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Figure 13. Identified Utah wind renewable energy zones. See Appendix C for higher resolution maps. An interactive version of this map is available
online at http://mapserv.utah.gov/urez.
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B. Seventeen of the 51 sites were identified in this category.

Category C has a low level of confidence. Many of these sites
are inferred from topographic exposure alone, with no supporting
data in the region. Nineteen of the 51 sites were identified in this
category.

GEOTHERMAL RESOURCE ASSESSMENT

This section assesses the geothermal resource potential for power
generation in Utah. Utah has a large number of hot spring systems
throughout much of the state, and the potential for geothermal de-
velopment is generally regarded as significant. With recent inter-
est in the state’s resources, geothermal companies are aggressively
leasing properties for electric generation. Geothermal exploration
and development in Utah is currently focused on three areas: (1)
Roosevelt Hot Springs, which has produced geothermal electricity
since 1985, (2) Cove Fort-Sulphurdale, which produced electric-
ity between 1985 and 2003, and (3) Thermo Hot Springs, which
is currently being explored. Drilling at Thermo Hot Springs sug-
gests the presence of a geothermal resource of sufficient size and
temperature to allow power generation, even though surficial evi-
dence is only a few weak springs and fossil hot spring mounds.
This type of discovery is important, since it draws attention to the
fact that even though the resource base is not well understood,
additional commercially viable resources are likely to be present
in Utah. These higher-quality geothermal resources lie within a
50-mile-wide corridor along the eastern margin of the Basin and
Range Province, a corridor that parallels Interstate Highway 15.
A fourth project is underway along the northern Wasatch Front in
Box Elder County.

Table 12 presents the theoretical electrical potential of geothermal
areas having development potential and compares resource param-
eters. It should be noted that distance to and availability of trans-
mission lines, the development cost, and cost effectiveness were
not factors included in this analysis. This analysis is a screening-
level study that identifies geographical locations of geothermal re-
sources and estimates the theoretical potential of electrical energy
capacity. This analysis is not an attempt to provide a project-level
assessment of the geothermal energy resource quality or project
development potential. Interested individuals should consult with
industry professionals about developments at the project level.

The estimates in table 12 are based on a combination of published
resource assessments for some areas and projections for areas hav-
ing thermal gradients of 100°C per kilometer (5.49°F/100 ft) or
greater. The total estimated potential from both identified and un-
discovered geothermal systems is approximately 2,166 MWe (e =
electric).

Objectives

This study had two objectives: (1) to define areas of the state where
the theoretical potential for electric generation is greatest, and (2)

to assess the electric potential of Utah’s geothermal resources.
Overall, little is known about the geothermal reservoirs that mani-
fest themselves occasionally at the land surface. Given that some
important geothermal systems were discovered by accident in Utah
(e.g., Newcastle in Iron County and Corner Canyon in Salt Lake
County), it is difficult to evaluate the undiscovered resource with
drilling data lacking. The report uses published information, but
primarily relies on deep well data and shallow thermal-gradient
information.

Objective one is defining areas of geothermal resources. Geother-
mal resources of Utah can be divided into four models: (1) hydro-
thermal convection systems generated by deep circulation along
faults, mainly within the Basin and Range Province of western
Utah, (2) magmatically driven hydrothermal convection systems
associated with young plutonic rocks within and adjacent to the
Mineral Range of central Utah, (3) conduction-dominated hydro-
thermal systems contained in deep basins, and (4) energy available
for development of enhanced geothermal systems, or engineered
geothermal systems (EGS). The first two models are currently
under commercial development in Utah for power generation and
direct use. The latter two system models require resource assess-
ment and new technology to realize their benefit.

Hydrothermal Convection Systems of the
Basin & Range

The Basin and Range Province of western Utah (figure 15) is noted
for numerous north-south oriented, fault-tilted mountain ranges
separated by intervening, broad, sediment-filled basins. The moun-
tain ranges are typically 12 to 31 miles apart, 28 to 50 miles long,
and bounded on one, sometimes two, sides by high-angle faults.
Typical ranges are asymmetric in cross section, having a steep
slope on one side and a gentle slope on the other.

The Sevier thermal area (STA) is a region of southwestern Utah
where most of Utah’s known moderate- and high-temperature
(>90°C) hydrothermal-geothermal systems occur. The STA cov-
ers a portion of the eastern Basin and Range Province, and part of
the Basin and Range-Colorado Plateau transition zone (figure 15).
The geology of this region, which encompasses all of the Sevier,
Black Rock, and Escalante Deserts of southwestern Utah, includes
abundant faults, plutonic and volcanic rocks, basalt and rhyolite,
high regional heat flow, and zones of active seismicity.

The STA is centered on the Roosevelt Hot Springs and Cove Fort-
Sulphurdale Known Geothermal Resource Areas (KGRAs), where
geothermal power development began some 20 years ago. Other
developments in the region include a hot spring resort at the Mon-
roe-Joseph area, commercial greenhouses at Newcastle, and recent
geothermal power generation at Thermo Hot Springs. KGRAs that
have remained undeveloped include the Crater Springs area and
the Meadow-Hatton area. Areas with development potential that
have been explored, but lack identified resources, are the Drum
Mountains-Whirlwind Valley area near the Millard-Juab County
line, the Neels Rail Siding area west of Pavant Butte, and the Ber-
yl-Woods Ranch area in Iron County.
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Table 12. Electrical generating potential of geothermal areas in Utah. The area of the 100°C/km thermal anomaly (in square miles) is defined by the
presence of thermal-gradient boreholes with gradients of 100°C per kilometer or greater (B). The area of the “defined” resource (in square miles) refers
to the area evaluated within the context of a geothermal reservoir engineering study (C). Published megawatts-electric (D) refers to published resource
values determined within the context of a geothermal reservoir engineering study. Possible megawatts-electric (E) refers to the potential of the total
area of the thermal anomaly (B) minus the evaluated area (C) and the remainder assigned a potential of 2 megawatts per square mile.

