawlins Uplift-Laramie Basin part of the 

Wyoming Basin (Figure 2) are low to normal (1.1-1.3 HFU). We, therefore, 

conclude that there is very little geothermal evidence for shallow 

reservoirs with direct-heat potential in the eastern Wyoming Basin, 

although there are very few control points in this province. 

T]^e Powder River Basin, Excluding the Casper-Midwest Area 

Head and others (1978) have contoured depths and temperatures for 

the Madison Formation in the Powder River Basin (Figure 2). The 

temperatures and assumed permeabilities of this unit suggest that it 

could yield vast quantities of waters adequate for direct-heat appli­

cations. It is also the case, however, that the Madison is at great, 

perhaps uneconomically drilled depths in many parts of the area. 

Consequently, our studies of the Basin have focused on shallow tempera­

ture, gradient and heat flow measurements. 

Two reliable heat flow values are now available for the Douglas 

low-temperature resource (?) area (i'igure I). The values arc in the 

range 2.0-2.2 HFU. These drill holes are in an area where underlying 

Madison Form£ition is dipping up to shallower depths from the north, 



northeast. Perhaps upward circulating waters in the Madison explain 

the observed above-normal flux. More reliable definition of the 

suggested resource area will require additional research with shallow 

drill holes. 

Gradients in 5 shallow holes near Torrington are in the range 

23-29°C/km. In the Wright area to the north, measurements in 10 holes 

suggest that the undisturbed regional gradient is between 19 and 29''C/km. 

The meaning of these data is obscure, but one interpretation is that 

the eastern part of the Powder River Basin is characterized by a complex 

pattern of normal to high heat flow and perhaps shallow low-temperature 

hydrothermal reservoirs in isolated areas. We cannot be more specific 

without more geothermal data for the Basin. 
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Dear Duncan, 

Enclosed is a copy of my letter to M. A. Widmayer which 
constitutes the January technical progress report for the 
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If you have questions or comments, please contact me. 

Sincerely, 

Henry P. Heasler 
Principal Investigator 
Hydrothermal Resource Assessment 

in Wyoming 
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Ms. M. A. Widmayer 
February 11, I98I 
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temperatures have been compiled into a set of three maps on 
and Washakie Basins. These three maps show generalized geol 
data sites, structure contours on a potential aquifer (the C 
Mesaverde Formation), and temperature contours on the Mesaver 
areas of high gradient indicated. A report is being prepared 
these maps. The study of the Green River Basin has begun wi 
1200 oil well bottom hole temperatures. 
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Previously collected temperature information was plotted for 
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During January the principal investigator attended a meeting bf the Wyoming 
State Legislature's Joint Committee on Mines, Minerals, and Industrial Develop 
ment. Proposed geothermal legislation which will be introduced in this year's 
legislature resulted from the meeting. Also, the joint resou 
commercialization teams meeting held in Seattle was attended, 
a poster session on the Thermopolis hydrothermal system was p 
Wyoming Commercialization Team. 

rce assessment-
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resented with the 

I hope that this letter is a satisfactory report for work accpmplished in 
January. 

Sincerely, 

Henry P. Heasle 
Principal Inves 
Hydrothermal Re 

in Wyoming 
source Assessment 
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INTRODUCTION 

Our original proposal to the U.S. Department of Energy was submitted 

in the Fall of I978, with funding being approved in January qf 197.9- That 

program is now in the final stages of completion. It was hopped that hydro-

thermal resource data would be obtained for at least 6OO oil wells, five in­

dicated low-temperature reservoirs, and 12-2'4 new heat flow sii tes . Addition­

al ly, reg iona 1 gradient and heat flow maps were to be prepared! and interpreted. 

These objectives have been substantially achieved: >1500 botjtom hole tempera­

tures for oil wells have been compiled and analyzed; temperatijire-depth measure­

ments have been made on >100 drill holes; the Thermopolis, Cody-Horse Center 

Anticline, and Saratoga spring systems have been studied in detail, as have 

areas in the neighborhood of Casper, Midwest, and the Gas Hi 1 lis; new heat 

flow measurements are being completed for some 30 localities; la site specific 

drilling program near Cody is in progress; and combined heat f|low and geologic 

maps for the Rocky Mountain region have been prepared. A brieif summary of the 

present state of our work is presented below. The principal question 

discussed here is our proposal for additional work for the comjing year (June 

1, 1980-May 31, 1981) . 

j 
Circumstances to be considered are the following (See Figijires 1 and 2 for 

loca1i t ies ) : : 

I. While our analyses of bottom hole temperatures, subsur^face graulents 

and other qeothermal data greatly expand the inventory of hydrothermal 

2 

resource data for Wyoming, the actual investigated areja ('̂ 'SOOO mi ) is 

too small to permit reliable assessment of this 95,000i-l 00,000 square 

mile region. One important justification for additional work, there­

fore, is that there is a critical need for data in large, unstudied 



areas. We plan to improve knov/ledge of the resource base in these 

areas in at least four ways: 1) with measurements of temperature 

from compilations 

; 3) with analyses 

gional geology and 

in water wells and other accessible drill holes; 2) 

andanalyses of bottom hole temperatures in oil wells; 

of water composition; and k) with compilations of ref 

geophysics. 

i 
Research to date shows that indicated low temperature resource areas 

must be examined in detail and on an individual basig, if reliable 

reservoir models are to be obtained. The Thermopol iis , Cody-Horse 

Center anticline, and Salt Creek Oil Field (Midv-jest) ithermal anomalies 

(Fig. I), for example, can be explained by hydrologici circulation in 

the vicinity of anticlinal structures. In contrast, 'the hot springs 

and/or high gradients in'-the neighborhoods of the Saratoga Valley and 

the Gas Hills ( Figs. I and 2) appear to be fault controlled and per­

haps related to narrov; subsurface reservoirs. The cohtrols are not 

understood in other areas (Auburn, Alcova, Lander, Dubois, etc.), but 

studies arc in progress. This research is expected tcj) extend into 

the nev̂  year of research. Related studies will focus 'on water quality, 

regional porosities and permeabilities, and quantification of indicated 

resources. 

Although the present distribution of heat flow is incbmplete and ir­

regular, it does suggest interesting possibilities as well as directions 

for further study. Briefly, more heat flov-; values arei needed for the 

Powder River Basin, the Owl Creek Mountains-Bridger Mountains area, 

the Absaroka Mountains and the Southern Rockies in extreme southeastern 

Wyoming (Fig. 2) because there is new evidence for 



parts of the 

Medicine Bow-

are not "viable" 
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(>1.8 HFU (ĵ  HFU = 1 X 10 cal/cm sec = 'll.Sm W/m )) and thus 

buried geothermal reservoirs in parts of these regions. The new 

low to intermediate heat flow values (.9-1-7 ^Ri) in 

Green River, Great Divide and Laramie Basins and the 

Sierra Madre Mountains area (Fig. 2) imply that they 

geothermal areas. However, like most of Wyoming, th^ sites are too 

few and too widely scattered to permit accurate generalizations for 

these large provinces. The final resolution of thesb questions 

may require comprehensive drilling specifically for beat flow measure­

ments, but considerable amounts of new data can be obtained using 

holes that were drilled for other reasons. Possible research sites 

are listed in Table 1; others are likely to become aji/ailable during 

the coming year. ! 

k. The relatively large increase in drill hole measuremc^nts (lOB vs. 20-30) 

has come mainly through intensive cultivation of working relations with 

mining and other exploration companies. Additionally, the U.S. Geologi­

cal Survey, the Wyoming Geological Survey, and Statejof Wyoming person­

nel have given their complete cooperation. As a resijilt, we have access 

to locations for numerous water wells in the region, i The general public 

appears to be similarly enthusiastic; for example, it is not unusual 

for us to receive letters from people describing previously unknown 

thermal springs or wells. This cooperation and interfest has therefore 

led to an almost continual stream of information on drill holes, etc., 

and the number is likely to increase in the next year? as exploration 

for water, uranium and other resources continues its upward spiral. 

There is little doubt, therefore, that much temperature, water quality 

and other pertinent data can be obtained if the program is handled by 

ciualified personnel. Because necessary equipment and facilities are 



already at the University, continued research and exploitation of 

facilities, equipment and cooperation depends mainly on funds for 

salaries, field expenses, supplies and equipment repair and replace­

ment and in some cases contract casing, as discussed Ipelow. 

5. The program now terminating has created a sizeable grc]>up of Wyoming 

personnel with expertise in various aspects of hydrothermal resource 

i 

evaluation. Interest is likely to remain high: a M.^c. thesis on 

heat flow in southern Wyoming and northern Colorado wijll be completed 

by June of I98O (by K. L. Buelow); an experienced M.Sq. candidate 

in geophysics (Mr. Eric Medlin) from the University of| Florida will 

join our research team in May of I98O; and a "qualifiejd" Ph.D. candi­

date (Mr. Doug Hanson) wishes to begin geothermal energy research by 

June of 1980. Considered together, the principal investigators and 

these students would be a sol id group that could accomplish a large 

amount of resource identification, if new funds are provided. 

In view of the above considerations, another year of research on hydrothermal 

resources in Wyoming is proposed. Primary emphasis would be pjaced on an assess-
1 

ment of the low and/or moderate temperature resources with direct-heat applica-
I 

tions, by compiling and studying temperatures, heat flow, watei^ qualities and 

other pertinent geothermal, geologic and geophysical data for )arge areas of the 

state. However, moderate or high temperature resources also could be defined 

because there is evidence for high heat flow zones in the regicms tiiat would 

be studied. 



We propose to 

1-time researcher 

incipal investiga-

PROCEDURES: ACaUISITION AND AVAILABILITY OF DATA 

Research would be conducted by five full-time personnel, 

divide the state into four quadrants and require that one ful 

manage the resource assessment of an entire quadrant. The pri 

tors will oversee all aspects of data acquisition and interprfetations to insure 

that the same quality control and procedures are used during j-esearch in each 

quadrant. 

i 
Research i n the Summer and F a l l o f I98O v/ould f o c u s on aj-ea by a rea 

I 

measurement of temperatures in water wells, exploration holes|, or any acces­

sible and reliable underground opening. Concomitant field wo("k would involve 

the collection of samples of water from flowing or pumpable wells; these samples 

v/ould be sent to the University of Utah Research Institute (Ul|JRl) for chemical 

analyses. The program in the Winler and Spring of I98O-8I woijild focus on analyses 

of data collected in the previous field season, and compile pertinent geologic 

and geophysical data for each area. Other work in I98O-8I would involve prepara­

tion of maps and final reports. i 

Interpretations and resource assessments would focus on £|reas in which sub­

surface temperatures are in the range 30 -60 C at depths near 1.0-1.5 km. How­

ever, we v/ould also compile gradients, depths, etc., for holesl in which T <30 C 

because these data can yield estimates of the depths to potentjially usable low 

temperature reservoirs. Special attention would be given to ajreas characterized by 

high geol hernial aradients. Evidence for high gradients and flux in the Gas Hills 

and Pov/flcr River Basiii areas v/as mentioned above; new drillingi in both areas should 

provide a valuable opportunity for more subsurface temperature! studies and thus 

better definition of any resources. Other topics will be investigated; for ex­

ample, tlie thermal v/aters in the Madison Formation in the Big Horn Basin area and 

the Gas Hills. We cannot be more specific without closer examii nat ions of available 



data. At present v/e have access to all of the v/ell logs at the Wyoming Geo 

wel1s would be 

ices of the Geo­

logical Survey and at State offices in Casper. Data for new 

examined as records are released and stored in the nearby offi 

logical Survey of Wyoming. j 

Water quality data, depths to water, aquifer product ivi tlies, regional hy­

drology and pertinent geology would be compiled for all investigated areas. 

Water quality must be studied because the environment can be Contaminated if 

certain elements (e.g. Hg, As, S) in some geothermal fluids a\-e not disposed 

of properly, and because lov/-temperature heat exchanger systeijis must be designed 

according to local water compositions (Wright, 1978). It is Equally important 

to compile specific data or "educated" generalizations on regional aquifer pro­

duction, hydrology, geologic structure, and proximity of poteiltial resources to 

communities. It is sufficient to state that a resource is noj; likely to be 

developed, if the yield of v/ater is too small, or the market ils distant, regard­

less of the temperature at reasonably shallow depths. Geologiic and hydrologic 

data v/ould be obtained from the literature and records of the!U.S. Geological 

Survey in Cheyenne, Wyoming. Water quality data would be abst^racted from the 

literature, and six previously promised water analyses, and frpm water analyses 

provided by UURI . 

Regional heat flov/ and radioactivity studies would be con!t i nued throughout 

the region. Vie plan to use shallow holes and a limited number! of "shut in" oil 

v/ells. Thermal conductivities of regional units will be used jto determine heat 

flow in established oil fields, hard rock areas and other regibns. Basic heat 

flov/ and radioactivity (U, Th, K) data v/ould be collected using well established 

techniques. To insure acquisition of reliable data in criticall areas, selected 

holes v/ould be cased so that they v/ould remain open for temperature measurements. 
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DELIVERABLES 

All data would be used to update file GEOTHERM of the U^GS. Maps for 

the public and geosclentists would be prepared according to 'equirements of 

the Department of Energy, NOA, the USGS, and UURI. All writ|:en reports would 

attempt to quantify reservoirs with direct-heat or other app 

Short status reports and preliminary results would be sijibmitted to the 

U, S. DOE on a monthly basis. We expect to furnish the foljowing "hard" 

deliverables by July, I98I. 

1- A compilation of locations, temperatures, depths, gradients, and, if 

possible, depths to water for the four quadrants of Wyoming. Regional 

maps of subsurface temperatures and depths would be supplied with the 

data, as would written reports. Available v/ater qualjity and aquifer 

production data v/ould be*, incorporated into the reportjs, as would 

relevant stratigraphy and geologic structure. The m^ps would show 

pertinent control points and relevant geology. 

2. Regional gradient maps and interpretations thereof wojuld be prepared 

and delivered. These deliverables would reflect locajl geology and 

the thermal properties of local rock units. This woMld be done because 

the conductive gradient varies sympathetically with cprresponding con-

ductivities of the local rocks. Reports would also summarize available 

shallovj and deep water quality data, aquifer disposition, and aquifer 

production. V/e expect to deliver detailed reports an 

that could be prospectively valuable for near term di 

applications. One of these areas is expected to be the Powder River 

Basin, v/here the Madison Formation is known to locally contain thermal 

v/n ter s. 

d maps for areas 

rect-heat or other 
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the Thermop-

Hills area, 

new 

ratoga, 

to include data 

The nov/ terminating program will provide reports on 

olis area, the Cody-Horse Center anticline, the Gas 

the Saratoga area, and the Casper-Midwest area. The 

program would be arranged so that research on the Sai 

Casper-Midv/est, Auburn and DuBois areas is expanded 

for r-̂ gions within a 20-30 mile radius of each suggested resource. 

This detailed research will be done to better define! their lateral 

extents, and to quantify the magnitude of each reservoir. Other 

systems v/ould be analyzed in a similar manner as dat^ are located. 

Reports would directly follow available drill hole d$ta, the geologic 

and hydrologic literature, and the proximity of resoijjrces to popula­

tion centers. ; 

Chemical analyses v/ill be delivered for six heretofoife unanalyzed 

•• ! 

springs or spring systems. These v/ere to be furnishcid by the nov/ 

terminating project, but bad weather and the urgency of drilling in 

the Cody area prevented us from doing such. Water samples and analyses 

v;ould be accompanied by descriptions of collection sijtes, local geology 

and other pertinent geoscience data. From cooperativje studies with 

qualified personnel elsewhere (e.g. the USGS) , v/e expect to deliver 

Followi ng pro-

alyses would 

t. We also plan 

preliminary interpretations of the chemical analyses, 

ccdures of Breckenridge and Hinckley (1978), these an< 

be done in the laboratory of the Wyoming State Chemist 

to try to collect samples of subsurface waters in areas where gradient 

data are collected and where existing waters, etc., aire flowing or 

can be pumped. As mentioned above, analysis of these! samples will 

be done by UURI. V/e believe that 70-75 samples will be sent to UURI 

for analysis. 



An updated (I98I) regional heat flow map v-/ould be delivered, as would 

detailed maps of gradients and heat flow in prospectively valuable 

areas. All maps would be interpreted. Both heat flow and available 

radioactivity data would be used in interpretations.| We expect to 
j 

acquire heat flow data for at least twenty new stations. 
i 

One of the tasks of our 1979 program was to contact case about 12,000 

feet of drill holes for heat flov/ studies. This was fiot possible in many 

of the suggested areas because of the early onset ofiwinter. It is also 

true that casing was not needed in many areas becaus^ we were able to ob­

tain some 30-35 heat flows, rather than the promised 20. We therefore 

request permission to carry over $10,000 of 1979 funijis so that they can 

be used to contract case about 5,000 of drill holes j['\'5) in I98O-8I. 

PERSONNEL 

Dr. Edward R. Decker, Professor of Geology, would be ultimately responsible 

for every phase of the research. During the academic year, ije would devote 50 
• 

percent of his time to research and 50 percent to teaching. ;The summer of I98O 

would be entirely devoted to the proposed research. 

Mr. Henry P. Heasler would be co-investigator of the project. He would 

be in immediate charge of most of the library and field research. He would 

v-/ork intimately with Decker on all aspects of the project. HJeasler holds an 

M.Sc. tieqrce in geothermal studies, and is n co-investigator of the 1979 program. 

A nev/ research associate v/ould be employed by June 1, 19!80. We expect 

the associate to be K. L. Buelow, an M.Sc. candidate in geophysics (heat flow), 

at Wyominq. Buclov/ is very familar with all aspects of the University's pro­

cedures for field and laboratory studies of heat flow. 



10 

Other personnel would consist of a half-time secretary, three summer 

field assistants, and two research assistants for the acadeipic year (September, 

1980-May 15, 1981). One part-time assistant would also be Employed during 

the academic year. 

FACILITIES 

Wyoming's heat flow equipment includes portable and trt^ck-mounted tempera­

ture cables { ) - 2 km lengths), two pick-up trucks, three divided-bar systems 

for thermal conductivity measurements, a conductivity samplei saturation facility, 

a temperature calibration facility (-30 C to 235 C, +̂  .001 CJcontrol), and a 

gamma ray system (two 5" x k" Nal(Tl) crystals) for measurements of uranium, 

thorium and potassium. The temperature calibration facility js traceable to 

the U.S. National Bureau of Standards. The gamma-ray systemland standards 

i 
are modeled after those used by C. M. Bunker of the U.S. Geoljogical Survey, 

i 

Denver Federal Center, Denver, Colorado. 

The University has XDS Sigma 7 and CDC Cyber computers v\/iith multiple 

stream batch and time-sharing capabilities. Calcomp and Versatec plotters are 

connected to the computers. The Department of Geology has thrfee time sharing 

terminals that are connected to the computers. proposed investigators are 

experienced computer programmers; so digital data and prel imit̂ iary maps and 

1 

figures could be readily prepared at the University. We requ(ist funding for 

computer time or other services because the University recently initiated 

a charge <"'"' computing, etc. ! 

The College of Arts and Sciences in the University has v/e!l 1-staffed electron­

ic and machine shops. Both shops have much experience v/ith construction and 

maintenance of geothermal equipment. The machine shop also expertly prepares 

conductivity samples. The Geology Department employs an electronics technician. 
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The Wyoming Geological Survey occupies offices, etc., 

that is connected to the building occupied by the Departmen 

U.S. Geological Survey maintains offices in the building of 

cal Survey. We enjoy good support and relations with these 

and with U.S.G.S. and state personnel in Cheyenne. 

in a faci1i ty 

t of Geology. The 

the Wyoming Geologi-

offices and personnel, 

PRESENT RESULTS 

Our first year of research involved detailed studies of indicated low-

temperature resource areas, compilations of regional geotheraal data, and 

syntheses of pertinent geology and geophysics. Compilations of geothermal 
1 

data directly follov/ed >1500 bottom hole temperatures in oiljwells, and measure­

ments of temperatures in more than 100 drill holes. The regional geology and 

geophysics were synthesized from published articles. Present results are 

summarized below. 

The Thermopolis Area. Temperatures, gradients and regional geology have been 
. 2 

compiled for a I8OO-I9OO mi area that is roughly centered ort the Thermopolis 

hot springs (Figure I). The results demonstrate that the the 

all along the central part of the Thermopolis anticline, occu 

rmal anomaly occurs 

pying a 20 mi long 

by 3 mi v/ide area tha t s t r i k e s v/est-northwest between the soujthwestern par t o f 

T. k3 N. , R. 93 W. and the southeastern par t o f T. hk N . , R. 96 W. (Fig. 3). 

Within this zone, calculated gradients range from k], to 300°F/1000 ft (78-5A7°C/km) 

and tabulated bottom hole temperatures arc in tite range 90 F( ?2°C)-160°F(70°C) 

It deptl is less than 2000 fee t ( '^.6 km). Because dov/nv/ard coiiit i nuat ion of 

>+o the lower gradients predicts 60 C temperatures at- depth betv/ien 3500 and AOOO 

feet (1.1-1.2 km), all of the middle part of the structure is 

viable lo\-/ temperature resource area. 

considered a 
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The Red Springs Anticline area in T. A3 N. , R. 93 W.! may 

be a "marginal" resource area. Here the calculated gradient$ are in the 

range 2A-59°F/1000 ft (43-107°C/km) (Fig. 3). Consequently 60'*'°C waters 

might be encountered at 3900-^500 ft depths (1.2-1.3 km) heife. 

The narrow boundaries of the Thermopolis-Red Springs antjiclines anomaly 

suggest that "thermal waters" v/ould be at shallow depths. The best examples 

i 
are the changes from A3-300°F/1000 ft (78-5^7°C/km) gradients from the 

Thermopolis anticline to the 11-23 F/1000 ft gradients about; 5-6 miles 
! 

(8-10 km) to the north-northwest (Fig. 3). The 10-25°F/1000 Ift (l8-A6°C/km) 

i 
gradients at five sites 5-10 miles (8-16 km) southv/est of thej ant i cl ine also 

suggest that shallov/ sources are responsible for the increase^ gradient in the 

I 

middle part o ( the structure. 
i 

A tightly folded syncline is located immediately south ofi the Thermopolis 

anticline. We believe that v/aters from the Ov/1 Creek Mountaiijis are heated at 

the bottom of this syncline. Subsequent upward nxDvement of these V'/aters along 

the northern flanks of the syncline could explain the high gradients in the 

anticline. The thermal v/atcrs are mostly likely to be in the!Tensleep and/or 

Madison Formations, tv/o formations with porosities and permeabilities sufficient 

to yield the flow rates ( 2800 gpm (Breckenridge and Hinckley, 

spring system in Hot Springs State Park. Within the central p 

the "tops" of the Tensleep and Madison range from 200-2800 ft 

800-3^)50 ft (.2^-1.08 km), respectively. It is possible, the 

aquifers could be reached v/ith economical drilling in some par 

1978) ) of the 

rt of the ant i cli ne, 

(0.6-.85 km) and 

refore,that these 

ts of the structure. 
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Referring to "practical" aspects of resource development, one question 

that must be answered is v/hether drilling and large scale development would 

change temperatures and flow rates of the Thermopolis hot springs. Lack of 

data on porosities and permeabilities of the regional subsurface units also 

could impede development, as could the data for the springs \̂ hich suggest 

that regional thermal waters would contain large amounts of total dissolved 

solids (2300 ppm (Breckenridge and Hinckley, 1978)). Finally, minor structures 

along the crest of the anticline should be carefully consideifed during chrill site 

selection; for example, numerous faults cross cut the northwest-southeast 

trend of the anticline, and a heretofore unmapped fault is evident on air photos 

of the structure. 

h (Fig. 1). The 

o. 

The Cody-Horse Center Anticline System. This potential resource area 

seems to be bounded by the DeMaris hot springs (27-36 C, 170d gpm) just west of 

Cody and the Horse Center anticline about 7 miles to the souti 

first evidence for a low-temperature resource was provided by the A9-205"^C/km 

gradients calculated using bottom hole temperatures in eleven; dry oil wells in the 

anticline. Recent down hole measurements by V/yoming personnel agree v/ith 

the oil v/ell data. For example, least-squares gradients and maximum temperatures 

based on measureinents in five shallow v/ells are in the ranges 96"190 C/km 

and 38.'̂ -'t/.5 C, respectively, at subsurface depths in the range l85-500m. 

The Rattlesnake anticline is between Cody and the Horse tenter anticline. 

As seems to be the case elsewhere in the area, the Chugv/ater Formation j n this 

anticline appears to be an impermeable cap rock that over Iies;porous, permeable 

and perhrips v/atcr-bcar i ng units in the Tensleep and Madison Fcjjrmat ions. From 

recent detailed geologic mapping, v/e believe that '̂ 6̂0 C v/atefs might be 
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encountered at '̂ '300 m depths in the vicinity of the southeastern flank of 

this structure. Confirmation of a reservoir at such temperatures and depths 

with adequate flow rates is of great local interest because |:he resource could 
j 

be used in tv/o possible projects, a housing development or aifi alcohol plant. 

i 

The inferred most promising area is presently being exarjiined with a 

drilling program that started in January of I98O. From measijirements in four 

'vlOO m drill holes, the gradients off the flank of the Rattlt^snake anticline 

are in the range I30 to 200 C/km. Concomitant bottom hole temperatures at 

i 
these depths are in the range 20 to 29 C. We hope to complete at least one 

300+ meter hole in the Madison Formation by the end of the third week in 

March, I98O. Observed temperature, water geochemistry and fl!ow rate studies 

for this locality v/ould provide data on the base temperature and other important 

characteristics of the indicated system. 

The Casper-Midwcst Area. The town of Midwest is about kO miles north 

of Casper (Fig. l). Because of much local interest in uti1ization of hydro-

thermal resources in protected housing developments, considerable effort 

has been spent researching these areas. Present data consist: of more than 

1000 bottom hole temperature points, from v/hich combined temperature gradient 

and geolofiic maps are being prepared. ' 

Most of our data aro for areas near Midwest. These results clearly show 

that the Snlt Creek Oil Field is a conspicuous thermal anomaly. Within this 

10-12 1111 field, bottom hole temperatures between 1000 and '<5(1)0 ft (.3-1.̂ 4 km) 

are in the range 120 F-I70 F (̂ 9-77 C), and maximum calculated gradients are 

between hO and 10O"F/IOOO ft (72-182"c/km). Additionally, wdter injection 

wells that penetrate the Modison Formation produce 160-175 F (71-79°C) waters 

that flov; to the surface nt rates exceeding 7OOO gn 1 lons/min.; There can be 

little doubt, therefore, t:liat the Salt Creek Field could be used to produce 
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hydrothermal fluids for direct-heat applications in the vicipity of Midwest. 

The major impedances to resource development could be the relative values of 

hydrocarbon and geothermal resources, the high concentrations of solids in the 

non-potable v/aters, and the question of whether AMOCO Production Co., Wyoming, 

or the Federal Government ov/ns the geothermal resource. \ 
j 

Scant data exist for the Casper region because fev/er oil tests have been 

drilled in the area. The available data do suggest, however,| that most of the 

region v/ithin a 10-15 mile radius of the city is not thermalily anomalous. 

However, two areas near the city are being examined in greatejr detail: 1) 

the Emmigrant Gap Ridge, where 3 bottom hole temperatures are! 90-117 F at 

depths betv/een 1350 and 1550 ft; and 2) the airport area, v/he!re a 202 F bottom 

hole temperature was logged in a 2922 ft. deep well. The 200j F temperature 

obviously is of particular interest and much effort is being spent to confirm 

the measurement, find supporting data, and interpret the locaj geologic 

structure. 

The Gas Hills Area. Research before 1979 revealed the pij'esence of high 

gradients ('t2-100 C/km) at 8 isolated drill holes on the Beaver Rim in 

the Gas Hills (Fig. 1). Nov/ data consists of 20 bottom hoiejtemperatures 

and temperature measurements in 31 holes that v/ere drilled duriing uranium 

exploration. Maps of heat flow, gradient and regional geologiic data are in 

various stages of compilation. i 

The [iresent data arc consistent with a complex pattern of! gradient and 

flux in the Hills. Briefly, observed gradients range from 20 C/km to 100 C/km 

and estimated heat flows arc in the range of I.2-3.A HFU. From combined 

geothermal and geologic data, one hypothesis is that faults cohtrol the gradient 

and heat flov/ patterns. Thus, any development of geothermal resources is likely 

to require careful mapping of the local geologic structure to {ielineate fault 
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zones that could yield v/aters v/ith potential for direct-heat applications. 

We hope to conduct more studies in the area because the grejat interest in 

subsurface uranium could lead to local settlements, and because one deep oil 

test in the Hills is reported to have encountered high temp^ 

the Madison (J. D. Love, pers. communication, I98O). 

i^rature waters in 

The Saratoga Valley Thermal System. The 1979 cooperative agreement has 

allowed us to establish a gradient and heat flow profile th^t extends from the 

eastern edge of the V/ashakie Basin to the Laramie Mountains (Fig. 2). Gradients 

and preliminary heat flow values along this profile are in tjhe ranges 7-30 C/km 

and .9-1.6 HFU, respectively. Tv/o holes on the profile are hear the hot springs 

in the tov/n of Saratoga (Fig. 1). The gradient in the hole a^out 1 mile v/est 

of the springs is 20 C/km, and that in the hole about 1 mile;to the east is 

30 C/km. Both gradients may be "considered "normal," and so these observations 

suggest that the Saratoga hot springs ("̂50 C (Breckenridge arid Hinckley, 1978)) 

are not surface manifestations of a subsurface hydrothermal siystem with large 

dimensions. The narrow v/idth of the system, in turn, suggest!s that the springs 

could be flov/ing from faults in this part of the Saratoga Valjley. This view 

is supported by geologic evidence for a fault zone near the spring system 

ihontagne, 1955). Like the Gas Hills, development of geothermal resources in 
I 

the Saratoga area may require additional research on the correlations between 

faulting, subsurface temperatures and heat flov/ in the region. 

V/e may speculate that moderate o r higher temperature resojurce areas could 

be present at shallow depths in the region between the Saratoga Valley and the 

Southern Rocky Mountains in northern Colorado (Fig. 2). From our new data, the 

heat flov/ is normal or low (.9-I.6 HFU) in the Saratoga Va I 1 ey+-S i erra Madre 

Mountains-Medicine Bow Mountains region in Wyoming, whereas the flux is high 

>2.k HFU) at Hahns Peak and Northgate, Colorado about 50-60 km to the south. 
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Interpreted in terms of steady or transient heat sources, tljie width and magni­

tude of the transition suggest that the excess flux in northern Colorado is 

partly due to high temperature heat sources at shallow depttjs in the crust 

and/or upper mantle. This viev/, in turn, is consistent with geothermal 

reservoirs in the transition zone and the high heat flow area immediately 

to the south. 

The Big Horn Basin, Excluding the Thermopolis and Cody-ljlorse Center Systems. 

Bottom hole temperature data have been compiled and analyzed for 'vl50 oil wells 

that are v/ithin a triangular area bounded by Worland, Meeteetjse and Thermopolis 

in the southern part of the Big Horn Basin (Fig. 2). The widely scattered data 

points cannot be interpreted in detail, but one general conclusion is that the 

geothermal gradients increase between Worland and the Absaroka, Wind River and 

Owl Creek Mountains to the v/est,'southwest, and south, respectively. Confirma­

tion of this regional variation(?) v/ould be important becauseiit suggests that 

any low-temperature reservoirs are most likely to exist along the flanks of 

these mountains. 

i 
A nev/ heat flov/ value of I . 78 HFU has been determined for! Meadow Creek 

Basin in the eastern part of the Absaroka Mountains. This flux and Blackv/ell's 

(1969) 1.8 HFU value near Kirv/in about 20 km to the south sugjgest that a large 

part of the Absarokas is a zone of high flux like the western preat Basin. 

Additional evidence for Basin and Range type flux in these mouifitains, in turn, 

would suggest tliat low-temperature reservoirs could occur in this part of 

northwestern Wyoming. 

Temperatures have been measured in 15 drill holes in the Bridger Mountains 

(Fig. 2). Although some of the observed gradients (5.3"12.8 C/ikm) are consistent 

i 
v/ith local hydrologic disturbances in these mountains, the mostl reliable values 
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of 19.0-22.6'^C/km support earlier suggestions that the Lys i te-Bri dger Mountain 

area is a zone of above-normal heat flow (see Decker and others, I98O). Like 

the elevated flux in the Absarokas to the northwest, the abcjve-normal regional 

heat flow may imply the presence of hydrothermal reservoirs locally in the 

Bridger Mountains. ' 

The Wyoming Basin. Nev/ temperature-depth data for sevep widely separated 

localities in the Great Divide-Green River Basins area (Fig. 2) yield gradients 

in the range 17-30 C. Estimated heat flows near Eden, Wyomipg are 1.6-1.7 HFU, 

values that agree v/ith Sass and others' (1971) conjecture tha|: this locality is 

in a zone of normal to intermediate flux. New heat flow values (8) in the 

Rawlins Uplift-Laramie Basin part of the Wyoming Basin (Fig. 2) are low to 

normal (1.1-1.3 HFU). V/e, therefore, conclude that there is very little geo-

thermal evidence for shal lov/ res'ervoirs with direct-heat pot£|ntial in the eastern 

Wyoming Basin, although there are very few control points in^this province. 

Thn Pov/der River Basin, Excluding the Caspcr-Mi dv/est Areja. Head and 

others (1978) have contoured depths and temperatures for the jMadison Formation 
1 

in the Pov/dcr River Basin (Fig. 2). The temperatures and assumed permeabilities 

of this unit suggest that it could yield vast quantities of waters adequate for 

direct-heat applications. It is also the case, hov/ever, that: the Madison is at 

great, perhaps uneconomically drilled depths in many parts of the area. Con­

sequently, our studies of the Basin have focused on shallow temperature, gradient 

and heat flov/ measurements. 

Tv/o reliable heat flov/ values are now available for the Douglas low-

temperature resourcc(?) area (Fig. 1). The values are in the range of 2.0-2.2 HFU. 

These drill holes are in an area v/here underlying Madison Formation is dipping 

up to shallov/er depths from the north -northeast. Perhaps upvfard circulating 
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waters in the Madison explain the observed above-normal flu>|. More reliable 

definition of the suggested resource area will require additional research 

with shallow drill holes. 

Gradients in 5 shallow holes near Torrington are in the range of 23-29 C/km. 

In the Wright area to the north, measurements in 10 holes suggest that the un­

disturbed regional gradient is between 19 and 29 C/km. The rjieaning of these data 

are obscure, but one interpretation is that the eastern part of the Powder River 

Basin is characterized by a complex pattern of normal to high heat flow and 

perhaps shallow lovj-temperature hydrothermal reservoirs in isblated areas. We 

cannot be more specific v/ithout more geothermal data for these and other parts 

of the Basin (Fig. 2). 

Maps of Regional Heat Flow and Geology. Figures h and 5 a r e maps of heat 

flow and generalized geology in Southern Rocky Mountain and Northern Rocky Mountain 

regions, respectively. The maps v/ere prepared shortly after the beginning of 

our 1979 program using U.S. DOE funds. They are presently in press in Chapter 

13 of 0 nev/ book entitled "Physical Properties of Rocks and Minerals" that is 

being published by McGraw Hill and Purdue University. The proposed principal 

investigators a r c co-authors of the chapter. 

The maps permit rather easy visualization of correlations betv/een flux, 

faulting and/or bedrock geology. Updated versions of the Wyoming part of the 

Northern Rocky Mountain region map will be submitted to the U.SJ. DOE in our 

final report on research in 1979. 
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BUDGET: Funds are requested for the period June 1, 198O to 
period that includes the University's entire acadeir 

Salaries 

Principal Investigator (Decker) 
13 weeks summer, I98O) 
10 weeks, acad. yr I98O-8I 

Co-Investigator (Heasler) 
1 mo. (June, I98O) 
11 months (July-May, I98O-8I) 

Research Associate II-
12 mo. (June, 1980-May, I98I) 

Secretary - Half Time 
Graduate Assistants 

Summer I98O 3 people x 13 wk x 
ko hrs X $5.^5/hr. 

Acad, yr 8O-8I 2 people $^500 
Part-time Assistant 

^0 v/eeks x 15 hrs x $5.00 

Fringe (I??, x 5^916.00) 

From the U.S. DOE 

9777.00 

Travel 
Field expenses, per diem 250 da x $thO 
Expenses for permanently consigned 
field trucks (2), ̂ 0,000 mi @ .25 

Rental of Univ. Wyo. Car Pool vehicle 
summer, I98O, 10,000 mi P .25 

Travel to US DOE meetings (Salt Lake 
City, Idaho Falls, Washington, D.C. 

Total Travel 

Expendable Equipment 
Replacement of Armoured cable C^OOO' 
at $2100 and Portable cables (6OOO' 
at $1900 Total 

Other costs 
Supplies (thermistors, probe parts, 
standards, v/ater sample containers, 
computer cards, tapes, etc.) 
'American Tel and Tel 
Publication chqrtes (drafting, etc.) 
Processing of data, etc. 600 mi/$5.C)0 
Machine and Electronics shop time 

( p r e p a r e conductivity samples, con­
struct and repair equipment, etc.) 
800 hrs P $2.50 

Chemical analyses (6 d $100.00 
Contract Casing (casing and rig time) 
6500fect 9 $2 

Total Other costs 

13^*6.00 
16291.00 

15000.00 
itOOO.OO 

8502.00 
9000.00 

3000.00 
66916.00 

9336.00 
76252.00 

10000.00 

10000.00 

2500.00 

2500.00 
25000.00 

^4000.00 

A500.00 
2000.00 
3000.00 
2A00.00 

2000.00 
600.00 

13000.00 
27500.00 

May 31, I98I , a 
ic year. 

University of Wyoming 

9192.00 

9192.00 

1563.00 
10755.00 

TOTAL DIRECT COSTS 132752.00 10755.00 



continued . . . 

TOTAL DIRECT COSTS 

INDIRECT COSTS ^8.5^) 

Less carry-over from 1979 

NEW AMOUNT REQUESTED FROM U.S. DOE 

132752.00 

32^5^.00 
165206.00 

10600.00 
15'i606.00 

15^*500.00 

10755.00 

^^58.00 
15213.00 

15213.00 



TABLE I. Areas in which drilling will occur in 198o48l. Localities 
may be visited and/or cased for subsurfaceigeothermal 
measurements. 

Locality No. of Holes, Depth Range 

Absaroka Mtns. (Sunlight Basin) 

Beartooth Mtns. (Cooke City) 

Bighorn Mountains 

Central Part Bighorn Basin 

Laramie Mtns, Southern 
(Diamond Exploration) 

Sierra Madre-Medicine Bow Mountains 

Saratoga Valley 

Laram.ie and Shirley Basins 
(Rock River to North) 

Rav/1 i ns Area 

Ft. Collins, Colo. Area 

19, 

2 - k , 

2 - k , 

6-10, 

6-12, 

up to 1000' 

2d0-^00' 

2qo-30o' 

!<700' 

up ! to 1000' 

't-6, up: to 1000' 

2-4, up! to 1000' 
j 

>10, 7O0-1OOO' 

> 3, 10f)0+ ft. 

12+, 50lt)-700' 
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Figure 3. Geologic and thermal data for the Thermopolis anticline area, 
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-Figure h . Heat flow and generalized geology in the Southern Rocky Mountain-Rio Grande 
rift region. 
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Ms. Susan M. Prestwich 
Department of Energy 
Idaho Operations Office 
550 Second Street 
Idaho FalIs, ID 83^01 

Dear Susan: 

February 1, I982 

This letter and accompanying enclosures constitute the September, 
October, November and December technical progress reports for work accom­
plished under contract DE-RC07-79ID 12016. Attempts have been made to 
complete the technical reports on a monthly basis, however certain projects 
such as the Wyoming geothermal map and testifying before the U.S. Senate 
Public Lands and Reserve Water Subcommittee have taken priority. In the 
future, a more concerted effort will be made to file technical progress 
reports monthly. 

In this time period, two important discussions of Wyoming's geothermal 
potential occurred. These consisted of testimony by Henry Heasler before 
the U.S. Senate Public Lands and Reserve Water Subcommittee on the geother­
mal potential of Wyoming land adjacent to Yellowstone National Park and an 
article in the December issue of the magazine Western Oil Reporter concern­
ing Wyoming's geothermal potential. A copy of the Western Oil Reporter 
article is enclosed. A copy of the testimony will be sent when it becomes 
available in February or March. 

Work continued on the thermal reports for the major sedimentary basins 
in Wyoming. In the Green River Basin all oil well bottom hole temperatures 
have been compiled and plotted. A rough draft of the gradient contour map 
has been completed. In the Bighorn Basin the drafting of the structure, 
geologic, gradient, and temperature maps has been completed. A rough draft 
of the written report has also been finished. The Washakiej-Great Divide 
Basin report is being reworked to include more data. In the southern 
Powder River Basin all bottom hole temperature data has been plotted and 
thermal gradients contoured. In this basin in the areas of the Salt Creek 
oil field and Old Woman anticline, 500 drill stem tests have been compiled 
for the Dakota and Tensleep formations. Hydraulic head data was calculated, 
plotted, and contoured. 

A simple thermal model for the Leucite Hills was defined and calcula­
tions completed. The model incorporated known geologic information con­
cerning the age and type of intrusions plus data from well$ recently logged 
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by our group. Preliminary results suggest that the present day heat flow 
anomaly in the area will be .2 micro calories per M sec. Such an anomaly is 
considered to be indistinguishable from the region's background heat flow. 

Between October and December hydrologic data from ]k8 drill stem tests 
(92 wells) were collected and analyzed for the Cody area, these data were 
gathered in an effort to define aquifers and aquifer propert;ies of the Lower 
Mesozoic and Paleozoic rocks. Potentiometric information w^s calculated 
from 125 of the drill stem tests. Hydraulic potential data for the Phosphoria 
and Tensleep Formations were plotted and contoured for 75 wells in an effort 
to define the flow direction of the low-temperature water. Hydraulic data 
confirm the theory that water flow in the Cody area is genei^ally southwest 
to northeast. 

