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Map of Beowawe area showing whirlwind Valley, Malpais Rim,

The Geysers, thermal gradient holes, piezometers, and

hydrologic cross section A-A'.

Relation between total head, pressure head, and elevation

(after Hubbert, 1940).

Theoretical cross section showing piezometers, head
distribution, flow pattern, and hydraulic gradients'(after

Freeze and Cherry, 1979).

|

Generalized geology of the Beowawe area (after Struhsacker,

1980).

Stratigraphy of Beowawe area with measured thermal

conductivity values.
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Temperature-depth profileé“ﬁith.simiiar thermz1 gradients,
Whirlwind Valley, showﬁng inferred depths to water table and
to top of thermal aquifer. Lithologic symbols given in

Figure 5.

Temperature-depth profiles along hydrologic cross section
A-A', Whirlwind Valley. Lithologic symbols given in

Figure 5.

Generalized lithology, thermal gradients and conductivities,
and computed heat flow, Chevron Resources Co. Ginn 1-13
aeothermal test well, Whirlwind Valley. Lithologic symbols

given in Figure 5.

Map of shallow heat flow, with generalized, variable contour
interval in mW-m=2. Discrepancies among neighboring values
have been ignored. These differences may be due to the wide
range of depths over which the thermal gradient is

calculated.

Map of water table elevation, contours in meters.



FIG. 11 Map of temperature at top of thermal aquifer, contours in

°C.

FIG. 12 Map of elevation at top of thermal aquifer, contours in

meters.

FIG. 13 Cross section A-A' showing water table thermal aquifer,

depth to base of alluvium, and vertical hydraulic gradients.

Table 1. Estimates of heat loss in the Beowawe Geysers area: a) low
estimate assuming no geysering action, b) high estimate
assuming flow rate reported by Oesterling (1962),

1.5 x 10% 1b-hr-1t.
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Heat Flow and Thermal Hydrology

of Beowawe KGRA, Nevada

ABSTRACT

Forty 150 m deep thermal gradient holes have been drilled by
industry in a 60 km2 area surrounding the Beowawe Geysers as.part of
the Department of Energy/Division of Geothermal Energy's Northern
Nevada Industry Coupled Case Studies Program. Temperature-depth
profiles and measurements of thermal conductivity on chip samples from
these holes and from Chevron Resource Company's Ginn 1-13 geothermal
exploraticn hole (2917 m T.D.) have been used to produce maps of heat
flow and =f a shallow thermal aquifer in the Whirlwind Valley.

The anomalous surface heat loss above fhe shallow thermal aquifer
is estimated to be between 8.6 and 10.4 MW, corresponding to a vb]ume
flow of water of 0;02—0.03 m3-sec~!, Thermal gradient and conduc-
tivity data from the deep well have a wide range of values (65-
144°Ckm™1, 1.59-5.79 W-m-1K-!) but produce a relatively cqnstant heat
flow of 235 mW-m~2 above a depth of 1600 m. Near-isothermal
conditions in fractured rock below 1600 m depth indicate the advective
transport of heat. | |

The Dunphy Pass fault zone‘éppeérs %6 form the eastern margin of
the Beowawe hydrothermal system. If the average heat flow east of the
Dunphy Pass fault zone, 110 mW-m-2 is representative of a local
‘background' heat flow, the heat loss at Beowawe when The Geysers are

dormant exceeds the total flux from a 100-200 km? area. Heat lost
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through the action of The Geysers may increase this estimate Ey an
order of magnitude.

Shallow temperature-depth profiles and open-file data from the
U.S. Geological Survey, Water Resources Division, have been used.to
create water level maps and to compute vertical hydraulic gradients
within the Whirlwind Valley. These basic hydrologic data show areas
away frém The Geysers where thermal water may rise from depth.
Additional hydrologic data at the locations of several of the thermal
gradient holes may locate viable exploration targets. The systematic
acquisition of hydrologic data is recommended as a standard component

of hydrothermal resource exploration programs.
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INTRODUCTION

The geysering action of vandalized wells drilled in the late
1950s for geothermal exploration at Beowawe Known Geothermal Resource
Area (KGRA) may have been the most spectacular hydrothermal phenomenon
created by man in the United States. The blowing wells were spudded
in a 1-km long opaline sinter terrace on the south flank of the
Whirlwind Valley in Eureka énd Lander counties, Nevada, abproximate]y
50 km east of the town of Battle Mountain, as shown in Figure 1. At
this time (spring 1981) The Geysers play intermittently.