Anomal Defined . .
Geothermal Site County 100°(:‘2/ kr};l Resou.lzrce Pul\bill{;l::ed Pl(:’ii’l\?ele lr{’;)\t;i
A) (mi?) (mi) (D) (E) (F)
(B) ©)
IDENTIFIED
Sevier Thermal Area - Explored
Roosevelt Beaver 55 10 120 90 210
Cove Fort-Sulphurdale Beaver, Millard 94 7 102 174 276
Thermo Beaver, Iron 37 35 138 0 138
Newcastle Iron 10 0 10
Beryl Iron 0 10 10
SUBTOTAL 370 274 644
Sevier Thermal Area - Unexplored
Crater Springs Juab - 10
Drum-Whirlwind Millard, Juab 90 10
Meadow-Hatton Beaver, Millard 10 10
Monroe-Red Hill Sevier 1
Joseph Sevier -
SUBTOTAL 34
Northern Wasatch Front
Crystal-Madsen Box Elder - 10
Utah Hot Springs Box Elder - 10
Ogden Hot Springs Weber - 10
Hooper Hot Springs Salt Lake -
Warm Springs Fault Salt Lake -
Crystal-Prison Salt Lake -
Corner Canyon Salt Lake -
SUBTOTAL 44 44
Deep Conductive Resources
Davis #1 (Renaissance)* Box Elder - 7 32 32
Altamont-Bluebell Duchesne, Uintah - -
SUBTOTAL 32
SUBTOTAL (identified) 7 32 754
UNDISCOVERED
ﬁ:;:l;f&; eS/;:filze):r Black Rock .11;1;1:, Beaver, Millard, 5297 1324
Raft River North (0.25 MWe/mi?) Box Elder 154 38
Wasatch Front Valley Weber, Davis, Salt 1,329 50
SUBTOTAL (undiscovered) 1,413
TOTAL (identified + undiscovered) 2,166

* Recent announcement of 100 MWe project beginning with 32 MWe.
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Figure 15. Physiographic regions and significant geothermal areas in Utah. From north to south. CM — Crystal-Madsen, DA — Davis #1 well, UT
— Utah Hot Springs, WS — Warm Springs Fault, CC — Corner Canyon, CB — Crystal-Bluffdale, MW — Midway, CS — Crater Springs, MH — Meadow-
Hatton, MJ — Monroe-Joseph, RHS — Roosevelt Hot Springs, CFS — Cove Fort-Sulphurdale, THS — Thermo Hot Springs, NC — Newcastle. General
outline of the Sevier thermal area is also shown.
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With the exception of the Roosevelt Hot Springs area, geothermal
systems in the STA appear to be driven mostly by deep circulation
of meteoric fluid. Most of the systems are adjacent to the west of
the Basin and Range-Colorado Plateau transition zone, which is
dominated by high mountain ranges and plateaus. The elevated re-
gions in central Utah receive significantly more precipitation than
the desert basins to the west. Active faults within the Intermoun-
tain seismic belt provide conduits for deep circulation of snowmelt
from the high mountains and plateaus. High regional heat flow en-
hances the possibility of geothermal development.

Cove Fort-Sulphurdale Development

All of the surficial hydrothermal alterations in the Cove Fort-Sul-
phurdale area (figure 16) are caused by discharges of steam and
hydrogen sulfide that is oxidized to sulfuric acid; no evidence of
hot water leaking to the surface has been found. The steam and
gas reach the surface via fractures from the thermal water table
located at a depth of about 400 m. A round of drilling was initiated
in 1983. During the next few years, 10 new wells were drilled to
tap the shallow steam zone encountered, though it was not possible
to maintain steam pressures needed for the power plant. The power
plant was in operation between 1985 and 2003, producing between
5 and 10 MWe. Figure 17 shows the location of the deep wells.
Although those drilled north of the main well field encountered
temperatures appropriate for electric generation, none produced
commercial quantities of either steam or water. Wells drilled north
of the east-west fault are colder than wells to the south. There are
indicators that the drilled portion of the reservoir is part of a much
larger thermal anomaly extending to the northwest. This region
covers an area of more than 90 square miles with additional re-
sources suggesting a presence to the west beneath the cover of
volcanic rocks. Klein and others (2004) recently evaluated the re-
source potential of the field; they estimated a reservoir volume of 3
cubic miles and assessed the field’s potential at 102 MWe.

Thermo Hot Springs Development

Thermo Hot Springs has near-boiling hot springs (89.5°C [193°F])
with temperatures near 200°C (392°F) predicted from geochemical
thermometers. Spring activity is now greatly reduced. Hot spring
and gradient data indicate the possibility of a high-quality geo-
thermal resource at depth. A new well in 2007 reached a depth of
about 305 m and geysered when opened; another, drilled to 457
m, recorded a temperature of 111°C and is capable of producing
several hundred gallons per minute. In November 2007, Raser
Technologies drilled the first of several deep wells approximately
2.4 km southeast of the southern hot spring mound in the vicinity
of a large circular anomaly. The wells have confirmed the viability
of the resource. The Thermo Hot Springs area is characterized by
high thermal gradients greater than twice the regional background
values. Raser Technologies recently concluded that the nearly
30,000 acres they leased is capable of producing 138 MWe. Figure
18 shows the Thermo Hot Springs geothermal area; locations of
thermal wells, springs, and temperature-gradient boreholes; and
the general outline of the thermal-gradient anomaly.

