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ABSTRACT

Geothermatesources can potentialbpntribute toward the renewable energy portfolio of White Pine CAWiBC)
in two ways first through the direct conversion of heat energy into electricity, and the second by way etiskrect
applications in which thermal energy is used as a source of heat for buildingbpgisEen and related structur8syveral
known geothermal areastivin WPClie proximalto the Southwest Intertie power line currently under construction.

A potential source oflectricity could come frontonventional geothermal systemssociated with young faults and
regions of active crustal deformatiofhese systems have a total installed capacity in the Great igggimof nearly
1,000 MWe.White PineCounty hosts severajeothermal systemsf this type, but nonere currently producing
electricity. White Pine Countyas relatively low rates of crusdéformatiorrelative to western NV or the Wasatch region
of Utah(e.g, faulting accommodating crustaixtension) However based on a review olfie geologyin the regionwe
concludethat sustained and reasonable exploration eféartsd result in the discovery and developmembmé or more
electricity-grade geothermal systems, withtentialgeneratio capacityat each system in thange of 120 MWe.

In addition a newand unproverttype of potential geothermal resoutcee r med fideep stratigraph
sedi me nt a hagrecangybaerpmposedn the western United Statéalhite PineCounty, and in particular, the
northern Steptoe Valley, hasme of the most promising potential for electricity geti@ngdrom this type of reservoir in
the United States Preliminary calculations suggest that as much asN@@e of baseload electricity in the northern
Steptoe Valley could be produced from this type of reservoir using weglthing depths d to 4 km The economic
feasibility remains unproven, but initial estimates are encouraging.

Based on observed surface temperatures and flow rates of springs, geottratmal systems in WRilsohave the
potential fordirect use, including thbeating ofbuildings andgreenhousesSuch usesould redu@ theconsumption of
electricitygenerated from fossil fuendcould lead to economic expansiboy extending the growing sean for certain
agricultural productand reducing utility costs

POTENTIAL GEOTHERMAL RESOURCES

KNOWN CONVENTIONAL FAULT-CONTROLLED GEOTHERMAL SYSTEMS

White PineCounty(WPC)is located near the centefthe Great Basiffigure 1), an aredhat hostsmore than 400
known geothermal systems with temperatures ranging &6no 270C (Fauldset al., 2012)Most of these geothermal
systems are not related to upper crustal magmatic heat s@augegennedy and Soest, 200t} are instead structurally
(fault) controlled.Temperatures are generally >2004t5 to 6 km depth across much of the Great Basinereas average
temperature gradients range fra®to80°C/km) in the uppet km of crust(SMU, 2011).The conventional structurally
controlled geothermal systems in the Great Basin are associated with permelienies that facilitate convective heat
flow. Currently, therare 27geothermal systems that have been developed and are producing electricity within the Great
Basin region(Faulds et al., 2013unpublished dajaExcluding the four higher enthalpy graatic systems (e.g. Coso,
215C, 274 MWe) and théour lowest temperature systemd 05C, 0.3 2.2 MWe each) that have been developed, the
average producing, amagmatic (i.e., not related to volcanic or magmatic activity) geothermal system in the iBreat Bas
region generates approximately 20 MWe frb4® to 250€ reservoirs at <1 to 2 km depth.new power planthat began
test runs i”014 near Paisley, Oregon, is expected to produce about 3 MWe ftds B20°C reservoir(Crawford,
2013)and is a good examptd what can be achieved in the 11@0°C temperature range throughout the Great Basin
region. At slightly higher temperatures, the Don A. Campbell geothermal resource produces 19 MWe (net) from a 129°
C reservoir (Orenstein and Debhie, 2014).

Evaluation of publically available geothermal databdsd#sMG and GBCGE, 2012; SMU, 20088gs identified six
areas with shatw thermal groundwater in WPC (table ihure 2), with temperatures in springs and wells ranging from
23 to 88°C.Of greatest interest for possible direct or indirect energy utilization are three geothermal systems, located at
Monte Neva Hot Springs, Cherry Creek Hot 8gs, and Williamsot springs (fgure 3), which have surface or near
surface temperatures of 88, 87@nd 53T, respectively.Geothermal water at each of these areas has a strong
bicarbonate/carbonate siture (fgure 4), which in many parts of the world indicates relatively low to moderate
temperatures at depth (up to 12)°However, the eastern Greaa$n, including WPC, has thick sequences of carbonate
rocks (limestone and dolomite), and in such terrains, thermal fluids could have relatively high temperatures at depth in
spite of the stronicarbonate/carbonate fluid signatufevo examples oélectricity-producing geothermal systems with
bicarbonate fluid signatures and subsurface tempesaipreroaching or exceeding 2@XHre Beowawe\evadaWhite,
1963, 1968; Mariner et al., 1982)nd Kizildere Turkey(Dominco and Samilgil, 197@igure4).
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Figure 1. Geothermal systems and geothermal power plants in the Great Basin region. In this figure,
symbols for power plants and magmatic systems sit underneath the red and orange symbols for
geothermal systems > 150° C and < 150° C, respectively. Temperatures are based on the maximum
of either the measured temperature or calculated temperature from geothermometry.