During this time period the following wells were thermally logged by 
our group; ten wells (400 ft deep) east of Rock Springs, tvip wells (265 and 
900 ft deep) east of Evanston, five wells near Big Piney (̂ 200 ft to it900 
ft deep), two wells (̂ ,300 ft deep) near Granger, one well ^1460 ft deep) 
near Little America, two wells at the Winkleman dome oil field, two wells at 
the Happy Springs oil field, two weIls at the Sand Draw oilfield, and three 
wells at the Circle Ridge oil field. Also three wells of over 4,000 ft depth 
were logged in Nebraska for Will Gosnold of the Nebraska DOE State Coupled 
Resource Assessment Program. 

In addition to helping the Nebraska State Team, other organizations 
were aided by our group. Two wells owned by Northwest Commiunity College in 
northern Wyoming were thermally logged to gather temperature data and to 
define water levels in the wells for the college. A brief report summariz­
ing temperature-depth relationships for the Bearcreek, WyoiT|ing area was sent 
to Bearcreek Uranium Company. In September, Dr. Dale Ralston of the Univer­
sity of Idaho and the Idaho DOE State Coupled Program briefly visited 
Laramie to confer with our group about the geothermal potential of the over-
thrust belt. We have also cooperated with Los Alamos National Labs by 
sending a copy of our thermistor calibration program. 

User assistance also continued for the TovN/n of Thermopolis. We have 
sent to Coury and Associates (the engineering firm hired to do the $50,000.00 
district heating feasibility study) a final draft of our study on the 
Thermopolis hydrothermal system. Bern Hinckley of our group has discussed 
with Coury and Associates temperatures, flows, and locations of the low-
temperature water. Mr. Hinckley has also attended the disjirict heating 
advisory board meetings and discussed the known thermal anifl geologic infor­
mation. In September we helped the Town of Thermopolis prepare a proposal 
to the Wyoming Water Development Commission for hydrologic and thermal stud­
ies near the town. This proposal was funded in October for $60,000.00. 
The project will consist of the hydrologic testing of existing wells (to be 
done by the hydrologic consulting firm of Anderson and Kelly) and the dril­
ling of a hydrologic and thermal test well (to be sited and supervised by 
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the Geology Department at the University of Wyoming). Henry Heasler and 
Bern Hinckley will be responsible for the Geology Department's portion of 
the project which should be completed in the summer of 1982: 

During this time period, work progressed on the Wyoming Geothermal 
map to be published by NOAA in Boulder. Most of the definitions, explana­
tions, and squibbs have been written, gray areas defined, and lists of 
thermal wells and new published heat flow values compiled. A computer 
list of over 300 temperature gradient wells is still being ^dited. On 
September 1, Henry Heasler and Kenn Buelow attended a meeting of the geo­
thermal map committee in Boulder. Also on October 15, George Berry 
traveled to Laramie to discuss the Wyoming map. All map material will 
hopefully be sent for review by NOAA and the map committee in January, 
1982. 

Two new projects were begun in October and November. A shallow hole 
was drilled 7 miles west of Laramie for the purpose of monitoring surface 
temperature fluctuations and their effect on thermal gradieht calculations 
from oil well bottom hole temperatures. The hole was drilled to 120 feet 
by the Wyoming Highway Department for $^50.00 (this money will come from 
our contract casing category). The hole was cased with 2 inch PVC pipe, 
cemented in place, and filled with antifreeze and water. Thermal logs of 
the hole will be taken at periodic intervals to gether data on near sur­
face temperature fluctuations. The other project begun in this time 
period is our attempt to contact the operators of the fifty largest water 
producing oil fields in Wyoming. Letters have been sent to these opera­
tors requesting flow, temperature, and chemical quality data. This is 
being done in an attempt to quantify and locate areas where thermal waters 
are being discharged as waste and could consequently be berieficially used. 

In September, October, November, and December over 500 thermal conduc­
tivity measurements were completed in our lab. Temperature-depth plots and 
least squares analysis were completed for most of the thermally logged wells 

I hope that this letter and its enclosure constitute a satisfactory 
report for work accomplished during September, October, November, and 
December. 

S i ncerely, 

^ . y ^ • / -

Henry P .' Heasler 
Principal Investigator 
Wyoming Geothermal 

Resource Assessment Group 

HPH/tj 



Geothermal reserves set for commercial test 
Wyoming's potentially vast geother­

mal energy reserves—often encounter­
ed by operators drilling for oil and gas 
—may soon be tested commercially, 
opening possible new revenue streams 
for petroleum companies operating in 
the state. 

The town of Thermopolis is making a 
$50,000 study of the possibility of heat­
ing part of the town with hot water 
from geothermal wells. The study is 
funded by the U.S. Department of Hous­
ing & Urban Development. 

"It would be a test well, politically, 
administratively and scientifically," 
says Henry Heasler, a University of 
Wyoming research associate and a 
leading authority on the state's geother­
mal potential. 

Heasler points out that drillers who 
strike hot water cannot transfer the 
well to municipalities for heating uses 
because of lack of defined legal pro­
cedure to do so. The proposed well in 
Thermopolis could go far toward clari­
fying geothermal's legal status. 

"We'll be eager to see how various 
governmental agencies involved handle 

this project. Once policies and pro­
cedures are set, we'll be a lot closer to 
full-scale geothermal development." 

Several areas in the state are waiting 
to be tapped, according to Heasler's 
paper, "Geothermal Potential and De­
velopment in Wyoming," published in 
the Interstate Oil Compact Commis­
sion's Committee Bulletin for June 
1981. 

"Temperature gradients and regional 
geology have been studied in a 2,000-sq-
mile area centered on Thermopolis," 
he says. "The results show that a 
thermal anomaly occurs all along the 
central part of the 20- by 3-mile Ther­
mopolis anticline" which runs from 
43n-93w to 44n-96w. "Within this area, 
bottomhole temperatures tested in oil 
wells range from 90°F to 160°F at 
depths less than 2,000 ft. Since tempera­
tures increase with depth, we consider 
the entire region to be a viable low-
temperature hydrothermal resource 
area." 

Many researchers believe the anti­
cline's thermal waters are heated at 
the bottom of a tightly folded syncline 

abutting it on [the south. The waters 
are thought to flow in the Tensleep and 
Madison formations, which lie in the 
anticline at depths between 200 to 3,-
450 ft. 

"It's possible that these aquifers 
could be reached with economical drill­
ing in some pjarts of the structure," 
Heasler notes.)However, reliable data 
are not yet available on the waters' 
natural pollutants or on the many faults 
that cross-cut the anticline and could 
complicate drilling. 

Another are^ of considerable poten­
tial has been I found along the Horse 
Center anticljne about seven miles 
south of Codyj Six test wells drilled in 
52n-102w by yie university's geology 
department in) 1980 showed that waters 
of 93°F. can be reached at depths of 
less than I.OOOlft. Highest temperatures 
in the area n^ar 149°F., and are found 
between 850^nd 1,640 ft. The waters 
are held in "Tensleep sandstone, Mad­
ison limestone and Bighorn dolomite, 
and are probably heated in a syncline 
to the southwfest. 

Near Caspfer, interest is strong in 

Wyoming's thermal springs 
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developing geothermal energy for resi­
dential heating. Analysis of more than 
2,000 bottomhole oilwell temperatures 
near the town of Midwest show the Salt 
Creek oilfield to be "a conspicuous 
thermal anomaly," Heasler says. 
"Within a 10- to 12-sq-mile area, bot­
tomhole temperatures between 1,000 
and 4,500 ft are in the range of 120°F. 
to 170°F." 

Also, water injection wells that have 
penetrated the Madison formation in 
the area have struck waters as hot as 
175°F. that flow to the surface at rates 
exceeding 7,000 gal/min. 

"There is little doubt that Salt Creek 
field could be used to produce hy­
drothermal fluids for direct heating use 
in the area of Midwest," Heasler 
states. "The major hindrances to de­
velopment would be the relative values 
of hydrocarbon and geothermal re­
sources; the high concentration of 
solids in the nonpotable waters; and 
the lingering question of whether 
Amoco Production Co., the state of 
Wyoming, or the federal government 
owns the geothermal resource." 

Test results within a 15-mile radius 
of Casper have been disappointing; no 
thermal anomalies have been found. 
Testing continues near Douglas and 
Torrington, as well as along the so-
called Saratoga Valley thermal system, 
stretching across southcentral Wyom-

Thermopolis formation cross-section 

Owl Creek Mountains 
(recharge area) 

6500 11 

7000 11 
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Owl Creek Mountain springs are heated in a syncline, then circulated to 
the surface. 

ing from the Washakie Basin to the 
Laramie Mountains. Here, it remains 
uncertain if natural hot springs flow 
from a larger geothermal reserve be­
low the surface. 

The Black Hills of northeastern 
Wyoming and the Leucite Hills in the 
southwest also may hold hydrothermal 
possibilities. Although geothermal data 
from the area remain sparse, partially 
molten rock may lie relatively close to 
the earth's surface in the area, offering 
high heat to any subsurface waters that 
may be present. 

Waters ranging from 194°F. to 302°F. 
are known to be present in the deepest 
parts of most of Wyoming's structural 
basins, including the Bighorn, Wind 
River, Washakie, Green River, Powder 
River and Great Divide. Several water­
bearing formations in the basins are 
folded djeeply enough that surrounding 
rocks h^at the water. 

Geothjermal resources in these zones 
are tool deep to make drilling eco­
nomical. However, oil and gas wells 
often reach these depths. Currently, 
those \vells encountering geothermal 
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DENVER CO 80203 • (303) 832 0989 
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pro'duction arc plugged and abandoned 
because local, state and federal regula­
tions don't permit the easy transfer of 
geothermal wells to municipalities. 

"We're looking to that Thermopolis 
test to clear up that situation," Heasler 
says. "It would be extremely useful to 
everyone concerned if regulations 
could be streamlined to allow those 
wells to be used for heating." 

Geothermal research and develop­
ment in the state have concentrated on 
the shallowest reservoirs—called hy­
drothermal convective systems—such 
as those near Thermopolis. The sys­
tems heat water at depths between 
5,000 and 6,000 ft, where it heats then 
rises close to the surface through rising 
strata or a porous fault system. These 
"low temperature" reserves usually 
can be drilled inexpensively, and the 
resulting water can be used directly 
for heat. 

Since 1978, almost $600,000 in Depart­
ment of Energy funds have been used 
by the University of Wyoming to con­
tinue its geothermal research. Much 
of the theoretical work has been com­
pleted, Heasler says. However, the re­
sources that Heasler and other re­
searchers have identified won't be used 
until regulatory practices are set. 

"Until then, we're just waiting." 

REGULATORY TANGLE A W A I T S FIRST GEOTHERMAL WELL 

Before oil ond gos operotors can market thci geothermal energy reserves 
they str ike in the course of petroleum explorat ion in Wyoming , a mojor reg­
ulatory barrier wi l l have to be removed. 

The state views a geothermol well as a woler wel l . The federal govern­
ment treats it as a minerol resource, as directed by a recent Cal i fornia court 
ru l ing. 

Minera l ventures in Wyoming ore required to post a reclomotion bond to 
insure any wells dr i l led wil l be properly plugged ond obondoned ond the site 
reclaimed. Since geothermol wells could f low inde in i te ly, on operator could be 
required to leave the bond on deposit " f o r a very, very long t i m e , " occording 
to Henry Heasler, the University of Wyoming 's geo:hermal outhor i ty . 

" T h e State Deportment of Environmental Qual i ty 's current method is to 
review each well on a cose-by-cose basis, and thot mokes potent ial developers 
o l i t t le wary . " 

In addi t ion, state agencies regulote woter Wells and mineral operotlons 
d i f ferent ly . Should a geothermol well be dr i l led for commercial use, the conf l ict 
between the stote and federal classif icat ion of the resource would have to be 
c lar i f ied. | 

" I t would be n i ce , " Heosler odds, " i f the ogsncies would wr i te something, 
even o memo, that would set fo r th some guidelines: 'o well of less than 
2 ,000- f t depth ond of water temperatures less th<^n steom would be treated as 
o woter wel l , ond oi l others os mineral resources,'! or something. So for , they've 
chosen not to do t h o t . " > 

Some state off ic ials hove urged the iegislotujre to change the statute that 
recognizes geothermal wells as water wells. "Some of them don ' t wont to give 
geothermal any advantage over oil and gas, so thiey wont i t to be classified as 
0 minera l . But the stote wil l never do i t . " | 

The Wyoming state const i tut ion claims all t i le state's woters for Wyoming 
jur isdict ion. The legislature is worried that if it njdefined geothermol power as 
o mineral , the federal government might t ry to c la im jur isdict ion over it. 

A geothermal test well has been proposed for commerciol use by the town 
of Thermopol is. Should the town decide to proceed wi th this project, state and 
federal authorit ies would be required to confront the issues involved and settle 
t h e m — I n court , i f necessary. i 

" I t ' s going to take oddi t ional legislation,') Heasler soys. "R igh t now, 
there are too many unanswered quest ions." i 

Oil companies sponsor minority job^ program 
The Career Outreach Program spon­

sored by 25 oil companies operating in 
Colorado is successfully encouraging 
gifted minority young women to pursue 
careers in petroleum technology. 

Operating on contributions from in­
dividuals, firms and the Colorado State 
Republican Party, the program has 
placed about 75 high school students in 
summer work with six oil companies 
since the program began in 1978. 

In 1980, 15 students were placed, ac­
cording to program director Bill 
Grisby. Thirty will be placed this year. 

"Most companies start them as 
'gofers', but move them into technical 
work as quickly as possible. The stu­
dents work as assistants to engineers, 
geologists and mathematicians, find­
ing out what the work is like and how 
the oil business operates." 

If the students maintain good grades 
and a commitment to engineering 
science, the companies agree to employ 
them as long as work is available. 

Minority students with strong, dem­
onstrated aptitude in math and sciences 
are invited to apply for the program by 
high school counselors. All screening 
and hiring is done by the companies 
offering the jobs. 

"We thought the six students we 
hired were more than just good enough 
—they were excellent," said John 

Gable, regional employee relations 
manager in Amoco's Denver office. 
"Our evaluation of the program and 
that of the students was in complete 
accord. There wasn't a sour note in the 
group." Amoco hopes to double the 
number of jobs it offers the program in 
the coming year. 

" I t was time to stop talking 

about private sector initiative 

and do something about i t ." 

The program began when the prob­
lem of providing meaningful part-time 
work for gifted minority students cap­
tured the attention of Denver oil execu­
tive Hiram Lewis III of Lewis Energy 
Corp. and others. Working with other 
executives and the local Republican 
organization, they contacted area 
energy firms, soliciting cash donations 
and promises of job opportunities. 
Grisby, a consultant and former social 
worker, was retained to run the pro­
gram in 1980. 

"The companies knew that the oil 
business had an undesirable public 
image among minorities," he said. 
"They saw this as a chance to heal 

some \*ounds and to bring minorities 
into the industry, as well as a way to 
encourage talented students." 

He aijlded that the state Republican 
Party became involved, in part, to im­
prove its image among the same minor­
ity groups. 

The program operated on a 1980 
budget of $25,000. For the coming 
operatipg year, that figure will double.; 
Oil firrtis contribute 80% of the budget, 
with the rest donated by the state 
Republican Party. 

"Mosjt of the budget goes for students' 
transcilipts to companies, evaluation 
forms the kids and the companies fill 
out for our records, our quarterly 
reports to sponsors, and so on," Grisby 
said. "If someone would give us a copy­
ing machine, we could run the program 

' f • 

S i " 

nearly for free. 
The Career Outreach Program could 

handle 100 students effectively, accord­
ing to Grisby. Should it become that 
large, Ihis current staff—himself and 
a parti-time secretary—would expand 
to two i full-time people. 

"Thcj program was begun also to 
show that this kind of thing doesn't 
need tio be operated by the govern­
ment,'' he noted. "The oil companies 
decided it was time to stop talking 
about private sector initiative and do 
something about it—and they have." Q 
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THE UNIVERSITY OF WYOfTlING 
DEPflRTmENT OF GEOLOGY AND GEOPHYSICS 
P.O. BOX 3006 
LARAMIE, WYOMING 82071 
(307) 766-3386 

March 3 , 1982 

Dr. IXincan Foley 
Ear th Science Lab 
Un ive r s i t y of Utah Research I n s t i t u t e 
420 Chipeta Way, Su i t e 120 
Sa l t Lake C i ty , UT 84108 

Dear Duncan: 

Enclosed is a copy of my letter to S. Prestwich 
which constitutes the January and February technical 
progress report for the Wyoming Geothermal Resource 
Assessment Group. 

If you have questions, please contact me. 

Sincerely, 

Henry P. Heasler 
Principal Investigator 
Wyoming Geothermal Resource 
Assessment Group 

HPH/bc 

Enclosure 



THE UNIVERSITY OF WYOfTlING 
DEPflRTmENT OF GEOLOGY AND GEOPHYSICS 
P.O. BOX 3006 
LARAMIE, WYOMING 82071 
(307) 766-3386 

March 3, 1982 

Ms. Susan M. Prestwich 
Department of Energy 
Idaho Operations Office 
550 Second Street 
Idaho Falls, Idaho 83401 

Dear Susan: 

This letter constitutes the January and February technical progress reports 
for work accomplished under contract DE-FC07-791D12026. i 

During this time period all information for the Wyoming geothermal map 
(1:500,00 scale) was submitted to NOAA in Boulder, Colorado and'sent out for 
review. Material sent to NOAA Includes data for thermal spring^, thermal wells, 
401 temperature gradient measurements, published heat flow values, definitions 
of potential low-temperature geothermal resource areas, explanations of potential 
use areas, and general explanations of the map and data lists. 

Work continued on the geothermal reports for the major baŝ -ns of Wyoming. 
Statistical analyses were completed for over 5,000 oil well botlfom hole temper­
atures In an effort to rigorously define anomalous points. Theoretical models 
were constructed and analyzed to determine the effect of thermal 'perturbations 
due to drilling. The plotting of data for the southern Powder River Basin and 
Green River Basin continued with written reports In various stages of completion 
for the Bighorn Basin and Washakie - Great Divide Basin. 

During this time period we have received an answer from 9 qf the 19 letters 
sent to oil companies requesting Information on the temperature and quality of 
water that is coproduced with oil in their Wyoming fields. One pperator, Amoco 
Oil, has been motivated by out Initial letter and consequent discussions to 
begin checking Into the possibility of using 170°F coproduced watjer at one of 
its fields to generate electricity for the field through the usei of a binary 
system. ] 

During January and February, four user requests for Information were 
answered. Information was sent to Dr. R. Breckenridge of the Idaho Bureau of 
Mines and Geology, Mr. C. Rogers, President of Eastern Wyoming Cpllege in 
Torrington, Ms. R. Brltton of the Farm Bureau in Wheatland, and \iT. K. Anderson 
who is a land developer that Is based in Cheyenne. On February JL7 a 40 minute 
lecture and slide presentation on Geothermal studies In Wyoming vas presented 
to the Cheyenne Geological Club. This club consists of state em|)loyed geologists, 
USGS geologists, and private geologists. A great deal of Interest was expressed 
in near surface (less than 20 meters) temperature fluctuations. 



Two newly constructed whcatstone bridge assemblies were tested on our 
shallow thermal monitor well near Laramie. The new bridges functioned properly 
with their results showing thnt the thermal disturbance in this liole appears 
to have been transient. Consequently, a heat flow was calculated for this 
hole and some modeling begun. 

In these two months, most of the termal conductivities collected during 
this contract were completed. 283 samples were run in January aikd February. 

I hope that this letter constitutes a satisfactory technical'progress report. 

A 

sincerely, 
/ 

Henry P. Heasler 
Principal Investigator 
Wyoming Geothermal Resource 

Assessment Group 

HPH/bc 
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wamwrn m Misf ING AHP 
f^^^^ tiSXKiCf HEATING 
S i r i i ^ ' X t i S E WESTERN U.S. 

Map Sourcf 
i^o-Heat 
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Gfi i t e r • • 
% l l ® t i i i , 
5i Oregon Instv of Tecb. 

. i . , 1 , t 

, Itie gepthermal .disjt:rict be«tlBg systems that are presently In eiEiftenef \|(icp 
in t|ie c(»nBmlties of S^ise^ 10; lddaffia|h Fa^ls, 01̂^̂^̂  Su^ i^ . 
vlll^e, CA; and Ph i l ip , St . The other eoanminltles indicated <m t i e J^jp ^»m^^fi 
synpOBB tha t are current ly under constlruction, or are ac t ively being eonel^NllisI '̂ ' 
aad/«ir designed. 

.,.P)$ .t<ivs of Thennopollp i s the far thes t along in the geothii?aiy|. d i s t r i i ^ l 
heAlfe^. systOA process o l the Wyontlng cooiBunltlei^ it̂ o«tn on the i ^pe i l ^ve . ' , ^ ^ 
'£hit̂ emipi3iS& feststbi l i ty study and the i r hydrqlcliic st^dy shoulc both be coa^^^ff^ 
soml^^l^ dttsrlng the spirlQg and sunmer of 1982. . 

J l ^ l^qotiag cc^nmunicies of Cody, Midwest, emd fdgei-ton a l l sho^r good 
for cH# d<evelop«ent of d i s t r i c t heat ing systans. Wbtle these |ot«9atial 
sys^Nitt ^ r e act ively being ( ^ s i d e r e d by many r^ i i i@l i i ttf tfieie three cc 
tfaî  a4ciiAl engineering »id system design procesi baS not yet b<gun 

, ^ii^iiSifii^^iii^£aAii^ic.:.i:i. 
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Si 

tsmmsKi Of Gioî [iiie<«i. i m s ^ PBODUCID 
m OIL COH^SIBS in #PEIItNG 

fbe Wyomlni' Geothemal Besource 
Afip^^nmnt Croup in tlie^ttiverslty of 
l^l^^if.Ceology De^t^H^^c iM- coo^lling' 
1^ ^ - - i toxy of gl[He%fiiî R̂ i nMteiirs ft&-

oi l coii$uag|tS«f ^ ttte' s t a te ' 
|er 1& a ceilHiî  ti>3r-*prodv»it as 

gas «i:e ipcfiNp̂ ed fiNm deep 
Itartr b a s i ^ , lldjB hot v^ter 

in t0tip9.Tsp to lOsl. F6r 
I* t ^ Salt Cre«fc Fiel4' in the 

'%f Basd̂ n |̂ r«a9^ii:4f Ais^bitrges 
of tmter j « r i^nalte to 

itace at teiqmtsturtes up to 

i ^ operators of the 50 fields in 
Cari^st «sttef ^ K -

tuave \mesi: ecmtibcted and asked ^ 
d»tft i»l co^t0#ueed water 

; f | ^ » l&h^n^tcy, and 
'|#i££e,ee jMNtl^riie, water-

Ittfi^liikl^Ctiofl). IftUe Such 
be i#aftfe«(t i t t c^ i r ly renibte 

use £o« «iiAy Mrect-use 
|̂ JUbe«ti< îs;̂ l@itid staire consid'-

ise !@il«tt^ to o i l company 
,'kme^ est ccn^lotation, dr i l l ing, 

"Qiis cKmeept of cas-
|f»"wcMtl4, î co<^ fli»inclally 

%9 both tlw bot water dev-
1 ^ COOpeî UtlBg o i l company. 

i l w r . i ^ jii|9p.^l;tiiral projects 
tiio. «Mn|ifl^'ol direct-use 

fja^^lij^i^^si^' ^ t ti^uld be 
to t use iiii.tk ttie discharged 
these areas. 

•9#m Binclcley, ^ftesource Group 

FIRST DRAFT OF mTOMING GBUmmmmi^ 
HAS RECENTLY gEEH COMPtEfI& 1 4 ^ 

A f i rs t draft of a 8tatewi%J||i^^t)#ir-
mal map has re<;;i^ly been cogqpti^| 
the Wycmiiig <3e<itheiraal Resourc^i 
meat Group at ttar Ciaiversity 
Depicted on this i&iĵ  are hot 
potential resotti^je^ areas, flovi 
wells, heat fl<w values* and o9f)r' 
tanperature gtadi^igit wftlls. Ttk .̂ ^MiMt-
ature gradient fmlX datd were col^l^fftd 
by the Resource ^i^H]^ -through t^:^«#ligBial 
logging prq>grs^«^, t i ^ e t a t u r e j^iiMtjl^ 
well da t a ' i l »d |b^ dep|;}t, b o t t ^ 4 ^ | « 
temperature, andTaiefsured thermal'gradient. 

» The map will hopefully be revi«ifed 
and published within the next three 
monthsT' Pres^»C~pi<ms'are to hasm'S^ 
1^00,000 sc^te Haft distributed h^^the 
Wyoming Geological Survey in L&tm^p. 
Wyoming. ~CJ\ . , 

A f inel notlci^ of tukp ptid̂ XiJol 
and the date of i t s a v a i l a b i l i ^ 
public will be #aittQunced in a futlli^ Issue 
of the Geotheci^ Hews. 
—Henry Heasler, Resource Group 

lALS AVAa^MKA laROUGH THE WGCQ 

m 

This is .|ust a reminder that the 
WGCO has a wd;d^ variety of printed 
m£^4rials avalliafble for distribtttlop l;o 
tti^public. The topics of these m ^ V -
ials cover all s<»|»ects of geothel^Mti 
energy development* If you have a 
question regar4iag geothermal eixtt^ In 
li^oming, conta<^t Karen Marcotte iftt the ' 
WGCO address on this newsletter. 

Duncan Foley, Geologist 
Earth Science Laboratory 
UURI, 391-A Chipeta Way 
Salt Lake City, UT 84108 

'is^ •'^J'SIribr^iii'S 
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DIRECTORY OF WYOMING RENEWABLE ENERGY 
BUSINESSES TO BE AVAILABLE SOON 

The first Directory of Wyoming 
Renewable Energy Businesses is being 
compiled by the Wyoming Solar Industries 
Association (WyoSIA). 

The purpose of the Directory is to 
provide the public with a current guide 
to businesses in Wyoming that provide 
services and products for solar, wind, 
micro-hydro, biomass and geothermal 
energy. 

Businesses will be listed alphabet­
ically and by their particular specialty 
including architects, engineers, con­
sultants, builders, manufacturers, dis­
tributors, dealers, installers, educa­
tors, and research and development 
firms. 

"It is WyoSIA's goal that the 
Directory will provide the consumer 
with a list of businesses that provide 
satisfactory services and products 
related to the renewable energy indus­
try", stated Charles Nation, President 
of WyoSIA. JjL 

The Directory will be ready for ~ 
distribution in April to consumers and 
members of the construction industry. 
The Directory is sponsored by Western 
SUN (Solar Utilization Network), a 
program of the western states to increase 
business activity, sales and consumer 
satisfaction in solar energy and renew­
able resources. 

WyoSIA is a nonprofit business 
association formed to promote high bus­
iness standards and a voice for the solar 
industry in Wyoming. 

For more information about the 
Directory, contact WyoSIA, 4000 Springs 
Drive, Rock Springs, WY 82901, or call 
(307)382-9161. 

Vol. 3, No. 3 

THERMOPOLIS DISTRICT HEATING UPDATE 

March, 1982 

After reviewing thel results of the 
Thermopolis citizen preference poll in 
regard to district heating, the Advisory 
Work Group has instructed Coury and 
Associates to complete their feasibility 
study b^sed on the concept of providing 
district heating for the entire town, 
and for the development; of the Rose Dome 
drilling site. The Ro!;e Dome site is 
located the farthest firom town of the 
three preliminary slteis reviewed, but it 
has the potential for ;he production of 
significantly hotter witer than the other 
sites. 

Over 30% of the qu2stionnaires that 
were mailed to town residents have been 
returned so far. The Advisory Work Group 
feels that there is sufficient interest 
in geothermal heating shown by the 
questionnaire responses to warrant the 
completion of the study based on heating 
the entire town. The next Advisory Work 
Group meeting has been tentatively 
scheduled for March 1£ In Thermopolis. 

FINAL THERMOPOLIS REPC'RT AVAILABLE 

The final edition 
Site Specific Developiient Analysis (SSDA) 
has been published by 
Energy 

of the Thermopolis 

the Department of 
The Thermopolis SSDA was authored 

during her eiiq>loyment by Patti Burgess-Lyon 
with the WGCO in 1981 

The Thermopolis ruport includes major 
sections on site description, resource 
evaluation, potential applications of the 
resource, heat exchangers and corrosion 
prevention, and a discussion of the leasing, 
permitting and financial considerations 
involved in geothermal development. 

The Thermopolis SSDA is available free 
to the public upon request. Contact this 
office if you are interested in receiving 
a copy of this report. 

• t , ^ 



1982 WYOMING ENERGY CONFERENCE HELD 
IN CASPER ON FEBRUARY 17 

An energy conference was held at 
the Ramada Inn in Casper on February 
17, 1982. Senators Alan Simpson and 
Malcolm Wallop were Co-Chairmen/Moder­
ators. Although advance publicity 
for the conference billed it as an 
energy dialogue to help establish 
pathways that would lead us towards 
energy independence, only fossil fuel 
technologies and their related devel­
opment problems were discussed. ̂  

The luncheon keynote address speak­
er was Dr. Nunzio Palladino, Chairman 
of the U.S. Nuclear Regulatory Commis­
sion. Special guest speaker at the 
conference was Ted Stevens, Senior . , 
Senator from Alaska. 

The conference was co-sponsored by 
the Columbia Institute for Political 
Research, 11 oil companies, 6 utilities, 
6 petroleum service companies, 4 coal 
ccnnpanies, 1 synfuel corporation, the 
Sierra Club and the Wyoming Outdoor 
Council. 

REPORT ON GEOTHERMAL WELL CEMENT HAS 
BEEN PUBLISHED BY D^O.E. 

A report entitled, "Development of 
Geothermal Well Completion Systems -
Final Report" by Erik B. Nelson, is 
available from the National Technical 
Information Service, U.S. Department of 
Commerce, Springfield, VA 22161. 

MATERIALS AVAILABLE THROUGH THE WGCO 

The following is a list of printed 
materials available through this office: 

—The Cody Site Specific Development 
Analysis (xerox of final report) 

—The Thermopolis/East Thermopolis Site 
Specific Development Analysis 

—Preliminary Data from Six Tenperature 
Gradient Holes near Cody, Wyoming 

—Fremont County Area Development Plan 
—Big Horn Basin Area Development Plan 
—Converse and Natrona Counties Area 

Development Plan 
—Wyoming Geothermal Institutional 

Handbook 
—Rules of Thumb for Geothermal Direct 

Heat Application^ 
—Opporttinities for Geothermal Energy 

Use In Wyoming Industries 
—Department of Energy Fact Sheets on: 

geothermal ethanol plants, resource 
availability, existing and proposed 
geothermal electric power plants, 
direct use demonstration projects, 
and the Raft River 5-MW pilot plant 

—^We'Also have a variety of printed 
.macerials from many different sources 
^'^f geothermal greenhouses, aqud-

^1 culture, heat pumps, space heating, 
and Rankine cycle generators. 

—Previous issues of the Geothermal News 
are also available. 

• ^ Z A T I * ^ 

P.O. Box 4096 
UniTsaity Station 
Lanunie, WyonUng 82071 

Duncan Foley 
Assoc. Geologist 
Ear th Science Lab. 
UURI, 391-A Chipeta Way 

£^^V laki^ CiV̂ .̂ ^ ^ ^ ° & 

(307) 7664820 

l l „ 



TCVU 

T H E U N I V E R S I T Y O F W Y O M I N G 
D E P A R T M E N T OF GEOLOGY a G E O P H Y S I C S 

GEOLOGY BUILDING 
P. O. BOX 3006 

LARAMIE, WYOMING 8 2 0 7 1 
P H . 3 0 7 - 7 6 6 - 3 3 8 6 

February 1, 1982 

Dr. Duncan Foley 
Earth Science Lab 
University of Utah Research Institute 
420 Chipeta Way, Suite 120 
Salt Lake City, UT 84108 

Dear Duncan: 

Enclosed is a copy of my letter to S. Prestwich 
which constitutes the September, October, Novetnber and 
December technical progress report for the Wyoming 
Geothermal Resource Assessment Group. 

If you have questions, please contact me. 

S incerely, 

M ^ ^ i ^ 
Henry P. Heaslelr 
Principal I nvesjt igator 
Wyoming Geotherfnal Resource 

Assessment Grbup 

HPH/tj 

Enclosure 



T H E U . M V K H S I T V O F WVO.MIAC; 
DEPARTMENT OF GEOLOGY ft GEOPHYSICS 

GEOLOGY BUILDING 
P. O. BOX 3006 

LAKAMIK. WYOMING 8 2 0 7 1 
PH. 307-766-3386 

December 10, I98I 

Dr. L. L. Mink 
Department of Energy 
Idaho Operations Office 
550 Second Street 
Idaho Fal1s, Idaho 
83^01 

Dear Roy: 

Enclosed are three documents which fulfill two specific tasks of 
DOE contract number DE-FC07-791D12026. 

The first document is entitled "Heat flow studies in Wyoming, 1979 
to I98I" by Decker, Heasler, and Buelow. It fulfills task 13 in modi­
fication AOO6 which states: 

"An updated (I98I) regional heat flow map will be delivered, 
as will detailed maps of gradients and heat flow in prospec­
tively valuable areas. All maps will be accompanied by inter­
pretations. Both heat flow and available radioactivity data 
will be used in interpretations. Heat flow information will 
be obtained for approximately 20 new stations". 

The second and third documents are entitled "Heat flow, radioactivity, 
gravity, and geothermal resources in northern Colorado and southern Wyoming" 
by Decker and Buelow and "Geothermal studies in Wyoming and northern 
Colorado with a geophysical model of the southern Rocky Mountains near 
the Colorado-Wyoming Border" by Buelow. The third document is a Master 
of Science thesis completed by Mr. Buelow under the supervision of Dr. 
Decker with funds from this contract. These two documents fulfill task 
four of the original DOE agreement which states: 

"Investigate the northern extension of the Rio Grande Rift 
through studies of flux, radioactivity and young volcanics 
for the potential of geothermal resources". 



Page 2 - Dr. L. L. Mink 

I hope that these documents are an adequate fulfillment of tasks 
k and 13. 

S incerely, 

cc: Bob Gray 
Duncan Foley 
Ed Decker 

;V^-fi/^ 

Henry P. Heasler 
Principal Investigator 
Wyoming Geothermal Resource 

Assessment Group 

enclosure 

HPH:ar 
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T H E U N I V E R S I T Y O F "WYOMING 
D E P A R T M E N T OF GEOLOGY ft G E O P H Y S I C S 

GEOLOGY BUILDING 
P. O. BOX 3006 

LARAMIE, WYOMING 82071 
P H . 3 0 7 - 7 6 6 - 3 3 8 6 

September 21, I98I 

Dr. Duncan Foley 
Earth Science Lab 
University of Utah Research Institute 
420 Chipeta Way, Suite 120 
Salt Lake City, UT 84108 

Dear Duncan: 

Enclosed is a copy of my letter to L. L. Mink which 
constitutes the June, July, and August technical progress 
report for the Wyoming Geothermal Resource Assessment 
Group. 

If you have questions, please contact me. 

Sincerely, 

Henry P. Heasler 
Principal Investigator 
Wyoming Geothermal Resouilce 

Assessment Group 

HH/dg 

Enclosure 
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September 21, I98I 

Dr. L. L. Mink 
Department of Energy 
Idaho Operations Office 
550 Second Street 
Idaho Falls, ID 83401 

Dear Roy: 

This letter constitutes the June, July, and August technical progress 
reports for work accomplished under contract DE-FC07-79ID12026J 

Our main effort for the last three months has been the fi0ld collection of 
downhole temperature data. Three field crews have been activeljy working in 
the Wind River Basin, Green River Basin, the Thrust Belt, the Bighorn Basin, 
and the Powder River Basin. Temperatures are measured in hole^ of opportunity 
at discrete intervals (usually 10 meter spacing) using thermistor probes and 
Wheatstone bridge assemblies. A discussion of the work effort follows on a 
basin by basin level. 

In the Green River Basin and Thrust Belt of Wyoming, over 37 wells have 
been thermally logged. Six of these wells were logged to over 1 ,800 meters. 
Companies who are cooperating with our geothermal investigations in this basin 
include Texaco, Belco Oil, Aquatine, Kemmerer Coal Company, Wexpro, and 
Champlain Oil. Numerous private well owners and the Bureau of Land Management 
have also been helpful. A rough draft of the Green River Basini thermal 
gradient map has been completed and will be further modified through analysis 
of the new field data. 

Our compilation of oil well bottom hole temperatures for the Wind River 
Basin is almost complete. Thus far, approximately 1,500 data points have been 
compiled but still need to be plotted and analyzed. Companies ijvhich have been 
contacted in the Wind River Basin include Union 76. Gulf Oil, Ppillips Petroleum 
Company, Monsanto, Kirkwood Oil, Amoco Production Company, Pathfinder Mines, 
and MCOR Oil. Only seven wells were logged in this basin by the end of August. 
Also, one well was located near the Alcova Dam that flows 250 git)m of 42°C 
water but has an obstruction in the casing at 1 meter. There ate presently 
no plans for the use of this well. 

In the Powder River Basin four water wells were thermally logged that 
ranged in depth from 55 meters to 360 meters. These holes were[logged as the 
first step in the analysis of the geothermal potential near Bearfcreek, Wyoming, 
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for the Bearcreek Uranium Company. Bearcreek Uranium is presently using 
shallow groundwater as a source of water in its uranium mill. They are inter­
ested in obtaining a deeper source of water that would be warmer and conse­
quently help in their uranium milling process. Also by obtaining deeper 
waters they hope to stop the depletion of shallow aquifers in the area. 

Temperatures and gradients have been calculated for the area near 
Bearcreek. Thermal conductivity samples have been collected and are in the 
process of being measured. From these measurements heat flows will be calcu­
lated and estimates of temperatures at various aquifer depths will be made. 
These data and preliminary interpretations will then be given to Bearcreek 
Uranium Company for their own evaluation in exchange for having permitted our 
temperature surveys in their wells. 

Also in the Powder River Basin an attempt will be made to log coal explora­
tion holes that are being drilled by the U.S. Geological Survey. Negotiations 
are still in progress to determine rig standby costs and the number of holes 
we wish to log. 

In the Bighorn Basin ten additional wells were thermally logged. This 
included a I80 meter core hole in the Absaroka Mountains from which samples 
were obtained for thermal conductivity measurements and one 90 meter water well 
in which 1 1/4 inch plastic pipe was installed and filled with water. The 90 
meter hole will be used as a monitor well to observe near surface temperature 
variations. This is part of the effort to assess the reliability of oil well 
bottom hole temperature gradient determinations. 

A series of four maps were completed for inclusion in the report on 
geothermal potential in the Bighorn Basin. These maps, at a sqale of 1 to 
250,000, include generalized geology, thermal gradient contours, structure 
contours on the Tensleep Formation, and temperature contours on the Tensleep 
Formation. The thermal gradient and temperature contour maps resulted from 
the analysis of over 1,800 oil well bottom hole temperatures and over 30 meas­
ured gradient holes. 

Our report on the Thermopolis hydrothermal system In the Bighorn Basin 
has been accepted for publication by the Wyoming Geological Survey. The sugges­
tions of all reviewers have been Incorporated Into the report. The Wyoming 
Geological Survey's editor Is presently working on the publication. 

On August 19i a meeting of the Thermopolis Geothermal District Heating 
Advisory Group was held. Approximately 2/3 of the committee members were in 
attendance along with local citizens, media reporters and representatives of 
DOE, HUD, and the hired engineering firm, Coury and Associates. The University 
of Wyoming Resource Assessment Group outlined their work to date and presented 
a general discussion of possible future contributions to the Thermopolis 
Geothermal District Heating Feasibility Study. More specific discussions of 
the resource followed the formal meeting, primarily as answers to questions 
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from the engineering firm and DOE sponsored advisors. The feasibility study 
engineers will be relying almost totally on the University of Wyoming group 
for all resource assessment input. A general timetable for the cooperative 
exchange of information was developed and will be implemented. 

Other field work accomplished during this time period Included the thermal 
logging of six drill holes near Gunnison, Colorado. All six holes were owned 
by Amax with the deepest being 700 meters. 

Geothermal presentations were made to various groups during June, July, 
and August. A talk and accompanying paper entitled "A Summary of Geothermal 
Potential and Development In Wyoming" was presented to the midyear meeting of 
the Interstate Oil Compact Commission that was held in Casper,iWyoming, on 
June 28 to 30, 1981. The paper will be Included In a publication on the pro­
ceedings of the meeting. A copy of the paper Is Included for your reading. 

Another talk was presented to Wyoming high school and elementary teachers 
at a workshop concerning energy and mining in Wyoming. This workshop was 
sponsored by the Wyoming Mining Association through the University of Wyoming. 
An overview of geothermal energy was discussed along with specific references 
to Wyoming's resource and potential. 

A state-wide water well list was compiled in June for use by summer field 
crews In obtaining holes for thermal logging. The lists were purchased from 
the Wyoming State Engineers Office and include such things as depth to water, 
total depth, use, location, and owner. Because of the great number of permitted 
wells, a depth cutoff of deeper than 200 feet was generally used. The lists 
were gathered by geologic basin for the entire state excluding the Powder River 
Basin and the Denver Basin. 

Another project Initiated during this time period was an inventory of oil 
field co-produced water. We have become Interested in co-produced water 
because the structure and stratigraphy of Wyoming's sedimentaryi basins commonly 
result in deep, hot waters under substantial artesian pressure. While normal 
or even subnormal gradients preclude economical geothermal drilling in many of 
these areas, 3,739,848 bbls/day of water is co-produced with petroleum from 
wells up to 25,000 feet deep. 

Co-produced waters are separated from the oil by various physical and 
chemical processes and are disposed of in three principal ways: (I) surface 
discharge, (2) waste reinjection, and (3) secondary recovery - water flood 
Injection. The Wyoming Department of Environmental Quality in Cheyenne main­
tains records for the approximately 400 surface discharge permits in the 
state. Their files have been examined and correlated to Wyoming Oil and Gas 
Commission records to determine field and field water production. Individual 
files for the 15 permits greater than 1 million gallons per day were searched 
for precise flow, temperature, and chemical data. Waste reinjection records 
are compiled by the Wyoming Oil and Gas Commission. Disposal well files for 
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the Bighorn Basin have been examined and six-month volume stat 
data, and producing and injected formation Information compile 
files for the approximately 4,000 injection wells (both waste 
water flood) In the state have not been studied. 

istlcs, chemical 
d . Ind I vidual 
disposal and 

Statewide production statistics have been searched to pinpoint the 
of significant water co-production (46 fields produce greater than 

loca-

10,000 barrels of water per day), and names and addresses for the appropriate 
operators have been compiled. Amoco Production Company In Powell, Wyoming, 
was selected for the initial Industry contact and has agreed to supply wellhead 
and separator water temperatures, which are the least available data in the 
various state fIIes. 