Utah Geological Survey

Magmatic-Hydrothermal System at Roosevelt
Hot Springs

Hydrothermal convection systems are often generated by heat de-
rived from one or more cooling bodies of intrusive rock (plutons)
at depth. An example of an active magmatic system can be seen
at Yellowstone National Park. There, numerous hydrothermal fea-
tures result from large, shallow magma chambers emplaced about
630,000 years ago. Large, high-temperature hydrothermal con-
vection systems have subsequently developed above the cooling
plutons, manifesting in hot springs, fumaroles, and geysers. The
relative northern latitude and high elevations of the Yellowstone
Plateau region result in high amounts of precipitation and resulting
high rates of meteoric recharge for the system. The Yellowstone
caldera system is estimated to contain thermal energy equivalent to
36,100 exajoules or 34,216 quads (one exajoule equals 10'® joules;
one quad equals 10" BTUs). By comparison, the annual energy
consumption in the U.S. is about 100 quads.

A smaller version of the Yellowstone magmatic system is present
near the north end of the Mineral Mountains in eastern Beaver
County. Studies identified an area of anomalous heat flow extend-
ing about 3 miles wide and 12 miles long over the Roosevelt Hot
Springs geothermal area. Heat-flow values in excess of 1000 mW/
m? enclose an area roughly 1.2 miles wide by 5 miles long that is
thought to coincide with the near-surface part of the geothermal
system. Becker and Blackwell (1993) also inferred a deep, cylin-
drically shaped, anomalous mass approximately 6 to 9 miles in
diameter situated about 3 miles beneath the geothermal field.

The Roosevelt Hot Springs area is the most studied geothermal
area in Utah, and the only identified magmatic-driven hydrother-
mal system in the state (figure 19). Temperatures within the geo-
thermal reservoir sometimes exceed 260°C (500°F). Roosevelt
Hot Springs was a small area of springs that used to discharge
silica-rich, sodium-chloride thermal water. The springs were used
by early settlers in the area for washing, bathing, stock watering,
and swimming. The springs reportedly had surface discharge as
late as 1957, but were dry by 1966. The spring area is now char-
acterized by numerous fumaroles emitting sulfurous gas and water
vapor. The first drilling into the geothermal system took place in
1967 with an 80-foot well. The well was plugged and abandoned
after encountering hot water, and the rig was moved a short dis-
tance east where another well was drilled to 165 ft, which encoun-
tered hot water that flashed to steam. Federal leases were issued in
1974. Early reservoir models suggested that the field was capable
of sustaining between 60 and 120 MW of electrical production. By
1979, eleven test wells had been completed, with six considered as
capable for commercial fluid production. Production wells range
in depth between 878 and 1631 m (2882 and 5350 ft) with tem-
peratures ranging from 250° to 258°C (482° to 496°F).

Utah Power & Light Company and Phillips built the Blundell geo-
thermal power plant with a gross capacity of about 26 MWe in
1984. In November 2007, PacifiCorp completed construction of
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Figure 16. Features of the Cove Fort-Sulphurdale geothermal area and vicinity showing selected wells, thermal-gradient boreholes, and the power
plant site.



32 Utah Geological Survey

-1
f,.-r-"’
— . i 21
1 (=]
3.1-33
133°
146°
\\
\\ \\
\\ \\
\ “
\\ \\
\ b Y
N\ \\
\\ \
\\
- R
o
1 miles 2
2 kilometers 3
EXPLANATION
messn s Foult from gravity daton
wo e e Fpult from magnetic data
| Low resistivity
" (r<5ohm -m)
| JEye—
@®31-33  Drill hole

Figure 17. The Cove Fort-Sulphurdale area showing geothermal wells, geophysical anomalies, and suspected faults. Maximum temperatures from

wells are shown in degrees Celsius. Solid black lines denote locations of electrical resistivity profiles (arrows on two lines denote that those lines extend
to the northwest).



Utah Renewable Energy Zones Task Force Phase I Report: Renewable Energy Zone Resource Identification 33

EXPLANATION
Therrmal Gradient Boreholes Thermal Wells & 5
* S joorchm Spring
Thermal A Spring. = 50°C
> 100*C/km @  Well. = 50°C

,-"‘ Quaternary fault

Figure 18. Thermo Hot Springs Known Geothermal Resource Area.

an 11 MWe binary power unit, bringing the total installed gross
capacity to about 37 MWe. Future plans call for completion of
four new production wells and three new injection wells to provide
geothermal fluid to a new approximately 35 MW, dual-flash plant.
Steam separators are used to “flash” the geofluid and partition
it into liquid and vapor phases. The liquid phase, or geothermal
brine, was previously channeled back into the reservoir through
three gravity-fed injection wells. Presently, this fluid is directed to
the 11 MW binary plant. The vapor phase, or steam fraction, is col-
lected from the four wells and directed into the power plant. After
exiting the power plant, the spent steam flows through a condens-
ing unit, and the resulting condensate is discharged to the injection
wells.

The temperature of the steam upon entering the Blundell plant
ranges between 177° and 204°C (350° and 400°F), with steam
pressures approaching 7.7 kg/cm? (109 psi). The plant produces 26
MW gross output (23 MW net) with all four wells operating. Net
output from the binary plant varies between about 8.5 MW on a
summer day to about 12 MW during cool periods.