Table 1. Measured temperature and geothermometry of known geothermal systems in White Pine
County (figure 2).

GIS Geothermal System Structural Setting | Maximum Measured Geothermometry
Id Temperature (°C)
(°C)

1 Williams hot springs Accommodation Zon 53 90-1233

2 Monte Neva Hot Springs Stepover 88 59-65'3

3 Cherry Creek Hot Springs Stepover 87 99-109"3

4 Spring Valleywell Fault Intersection 32 79

5 Alligator Ridge well Fault Intersection 34 443

6 Warm Springs Ranch Stepover 23 428

The range of fAaverageod geothermometry cReddandMaiheR@D7) ingolvinggilich and KMge t hod o |
geothermometers, and 2) the average of silica anddfigcted KNa-Ca geothermometers using the choice of silica geothermometer based on the
procedure ofMariner et al., 1983)

2Temperatures fror@arsice and Schilling1979)

STemperatures and geothermometry fidBMG andGBCGE(2012)

Geothermometry can be used to estimate the temperatures of underlying fluid reservoirs beneath surface springs.
This is important in geothermal energy developmeetause the higher the subsurface fluid temperature, the greater the
potential for producig renewable energgeothermometry involves the prediction of subsurface temperatures based on
the concentration of certain dissolved constituents in thermal waikefs as silica, sodium, and potassium. For example,
higher concentrations of silica can be dissolved at higher temperatures, and similarly, the ratio of potassium to sodium
increases as temperatures incred¥ben thermal fluids rise from depth toware thurface, they may cool significantly,
but they commonly retain solute concentrations (e.g., silica, potassium, sodium) characteristic of their higher temperature
history, because the chemical reactions that could causguikbration at lower temperaes become sluggish or act
slowly as temperatures decrease.

The silica, kMg, and Mgcorrected N&K-Ca geothermometers of spring waters from Monte Neva, Cherry Creek,
and Williamshot springs suggest relatively low to moderate subsurface geothermal riesemperaturesn the range
of 59 to 123°C @ble 1).Similarly, a ternary plot of Na, K, and Mg contetions in hot spring watersigfire5) predicts
relatively low subsurface temperatures utilizing theNand K-Mg geothermometers and methodologyGi§genbach
(1988) For comparative purposes, it can be seen that the knowntdngterature geothermal systems producing
electricity at Beowawe, Nevada, and Kizildere, Turkey, have higher predicted subsurface tempbaiuresasured
subsurface temperates as do thermal waters from the Marys Riaeea of Elko County, Nevadddtire5).

Although subsurface fluid temperatures predicted by geothermometry are moderate, they still indicate the potential
for generating electricitwhere temperatures excet@0C. Geothermal power plants in the Great Basin witthduction
brine temperatures near 1@Mclude Wabuska in western Nevada and Amedee and Wendel in eastern California.
such cases, power production is likely to be on tidemoof a few megawatts ¢ess and require much higher flow rates
than equivalent moderate or higher temperature systems.

Geothermometers are not always accurate predictors of subsurface fluid temperatures, because during their rise
toward the surface, thermal fluids can preeigtminerals, requilibrate with surrounding rocks, or mix with shallow
groundwaterEach of these mechanisms alters the original geochemical signature of the water, and in such circumstances,
geothermometrynay not accurately estimattemperatures at dépor give an indication of target depth for drillingpr
example,Monte Neva Hot Springs, geothermometry predicts subsurface temperatures lowthiathalvserved at the
surface (@ble 1).The presence of relatively high Mg concentrations in Monte Ngwang water is an indication of
possible mixing with shallower, cooler groundwater, which commonly is enriched irStt fluid mixing typically
reduces the calculated temperatures of the more reliable geothermometers, including silica geotherntaidters, t
corrected N&K-Ca geothermometer, and theMg geothermometefThe northern Steptoe Valley, where Monte Neva
and Cherry Creek Hot Springs reside, is known to have relatively high temperatures at shallow depths based on deep
drilling (see following setion). Based on these temperatures and because the chemistry of waters at Monte Neva Hot
Springs appears modified, it is possible that fluid reservoir temperatures beneath these springs are significantly hotter tha
predicted by geothermometry.



Figure 2. Shaded relief map of WPC showing known geothermal systems (table 1) and Quaternary faults
(USGS and NBMG, 2006).