Other accomplishments during this time period include the measurement of 
482 thermal conductivities for 15 thermal gradient holes. Also, on July 30 
through July 2 a representative of Los Alamos National Lab visited our group to 
learn about thermal conductivity measurements and downhole temperature measure­
ments. 

I hope that this letter and Its enclosure constitute a satisfactory report 
for work accomplished during June, July, and August. 

S incerely. 

n-̂  
' / • 

^ 
<2 7 

Henry P. Heasler 
Principal Investigator 
Wyoming Geothermal Resource 

Assessment Group 

HH/dg 

Enclosure 

cc Robert Gray 
Duncan Foley 
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June 5, 1981 

Mrs. M. A. Widmayer 
Department of Energy i 
Idaho Operations Office 
550 Second Street 
Idaho Falls, Idaho 83401 

Dear Maggie: 

This letter constitutes the March, April, and May technical progress reports 
for work accomplished under contract DE-FCO7-79ID12026. 

During these months a regional report on the Washakie and Great Divide Basins 
was written. The report investigates and defines areas of hydrothermal poten­
tial in the two Basins (T.12N. - T.27N., R.86W. - R.105W.). To aide in the 
geothermal evaluation approximately 2,000 oil and gas bottom hole tempera­
tures were gathered, 24 temperature-depth profiles measured by our group were 
analyzed, and 15 heat flow values were interpreted. These idata were then 
used to construct maps of temperature of the Mesaverde Formation, elevation 
of the Mesaverde Formation, and the thermal gradient in the Basins. Also 
shown on the maps are surface geology and the location of data points. Pub­
lished chemical analyses for oil field waters were gathered and three new 
analyses for warm artesian wells in the Basins were determined. Other data 
used in the report consist of published and unpublished reports, maps, and 
theses. Editing of the report has begun and hopefully the |-eport will be 
out for DOE review within li months. 

During these 3 months the Thermopolis low-temperature hydrothermal system 
report was completed and sent out for DOE review on May 22. The report is 
also being reviewed by the Wyoming Geological Survey for possible publica­
tion. This report is a comprehensive study of the geothermal potential of 
the Thermopolis, Wyoming area. Some of the topics addressecfl are the maximum 
temperature of the system, extent of the system, depth to tliie hydrothermal 
reservoir, hydrology, stratigraphy, and structural geology. 

The town of Thermopolis has been awarded $50,000.00 for a HUD district heat­
ing feasibility study. As cleared through the DOE contract office in Idaho 
Falls, our geothermal group is represented on an advisory bcj)ard for the 
feasibility study. The first function of the advisory board was to attend 
a May 19th Thermopolis City Council meeting where four consulting engineering 
firms (Denver Research Institute, Western Energy Planners, CH2M Hill, Coury 
and Associates) presented their qualifications for completihg the feasibility 
study. The advisory group then gave their individual recommendations to the 
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city'counci1. I felt that all four firms are well qualified but that CH2M 
Hill seems to have more experience and a greater range of expertise avail­
able. 

During March, April, and May over 2,000 temperature data points were plotted 
on maps for the Bighorn Basin. Maps thus far compiled include a temperature 
gradient contour map, structure contour map of the Tensleep Sandstone, and a 
map showing temperature of water In the Tensleep Sandstone. Also shown on 
these maps are ground elevation contours, surface geology, and the location 
of data points. Writing has begun on an interpretative report that will accom­
pany these maps as well as discuss chemistry, hydrology and geology of the 
Bighorn Basin. 

A geologic map showing temperature data points has been compiled for the 
Saratoga Valley in Wyoming. A brief geologic summary of the area has been 
written but a more complete interpretation of the thermal d^ta needs to be 
finished and written. 

Most of the temperature data compilation and plotting for the southern 
Powder River Basin was completed in May. Thus far over 4,0d)0 oil well 
bottom hole temperatures have been plotted for this area. Oil well drill 
stem tests have been looked at to determine artesian wells. Research is 
continuing on the area's hydrology, chemistry, and structural geology. 

During the past 3 months work continued on the Thrust Belt of Wyoming. 
Approximately 54 oil well bottom hole temperatures were gathered and plotted 
on maps. Also, computer plots were made of the data showlncj temperature 
versus depth, thermal gradient versus depth, and thermal gradient versus 
temperature in an effort to assess the reliability of the data. Our field 
crews thermally logged 5 water wells in the Star Valley areal in the Thrust 
Belt during April. Also, our field crews have met twice with University of 
Utah Research Institute personnel in the Star Valley area. This has been to 
exchange information and cooperate on their geothermal investigations of the 
Star Valley. 

In March, April, and May various presentations were made to different groups. 
On the evening of March l6th, I made a short presentation to the Cody City 
Council explaining the geothermal potential of the area. Oni March 17th a 
member of the Wyoming Geothermal Commercialization Office aqd I were ques­
tioned for 20 minutes for use by the local Cody radio station. On March 18th 
two talks were given. Bern Hinckley gave a 20 minute talk to the Powell 
Rotary Club explaining geothermal energy and generally descriibing Wyoming's 
geothermal potential. I gave a presentation at Northwest Cotnmunity College 
in Powell that covered in general Wyoming's geothermal potential with emphasis 
on the Bighorn Basin. 

On April l4th the Wyoming Geothermal Commercialization Offi 
day geothermal workshop in Casper. Talks were given by vari 
and geothermal consultants. I presented a one hour talk wi 
summary paper entitled "Viyoming Geothermal Resources". This 
resultant newspaper publicity are enclosed for your reading. 

ce sponsored a one 
ous state officials 
th an accompanying 
paper and the 
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Four members of our group attended the Resource Assessment Team meeting in 
Glenwood Springs, Colorado on May 5"6. On May 5th I gave k twenty minute 
technical presentation on "Conductive Thermal Modeling of Wyoming Geothermal 
Systems". Thermal assessment techniques used by our group were discussed 
with emphasis on examples of the site specific studies of the Cody and 
Thermopolis low-temperature hydrothermal systems. The summary paper which 
accompanied this talk is included for your reading. 

I hope that this letter and its enclosures constitute a satisfactory report 
for work accomplished during March, April and May. 

Sincerely, 

Henry P. Heasler 
Principal Investigator 
Wyoming Hydrothermal Resource 

Assessment 

HPH/tj 

cc: Robert Gray 
Duncan Foley 
Mike Tucker 



CONDUCTIVE THERMAL MODELING OF 1V\'0MING 
GEOTHERMAL SYSTEMS 

b y 
Henry P. Heasler 

Department of Geology and Geophysics 
University of Wyoming 

Laramie, Wyoming 

Introduction 

The purpose of this paper is to present a summary of techniques used 

by the Wyoming Geothermal Resource Assessment Group in defining low-

temperature hydrothermal resource areas. Emphasis will be placed on 

thermal modeling techniques appropriate to Wyoming's geologic setting. 

Thermal parameters discussed include oil-well bottom hole temperatures, 

heat flow, thermal conductivity, and measured temperature-diepth profiles. 

Examples of the use of these techniques will be from the regional study 

of the Bighorn Basin and two site specific studies within the Basin. 

Funding for this work has been primarily from the U.S. Department of 

Energy Cooperative Agreement DE-FC07-791D12026. 

General Geologic Setting 

Wyoming is in the Rocky Mountain and Great Plains physiographic pro­

vinces (Fenneman, 1946). This region, often referred to as the Rocky 

Mountain Foreland, is primarily situated between geosynclines to the west 

and the stable craton to the east. Much of Wyoming is essentially a 

group of large intermontane basins separated by major mountain ranges or 

arches (Figure 1). For most of the region the present distribution of 

mountains and basins resulted from the Laramide orogeny beginning in the 

Late Cretaceous (approximately 70 million years ago) and terminating in 

the middle to late Eocene (approximately 40 million years ago). The tec­

tonic style of Wyoming is characterized by compression, uplift and thrust 

faulting (Blackstone, 1971; Houston, 1969). 

The major mountain uplifts expose rocks of Precambrian age while the 

basins contain sediments of Paleozoic, Mesozoic and Cenozoic age. Some 

of the Paleozoic and Mesozoic sediments are porous and permeable forming 

aquifers that exist over entire basins. The Laramide deformation of 

these has resulted in a structural relief of many kilometers in the 



basins. For example, portions of the Bighorn Basin have a structural 

relief of over 9 kilometers (Prucha et al., 1965). Also, due to the phys­

ical properties and deformation of the sediments, a great amount of hydro­

carbon exploration has taken place in Wyoming. 

There has been volcanic activity in Wyoming in Yellowstone National 

Park as recent as the Pliestocene (Love ct al., 1972), in the Absaroka 

Mountains in the middle Eocene (Smedes and Prostka, 1972), tn the 

Rattlesnake Hills in central Wyoming in the middle Eocene (Pekarek, 1974) 

and in the Black Hills in the middle Eocene (Houston, 1963). Preliminary 

geothermal studies by out group have not identified any geothermal 

resources near the Eocene age volcanics. 

Thermal Techniques 

A major portion of the geothermal assessment of Wyoming has been the 

compilation and depiction of existing bottom hole temperatures from oil 

and gas wells. The largest problem with using such data is assessing its 

reliability. The problem of the thermal equilibration of d well after 

drilling has been discussed by Lachenbruch and Brewer (1959), and the 

problem of thermal instability of a large diameter drillhole is adressed by 

Diment (1967). However, with oil and gas well data many of the correction 

factors for thermal equilibritmi and stability are unknown and consequently 

the bottom hole temperatures cannot be absolutely corrected for various 

thermal perturbations. 

Our attempt at solving this problem has been to define anomalous 

points within the oil well bottom hole temperature data set. Many para­

meters must be considered in the definition of anomalous points. First, 

the data are analyzed only for areas of similar geology. Parameters con­

sidered here are the character of aquifers present, lateral extent and 

continuity of formations, oil and gas producing units, tectonic style, and 

actual rock types present. By analyzing the data within a similar geo­

logic area we are attempting to eliminate the variability in the data that 

would be due to differences in crustal heat flow and thermal properties of 

vastly different rock units. 

After the data is gathered for an area, a series of computer plots 

are made showing temperature versus depth, thermal gradient versus depth. 



and tempcrnturc versus thermal gradient. The effect of avciragc and maxi­

mum mud temperatures on the thermal gradient for tlie region; is then plot­

ted with the thermal gradient versus depth data.(see Figure 2). From these 

plots, data with anomalously high thennal gradients can be identified and 

located on a map. If these data points cluster in an area, we feel confident 

of the anomaly and study the anomalous areas in greater detail. Also, from 

the bottom hole temperature data set maps are compiled of the thermal 

gradient and the major aquifer temperatures. 

To further assess tlie reliability of the oil well bottom hole temper­

atures considerable effort is expended measuring temperatures in drill 

holes. Basically, temperatures are measured with a thermistor probe and 

wheatstone bridge combination at 5 to 10 meter intervals down the wells. 

Decker (1973) gives a complete discription of equipment used and assesses 

the errors involved. Least squares gradient computations for linear seg­

ments of the temperature versus depth plots and absolute measured temper­

atures are then compared with the gradients and temperatures from the oil 

well bottom hole temperature data set. To date what has been found is 

that the oil well bottom hole temperatures and gradients for holes gener­

ally deeper than 750 meters (2500 feet) have always been less than or 

equal to the measured temperatures and gradients. Above this depth the 

effect of warm drilling fluids raising the equilibrium temperature must be 

considered. However, since most of the oil data is below 750 meters (2500 

feet), this method of bottom hole temperature analysis generally results 

in gradient and temperature values less than equilibrium values. 

As previously mentioned, a great amount of effort is expended on 

thermally measuring drill holes. This serves three main purposes. First 

it is important in the determination of the reliability of the oil and gas 

temperature data. Second, the resulting temperature-depth profiles show 

the change of gradient within differing rock units and with depth. 

Finally, thermally measured holes when combined with rock thermal conduc­

tivity can be used to estimate the heat flow for an area. Both of these 

last two uses of thermally measured holes are critical to the modeling 

of hydrothermal systems found in the basins of Wyoming. 

Most of the hydrothermal systems in Wyoming's basins function in a 

similar way. Water enters aquifers in the surrounding mountains, flows 



down the continuous dip slopes to wliere it becomes heated in a syncline, 

and is then forced back to the surface or near surface in aiiticlines. 

Critical parameters that need to be defined for potential developers of 

such systems are the maximum temperature of the system, depth to the 

hydrothermal reservoir, and extent of the reservoir. Conductive thermal 

modeling is one approach to answering these questions. 

The purpose of a conductive thermal model is to calculate the tem­

perature of aquifers in the synclinal portion of these hydrothermal sys­

tems. By modeling the temperatures in the aquifers a judgement can be 

made as to whether the observed thermal anomaly can be explained by the 

regional heat flow, thermal conductivity of the rocks, depth of the syn­

cline, and water flow direction within the aquifers. If the model fits 

the thermal anomaly then the critical parameters of maximum temperature, 

depth to the reservoir, and extent may be predicted with some certainty. 

The conductive thermal modeling of an area begins with an understand­

ing of stratigraphy, structural geology, and hydrology. These are para­

meters which set limits on the thermal conductivity, thermal gradient, 

and depth to aquifers. Next, a regional heat flow value is determined 

using published values and new values calculated as a result of our ther­

mal investigations. Since a necessary part of the heat flow determina­

tions is the measurement of rock thermal conductivities, this conductivity 

data will already exist for use in the thermal model. To model the tem­

perature at a given depth in the syncline one uses the equation: 

T^ = T^ + [(Q/Ki) dxj + (Q/K2dx2) + . . .] 

where T is the sought after temperature in the aquifer, Tg is the mean 

surface temperature, Q is the regional heat flow, Kj and dXj are the ther­

mal conductivity and thickness of lithologic unit closest the ground sur­

face, K2 and dx,, are the thermal conductivity and thickness of the litho­

logic unit below unit 1, and so on until the ac[uifcr is reached. 

Other thermal parameters may also be usefully modeled. For example, 

the flow of a hot artesian well or spring may be modeled in an attempt to 

assess how much the temperature is decreased in flowing from the hydro-

thermal reservoir to the surface (see Truesdell et al., 1977). This is 

useful in helping to define the maximum temperature of tho hydrothermal 

reservoir. Another useful parameter to model in the syncline-anticline 



hydrothermal system is the total conductive heat gain and the heat loss 

of the system. By using the regional heat flow, and the flow and temperature 

of hot wells and springs a minimum area can be calculated over which the 

water must flow to attain the needed heat. This calculation will not prove 

the conductive syncline-anticline thermal model is correct but can help 

illustrate inconsistencies in the model if the area needed for heat gain 

is much larger than that available. 

Application and Results 

The methods discussed have been applied with success to the Bighorn 

Basin in northwestern Wyoming. Over 1,900 oil well bottom hole temperature 

points were used in the analysis of anomalously high thennal gradient areas. 

Gradient-depth data were plotted along with curves representing a gradient 

resulting from the effect of isothermal drilling mud (Figure 2). This aided 

in defining areas of anomalously warm fluids (40-70°C (104-158°F)) at shal­

low depths (150-750 meters (500-2,500 feet)). Based on the data a thermal 

gradient contour map was compiled and anomalous areas identified near the 

towns of Cody, Thermopolis, and Greybull (Figure 3). Gradients in these 

areas were in excess of 90°C/km (50°F/1000 ft). 

The Cody and Thermopolis areas were thermally modeled' using the de­

scribed techniques. Heat flow and thermal conductivities were primarily 

from Decker et al. (1980) and new values determined during the course of 

this study. Geologic constraints for the modeling resulted from an analysis 

of existing geologic literature, limited field mapping and an analysis of 

existing hydrologic data. An important contribution to the thermal model 

was the actual measurement of temperatures down drill hole$ in the thermal 

areas. Twenty four wells were thermally logged near the resource areas. 

These wells not only resulted in accurate temperature and gradient data but 

helped define the intermixing of fluids within some aquifers by their 

isothermal character (Figure 4). 

An example of a map presenting geologic and oil well thermal data is 

shown for the Cody area in Figure 5. The results of thermal studies in­

cluding a DOE sponsored drilling program in the Cody area defines the area 

of greatest use to be in T.52N., R.102W., sections 2, 3, 11, and 16. In 

this area warm waters (34"'C (93°F)) can be reached at shallow depths (51 to 

300 meters (168 to 1,000 feet)). The maximum temperature of this system 



may approach 55 to 65°C (131 to 149°]") at depths of 260 to 5p0 meters 

(853 to 1640 feet). Warm waters will be found at tiic shallower depths 

in the more western portions of this potential use area (see' Heasler 

and Decker, 1980). 

Thermal modeling of the Thermopolis low temperature resource area 

predicts maximum temperatures in the Madison aquifer of 77°C (170°F) 

northwest of the Thermopolis townsite and 60°C (140°F) in the vicinity 

of the townsite. Observed temperatures in this area agree well with 

the model as can be observed from the temperature-depth plot in Figure 

4 which has a measured maximimi temperature of 71°C (161°F) . Depths to 

the hydrothermal fluid along the Thermopolis anticline vary between 

150 to 300 meters (500 to 1000 feet) (see Hinckley et al., 1981). 

Conclusion 

The use of oil and gas well temperature data and conductive thermal 

modeling have been shown to be useful techniques in defining low temp­

erature hydrothermal systems in Wyoming. The oil and gas well data are 

used in locating areas of high thermal gradients by considering the 

effects of drilling mud temperature, rock thermal conductivities, sur­

face temperature, and drilling duration; and by comparing oil and gas 

well thermal gradients to gradients computed from measured temperature-

depth data. Conductive thermal modeling is accomplished by using regional 

heat flow data, rock thermal conductivity information, measuring thermal 

profiles of wells, and applying geologic constraints to the model. Param­

eters that have been successfully addressed by this method of thermal 

modeling are the maximum temperature of the hydrothermal systems, extend, 

and depth to hydrothermal reservoirs. 
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INTRODUCTION 

The Department of Geology at the University of Wyoming is conduct̂ -

ing heat flow and hydrothermal studies in Wyoming and bordering areas. 

This research is financially supported by the United States Department 

of Energy with earlier funding through a grant from the National Science 

Foundation. Department of Energy funding began in December of 1978 with 

total funding to date from the D.O.E. amounting to $374,477.00. 

Geothermal research by the Department of Geology has focused on 

detailed studies of indicated low temperature resource areas, compila­

tions of regional geothermal data, and syntheses of pertinent geology 

and geophysics. Compilations of geothermal data directly followed bot­

tom hole temperatures in oil wells, measurements of temperatures in more 

than 300 drill holes, and the measurement and computation of over 60 heat 

flow values. The regional geology and geophysics were synthesized from 

published articles. This report is a brief summary of the highlights of 

our present results and is divided into a section on regional geothermal 

assessment and a section on site specific areas with potential low tem­

perature resources in Wyoming. The regional assessment section is fur­

ther divided into summaries of heat flow studies and basin studies. 

Throughout the text, temperatures are given in For C ( F = 1 , 8 C 

+ 32), geothermal gradients are given in °F/1000 ft or °C/km (°F/1000 ft 
lO, 

= 1.82 C/km) and depths in feet or meters (foot = .305 meters). The 

i 
2 

—6 9 
heat flow unit is abbreviated to HFU, where 1 HFU = 1 x 10 cal/cm -

sec = 41.8 mW/m 

REGIONAL GEOTHERMAL CHARACTERIZATION 

OF WYOMING 

Heat Flow Studies 

The study of the heat flow in the earth is an important parameter 

to consider in regional geothermal assessment. When properly used it can 



help define possible locations of potential resources, their maximum 

temperatures, and possible extent. Heat flow parameters are I also very 

useful'in site specific geothermal studies. Parameters such as the 

thermal conductivity of rocks and measured thermal gradient values can 

be used in creating models that help define a specific geothermal sys­

tem. 

Since heat flow is an important factor to consider in regional and 

site specific geothermal assessment, much time and effort has been 

spent in the collection of this data. Over 60 new heat flow values 

have been computed for Wyoming since 1978. A brief preliminary inter­

pretation of this data is presented region by region, (See Figure 2 

for regions). Much of this interpretation follows directly from 

Decker, Heasler and Blackstone, 1980. 

The Wyoming Basin 

New temperature-depth data for seven widely separated localities 

in the Great Divide-Green River Basins area (Figure 2) yield gradients 

in the range 17-30 C/km. Estimated heat flows near Eden, Wyoming are 

1.6-1.7 HFU, values that agree with Sass and others' (1971) conjecture 

that this locality is in a zone of normal to intemiediate flux. New 

heat flow values (8) in the Rawlins Uplift-Laramie Basin part of the 

Wyoming Basin (Figure 2) are low to normal (1.1-1.3 HFU). The 0.6 HFU 

intercept of the heat flow-heat production line for these areas pro­

vides strong support for low regional flux, as do tectonic stability of 

the region since the Eocene and low electrical conductivity of the 

underlying mantle (Decker et al., 1980). We therefore conclude that 

there is very little geothermal evidence for shallow reservoirs with 

direct-heat potential in the eastern Wyoming basin. 

Middle Rocky Mountains and Western Great Plains in Wyoming 

Lachenbruch and Sass (1977) inferred the presence of an east-west 

trending band of above-normal flux in the Middle Rocky Mountains-Great 

Plains region in north-central Wyoming. A recent 1.9 HFU determination 

in the Owl Creek Mountains is consistent with this interpretation 

(Decker et al., 1980), as are four previously published above-average 

values in the area (1.6-2.0 HFU) (Blackwell, 1969). The reajsons for 
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high flux in this zone are obscure. One speculative hypothesis is that 

the Inferred high heat flow is in part related to young 1:ectonlc activity 

in the region, as may be suggested by Quaternary and HolcScene faulting in 

the Owl Creek Mountains, and Miocene faulting in the Powder River Basin 

near the northern Laramie Mountains (Decker et al., 1980). But this view 

is not consistent with other data in Wyoming; for example, late Cenozoic 

faulting occurred north of the Hanna Basin and the flux in this area is 

normal (1.3-1.6 HFU). Clearly, more geothermal studies in these parts 

of the Middle Rocky Mountains and western Great Plains area would be very 

valuable because they might confirm above-normal regional heat flow and 

resolve questions related to the kinds of heat sources that exist in the 

subsurface. 

Yellowstone Park - Absaroka Mountain Region 

Values in the central and northern part of the Bighorn Basin in 

north-western Wyoming are £ 1.6 HFU. Decker et al. (1980) report a 1.3 

HFU in the Absaroka Mountains to the west, and Blackwell (1969) obtained 

a 1.3 HFU flux at the southern edge of the Beartooth Mountains to the 

north (Figures 2 and 3). The Absaroka-Beartooth Mountains data show that 

the eastern and northern borders of the Yellowstone cald'era high (>̂  2.5 

HFU) are very narrow (_< 40-50 km) . The narrow transitions coupled with 

Quaternary volcanic rocks in the Park area suggest that the unusually 

high flux (5-10 HFU) in the Yellowstone caldera is caused by near-surface, 

magmatic heat sources (see Morgan et al., 1977). 

The Southern Rocky Mountains 

Birch's (1950) analysis of the Adams and Moffat Tunnels showed that 

the Colorado Front Range was a zone of high flux. Subsequent papers 

demonstrate that above-normal heat flow (>̂  1.5 HFU) is characteristic of 

all of the Southern Rocky Mountains in Colorado and New Mexico. This 

province in Wyoming is not characterized by uniformly high flux, however, 

because the available values in the Medicine Bow and Laramie Mountains 

are low to normal (0.6-1.3 HFU). The northern border of the Southern 

Rocky Mountain high is narrow, on the basis of the lateral distance 

(̂  75 km) between very high estimated heat flow (̂  2.5 HFU) in the North 

3 



Park, Colorado area, and the sites in the Medicine Bow Mountains In 

Wyoming (Decker et al., 1980; Buelow, 1980). 

REGIONAL BASIN STUDIES IN WYOMING 

The Bighorn Basin 

Bottom hole temperature data have been compiled and analyzed for 

over 2,000 oil wells and 40 measured thermal gradient wells that are 

within the Bighorn Basin (Figures 2 and 3), A thermal gradient contour 

map for the Basin shows gradients to be lowest in the central portion 

of the Basin (10 F/1000 feet ( 18 C/km)) and generally increasing 

to the margins of the basins (15-20°F/1000 ft (27-36°C/km)). The ther­

mal gradient map also defines three areas of high gradient. These 

areas are near Cody, Thermopolis, and Greybull and have Isolated values 

of over 50°F/1000 ft (90°C/km). The Cody and Thermopolis areas are 

further discussed in the section on site specific areas. Additional 

work is being done on the Greybull area. 

A new heat flow value of 1.78 HFU has been determined fdr Meadow 

Creek Basin in the eastern part of the Absaroka Mountains. This flux 

and Blackwell's (1969) 1.8 HFU value near Kirwin about 20 km to the 

south suggest that a large part of the Absarokas is a zone of high flux 

like the western Great Basin. Additional evidence for Basin and Range 

type flux in these mountains, in turn, would suggest that low-

temperature reservoirs could occur in this part of northwestern Wyoming. 

Temperatures have been measured in 15 drill holes in thfe Bridger 

Mountains (Figure 2). Although some of the observed gradients (3-7 F/ 

1000 ft (5.3-12.8 c/km)) are consistent with local hydrologic distur­

bances in these mountains, the most reliable values of 19.0-22.6 C/km 

(10-12 F/1000 ft) support earlier suggestions that the Lyslte-Brldger 

Mountain area is a zone of above-normal heat flow (see Decker and 

others, 1980). Like the elevated flux in the Absarokas to the north­

west, the above-normal regional heat flow may imply the presence of 

hydrothermal reservoirs locally in the Bridger Mountains. 



a "normal" ther-

Great Divide and Washakie Basins 

For the Great Divide-Washakie Basins over 2,000 oil well bottom 

hole temperatures were gathered and analyzed along with 20 measured 

thermal gradient wells. Results of this study Indicate 

mal gradient of 26.4°C/km (14.5°F/1000) with a high gradient of 119"c/km 

(65 F/1000 ft). The highest reported temperature in the! region is 155°C 

(311°F) at a depth of 6,400 meters (21,000 ft). Areas of greatest 

potential are considered to be the Lost Soldier oil field area with 

gradients in the range of 22 to 91°C/km (12° to 50°F/1000 ft) to depths 

of 300 to 2850 meters (960 to 9364 ft) ana the Miller Hill-Hatfield 

region with gradients in the range of 22° to 78°C/km (12 to 43°F/1000 ft) 

at depths of 350 to 2600 meters (1154 to 8529 ft). 

The Powder River Basin 

Head and others (1978) have contoured depths and temperatures for 

the Madison Formation in the Powder River Basin (Figure 2 and 3 for loca­

tion) . The temperatures and assumed permeabilities of this unit suggest 

that it could yield vast quantities of waters adequate for direct-heat 

applications. It is also the case, however, that the Madison is at 

great, perhaps uneconomically drilled depths in many patts of the area. 

Consequently, our studies of the Basin have focused on Shallow tempera­

ture, gradient and heat flow measurements. The results of these shallow 

measurements are discussed in the following site specific section on the 

Casper-Midwest-Douglas area. 

SITE SPECIFIC AREAS WITH POTENTIAL LOW TEMPERATURE RESOURCES 

The Thermopolis Area 

Temperatures, gradients and regional geology have been compiled for 
2 

a 1800-1900 mi area that is roughly centered on the Thermopolis hot 

springs (Figure 1). The results demonstrate that the thermal anomaly 

occurs all along the central part of the Thermopolis anticline, occupy­

ing a 20-mi long by 3-mi wide area that strikes west-northwest between 

the southwestern part of T. 43 N., R. 93 W. and the southeastern part of 

T. 44 N., R. 96 W. Within this zone, calculated gradients are 

in the range 43-300°F/1000 ft (78-547°C/km) and tabulated bottom 
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hole temperatures range from 90°F (32°C) to 160°F (70°C) at depths less 

than 2000 ft (̂  .6 km). Inasmuch as dô m̂ward continuation of: the lower 

gradients predicts 60+ C temperatures at depths between 3500 find 4000 ft 

(1.1-1.2 km), we consider all of the region to be a "viable" low temper­

ature, hydrothermal resource area. 

The Red Springs Anticline area in T. 43 N., R. 93 W. may be a "mar­

ginal" resource area. Here the calculated gradients are in the range 

24-59OF/IOOO ft (43-107°C/km). Consequently, 45°C waters might be 

encountered at 3900-4500 ft depth (1.2-1.3 km). 

A tightly folded syncline is located immediately south of the 

Thermopolis anticline. We believe that waters from the Owl Creek 

Mountains are heated at the bottom of this syncline. Subsequent upward 

movement of these waters along the northern flanks of the syncline 

could explain the high gradients in the anticline. The thermal waters 

are most likely to be in the Tensleep and/or Madison Formations—two 

formations with porosities and permeabilities sufficient to yield the 

flow rates {'\> 2800 gpm; Breckenridge and Hinckley, 19/8) of the spring 

system in Hot Springs State Park. Within the central part of the anti­

cline, the "tops" of the Tensleep and Madison range from 200-2800 ft 

(.06-.85 km) and 800-3450 ft (.24-1.08 km), respectively. It is possi­

ble, therefore, that these aquifers could be reached with economical 

drilling in some parts of the structure. 

Referring to "practical" aspects of resource development;, one 

question that must be answered is whether drilling and large scale 

development would change temperatures and flow rates of the thermopolis 

hot springs. Lack of data on porosities and permeabilities of the 

regional subsurface units also could impede development, as could the 

data for the springs which suggest that regional thermal waters would 

contain large amounts of total dissolved solids (2300 ppm; Breckenridge 

and Hinckley, 1978). Finally, minor structures along the crest of the 

anticline should be carefully considered during drill site selection; 

for example, numerous faults cross-cut the northwest-southeast trend of 

the anticline, and a heretofore unmapped fault is evident on air photos 

of the structure. 



The Cody-Horse Center Anticline System 

This potential resource area is bounded by the DeMaris hot 

springs (27-39°C (80-96°F) 1700 gpm) just west of Cody atid the Horse 

Center anticline about 7 miles to the south (Figure 1). The first evi­

dence for a low-temperature resource was provided by the 49-205 C/km 

(27-112 F/1000 ft) grac ients calculated using bottom hole temperatures 

in eleven dry oil wells in the anticline, Down hole measurements by 

Wyoming personnel agree with the oil well data. For example, least-

squares gradients and maximum temperatures based on measurements in five 

shallow oil wells are in the ranges 96-190°C/km (52-104°F/1000 ft) and 

38.4-47.5 C (101-117 F), respectively, at subsurface depths in the range 

185-500 m (607-1640 ft). 

Data from six shallow temperature gradient wells drilled by the 

Department of Geology in early 1980 suggest that the area of greatest 

potential use is in T, 52 N. , R. 102 W. , S'S of section 2, and \^h of sec­

tion 11. In this area warm waters (34°C (93°F)) can be reached at shal­

low depths (51 to 300 meters (168 to 1,000 feet)). The maximum tempera­

ture of this system may approach 55 to 65 C (131 to 149 F) at depths of 

260 to 500 meters (853 to 1640 feet). Warm waters will be found at the 

shallower depths in the more western portions of this potential use area 

(see Heasler, 1980). 

The main aquifers for the Cody-Horse Center hydrothermal system are 

the Tensleep Sandstone, Madison Limeston, and Bighorn Dolomite. These 

formations are reported to have good porosities and permeabilities with 

flows in the Madison Limestone and the Bighorn Dolomite sometimes exceed­

ing 1,000 gallons per minute (Lowry, 1976). However, the water flow of 

wells drilled into these aquifers may vary greatly between wells due to 

secondary fracture permeability, secondary silica cementation of the 

Tensleep Sandstone, and the cavernous nature of the Madison Limestone and 

Bighorn Dolomite. 

The Rattlesnake anticline is between Cody and the Horse Center anti­

cline. As seems to be the case elsewhere in the area, the Chugwater 

Formation in this anticline appears to be an impermeable cap rock that 

overlies porous, permeable and perhaps water-bearing units in the Tensleep 

and Madison Formations. It is believed that waters are heated at depth 

in a syncline that is to the southwest of the Rattlesnake anticline. 
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Subsequent upward movement of the water along the northeastern flank of 

the syncline through the Tensleep and Madison Formations resî lts in the 

warm t-emperatures at shallow depths. 

The Casper-Mldwest-Douglas Area 

Because of much local interest in utilization of hydrothermal 

resources in projected housing development, considerable effort has 

been spent researching these areas. Present data consist of more than 

2,000 bottom hole temperature points, from which combined temperature 

gradient and geologic maps are being prepared. 

Most of our data are for areas near Midwest. These results clearly 

show that the Salt Creek Oil Field is a conspicuous thermal Anomaly. 
2 

Within this 10-12 mi field, bottom hole temperatures between 1000 and 

4500 ft (,3-1.4 km) are in the range 120-170°F (49-77°C), and maximum 

calculated gradients are between 40 and 100°F/1000 ft (72-182°C/km). 

Additionally, water injection wells that penetrate the Madison Formation 

produce 160-175°F (71-79°C) waters that flow to the surface at rates 

exceeding 7,000 gallons/min. There can be little doubt, theifefore, 

that the Salt Creek Field could be used to produce hydrotherifial fluids 

for direct-heat applications in the vicinity of Midwest. The major 

Impedences to resource development could be the relative values of 

hydrocarbon and geothermal resources, the high concentration^ of solids 

in the nonpotable waters, and the question of whether AMOCO production 

Co., Wyoming, or the federal government owns the geothermal resource. 

Scant data exist for the Casper region because fewer oil tests 

have been drilled in the area. The available data do suggest, however, 

that most of the region within a 10-15 mile radius of the city is not 

thermally anomalous. Calculated gradients are generally in the range 

14-16°F/1000 ft (25-29°C/km) and temperatures are in the range 100-135°F 

(38 to 57°C) at depths of 3,500-4,500 feet (1,070-1370 meters). 

Two reliable heat flow values are now available for the Douglas 

low-temperature resource (?) area (Figure 1), The values are In the 

range 2.0-2.2 HFU. These drill holes are in an area where the under­

lying Madison Formation is dipping up to shallower depths from the north, 

northeast. Perhaps upward circulating waters in the Madison explain 
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the observed above-normal flux. More reliable definition of the sug­

gested resource area will require additional research with shallow drill 

holes. 

Gradients in 5 shallow holes near Torrington are in the range 23-

29°C/km (13-16°F/1000 ft). In the Wright area to the north, measurements 

in 10 holes suggest that the undisturbed regional gradient is between 19 

and 29°C/km (10-16°F/1000 ft). The meaning of these data is obscure, but 

one interpretaion is that the eastern part of the Powder River Basin is 

characterized by a complex pattern of normal to high heat flow and per­

haps shallow low-temperature hydrothermal reservoirs in Isolated areas. 

We cannot be more specific without more geothermal data for the Basin, 

Research in the Casper-Midwest-Douglas area is continuing in an 

effort to locate potential resource areas and to better define heat 

sources and hydrothermal water movement. 

The Gas Hills Area 

Research before 1979 revealed the presence of high gradients (42-

100°C/km) at 8 isolated drill holes on the Beaver Rim in the Gas Hills. 

Recently compiled data consist of 20 bottom hole temperatures and temper­

ature measurements in 31 holes that were drilled during uranium explora­

tion. Maps of heat flow, gradient and regional geologic data are in var­

ious stages of compilation. 

The present data are consistent with a complex pattern of gradient 

and flux in the Hills, Briefly, observed gradients range from 20 C/km 

to 100°C/km (11-55°F/1000 ft) and estimated heat flows are in the range 

1.2-3.4 HFU. From combined geothermal and geologic data, one hypothesis 

is that faults control the gradient and heat flow patterns. Thus, any 

development of geothermal resources is likely to require careful mapping 

of the local geologic structure to delineate fault zone$ that could yield 

waters with potential for direct-heat applications. We hope to conduct 

more studies in the area because the great interest in subsurface uranium 

could lead to local settlements and because one deep oil test in the 

Hills is reported to have encountered high temperature waters in the 

Madison (J. D. Love, personal communication, 1980). 



The Saratoga Valley Thermal System 

Our DOE cooperative agreement has allowed us to establish a grad­

ient and heat flow profile that extends from the eastern edgei of the 

Washakie Basin to the Laramie Mountains (Figure 2), Gradients and pre­

liminary heat flow values along this profile are in the ranges 7-30 C/km 

(4-16°F/1000 ft) and ,9-1.6 HFU, respectively. Two holes on the profile 

are near the hot springs in the town of Saratoga (Figure 1). The grad­

ient in the hole about 1 mile west of the springs is 20 C/km (11 F/1000 

ft), and that in the hole about 1 mile to the east is 30°C/km (16°F/1000 

ft). Both gradients may be considered "normal", and so these observa­

tions suggest that the Saratoga hot springs ('̂ 5̂0 C (122 F): 

Breckenridge and Hinckley, 1978) are not surface manifestations of a 

subsurface hydrothermal system with large dimensions. The narrow width 

of the system, in turn, suggests that the springs could be flowing from 

faults in this part of the Saratoga Valley. This view is supported by 

geologic evidence for a fault zone near the spring system (Montagne, 

1955). Like the Gas Hills, development of geothermal resources in the 

Saratoga area may require additional research on the correlations 

between faulting, subsurface temperatures and heat flow in the region. 

We may speculate that moderate or higher temperature resource areas 

could be present at shallow depths in the region between the Saratoga 

Valley and the southern Rocky Mountains in northern Colorado (Figure 2). 

From our new data, the heat flow is normal or low (.9-1.6 HFU) in the 

Saratoga Valley-Sierra Madre Mountains-Medicine Bow Mountains region in 

Wyoming, whereas the flux is high (>̂  2.4 HFU) at Hahns Peak and 

Northgate, Colorado, about 50-60 km (31-38 ml) to the south. Inter­

preted in terms of steady or transient heat sources, the width and mag­

nitude of the transition suggest that the excess flux in northern 

Colorado is partly due to high temperature heat sources at shallow 

depths in the crust and/or upper mantle. This view, in turn;, is con­

sistent with geothermal reservoirs in the transition zone and the high 

heat flow area immediately to the south. 
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CONCLUSION 

Additional work is planned for the Wind River Basinj, Green River 

Basin, Laramie Basin, and the Thrust Belt of Wyoming. Studies will also 

continue in Identified resource areas. Public input has been very use­

ful in past studies in supplying information on thermal springs, wells 

available for logging, and areas of potential resource use, Continued 

input of this type is strongly encouraged. The Wyoming Geothermal 

Resource Assessment Group can be contacted at P. 0. Box 3006, Department 

of Geology, University of Wyoming, Laramie, Wyoming 82071 (307-766-4888) 
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VEGETABLE AND FRUIT DEHYDRATION WITH GEOTHERMAL HLAT 

Vegetable and fruit dehydration in­
volves the use of a continuous opera­
tion, belt conveyor or batch process 
using fairly low-temperature hot air 
from 100-220OF. The heat historically 
has been generated from steam coils 
and natural gas, but can be provi*ded 
by geothermal energy. Typical contin­
uous operation processing plants will 
handle 10,000 pounds of raw product per 
hour, reducing the moisture from about 
83 percent to k percent, depending on 
the product, 

A crop currently being dehydrated 
with geothermal energy is onions. A 
similar dehydration process could be 
applied to fruits and other vegetables. 
The figure below illustrates a typical 
conveyor dryer for drying vegetables 
which is the type presently being used 
for onions. High-powered blowers and 
exhaust fans move the air through water 
coils (which contain either geothermal 
fluid or water in a secondary loop 
heated from geothermal energy) and 
through the beds of onions on the dryer 

conveyor, to evaporat(i the necessary 
from the product 
volume and pres-

tons of water removed 
each hour. Close air 
sure control must be naintained In all 
parts of this drying stage as the air 
moves up and down through the bed to 
obtain product drying uniformity. 
Automatic temperature controllers con­
trol the continuous of^eration. 

At the proper point in the drying 
process, the onions are automatically 
transferred to the second stage of dry­
ing where, under reduced temperature 

bed loadings 
difficult-to-

conditions and deeper 
(about 12 inches), the 
remove diffused water lis slowly with­
drawn. 

After drying, the onions are passed 
over a long stainless steel vibrating 
conveyor that gently carries them to the 
mi 11ing area. In the 
moved by aspirators fr^m the onion 
pieces. The onions are then sliced, 
chopped, ground, granul 
(Source: Geothermal Resources Council 
Special Report No.7) 
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THERMOPOLIS DISTRICT HEATING MEETING MATERIALS AVAILABLE THROUGH THE WGCO 

Patti Burgess-Lyon represented the 
WGCO at a meeting in Thermopolis on 
December 3, 1981. The purpose of the 
meeting was to review the progress of 
the district heating feasibility study 
that is being conducted by Coury and 
Associates for the town of Thermopolis. 
A description of the work completed so 
far on the feasibility study will be 
included in the next issue of this 
newsletter. 

GEOTHERMAL ENERGY POTENTIAL OF CODY 
TO BE PRESENTED AT TWO MEETINGS 

Karen Marcotte will represent the 
WGCO at two meetings in Cody on the 
geothermal energy potential of the Cody 
and South Fork region. 

The first meeting will be held at 
the Cody Chamber of Commerce luncheon on 
December 7, 1981. The meeting will be 
held at the Cody Convention Center at 
12:00 noon in the Cody Club Room. 

The second meeting will also be in 
the Cody Club Room of the Convention 
Center, and will be held on Tuesday, 
December 8, at 7:00 p.m. A slide show 
on geothermal development in the western 
U,S, will be presented, followed by a 
discussion of recent geothermal activity 
In Thermopolis, and the potential for 
geothermal energy development in the 
Cody and South Fork area. The public 
is urged to attend this meeting and 
find out how an inexpensive, renewable 
energy resource can be utilized in their 
communi ty. 