Conduction-Dominated Deep Basins

Deep, conduction-dominated geothermal resources may exist
within deep sedimentary basins of eastern Utah, within the deep
sediment-filled basin valleys of northern Utah, and beneath Great
Salt Lake. Within eastern Utah, wells associated with oil fields
in the Uinta Basin sometimes achieve temperatures approaching
150°C (302°F) at depths in excess of 16,000 ft. The Uinta Basin is
an elongated east-west trending basin, elliptical in shape, measur-
ing about 130 miles long by about 100 miles wide, with a surface
area of more than 9,000 square miles. Bottom-hole temperatures
of many oil and gas wells typically range between 93° and 126°C
(200° and 260°F) with average geothermal gradients of 26.8°C/km
(1.47°F/100 ft) (figure 20). Future investigations may determine
the temperature and volume of available fluids for possible ap-
plication of on-site, small, modular binary power units. Deep ex-
ploratory wells drilled in the Great Salt Lake basin have revealed
elevated temperatures at depth: 214°C (417°F) at 12,470 ft.
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Northern Wasatch Front Valleys

Many thermal springs are present along the Wasatch Front, from
Utah Valley on the south to the state line on the north (figure 15).
These systems are west of the Wasatch Range at the eastern edge of
the Basin and Range Province and within the Wasatch fault zone.
The thermal springs are considered to be the result of deep circula-
tion of meteoric water, heated by the normal geothermal gradient
of the Basin and Range Province.

The northern part of this region considered here is the Point-of-
the-Mountain at the southern end of Salt Lake County near Crystal
Hot Springs at Bluffdale, where geothermal water is used for space
heating in commercial greenhouses and the Utah State Prison. The
region extends northward to the Utah-Idaho border, bounded by
the Wasatch Range to the east and the Oquirrth Mountains, Ante-
lope Island, and the Promontory Mountains to the west. It includes
the geothermal areas (south to north) of Crystal-Bluffdale, Corner
Canyon, Warm Springs Fault, Hooper Hot Springs, Ogden Hot
Springs, Utah Hot Springs, Lower Bear River area (Renaissance
project), and Crystal Hot Springs. Geothermal water in these es-
sentially unexplored systems may prove to be capable of support-
ing power generation.

Enhanced Geothermal Systems (EGS)

In many parts of the country, rocks have temperatures suitable for
electric generation but lack the permeability needed to support nat-
ural convective (conventional hydrothermal) systems. These hot
rocks represent an untapped, potentially enormous energy source
that is readily accessible with today’s drilling techniques. Projects
are currently underway in the U.S., France, and Australia to exploit
these resources by hydraulically fracturing the rocks and extract-
ing the heat from them. The concept is known as Enhanced (or
Engineered) Geothermal System development (Geothermal Tech-
nologies Program, 2008).

The development of an EGS reservoir is a multi-step process. An
injection well is first drilled into hot rock. Water is then injected at
sufficient pressure to create a fracture network by either opening
existing fractures or creating new ones. Mapping the distribution
of microearthquakes can monitor growth of the fractured volume.
Once the newly created reservoir reaches adequate size, a produc-
tion well is drilled to intersect the stimulated fracture system and
extract the injected heated water. Additional injection and produc-
tion wells can then be drilled to increase the volume of the reser-
Voir.
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Tester and others (2006) estimated the quantity of thermal energy
stored in the rocks at depth for each of the states as part of their
national assessment of the EGS resource base. Temperatures were
calculated at 1 km intervals from depths of 3 to 10 km and the
mean value at each 0.5 km interval was used in the calculations.
Temperatures calculated for the state of Utah within this depth in-
terval range from 150°to 350°C. As expected the stored energy is
enormous, totaling 612,202 exajoules for the entire depth interval.
Even at 3.5 km, where temperatures are calculated to be 150°C, the
stored thermal energy is estimated to be 10,371 exajoules. These
calculations do not provide an indication of the power that can
be generated, but they do suggest that temperatures appropriate
for electric generation may be widely distributed across much of
the state. The authors do not give estimates for EGS development
since this type of resource is considered for long-term (>10 years)
potential that will likely require a national effort to exploit deep
hydro-fractured reservoirs.

Figure 21 illustrates the modeled temperatures at a depth of 3 km
(1.9 mi) in Utah, from which three regions were identified having
estimated temperatures of 150°C (302°F) or greater. These areas
where yet-undiscovered geothermal resources will eventually be
developed include: (1) southwestern Escalante Desert, (2) Sevier-
Black Rock Desert, and (3) the northern Raft River Mountains
(bright yellow zones in figure 21). A fourth region, encompassing
valleys along the northern Wasatch Front, is also an area of undis-
covered potential.

Assessment of the Electrical Potential of
Utah’s Geothermal Resources

The Geothermal Work Group’s second objective was to assess the
electrical potential of Utah’s described systems. The described
systems include the Sevier Thermal Area (Cove Fort-Sulphurdale,
Roosevelt Hot Springs, Thermo Hot Springs), the western Utah
valleys, the Wasatch Front and adjacent regions, and co-produced
hot water from oil wells in the Uinta Basin.

Assessment of a geothermal resource requires an estimate of (1)
reservoir volume, (2) reservoir temperature, (3) porosity, and (4)
sweep efficiency. These values may vary significantly from field to
field and even within a field. Each parameter may be represented
by a range of values. Reservoir volume refers to the volume of
the rock mass and fluid of the geothermal system at temperatures
generally approaching 150°C (302°F) or greater. Reservoir tem-
perature refers to the average temperature contained within the de-
fined geothermal reservoir volume. Porosity refers to the percent-
age of interconnected pore spaces with respect to overall reservoir
volume (usually between 3 and 7 percent for Paleozoic carbonate
rocks of western Utah). Sweep efficiency is a dimensionless reser-
voir engineering concept that refers to the ability of the reservoir
fractures and pore spaces to facilitate mass transfer of heat through
fluid flow.

Unlike wind or solar energy, there are no surficial measurements
to assess geothermal resource potential. Multiple well data and
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testing are needed to estimate reservoir potential with confidence.
Sanyal and others (2004), Klein and others (2004), and Blackett
and others (2004) discuss the various uncertainties in developing
these estimates. Geothermal power plants are currently operat-
ing in Alaska, California, Hawaii, Idaho, Nevada, and Utah. Wil-
liams and others (2008) summarized a national reassessment of
the geothermal resources of the United States. The assessment,
which evaluated identified geothermal systems and estimated un-
discovered resources, concluded that the electric power genera-
tion potential from identified geothermal systems is 9,057 MWe,
distributed over 13 states. The mean estimated power production
potential from undiscovered geothermal resources is 30,033 MWe.
Additionally, another estimated 517,800 MWe could be generated
through implementation of EGS technology. For Utah, the assess-
ment indicates the electric power generation potential from identi-
fied geothermal systems is 184 MWe, from undiscovered systems
is 1,464 MWe, and from EGS is 47,200 MWe.

Blackett and Wakefield (2004) compiled available information on
individual geothermal systems within Utah into a comprehensive
geothermal database that includes (1) the locations of hot springs,
(2) locations and depths of wells that encountered thermal water,
(3) chemical analyses of the waters,( 4) calculated geothermom-
eter temperatures, and (5) temperature gradient data. Blackett and
others (2004) summarize data from the most promising geother-
mal systems. Fleischmann (2006) addresses the institutional and
infrastructure requirements for developing these same areas.

The volume of the resource is a critical parameter. Typically, ther-
mal gradient data are utilized to establish the reservoir boundaries
in order to constrain the aerial extent of the resource. Background
thermal gradients in the Basin and Range are on the order of 30-
40°C/km and this value is appropriate for the western half of Utah.
Because about one-half of the thermal gradient wells drilled in the
state are less than a hundred meters deep, the authors have taken
a relatively conservative and practical approach to delineating the
resource boundaries and calculating reservoir volumes. Analysis
of mostly near-surface (<150 m [492 ft]) temperature-gradient data
from the Cove Fort-Sulphurdale and Thermo Hot Spring geother-
mal systems indicates that wells having temperatures appropriate
for electric generation at moderate depths lie within areas where
thermal gradients exceed 100°C/km and frequently 150°C/km. For
this assessment, the authors have used the value of 100°C/km to
outline the resource boundaries. The reservoir volume is strongly
dependent on the thickness of the production zone. The authors
have assumed the production zone to be 915 m (3000 ft) thick.

Table 12 presents various Utah geothermal areas having possible
development potential and compares some resource parameters
between areas. These estimates were based on a combination of
published resource assessments (column D) for some areas and
projections for other areas having thermal gradients of 100°C/km
or greater. A number of parameter values are missing; therefore,
it was necessary to create criteria for evaluating geothermal areas
that lack deep drilling data. For explored areas with temperature-
gradient data, published estimates of resource potential for the
given resource area were used and the evaluated area was subtract-
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ed from the 100°C/km anomaly. This remaining area was assigned
a resource potential of 2 megawatts per square mile and the result
is listed in column E of table 12. These areas include Roosevelt,
Cove Fort-Sulphurdale, Thermo, Newcastle, and Beryl.

For less-studied geothermal areas within the Sevier thermal area,
MWe potential ranging from 2 to 10 MWe was assigned based
upon geological setting and perceived size of the thermal anomaly
(column E). These systems are the Crater Springs, Drum Moun-
tain-Whirlwind Valley, Meadow-Hatton, Monroe-Red Hill, and
Joseph geothermal areas. For the northern Wasatch Front geother-
mal areas, the authors used the following set of criteria for indi-
vidual geothermal systems:

*  Estimated resource temperatures between 100° and

125°C -2 MWe

*  Estimated resource temperatures between 125° and
150°C - 5 MWe

+  Estimated resource temperatures over 150°C — 10
MWe

The category of “Deep Conductive Resources” presently includes
the potential for co-produced fluids from oil or gas wells in the
Uinta Basin, primarily Altamont-Bluebell field. The authors have
also included the Renaissance geothermal project, near Brigham
City, in this category. The authors have made no assignment of
electrical potential to the Altamont-Bluebell area because it is
likely that electrical energy from co-produced fluids using modu-
lar binary units here would be used on-site. For the Renaissance
project, the authors initially assigned a potential of 20 MWe, after
published data. Recent news releases indicate that developers in-
tend to install wells, construct a 32 MWe facility here by 2010, and
increase output incrementally to 100 MWe.

For the category of “Undiscovered” the authors applied the fol-
lowing assumptions based upon a GIS estimate of the area includ-
ed within unexplored geothermal regions with little or no surface
manifestations:

*  Southwest Escalante Desert — 0.25 MWe per square
mile for undiscovered resources

*  Sevier-Black Rock Desert — 0.25 MWe per square mile
for undiscovered resources

* Raft River North - 0.25 MWe per square mile for
undiscovered resources

*  Northern Wasatch Front — arbitrarily assigned 50 MWe
for undiscovered resources.

Summary of Analysis

This assessment indicates that Utah’s identified higher quality
geothermal resources lie within a 50-mile-wide corridor along the
eastern margin of the Basin and Range Province which parallels
Interstate 15 (figure 22). Geothermal power-generation projects
are underway in south-central and southwestern Utah. Another
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project prepares to get underway along the northern Wasatch Front
in Box Elder County. From this analysis, the estimated potential
for electric generation from identified and undiscovered conven-
tional (hydrothermal) geothermal systems is approximately 2,166
MWe. The estimate of the USGS (Williams and others, 2008) of
roughly 1,648 MWe for both identified and undiscovered resourc-
es at the mean confidence level is approximately 30 percent lower.
However, the USGS (Williams and others, 2008) also estimates
the electric generation potential of Enhanced Geothermal Systems
to be tens of thousands of MWe. These resources are located along
the I-15 corridor beneath those regions recognized for near-term
development.