The following is a list of printed 
materials avallable through this office: 

—The Cody Site Specific Development 
Analysis (xerox of draft report) 

—The ThermopolIs/East Thermopolis 
Site Specific Development Analysis 

—Preliminary Data from Six Temperature 
Gradient Holes near Cody, Wyoming 

—Fremont County Area Development Plan 
—Big Horn Basin Area Development Plan 
—Converse and Natrona Counties Area 

Development Plan 
—Wyoming Geothermal Institutional 
• Handbook 

—Rules of Thumb for Geothermal Direct 
Heat Applications 

--Opportunities for Geothermal Energy 
Use in Wyoming Industries 

—Department of Energy Fact Sheets on: 
geothermal ethanol plants, resource 
availability, existing and proposed 
geothermal electric power plants, 
direct use demonstration projects, 
and the Raft River 5-MW pilot plant 

—We also have a variety of printed 
materials from many different sources 
on: geothermal greenhouses, aqua­
culture, heat pumps and space heating. 

—Previous issues of the Geothermal News 

WGCO PERSONNEL 

Karen Marcotte, Program Director 
Patti Burgess-Lyon, Research Associate 
Ruth Tebbutt, Senior Secretary 
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GEOiaiiaill. PISTRICT HEATING SYSTEM 

•^y^;i^prr-^;c^prw^ 

Lartoie,WY 8207i" 
Wyoming 1-8(H)442-83M 

August,, 1^81 

A gttonheriBal d i s t r i c t heating 
Si f f t^ i « one that uses geotherpat 
i i ^ f | s ^~ttie«t buildings and res ld^iees 
i i l ^ tWI t t ^ot a d i s t r i c t .of t ha t "tiiSPlfflU-
Xin̂  i^r^i^theimal heating d i s t r i c t the 

Dcater i s pumped from tttie» -
wells to the heat «xelianger. 

ZaittMe heat exchanger the geothensal 
W«t«ir*»heat I s t ransferred to the - . 
8«tedtii^r|r f lu id . Domestic water i s 
c^mi^^ . t t sed aa the secondary f lu id . 
Thk Ig^ichermal water, after ' heating 
the swiondary f luid in the heat ex-
ch«Eig«r» i s then reinjected into the 
ori^^L^l aquifer. I t imist, however, 
be f^n^efxt^d a t a suff ic ient distance 
fir£)aij t W ptroduction ^ e l l s so as to 
avoid ce l l i ng the water in those wel ls . 
tintft t he geothermal water i s not con-
ayndai^ only i t s heat i s extracted. 

The n@wly warned secondary fluid 
passes fv0i» the heat exchanger to a 
storage tank and peaking p lan t . Here 

HEAT 
IXCHAttaCR 

the r a t e of flow i s regulated 4 ^ m ^ -
lag on seasonal demttMl, tor ^ i ^ p ^ ^ 
during the cold yLaiet mj^itha^Mjm^--
be .tpeicessary to run ' t l^^f l^ te^t i^ '^ ' l^ i l 
capacity, whereas t i e s i s t e r l^^.wmild 
be much reduced. From t l ^ p e s i & | 
plant the hot secon(|*i# l i u i d t^piylil 
to the various b u l l lings and ri^|^Na»ees 
where i t s heat" la r*ileas^ti. A ^ ^ ' 
heating the bu i l d in | s «ad r e s i d | « ^ 8 
in the d i s t r i c t , t h i cooled ati^mkfpty 
fluid i s returned t l the heat le^^^H^a^g^ 
where i t Is again warmed by the* $tif^ 
thermal water. . . 1 ' - ' . » ; 

The secondary f luid i s confc#i««i. 
in a closed system.] t i i s not f^fS^. 
snm^, but continually reused. ' Ip6 fif 
the benef i ts of us i ig a sacondatf^ f luid 
in a d i s t r i c t hea t i ig system i s t i ta t 
corrosion and s ca l i i g due to iiq^i^i^ies 
in tbe geothermal waters are ist^j^^^k 
This keeps the c6st 
at a minimum. 

pf replacttti ||;|«kf 

rAOSWCTION 
WILIS 

INJECTION 
WELL 

Above is a schematic diagram of a 
geothermal district heating system. 

if^Mii^cft|^T.5ti*3s';.'- ,.;..•'• il v..L«n! ••.:*.arii-,V, it V.: i£l«!^^.4. 
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TlEBIiOFOLIS FEASIBILITY OBAirt 

Thermopolis has rec^lfved the 
contract from HUS concemittg tha teras 
of a feasibility study thliy are fund­
ing. The study concerns' the feasi­
bility of installing a geotbsraal dis­
trict heating system in Theriaepolls. 
Ck>ury and Associates has' been chosen 
by Themopolis as the consalting 
engtueerlng firm that will conduct the 
study. 

^<:drdijig to Renee Hagee, Town 
Adttitoiatrator/Planner, the first step 
will be a meeting of thei Advisory 
Board to setLup a work prograau --This— 
will 0ccur when the contract has been 
signed and i^tumed by BUD. 

GCO PERSONNEL 

Kartoi .tfarcotte. Acting 
Patti Burgess-Lyon, Ses^ 
Ruth tebbutt, Seniot S 

Director 
6% ibssociate 

MATERIALS AVAILABLE TgRCPSH THE ^ 

The following is a list of printed • 
materials available thro^^ the 6C0t 

t 

—Wyoming's fieotheicmal Resource and 
Uti l iset lcm Poten t ia l 

—The Cody Si te Specific Developiaent 
Analysis (xevox of draf t report a t 
t h i s time) 

—The Thermopolis/East TheiSBopolis 
Si te Specific Develofoient Analytic 

—Preliminary Dati from Six Ta*pera-
^ tu re Gradient Boles near Cody, 

Wycnslng 
.^^FrwDont jSojaBBtgr Area Pl4n 
-^Big Born B i t i i ^ i i ^ Plan 
--dbnverse anil ^eCtone Cotmties Aree 

DeyelOfpaftt Flan 
—Instituti^bnal Bankbook for the State 

of l^roWnJI 
—Rules of Thtinb for Geothermal Direet 

Applications 
—Geothermal Greenhouse Beating f i | | l 0 « t 
—Federal Cost Siu^lng for Exploir4^iii( 

of Hydrotheviaal Reservoirs for 
Direct Applications 

—Geothermal Energy in looming: S i t e 
Data Base and Development &tt 

—Bydrothermal CosBiercialisatio:^' 
l i n e for the State of Vfov^̂ ^̂ W"" 

—^All previous issues of Geothd^^Sil 
News 

y ^ ^ ' i 
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Duncan Foley, Geologist 
Earth Science Laboratory 
UURI, 391-A Chipeta Way 
Salt Lake City. UT 84108 
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T H E UNIVERSITY O F W Y O M I N G 
DEPARTMENT OF SEOLOOY 

OIOLOOY BUILDINO 

P. o. aox sooe 

LARAMIE, WYOMING 82071 
PH. 307 7ee.338S 

June 5, 1981 

Dr. Duncan Foley 
Earth Science Lab 
University of Utah Research Institute 
^20 Chipeta Way, Suite 120 
Salt Lake City, Utah 8AIO8 

Dear Duncan: 

Enclosed is a copy of my letter to M. A. Widmayer which 
constitutes the March, April, and May technical progress 
reports for the Wyoming Geothermal Resource Assessment 
Team. 

If you have questions or comments, please contact me. 

Sincerely, 

Henry P. Heasler 
Principal Investigator 
Wyoming Hydrothermal Resource 

Assessment 

HPH/tj 

Enclosures 
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Hot water from old oil wells could heat homes 
By DAVID ANSLEY 

01 Tlie Star-Tribune Stall 
Hot water from dry wells could heat 

your home someday. 
Wells given up as "dry" by oil compa­

nies may nevertheless have tapped hot 
water thousands of feet down. 

I( those wells could be used by nearby 

residents, "that could be the greatest use 
of low-temperature geothennal 
(supplies) In the state," says Henry 
Heasler of the University of Wyoming 
geology department. 

"Low-temperature" geothermal water 
Is less than 190 degrees Fahrenheit and 
could best be used for direct heating of 

Casper 

buildings, he said. 
Heasler, part of a team assessing the 

state's hot water resources for the U.S. 
Department of Energy, described his work 
at a Wyoming Geothermal Energy 
Workshop held Tuesday at Casper College. 

Sponsored by the Geothermal Commer­
cialization Office in Laramie, Tuesday's 

program Included discussions of the eco­
nomics, technology and equipment of 
geothermal energy use. 

THE MOST OBVIOUS sources of 
naturally-heated water are located near 
scattered hot springs In Yellowstone Park, 
the Big Horn Basin, the Saratoga area and 
the Midwest area, Heasler said. 

Near Cody, for example, the assessment 
team found 140-degree water at depths of 
only 600 feet, from where It could be 
removed at reasonable cost. 

"It's not economical" to drill new wells 
Into hot water trapped several thousand 
feet underground, he said. "But If the 

j regulations could be streamlined," frult-
less oil and gas wells that strike water 
would be a valuable source. 

"It costs more to. plug already-dug 
wells" than use them as hot water 
supplies, Heasler saltf. - 1 . 

"I ENCOURAGE PEOPLE to contact 
us" with the locations of hot springs or 
wells that have tapped hot water, he said. 
"We find some hot springs Just by talking 
to peopje." 

- • * : • • / ' • 
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GEOTHERMAL INSURANCE NOW AVAILABLE 

The Insurance Company of North 
America (INA) has formed a new insur­
ance group providing comprehensive 
coverage to the energy Industry. INA's 
Energy Insurance Group will be able to 
serve the insurance needs of renewable 
energy technologies such as geothermal, 
solar, and wind, as well as conventional 
energy risks. 

Geothermal Insurance eliminates 
the risk of inadvertent loss to poten­
tial Investors which makes for a more 
attractive financial venture. 

The Geothermal Resource Program 
provides insurance against loss arising 
out of the termination of a project 
as a result of resource inadequacy or 
against loss from a project that fails 
to perform as expected. Coverage is 
offered through a non-cancellable 
policy that includes both project con­
struction and an operational period up 
to seven years. 

In direct-use of geothermal energy 
(such as industrial processes and var­
ious agricultural and aquaculture uses) 
indemnification is based on the in­
sured's loss resulting from an inade­
quate resource. This may include the 
actual cost of an alternative fuel sys­
tem, for example a steam boiler, suffi­
cient to supply the required heat and 
Its alternative fuel. Or, it could 
cover the costs of redrilling or re­
working the geothermal well. 

The Geothermal Resource Program 
is also a strategic financial tool 
available to expedite development in 
both direct and indirect uses. It can 
be a significant factor in attracting 
capital and financing for these kinds 
of projects. 

For more information on geothermal 
Insurance write: INA Corp., 1600 Arch 
Street, Philadelphia, PA I9IOI. 

Vol. 2 No. 10 October, I98I 

HYDROLOGIC TESTING PRCIPOSED FOR THERMOPOLIS 

The town of Thermcipolis has submit­
ted a proposal for some limited hydrolog­
ical tests to the Wyoir ing Water Develop­
ment Commission. During the I98I spe­
cial session, the Wyotring legislature 
approved a measure that would provide 
for the study and use of underground 
water for municipal purposes. All 
proposals submitted under this program 
must be made by incorporated municipal­
ities in Wyoming. Geothermal applica­
tions are included in the list of poten­
tial uses of underground water under this 
program. 

The Thermopolis proposal consists 
of the following two sections: 
1. the hydrological testing of existing 

geothermal wells, in order to define 
the aquifer paramet(irs in the Ther­
mopol is region, and 

2. the drilling and tejjting of one hy­
drologic and thermal test well approx­
imately four miles outside of Ther­
mopolis, to a depth of about 500 ft. 
The purpose of this proposal is to 

test the effects, if any, that the op­
eration of wells may have upon each 
othfcr, or upon the aquifer itself. The 
data obtained from this study would be 
very helpful in defining the parameters 
of̂ .î he Thermopolis aqui 

The review of this 
take place on October 2|9 in Cheyenne, 
Wyoming. Geologists from the Wyoming 
Resource Assessment Team will assist 
Thermopolis and other hydrologists on 
this project if the proposal is accepted. 

fer. 
proposal will 



WIND ENERGY WORKSHOP IN CHEYENNE THERMOPOLIS MEETS WITH ELIOT ALLEN 

A consumer oriented workshop en­
titled, "Wind Energy for the Rockies" 
will be held at Holding's Little Amer­
ica in Cheyenne, Wyoming on Saturday, 
October 31, 1981. 

The workshop is being sponsored by 
the Rocky Mountain Wind Energy Associa­
tion and Western Sun. It will begin at 
8:30 a.m. and close at 6:00 p.m. 

Mr. Robert Sherwin, Vice President 
of Enertech, will be one of the guest 
speakers. Enertech is the world's 
leading producer of home-sized wind 
systems. Mr. Sherwin's presentation 
will be on "Proper Siting of Wind Sys­
tems". 

Advance registration is $15-00 
for energy council members, and $20.00 
for non-members. Registration at the 
door will be $25.00. For registration 
materials or additional information, 
contact Matt at the Rocky Mountain Wind 
Energy Association, Box 9̂ *08, Casper, WY 
82609, or cal1(307)266-2539. 

GCO PERSONNEL 

Karen Marcotte, Acting Program Director 
Patti Burgess-Lyon, Research Associate 
Ruth Tebbutt, Senior Secretary 

On September 15, 1981 Eliot Allen 
addressed the Thermopolis town council 
on alternative methods of funding a. 
geothermal district heating system. 
Through a Community Assistance grant 
awarded to Thermopolis, Eliot Allen and 
Associates will be available to help 
Thermopolis devise a plan for financing 
the geothermal district heating system 
being studied and designed by Coury and 
Associates. Although it is premature to 
at-i<empt a financing strategy now, it is 
hoped that Eliot Allen will be able to 
provide that assistance at a later stage 
dur/ng the feasibility study. 

GEOTHERMAL GREENHOUSE COMPLETED 

A commercial geothermal greenhouse 
has been completed by Tom Berry in 
Thermopolis, Wyoming. The greenhouse 
measures 3^ feet by 96 feet and uses 
126°F water from the Sacajawea well 
just north of Thermopolis. Mr. Berry 
is growing tomatoes commercially for 
sale in the area. Depending on the 
success of this project, Mr. Berry 
may expand his operation to include a 
second geothermal greenhouse. 

*_ 
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Evaporation in Sugar 
Refining 

Fresh Water by 
Distillation 

Refrigeration by 
Medium Temperatures 

Drying and Curing of 
Light Cement Slab^ 

Drying of Organic Ma­
terials, Vegetables 

Washing and Drying of 
Wool 

Drying of Stock Fish 
Intensive De-icing 

District Space Heating 
Greenhouses by Space 

Heating 

Refrigeration by Low 
Temperature 

Animal Husbandry 
Greenhouse by Combined 

Space and Hotbed 
Heating 

Residential Space 
Heating 

Mushroom Growing 
Balneological Baths 

Soil Warming 

Swimming Pools 
Fermentation 
Warm Water for Year 

Around Mining in 
Cold Climates 

De-icing 

Hatching of Fish 
Fish Farming 

alization Office wa 
December 1978 on th 
University of Wyomi 
ject funded jointly 
of Energy and the U: 
mlng. The purpose 

The Wyoming Geothermal Commerci-
establlshed in 

'. campus of the 
ig, and is a pro-
by the Department 
liversity of Wyo-
*f GCO is to cata­

log geothermal resources within the 
state of Wyoming and 
viduals, businesses, 

to assist indi-
and governmental 

offices in the evaluation and use of 
specific geothermal sites, 

Geothermal energy is energy that 
is produced from the heat in the 
ground. It takes the form of steam 
in high temperature &reas, while it 
is very hot water in low temperature 
areas. With the expected shortage of 
fossil fuels in the future, geother­
mal energy has become a very import­
ant resource in energy-rich Wyoming. 

There are three main types of 
geothermal systems i^ Wyoming: (1) 
volcanic systems such as those found 
in Yellowstone National Park; (2) 
hydrothermal systems manifesting them­
selves in hot springs! and wells, such 
as those in the Thermopolis area; and 
(3) deep sedimentary basins producing 
unusually hot temperstures at depth, 
a system which underlies much of Con­
verse and Natrona Counties. 

The chart to thej left indicates 
some potential uses of geothermal 
energy in Wyoming. The upper range 
of temperatures are npt shown, as they 
are not known to exist in the state 
outside of Yellowstone National Park. 
Many resources currently in use in 
Wyoming are swimming bools and hot 
baths in the Thermopolis, Saratoga, 
and Jackson areas; space heating near 
Lander and Thermopolis; a trout hatch­
ery near Jackson; and bridge de-icing 
in Sybille Canyon between Laramie and 
Wheatland. 



The Wyoming Geothermal Commerci­
alization Office is currently working 
on a wide variety of projects. Site 
specific studies are being done to 
determine the feasibility of district 
heating systems for the Midwest/ 
Edgerton and Thermopolis areas. 
A broader study of the geothermal 
potentials of the Converse and 
Natrona County region is nearing 
completion. 

Many individuals around the 
state are also proposing geothermal 
resources and development. 

- new greenhouse for commercial 
tomatoes near Thermopolis 

- possible aquaculture application 
near Midwest 

- greenhouse for raising Forest 
Service pine seedlings near 
Midwest 

GCO Personnel 

Program Director Rick James 

Research Associate. . Karen Marcotte 

Graduate Research Assistant . . , . 

. . . John MacDonald 

Research Aide . . . Carole Asplnwall 

Work Study Student. . , , Keith Bray 

Senior Secretary Nancy Nelms 

Commercial use of geothermal heat 
has been in existence in the Midwest/ 
Edgerton area for years in oil field 
production. The Amoco waterflood sys­
tem injects hot water into the earth 
to maximize oil recovery. 

existing greenhouse for commer-: 
cial tomatoes being expanded 
near Lander 

possible greenhouse or aquacul-̂  
ture application near Powell 

GEOTHERMAL NEWS is a quarterly 
publication of the Wyoming Geothermal 
Commercialization Office, This and 
future issues are suitable for filing 
in a three-ring binder for easy 
reference, 
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PRELIMINARY STUDY PRESENTED TO THERMO-
POLIS ADVISORY GROUP ON DECEMBER 3 

Coury and Associates presented the 
preliminary findings for the district 
heating feasibility study to the Ther­
mopolis advisory work group on December 
3, 1981. Three potential well sites 
have been identified for the district 
heating system. They are located .35 
miles, 4.6 miles, and 9.65 miles from 
Thermopolis. Expected temperatures are 
I30OF, U5°F, and 160°F respectively. 
Two system design options were out­
lined: heating the entire town, and 
heating 8 square blocks of the down­
town area. These are merely the 
largest and smallest options. How­
ever, something in between might also 
be considered. There are, of course, 
different design considerations inher­
ent in various combinations of the 
system sizes, available temperatures, 
and well locations. Rough cost esti­
mates for heating the entire town 
range from $Tt,000,000 (using 160°F 
water), to $17,900,000 (using 130°F_ 
water). Heating only the downtown 
area would cost $6,000,000 (with 160°F 
water) to $3,000,000 (with 13OOF wa.ter) . ' 

The city must now decide what size 
system they would like to install, and 
which well site would best meet those 
needs. City residents are being asked 
to state their site and size preferences 
in a citywide poll. Once these decisions 
have been made, the hydrologic program 
team will begin the task of accumulating 
temperature and flow data. Coury and 
Associates will use the new hydrologic 
data in their final feasibility study. 
The final study is scheduled for com­
pletion during the spring of 1982. 

(For more information on the hydro-
logic study, see the November, I98I 
issue of the Geothermal News). 

SENATE SUBCOMMITTEE HEARING ON GEOTHERMAL 
LEASING NEAR NATIONAL PARK AREAS 

A U.S. Senate subcommittee hearing 
on geothermal leasing in areas adjacent 
to National Parks was held in Casper 
on December 12, 1981. The purpose of 
the hearing was to hear testimony in 
regard to S.I5I6 and S.669. These two 
bills are presently being studied by the 
Subcommittee on Public Lands and Reserved 
Water. 

The hearing was chaired by Senators 
Wallop (Wyoming), and Melcher (Montana). 
Most of the discussion concerned geother­
mal leasing in the Island Park area and 
subsequent potential effects on the 
thermal features of Yellowstone. Mr. 
Henry Heasler, of the Wyoming Geothermal 
Resource Assessment Group, represented 
Wyoming at the hearing. Mr. Heasler 
submitted written testimony and answered 
questions directed to him by both Senators. 

In addition to testimony by Mr. Heas­
ler, statements were accepted into the 
record by: Senators Wallop and Melcher; 
Mr. Bill Cunningham, of the Wilderness 
Society; Dr. Robert Christiansen, of the 
U.S. Geological Survey at Menlo Park; 
Dr. Gordon Bloomquist, of the Washington 
State Energy Office; Ms. Leah Street-Mar­
tin, of the Idaho Division of Energy; Mr. 
Clifton Merritt, of the American Wilder­
ness Alliance; Mr. Bruce Hamilton, of the 
Sierra Club; Dr. Raymond Herrmann, Director 
of the National Park Service; and Mr. 
Townsley, Yellowstone Park Superintendent. 

If you would like a copy of S.I5I6 or 
S.669, contact this office and a xerox 
copy will be mailed to you. If you would 
like a copy of the printed hearing, or if 
you have any questions in regard to subse­
quent subcommittee activities, contact: 

Public Lands S Reserved Water Subcommittee 
3104 Dirksen Senate Office Building 
Washington, D.C. 20510 



WGCO PERSONNEL AND OUR FUNDING STATUS 

As you are undoubtedly aware of 
by now, there is no funding available 
from the Department of Energy for geo­
thermal programs such as this one in 
1982. The WGCO has received a no-cost 
extension of our I98I contract. This 
means that the office will remain open 
as long as our previously allocated 
funds wi11 last. 

As a result of the minimal and 
finite amount of funds remaining to us, 
the staff of the WGCO has been cut .back. 
Patti Burgess-Lyon, Research Associate, 
will no longer be working for the GCO 
effective January 1, 1982. I annoi>nce 
Patti's departure with sincere regret 
as she has done a great deal towards 
fulfilling our goal of promoting geo­
thermal energy in Wyoming. 

In addition, the WGCO secretarial 
position will be reduced to a part-time 
position effective January 11, I982. 
I will be the only full-time employee 
of the WGCO as of January 11. 1f I am 
out of my office and my secretary is 
not in, there will be no answer at our 
telephone number. This is an unfortu­
nate, yet unavoidable situation. I 
hope that you will not become discour­
aged if there is no answer when you 
call. Please try to call back if 
there is no answer the first time. 

While these cutbacks are certainly 
disappointing, I wish to stress that i 
am willing to do as, much as possible to 
maintain our previous high level of 
assistance to the public. If there is 
any information that you may need in 
regard to geothermal energy development 
in Wyoming, please do not hesitate to 
contact me. 

I will keep the WGCO office operable 
as long as is financially feasible. If 
this program has been as successful as I 
believe it has, the use of geothermal 
energy in Wyoming will grow to be wide­
spread in the next few years. It is 
towards that goal that I will continue 
to direct my efforts throughout the 
remaining months of this project. 

With appreciation to the Wyoming 
public for their interest and 
understanding. 

(JiMu [l\<r^^6.attl. 
Karen Marcotte 
Program Director 
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UNIVERSITY OF UTAH RESEARCH INSTITUTE 

UURI 
EARTH SCIENCE LABORATORY 
420 CHIPETA WAY, SUITE 120 
SALT LAKE CITY, UTAH 84108 

TELEPHONE 801-581-5283 

20 May, 1983 

Mr. Bern Hincl<ley 
Department of Geology 
Universi ty of Wyoming 
Laramie, WY 82071 

Dear Bern: 

I apologize for being la te in get t ing t h i s report returned to you, but by 
now you must be get t ing accustomed to delays i n DOE-related pro jec ts . Ron 
Smith at NOAA t e l l s me that you f i n a l l y have a copy of the second ed i t ion of 
the map; I look forward to your comments. 

The best source fo r information about d i rec t heat appl icat ions of 
geothermal resources i s : 

Anderson, D. N., J . W. Lund, eds. , 1979, Direct U t i l i z a t i o n of 
Geothermal Energy: A Technical Handbook: Geothermal Resources 
Council Special Report 7 

Just about everything anybody ever wanted to know is contained in t h i s source. 

I have made several comments on the tex t of the o i l f i e l d repor t . My 
major problem in reviewing t h i s has been that our w r i t i ng sty les are very 
d i f f e r e n t . I have not , however, made suggestions in many places about 
rephrasing. I f you would l i k e me t o , l e t me know and I would be happy to do 
so. 

I have kept a copy wi th my comments on i t , so please ca l l i f you have any 
questions. 

Sincerely, 

4. 
''̂ Duncan Foley 
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OIL/FIELD GEOTHERMAL WATERS OF WYOMING 

Introduction 

Evory day, (in the oil fields of Wyoming, over 150 million gallons of waterA-^:^*^ 

are brought to the surface. This water ^s profiiu;»d for ne i ther -agr icu l tu ra l 
of 

•f^oc-jumixcipaul UGG) buUis ^ i m p l ^ a by-product (accompanying) the production of 

o i l and gas. The temperature of th i s water is nearly always greater than 90°F, 
^ 0 A^/'"vi.—'-*''y a- r . - ' t - . l f 

|.̂  and ranges as high as 230 F. Most- of the water is not reused by the oil and 

-I gas industry, but is disposed of either by reinjection or, more commonly, by 

-̂  discharge to the surface. The thermal energy ̂ f tho water) is ̂ :>mp1y dissipat-ed) 

c r o T h o atmoophorQ and) the water either soaks into the ground or finds its way 

into natural drainages. 
Oil 

Fifty-two of the largest water producing fields in the state (accounting 
A 

for over 98% of the total oil-field water production) have been inventoried as 

the basis for this report. Eighty-eight percent of the water produced in these 

fields is warmer than 100°F; 60% is hotter than 120 F. If the total water pro-

tUllH-L^Wnf,. ̂ ^„, „>»^^. y ^ ^ 
n î u h. ir tne 

duction of these '̂2 fields were coolecl(^To room temperature), approximately-S^O-. 
•HjerrMAl ^ ^ 

megawattS-of power would be released.'^he purpose of this report is to briefly 

present the location, volume, temperature, and present use status of co-

produced oil-field thermal waters. It is hoped that making this information 

available will focus attention on development of applications for this substan­

tial energy resource which, in spite of ready availability, is virtually unused 

at present. 

Funding for this report was provided under cooperative agreement DE-F107-

79ID(p2026 between the U.S. Department of Energy and the University of Wyoming, 

Department of Geology and Geophysics. The oil/field operators contacted were 

in most cases very helpful and cooperative. Without their gracious assistance 

this report could not have been completed. 



GEOTHERMAL ENERGY IN WYOMING: TEMPERATURES, SOURCES, APPLICATIONS 4^'M'"^'.1^ 

As the overall limits of traditional energy supplies have become apparent, 

^ atte.ntion has increasingly focused on oo-collod "alternative" energy sources '̂* 

such as geothermal. Since geothermal energy derives from the natural heat of 

"̂  the earth, it is dependent neither on past accumulations of organic material 

^ nor on the present, sun-powered systems of wind, water, or direct solar energy. 

Thus, the qeothermal resource is uniquely stable, long-lived, and globally dis-/l^^-,fR 

3 fs , tri buted. ., ̂ ^̂ ^ fK,, b u W «J ttie (mi n ^ fee ok- W ^ ^ ^ A ^^ 

->. ^ The (Quality)of this resource varies greatly, however. At the top of the ^ f M ^ ^ 

^ scale are the spectacujjil hot springs and geysers of Yellowstone National Park 

_^^ and the (yU^megawcilrt geotfremrcU stream electrical generating station at the Gey­

sers, California. At the lower end, including most of the world and all of Wyo-

';̂ ^ <—ming outside Yellowstone, is simply a warming of the earth with depth and | • 

an occassional warm spring. 

The rate at which the earth warms up with depth (commonly expressed in 
or '^ClV.M m sciĉ Â ifii, iWi? f<wpWl pRKjftKM (ifMeJ^ (epa\k C^eUT) 

F per 1000 feet of depth) is called the geothermal gradient. Geothermal gradi­

ents vary widely across the state of Wyoming as a function of heat flow, rock 

thermal conductivities, and hydrologic modifications. The distribution, ori-

gin, and significance of subsurface temperatures are extensively evaluated in 

a series of reports by members of the Wyoming Geothermal Resource Assessment/fEjCMW^i^ î 'f 

Group^(Dnpt. of Gpnl-ô At-nnd Gonphyr-icn. ll. nf Wyn. I ,iramip, Wyn. fi?07Ll-jw4 u t ^ ' ^ ^y-

will not bo discubbbd lievê j For this report it is sufficient to note that nor­

mal geothermal gradients in Wyoming generally fall in the ll-16°r/1000 ft. I ̂ Ĉ IC|/(A j 

range. Since most oil and accompanying waters in Wyoming are produced from 

depths in excess of 5,000 feet, the high temperatures encountered are not ne-

cessarily anamolous, but are the expected result of deep drilling. Tempera­

tures of 100, 200, 300, and even WOO r)can be found at sufficient depth in any 

of the sedimentary basins of the/state. In most cases the depth required to 
^^J^^^^j~»^0(h\m\\j Since on pl. ' i-^Fis Iko T M ^ 



produce high temperatures far exceeds that which can be economically justified 

by the hot water resource. Thus, the importance of oil fields is that oil and 

gas production pays well drilling and pumping costs and the produced geothermal 

waters represent a potentially valuable by-product. 

The two critical parameters for geothermal development at-^the—resotrre-e—' 
> ; 

?̂ ^ 
•4J§Ilt,ure5__£DuiKLin Wyoming are the temperature and avai lable quanti ty of 9^^~y^LJ^( f^A 

thermal waters. Sincexio wel ,\\̂  
CK 

Mo 

I have been drilled specifically to produce hot u ^ g-,v\ C-

water in Wyoming, thermal/waters presently arrive at the surface via thermal ^(M^^^iX,'^. 

springs, flowing <t^rmal welT^ and along with oil and gas in oil and gas i ii j r 

^ ^Mor w e ftv)Hwv,-H»frviW TA t W a rtvw. [TiiAt\)ana\ ihjle <« fit|t*«*Ai 

wells. (£ii/'>0>€D»aivJSp̂ 4-fTĝ ^ 
im) 

enridge and Hinckley, cite a total flow of approximately 20,000 gallons per min-

ute (gpm) of naturally occuring thermal water (excluding Yellowstone Park) with 

approximately 4,500 gpm in excess of 100 F. On the Geothermal Map of Wyoming 

, n ^m\^\f^bMh\/V(^ -a- 0^^^'\ 

- - o ^ " ^ Wi'^firyf^i,^>J^ee^,M^-^Srf>4--^^^ Heasler et al. have 

compiled a partial list of important flowing thermal wells with a total flow 

of C,̂  ^ gpm, r 3^ gpm over 100 F. In comparison, the 1981 water produc­

tion of Wyoming oil fields averaged 110,914 gpm (178,918 acre ft./yr.) (Petro-
f^ 

leum Information Corp. Ĵ etfT 1981 Production Report), with approximately 97,000 
gpm in excess of 100°F. 

Uses for Wyoming thermal waters are as varied as the temperatures. While 

it is doubtful the type of dry stream-turbine electrical system used at the Gey­sers, (Cal if oni^wi 1 1 ever be developed in Wyoming, there are technologies for 

using 180°F and warmer waters to produce electricity through more complex tur- vV,.- ' 

bine cycles. This represents the high end of potential geothermal energy use 

in Wyoming and as such is on th^ margirp'of economic viability. More widely ap­

plicable uses fall generally into(the categories of space conditioning and agri 

cultural and industrial processing./ Above approximately 170 F geothermal 

y' 

OAujliiKa leu tUn W f ( b ^ ^ k ttW^ fkf M 



waters may provide energy to cooling and air conditioning cycles. Geothermal 

waters may simply replace the boiler-heated water of conventional heating sy-

stems down to 130-140 F, and with adaptations^,^ay provide useful direct space 

heating down to 80-90 F. Through the use of groundwater heat, pumps, .energy, can \ .̂ ^ ? 

be economically extracted from waters as cool as(4m-50°F. U W k^e 0. WilllW plwIeW i O J y ^ ? ^ 

y I?'). (I'otentia'p agricultural/industrial appl 
M \)(wimi\ 

ications^ {successfully it 
tp^^Zvt^^^ — ~i — " — vl\.fn^ 

i>*V in many areas of the world^ include greenhouse heating and agricultural product A \BjDifcJ 5 

drying. Success has also been widespread in applying geothermal waters to the 

K„i 

raising of fish and other aquatic food sources. Basically, any energy use for ci>*'7'̂ »dJ» 

which sub-boiling temperatures are adequate may 4wwe-potential application 4-H- t j t i r i . 

doednrm: 
the Wyoming geothermal resources.I The intention of this report is not to pre-

le 

> 

,^Wt^t.. 

'sent an exhaustive list of these applications; the above discussion is provided J L . \ J ^ 

^ -— " ^ 2 : - -
pimply to outline the possib i l i t ies. /"^ A ^ l M ^ 

— ll 
OIL-FIELD THERMAL WATERS^^JMONITORING, LOCATIONS, VOLUMES, QUALITY, ) \.6. fi^pUlftfl y^c 

TEMPERATURES, DISPOSITION 

!4 . 
There is no systematic monitoring of oil field thermal waters in Wyoming 

at this time. The Wyoming Oil and Gas Conservation Commission maintains the 

largest data base on oil and gas activity in the state, including the water pro­

duction reports from which Petroleum Information Corporation compiles their sum-

(fgfWM.t'i ^(ofK ifx, l(st- .oU (Ub art Aucul. 

maries. The Oil and Gas Commission also maintains cursory records on projects -^W f 

involving the injection ofwater into oil fields to maintain reservoir pres­

sures. This water may be produced water, surface water, or groundwater deve­

loped specifically for this purpose. Where produced waters are discharged to 

the surface, chemical characteristics and volumes are monitored at irregular 

intervals by the Water Quality Division of the Wyoming Department of Environ­

mental Quality, jjhe-st-attts of w^tor rei-ft^eet-etf-simply as waste disposal is un-

•d-ettr at present, -with-bot^the Oil and Gas Commission and the Department of 

file:///BjDifcJ


are fcoVh ^ ^'^^ '*"M«i ^ \)jm\e dlis,()D*^, 

Environmental Qua! ity-beeww^ involved in the regulation and monitoring-^f^)- V \ 

Gefrs^ All waters ^f any ser-t^in the state are also under the jurisdiction A (•,' 

of the Wyoming State Engineer. Where waters are considered to be beneficially p' ,C' 

used, as in reinjection for pressure maintenance, water appropriation permits 

are required. Produced waters^^which are not used in this way, are considered 

by the State Engineer only insofar as they may contribute to the flow of exist­

ing natural streams. |(a'̂  (','̂  ?':'' "VA 

Nope, gf tB»&^jgencife6 >y" coBcerned with water temperature. (If tempera- C 

ture of discharged waters -w*? high enough to be a significant environmental con­

cern, the Department of Environmental Quality is empowered to regulate such dis­

charges.) Therefore, it has been necessary to contact oil-field operators di­

rectly for the information of this report. Information on water production, 

temperature and disposition is that provided by the operators unless otherwise 

noted. (I have attempted to assemble as much data as possible in Table l) The 

discussion which follows parallels Table 1 on a column by column basis and in; , 
r l M v ^ l e a r ^ 04 iiWtxom^ apuneimk wilt mdiaire ^ m - k u)lnx 

eludes notes on ta&le format and interpretation.-Hw Aĵ m of -KMS diS£i>5S<«i a - e^fUiAî oAi d inkipreiu-hor 
6riA<St.os&ion 0^ i a o n e x u ^ rglut'W^ ̂  t U AK^B^ ? 

County/Location/Field. Due to the modest temperature of geothermal waters 

in Wyoming, most applications need to be near the point of availability, and 

location is therefore an important constraint. The Salt Creek field in Natrona 

County, for example, surrounds the town of Midwest and might contribute thermal 

energy to a wide variety of residential and commercial space heating systems, 

to industrial and perhaps agricultural processing applications, and to green­

house and aquaculture projects supplying the readily accessible markets in Mid­

west and Casper. The Lance Creek field in Niobrara County, in contrast, is in 

an area of \ iery low population density and is therefore more restricted to ap­

plication in processes not dependent on community development or local markets.' 

JsiWyr^l. he^ m^ 'Ĉ ^ -l^ ^ ^ ^ ^ ^ ^ ^ ^ c d ^ c , ^ . 

ha«t> T-e-c. (MOHW cllre ^ f ^ e m J iwup ŵ  ^0 ( ) T- K-̂  «i .f . ^ 
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Operator. In most cases, operations of a single field have been taken 

over by a single operator. Where this is not the case, the operator (or opera­

tors) responsible for the preponderance of the water production are listed, fol­

lowed by an asterisk. 

Water Volume. Oil fields are generally defined on the basis of the geo­

logic conditions creating a more or less continuous oil reservoir. Thus, field 

sizes will vary greatly as will the number of wells contributing to total pro­

duction. Since the oil/water production of many wells is commonly collected 

at oil separation facilities, thermal waters will be concentrated at various 

locations within each field. The total production figures listed do not re­

flect in-field distribution; how much water is actually collected at any one 

point will vary widely depending on specific field characteristics. (All vol-
? j!&/^ khle ' Hat- brou^k^ tjp fn. diSiuSilOi f 

umes are l i s ted in gallons per minute (gpm). /Tabled wateoproduction values 
Ir ^ ^ 

enclosed by par/ntheses are average 1981 values calculated from Petroleum Infor-

mation Corp. Production Summaries; no reports were received directly from field 

operators in these'^cases.) 

Since the value of oil field geothermal resources is small relative to 

the petroleum resources, oil fields will continue to be managed for optimum oil 

and gas revenues. It is unlikely this will generally lead to optimum geother-

mal production as well, so geothermal applications will be largely at tho mercy 

-of. petroleum production strategies. The range in water production (based on 

monthly averages for all operators in the field) has therefore been compiled 

from the published/Production Summaries. 

Fields with relatively constant water production are certainly the most ) 

attractive candidates for geothermal development; development would have to be ^ S 0 Uy) 
carefully coordinated with field operators to establish a secure energy source ) (/..jftgUP 

in any case. " j ^ 

(/if' 01̂  

) > * » 
\k 



^ ^ ^ / Water Temperature. The temperature of produced water will generally de-

^ vvf crease from the formation (bottom-hole temperature) to the point of(fina1 dispo 

o^ ^ / § sition^ Geothermal applications which follow all oil-water separation pro-

^ o f ^ cesses and in-field water uses will have to depend on somewhat lower tempera- , UA J 

r ^ Hiaf r^°%5infi^'^P 

^ y ^ tures than will applications v;hi-€h can extract heat from produced waters before fi^^ 

, ^ 5 or during separation processes. It should also be noted that all the thermal ( ( ^ " ^ 

f ^ ^ - 5 ^ energy in produced waters is not un-used by-product. In some fields these i 

i^^ r 
•^ ^ - s waters are used to provide energy to treater faci lities^ (which is-of cotirse-a—- -̂

^ ^ ^ §««tbermal appli-cation itjclf) While the main value of water reinjected to en-

V. > * hance oil recovery derives from the simple pressure of the water, temperature 

g «=*vi niay be of some benefit in terms of altering oil viscosity and mobility, fhe— 
Q; ̂ ^ jiaiture-and-qtjantification •of--sueh- bene-f-it-is-uncTear, but-presents a potent i---

^ ^ ^ ^lyL-irapor-tant—Tega-l-quest-ion-as to whether-tbis is or-is not-a useof the geo.-

—ttTCTTirarTe'SOurcer- ^'^'ttiiiLiS^^ 

Water Quality. The quality of oil-field waters is generally(;^uite p o ^ ^ t 0 ^ ^ ^ ^ ^ 

For space heating applications this may not be a significant problem if scaling 

and corrosion can be controlled. For agricultural/aquacultural applications, 

it may be necessary to use heat exchangers to transfer thermal energy to waters 

of more acceptable chemistry. 

Water Disposition. Water produced with oil and gas is disposed of in one 

of three ways: 1) It may be discharged to the surface to either soak in, eva­

porate, or run into natural drainages; 2) It may be reinjected into an accep­

table formation via waste disposal wells; 3) It may be reinjected into oil-

producing strata to improve reservoir drive mechanisms and so to enhance oil 

recovery. 

Water discharged to the surface is clearly the most readily available for 

geothermal development. Once waters enter a surface drainage they are no long-



V^u» 

er under the control of the field operator, but are regulated like any other 

surface water through the Wyoming State Engineer's Office. Heat is recognized 

as a beneficial use of water in Wyoming and can therefore justify a water appro-

f^miik^»^e44)>^^^ 

priation. In many cases discharged oilfield waters are presently used for 

stock watering and irrigation. Where such uses have appropriated water rights 

they would take precendence over geothermal applications in the event of a con­

flict. 

Question marks in the "Discharge Water" column of Table 1 indicate the par­

titioning of produced waters between the 3 options listed above is unclear. 

A question mark following a value indicates produced water was assumed to be 

surface discharged because there were no injection projects reported for these 

fields. Values enclosed by parentheses are taken from the files of the Water 

Quality Division of the Wyoming Department of Environmental Quality (DEQ). The 

number of discharge permits has also been extracted from tiiese files. Numbers 

followed by astericks denote" permits which DEQ has noted as covering discharges 

greater than 1 mil|ion gallons per day (700 gallons/minute). Many discharge 

permits are filed against the contingency of possible discharge. Discharge may 

rarely occur under these permits, so the number of permits listed for a field 

is a maximum number of discharge points. 

(^ After waters discharged to the surface, the most available waters for geo-

(^thermal applications are those destined for waste reinjection. (The data of j 

Table 1 on both waste and enhanced recovery injection come from the 1980 Wyo-vpOT •"'̂  

ming Oil and Gas Statistics compiled by the Wyoming Oil and Gas Conservation _J £ / / Lfv^f) (Uii 

Commission.) These waters are presumably of no value to the oil and gas opera-UfiAl 

tions; examination of DEQ files reveals that in many cases waste waters which 

were previously surface discharged have been converted to reinjection due 

to tightening discharge water quality standards. Thus, geothermal application:, 



which took over disposal of these waters would actually save the field operator 

the expense of reinjection. As with the number of surface discharge points, 

the number of disposal wells reflects the degree of water concentration within 

the field. 