PHASE I CONCLUSIONS

The findings from this study are two-fold: Utah’s theoretical poten-
tial for renewable energy generation is apparently great (figure 23),
but development of these resources is constrained due to limited
data and a multitude of factors that are identified below. Phase 1
identified renewable energy zones that total approximately 13,262
square miles and an estimated 837 gigawatts of electrical generat-
ing capacity. The multitude of factors that could not be taken into
account at this point of the assessment include project-level re-
source data; land use and environmental restrictions; federal, state,
and local regulatory policies; and economic considerations that
may complicate or restrict development.

Although most counties have some solar, wind, or geothermal en-
ergy, significant quantities of all three resources were found co-lo-
cated in southwest Utah. In addition, large concentrations of wind
resources were identified along the Utah and Wyoming border.

The scope of work for Phase I of the UREZ process was not to
assess the development potential from an economic perspective.
Rather, analogous to estimating resources and reserves in the oil
and gas industry, this project’s scope of work was to identify the
potential resources, within reason, for short-term (~<10 years) and
long-term (~>10 years) potential. Predicting what will be econom-
ically viable in the future is difficult, if not impossible, but will be
assessed in future phases of UREZ research. Similar to estimating
conventional natural resource reserves, the quantity is a constantly
changing value. More importantly, this macro-level assessment
will identify likely areas of multiple resource zones that may have
utility-scale generation potential.

The value of Phase I is establishing a baseline estimate of the lo-
cation of renewable resources and their theoretical electrical gen-
eration potential. This assessment also frames a starting point at
which a dialogue can begin among stakeholders to understand
the complexity of developing renewable energy on a large scale.
Becoming familiar with the complexity of the issues (e.g., qual-
ity of the resource and environmental, economic, regulatory, and
technical constraints) will lead to a better understanding of major
issues that will undoubtedly need to be addressed in Phase II and
beyond.
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NEXT STEPS

Having identified renewable energy zones that have a theoretical
potential for utility-scale development in Utah, Phase II will focus
on and critically analyze the other factors such as:

*  transmission, regulation, access, cost, and development
(barriers and opportunities);

+  other related local, state, and federal regulatory issues;

* resource and technology viability given current and
future market trends;

* land use and/or environmental issues not identified in
Phase 1.

The results from Phase II and beyond will serve as a screening tool
to further refine the zone identification process, and thus eliminate
additional areas among the REZs identified in Phase I. This refine-
ment process is a logical method that will eventually lead to iden-
tifying and estimating zones in Utah having the greatest potential
for utility-scale renewable energy development.
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APPENDIX A

NREL TOOLS FOR ASSESSING SOLAR POWER POTENTIAL

NREL has developed two publicly available tools to help officials, utility planners, and the general public to evaluate the solar power
potential of specific locations. The Solar Power Prospector is an interactive, Internet-based geographic information system tool that
allows the user to zoom to a specific location and download solar data for that specific site. The Solar Advisor Model allows the user to
estimate what the levelized cost of energy would be at that site, using a solar technology and financial assumptions chosen by the user.

SOLAR POWER PROSPECTOR

NREL has developed an interactive mapping tool to support the U.S. Department of Energy’s goal to install 1,000 megawatts (MW) of
new concentrating solar power systems in the southwestern United States by 2010. The Solar Power Prospector uses the same DNI data
used to generate state maps of solar potential throughout the Southwest.!

The Solar Power Prospector uses an Internet-based mapping interface that enables the user to zoom into specific areas of interest. The
underlying data layer shows average annual DNI for all areas of the continental United States. The tool also filters DNI based on the
slope of the terrain. The user can also screen out areas that are less than the DNI threshold indicated by the user.

Additional layers show federal land ownership (including military lands, national forests, and lands managed by the U.S. Fish and
Wildlife Service), lakes, highways, and urban areas.

Once the user has identified a specific site of interest, the raw DNI data for that point may be downloaded into a separate file for further
analysis, either in normal .csv format or in .tmy format. The latter is the format used by the Solar Advisor Model described in the next
section. The data file contains hourly observations for the entire year (any year from 1998 through 2005, or averaged into a typical
meteorological year).

The Solar Power Prospector is on the Internet at http://mercator.nrel.gov/csp/.

SOLAR ADVISOR MODEL

NREL, in conjunction with Sandia National Laboratory and in partnership with the U.S. Department of Energy (DOE) Solar Energy
Technologies Program (SETP), developed the Solar Advisor Model (SAM) in 2006. SAM operates on any Windows-based personal
computer; the user-friendly software and documentation may be downloaded without charge.

Annual DNI information obtained from the Solar Power Prospector may be added to the SAM data files, enabling detailed scenario
testing for any site selected by the user. SAM evaluates several types of financing (from residential to utility-scale) and a variety of
technology-specific cost models. The technologies currently represented in SAM include CSP parabolic trough systems and PV flat
plate and concentrating technologies. Other technologies to be added include dish/Stirling, power towers, and solar heating (primarily
solar residential hot water).

SAM promotes the use of a consistent methodology for analysis across all solar technologies, including financing and cost assumptions.
It allows users to investigate the impact of variations in physical, cost, and financial parameters to better understand their impact on key
figures of merit. Figures of merit related to the cost and performance of these systems include, among other measures:

. system output,

*  peak and annual system efficiency,

* levelized cost of electricity,

*  system capital and operating and maintenance costs, and

*  hourly system production.

! These maps are available at http://www.nrel.gov/csp/maps.html.
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SAM uses a systems-driven approach to establish the connection between market requirements and targeted efforts in research and de-
velopment. The comprehensive output of each scenario modeled in SAM shows a breakdown of all the factors contributing to overall
project cost, thereby showing where the greatest benefits from efficiency improvements may lie. Similarly, SAM’s scenario testing capa-
bilities can quantify the impact of various incentives and policies, such as state investment tax credits and property tax abatements.

The software, documentation, and background papers are available for public download at https://www.nrel.gov/analysis/sam/.

Figure A-1. Solar Power Prospector Web interface.
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APPENDIX B

WIND-RELATED DEFINITIONS

Some explanatory comments about certain items in the bullet list on page 20 are discussed below.

Coordinates. There were many cases with slight discrepancy between the coordinates in the USEP web site and those provided in a
separate Excel file by USEP. We were able to resolve most of these discrepancies within an acceptable level of tolerance.

Annual Mean Wind Speeds. These were obtained from the procedure described earlier in this report. USEP data are reported in miles/
hour, and these were converted to meters/second (1 mps = 2.2 mph).

Topographic Exposure. Sites were assigned as high mountain, high plateau, low ridge or gap, drainage canyons, or open valley sites.
Specific comments about each site were made to allow the author to determine the site designation, and how winds might be expected
to vary in the local region.

Estimated Wind Shear Exponent. In nearly all cases, winds increase with height. Thus the average speeds at 80 m above ground (selected
as the basis for this study) will be higher than those recorded at the 20-m or 50-m levels of the USEP stations. The formula to adjust wind
speeds to the 80-m height is as follows:

V,/ V,=(z,/z,)* where V stands for the average speed at heights 2 and 1, and z stands for the heights, and alpha is the power law
exponent.

The typical wind shear exponent in flat areas west of the Rocky Mountains with no surface obstructions is about 0.14. The exponent
tends to be higher with terrain sheltering and/or surface obstructions. Well-exposed ridgelines and other high areas tend to have shears
less than 0.10. The higher the shear exponent, the greater the winds increase with height.

Wind shear exponents for the USEP stations were estimated on the basis of terrain, surface roughness, similarities to known shear values
(from private data across the state), and the author’s 31 years experience in the industry.

Estimated 80-m Mean Annual Wind Speed. Obtained from the formula above.

Air Density. The wind resource is a function of wind speed and air density. The standard air density at sea level is 1.225 kg/m?. All sta-
tions in Utah are at least 3000 feet above sea level, so the following process was used to determine air density across the state.

Annual mean air densities were computed for four stations in the region: Salt Lake City, Elko, Ely, and Grand Junction. They were then

adjusted to target elevations of 4000-9000 feet in 1000-ft increments:

Table B-1. Air density estimates for Utah.

Elevation (feet) Air Density (kg/m?)
4000 1.07
5000 1.04
6000 1.01
7000 0.98
8000 0.95
9000 0.92

For a given station, annual air density was determined based on interpolated values from the table above. The 80-m (262-ft) hub height
was included in this calculation.

Power Density. For all UGS stations, we computed their power density. The formula for power density is.

P=0%pV? where P is power (watts/square meter), p is the air density, and V is the speed (meters/second).
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Annual power density is computed from the integral of the 8760 hourly power density calculations across the year. Due to budget limi-
tations, no such computations were made directly from the UGS station data. Instead, we used data from private stations with permis-
sion.

To simplify the process, actual power density calculations were made using a base elevation of 6000 feet and air density of 1.01 kg/m?.
These calculations were made from eight representative stations across the state with a range of wind regimes. Here are the resulting
annual power densities as a function of annual mean wind speed (in meters per second):

Table B-2. Estimated power densities (in watts per square meter) for Utah.

Exposure 5 mps 6 mps 7 mps 8 mps 9 mps
High mountain 134.6 2217.5 358.6 521.7 703.1
High plateau 138.2 231.9 362.8 522.4 708.9
Low ridge, gap 137.4 231.8 354.7 4943
Drainage canyon 156.4 262.2 417.6 611.8 874.0
Open valley 169.5 288.2 435.8 600.6

The power density for a given site was then obtained from its mean wind speed and exposure type, using interpolation from the above
table and then adjusted for site-specific air density.

Wind Class. Wind classification was created to simplify the power of wind. A wind class is simply the range of wind power density of the
wind. For example, a site with a wind power density between 200 and 300 is class 2, a site in the 300 range is class 3, and so on. Wind
classes are defined in the following table:

Table B-3. Wind class.

Wind Class Power Density (W/m?)

1 0-200

2 200-300
3 300-400
4 400-500
5 500-600
6 600-800
7 800+




Utah Renewable Energy Zones Task Force Phase I Report: Renewable Energy Zone Resource Ildentification 49

Gross Annual Capacity Factor for the GE-1.5sle Turbine. This turbine model, which is manufactured by General Electric, was chosen
as the “standard” for the wind study. It has generally been considered the benchmark commercial wind turbine since 2001. This turbine
has an 80-m hub height, 77-m rotor diameter, and has a rated power of 1.5 MW. Gross annual energy simulations were computed from
the same data sets used for the power density calculations. These results were converted from actual kilowatt-hours to capacity factor
(100% capacity factor means a turbine produces full power all the time). Table B-4 provides gross annual GE-1.5sle capacity factors at
1.01 kg/m? air density as a function of annual mean wind speed (in meters per second), with all data in percent:

Table B-4. GE-1.5sle gross capacity factors (percent).

Exposure 5 mps 6 mps 7 mps 8 mps 9 mps
High mountain 15.84 23.05 31.23 39.01 45.99
High plateau 16.29 23.44 32.07 40.12 47.36
Low ridge, gap 14.62 21.04 29.16 37.37

Drainage canyon 19.81 28.16 35.06 39.82 43.02

Open valley 16.90 24.77 32.24 38.75

When converting the gross capacity factors in the above table to site-specific air density, we have assumed each 0.01 kg/m?® change in
air density results in a 0.8% change in energy production.