Geothermal application^of waters used in enhanced recovery injection opera-

tions would be the most logistically difficult of the three options. Depending [ i ^ ^ 
opho6. 

on how the field operators view the value of temperature to the recovery pro­

cesses, however, it may be possible to extract significant heat in "closed 

loop" processes which return the water for injection. While some portion of 

injected waters may cycle back through the system as produced water, this does 

not necessarily decrease their geothermal value. This recycling of cooled 

waters is an accepted way to usefully extract energy from very large subsurface 

irghmt) 
heat sources. Unlike the previous disposal options, the number of injection 

^-4;tJi^(JA,Ma^kXM loo4-
wells in(this^ase represents the dispersal of waters to create the proper in­
jection pattern. The maximum concentrations of thermal waters in these fields? jM**-, 
will occur at separation facilities. /l,̂ -•** L'^^ 

re ^'•"^<^'=^<=»t.-fe-!•."- V--̂ i < 5 U < ^ 0 , T ^n^ecn^'^ . 

The'^formations involved in enhanced recovery operations are coded as fol-"^ 

lows: Ams - Amsden, Cam - Cambrian, Cur - Curtis, Dak - Dakota, Emb - Embar, / > ĵ ltt 

Fox - Fox Hills, Frn - Frontier, Lan - Lance, Leo - Leo, Mad - Madison, Min - v LJ(^^ 

Minnelusa, Mor - Morrison, Msv - Mesaverde, Mud - Muddy, Phs - Phosphoria, Shn - A V U 

- Shannon, Sun - Sundance, Sus - Sussex, Ten - Tensleep. y \iJ^^ ' 

\^kekA''iZ(.iMiif} 
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Pii hipe Ol'- lerlwrm 

lAx, 

J 20 May, 1983 

Mr. Bern Hinckley 
Department of Geology 
University of Wyominq 
Laramie, WY 82071 

Dear Bern: 

I apologize for being iM late in getting this report returned to you, 

but by now you must be getting accustomed to delays in DOE-related WMHtUiy 

projects. Ron Smith at NOAA tells me that you nave a copy of the second 

edition $ of the map; I look fortward to your comments. 

The best source for information about direct heat applications of 

geothermal resources is: 

Anderson, D.N., J.W. Lund, eds., 1979, Direct Utilization of Geothermal 

Energy: A Technical Handbook: t<MMIi\ Geothermal Resources 

Council Special Report 7 

Just about everything anybody ever wanted to know is contained in this source. 

I have made several comments on the text of the oil field report. My 

major problem in reviewing this has been that our writing styles are very 

different. [̂ 6i<;jrTvd>filKe/>?̂ tl>ei5̂ ^ 

I have not, however, made suggestions in many places about rephrasing. If you 

would like me to, let me know and I would be happy tojdo so. 

I have kept a copy with ^ m y comments on it, so please call if you 

have any questions. 

Sincerely, 

Duncan Foley 
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OIL FIELD GEOTHERMAL WATERS OF WYOMING 

Bern S. Hinckley i 
Wyoming Geothermal Resource Assessment Group 
Department of Geology and Geophysics 
University of Wyoming 
Laramie, Wyoming 
August, 1983 

Introduction 

Over 150 million gallons of water a day are brought to the surface in the 

oil fields of Wyoming. This water is produced for neither agriculture nor 

municipal use, but is a by-product accompanying the production of oil and gas. 

The temperature of this water is nearly always greater than 90° F, and ranges as 

high as 230° F. Approximately one half of the water is not reused by the oil 

and gas industry, but is disposed of either by reinjection or, more commonly, by 

discharge to the surface. The thermal energy of discharged water is simply 

dissipated, and the water either soaks into the ground or finds its way into 

natural drainages. 

Fifty-two of the largest water producing oil fields in the state 

(accounting for over 98% of the total oil field water production) were inven­

toried in 1982 as the basis for this report. Eighty-eight peircent of the water 

produced in these fields is warmer than 100° F; 60% is hotter than 120° F. If 

the total water production of these 52 fields were cooled to 70° F, approxima­

tely 800 megawatts of thermal power would be released. 

The purpose of this report is to briefly present the location, volume, tem­

perature, and present use status of co-produced oil field thermal waters. It is 

hoped that making this information available will focus attention on development 

of applications for this substantial energy resource which, in spite of ready 

availability, is virtually unused at present. 

Funding for this report was provided under cooperative agreement DE-F107-

791D12025 between the U.S. Department of Energy and the University of Wyoming 



Department of Geology and Geophysics. The oil field operators contacted were in 

most cases very helpful and cooperative. Without their gracious assistance this 

report could not have been completed. 

Geothermal Energy In Wyominq: Temperatures, Sources, Applications 

As the overall limits of traditional energy supplies have become apparent, 

attention has increasingly focused on "alternative" energy sources such as 

geothermal. Since geothermal energy derives from the natural heat of the earth, 

it is dependent neither on past accumulations of organic material nor on the 

present, sun-powered systems of wind, water, or direct solar energy. Thus, the 

geothermal resource in general is uniquely stable, long-lived, and globally 

distributed. 

The quality of this resource varies greatly, however. At the top of the 

scale are the spectacular hot springs and geysers of Yellowstone National Park 

and the 1000 megawatt geothermal stream electrical generating station at the 

Geysers, California. At the lower end, less impressive but much more 

widespread, is simply a warming of the earth with depth and an occassional warm 

spring. 

The rate at which the earth warms up with depth (commonly expressed in ^F 

per 1000 feet of depth) is called the geothermal gradient. Geothermal gradients 

vary widely across the state of Wyoming as a function of heat flow, rock thermal 

conductivities, and hydrologic modifications. The nature, distribution, origin, 

and significance of subsurface temperatures are extensively evaluated in a 

series of reports by members of the Wyoming Geothermal Resource Assessment Group 

and will not be discussed here. For this report it is sufficient to note that 

normal geothermal gradients in Wyoming generally fall in the 11-160 F/1000 ft. 
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range. Since most oil and accompanying waters in Wyoming are produced from 

depths in excess of 5000 feet, the high temperatures encountered are not 

necessarily anomalous, but are the expected result of deep drilling. Oil well 

bottom-hole temperatures of 300° F or higher have been measured in most of the 

sedimentary basins of the state. The drilling depth required to reach these 

high temperatures, however, far exceeds that which can be economically justified 

by the hot water resource. Thus, the importance of oil fields is that oil and 

gas production pays well drilling and pumping costs and the produced geothermal 

waters represent a potentially valuable by-product. 

Two critical parameters for geothermal development in Wyoming are the 

temperature and available quantity of geothermal waters. In Wyoming, thermal 

waters presently arrive at the surface via thermal springs, flowing wells, and 

along with oil and gas in oil and gas wells. Breckenridge and Hinckley (1978) 

cite a total flow of approximately 20,000 gallons per minute (gpm) of naturally 

occurring thermal water (excluding Yellowstone Park) with approximately 4500 gpm 

in excess of 100° F. Heasler et al. (1983) have compiled a partial list of 

important flowing thermal wells with a total flow of 20,000 gpm, 18,000 gpm 

over 100° F. In comparison, the 1981 water production of Wyoming oil fields 

averaged 110,914 gpm (178,918 acre ft/yr) (Petroleum Information Corp., 1981), 

with approximately 97,000 gpm in excess of 100° F. 

Uses for Wyoming thermal waters are as varied as the temperatures. While 

it is doubtful the type of dry stream-turbine electrical system used at the 

Geysers, California, will ever be developed in Wyoming, there are technologies 

for using 180° F and warmer waters to produce electricity through more complex 

turbine cycles. This represents the high end of potential geothermal energy use 

in Wyoming and is of doubtful economic viability at that. More widely 

-3-



applicable uses fall generally into the categories of space conditioning and 

agricultural and industrial processing. Above approximately 170° F geothermal 

waters may provide energy to cooling and air conditioning cycles. Geothermal 

waters may simply replace the boiler-heated water of conventional heating 

systems down to 130-1400 F, and with adaptations, may provide useful direct 

space heating down to 80-90° F. Through the use of groundwater heat pumps, 

energy can be economically extracted from waters as cool as 50° F. 

Agricultural/industrial applications which have been successfully implemented in 

many areas of the world include greenhouse heating and agricultural product 

drying. Success has also been widespread in applying geothermal waters to the 

raising of fish and other aquatic food sources. 

Basically, any energy use for which sub-boiling temperatures are adequate 

may be a potential application for Wyoming geothermal resources. The intention 

of this report is not to present an exhaustive list of these applications; the 

above discussion is provided simply to outline the possibilities. For an 

excellent treatment of the direct utilization of geothermal energy, including 

full discussion of the above, see Anderson and Lund (1979). 

OIL FIELD THERMAL WATERS: MONITORING, LOCATIONS, VOLUMES, QUALITY 

TEMPERATURES, DISPOSITION 

Monitoring 

There is no systematic monitoring of oil field thermal waters in Wyoming at 

this time. The Wyoming Oil and Gas Conservation Commission maintains the 

largest data base on oil and gas activity in the state, including the water 

production reports from which Petroleum Information Corporation compiles their 

summaries (see References). The Oil and Gas Conmission also maintains cursory 

records (primarily cumulative volumes) on projects involving the injection of 
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water into oil fields to maintain reservoir pressures. This water may be 

produced water, surface water, or groundwater developed specifically for this 

purpose. 

Where produced waters are discharged to the surface, chemical 

characteristics and volumes are monitored at irregular intervals by the Water 

Quality Division of the Wyoming Department of Environmental Quality. Both the 

Oil and Gas Commission and the Department of Environmental Quality are becoming 

involved in the regulation and monitoring of water injected simply for disposal. 

All waters in the state are also under the jurisdiction of the Wyoming State 

Engineer. Where waters are considered to be beneficially used, as in 

reinjection for pressure maintenance, water appropriation permits are required. 

Produced waters which are not used in this way, are considered by the State 

Engineer only beyond the point at which they may contribute to the flow of 

existing natural streams. 

None of the agencies cited above gathers data on water temperature. (If 

the temperature of discharged waters were high enough to be a significant 

environmental concern, the Department of Environmental Quality is empowered to 

regulate such discharges.) Therefore, it has been necessary to contact oil 

field operators directly for the information of this report. Information on 

water production, temperature and disposition is that provided by the operators 

unless otherwise noted. The essence of this report is assembled in Table 1. 

The discussion which follows is an explanation and discussion of the Table and 

proceeds on a column by column basis, including notes on table format and 

interpretation. 

County/Location/Field. Due to the modest temperature of geothermal waters 

in Wyoming, most applications need to be near the point of availability, and 

location is therefore an important constraint. The Salt Creek field in Natrona 
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County, for example, surrounds the town of Midwest and might contribute thermal 

energy to a wide variety of residential and commercial space heating systems, to 

industrial and perhaps agricultural processing applications, and to greenhouse 

and aquaculture projects supplying the readily accessible markets in Midwest and 

Casper. The Lance Creek field in Niobrara County, in contrast, is in an area of 

very low population density and is therefore more restricted to application in 

processes not dependent on community development or local markets. 

Operator. In most cases, operations of a single field have been taken over 

by a single operator. Where this is not the case, the operator (or operators) 

responsible for the preponderance of the water production are listed, followed 

by an asterisk. 

Water Volume. Oil fields are generally defined on the basis of the 

geologic conditions creating a more or less continuous oil reservoir. Thus, 

field sizes will vary greatly as will the number of wells contributing to total 

production. Since the oil/water production of many wells is commonly collected 

at oil separation facilities, thermal waters will be concentrated at various 

locations within each field. The total production figures listed do not reflect 

in-field distribution; how much water is actually collected at any one point 

will vary widely depending on specific field characteristics. All volumes are 

listed in gallons per minute (gpm); 1 gpm = 1.6 acre-ft/yr. Water production 

values enclosed by parentheses in Table 1 are average 1981 values calculated 

from Petroleum Information Corp. Production Summaries (see References); no 

reports were received directly from field operators in these cases. 

Since the value of oil field geothermal resources is small relative to the 

petroleum resources, oil fields will continue to be managed for optimum oil and 

gas revenues. It is unlikely this will generally lead to optimum geothermal 
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production as well, so geothermal applications will be largely dependent upon 

petroleum production stategies. The range in water production (based on monthly 

averages for all operators in the field) has therefore been compiled from the 

published Production Summaries (see References). Fields with relatively 

constant water production are certainly the most attractive candidates for 

geothermal development; development would have to be carefully coordinated with 

field operators to establish a secure energy source in any case. 

Water Temperature. The temperature of produced water will generally 

decrease from the bottom-hole temperature to the point of final disposition. 

Geothermal applications which follow oil-water separation processes and in-field 

water uses will have to depend on somewhat lower temperatures than will 

applications which can extract heat from produced waters before or during 

separation processes. It should also be noted that all the thermal energy in 

produced waters is not an unused by-product. In some fields these waters are 

used to provide energy to treater facilities, which is of course a geothermal 

application itself. While the main value of water reinjected to enhance oil 

recovery derives from the simple pressure of the water, temperature may be of 

some benefit in terms of altering oil viscosity and mobility. 

Water Quality. The chemical quality of oil-field waters is generally quite 

poor. For space heating applications this may not be a significant problem if 

scaling and corrosion can be controlled. For agricultural/aquacultural 

applications, it may be necessary to use heat exchangers to transfer thermal 

energy to waters of more acceptable chemistry. 

Water Disposition. Water produced with oil and gas is disposed of in one 

of three ways: 1) It may be discharged to the surface to either soak in, 

evaporate, or run into natural drainages; 2) It may be reinjected into an 
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acceptable formation via waste disposal wells; 3) It may be reinjected into oil-

producing strata to improve reservoir drive mechanisms and so to enhance oil 

recovery. 

Water discharged to the surface is clearly the most readily available for 

geothermal development. Once waters enter a surface drainage they are no longer 

under the control of the field operator, but are regulated like any other sur­

face water through the Wyoming State Engineer's Office. Heat is recognized as a 

beneficial use of water in Wyoming and can therefore justify a water 

appropriation. In many cases discharged oilfield waters are presently used for 

stock watering and irrigation. Where such uses have appropriated water rights 

they would take precedence over geothermal applications in the event of a 

conflict. 

Question marks in the "Discharge Water" column of Table 1 indicate the par­

titioning of produced waters between the 3 options listed above is unclear. A 

question mark following a value indicates produced water was assumed to be sur­

face discharged because there were no injection projects reported for these 

fields. Values enclosed by parentheses are taken from the files of the Water 

Quality Division of the Wyoming Department of Environmental Quality (DEQ). The 

number of discharge permits has also been extracted from these files. Numbers 

followed by an asterick denote permits which DEQ has noted as covering 

discharges greater than 1 million gallons per day (700 gallons/minute). Many 

discharge permits are filed against the contingency of possible discharge. 

Discharge may rarely occur under there permits, so the number of permits listed 

for a field is a maximum number of discharge points. 

Second to waters discharged to the surface, the most available waters for 

geothermal applications are those destined for waste reinjection. These waters 
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are presumably of no value to the oil and gas operations; examination of DEQ 

files reveals that in many cases waste waters which were previously surface 

discharged have been converted to reinjection due to tightening discharge water 

quality standards. Thus, geothermal applications which took over disposal of 

these waters would actually save the field operator the expense of reinjection. 

(Geothermal applications will, of course, themselves be subject to the same 

waste disposal regulations as any other water use.) As with the number of 

surface discharge points, the number of disposal wells reflects the degree of 

water concentration within the field. (The number of wells and formation data 

of Table 1 on both waste and enhanced recovery injection come from the Wyoming 

Oil and Gas Conservation Commission (1980)). 

Of the three water disposition possibilities, waters used in enhanced 

recovery injection operations would be the most logistically difficult to 

utilize in geothermal applications. Depending on how the field operators view 

the value of temperature to the recovery processes, however, it may be possible 

to extract significant heat in "closed loop" processes which return the water 

for injection. While some portion of injected waters may cycle back through the 

system as produced water, this does not necessarily decrease their geothermal 

value. This recyling of cooled waters is an accepted way to usefully extract 

energy from very large subsurface heat sources. 

Unlike the numbers of discharge permits or waste disposal wells, which 

represent the concentration of co-produced waters, the number of injection wells 

represents the dispersal of waters to create the proper injection pattern. The 

maximum concentrations of thermal waters in these fields will occur at separa­

tion facilities. 

The "formations" involved in enhanced recovery operations are coded as 

follows: Ams - Amsden, Cam - Cambrian, Cur - Curtis, Dak - Dakota, Emb - Embar, 
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Fox - Fox Hills, Frn - Frontier, Lan - Lance, Leo - Leo, Mad J Madison, Min -

Minnelusa, Mor - Morrison, Msv - Mesaverde, Mud - Muddy, Phs - Phosphoria, Shn 

Shannon, Sun - Sundance, Sus - Sussex, Ten - Tensleep. 
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COUNTY/ 
lOCATION 
(Twp-Rns) 

Itg H a m 

49N-9III 

SS.S(N-9«.»7H 

SS,S«I->;,98H 

4711-9;,9SH 

9III-92,»3M 

Campbtll 

S4ll-7» 

45II-71H 
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5t,S7N-t9W 
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2lil-79U 

26II-«9.9CU 

Converse 

]2,]3.34N-?$.;(II 
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a].34N-96H 

32II-95W 

3i.37N-S2W 

«,7N-2,3W 

2eH,92,93W 

32II-99H 

33II-99W 
2S-I.2E 

M-2II 

411-IH 

2N-).» 

Hot Sfirlngs 

42.43II-9IH 

44N-95II 

4(N-9M 

44N-97.9W 

43II-»1,9M 

«;.48ll-99,l0au 
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Bonanii 

Byron 

. Garlmd 

Sage Creek 

Torclillght 

Gas Draw 
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Raven Creek 

Rocky Point 
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tig MedlctiK 
•on 

Uerti 

South 
Glenrock 

Beaver Creek 

tig Sand Drax 

Casper Creek 
Horth 

Circle Creek 

Crooks Gap 

Dallas 

tender 

Maverick 
Springs 

Steamboat 
Butte 

Ulnklenan 
Dome 

•lack Ntn. 

Gebo 

Grass Creek 

Haallton 
Doaw 

lake Crcek/M 

lUtl* Buff ale 
tailn 

OPERATOR 

Conoco* 

Marathon 

Marathon* 

Texaco* 

Sohlo* 

taoca 

Chevron* 

Ineico* 

Nobll 

«MCO* 

Arco* 

Marathon 

Aanco 

Conoco* 

Amoco 

Aanco 

Kathcnaan 

Conoco 

Amoco 

Union 

Amoco 

CroMn' 
Central* 

Gulf* 

Aanco* 

Texaco 

Conoco 

Marathon 

Arco 

Petro-ltata 

Getty 

I A K K O 

HATER VatlK 

Mater 1981 Range In 
Production Hater Production: 
(gpal ton High 

(gpa) (gpm) 

' 
303 

1121 

6397 

7IS 

2B7 

1750 

«7I 

2042 

369 

1948) 

329 

217 

1458 

SIO 

715 

3500 

(244) 

536 

758 

542 

379 

(460) 

(7(0) 

3159 

744 

SIO 

330S 

3379 

3IB3 

(405) 

4181 

290 

0 

1132 

89 

1408 

771 

1760 

157 

1044 

33< 

0 

428 

$90 

255 

2849 

0 

0 

512 

0 

287 

i n 

«92 

2437 

S3 

0 

2721 

4IS4 

145 

337< 

722 

1198 

t952 

356 

2859 

1264 

2205 

390 

1325 

4IB 

3697 

1427 

736 

626 

5260 

311 

631 

775 

693 

407 

T851 

769 

3134 

619 

508 

3584 

8181 

410 

4322 

HATE! HEMPIRATURE 

Bottoa-hole (8) 
or Hellhead (M) 
Temperaturo 
(̂  

78(H) 

120^125(8) 

138-143(8) 

— 
95(81 
80(U) 

95 

182(8) 

230(BI 

135(W) 

— 
... 

)52(U) 

145(8) 

I28(HI 

230-234(8) 

220(8) 

— 
74(U) 

I50(t) 

— 
96(B) 

... 

— 
125-220(8) 

— 
)20(H) 
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— 
118-120 

Injection (1) 
or Discharge 
(D) Tempera­
ture (Of) 

50(0) 

52-60(0) 
110-115(1) 

78(0) 
120-125(1) 

95(1) 

60(1) 

— 

150(1) 

210(1) ' 

120(1) 

115-127(0) 

110-155(1) 

... 
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100(1) 

90-140 

135-170(0) 

— 

56 

120(81 

61-79 

80(11 

99-154 

100-180 

90 

90(D) 

69-110(1) 

143(D) 

103(1), 90(D) 

— 
— 

MATER (KM IT* 

Total Dissolved 
Solids (ppm or 
•9/I) 

1224 

3090 

3787 

3898 

3330 

... 

— 
— 
— 

2374 

(,792-31,519 

2497 

10.404 

1333 

1975 

2163 

— 

1768 

64(6 

— 
— 

— 

— 

— 

750 

3186 

S279 

3565 

3528 

— 
— 

Dischar-

Kjer 
(9P*l 
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1(8 

3360 

... 

... 

1750 

... 

... 

... 
(955) 

... 

217 

77 

... 

248 

3600 

244(?) 

563 

758 

(42 

... 

460(7) 

192 

207 

... 
510 

... 
3379 

2538 

405(7) 

233 

Number of 
Discharge 
Permits 

2 

1 

3,1* 

2 

0 

1* 

0 

12 

0 

1* 

0 

1 

1 

1 

2 

3 

1 

2 

1 

1 

II 

1 

0(7) 

1 

1 

1 

6 

1.1* 

1.1* 

4 

11 

Haste 
Injected 
Mater 
(9P-) 

— 
... 

1222 

718 

... 

... 

... 

... 
— 
... 
329 

— 
... 

... 

... 

... 

... 

... 

... 
— 
... 

... 

... 

744 

... 
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... 

... 
— 
... 

HATER DISPOSITION 

Number of 
DIspoiali 
Hells 

... 

... 

1 

2 

... 

... 

... 

... 
— 
— 
1 

... 

... 

"*" 

... 

—-

... 
1 

• " -

-" 

... 
" • " 

1 

... 
1 

... 

... 
— 
... 

Hater Injected 
for Enhanced 
Recovery (gpm) 

... 
953 

1816 

... 
287 

... 

671 

2042 

369 

... 

... 

... 

1458(7) 

110 

467 

... 

73 

... 

... 
379 

... 

578 

2952 „ 

... 

... 
2962 

... 

645 

— 
3936 

Number of 
Active In­
jection 
Hells 

— 
19 

24 

... 
2 

... 

IS 

38 

13 

— 
... 

... 

27 

59 

6 

... 

... 
10 

... 
— 
26 

... 
7 

59 

... 

... 
99 

... 
21 

... 
no 

Source 
Forma­
tion 

... 
Ten 

Ten 

... 
Ten 

... 

Fox/tan 

Fox 

Fox 

... 

... 

... 

Ten/Nad 

Nad/Ten 

Had 

... 

... 
Ams 

... 

... 
Ten 

... 
Ten/Phs 

Tcn/Phs 

... 

... 
Nsv/Nad 

... 
Ten/Phs 

... 
Emb/Ten 

Foraa-
tlon 
Injec­
ted 

... 
Ten/Enb 

Ten/Phs 

-r-

Ten 

... 

Mud 

Mud 

Min 

... 

... 

... 

Ten 

Mud/Dak 

Had 

... 

... 
Ams 

— 
— 
Phs 

... 
Ten/Phs 

Ten/Phs 

... 

... 
Cur/Frn/1 

... 
Phs 

— 
Emb/Ten 



COtWTY/ 
LOCATION 
(Twp-Rng) Hater 

Production 
(gpm) 

1981 Range In 
Uater Production: 
Low High 
(gpn) (gpm) 

MATER TEMPERATURE 

Botton-hole (8) 
or Wellhead (U) 
Temperature 
(OF) 

Injection (I) 
or Discharge 
(0) Tempera­
ture (OF) 

HATER QUALITY 

Total Dissolved 
Solids (ppm or 
mg/1) 

hot Springs (continued) 

44lt-96U ' Little Sand Husky 123(D) 

Dischar­
ged 
Hater 
(gpm) 

UATER DISPOSITION 

Number of 
Discharge 
Permits 

Haste Number of Hater Injected Number of 
Injected Disposal! for Enhanced Active In-
Hater Hells Recovery (gpm) Jectlon 
(gpni) Hells 

Source 
Forma­
tion 

Forma­
tion 
Injec­
ted 

4IN-7BH 

44N-8I,82H 

42N-78,79H 

Natrona 

33.34N-83H 

37N-85H 

39.40N-78,79H 

38.39N-78M 

3t.39N-78U 

MeadoM Creek 

North Fork 

Sussex 

Casper Creek 
South 

Notches 

Salt Creek 

Teapot East 

Teapot Naval 

Conoco 

Amoco* 

Conoco* 

Union 

Terra 
Resources 

Amoco* 

Terra 
Resources* 

Union 

Fenix 1 

338 
513 
475 

875 

1021 

29983 

2246 

467 
(300) 

0 
527 
0 

482 

1030 

4044 

3 
274 

337 
598 
522 

2184 

1093 

23240 

12 
350 

I82(U) 

170(8) 

I74(NI 

... 
115 

90-18018) 

IBS 

... 

... 

160(1) 

90(0) 

150(1) 

90 

95(D) 

85-90 

140(11 

179 

... 

2348 

7191 

3313 

— 
1484 

3900 

2986 

... 
— 

... 
513 

... 

875 

1021 

17675 

(9141 

467 
77 

5 
1 
3 

2 

1.1 

8.8 

11.1 

1 
9 

358 

475 

30 Nad Shn/len 

39 Had Sus/Ien 

12.309 

1246 

515 

103 

Had Frn 

Had Frn 

Niobrara 

3S.36N-65M Lance Creek Marathon 

Grace 

1272 

4(7 
481 1919 

155(H) 

14D(H) 

110(D) 

50-80(D) 

3304 

3089 

1272 

467 
6 
2 

... 
---

... 
___ 

1 

... 
1 Leo 

-
Mor 

— 
Park 

57.58N-99,laOH 

S6,57N-99H 

47,48II-103U 

58N;98H 

5IN-102H* 

50.51.52N-)OOH 

4ai-102H 

49N-I02M 

Sweetwater 

26N-90H 

Hashakia 

47,48N-9a,91H 

Elk Basin 

Elk Basin 

South 

Four Bear 

Frannie 

Halfawon 

Amoco 

Conoco 

Amoco 

Conoco 

Husky 

Oregon Basin Marathon 

Pitchfork Husk> 

Spring Creek Texaco 
South 

Hhlstle Creek Texaco 

4364 

572 

933 

2158 

601 

14893 

944 

2112 

1106 

0 

3 

0 

408 

13301 

367 

1264 

2770 

588 

2377 

2234 

627 

14829 

972 

2279 

115 

148(H) 

130 

90(U) 

110-120(8) 

140(1) 

84(11 

1D3(D) 

63-90(01 
100-110(1) 

aim 
100 

3200 

2(20 

1545 

2600 

2897 

(01 

1489 

lost Soldier Aanco I59-I65(B) 

3092 

572 

2158 

l].403 

34 

6 

30 

129 

Had/len Had/len 

Ten Ten 

Had Phs/Ten 

Mad/Cmb/ Mad/Emb/ 
Ten Ten 

56 Sun/Cam/Had Can/Ten/Had 

Cottonwood 
Creek 
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Cooperative Agreement No. I^E-FC07-79ID1206 

COOPERATIVE AGREEMENT 
' ' ' I 

THIS AGREEMENT, entered into the 29th day of December 
1978 (effective as of the 11th day of December 1978), by and between the 
UNITED STATES OF AMERICA (h,ereinafter called the "Government"), acting 
through the DEPARTMENT OF ENERGY (hereinafter called "DOE") with its 
Idaho Operations Office located at 550 Second Street in Idaho Falls, 
Idaho 83401, and the UNIVERSITY OF WYOMING (hereinafter c&lled the 
"Participant") located at Laramie, Wyoming; 

WITNESSETH THAT: 

WHEREAS, the Government is engaged in the Westem Sta tes Coupled 
Direct-Heat Geothermal Program, an in t eg ra l element of the Rocky Mountain 
Basin and Range Commercialization Plan; and 

WHEREAS, the P a r t i c i p a n t has proposed to undertake a part of such a 
program and request t ha t DOE provides c e r t a i n f inanc ia l a s s i s t ance for the 
accomplishment of such a program; and 

WHEREAS, t h i s agreement is authorized by the Department of Energy 
Organizat ion Act (Publ ic Law 95-91) , Sect ions 7(a) (2) and $ of Public Law 
93-577, and Sections 103(5) and 107(a) of Public Law 93-438; 

NOW, THEREFORE, DOE and the P a r t i c i p a n t agree as follows: 

ARTICLE I - STATEMENT OF JOINT OBJECTIVE 

The d i r e c t app l i ca t i on of geothermal and hydrothermal energy at 
var ious s i t e s located within Wyoming can be a s i g n i f i c a n t factor in the 
Government's e f f o r t s to achieve energy independence. The tesearch provided 
for in t h i s Agreement is important to both the Government and the Pa r t i c ipan t 
for es t imat ing the p o t e n t i a l of geothermal and hydrothermal energy u t i l i z a ­
t i on and for fos te r ing i t s use in Wyoming. 

ARTICLE II - DESCRIPTION OF RESPONSIBILITIES ' 

j 

The P a r t i c i p a n t is respons ib le to assure tha t the research is accom­
plished in a manner cons i s t en t with the provis ions of t h i s Agreement. The 
P a r t i c i p a n t ' s proposal i den t i f i ed as Phase 1 Research On Hydrothermal 
Resources In Wyoming, as i t may have been amended, i s made ipart of t h i s 
Agreement by t h i s re fe rence ; however, if there is any confllict between the 
content of the proposal and the content of t h i s Agreement, the content of 
t h i s Agreement governs . The tasks provided for in the proposal are to be 
accomplished, and are to r e s u l t in , a f ina l f e a s i b i l i t y assiessment report 
which wi l l inc lude , as a minimum, the following information: 
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Cooperative Agreement No. DE*-FC07-79ID126'6 

ARTICLE II - DESCRIPTION OF RESPONSIBILITIES (Cont'd) 

1. Evaluat ion of ex i s t i ng thermal spr ing areas through geologic 
and hydrologic i n v e s t i g a t i o n s , chemical sampling ahd ana lys i s 
and review of ex i s t ing thermal information. 

4 . 

Measurements of thermal g rad ien t s in se lec ted areas through 
the use of e x i s t i n g wel ls where poss ib le or through d r i l l i n g of 
new thermal gradient h o l e s . 

Detai led i nves t i ga t i ons wi l l be conducted in areas of near-term 
development p o t e n t i a l . Two areas which may be invest igated based 
on pre l iminary da ta are the Gas H i l l s and Douglas *reas with 
emphasis near populated cen te rs where d i r e c t heat app l i ca t ions 
could have s i g n i f i c a n t impact. 

I nves t i ga t e the northern extension of the Rio Grade Rift through 
s tud ies of f lux , r a d i o a c t i v i t y and young volcanics for the po t en t i a l 
of geothermal r e sources . 

5 . Study of e x i s t i n g o i l well and other d r i l l hole data to evaluate 
the geothermal p o t e n t i a l of r e s e r v o i r systems such as the Madison 
Formation. 

ARTICLE I I I - FINANCIAL SUPPORT OF THE PROJECT 

A. The t o t a l estimated cost of performing the work under t h i s Agree­
ment i s One Hundred Six Thousand Four Hundred Eighty-Seven Dollars 
($106,487.00) . For performance of work under t h i s Agreement,, the agreed 
share r a t i o is 93.38% DOE, 6.62% P a r t i c i p a n t of t o t a l allowaible c o s t s . The 
P a r t i c i p a n t sha l l be reimbursed by DOE for 93.38 of the cos ts of the 
project determined to be allowable in accordance with Ar t i c l e A-I of the 
General Provis ions e n t i t l e d "Allowable Cos t s . " All other cos t s tha t are 
not determined to be allowable under Ar t i c l e A-I sha l l c o n s t i t u t e the 
P a r t i c i p a n t ' s share for which i t wi l l not be reimbursed by DOE. The t o t a l 
cost to DOE is hereby e s t ab l i shed as Ninety-Nine Thousand Fo^r Hundred 
Thirty-Nine Dollars ($99,439.00) , and t h i s amount is a l so thg maximum 
amount of the project which is subject to reimbursement by D|0E unless such 
maximum cost is changed in wr i t ing by the Contracting Off icer . 

B. As regards to any increase or decrease in the t o t a l estimated 
cost of t h i s Agreement as a r e s u l t of any change in the o r i g i n a l Statement 
of Work as may be agreed upon by the p a r t i e s during the term of t h i s 
Agreement, the appropr ia te sharing of the funding, if any, of such increase 
or decrease s h a l l be shared at the r a t i o of 93.38% DOE, 6.62% P a r t i c i p a n t , 
as agreed upon above. 
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C o o p e r a t i v e Agreement No. DE-FC07-79lDl20b 

ARTICLE I I I - FINANCIAL SUPPORT OF THE PROJECT ( C o n t ' d ) 

i 
C. The amount of funds o b l i g a t e d under t h i s Agreemen|: by DOE for 

t h e p e r i o d from December 11', 1978 th rough September 3 0 , 1979 i s N ine ty -Nine 
Thousand Four Hundred T h i r t y - N i n e D o l l a r s ( $ 9 9 , 4 3 9 . 0 0 ) . 

ARTICLE IV - METHOD AND BASIS OF PAYMENT 

A. The P a r t i c i p a n t s h a l l r e c e i v e 25% of DOE's s h a r e ( $ 2 4 , 8 6 0 . 0 0 ) 
a t t h e t ime t h i s Agreement i s e x e c u t e d . The b a l a n c e becomes payab le in 
p e r i o d i c i n s t a l l m e n t s as r e q u e s t e d by t h e P a r t i c i p a n t and approved by DOE. 
Reques t s for payment s h a l l no t be more f r e q u e n t t h a n m o n t h l y , and t h e 
r e q u e s t should c o n t a i n a c o s t breakdown showing t h e amount r e q u e s t e d , t h e 
t o t a l amount r e q u e s t e d t o d a t e , and t h e t o t a l c o s t of t h e p r o j e c t to d a t e , 
i n c l u d i n g t h e v a l u e of t h e P a r t i c i p a n t ' s c o s t s h a r i n g as p rov ided for in 
A r t i c l e I I I of t h i s Agreement . The t o t a l amount pa id by DOE w i l l not 
exceed t h e amount s p e c i f i e d i n A r t i c l e I I I . 

B. F i n a l payment w i l l no t be made u n t i l t h e F i n a l Repor t i s r e c e i v e d 
and a c c e p t e d by DOE. In no even t w i l l t h e f i n a l 5% of t h e amount of 
o b l i g a t e d funds be pa id t o t h e P a r t i c i p a n t u n t i l DOE has r e c e i v e d the 
F i n a l Report and t h e F i n a l Cost Repor t d e s c r i b e d in A r t i c l e V I I . A . l of 
t h i s C o o p e r a t i v e Agreement . 

ARTICLE V - TERM OF AGREEMENT 

Work under this Agreement shall be accomplished during the period from 
December 11, 1978 through September 30, 1979. The period of this Agreement 
may be extended as mutually agreed upon by DOE and the Participant. 

ARTICLE VI - PROJECT MANAGEMENT 

A. In a d d i t i o n t o DOE p e r s o n n e l , t h e P a r t i c i p a n t a g r e e s to permi t 
non-DOE p e r s o n n e l who a r e under c o n t r a c t wi th DOE, and i d e n t i f i e d from t ime 
t o t ime by t h e C o n t r a c t i n g O f f i c e r , t o a s s i s t t h e DOE r e p r e s e n t a t i v e in 
per formance of h i s d u t i e s and t o have n e c e s s a r y a c c e s s to t he P a r t i c i p a n t ' s 
and major s u b c o n t r a c t o r s ' r e c o r d s p e r t a i n i n g t o t he projectf . DOE c o r r e s p o n ­
d e n c e , i f any , w i th s u b c o n t r a c t o r s s h a l l be r o u t e d t h r o u g h ! t h e P a r t i c i p a n t . 

B . l . DOE's Program O f f i c e r on t h i s p r o j e c t and the pe r son who 
s h a l l be t h e P a r t i c i p a n t ' s c o n t a c t for a l l m a t t e r s 
p e r t a i n i n g t o t h i s Agreement s h a l l be t he fol lowing-named 
pe r son or such o t h e r p e r s o n ( s ) as may be d e s i g n a t e d by the 
C o n t r a c t i n g O f f i c e r : 
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ARTICLE VI - PROJECT MANAGEMENT (Cont 'd) 

Leland L. Mink 
Energy and Technology Division 
Idaho Operations Off ice , DOE 

• 550 Second S t ree t 
Idaho F a l l s , Idaho 83401 
Telephone 208-526-0085 

2 . The P a r t i c i p a n t ' s Project Di rec tor for the work under t h i s 
Agreement w i l l be the following person or such other person(s) 
as may be mutually acceptable to the p a r t i e s : 

Edward R. Decker 
P r inc ipa l I nves t i ga to r 
Professor of Geology 
Univers i ty of Wyoming 
Laramie, Wyoming 82071 
Telephone 307-766-3278 

C. The term "DOE" means the United S ta t e s Department of Energy or 
any duly authorized r e p r e s e n t a t i v e thereof , including the Contracting 
Officer except for the purpose of deciding an appeal under the a r t i c l e 
e n t i t l e d "Dispu tes . " 

D. The term "Contract ing Officer" means the person executing t h i s 
Agreement on behalf of DOE, and includes his successors or any duly 
authorized r e p r e s e n t a t i v e of such person. 

ARTICLE VII - PROJECT INFORMATION 

A.l. The following reports, as required by DOE Uniform Contractor 
Reporting System, Volume 1, January 1978, and as indicated on the attached 
ERDA Form 537, February 1978, shall be submitted to the D06 Program Officer: 

120678 

Type 

Technical S ta tus Report 
Technical Progress Report 
Final Technical Report 

Final Cost Report 
Hotl ine Report 
Conference Record 

Frequency 
Number 

of Copies 

8 Monthly 
Mid-point of work 8 
Completion of work 8 plus a 

camera ready copy 
Completion of work 

Weekly 
As Required 8 

2. The content of the r epo r t s wi l l be as fol lows: 
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C o o p e r a t i v e Agreement No. DE*FC07-79ID1206 

ARTICLE VII - PROJECT INFORMATION ( C o n t ' d ) 

P r o j e c t S t a t u s Report - A b r i e f two-page l e t t e r Summarizing 
t h e p r o g r e s s of t h e work. 

Hot Line Report - A b r i e f t e l e p h o n e r e p o r t s u b m i t t e d t o DOE 
e v e r y F r i d a y by 12 :00 a .m. 

Conference Record - A b r i e f d e s c r i p t i o n of t h e c o n t r a c t o r ' s 
u n d e r s t a n d i n g of s i g n i f i c a n t d e c i s i o n s , d i r e c t i o n s , r e d i r e c t i o n s 
o r r e q u i r e d a c t i o n s r e s u l t i n g from m e e t i n g s wi th DOE r e p r e s e n t a ­
t i v e s . I t i s r e q u i r e d fo r any m e e t i n g or c o n f e r e n c e in which 
t h e c o s t , s c h e d u l e manpower or scope of work i s changed . 

T e c h n i c a l P r o g r e s s Report - Summary of work performed d u r i n g t h e 
f i r s t s i x mon ths . I t i n c l u d e s a d e s c r i p t i o n of t e s u l t s a c h i e v e d . 

F i n a l T e c h n i c a l Report - A t e c h n i c a l a c c o u n t i n g of t h e t o t a l 
work performed on the p r o j e c t . 

F i n a l Cost Repor t - A r e p o r t showing a l l c o s t s of t h e p r o j e c t 
i d e n t i f i e d in t h e same format as t he p r o p o s a l , t h e r e p o r t s h a l l 
show s e p a r a t e l y t he P a r t i c i p a n t and DOE c o s t s . 

B. Q u a r t e r l y p r o g r e s s m e e t i n g s w i l l be h e l d which t h e p a r t i c i p a n t i s 
r e q u i r e d t o a t t e n d . DOE w i l l fund t r a v e l expenses for one member of t h e 
p a r t i c i p a n t s team. 

ARTICLE V I I I - CHANGES AND MODIFICATIONS 

Any changes or m o d i f i c a t i o n s t o t h i s Agreement or in t h e scope of work 
t o be performed s h a l l be made by mutua l w r i t t e n agreement ojf t h e p a r t i e s . 
A change may be i n i t i a t e d by e i t h e r p a r t y to t h i s Agreement . The C o n t r a c t ­
ing O f f i c e r s h a l l have t h e a u t h o r i t y to d e t e r m i n e what c o n s t i t u t e s a change . 

ARTICLE IX - TERMINATION 

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

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

C. In the even t of t e r m i n a t i o n , i t i s expec ted t h a t the p a r t i e s w i l l 
c o o p e r a t e w i t h each o t h e r t o r e a s o n a b l y phase out c o s t commitments , i n c l u d i n g 
c o s t l i a b i l i t i e s t o t h i r d p a r t i e s ; p r o v i d e d , however , t h a t t he t o t a l amount 
o b l i g a t e d by t h e Government under t h i s Agreement s h a l l not be exceeded . 
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Cooperative Agreement No. nE-FC07-79ID12a6 

ARTICLE IX - TERMINATION (Cont 'd) 

Moreover, upon any such terminat ion the P a r t i c i p a n t agrees 
upon DOE's r e q u e s t , t r a n s f e r to DOE a l l information r e s u l t 
performed to the date of the te rminat ion n o t i c e . 

to promptly, 
ing from the work 

D. In the event of t e rmina t ion , the Government agreels to pay the 
P a r t i c i p a n t 93% of a l l al lowable cos ts for t e rmina t ion , anjd the P a r t i c i p a n t 
s h a l l : 

1. Place no fur ther orders or subcont rac ts for m a t e r i a l s , 
s e r v i c e s , or f a c i l i t i e s , intended to be invoiced to the 
Government for i t s c o n t r i b u t i o n . 