It should be noted that the GE-1.5sle turbine is normally used for sites with long-term mean annual hub-height wind speeds of roughly
7.5-9.5 meters/second (mps). Few sites in Utah average more than 7.5 mps. Actual wind farm development in Utah at sites having lower
average wind speeds would likely consider the GE-1.5xle turbine model, which has an 82.5-m rotor instead of 77 m. This results in a
greater annual gross capacity factor.

Mention to private wind data has been made in the above discussion. The author obtained permission to incorporate data from eight wind
developers who have collected wind data from 25 sites throughout Utah. These data sets have been thoroughly edited (in most cases,
by the author), guaranteeing reliability in the types of data manipulations described above. One condition for use of the data is that the
locations or specific wind resource levels not be disclosed.
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APPENDIX C
WIND ENERGY ZONES

UREZ Phase | Wind Zones and Drainage Canyons (NW Utah)
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Figure C-1. Utah wind energy zones—northwest quadrant. An interactive version of this map is available online at http://mapserv.utah.gov/urez.
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UREZ Phase | Wind Zones and Drainage Canyons (NE Utah)
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Figure C-2: Utah wind energy zones—northeast quadrant. An interactive version of this map is available online at http://mapserv.utah.gov/urez.
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UREZ Phase | Wind Zones and Drainage Canyons (SW Utah)
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Figure C-3 Utah wind energy zones—southwest quadrant. An interactive version of this map is available online at hitp://mapserv.utah.gov/urez.
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UREZ Phase | Wind Zones and Drainage Canyons (SE Utah)
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Figure C-4. Utah wind energy zones—southeast quadrant. An interactive version of this map is available online at http://mapserv.utah.gov/urez.
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APPENDIX D

USEP WIND SITES BY GEOGRAPHY

The following 39 sites are located in valleys.

The following 13 sites are located on high mountains.

Site Name County
Soldier Summit Utah
Traverse Mtn. Utah
Manti-I1 Sanpete
Porcupine Ridge Summit
Monte Cristo Rich
Diamond Mtn. Uintah
Big Mountain Morgan
Stag Canyon Summit
Coyote Canyon Duchesne
Laketown Rich
Crawford Rich
Cricket-I Millard
Home Ranch Rich

The following 13 sites are located in canyons.

Site Name County
Logan Cache
Hyrum Cache
Brigham City Box Elder
Ogden Weber
South Weber Weber/Davis
Emigration Salt Lake
Parleys Salt Lake
Provo Canyon Utah
Spanish Fork Utah
Millsite Reservoir Emery
Minersville Beaver
Escalante Garfield
Springdale Washington

The following 5 sites are located on high plateaus.

Site Name County
Monticello-1 San Juan
Pleasant View Weber
Monticello-11 San Juan
Cedar City Iron
Kanarraville Iron
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Site Name County
Castle Valley Grand
Diamond Valley Washington
Beryl Iron
Hexcel Salt Lake
Bicknell Wayne
Utah Lake Utah
Washington Co. Prison Washington
Pelican Lake Uintah
Hurricane-I Washington
Callao Juab
Richfield Sevier
Simpson Springs-I Juab
Kingston Piute
Mountain Lake Wasatch
Snowville Box Elder
Minersville Beaver
Collinston Box Elder
Moroni Sanpete
Greenwich Piute
Monroe Sevier
Garrison-I Millard
Alton Kane
WECCO-I Iron
Fruitland Duchesne
Tooele Tooele
Cedar Ridge Coop Box Elder
Yuba Sanpete
Garrison-II Millard
Torrey Wayne
Wanship Summit
Raft River-I Box Elder
Summit Iron
Blanding San Juan
Hurricane-IT Washington
WECCO-II Iron
Garrison-I Millard
Raft River-1I Box Elder
Milford Beaver
‘Wah Wah Valley Millard
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The following 21 sites are located on low ridges.

Site Name County
Silver Creek Cache
Manti-I Sanpete
Elmo Emery
Duchesne Duchesne
Promontory Point-I Box Elder
Park Valley-1I Box Elder
Promontory Point-1I Box Elder
North Collinston Box Elder
Park Valley-II Box Elder
Leamington Millard/Juab
Tooele Army Depot South Tooele
Tooele Army Depot North Tooele
North Loa Wayne
Cedar Creek Box Elder
Pintura Washington
Utah State Prison Salt Lake
Stockton Bar Tooele
Stansbury Tooele
Simpson Springs-11 Tooele
Cricket-II Millard
Camp Williams Salt Lake
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APPENDIX E

ADDITIONAL INFORMATION

Several additional types of information were requested in the official scope of work for this wind study. One was to evaluate the potential
wind sites if there were no exclusions for land use (parks, wilderness, and military). There are several sites along the western boundary
of the state from Garrison north to the Idaho border that could be of interest, but are excluded by the military. These include the Grouse
Creek Mountains and some of the hills and valleys west and southwest of Delta. Otherwise, high winds in parks and wilderness are to be
expected at higher-elevation ridges and plateaus. Certain areas, like the Uinta and Tushar Mountains, likely have 9+ mps average wind
speeds, but are well above 10,000 feet elevation and will likely never be given serious consideration for wind farm development even if
institutional barriers were removed. Also, there are likely many minor ridges and gaps in U.S. Forest Service lands that would meet the
20% gross capacity factor threshold.

Another question concerns potential barriers to wind farm development. These include permitting, constructability, distance to transmis-
sion lines, capacity for new generation on transmission lines, rugged terrain, uneconomic wind resource, and ability to purchase wind
turbines. Some of these factors can be addressed, others not. It is beyond the scope of this study to analyze this further.