2 . Cancel a l l orders and subcontrac ts to the extent tha t 
they r e l a t e to the performance of work terminated by the 
Notice of Termination and intended to be invoiced to the 
Government for i t s c o n t r i b u t i o n . 

3 . Notwithstanding 1. and 2 . above, the P a r t i c i p a n t has 
the r i g h t to proceed with such orders and subcont rac ts should i t 
decide to continue performance of the work at i t s expense only, 

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

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

G. Any te rminat ion no t ice rendered by e i t h e r DOE or the Pa r t i c ipan t 
s h a l l be sent by r e g i s t e r e d mail with r e tu rn r ece ip t reques ted . 

H. If in the opinion of the Contract ing Off icer , the P a r t i c i p a n t 
f a i l s to s u b s t a n t i a l l y perform under t h i s Agreement, and dpes no t . cure such 
f a i l u r e wi th in a reasonable t ime, a f t e r wr i t t en not ice of such f a i l u r e by 
the Contract ing Off ice r , DOE may by wr i t t en no t i ce to the p a r t i c i p a n t 
te rminate t h i s Agreement. Such terminat ion n o t i c e , signed; by the Contracting 
Off icer , sha l l be e f f ec t ive upon r e c e i p t by the P a r t i c i p a n t . The Government 
s h a l l not be l i a b l e for the incurrence of any o b l i g a t i o n s Under t h i s 
Agreement from the date of the r ece ip t of such te rmina t ion 'no t i ce . Upon 
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Cooperative Agreement No. DE-FC07-79ID1206 

ARTICLE IX - TERMINATION (Cont'd) 

any such t e rmina t ion , the P a r t i c i p a n t agrees to promptly, upon DOE's 
r eques t , t r a n s f e r to DOE al«l information r e s u l t i n g from the work performed 
to the date of the te rminat ion n o t i c e . 

I . Except with respect to de f au l t s of subcon t rac to r s , the P a r t i c i p a n t 
s h a l l not be in defaul t by reason of f a i l u r e to s u b s t a n t i a l l y perform under 
t h i s Agreement if such f a i l u r e a r i s e s out of causes beyond the control and 
without the faul t or negligence of the P a r t i c i p a n t . Such causes may 
inc lude , but are not r e s t r i c t e d t o , a c t s of God or of the public enemy, 
ac t s of the Government in e i t h e r i t s sovereign or con t rac tua l capac i ty , 
f i r e s , f loods , epidemics, quarant ine r e s t r i c t i o n s , s t r i k e s , f re ight embargoes, 
and unusual ly severe weather, but in every case the f a i l u r e to perform must 
be beyond the cont ro l and without the faul t or negligence of the P a r t i c i p a n t . 
I f the f a i l u r e to s u b s t a n t i a l l y perform i s caused by the f a i l u r e of a 
subcontractor to perform or make progress , and if such f a i l u r e a r i s e s out 
of causes beyond the con t ro l of both the P a r t i c i p a n t and a subcont rac tor , 
and without the faul t or negligence of e i t h e r of them, the Pa r t i c ipan t 
sha l l not be deemed to be in defaul t unless the suppl ies or serv ices to be 
furnished by the con t r ac to r were reasonably obta inable frotji other sources . 
Upon request of the P a r t i c i p a n t , i f the Contract ing Officer sha l l determine 
tha t f a i l u r e to perform was occasioned by any one or more Of the said 
causes , t h i s Agreement sha l l be revised accord ingly , subject to the r i g h t s 
of DOE under paragraph B. above. 

ARTICLE X - LIABILITY AND INDEMNIFICATION 

The Government w i l l not be l i a b l e for payment of damages for i n ju r i e s 
to any person, or l o s s of l i f e or personal p roper ty , or loSs suffered or 
sus ta ined and a r i s i n g from the work performed under t h i s Agreement. The 
P a r t i c i p a n t agrees to indemnify and save the Government harmless from any 
and a l l c la ims , demands, damages, a c t i o n s , c o s t s , or charges against the 
Government a r i s i ng as the r e s u l t of the above-mentioned i n j u r i e s , damages, 
or l o s s , except for any such damages or claims a r i s ing out of the negl igent 
act of the Government or i t s employees in the course of t h^ i r o f f i c i a l d u t i e s . 

ARTICLE XI - USE OF INFORMATION 

All data and information generated, derived or obtained frora the 
a c t i v i t i e s provided for he re in , and t h i s Agreement, wi l l be public 
information. 

ARTICLE XII - ADDITIONAL CONTRACT PROVISIONS 

Appendix A, a t tached he re to and made a part hereof, s e t s forth add i t iona l 
general p rovis ions of t h i s Agreement. 
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IN WITNESS WHEREOF, t h e p a r t i e s h e r e t o have e x e c u t e d t h i s document 
as of t h e day and y e a r f i r s t above w r i t t e n . 

, THE UNITED STATES OF AMERICA 

BY THE DEPARTMENT OF ENERGY 

/ V 7 M 3 - " 

F. Marmo, Chief, Procurement Branch 
Contracts Management Division 
Idaho Operations Office 
Contracting Officer 

Witnesses as to signature of 
Participant: 

< T 1 (Signature) 

Roger Wilmot 
Name (typed) 

University of Wyoming 
(Address) 

(signature) 

Terri Burch 
Name (typed) 

University of Wyoming 

(Address) 

UNIVERSITY OF WYCMING 

Elliott G. Hays 
Name (typed) 

T i t l e Vice President fo r Finance 
U n i v e r s i t y S t a t i o n , Box 3355 
L a r a m i e , Wyoming 82071 

( B u s i n e s s Addiress) 
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I, Karleen B. Anderson certify that i am the Deputy Secretary of the 
Board of Trusteesof the P a r t i c i p a n t named under t h i s document, tha t 

t ha t E l l i o t t 6 . Hays , who signed t h i s document on 
behalf of the P a r t i c i p a n t , was then Vice P re s iden t for Finance 
of said P a r t i c i p a n t ; tha t said document was duly signed for and in behalf 
of said P a r t i c i p a n t by au tho r i t y of i t s governing body, and is within the 
scope of i t s l ega l powers. 

IN WITNESS WHEREOF, I have hereunto affixed my hand and the seal of 
said corpora t ion t h i s Zsru^ day of "CTo^joo.v.oXt-J 1979 

^ 

' "t\GOy\g_g_,^^ \ 3 f~V ĵi gSU->̂ -̂ ĉ>~---
Secre tary 

(CORPORATE SEAL) 
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APPENDIX A 

GENERAL PROVISIONS 

COOPERATIVE AGREEMENTS 

ARTICLE A-I - ALLOWABLE COST 

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

ARTICLE A-II - APPROVAL OF SUBCONTRACTS 

All subcon t rac t s and purchase orders in excess of $10,000 sha l l 
r e q u i r e the w r i t t e n approval of the Contract ing Of f i ce r . 

ARTICLE A-III - PUBLIC INFORMATION RELEASES 

The p a r t i e s agree tha t public d i s c l o s u r e or d isseminat ion of new 
da ta or infonnat ion a r i s i n g out of the f e a s i b i l i t y assessment wi l l be 
coordinated by the p a r t i e s , i t being understood tha t the i n t e n t of both the 
P a r t i c i p a n t and DOE i s to r e l e a s e a l l da ta and information to the g r e a t e s t 
p r a c t i c a b l e extent in order to achieve the ob jec t ive of ob ta in ing maximum 
publ ic va lue from the r e s u l t s of t h i s p r o j e c t . I t is understood tha t the 
foregoing i s not intended to afford e i t h e r pa r ty the r i g h t to prevent a 
publ ic r e l e a s e by the o t h e r ; however, nothing in t h i s a r t i c l e s h a l l impair 
the r i g h t s of the p a r t i e s set forth elsewhere in t h i s Agreement, including 
but not n e c e s s a r i l y l imi ted to the a r t i c l e e n t i t l e d "Patent R igh t s . " 

ARTICLE A-IV - AUDIT 

A. The P a r t i c i p a n t s h a l l ma in ta in , and the Contract ing Officer or 
h i s r e p r e s e n t a t i v e s h a l l have the r i g h t to examine books, r e c o r d s , documents, 
and o ther evidence and accounting procedures and p r a c t i c e s , s u f f i c i e n t to 
r e f l e c t proper ly a l l d i r e c t and i n d i r e c t cos t s of whatevet na ture claimed 
to have been incurred and a n t i c i p a t e d to be incurred for %he performance of 
t h i s Agreement. Such r i g h t of examination s h a l l include inspec t ion at a l l 
reasonable times of the P a r t i c i p a n t ' s p l a n t s , or such pa r t s thereof , as may 
be engaged in the performance of t h i s Agreement. 

B. The m a t e r i a l s descr ibed above, s h a l l be made a v a i l a b l e at the 
o f f i ce of the P a r t i c i p a n t , a t a l l reasonable t imes , for i n spec t ion , audi t 
or r ep roduc t ion , u n t i l the e x p i r a t i o n of three (3) years from the date of 
f i na l payment under t h i s Agreement or such l e s s e r time spec i f ied in T i t l e 
4 1 , Code of Federal Regulat ions Par t 1-20 and for such l e i s e r per iod , i f 
any, as is requi red by app l i cab le s t a t u t e , or by o ther a r t i c l e s of t h i s 
Agreement, or by (1) and (2) below: 
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ARTICLE A-IV - AUDIT ( C o n t ' d ) 

(1) I f t h i s Agijeement is completely or p a r t i a l l y 
t e rmina ted , the records r e l a t i n g to the work terminated 
s h a l l be made a v a i l a b l e for a period of three (3) years 
from the date of any r e s u l t i n g f ina l s e t t l e m e n t . 

(2) Records which r e l a t e t o a p p e a l s unde r the " D i s p u t e s " 
a r t i c l e of t h i s Agreement , o r l i t i g a t i o n or t he s e t t l e m e n t 
of c l a i m s a r i s i n g o u t of t h e pe r fo rmance of t h i s Agreement , 
s h a l l be made a v a i l a b l e u n t i l such a p p e a l s , l i t i g a t i o n , o r 
c l a i m s have been d i s p o s e d of . 

ARTICLE A-V - OFFICIALS NOT TO BENEFIT 

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

ARTICLE A-VI - COVENANT AGAINST CONTINGENT FEES 

The P a r t i c i p a n t w a r r a n t s t h a t no p e r s o n or s e l l i n g agency h a s been 
employed or r e t a i n e d t o s o l i c i t o r s e c u r e t h i s Agreement upon an agreement 
or u n d e r s t a n d i n g fo r a commiss ion , p e r c e n t a g e b r o k e r a g e , o r c o n t i n g e n t 
f e e , e x c e p t i n g bona f i d e employees or bona f i d e e s t a b l i s h e d commercia l or 
s e l l i n g a g e n c i e s m a i n t a i n e d by the P a r t i c i p a n t for t h e p u r p o s e of s e c u r i n g 
b u s i n e s s . For b r e a c h or v i o l a t i o n of t h i s w a r r a n t y t h e Government s h a l l 
have t he r i g h t t o annua l t h i s Agreement w i t h o u t l i a b i l i t y o r in i t s d i s c r e ­
t i o n t o d e d u c t frora t h e Agreement p r i c e o r c o n s i d e r a t i o n , o r o t h e r w i s e 
r e c o v e r , t h e f u l l amount of such commis i son , p e r c e n t a g e , b r o k e r a g e , o r 
con t i ngen t f e e . 

ARTICLE A-VII - EXAMINATION OF RECORDS BY COMPTROLLER GENERAL 

A. The P a r t i c i p a n t a g r e e s t h a t t he C o m p t r o l l e r G e n e r a l of t h e Uni ted 
S t a t e s o r any of h i s d u l y a u t h o r i z e d Government employees s h a l l , u n t i l t h e 
e x p i r a t i o n of t h r e e ( 3 ) y e a r s a f t e r f i n a l payment under t h i s Agreement , 
u n l e s s DOE a u t h o r i z e s t h e i r p r i o r d i s p o s i t i o n , have a c c e s s t o and t h e r i g h t 
t o examine any d i r e c t l y p e r t i n e n t b o o k s , d o c u m e n t s , p a p e r s , and r e c o r d s of 
t he P a r t i c i p a n t i n v o l v i n g t r a n s a c t i o n s r e l a t e d t o t h i s Agreement . 
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ARTICLE A-VII - EXAMINATION OF RECORDS BY COMPTROLLER GENERAL (Cont'd) 

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

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

ARTICLE A-VIII - ASSIGNMENT OF CLAIMS 

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

Except as otherwise d i r ec t ed by the Contract ing Off icer , the P a r t i c i p a n t 
s h a l l procure a l l necessary, permits or l i c e n s e s and abide by a l l app l icab le 
laws, r e g u l a t i o n s , and ordinances of the United S t a t e s and of the S t a t e , 
t e r r i t o r y , and p o l i t i c a l subd iv i s ion in which the work under t h i s Agreement 
is performed. 

ARTICLE A-X - DISPUTES 

A. Except as otherwise provided in t h i s Agreement, any d i spu t e 
concerning a quest ion of fact a r i s i n g under t h i s Agreement sha l l be decided 
by the Contract ing Off ice r , vrfio s h a l l reduce h i s dec i s ion to wr i t ing and 
mail or otherwise furnish a copy thereof to the P a r t i c i p a n t . The dec is ion 
of the Contract ing Off icer sha l l be f ina l and conclus ive unless wi thin 
t h i r t y (30) days from the da te of r ece ip t of such copy, the P a r t i c i p a n t 
mai ls or otherwise furnishes to the Contract ing Officer a wr i t t en appeal 
addressed to DOE. The dec i s ion of DOE or i t s duly author ized r e p r e s e n t a t i v e 
for the de te rmina t ion of such appeals sha l l be f ina l and conclus ive unless 
determined by a court of competent j u r i s d i c t i o n to have been f raudulent , or 
c a p r i c i o u s , or a r b i t r a r y , or so g ro s s ly erroneous as n e c e s s a r i l y to imply 
bad f a i t h , or not supported by s u b s t a n t i a l evidence . In connection with 
any appeal proceeding under t h i s a r t i c l e , the P a r t i c i p a n t s h a l l be afforded 
an oppor tun i ty to be heard and to offer evidence in support of i t s appeal . 
Pending f i na l dec i s ion of a d i spu te hereunder , the P a r t i c i p a n t s h a l l 
proceed d i l i g e n t l y with the performance of t h i s Agreement and in accordance 
with the Contract ing O f f i c e r ' s d e c i s i o n . 

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

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

A. If an appeal is f i l ed by the P a r t i c i p a n t from a f ina l dec is ion 
of the Contrac t ing Off icer under the "Disputes" a r t i c l e of t h i s Agreement, 
denying a claim a r i s i n g under the Agreement, simple i n t e r e s t on the amount 
of the claim f i n a l l y determined owed by the Government sha l l be payable to 
the P a r t i c i p a n t . Such i n t e r e s t sha l l be at the r a t e determined by the 
Sec re ta ry of the Treasury pursuant to Publ ic Law 92 -41 , 85 S t a t . 97, from 
the da te the P a r t i c i p a n t furnishes to the Contract ing Officer i t s wr i t t en 
appeal under the "Disputes" a r t i c l e of t h i s Agreement, to the date of (1) a 
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ARTICLE A-XI - PAYMENT OF INTEREST ON PARTICIPANT'S CLAIMS (Cont'd) 

f ina l judgment by a court of competent j u r i s d i c t i o n , or (2) mai l ing to the 
P a r t i c i p a n t of a supplemental agreement for execut ion e i t h e r confirming 
completed n e g o t i a t i o n s between the p a r t i e s or ca r ry ing out a dec i s ion of a 
board of con t r ac t appea l s . 

B. Notwithstnding A., above, (1) i n t e r e s t s h a l l be applied only 
from the da te payment was due, i f such da te is l a t e r than the f i l i n g of 
appea l , and (2) i n t e r e s t sha l l not be paid for any period of time tha t 
the Contrac t ing Officer determines the P a r t i c i p a n t has unduly delayed in 
pursuing i t s remedies before a board of con t rac t appeals or a court of 
competent j u r i s d i c t i o n . 

ARTICLE A-XII - SEX DISCRIMINATION PROHIBITED 

No person sha l l on the ground of sex be excluded from p a r t i c i p a t i o n in, 
be denied a l i c ense under, be denied the b e n e f i t s of, or be subjected under 
any program or a c t i v i t y c a r r i e d on or rece iv ing Federal a s s i s t ance under 
any t i t l e of t h i s Act ( P . L. 93-438) . 

ARTICLE A-XIII - CIVIL RIGHTS 

The P a r t i c i p a n t agrees tha t no person in the United S ta t e s s h a l l , 
on the ground of r a c e , c o l o r , or na t i ona l o r i g i n , be excluded from 
p a r t i c i p a t i o n in, be denied the bene f i t s of, or be subject to d i s c r imina t ion 
under any program or a c t i v i t y for which the P a r t i c i p a n t rece ives Federal 
f i nanc i a l a s s i s t a n c e from DOE. 

ARTICLE A-XIV - DISCRIMINATION AGAINST HANDICAPPED PROHIBITED 

The P a r t i c i p a n t agrees tha t no otherwise q u a l i f i e d hindicapped 
ind iv idua l in the United' S t a t e s [as defined in Section 7(6) of the Ac t ] , 
s h a l l , s o l e l y by reason of h i s handicap, be excluded from the p a r t i c i p a t i o n 
in , be denied the b e n e f i t s of, or be subjected to d i s c r i m i n a t i o n under any 
program or a c t i v i t y rece iv ing Federal f inanc ia l a s s i s t a n c e . 

ARTICLE A-XV - SMALL AND MINORITY BUSINESS PARTICIPATION 

I t is the po l i cy of DOE to ensure tha t small and minor i ty bus inesses 
have a reasonable oppor tun i ty to p a r t i c i p a t e in the p ro j ec t s which i t 
s uppo r t s . In accordance with t h i s po l i cy , the P a r t i c i p a n t wi l l make a 
reasonable e f fo r t to ensure f a i r cons ide ra t ion and u t i l i z a t i o n of small and 
minor i ty bus inesses in purchases and subcon t rac t s awarded by the P a r t i c i p a n t 
under t h i s Agreement. 
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ARTICLE A-XVI - PREFERENCE FOR U. S. FLAG AIR CARRIERS 

A. I t is the po l icy of the United S ta tes tha t a l l Federal agencies 
and Government c o n t r a c t o r s and subcon t rac to r s u t i l i z e U. S. flag a i r c a r r i e r s 
for i n t e r n a t i o n a l a i r t r a n s p o r t a t i o n of personnel and cargo . 

B. The P a r t i c i p a n t agrees to u t i l i z e U. S. f lag a i r ca-.viers to the 
maximum ex ten t p r a c t i c a b l e in connection with the performance of t h i s 
Agreement in the t r a n s p o r t a t i o n by a i r of any personnel and cargo between 
the United S t a t e s and a foreign count ry , or between foreign c o u n t r i e s . 

C. The terms used in t h i s a r t i c l e have the following meanings: 

(1) " I n t e r n a t i o n a l a i r t r a n s p o r t a t i o n " means t r a n s p o r t a t i o n by 
a i r of personnel and cargo from the United S ta t e s to a foreign 
country , between two or more foreign c o u n t r i e s , and between a 
foreign country and the United S t a t e s . 

(2) "U. S. f lag a i r c a r r i e r " means one of a c l a s s of a i r c a r r i e r s 
holding a c e r t i f i c a t e of publ ic convenience and n e c e s s i t y issued 
by the Civ i l Aeronautics Board, approved by the P re s iden t , au thor iz ing 
opera t ions between the United S t a t e s and/or i t s t e r r i t o r i e s and one or 
more fore*Lgn c o u n t r i e s . 

(3) The term "United S t a t e s " incudes the f i f t y S t a t e s , Common­
wealth of Puer to Rico, possess ions of the United S ta t e s and the 
D i s t r i c t of Columbia. 

(4) " P r a c t i c a b l e " includes ( i) s a t i s f a c t o r y se rv ic ing of 
agency programs, and ( i i ) t imely d e l i v e r i e s at f a i r and reasonable 
p r i c e s . 

D. The P a r t i c i p a n t s h a l l include the substance of t h i s a r t i c l e , including 
t h i s paragraph D. in each subcontrac t or purchase order hereunder which may 
involve a i r t r a n s p o r t a t i o n between the United S t a t e s and a foreign count ry , or 
between foreign c o u n t r i e s . 

ARTICLE A-XVII - CLEAN AIR AND WATER 

A. The P a r t i c i p a n t agrees as fol lows: 

(1) To comply with a l l the requirements of sec t ion 114 of the 
Clean Air Act, as amended (42 U.S.C. 1857, e t s e q . , as amended by 
P. L. 91-604) and s e c t i o n 308 of the Federal Water Po l l u t i on Control 
Act (33 U.S.C. 1251, e t s e q . , as amended by P. L. 92-500) , r e s p e c t i v e l y , 
r e l a t i n g to in spec t ion , moni tor ing , e n t r y , r e p o r t s and information, as 
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ARTICLE A-XVII - CLEAN AIR AND WATER (Cont'd) 

well as other requirements spec i f ied in s ec t i on 114 and sec t ion 308 of 
the Air Act and the Walter Act, r e s p e c t i v e l y , and a l l r e g u l a t i o n s and 
gu ide l ine s issued thereunder before the award of t h i s Agreement. 

(2) That no por t ion of the work requ i red by t h i s Agreement wi l l 
be performed in a f a c i l i t y l i s t e d on the Environmental P ro t ec t i on 
Agency L i s t of Vio la t ing F a c i l i t i e s on the da te when t h i s Agree­
ment was awarded unless and u n t i l the EPA e l imina t e s the name of 
such f a c i l i t y or f a c i l i t i e s from such l i s t i n g . 

(3) To use i t s bes t effort 's to comply with clean a i r s tandards 
and c lean water s tandards at the f a c i l i t y in which the Agreement is 
being performed. 

(4) To i n s e r t the substance of the provis ions of t h i s a r t i c l e 
into any nonexempt c o n t r a c t , including t h i s subparagraph A . ( 4 ) . 

B. The terms used in t h i s a r t i c l e have the following meanings: 

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

(2) The term "Water Act" means Federal Water Po l l u t i on 
Control Act, as amended (33 U.S.C. 1251 et s e q . , as spiended by 
P. L. 92-500) . 

(3) The term "clean a i r s tandards" means any enforceable 
r u l e s , r e g u l a t i o n s , g u i d e l i n e s , s t anda rds , l i m i t a t i o n s , o r d e r s , 
c o n t r o l s , p r o h i b i t i o n s , or o ther requirements which i r s contained 
in, issued under, or otherwise adopted pursuant to the Air Act 
or Executive Order 11738, an app l i cab le implementation plan as 
descr ibed in s ec t i on 110(d) of the Clean Air Act [42JU.S.C. 
1857c-5(d) ] , an approved implementation procedure or plan under 
sec t ion 111(c) or sec t ion 111(d) , r e s p e c t i v e l y , of the Air Act 
(42 U.S.C. 1157(c)-6(c) or ( d ) , or an approved implementation 
procedure under s ec t i on 112(d) of the Air Act [42 U.^.C. 
1857c -7 (d ) ] . 

(4) The term "c lean water s t andards" means any enforceable 
l i m i t a t i o n , c o n t r o l , c o n d i t i o n , p r o h i b i t i o n , s tandard , or other 
requirement which is promulgated pursuant to the WatQr Act or 
contained in a permit issued to a d i scharger by the Environmental 
P ro t ec t ion Agency or by a S t a t e under an approved program, as 
author ized by sec t ion 402 of the Water Act (33 U.S.C^ 1342), or 
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by l o c a l government t o e n s u r e compl i ance w i t h p r e t r e a t m e n t 
r e g u l a t i o n s as r e q u i r e d by s e c t i o n 307 of t h e Water Act (33 
U . S . C . 1317) . 

(5) The term "compliance" means compliance with clean a i r 
or water s t a n d a r d s . Compliance s h a l l a l so mean compliance with 
a schedule or plan ordered or approved by a court of competent 
j u r i s d i c t i o n , the Environmental P r o t e c t i o n Agency or an a i r or 
water p o l l u t i o n con t ro l agency in accordance with the r e q u i r e ­
ments of the Air Act or Water Act and r e g u l a t i o n s issued 
pursuant t h e r e t o . 

(6) The term " f a c i l i t y " means any b u i l d i n g , p l a n t , 
i n s t a l l a t i o n , s t r u c t u r e , mine, v e s s e l , or o ther f loa t ing c r a f t , 
l o c a t i o n , or s i t e of o p e r a t i o n s , owned, l eased , or supervised 
by a con t r ac to r or subcon t rac to r , to be u t i l i z e d in the perform­
ance of a con t rac t or subcon t r ac t . Where a loca t ion or s i t e of 
opera t ions conta ins or includes more than one b u i l d i n g , p l an t , 
i n s t a l l a t i o n , or s t r u c t u r e , the e n t i r e l oca t i on or s i t e sha l l 
be deemed to be a f a c i l i t y except where the D i r e c t o r , Office of 
Federal A c t i v i t i e s , Environmental P ro t ec t i on Agency, determines 
tha t independent f a c i l i t i e s are co l loca ted in one geographical 
a r ea . 

ARTICLE A-XVIII - RIGHTS IN TECHNICAL DATA 

A. Def in i t ions 

(1) "Technical Data" means recorded information regard­
l e s s of form or c h a r a c t e r i s t i c , of a s c i e n t i f i c or t echn ica l 
n a t u r e . I t may, for example, document r e sea rch , exper imenta l , 
developmental , or demonst ra t ion , or engineer ing work, or be 
usable or used to def ine a design or p rocess , or to [Procure, 
produce, suppor t , ma in t a in , or opera te m a t e r i e l . The da ta 
may be graphic or p i c t o r i a l d e l i n e a t i o n s in media such as 
drawings or photographs, t ex t in s p e c i f i c a t i o n s or r e l a t e d 
performance or design type documents or computer software 
( inc lud ing computer programs, computer software da ta ba se s , 
and computer software documentat ion) . Examples of t echn ica l 
data include research and engineer ing d a t a , engineer ing 
drawings and a s soc ia t ed l i s t s , s p e c i f i c a t i o n s , s t anda rds , 
process s h e e t s , manuals, t e chn ica l r e p o r t s , ca t a log litem 
i d e n t i f i c a t i o n , and r e l a t e d informat ion. Technical data as 
used here in does not include f i nanc i a l r e p o r t s , cos t ana lyses , 
and o ther information i nc iden t a l to con t rac t a d m i n i s t r a t i o n . 
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ARTICLE A-XVIII - RIGHTS IN TECHNICAL DATA ( C o n t ' d ) 

(2) " P r o p r i e t a r y Data" means t echn ica l da ta which embody 
t rade s e c r e t s developed at p r iva te expense, such as design 
procedures or t echn iques , chemical composition of m a t e r i a l s , 
or manufacturing method^, p rocesses , or t r e a t m e n t s , including 
minor modi f ica t ions thereof , provided t h a t such d a t a : 

( i ) Are not g e n e r a l l y known or a v a i l a b l e from 
other sources without o b l i g a t i o n concerning t h e i r 
conf ident i a l i t y . 

( i i ) Have not been made ava i l ab l e by the 
owner to o the r s without o b l i g a t i o n concerning i t s 
c o n f i d e n t i a l i t y , and 

( i i i ) Are not a l ready a v a i l a b l e to the Government 
without o b l i g a t i o n concerning t h e i r c o n f i d e n t i a l i t y . 

(3) "Contract Data" means t echn ica l da ta f i r s t produced 
in the performance of the Agreement, t echn ica l data which are 
spec i f i ed to be de l ive red in the Agreement, t e chn ica l data 
tha t may be c a l l e d for under the "Addi t ional Technical Data 
Requirements" a r t i c l e of the Agreement, i f any, or t echnica l 
data a c t u a l l y de l ive red in connect ion with the Agreement. 

(4) "Unlimited Rights" means r i g h t s to use , d u p l i c a t e , 
or d i s c l o s e t echn ica l da t a , in whole or in p a r t , in any 
manner and for any purpose whatsoever, and to permit o thers 
to do s o . 

3 . Al loca t ion of Rights 

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

( i ) Unlimited r i g h t s in con t rac t da ta except as 
otherwise provided below with respec t to p r o p r i e t a r y 
d a t a . 

( i i ) The r i g h t to remove, c a n c e l , c o r r e c t or ignore 
any marking not au thor ized by the terms of t h i s Agreement 
on any t e chn i ca l data furnished hereunder , if in response 
to a w r i t t e n inquiry by DOE concerning the p rop r i e ty of 
the markings , the P a r t i c i p a n t f a i l s to respond t h e r e t o 
within 60 days or f a i l s to s u b s t a n t i a t e the p r o p r i e t y of 
the markings . In e i t h e r case DOE wi l l no t i fy the P a r t i c i p a n t 
of the ac t ion taken . 
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( i i i ) No r i g h t s unde r t h i s Agreement in any t e c h n i c a l 
d a t a which a r e not c o n t r a c t d a t a . 

(2) The P a r t i c i p a n t s h a l l have: 

( i ) The r i g h t to withhold p r o p r i e t a r y da ta in 
accordance with the provis ions of t h i s a r t i c l e . 

( i i ) The r i g h t to use for i t s p r i v a t e purposes, 
subject to p a t e n t , s e c u r i t y or o ther provis ions of t h i s 
Agreement, con t r ac t da ta i t f i r s t produces in the perform­
ance of t h i s Agreement provided the data requirements of 
this-Agreement have been met as of the date of the p r iva te 
use of such d a t a . The P a r t i c i p a n t agrees tha t to the 
extent i t r ece ives or is given access to p r o p r i e t a r y 
da ta or o ther t e c h n i c a l , bus iness or f inanc ia l data in 
the form of recorded information frora DOE or a DOE 
con t r ac to r or subcon t r ac to r , the P a r t i c i p a n t sha l l t r e a t 
such da ta in accordance with any r e s t r i c t i v e legend 
contained thereon , unless use is s ' pec i f i ca l ly author ized 
by pr ior w r i t t e n approval of the Contrac t ­
ing Of f i c e r . 

(3) Nothing contained in t h i s "Rights in Technical Data" 
a r t i c l e s h a l l imply a l i c e n s e to the Government under any 
patent or be construed as a f f ec t ing the scope of any l i c e n s e s 
or o ther r i g h t s otherwise granted to the Government under any 
p a t e n t . 

C. Copyrighted Mater ia l 

(1) The P a r t i c i p a n t s h a l l no t , without p r io r w r i t t e n 
a u t h o r i z a t i o n of the Contract ing Of f i ce r , e s t a b l i s h a claim 
to s t a t u t o r y copyr ight in any c o n t r a c t da ta f i r s t produced in 
the performance of the Agreement. To the extent such au tho r i za ­
t i o n is g ran ted , the Government r ese rves for i t s e l f and o the r s 
ac t ing on i t s behal f a r o y a l t y - f r e e , non-exc lus ive , i r r e v o c a b l e , 
world-wide l i c e n s e for Governmental purposes to pub l i sh , 
d i s t r i b u t e , t r a n s l a t e , d u p l i c a t e , e x h i b i t and perform any such 
data copyrighted by the P a r t i c i p a n t . 

(2) The P a r t i c i p a n t agrees not to include in the technica l 
da ta de l ive red under the Agreement any m a t e r i a l copyrighted by 
the P a r t i c i p a n t and not to knowingly include any ma te r i a l 
copyrighted by o the r s without f i r s t g ran t ing or ob ta in ing at 
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no c o s t a l i c e n s e t h e r e i n for t h e b e n e f i t of t h e Government of 
t h e same scope as s e t f o r t h in p a r a g r a p h C . ( l ) a b o v e . I f such 
r o y a l t y - f r e e l i c e n s e i s u n a v a i l a b l e and t h e P a r t i c i p a n t n e v e r ­
t h e l e s s d e t e r m i n e s t h a t such c o p y r i g h t e d m a t e r i a l must be 
i n c l u d e d i n t h e t e c h n i c a l d a t a t o be d e l i v e r e d , r a t h e r t h a n 
m e r e l y i n c o r p o r a t e d t h e r e i n by r e f e r e n c e , t h e P a r t i c i p a n t 
s h a l l r e q u e s t t h e w r i t t e n a u t h o r i z a t i o n of t h e Cont rac j t ing 
O f f i c e r t o i n c l u d e such c o p y r i g h t e d m a t e r i a l i n t h e t e c h n i c a l 
d a t a w i t h o u t a l i c e n s e . 

D. Subcon t rac t ing . I t is the r e s p o n s i b i l i t y of the P a r t i c i p a n t 
to ob ta in from i t s subcon t rac to r s t echn ica l da ta and r i g h t s t h e r e i n , on 
behalf of the Govenment, necessary to f u l f i l l the P a r t i c i p a n t ' s ob l i ga t i ons 
to the Government with respec t to such d a t a . In the event of re fusa l by a 
subcont rac tor to accept an a r t i c l e affording the Government such r i g h t s , 
the P a r t i c i p a n t s h a l l : 

(1) Promptly submit w r i t t e n no t i ce to the Contract ing 
Officer s e t t i n g fo r th reasons for the subcon t rac to r re fusa l 
and other p e r t i n e n t information which may expedi te d i s p o s i t i o n 
of the m a t t e r ; and 

(2) Not proceed with the subcontrac t without the w r i t t e n 
a u t h o r i z a t i o n of the Contract ing Of f i ce r . 

E. Withholding of P r o p r i e t a r y Data. Notwithstanding the inc lus ion 
of the "Addi t iona l Technical Data Requirements" a r t i c l e in t h i s Agreement or 
any prov is ion of t h i s Agreement specifying the de l i ve ry of t echn ica l d a t a , 
the P a r t i c i p a n t may withhold p r o p r i e t a r y da ta from d e l i v e r y , provided tha t 
the P a r t i c i p a n t furnishes in l i e u of any such p r o p r i e t a r y d a t a , so withheld 
t e c h n i c a l da ta d i s c l o s i n g the source , s i z e , c o n f i g u r a t i o n , mating and 
attachment c h a r a c t e r i s t i c s , func t iona l c h a r a c t e r i s t i c s and performance 
requirements ("Form, Fi t and Function" d a t a , e . g . , s p e c i f i c a t i o n contro l 
drawings, ca ta log s h e e t s , envelope drawings, e t c . ) or a general d e s c r i p t i o n 
of such p r o p r i e t a r y da ta where "Form Fi t and Function" da ta are not app l i cab le . 
The Government s h a l l acqui re no r i g h t s to any p r o p r i e t a r y d4ta so withheld 
except tha t such da ta s h a l l be subject to the " Inspec t ion Rights" provis ions 
of paragraph F . , and i f included, the "Limited Rights in P r o p r i e t a r y Data" 
p rov is ions of paragraph G. and the "Cont rac tor Licens ing" provis ions of 
paragraph H. 

F. Inspec t ion Rights . Except as may be otherwise spec i f ied in t h i s 
Agreement for s p e c i f i c items of p r o p r i e t a r y da t a which are not subject to 
t h i s paragraph, the Contrac t ing O f f i c e r ' s r e p r e s e n t a t i v e s , at a l l reason­
able times up to th ree (3) years a f t e r f ina l payment under t h i s Agreement, 
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may inspect at the P a r t i c i p a n t ' s f a c i l i t y any p r o p r i e t a r y da ta withheld 
under paragraph E. and not furnished under paragraph G. f<ir the purposes of 
ve r i fy ing tha t such da ta pjroperly f e l l wi thin the withholding provis ion of 
paragraph E . , or for eva lua t ing work performance. 

ARTICLE A-XIX - REPORTING OF ROYALTIES " 

I f t h i s c o n t r a c t is in an amount which exceeds $10,000 and i f any 
r o y a l t y payments are d i r e c t l y involved in the con t rac t or are r e f l ec t ed 
in the con t rac t pr ice to the Government, the Contractor ag|rees to repor t 
in wr i t i ng to the Patent Counsel (with n o t i f i c a t i o n by Patent Counsel to 
the Contract ing Off icer) during the performance of t h i s con t rac t and p r io r 
to i t s completion or f i na l se t t l ement the amount of any r o y a l t i e s or o ther 
payments paid or to be paid by i t d i r e c t l y to o the r s in coT|inection with the 
performance of t h i s con t rac t toge ther with the names and addresses of 
l i c e n s o r s to whom such payments are made and e i t h e r the patient numbers 
involved or such o ther information as w i l l permit ident if idat ion of the 
pa ten t s or o ther bas i s on which the r o y a l t i e s are to be paid . The approval 
of DOE of any ind iv idua l payments or r o y a l t i e s s h a l l not stop the- Govern­
ment at any time from c o n t e s t i n g the e n f o r c e a b i l i t y , v a l i d i t y or scope of, 
or t i t l e t o , any patent under which a r o y a l t y or payments are made. 

ARTICLE XX - PATENT RIGHTS 

A. Def in i t i ons 

(1) "Subject Invent ion" means any invent ion .or discovery of 
the P a r t i c i p a n t conceived or f i r s t a c t u a l l y reduced to p r a c t i c e in 
the course of or under t h i s Agreement, and includes any a r t , method 
p rocess , machine, manufacture, des ign , or composition of ma t t e r , or 
any new and useful improvement thereof , or any v a r i e t y ijf p l a n t s , 
whether patented or unpatented under the Patent Laws of the United 
S ta t e s of America or any foreign count ry . 

(2) "Contrac t" means any c o n t r a c t , g r a n t , agreement, under­
s tanding or o ther arrangement, which includes r e sea rch , development, 
or demonstrat ion work, and includes any assignment or s u b s t i t u t i o n 
of p a r t i e s . 

(3) " S t a t e s and domestic municipal governments" means the 
S ta t e s of the United S t a t e s , the D i s t r i c t of Columbia, PUerto Rico, 
the Vi rg in I s l a n d s , American Samoa, Guam, the Trust T e r r i t o r y of 
the Pac i f i c I s l a n d s , and any p o l i t i c a l subd iv i s ion and agencies 
thereof . 
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(4) "Government agency" includes an execut ive department, 
independent commission, board, o f f i c e , agency, a d m i n i s t r a t i o n , 
a u t h o r i t y , Government co rpora t ion , or o ther Government es tabl ishment 
of the Executive Branch of the Government of the United S t a t e s of 
America. 

(5) "To the point of p r a c t i c a l a p p l i c a t i o n " means to manufac­
tu re in the case of a composition or product , to p r a c t i c e in the 
case of a p rocess , or to opera te in the case of a machine and under 
such cond i t i ons as to e s t a b l i s h tha t the invent ion is being worked 
and t h a t i t s b e n e f i t s are reasonably a c c e s s i b l e to the p u b l i c . 

(6) "Patent Counsel" means the DOE Patent Counsel a s s i s t i n g 
the procuring a c t i v i t y . 

B. Al loca t ion of P r i n c i p a l Rights 

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

(2) Greater Rights Determina t ions . The P a r t i c i p a n t or the 
employee-inventor with a u t h o r i z a t i o n of the P a r t i c i p a n t may reques t 
g r e a t e r r i g h t s than the nonexclusive l i c e n s e and the foreign patent 
r i g h t s provided in paragraph C. of t h i s a r t i c l e on i d e n t i f i e d 
inven t ions , in accordance with 41 CFR 9-9 .109-6 . Such reques ts 
must be submitted to Pa ten t Counsel (with n o t i f i c a t i o n by Patent 
Counsel to the Contrac t ing Off icer) at the time of the f i r s t 
d i s c l o s u r e pursuant to paragraph E.(2) of t h i s a r t i c l e , ,or not 
l a t e r than 9 months a f t e r conception or f i r s t ac tua l reduct ion to 
p r a c t i c e , whichever occurs f i r s t , or such longer period as may be 
author ized by Patent Counsel (with n o t i f i c a t i o n by Patent Counsel 
(with n o t i f i c a t i o n by Patent Counsel to the Contract ing Officer) 
for good cause shown in wr i t ing by the P a r t i c i p a n t . 

C. Minimum Rights to the P a r t i c i p a n t 

(1) P a r t i c i p a n t L icense . The P a r t i c i p a n t r e se rves a revocable , 
nonexclus ive , paid-up l i c e n s e in each patent a p p l i c a t i o n f i led in 
any country on a Subject Invent ion and any r e s u l t i n g patent in 
which the Government acquires t i t l e . The l i c e n s e sha l l extend to 
the P a r t i c i p a n t ' s domestic s u b s i d i a r i e s and a f f i l i a t e s , i"' any, 
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within the corporate structure of which the Part icipant is a part 
and shall include the ,right to grant sublicenses of the same scope 
to the extent the Part icipant was legal ly obligated to do so at the 
time the Agreement was awarded. The license shall be transferable 
only with approval of DOE except when transferred to the successor 
of that part of the Par t i c ipan t ' s business to which the invention 
per ta ins . 

(2) Revocation Limitations. The Pa r t i c ipan t ' s nonexecluslve 
l icense retained pursuant to subparagraph C.(l) of this a r t i c l e and 
sublicenses granted thereunder may be revoked or modilied by DOE, 
ei ther in whole or in part , only to the extent necessary to achieve 
expeditious pract ical application of the Subject Invention under 
DOE'S published licensing regulations (10 CFR 781), and only to 
the extent an exclusive license is actually granted. This license 
shall not be revoked in that field of use and/or the geographical 
areas in which the Par t ic ipant , or i t s sublicensee, hais brought the 
invention to the point of pract ical application and continues to 
make the benefits of the invention reasonably accessible to the 
public, or is expected to do so within a reasonable t i4ne. 

(3) Revocation Procedures. Before modification o^ revocation 
of the license or sublicense, pursuant to subparagraph C.(2) of 
th is a r t i c l e , DOE shal l furnish the Part icipant a written notice of 
i t s intention to modify or revoke the license and any Sublicense 
thereunder, and the Part icipant shall be allowed 30 days, or such 
longer period as may be authorized by the Patent Counsel (with 
not i f ica t ion by Patent Counsel to the Contracting 0ffi<ier) for good 
cause shown in writing by the Par t ic ipant , af ter such notice to show 
cause why the license or any sublicense should not be modified or 
revoked. The Part icipant shall have the right to appeal in accord­
ance with 10 CFR 781, any decision concerning the modification or 
revocation of i t s l icense or any sublicense. 

(4) Foreign Patent Rights. Upon written request to Patent 
Counsel (with not i f ica t ion by Patent Counsel to the Contracting 
Officer), in accordance with subparagraph E.(2)( i ) of this a r t i c l e , 
and subject to DOE security regulations and requirements, there 
shall be reserved to the Par t ic ipant , or the employee-inventor with 
authorization of the Par t ic ipant , the patent rights to a Subject 
Invention in any foreign country where the Government has elected 
not to secure such r ights provided: 
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( i ) The r e c i p i e n t of such r i g h t s , when s p e c i f i c a l l y 
r e q u e s t e d by DOE and t h r e e y e a r s a f t e r i s s u a n c e of a f o r e i g n 
p a t e n t d i s c l o s i n g s a i d S u b j e c t I n v e n t i o n , s h a l l f u r n i s h DOE a 
r e p o r t s e t t i n g f o r t t i : 

( a ) The commercia l u s e t h a t i s b e i n g made, o r 
i s i n t e n d e d t o be made, of s a i d i n v e n t i o n , and 

(b) The s t e p s t a k e n t o b r i n g t h e i n v e n t i o n to 
t h e p o i n t of p r a c t i c a l a p p l i c a t i o n or t o make t h e 
i n v e n t i o n a v a i l a b l e fo r l i c e n s i n g . 

( i i ) The Government s h a l l r e t a i n at l e a s t an i r r e v o c a b l e , 
n o n e x c l u s i v e , p a i d - u p l i c e n s e to make, u s e , and s e l l t h e 
i n v e n t i o n t h r o u g h o u t t h e wor ld by o r on b e h a l f of t h e Govern­
ment ( i n c l u d i n g any Government agency) and S t a t e s and d o m e s t i c 
m u n i c i p a l g o v e r n m e n t s , u n l e s s t h e A d m i n i s t r a t o r or h i s d e s i g n e e 
d e t e r m i n e s t h a t i t would not be in t he p u b l i c i n t e r e s t to 
a c q u i r e t h e l i c e n s e for t h e S t a t e s and d o m e s t i c m u n i c i p a l 
g o v e r n m e n t s . 

( i i i ) S u b j e c t to t h e r i g h t s g r a n t e d i n C . ( l ) , ( 2 ) , and (3) 
of t h i s a r t i c l e , t h e S e c r e t a r y of DOE o r h i s d e s i g n e e s h a l l have 
t h e r i g h t t o t e r m i n a t e t he f o r e i g n p a t e n t r i g h t s g r a n t e d in 
t h i s s u b p a r a g r a p h C. (4) i n whole or in p a r t u n l e s s t he r e c i p i e n t 
of such r i g h t s d e m o n s t r a t e s to t h e s a t i s f a c t i o n of t h e S e c r e t a r y 
of DOE or h i s d e s i g n e e t h a t e f f e c t i v e s t e p s n e c e s s a r y t o 
a c c o m p l i s h s u b s t a n t i a l u t i l i z a t i o n of t h e i n v e n t i o n have been 
t a k e n or w i t h i n a r e a s o n a b l e t ime w i l l be t a k e n . 

( i v ) S u b j e c t t o t h e r i g h t s g r a n t e d in C . ( l ) , ( 2 ) , and (3) 
of t h i s a r t i c l e , t h e S e c r e t a r y of DOE o r h i s d e s i g n e e s h a l l have 
t h e r i g h t , commencing four y e a r s a f t e r f o r e i g n p a t e n t r i g h t s 
a r e a c c o r d e d under t h i s s u b p a r a g r a p h C . ( 4 ) , t o acqu | . re t he 
g r a n t i n g of a n o n e x c l u s i v e or p a r t i a l l y e x c l u s i v e l i c e n s e to a 
r e s p o n s i b l e a p p l i c a n t o r a p p l i c a n t s , upon te rms r e a s o n a b l e 
under t h e c i r c u m s t a n c e s and in a p p r o p r i a t e c i r c u m s t a n c e s t o 
t e r m i n a t e s a i d f o r e i g n p a t e n t r i g h t s in whole or in p a r t , 
f o l l o w i n g a h e a r i n g upon n o t i c e t h e r e o f t o t he p u b l i c , upon a 
p e t i t i o n by an i n t e r e s t e d p e r s o n j u s t i f y i n g such h e a r i n g : 

( a ) I f t h e S e c r e t a r y of DOE o r h i s d e s i g n e e 
d e t e r m i n e s , upon r e v i e w of such m a t e r i a l a s he 
deems r e l e v a n t , and a f t e r t h e r e c i p i e n t of such 
r i g h t s , o r o t h e r i n t e r e s t e d p e r s o n , has had t h e 
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oppor tun i ty to provide such re levan t and maCfe..ial 
information as the Secre ta ry of DOE or his designee 
may r equ i r e t ha t such foreign pa tent r i g h t s have 
tended s u b s t a n t i a l l y t o lessen competi t ion or to 
r e s u l t in undue market concen t ra t ion in any 
sec t ion of the United S t a t e s in any l i n e of 
commerce to which the technology r e l a t e s ; or 

(b) Unless the r e c i p i e n t of such r i g h t s 
demonstrates to the s a t i s f a c t i o n of the Secre ta ry 
of DOE or h is designee at such hear ing tha t the 
r e c i p i e n t has taken e f f ec t i ve s teps or wi th in a 
reasonable time t h e r e a f t e r is expected to take 
such s t e p s , necessary to accomplish s u b s t a n t i a l 
u t i l i z a t i o n of the inven t ion . 

D. F i l i ng of Patent Appl ica t ions 

(1) With respec t to each Subject Invent ion in which the 
P a r t i c i p a n t or the inventor r eques t s foreign patent r i g h t s in 
accordance with subparagraph C.(4) of t h i s a r t i c l e , a request may 
a l so be made for the r i g h t to f i l e and prosecute the U. S. 
a p p l i c a t i o n on behalf of the U, S. Government. If such request 
is granted the P a r t i c i p a n t or inventor s h a l l f i l e a domestic 
patent a p p l i c a t i o n on the invent ion wi th in s ix (6) months a f t e r 
the request for fore ign pa tent r i g h t s is g r an t ed , or such longer 
period of time as may be approved by the Patent Counsel for good 
cause shown in w r i t i n g by the r e q u e s t e r . With respec t to the 
invent ion the r e q u e s t e r s h a l l promptly no t i fy the Patent Counsel 
(with n o t i f i c a t i o n by Patent Counsel to the Contract ing Officer) 
of any dec i s ion not to f i l e an a p p l i c a t i o n . 

(2) For each Subject Invent ion on which a domestic patent 
a p p l i c a t i o n is f i l ed by the P a r t i c i p a n t or inventor the P a r t i c i p a n t 
or inventor s h a l l : 

( i ) Within two (2) months a f t e r the f i l i n g or Within 
two (2) months a f t e r submission of the invent ion d i s c l o s u r e 
if the pa ten t a p p l i c a t i o n previous ly has been f i l e d , d e l i v e r 
to the Patent Counsel a copy of the a p p l i c a t i o n as f i l ed 
including the f i l i n g da te and s e r i a l number; 

( i i ) Within s ix (6) months a f t e r f i l i n g the a p p l i c a t i o n 
or wi th in s ix (6) months a f t e r submit t ing the invention d i s ­
c losu re if the a p p l i c a t i o n has been f i l ed p r e v i o u s l y , ; d e l i v e r 
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to the Patent Counsel a duly executed and approved Assignment 
to the Government, on a form spec i f i ed by the Government; 

( i i i ) Provide the Patent Counsel with the o r i g i n a l 
patent grant promptly a f t e r a patent is issued on the 
a p p l i c a t i o n ; and 

( iv ) Not l e s s than 30 days before the e x p i r a t i o n 
of the response period for any ac t ion requi red by the 
Patent and Trademark Off ice , no t i fy the Patent Counsel 
of any dec i s i on not to cont inue prosecut ion of the 
a p p l i c a t i o n . 

(3) With respect to each Subject Invention in which the 
Participant or inventor has requested foreign patent r igh t s , the 
Part icipant or inventor shall f i l e a patent application on 
the invention in each foreign country in which such request is 
granted in accordance with applicable s ta tu tes and regulations 
and within one of the following periods: 

( i ) Eight months from the date of f i l ing a cor­
responding United States application, or if such an 
application is not f i led, six»months from the date the 
request was granted; 

( i i ) Six months from the date a license is granted 
by the Commissioner of Patents and Trademarks to f i le 
the foreign patent application where such fi l ing has been 
prohibited by security reasons; or 

( i i i ) Such longer periods as may be approved by the 
Patent Counsel for good cause shown in writing by the 
Participant or inventor. 

(4) Subject to the license specified in subparagraphs C . ( l ) , 
(2) and (3) of this a r t i c l e , the Part icipant or inventor agrees to 
convey to the Government upon request the entire r ight , t i t l e , and 
interes t in any foreign country in which the Part icipant or inventor 
fa i l s to have a patent application filed in accordance with sub­
paragraph D.(3) of this a r t i c l e , or decides not to cotjitinue prosecu­
tion or to pay any maintenance fees covering the invention. To 
avoid forfei ture of the patent application or patent the Participant 
or inventor shall not less than 60 days before the expiration period 
for any action required by any Patent Office notify the Patent 
Counsel of such failure or decision and deliver to the ?atent 
Counsel the executed instruments necessary for the conveyance 
specified in this paragraph. 
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E. I n v e n t i o n I d e n t i f i c a t i o n , D i s c l o s u r e s and R e p o r t s . 

(1) The P a r t i c i p a n t sha l l e s t a b l i s h and maintain ac t i ve and 
e f f e c t i v e procedures to ensure tha t Subject Invent ions are promptly 
i d e n t i f i e d and t imely d i s c l o s e d . These procedures s h a l l include 
the maintenance of l a b o r a t o r y notebooks or equivalent records and 
any o ther records tha t are reasonably necessary to document the 
conception and/or the f i r s t ac tua l reduc t ion to p r a c t i c e of Subject 
Inven t ions , and records which show tha t the procedures for iden t i fy ­
ing and d i s c l o s i n g the invent ions are followed. Upon reques t , the 
P a r t i c i p a n t s h a l l furn ish the Contract ing Off icer a d e s c r i p t i o n of 
these procedures so t h a t he may eva lua te and determine t h e i r 
e f fec t iveness . 

(2) The P a r t i c i p a n t sha l l furnish the Patent Counsel (with 
n o t i f i c a t i o n by Patent Counsel to the Contractor Officer) on a 
DOE-approved form: 

( i ) A w r i t t e n repor t conta in ing fu l l and complete 
t echn ica l information concerning each subject Invent ion 
wi th in s ix (6) months a f t e r conception or f i r s t ac tua l 
reduct ion to p r a c t i c e whichever occurs f i r s t in the course 
of or under t h i s Agreement, but in any event p r io r to any on 
s a l e , publ ic use or publ ic d i s c l o s u r e of such invention 
known to the P a r t i c i p a n t . The repor t s h a l l i den t i fy the 
Agreement and inventor and s h a l l be s u f f i c i e n t l y complete in 
t echn ica l d e t a i l and app rop r i a t e ly i l l u s t r a t e d by sketch or 
diagram to convey to one s k i l l e d in the a r t to which the 
invent ion p e r t a i n s a c l ea r unders tanding of the n a t u r e , 
purpose, o p e r a t i o n , and to the extent known, the phys i ca l , 
chemical , b i o l o g i c a l , or e l e c t r i c a l c h a r a c t e r i s t i c s of the 
invent ion . The repor t should a l so include any reques t for 
foreign patent r i g h t s under subparagraph C.(4) of t h i s 
a r t i c l e and any reques t to f i l e a domestic pa t en t app l ica ­
t i on under D . ( l ) of t h i s a r t i c l e . However, such reques ts 
s h a l l be made wi th in the period se t for th in subparagraph 
B.(2) of t h i s a r t i c l e . When an invent ion is repor ted under 
t h i s subparagraph E . ( 2 ) ( i ) , i t s h a l l be presumed to have 
been made in the manner spec i f i ed in Sect ion 9 (a ) (1 ) and 
(2) of 42 U.S.C. 5908 unless the P a r t i c i p a n t contends i t was 
not so made in accordance with subparagraph G . ( 2 ) ( i i ) of 
t h i s a r t i c l e . 
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( i i ) Upon r e q u e s t , b u t not more t h a n a n n u a l l y , i n t e r i m 
r e p o r t s on an DOEpapproved form l i s t i n g S u b j e c t I n v e n t i o n s 
and s u b c o n t r a c t s awarded c o n t a i n i n g a P a t e n t R i g h t s a r t i c l e 
for t h a t p e r i o d and c e r t i f y i n g t h a t : 

(a) The P a r t i c i p a n t ' s procedures for i den t i fy ­
ing and d i s c l o s i n g Subject Invent ions as required 
by t h i s paragraph E. have been followed throughout 
the r epo r t i ng per iod; 

(b) All subject invent ions have been d isc losed 
or tha t there are no such invent ions ; and 

(c) All subcont rac t s conta in ing a Patent 
Rights a r t i c l e have been repor ted or tha t nO such 
subcon t rac t s have been awarded. 

( i i i ) A f ina l repor t on an DOE-approved form within 
th ree (3) months a f t e r completion of the Agreement work 
l i s t i n g a l l Subject Invent ions and a l l subcon t rac t s awarded 
conta in ing a Patent Rights a r t i c l e and c e r t i f y i n g t h a t : 

(a) All Subject Invent ions have been d i s ­
closed or t h a t there were no such inven t ions ; 
and 

(b) All subcont rac t s conta in ing a Patent 
Rights a r t i c l e have been repor ted or tha t no such 
subcon t rac t s have been awarded. 

(3) The P a r t i c i p a n t s h a l l obta in patent agreements to e f fec­
tua t e the prov is ions of t h i s a r t i c l e from a l l persons in i t s 
employ who perform any part of the work under t h i s Agreement 
except nontechnica l personne l , such as c l e r i c a l employees and 
manual l a b o r e r s . 

(4) The P a r t i c i p a n t agrees tha t the Government may d u p l i c a t e 
and d i s c l o s e Subject Invent ion d i s c l o s u r e s and a l l o ther r epo r t s 
and papers furnished or required to be furnished pursuant to t h i s 
a r t i c l e . I f the P a r t i c i p a n t is to f i l e a foreign patent app l i ca t i on 
on a Subject Inven t ion , the Government ag rees , upon w r i t t e n r eques t , 
to use i t s bes t e f f o r t s to withhold p u b l i c a t i o n of such invention 
d i s c l o s u r e s u n t i l the e x p i r a t i o n of the time period spec i f ied in 
subparagraph D. ( l ) of t h i s a r t i c l e , but in no event s h a l l the 
Government or i t s employees be l i a b l e for any pub l i ca t ion thereof . 
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F. P u b l i c a t i o n . I t is recognized tha t during the course of the 
work under t h i s Agreement the P a r t i c i p a n t or i t s employees may from 
time to time d e s i r e to r e l e a s e or publ ish infonnat ion regarding s c i e n t i f i c 
or t e chn i ca l developments conceived or f i r s t a c t u a l l y reduced to p r ac t i ce 
in the course of or under t h i s Agreement. In order tha t public d i s c lo su re 
of such information w i l l not adverse ly a f fec t the patent i n t e r e s t s of DOE 
or the P a r t i c i p a n t , pa tent approval for r e l e a s e or pub l i ca t ion sha l l be 
secured frora Patent Counsel p r i o r to any such r e l e a s e or p u b l i c a t i o n , 

G. F o r f e i t u r e of Rights in Unreported Subject Inven t ions . 

(1) The P a r t i c i p a n t sha l l f o r f e i t to the Government, at the 
reques t of the Secre ta ry of DOE or h is des ignee , a l l r i g h t s in any 
Subject Invent ion which the P a r t i c i p a n t f a i l s to repor t to Patent 
Counsel (with n o t i f i c a t i o n by Patent Counsel to the Contract ing 
Officer) wi th in 6 months a f t e r the time the P a r t i c i p a n t : 

( i ) F i l e s or causes to be f i led a United S ta tes 
or foreign patent a p p l i c a t i o n thereon; or 

( i i ) Submits the f ina l repor t required by subpara­
graph E . ( 2 ) ( i i i ) of t h i s a r t i c l e whichever is l a t e r . 

(2) However, the P a r t i c i p a n t s h a l l not f o r f e i t r i g h t s in a 
Subject Invent ion if, within the time spec i f i ed in ( l ) ( i ) or ( l ) ( i i ) 
of t h i s paragraph G. , the P a r t i c i p a n t : 

( i ) Prepared a w r i t t e n dec i s ion based upon a review 
of the record tha t the invent ion was n e i t h e r conceived nor 
f i r s t a c t u a l l y reduced to p r a c t i c e in the course of or 
under the. Agreement and d e l i v e r s the same to Patent Counsel 
(with n o t i f i c a t i o n by Patent Counsel to the Contract ing 
O f f i c e r ) ; or 

( i i ) Contending tha t the invent ion is not a Subject 
Invent ion the P a r t i c i p a n t neve r the l e s s d i s c l o s e s the 
invent ion and a l l f ac t s pe r t i nen t to t h i s content ion to the 
Patent Counsel (with n o t i f i c a t i o n by Patent Counsel to the 
Contrac t ing O f f i c e r ) ; or 

( i i i ) E s t a b l i s h e s tha t the f a i l u r e to d i s c l o s e did not 
r e s u l t from the P a r t i c o p a n t ' s fau l t or neg l igence . 
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(3) Pending w r i t t e n assignment of the patent app l i ca t ions and 
pa ten t s on a Subject i nven t ion determined by the Secre tary of DOE 
or h i s designee to be fo r fe i t ed (such de te rmina t ion to be a f ina l 
dec i s ion under the "Disputes" a r t i c l e of t h i s Agreement), the 
P a r t i c i p a n t s h a l l be deemed to hold the invention and the patent 
a p p l i c a t i o n s and pa t en t s pe r t a in ing t h e r e t o in t r u s t for the 
Government. The f o r f e i t u r e provis ion of t h i s paragraph G. s h a l l be 
in add i t ion to and s h a l l not supersede o ther r i g h t s and remedies 
which the Government may have with respec t to Subject Inven t ions . 

H. Examination of Records Relat ing to Invent ions 

(1) The Contract ing Officer or h i s authorized r e p r e s e n t a t i v e , 
u n t i l the e x p i r a t i o n of three (3) years a f t e r f ina l payment under 
t h i s Agreement, s h a l l have the r i g h t to examine any books ( inc lud ing 
l abora to ry notebooks) r e c o r d s , documents, and o ther support ing data 
of the P a r t i c i p a n t which the Contract ing Off icer or h i s authorized 
r e p r e s e n t a t i v e , reasonably deem p e r t i n e n t to the discovery or i d e n t i ­
f i c a t i o n of Subject Invent ions or to determine compliance with the 
requirements of t h i s a r t i c l e . 

(2) The Contrac t ing Off icer or h i s au thor ized r e p r e s e n t a t i v e 
s h a l l have the r i g h t to examine a l l books ( i nc lud ing l abora to ry 
notebooks) records and documents of the P a r t i c i p a n t r e l a t i n g to the 
conception on f i r s t ac tua l reduc t ion to p r a c t i c e of invent ions in the 
same f i e ld of technology as the work under t h i s Agreement to determine 
whether any such invent ions are Subject I nven t ions . If the P a r t i c i p a n t 
refuses or f a i l s t o : 

( i ) E s t a b l i s h the procedures of paragraph E . ( l ) 
of t h i s a r t i c l e ; or 

( i i ) Maintain and follow such procedures; or 

( i i i ) Correct or e l imina te any m a t e r i a l def ic iency 
in the procedures wi th in t h i r t y (30) days a f t e r the 
Contract ing Officer n o t i f i e s the P a r t i c i p a n t of such a 
def ic iency. 

I . Withholding of Payment (Not Applicable to Subcontracts) 

(1) Any time before f ina l payment of the amount of t h i s Agree­
ment the Contrac t ing Officer may, i f he deems such act ion warranted, 
withhold payment u n t i l a reserve not exceeding $50,000 or 5 percent 
of the amount of t h i s .Agreement, whichever is l e s s , s h a l l have been 
set as ide if in h i s opin ion , the P a r t i c i p a n t f a i l s t o : 
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( i ) E s t a b l i s h , main ta in and follow e f f ec t i ve 
procedures for iden t i fy ing and d i s c l o s i n g subjec t 
invent ions pursuant to subparagraph E . ( l ) of t h i s 
a r t i c l e ; or 

( i i ) Disc lose any S,ubject Invent ion pursuant to 
paragraph E . ( 2 ) ( i ) of t h i s a r t i c l e ; or 

( i i i ) Del iver the inter im r e p o r t s pursuant to 
subparagraph E . ( 2 ) ( i i ) of t h i s a r t i c l e ; or 

( iv ) Provide the information regarding subcont rac t s 
pursuant to subparagraph J . ( 5 ) of t h i s a r t i c l e ; or 

(v) Convey to the Government in a DOE-approved 
form the t i t l e and/or r i g h t s of the Government in each 
subject invent ion as required by t h i s a r t i c l e . 

The reserve or balance s h a l l be withheld u n t i l the Contract ing 
Officer has determined tha t the P a r t i c i p a n t has r e c t i f i e d whatever 
d e f i c i e n c i e s e x i s t and has de l ive red a l l r e p o r t s , d i s c l o s u r e s and 
o ther information required by the a r t i c l e . 

(2) Final payment under t h i s Agreement s h a l l not be made by the 
Contract ing Off icer before the P a r t i c i p a n t d e l i v e r s to Patent Counsel 
a l l d i s c l o s u r e s of Subject Invent ions and o the r information required 
by E . ( 2 ) ( i ) of t h i s a r t i c l e , the f ina l repor t required by E . ( 2 ) ( i i i ) 
of t h i s a r t i c l e , and Patent Counsel has issued a patent c learance 
c e r t i f i c a t i o n to the Contract ing Of f i ce r . 

(3) The Contract ing Off icer may, in h i s d i s c r e t i o n , decrease 
or increase the sums withheld up to the maximum author ized above. If 
the P a r t i c i p a n t is a nonprof i t o r g a n i z a t i o n , the maximum amount that 
may be withheld under t h i s paragraph s h a l l not exceed 550,000 or 
one percent (1%) of the amount of t h i s Agreement, whichever is l e s s . 
No amount s h a l l be withheld under t h i s paragraph while the amount 
spec i f ied by t h i s paragraph is being withheld under o ther provis ions of 
the Agreement. The withholding of any amount or subsequent payment 
thereof s h a l l not be construed as a waiver of any r i g h t s accruing to 
the Government under t h i s Agreement. 
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J . S u b c o n t r a c t s . 

(1) For t h e p u r p o s e of t h i s p a r a g r a p h t h e term " P a r t i c i p a n t " 
means the p a r t y award ing a s u b c o n t r a c t and t h e term " s u b c o n t r a c t o r " 
means t h e p a r t y b e i n g awarded a s u b c o n t r a c t r e g a r d l e s s of t i e r . 

(2) U n l e s s o t h e r w i s e a u t h o r i z e d or d i r e c t e d by t h e C o n t r a c t i n g 
O f f i c e r , t h e P a r t i c i p a n t s h a l l i n c l u d e t h e P a t e n t R igh t s a r t i c l e of 41 
CFR 9 - 9 . 1 0 7 - 5 ( a ) o r 41 CFR 9 - 9 . 1 0 7 - 6 a s a p p r o p r i a t e , mod i f i ed t o 
i d e n t i f y t h e p a r t i e s in any s u b c o n t r a c t h e r e u n d e r hav ing as a pu rpose 
t h e conduc t of r e s e a r c h , d e v e l o p m e n t , o r d e m o n s t r a t i o n work. In t he 
e v e n t of r e f u s a l by a s u b c o n t r a c t o r t o a c c e p t t h i s a r t i c l e , o r i f in 
t h e o p i n i o n of t he P a r t i c i p a n t t h i s a r t i c l e i s i n c o n s i s t e n t wi th 
DOE's p a t e n t p o l i c i e s , t h e P a r t i c i p a n t : 

( i ) S h a l l p rompt ly submit w r i t t e n n o t i c e to the 
C o n t r a c t i n g O f f i c e r s e t t i n g f o r t h r e a s o n s for the 
s u b c o n t r a c t o r ' s r e f u s a l and o t h e r p e r t i n e n t i n f o n n a t i o n 
which may e x p e d i t e d i s p o s i t i o n of t h e m a t t e r ; and 

( i i ) S h a l l n o t p roceed w i t h t h e s u b c o n t r a c t w i t h o u t 
t h e w r i t t e n a u t h o r i z a t i o n of t h e C o n t r a c t i n g O f f i c e r . 

(3) Except as may be o t h e r w i s e p r o v i d e d in t h i s a r t i c l e , t h e 
P a r t i c i p a n t s h a l l n o t , i n any s u b c o n t r a c t o r by u s ing a s u b c o n t r a c t as 
c o n s i d e r a t i o n t h e r e f o r , a c q u i r e any r i g h t s in i t s s u b c o n t r a c t o r ' s 
S u b j e c t I n v e n t i o n for t he P a r t i c i p a n t ' s own use ( a s d i s t i n g u i s h e d frora 
such r i g h t s as may be r e q u i r e d s o l e l y t o f u l f i l l t h e P a r t i c i p a n t ' s 
Agreement o b l i g a t i o n s t o the Government in t he pe r fo rmance of t h i s 
A g r e e m e n t ) . 

(4) A l l i n v e n t i o n d i s c l o s u r e s , r e p o r t s , i n s t r u m e n t s , and o t h e r 
i n f o r m a t i o n r e q u i r e d t o be f u r n i s h e d by t h e s u b c o n t r a c t o r t o DOE, 
under t he p r o v i s i o n s of a P a t e n t R i g h t s a r t i c l e in any s u b c o n t r a c t 
h e r e u n d e r may, i n t h e d i s c r e t i o n of t h e C o n t r a c t i n g O f f i c e r , be 
f u r n i s h e d t o t h e P a r t i c i p a n t for t r a n s m i s s i o n to DOE. 

(5 ) The P a r t i c i p a n t s h a l l p r o m p t l y n o t i f y t h e C o n t r a c t i n g O f f i c e r 
in w r i t i n g upon t h e award of any s u b c o n t r a c t c o n t a i n i n g a P a t e n t 
R i g h t s a r t i c l e by i d e n t i f y i n g t h e s u b c o n t r a c t o r , t h e work to be 
performed u n d e r t h e s u b c o n t r a c t , and t h e d a t e s of award and e s t i m a t e d 
c o m p l e t i o n . Upon t h e r e q u e s t of t h e C o n t r a c t i n g O f f i c e r t he P a r t i c i p a n t 
s h a l l f u r n i s h him a copy of t h e s u b c o n t r a c t . 

062178 
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ARTICLE A-XX - PATENT RIGHTS ( C o n t ' d ) 

(6) The P a r t i c i p a n t sha l l i den t i fy a l l Subject Invent ions of 
the subcont rac tor of 'which i t acquires knowledge in the performance 
of t h i s Agreement and s h a l l no t i f y the Patent Counsel (with n o t i f i c a ­
t i on by Patent Counsel to the Contract ing Off icer) promptly upon the 
i d e n t i f i c a t i o n of the inven t ions . 

(7) I t is understood tha t the Government is a t h i r d par ty 
bene f i c i a ry of any subcontract a r t i c l e g ran t ing r i g h t s to the Govern­
ment in subject inven t ions , and the P a r t i c i p a n t hereby ass igns to the 
Government a l l r i g h t s t ha t the P a r t i c i p a n t would have to enforce the 
s u b c o n t r a c t o r ' s o b l i g a t i o n s for the benef i t of the Government with 
respect to Subject Inven t ions . The P a r t i c i p a n t sha l l not be obl iga ted 
to enforce the agreements of any subcont rac tor hereunder r e l a t i n g to 
the o b l i g a t i o n s of the subcont rac tor to the Government regarding 
Subject I n v e n t i o n s . 

K. Background P a t e n t s . 

(1) "Background Pa ten t" means a domestic patent covering an 
invent ion or d iscovery which is not a Subject Invent ion and which is 
owned or con t ro l l ed by the P a r t i c i p a n t at any time through the comple­
t ion of t h i s Agreement: 

( i) I'rtiich the P a r t i c i p a n t but not the Government, has 
the r i g h t to l i c ense to o thers without o b l i g a t i o n to pay 
r o y a l t i e s thereon , and 

( i i ) Infringement of which cannot reasonably be avoided 
upon the p r a c t i c e of any spec i f i c p rocess , method, machine, 
manufacture or composition of mat te r ( i nc lud ing r e l a t i v e l y 
minor modi f ica t ions thereof) which is a subjec t of the 
r e sea rch , development, or demonstrat ion work performed under 
t h i s Agreement. 

(2) The P a r t i c i p a n t agrees to and does hereby grant to the 
Government a r o y a l t y - f r e e , nonexclus ive , l i c e n s e under any Background 
Patent for purposes of p r a c t i c i n g a subject of t h i s Agreement by or 
for the Government in r e sea rch , development and demonstrat ion work 
on ly . 

(3) The P a r t i c i p a n t a lso agrees tha t upon w r i t t e n app l i ca t i on 
by DOE, i t w i l l grant to r e spons ib le p a r t i e s for purposes of prac­
t i c i n g a subject of t h i s Agreement, nonexclusive l i censes under any 

062178 
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ARTICLE Ĵ -XX - PATENT RIGHTS (Cont'd) 

Background Patent on iterms that are reasonable under the circum­
stances. If however, the Part icipant believes that exclusive or 
pa r t i a l ly exclusive r ights are necessary to achieve expeditious 
commercial development or u t i l i z a t i o n , then a request may be made to 
DOE for DOE approval of such licensing by the Par t ic ipant . 

(4) Notwithstanding the foregoing subparagraph K.(3), the 
Participant shall not be obligated to license any Background Patent 
if the Part icipant demonstrates to the sat isfact ion of the Secretary 
of DOE or or his designee that : 

( i ) A competitive a l ternat ive to the subject 
matter covered by said Background Patent is commer­
c ia l ly available or readily introducible from one 
or more other sources; or 

( i i ) The Part icipant or i t s licensees are supply­
ing the subject matter covered by said Background 
Patent in sufficient quantity and at reasonable prices 
to sat isfy market needs, or have taken effective steps 
or within a reasonable time are expected to take effec­
tive steps to so supply the subject matter. 

L. Atomic Energv. 

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

(2) Except as otherwise authorized in writing by the Contract­
ing Officer, the Participant will obtain patent agreements to 
effectuate the provisions of subparagraph L.(l) of this a r t i c l e from 
al l persons who perform any part of the work under th is Agreement, 
except nontechnical personnel, such as c le r i ca l employees and manual 
laborers . 

M. Limitation of Rights. Nothing contained in this Patent Rights 
a r t i c l e shall be deemed to give the Government any r ights with respect to 
any invention other than a subject invention except as set forth in the 
Patent Rights a r t i c l e of this Agreement with respect to Background Patents 
and the Fac i l i t i e s License. 

062173 
120878 



APPENDIX A 
Page 26 

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

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

A. The P a r t i c i p a n t s h a l l r e p o r t to t he C o n t r a c t i n g O f f i c e r , 
p rompt ly and i n r e a s o n a b l e w r i t t e n d e t a i l , each n o t i c e or c l a i m of 
p a t e n t or c o p y r i g h t i n f r i n g e m e n t based on t h e pe r fo rmance of t h i s 
."Agreement of which the P a r t i c i p a n t has knowledge . 

B. In the event of any claim or su i t aga ins t the Government on account 
of any a l leged patent or copyright infringement a r i s i n g out of the perform­
ance of t h i s Agreement or out of the use of any suppl ies furnished or work 
or s e rv i ce s performed hereunder , the P a r t i c i p a n t sha l l furnish to the 
Government when requested by the Contract ing Off icer , a l l evidence and 
information in possess ion of the P a r t i c i p a n t pe r ta in ing to such su i t or 
c la im. Such evidence and information sha l l be furnished at Che expense of 
the Government except where the P a r t i c i p a n t has agreed to indemnify the 
Government. 

C. This a r t i c l e s h a l l be included in a l l s u b c o n t r a c t s . 

062178 
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THE UNIVERSITY O F W Y c xING 
DEPARTMENT OF GEOLOGY 

OCOLOOY aUILOINO 

P. O. BOX 3009 

LARAMIE, WYOMING 8 2 0 7 1 
PH. 307 780.3386 

May ] k , 1979 

L. L. Mink 
E and T Division 
Idaho Operations Office 
Department of Energy 
550 Second Street 
Idaiio F a l l s , Idaho 83401 

D e a r Mr. Mini<: 

At the request of Dr. Brophy, we wish to increase this 
summer's program for our investigations of Hydrothermal 
Resources in Wyoming. This would require more funding 
for salaries, field expenses, etc., with our ultimate 
tasks remaining as they exist in Cooperative Agreement 
DE-FC07-791D12026. 

The required monies for salaries, per diem, and so on are 
itemized on the enclosed budget sheet. All additional 
personnel could start by late May, 1979. Consequently, 
it is desirable that the University receive notice of 
funding as quickly as possible, if the addition is ap­
proved. 

We hope the additional funding is approved. It would allow 
us to greatly expand our information on Wyoming's hydro-
thermal resource base. 

Thank you. 

ERD/eh 

Sincerely, 

Edward R. Decker 
Professor of Geology 
Principal Investigator 

./ i ) .7./ /' 

Henry p. Heasler 
Research Associate 
Co-Principal Investtgator 



REQUESTED ADDITIONAL FUNDING FOR AGREEMENT NUMBER DE^FC07-791 D12026 

HYDROTHERMAL RESOURCES IN WYOMING 

E. R. Decker, 
Department of Geology 
University of Wyoming 
Laramie, Wyoming 82071 

(307-766-3278) 

Principal Investigator 

Co-Principal Investigator: 

^r^V^^c^^^ 
E. R. Decker 
056-32-1937 

/. 
/ • ' - I 

1.1 j f i i I 

Henry P. Heasler 
520-62-8't09 

^ / / ^ 
Date ^ ^ 

Date 

Department Head 
r) 

- - ' A 
R. S . / H o u s t o n 

J/rc/'Mu 
- • ^ / / - ^ - / 

/ 
Date 

University Official 

-if gh ,a . McFakia^n 
President 1 / 
University of Wyoming 

fe^^-Date 



REQUESTED ADDITIONAL FUNDING FOR AGREEMENT NUMBER DE-FC07-791 D12026, 

HYDROTHERMAL RESOURCES IN WYOMING 

Budget Explanation DOE UW 

I. Salaries 
A. Principal Investigator 3 da. 402.84 

B. Summer '79 (3 people) 
3 X 60 da. X 8 hr. x $4.25/hr 6120.00 

Total Salaries 612b.00 402.84 
Fringe (15^) 918.00 60.43 

7036.00 463.27 

II. Field Expenses 

100 days § $35/da. 

Mileage - field vehicles 
15,000 X .15/mi 

Total Field expenses 

111. Other Costs (freight, communication 

IV. Indirect Costs 

3500 

2250 
5750 

500 

00 

00 
00 

00 

13288.00 463.27 

52.5^ X 6120 3213.00 • 
52.5% X 402.84 211.49 

16501.00 674.76 

Grand Total requested: $16,501.00 

Rounded to $16,500.00 
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I z. sucamoN Cf AMo«Me<T/MCOMCUx>« 

1. Item 7 is added to Article II, Description of Responsibility to read: 

7. Site-specific studies will be conducted in the following areas: the Cody-
Horse Center Region, Thermopolis, Gillette, Saratoga, the Wyoming border area 
north of Northgate Colorado, and the Leucite Hills area in the Rock Springs 
Uplift. Studies will expand on current contracted work and will include 
temperature, gradient, and heat flow measurements. 

2. The total estimated cost under Article III, Financial .Support of the Project, Paragraph 
A is increased from $123,663.00 to $160,792.00 and the DOE share is increased by 
$34,671.00 from $115,478.00, to $150,149.00. Total cost of cooperative agreement and 
share totals are delineated as follows: 
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Modi. ation No. A002 - continued 

Contract No. DE-FC07-79ID12026 

Page 2 of 2 

Original Contract 

Increase Modification AOOl 

Increase Modification A002 

Totals: 

Percent: 

U. of Wy. Share 

$7,048.00 

1,137.00 

2,458.00 

$10,643.00 

6.62% 

DOE Share 

$99,439.00 

16,039.00 

34,671.00 

$150,149.00 

93.38% 

Extension 

$106,487.00 

17,176.00 

37.129.00 

$160,792.00 

100% 

3. The amount of funds obligated by DOE under paragraph C. of Article III, Financial 
Support of Project, is increased from $115,478.00 to $150,149.00. 
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2. o tsaufnoN o f AMehOMtnt/MxeKxiKin 

1. Item 8 is added to A r t i c l e I I - Description of Responsibi l i t ies to read: 

8. Conduct a d r i l l i n g program in the Cody, Wyoming area as (described in 
Par t ic ipant 's proposal dated October 23, 1979, which is hereby made a 
part of th is Modif icat ion No. A004. Six geothermal gradiant holes w i l l 
be d r i l l e d and cased, four of which w i l l be 100± meters deep, two of 
which w i l l be 305± meters deep. Bottom hole temperatures, thermal 
gradiants, and heat flow calculat ions w i l l be measured for each hole. 
The Par t ic ipant 's representative fo r th is d r i l l i n g work w i l l be 
responsible fo r generating da i ly d r i l l i n g reports and l i tho logy logs 
fo r a l l holes d r i l l e d , OOE w i l l receive copies of a l l d^ta, heat flow 
values, and f i n a l in terpretat ions of the resul ts of th is d r i l l i n g program 
as part of the report ing requirements of A r t i c l e VII - Project Information. 

--continued 

icoQt r t s r a W d o d horo in . al l l o r tn t a n d candiHano o f Iha d a c u m a a ro fo tancod In block 8, a t Sotowforo <:hanqod. ryrriaiit unchongod and Inl Sj l l forca a n d t ^ o c f . 

3. 
n ra*M&f^M'*oocS!«M ^ ° ^ ' M U ' * " Q coNT«Acro«/ofrt«Cii is JMUHSD :O SIGN :V;IS BCCMSNT ANO j.senj«N___l_i:spi!s :o ISSUING Cffia 

' . HAMt ce, coNTXACTOK/orruo* 
•^CUf-^ o/^/A<^^.. 

I af p a ^ w aull iaUad a l i ^ t 

17. UMTH) STAfcS Of AM«XtCA 

/ • •\Si 'igna^uta 
>v .d i i 

of Cont iacnng Odtcor) 

H . NAN* OP CCNTJACnNG QfPCE* CT/pa or 

, Chief 
frmtl 

Vice President for Finance 

14. OA(t SIGNCO 

^ ^ ^ T Z y ^ ^ 

prtnt) 

J . P. Anderson. 
Contract Administrat ion Branch 

17, SAIt SIGNCO 



Modification No. A004 
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12. Description of Amendment/Modification (cont'd) 

2. The total estimated cost under Article III, Financial Support 
of the Project, Paragraph A, is increased from $160,792.00 to 
$235,570.00 and the DOE share is increased by $69,828.00 from 
$150,149.00 to $219,977.00. The total cost of this agreement 
and share totals are delineated as follows: 

Univ. of 
Wyoming Share DOE Share Extension 

Original Contract $ 7,048.00 $ 99,439.00 $105,487.00 
Increase Mod. AOOl 1,137.00 15,039.00 17,176.00 
Increase Mod. A002 2,458.00 34,671.00 37,129.00 
Increase Mod. A003 -0- -0- -0-
Increase Mod. A004 4,950.00 69,828.00 74,778.00 

Totals: $15,593.00 $219,977.00 $235,570.00 

Percents: • 6.62% 93.38% 100% 

3. The amount of funds obligated by DOE under Article III, Financial 
Support of the Project, Paragraph C, is increased from 
$150,149.00 to $219,977.00. 

4. The period of performance under Article V, Term of Agreement 
is extended from January 31, 1980, to April 1, 1980. 



j S T A N O A M T ^ O B A aQ. iU.Y 19<M 

OINftAl invKES AOMMSTlAdON 
rto. w o e «|P.-iAt-gan l - l a, IOI 

AMB4DMENT OF SOUOTATlON/MODIRCATiCN OF CONTRACT 
p*a« 

1 
1. MU<NOfMS<T/MOOIPICAnON NO. 

Mnn-i 

cppccmv OAre 

4/1/80 
3. teauisiTiON/pvMicxASi VICUEST i . PUCJCa .NO. ( t f a fpJJen i lo ) 

S. ISSUS IT COOfi a. AOAMNISratB I Y ( i f Uht r titan biotk } ) CODE 

U. S. Department of Energy 
Idaho Operations Office 
550 Second Street 
Ttifllin f f l l l s . Hah9 8340i 

7. CONTMOOa COOB PAOUTY COOE 

r 
(St. totr. 

zxr 
CoMI 

L 

Univers i ty of Wyoming 
University Station, Box 3355 
Laramie, Wyoming 82071 

Attn: Edward R. Decker 
Professor of Geology 

n 

J 

AMCNOMoar Of 
\_J SOUOTATION NO., 

0A>4>. nfSmUmktt 

Q^gSSS^^SaS NaT)f,-fffl7-79TIll?n?fi 

OATtO. 
12/29/78 .(SooUti* 111 

9. rxa icpq t A#ni*s O M Y TO AMOetomenn o t souaiAflONs 

P ] Iha abaM awbaaad aUcHMlaa ia o a a ^ i d m tm laidi ia Waak 13. Tha haur oaf daa aaciHid far roaaiai of Offon Q ;> oaaadid, Q <• "af 

Ol lb ian aaaaadaaafad^a l a a i f f af dd»taaadaaar vnot a iha haur aad atna lui uiHi il l« iha taiinhalaa. or a onanaoa. ay ana af i ta (al l i i imn taoatada 

(a| l y B ^ a « a ^ a a H a B f _ _ _ a a a a a a d Mda aaaaAaanti (b| t y lajwai l i f a i n i malar a f ihi i omandmaM on tach caer a i iha offor tabainodi a (e) l y n i i a i a a laitar tie l< 
. .M t * • ( i l l I a f I I I a Iha l i l -naHaa a i d l a i » fa i i i mwbata. PAauM OP YOU* AOC O wicoOMCNT 70 %t ! t C ; i v e o AT TVK ISSUINO OPPK! P t IO t TO THC HOUI At t t 
OATC J P t O W U IMAY n S W T IN tajCCnOM o f Y O U * O^PCS. if, by «t>tua of « i t amaadtnanr raa datira M cSamja on oiftr oirbady abanitod. tuoi dianqa aaiy ba laada by u l i p a a 
m laaa , ptaotdad a ^ l ^ o ^ a a ar lotar otabaa lafaaaMa a i t a aaftabaiaa aad (hit aomttdatoa. and i t i taoi t ta ortor lo iHo oaoaata hai» and daa taaaAad. 

10. A G C S U M M O ANO APMOIWAnON OAZfb ( I f iwfmmmi) 

11. TMS SOCK v p u a o t « r TO MoonCAnop« o r c s N n u i c s / C B S s 

(a| Q I M a Q U I | I O r d a la ItMad panaatf M _ _ _ _ _ _ _ _ _ _ _ 

Tha O a i a« f a d ! ia Waak 13 a a aada a d a abaw n a t n i f <a 

(b) Q Tha alaoa i iaaihir id a iaaa/a ia lay I t aarMad ta ladaa d a adaiiiil b a i i Jwnnaa (audi aa r l ia inn In paying ofKca, anidi ipi ialaa data, t t t . ) a r terdi 

(c) ̂  T V - . |.i ...l.l..., . u !!_, 1 L-,.̂ - Mutual Agreement of the parties 
» maJtai i dia olbotom naadaiad eaaataa a laT faidl la blaak 12. 

ibiaak 12. 

i 2 . oeSOHrnON o p / jaOOMdHT/NCOWCmON 

As requested by the participant's letter dated February 21, 1980, the period 
of performance is hereby extended from April 1, 1980 to June lj 1980 with 
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U.S. Department of Energy 
Idaho Operations Office 
550 Second Street 
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FACILITY CODE I 7. CONTRAaOR 
NAME ANO AOORESS 

CODE 

r 
University of Wyoming • 

(Street, city. Univcrsity Sta t ion, Box 3355 
l^iip""' Larainie, Wyoming 82071 
Code) 

I Attn: E. R. Decker 
'— Professor of Geology 

n 

J 

D 
AMENDMENT OF 
SOLICITATION NO. 

DATE). -^5r« block 9) 

, , MODIFICATION OF T i 'P '_TTrn7_7qTr )T 9 0 ' ? A 
[X] CONTRACT/ORDER NO. ^ ^ ^ ^ ^ " ^ / ^ I D l / U / b 

„ _ 12/29/78 . (See block 11J 

9i THIS BIOCK APPIIES ONIY TO AMENDME^4TS Of SOLICITATIONS 

[ 1 TK« obov* mimb*r*d wlicitation U om«nd«d a« Mt fofth in block 12. Th« hour and dot* sp«cifi*d tor r*c«ipt of Offers [ | is axUftdtfd, [ | ts not txtanded. 

Offttrori must ocknowledg* r«c«tpt of this amendment prior to the hour ar>d dote specified in the solicitation, or as omended, by one of the following methods: 

(o)'8y ligning or»d returning copies of this omendmeni; (b) By ocknowl#dging receipt of this amendment on each copy of the offer submitted; or (e) Ry seporote letter or telegram 
which includes a reference to the solicitation ond amendment numbers. FAILURE OF YOUR ACKNOWLEDGEMENT TO BE RECEIVED AT THE ISSUING OFFICE PRIOR TO THE HOUR AND 
DATE SPECIFIED MAY RESULT IN REJECTION Of YOUR OfFER. If, by virtue of this omendment you desire to change on offer olreody submitted, such chonge moy be mode by telegram 
or letter, provided such telegrom or letter makes reference to the sohcitation and this amendment, and is received prior hj the opening hour and dote specified. 

10, ACCOUNTING AND APPROPRIATION DATA (If rt<fuirtd) 

n . THIS BLOCK APPIIES ONLY TO MODIFICATIONS Of CONtRAaS/ORDERS 

(a) I I This Chonge Order is issued pursuant to 

The Chonges set forth in block 1 2 ore ntode to the above numbered controct/order. 

(b) [ j The obove numbered contract/order is modified to reflect the odministrotive changes (such as changes in paying office, oppropriotion doto, etc.) set forth in block 12. 

(cl j ^ j This Supplementol Agreement is entered into pursuant to authority o f . 

H modifies the above numbered controct os set forth in block I 2. 

Public Law 95-91 et a l . 

12. DESCRIPTION OF AMENDMENT/MODIFICATION 

1. Ar t ic le I I - DESCRIPTION OF RESPONSIBILITIES, i s revised to add the following items: 

9. A compilation of loca t ions , temperatures, depths, gradients , and, if pos­
s i b l e , depths to water for a l l thermal wells and springs in '-'/oming. 
Regional maps of subsurface temperatures and depths w i l l be supplied with 
the data , as would wr i t ten r epor t s . Available water qual i ty and aquifer 
production data w i l l be incorporated in to the r epor t s , as w i l l relevant 
s t ra t igraphy and geologic s t ruc tu r e . The maps w i l l show per t inent con­
t r o l points and relevant geology. 

10. Regional thermal gradient maps and in t e rp re t a t ions thereof w i l l be prepared 
and del ivered. These del iverables w i l l r e f l ec t loca l geology and the thermal 
proper t ies of loca l rock u n i t s . Reports w i l l summarize avai lable shallow and 
deep water qual i ty data , aquifer d i spos i t ion , and aquifer production. Detailed 
reports and maps w i l l be prepared for areas that could be prospectively 
valuable for near-term d i rec t -hea t or other app l ica t ions . 

—continued 

Excrpt at providod horoin, all lormi and condiliont of Iho documoni roforoncod in block 8, at hoafeoforo changod, romain unchongod ond in lull forco and oflecl. 

13. 

I Z ! TO^Sra'lf^-m*s'cScUMENT ^ ' ^ ^ " E * ^ " ' * ^ " g ] CONTRACTOR/OFFEROR IS REQUIRED TO SIGN THIS DOCUMENT AND RETVIRN_3 COPIES TO ISSUING OFFICE 

U . NAME OF C«NTRAaOR/OFFER' )F «)NTRAaOR/OFFE 

tOa-^ 
(Signature of persoiyputhorized to sign] 

ED STATES OF AMERICA ^ ^ 

(Signature of Controcting Officer) 

15. N, 

Vice President for Finance 

16. OATE SIGNED 18. NAME OF CONTRAOING OFFICER ( Type or print) 

Nell W. Fraser , Acting Chief 
R&D Contracts Branch 

19. DATE SIGNEO 

JUN 6 1980 

• « o - i o i 
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MODIFICATION NO. A006 (Cont'd) 
COOPERATIVE AGREEMENT NO. 
DE-FC07-79ID12026 

1. ARTICLE II (Cont'd) • 

11. Research will be conducted in the Saratoga, Casper-Midwest, 
Auburn and DuBois areas to include data for regions within 
a 20-30 mile radius of each suggested resource. This 
detailed research will be done to better define their lateral 
extents, and to quantify the magnitude of each reservoir. 
Other systems will be analyzed in a similar manner as data 
are located. Reports will include available drill hole data, 
the geologic and hydrologic literature, and the proximity of 
resources to population centers. 

12. Chemical analyses will be delivered for six heretofore unana­
lyzed springs or spring systems. Water samples and analyses 
will be accompanied by descriptions of collection sites, local 
geology and other pertinent geoscience data. Preliminary 
interpretations of the chemical analyses from cooperative 
studies with qualified personnel elsewhere (e.g., the USGS) 
will be made available. Collection of 70-75 samples of sub­
surface waters in areas where gradient data are collected 
and where existing waters, etc., are flowing or can be 
pumped will be done. Analysis of these samples will be done 
by UURI. 

13. An updated (1981) regional heat flow map will be delivered, 
as will detailed maps of gradients and heat flow in pro­
spectively valuable areas. All maps will be accompanied by 
interpretations. Both heat flow and available radioactivity 
data will be used In interpretations. Heat flow information 
will be obtained for approximately 20 new stations. 

Reporting will be performed in accordance with Article VII -
PROJECT INFORMATION. All pertinent information will be provided to 
the USGS GEOTHERM file. 

2. Article III - FINANCIAL SUPPORT OF THE PROJECT, Paragraph A, is revised 
to read as follows: 

"A. The total estimated cost of performing the work under 
this Agreement is Four Hundred Five Thousand Two Hun­
dred Eighty-Three Dollars ($405,283.00). For per­
formance of work under this Agreement, the agreed 
share ratio is 92.4% to DOE, 7.6% Participant, of 
total allowable costs. The Participant shall be 

-2-
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MODIFICATION NO. A006 (Cont'd) 
COOPERATIVE AGREEMENT NO. 
DE-FC07-79It)12026 

2. Article III (Cont'd:̂  

reimbursed by DOE for 92.4% of the costs of the 
project determined to be allowable in accordance 
with Article A-I of the General Provisions 
entitled 'Allowable Costs.' All other cOsts that 
are not determined to be allowable under Arti­
cle A-I shall constitute the Participant's share 
for which it will not be reimbursed by DOE. The 
total cost to DOE is hereby established as Three 
Hundred Seventy-Four Thousand Four Hundred Seventy-
Seven Dollars ($374,477.00), and this amount is 
also the maximum amount of the project which is 
subject to reimbursement by DOE unless such maximum 
cost is changed in writing by the Contracting 
Officer." 

The total cost of this Agreement and share totals are summarized 
below: 

U of WY Share DOE Share Est. Cost 

Original 
Increase 
Increase 
Increase 
Increase 
Increase 
Increase 

Contract 
Mod. AOOl 
Mod. A002 
Mod. A003 
Mod. A004 
Mod. MOOS 
Mod. A006 

TOTALS 

PERCENTS 

$ 7,048.00 
1,137.00 
2,458.00 

-0-
4,950.00 

-0-
15,213.00 

$30,806.00 

7.6% 

$ 99,439.00 
16,039.00 
34,671.00 

-0-
69,828.00 

-0-
154,500.00 

$374,477.00 

92.4% 

$106,487.00 
17,176.00 
37,129.00 

-0-
74,778.00 

-0-
169,713.00 

$405,283.00 

100% 

3. The amount of funds'obligated by DOE under Article III - FINANCIAL 
SUPPORT OF THE PROJECT. Paragraph C, is increased from $219,977.00 
to $374,477.00 

4. The period of performance under Article V - TERM OF AGREEMENT, is 
extended from June 1, 1980, to May 31, 1981. 

5. Article VI - PROJECT MANAGEMENT, is revised to add: 

H. P. Heasler 
Co-Principal Investigator 
University of Wyoming 
Laramie, Wyoming 82071 

_3_ 



• 
MODIFICATION HQ. A006 (Cont'd) 
COOPERATIVE AGREEMENT NO. 

DE-FC07-79ID12026 

Article VI - PROJECT MANAGEMENT, is also revised to change 
the DOE Program Officer to: 

M. ^. Widmayer 
Idaho Operations Office, DOE 
550 Second Street 
Idaho Falls, Idaho 83401 

-4-
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n AMENDMENT OF 
SOIICITATION HO. 

DATED- -(See block 9) 

MODIFICATION OF DE" F C 0 7 - 7 9 1 Dl 2026 
g j CONTRACT/OROER NO. 

12-29-78 
.(See block 11) 

. THIS BLOCK AfFllES ONLY TO AMENDMENTS OF SOLICITATIONS 

[ I Tho obovo numborod lolicilation it omondod OS Ml forth in block 12. TSo hour ond doto ipocifiod for rocoipt of Offort [~J l» oxtondod, [ J it not oxlondod. 

Offorort must oeknowlodgo rocoipt of this amondmont prior lo Iho hour and doto tpocifiod In tho felicitation, or os omondod, by ono of Iho Following molhodii 

(o)By ligning and rohiming coploi of Ihit amondmont; |b | By ocknowlt^ging rocoipt of thit omondmonl on ooch copy of Iho off.r lubinlttod; or (e) By toporoto lottor or tologram 
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or lolfor, providod luch lologrom or loHor mokot roforonco te Iho tolicilolion ond thit amondmont, and it rocoivod prior lo tho oponing hour oitd i a i , ipocifiod. 

10. ACCOUNTING ANO APPROPRIATION DATA ( I f required) 

THIS BLOCK APPIIES ONLY TO MODIFICATIONS OF CONTRACTS/ORDERS 

(ol \ \ Thit Chango Ordor it ittuod pursuant lo — . — ^ 

Tho Chongot Ml forth in block 12 oro modo to tflo obovo numborod controct/ondor. 
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It modifiot Iho obovo numborod controct oi lot forth in block I 2. 

12. DESCRIPTION OF AMENDMENT/MODIFICATION 

In accordance with Part ic ipant 's l e t t e r dated September 5, 1980, 
A r t i c l e VI - PROJECT MANAGEMENT is hereby revised to change the Part ic ipant 's Project 

Director from E. R. Decker to : 

H. P. Heasler 
Principal Investigator 
Department of Geology 
University of Wyoming 
Laramie, Wyoming 82071 

There w i l l no longer be a Co-Principal Investigator on the Project. 

Excopt ot providod horoin, oil lormt ond condilioni of tho documoni roforoncod in block 8, at horoloforo chongod, romoin unchongod ond 'm full fore* and offoct. 

S To ' l ^ l <» rm"s °TOa jMcW ' ^ ° ^ "EQl ' I ^D Q CONTRACTOR/OFFEROR I S REQUIRED TO SIGN THIS DOCUMENT ANO RETURN^ COPIES TO ISSUINO OFFICE 

NAMf OF CONTRAaOR/OFFEROR 
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17. UNITED STATES OF AMFRU 
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'0 TITLE OF SIGNER (Type or print) 14. OATE SIGNEO 18. NAME OF CONTRAOING OFFICER (Type or p r in t ) 

Nell W. Eraser 

1». DATE SIGNED 

" T 7 

*U.S.GPO:1979.O-281-187/5001 



IVANOAJO FORM 30, JULY 1966 
GENERAL SIIVICES AOMINISTRATION 
m . PROC. RtO. 1^1 CFRI 1-16.101 

AMENOMENi OF SOUCITATION/.MODIFICATION Oi-! CONTRAa 
PAGE 

1 
OF 

1 
1. AMCNOMENT/AnOOIFICAriCN NO. 

M007 
2. EffKTIVe OATt 3. REQUISITION/FURCHASE REQUEST NO. 

07-81ID12026.501 
Al PHOJECT NO. ( I f appl icant) 

i . ISSUED BV CODE 

U. S. Department of Energy 
Idaho Operations Office 
550 Second Street 
Idaho Fa l ls . Idaho 83401 

4. AOMINISTERED SY ( I f o lht r than black i ) CODE 

m.z.iD 
7. CONTHACTOR 

NAME AND AOORESS 
CODE FAOUTY CODE 

(S t r t t t . city. 
county, i tat t , 
and Z IP 
Codt) 

I University of Wyoming 
University Stat ion, Box 3355 
Laramie, Wyoming 82071 

At tn : H. P. Heasler 
I Department of Geology 

n 

J 

n AMEN0MEF4T 
SOUCITATIOM NO. 

Of 

- (S t t block 9) 

MooiffCATioft Of DE-FC07-79ID12026 
Q CONTRACT/OIROER NO. _ _ _ _ _ _ ^ ^ _ _ _ _ _ — _ 

12-29-78 
DATED . . (Stt block 11) 
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DATE SftOflEO MAY RESULT IN REJECTION Of YOUR OffE«. U, by virHia of Ihis amondmont yen dosiro lo chanqa on offor olroody wbMiiltod, tuch chango may bo mod* by tologram 
or lottor, pro»idod Mich tologram or 'otto* mokoo roforonco lo tha solicilotian and this amondmont, ond is rocoivod prior lo * o oponing hour and doto ipocifiad. 

10. ACCOUNTINO ANO APP«CPRIAnON OATA ( t f retfuirtd) 

I I . THIS JIOCX AmJES ONLY TO AAOOIflCATIONS Of CONTRACTS/OROEfS 

fa) r ^ Thit Chongo Ordor it issuod pwwont to . . . ^ . » . . . ^ . . _ ^ . « v 

n<a OianaM tat fonh m Modi 12 a t9 rtM -ODOW IMMIOWS COflniSCt/Of9W< 

(b) r~ j T>i« obov* nwnbvfvd cef#nKt/ord«r is mo4iA«d ta rwAacf tt i* aclmHifsirartv« choitgn {stKh « eliOM^n in payingoi^c*, aporppriatioli! dors, tte.) t«f fonh in block 12. 

,ci S] This Supp. . A,rooni«« is oniorod i«, par«,an, to ouiĥ iiy of mutual agreement QT the P a r t i e s . 
It modifios tho obovo numborod controct as lot forth in block 12. 

12. OESCRIPTION Of AMENOMENT/MOOIflCATICN 

In accordance with Part ic ipant 's l e t t e r dated September 5, 1980, 
A r t i c l e VI - PROJECT MANAGEMENT is hereby revised to change the Part ic ipant 's Project 

Director from E. R. Decker t o : 

H. P. Heasler 
Principal Investigator 
Department of Geology 
University of Wyoming 
Laramie, Wyoming 82071 

There w i l l no longer be a Co-Principal Investigator on the Project. ; 

Excopt OS provided horoin, oil rormi ond conditions of tho documont roforoncod in block 3, as horoloforo cfiangod. mmam unchongod and in hill forco and offoct. 
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17. UNITED STATES Of AMERICA ^ - f 

• p M I r [Signaturo of panrracrmg Officori 

I S . NAME ANO TITIE Of SIGNER ( T y p t o r p r i n t ) 14. DATE SIGNEO 1 8. NAME Of CONTRACTING Off<ER ( Typ^ or p n n t ) 

Nell W. Fraser 
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/c 
• 7 -
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(ol-»y ligning and - i - i n—g m n i i i o* this omondmonti (M »y actnowlodging rocoiot o f this offlOfldmoM on ooch copy af tho o«ot tubmittodi or (c| By tofMroto lottor ar toio^ram 

which includos a raforonca to tho loficitatian and amondmont numbort. FAIIUIC O f YOU* ACXNOWlEDGSJlUNr TO IE RECEIVED AT T^IE ISSUING Off lCE P t IO t TO THE HOUI ANO 
OATE SPEOHEO MAY RCSUIT IN REJECTION Of YOUH O f f E t . If. i y viituo at this amandmant you dosiro to ehonqo on aHor alioady twiemiitod. tuch chonga moy bo modo by talogrom 
or lottar, providod tuch lalogtwt ar lottor mokot rafaranca to tho tolicitaiion ond Ihit amandmant, and is racaivod prior to itia apaning houf and data ipacifiad. 

10. ACCOUNTING ANO APPHOPRIATION OAIA ( I f r t l fu t rod) 

I I . TMS tlOCX AmjES ONIY TO MOOOTCATIOFtt Of CONn(ACTS/0«DE«S 

lol ( ] This Chongo Ordor is ittuod puttuont to i 

D M Chongat tat fwdi in Wock 12 ara modo lo tlio obouo numboiod eonlrao/ordor. 

[b) I i Tfio abovo numborod centtoct/ordor is modifiod to roflotf ifio odminitttmivo chongat (such at chongoi In poying aiflco. oppropriotion dots, otc.) tot forth in block 12. 

i ' l I X ] ^ ' * Sttopiomotnal Agroomont it ontorod Into pursuant hi ouihority af f U O i J C L a W 9 3 ~ 9 1 B t a l . 

It modifiot tho abovo mimborad controct os tot forth in block 12. 

12. DESCRIPTION OF AMENDMENT/MODlflCATION 

1. Art ic le I I - DESCRIPTION OF RESPONSIBILITIES, i s revised to add the following items: 

9. A compilation of loca t ions , temperatiires, depths, gradients , and, if pos­
s i b l e , depths to water for a l l thermal wells and springs in Wyoming. 
Regional maps of subsurface temperatures and depths w i l l be supplied with 
the data, as would wr i t ten repor t s . Available water qual i ty and aquifer 
production data w i l l be incorporated into the repor t s , a s !wi l l relevant 
s t ra t igraphy and geologic s t ruc tu re . The maps w i l l show jjertinent con­
t r o l points and relevant geology. 

10. Regional thermal gradient maps and in te rp re ta t ions thereof w i l l be prepared 
and del ivered. These del iverables w i l l r e f l ec t loca l geoJJogy and the thermal 
proper t ies of loca l rock u n i t s . Reports w i l l summarize a•v^ailable shallow and 
deep water qual i ty data , aquifer d i spos i t ion , and aquifer production. Detailed 
reports and maps w i l l be prepared for areas that could be prospectively 
valuable for near-term d i rec t -hea t or other appl ica t ions . 

—continued 
Excaot a t p rov idod horo in . o i l *ormt o n d cond i t ions o f tho documon t rororoncod in biock 3 , OS horota^oro changed , . t m o t n unci iongod and -n fu l l taJTCT a n d o^oct. 

• . 3 . 
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MODrFIGATIGN SO. A006 (Cont'd) 
COOPERATIVEiAGREEMENT NO. 
DE-FC07-79ID12026 

1. ARTICLE II (Cont'd) 

11. Research will be conducted in the Saratoga, Casper-Midwest, 
Auburn and DuBois areas to include data for regions within 
a 20-30 mile radius of aach suggested resource. This 
detailed research will be done to better define their lateral 
extents, and to quantify the magnitude of eaph reservoir. 
Other systems will be analyzed in a similar Inanner as data 
are located. Reports will include available: drill hole data, 
the geologic and hydrologic literature, and the proximity of 
resources to population centers. 

12. Chemical analyses will be delivered for six heretofore unana­
lyzed springs or spring systems. Water samples and analyses 
will be accompanied by descriptions of collection sites, local 
geolo^ and other pertinent geoscience data. Preliminary 
interpretations of the chemical analyses frotji cooperative 
studies with qualified personnel elsewhere (̂ .g., the USGS) 
will be made available. Collection-of 70-75 samples of' sub­
surface waters in areas where gradient data are collected 
and where existing waters, etc., are flowing or can be 
pumped will be done. Analysis of these samples will be done 
by UURI. 

13. .An updated (1981) regional heat flow map wilj; be delivered, 
as will detailed maps of gradients and heat flow in pro­
spectively valuable areas. All maps will be accompanied by 
interpretations. Both heat flow and availablle radioactivity 
data will be used in interpretations. Heat flow information 
will be obtained for approximately 20 new staltions. 

Reporting will be performed in accordance with Article VII -
PROJECT INFORMATION. All pertinent information will be provided to 
the USGS GEOTHERM fUe. 

2. Article III - FINANCIAL SUPPORT OF THE PROJECT, Paragraph A, is revised 
to read as follows: 

"A. The total estimated cost of performing t|ie work under 
this Agreement is Four Hundred Five Thousand Two Hun­
dred Eighty-Three Dollars ($405,283.00).! For per­
formance of work under this Agreement, the agreed 
share ratio is 92.4% to DOE, 7.6% Participant, of 
total allowable costs. The Participant shall be 

-2-



MODIFICATION NO. A006 (Cont'd) 
COOPERATIVE AGREEMENT NO. 
DE-FC07-79ID12026 

2. Article III (Cont'd) 

reimbursed by DOE for 92.4Z of the costs of the 
project determined to be allowable in accordance 
with Article A-I of the General Provisions 
entitled 'Allowable Costs.' All other costs that 
are not determined to be allowable under Arti­
cle A-I shall constitute the Participant's share 
for which it will not be reimbursed by DOE. The 
total cost to DOE is hereby established as Three 
Htmdred Seventy-Four Thousand Four Hundred Seventy-
Seven Dollars ($374,477.00), and this amount is 
also the maxJTmnn amount of the project which is 
subject to reimbursement by DOE unless such maximum 
cost is changed in writing by the Contracting 
Officer." 

The total cost of this Agreement and share totals are summarized 
below: 

U of WY Share DOE Share Est. Cost 

Original Contract $ 7,048.00 $ 99,439.00 $106,487.00 
Increase Mod. AOOl • 1,137.00 16,039.00 17,176.00 
Increase Mod. A002 2,458.00 34,671.00 37,129.00 
Increase Mod. .A003 -0- -0- -0-
Increase Mod. A004 4,950.00 69,828.00 74,778.00 
Increase Mod. M005 -0- -0- -0-
Increase Mod. A006 15,213.00 154.500.00 169.713.00 

TOTALS $30,806.00 $374,477.00 $405,283.00 

PERCENTS 7.6% 92.4% 100% 

3. The amount of funds obligated by DOE under Article III - FINANCIAL 
SUPPORT OF THE PROJECT, Paragraph C, is increased from $219,977.00 
to $374,477.00 

4. The period of performance under Article V - TERM OF AGREEMENT, is 
extended from June 1, 1980, to May 31, 1981. 

5. Article VI - PROJECT MANAGEMENT, is revised to add: 

H. P. Heasler 
Co-Principal Investigator 
University of Wyoming 
Laramie, Wyoming 82071 

-3-



MODIFICA, JN HQ. A006 (Cont'd) 
COOPERATIVE AGREEî fENT HO. 

DE-FC07-79ID12026 

6. Article VI - PROJECT MANAGEMENT, is also revised to change 
the OOE Program Officer to: 

M. A. Widmayer 
Idaho Operations Office, OOE 
550 Second Street 
Idaho Falls, Idaho 83401 
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1 2. OESCRIPTION OP AMENDMENT/MODl f lCATION 

1. A r t i c l e I I - DESCRIPTION OF RESPONSIBILITIES, is revised to add the fol lowing items: 

TASK 1 - Regional Surveys 

TASK 7 - Reports 
See Attached Statement of Work 

2. A r t i c l e I I I - FINANCIAL SUPPORT OF THE PROJECT, Paragraph A, is revised to read as 
fol lows: 

"A. The to ta l estimated cost of performing the work under th is 
Agreement is Six Hundred Thir ty-Six Thousand One Hundred 
Eighty-Three Dollars ($635,183). For performance of work 
under th is Agreement, the agreed share ra t io is 92.4% to DOE, 
7.6% Par t ic ipant , of to ta l allowable costs. The Part ic ipant 
shall be reimbursed by DOE for 92.4% of the costs of the project 
determined to be allowable in accordance with A r t i c l e A-I of 
the General Provisions en t i t l ed "Allowable Costs." Al l other 
costs that are not determined to be allowable under Ar t i c le A-I 

Except a t prov ided herein, oil l e rm t and condi t iont of Ihe document referenced in block 8, o t heretofor* chooged, remoin unchof>ged and in hjl l force and effect. L u M 1 1 I N U c U . 

13. 
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BY 
I* of ponon outhor ized to t ign ir 

17. UNITED STATES OF AMERICA /-.. ^ 

[Signature o l Cbniroctinrj OFRcef) 

15. NAME ANO TITLE OF SIGNER (Type or p r i n t ) 

Keith K. Rai t t 
Associate V.P. fo r Finance 

I A , IDATE SIGNED 

£/ 

18. NAME OF C O N T R A a i N G OFFICER ( T y p e o r p r i m ) 
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shall constitute the Participant's share for which 
it will not be reimbursed by DOE. The total cost to 
DOE is hereby established as Five Hundred Eighty-Eight 
Thousand Nine Hundred, Eighty-Four Dollars ($588,984), 
and this amount is also the maximum amount of the 
project which is subject to reimbursement by DOE 
unless such maximum cost is changed in writing by the 
Contracting Officer." 

The total cost of the Agreement and share totals are summarized below: 

Original Contract 
Increase Mod. 
Increase Mod. 
Increase Mod. 
Increas? Mod. 
Increase Mod. 
Increase Mod. 
Increase Mod. 
Increase Mod. 

TOTALS 
PERCENTS 

Article XIII 

AOOl 
A002 
AOOS 
A004 
AOOS 
AOOS 
A007 
A008 

- TITLE 

U of WY Share 

$ 7,048.00 
1,137.00 
2,458.00 

-0-
4,950.00 

-0-
15,213.00 

-0-
16,393.00 

$47,199.00 
7.6% 

TO PROPERTY AND 

DOE Share 

$ 99,439.00 
16,039.00 
34,671.00 

-0-
69,828.00 

-0-
154,500.00 

-0-
214,507.00 

$588,984.00 
92.4% 

SITE RESTORATION 

Est. Cost 

$106,487.00 
17,176.00 
37,129.00 

-0-
74,778.00 

-0-
169,713.00 

-0-
230,900.00 

$636,183.00 
100% 

is hereby it 
into the Agreement as follows: 

A. The Government will own and maintain title to all items of materials, 
supplies, and all tangible property purchased in full or in part with Government 
funds provided under this Agreement. The Government will determine disposition of 
such property at completion of the work under this Agreement or upon termination 
by either party and agrees that those costs incurred by the Participant in final 
disposition will be allowable costs. 

B. The Participant agrees that the Government shall not be subject to any 
obligation to restore or rehabilitate any of the premises, facilities or equip­
ment owned and/or leased by the Participant which are altered, improved or 
otherwise affected by this Agreement. 

4. The amount of funds obligated by DOE under Article III - FINANCIAL SUPPORT OF 
THE PROJECT, Paragraph C, is increased from $374,477.00 to $588,984.00. 

The period of performance under Article V 
from May 31, 1981 to May 31, 1982. 

TERM OF AGREEMENT, is extended 



STATEMENT OF WORK 

TASK 1 - REGIONAL SURVEYS 

Regional gradient maps and interpretations thereof will be 
prepared and delivered. These deliverables would ref'lect 
local geology and thermal properties of local rock units. 
Reports would also summarize available shallow and deep 
water quality data, aquifer disposition, and aquifer pro­
duction. Areas that v̂ ill be studied include the Wind River 
Basin, Green River Basin, Laramie Basin, and the Wyoming 
portion of the Thrust Belt. Regional maps of subsurface 
temperatures and depths will be supplied with the data, as 
will written reports. Available water quality and aquifer 
production data will be incorporated into the reports, as 
will relevant stratigraphy and geologic structure. The maps 
will show pertinent control points and relevant geology. 

TASK 2 - THERMAL GRADIENT STUDIES 

A compilation of locations, temperatures, depths, and 
thermal gradients for all holes measured during work on this 
contract will be prepared. A report will be prepared dis­
cussing the relation of mean annual air surface temperature 
to the temperature in shallow portions of drill holes in 
Wyoming. Included in the report will be a discussion of the 
effect of the difference in these temperatures upon the 
calculated thermal gradient when using oil well bottom hole 
temperatures. 

TASK 3 - HEAT FLOW STUDIES 

A compilation will be prepared of all heat flow data collected 
during work on this contract. This will include 24 heat flow values 
from 1979 to 80, 38 from 1980 to 81, and an additional 25 for 
1981 to 82. Information included in the compilation will be 
locations, depths, gradients, thermal conductivities, and 
heat flow values. 

TASK 4 - GEOCHEMISTRY 

The Department of Geology will analyze a total of 120 water 
samples in an effort to better detail the geochemistry of 
waters in previously studied and new areas. Of the 120 samples, 
70 will be in fulfillment of the 1980-81 project's scope of 
work plus an additional 50 samples will be analyzed. Duplicate 
samples will be taken at 5 to 10 localities and sent to the 
University of Utah Research Institute as quality check. Samples 
will be analyzed for major cation (Ca, Mg, Na, K), anions 
(CO3, HCO3, SO4, Cl, NO3), trace elements (As, Cu, Fe, Mn, 
Zn, Ba, Cd, Cr, Pb, Se, Ag. Hg, Ni), and other important 
parameters such as specific conductance, total dissolved solids, 
pH, flouride, sulfide, silica, and boron. 

TASK 5 - USER ASSISTANCE 

The Wyoming Resource Team will provide technical assistance to 
requestors for geothermal resource information, be given on a 
time-available basis, and will be coordinated with the Wyoming 



Energy Office and the Wyoming Commercialization Team. 

TASK 6 - STATE RESOURCE MAP 

A map, scale 1:500,000, will be produced for the state depicting 
the geothermal resource potential for the state. The map will 
be produced by NOAA under the guidance of the Wyoming resource 
team. All data will Ije used to update the GEOTHERM data file. 

TASK 7 - REPORTS 

Monthly, topical, and final reports will be produced and distributed 
according to the guidelines established in DOE Form CR-537 (Appendix 
A). The final report will be a complete compilation and interpre­
tation of tasks performed for this contract. All data, maps, and 
topical reports will be made part of the final product. 



OOE Form CR-5 3 7 
(1-78) 

h U. S. DEPARTMENT OF ENERGY I 

REPORTING REQUIREMENTS CHECJ 

(See Instructions on Reverse) 

:iST 
Appendix A 
DE-FC07-79ID12026 
A008 FORM APPROVED 

OMB NO. 38R-0190 

1. IDENTIFICATION U n i v e r s i t y o f Wyoming 2. OBLIGATION INSTRUMENT: 

3. REPORTING REQUIREMENTS 

A. PROJECT MANAGEMENT 
1. D Management Plan 

2. D Milestone Schedule & Status Report 

3. D Cost Plan 

4. n Manpower Plan 

5. (3 Contract Management Summary Report 

6. (2 Project Status Report 

7. 13 Cost Management Report 

8. • Manpower Management Report 

9. D Conference Record 

10. n Hot Line Report 

Frequency 

1 

M 
M 
M 

FREQUENCY CODES: A - As Required 
C - Contract Change 

F - Final (End of Contract) 

M - Monthly 
0 - One Time (Soon After Contract 

4. SPECIAL INSTRUCTIONS 

B. TECHNICAL INFORMATION REPORTING 

1. D Notice of Energy RD&D Project (SSIE) 

2. 13 Technical Progress Report 

3. Q Topical Report 

4. 13 Final Technical Report 

C. PMS/MINI-PMS 

1. Cost Performance Report 

D Format 1 WBS 

D Format 2 Functional 

D Format 3 Baseline 

n Format 5 Problem Analysis 

2. D Cost/Schedule Status Report 

3. D Management Control System 

Description 

4. a Summary System Description 

5- D WBS Dictionary 

Frequency 

M 
Y 
Y 

Q - Quarterly 

S - Semi-Annually 
X - Mandatory for Delivery with Proposals/Bid 

Y — Yearly or Upon Contract Renewal 
Award) 

A.5 . , A .6 . , and A.7. - Copies are due wi th in f i f t een days af ter end of the calendar 
month. 

B.2. - Copies are due wi th in f i f t een days af ter end of the calendar month. 

8.3. - Submit 2 copies in dra f t f o r t y - f i v e 
term. Af ter DOE approval is receive 
"Report D is t r ibut ion L i s t . " 

B.4. - Submit 2 copies in dra f t f o r t y - f i v e 
term. After DOE approval is receive 
camera-ready copy. 

5. ATTACHED HEREWITH: 

D Report Distribution List 

D WBS/Reporting Category 

6. PREPARED BY (Signature and date): 

days pr ior to completion of the yearly 
;d , submit copies as required on attached 

days pr ior to completion date of contract 
;d , submit eleven copies including one 

D 
D 

7. REVIEWED BY (Signature and dpte): 



ID F-129 (Rev. 08-79) 
Ref. DOE 13302 
(use wilh DOE CFI-537) 

U.S. DEPARTMENT OF ENERGY 
IDAHO OPERATIONS OFFICE 

REPORT DISTRIBUTION LIST 

Contract No. 

DE-FC07-79ID12026 

Addressees Number of Report Copies 

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

M. A. Widmayer, Program Manager 
Resource Definition Branch 
U. S. Department of Energy 
Idaho Operations Office 
550 Second Street 
Idaho Falls, Idaho 83401 

Bob Gray 
U. S. Department of Energy 
Division of Geothermal 

Energy MS 3344 
Federal Building 
12th and Penn,, N.W. 
Washington, D.C. 20461 

Duncan Foley 
UURI 
420 Chipeta Way 
Suite 120 
Salt Lake City, UT 84108 
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Special Instructions 



UNIVERSITY OF UTAH RESEARCH INSTITUTE 

UURI 
EARTH SCIENCE LABORATORV 
420 CHIPETA WAV, SUITE 120 
SALT LAKE CITY, UTAH 84108 

TELEPHONE 801-581-5283 

Apr i l 14, 1982 

Dr. Henry P. Heasler 
Department of Geology 
Univers i ty of Wyoming 
Laramie, WY 82071 

Re: Completion Date and Del iverables: DOE Contract DE-FC07-79ET27034 

Dear Hank: 

I wish to personally thank you for attending the Roundup Conference 
and your valuable contribution to the success of this meeting. I'm sorry 
we didn't get a chance to review your contract with you during the meeting 
. . . we just plain ran out of time. With respect to your conference paper 
and bibliography, please make every effort to get these to me, camera 
ready, by April 30th. My goal is to have the proceedings edited and 
published by July 1, 1982. 

During the course of the conference, contract reviews were conducted 
by Susan Prestwich and the state teams, with special emphasis on the status 
of various deliverables as stipulated in each contract. To assist in this 
review, I prepared summaries of each contract, listing modifications, 
tasks, deliverables (where such were specifically delineated) and contract 
completion dates. When I could find copies of reports, etc. in E.S.L. 
files, I indicated this on the summaries. I made no attempt to ascertain 
If monthly and quarterly reports had been issued as required by most 
contracts. 

You will find enclosed a copy of the summary I prepared for your 
contract with notations of some deliverables that have been received and 
are on file at ESL. Please review this summary and let us know of any 
errors or omissions. Also, please Indicate when you expect to finish each 
task and publish reports corresponding to the tasks or specific 
deliverables. This work is necessary so that DOE-Idaho can accurately 
close out each contract and assure adherence to contract requirements. If 
any tasks, time extensions or deliverables have been changed by verbal or 
letter agreements, not covered in formal modifications, it will be 
important for you to provide details of such changes to Susan Prestwich or 
me as soon as possible. 



I note In your contract a termination date of May 31, 1982. If all 
work and deliverables will not have been completed by that date, it will be 
advisable for you to formally request a time extension by contacting Ms. 
Prestwich. 

Please do not hesitate to call me on (801) 581-5414 if you have any 
questions. 

Best regards. 

Carl A. Ruscetta 
Technical Program Coordinator 

encl. 

cc. S. Prestwich 
Idaho Falls, ID. 
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THE UNIVERSITY OF WYOmiNG 
DEPflRTmENT OF GEOLOGY AND GEOPHYSICS 
P.O. BOX 3006 
LARAMIE, WYOMING 82071 
(307) 7(36-3386 

Apr i l 26, 1982 

Susan M. Prestwich 
Departnient of Energy 
Idaho Operations Office 
550 Second Street 
Idaho Falls, Idaho 83401 

Dear Susan: 

This l e t t e r is a request fo r a no cost extension from May 31 , 
1982 to October 7, 1982 for cooperative agreement number DE-F107-
79ID12026. 

I am expecting $7,000 to $11,000 to be unexpended at the 
May 31, 1982 termination date of the contract . The requested no 
cost extension would be used fo r the completion of contractual 
reports. The money would be pr imar i ly used for my salary and 
dupl icat ing costs. 

I f you have questions, please contact me. 

Sincerely, 

' < - ^ " /Z >• 

•y /^/ 
i.- /.. 

Henry P. Heasler 
Principal Investigator 
Wyoming Geothermal Resource 

Assessment Group 

HPH/tj 

R E C e r v t r 
APR 2 9 19B2 

^ V A N C E D TECHNOLOGY 
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E C E J V E D 

THE UNIVERSITY OF WYOfTlING ^ ^ ^ ^ ̂ ^̂ ^ 
DEPflRTmENT OF GEOLOGY AND GEOPHYSIfi&»ANC£D iicHt^ouJGY 
P.O. BOX 3006 
LARAMIE, WYOMING 82071 
(307) 766-3386 

August 9, 1982 

Susan M. Prestwich 
Department of Energy 
Idaho Operations Office 
550 Second Street 
Idaho Falls, Idaho 83401 

Dear Susan: 

This letter is a request for a no cost extension from October 
7, 1982 to February 28, 1983 for cooperative agreement number 
DE-F107-79ID12026. 

I am requesting this extension to allow continued editing and 
final compilation of contractual reports. This task is taking 
more time than originally anticipated due to our involvement this 
summer in a State funded geothermal drilling project. 

If you have questions, please contact me. 

Sincerely, 

Henry P. Heasler, 
Principal Investigator 
Wyoming Geothermal Resource 
Assessment Group. 

HPH/bw 



r NOTICE OF FINANCIAL ASSISTANCE AWARD 
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Under the authority of Public Law '. . 
subject to legislation, regulations and policies applicable to (cite legislative program t i t le) : 

National Geothermal Resource Assessment Program 

?&s^reA X^ 

1. PROJECT TITLE 

Hydrothermal Resources in Wyoming 

3. RECIPIENT IName. address, zip code, area code and telephone no.) 

University of Wyoming 
University Station - P.O. Box 3005 
Laramie. WY 82071 

8. RECIPIENT PROJECT D^HBCTOR (Name and telephone No.) 

H.P. Heasler 

9. RECIPIENT BUSINESS OFFICER (Nameand telephone No.) 

11. DOE PROJECT OFFICER (Name, addreis, t i p code, telephone No.) 
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2. INSTRUMENT TYPE 

D GRANT [ 3 COOPERATIVE AGREEMENT 
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6. BUDGET PERIOD 
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D NEW 

D REVISION 
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h SUPPLEMENT 

D RENEWAL 

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

E- M. Hyster 208/526-1229 
U. S. Department of Energy 
Idaho Operations Office 
550..Second Street 
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D STATE GOV'T 

n LOCAL GOV'T 

• INDIAN TRIBAL GOV'T D HOSPITAL 
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HIGHER EDUCATION 

D OTHER NONPROFIT 
ORGANIZATION 

D FOR PROFIT 
ORGANIZATION 
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D OTHER (Specifyl 
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(2) 

(3 ) 

( 4 ) 

(!-) 

16; 
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DOE Funds Obligated This Act ion $ 

DOE Funds Authorized for Carry Over $ 
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[Total o f lines a . ( l j and a. 131\ 

(2) Prior Budget Periods 

(3) Project Period to Date 
ITota l o f lines b. ( I ) and b. (2)] 

s 588.984 

-0-

588,984 

(JN^ IS Ihe current estimated cost of the project. It is not a promise to award nor an authorization to expend funds in this amount.) 
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J^rt^tA^uO^i^J^ "/-l-f-^ 
(Date) 

Durward Long 
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Acting Vice President for Finance 
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2 1 . AWARDED BY 

(Signature) (Date) (Signature) 

Will iam C. Drake 
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Contracting Officer 
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