In the 1970s, exploration.for a hydrothermal resource capable of
sustaining electrical power generation has been conducted by Chevron
Resources Company and Getty 0il Company. Much of their geophysical
data has been acquired and made avaf]ab]e through the Department of
Energy/Division of Geothermal Energy Industry Coupled Program,
(Chevron‘Resources‘Co.,'1979; Getty 0i1 Co., 1981). The data from 40
thermal éradient holes drilled to 150 m depth provide three-
dimensional views of the flows of heat and water. These flows must be
known in order to assess the area's potential for energy pfoduction.
while heat flow studies have been incorporated into numerous
geothermal exploration programs (Chapman and others, 1981),
hydrogeologic investigations have beén sorely neglected. This
omission could be remedied i1f explorationists were to include
piezometers in their shallow drilling p]ané. A piezometer is a small
diameter pipe open to a water-bearing formation at one depth only,

generally at the bottom, as schematically shown in Figure 2. The
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elevation at which water stzzds in the piezometer indicates the total
hydraulic head- at the point of measurement. The hydraulic head H is

the sum of two cdmponehts, the pressure head p/pg and the elevation

head z

H=1z +-E% (1)

where z is the elevation above an arbitrary datum, usually sea level,
p is the fluid pressure, p the fluid density, and g the acceleration
due to gravity. Water always flows from areas of higher hydraulic
head to -areas of lower hydraulic head. Figure 2 sketches the relation
given by equation 1. The elevations of standing water in a number of

piezometers distributed over an area, as in Figures 3a and b, are used

tn
Lo

[

produce’ maps of hydraulic head. The differences in water levels
seen in plan view can be used to compute tﬁe horizontal component of
hydraulic gradient and, in isotropic media, the direction of ground-
water flow.

A cross section of hydrau]ic heads can be generated if water
levels are neasufed in adjacent piezometers completed at different
depths, jllustrated by Figures 3c and d. The difference in elevation
of standing water in adjacent piezometers can be used to compute the
vertiéa] hydraulic gradient. Since é]ey@tion is positive upward, a
negative vertical hydraulic gradient implies that there is a downward
component of ground-water flow at that location. A positive value is

computed wherever water rises from depth.

In areas where water flow affects heat flow, standard ground-
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ﬁater hydrologic data should be able to de}ineate zones of upwelling
hot water. Since hot water isAthe hydrothermal resource, water levels
and vertical hydrau]ic gradient data shou]d be gathered as part of any
geothermal exploration program. 'Hydrologic data from the Whirlwind
Valley demonstrate the utility of incorporating ground-water hydrology

into thermal gradient surveys.
GEOLOGIC SETTING

Struhsacker (1980) gives the most thorough description of the
stratigraphic and structural framework of the Beowawe area. Other
recent geologic summaries are given in Zoback (1979) and Garside and
Schiiling (1979). Figure 4 is a generalized ceologic map of the study
area showing the locations of piezometers and thermal gradient holes.

The Beowawe Geysers lie along the Malpais fault zone at the base
of the iMalpais Rim. The steep fault-scarp slope faces northwest
towards the Whirlwind Valley. Tertiary lava flows and tuffaceous

sediments crop oQt on the Malpais dip slope. The Malpais scafp
exposes an older normal fault system, the Dunphy Pass fault zone, that
has a northwest trend. This Oligocene to Mioﬁene fault zone forms the
eastern margin of a major northwest-trending graben that is part of ‘
the séuthern extension of a 750 km-long Tinear aeromagnetic and
structural feature called the Oregon-Nevada lineament (Stewart and
others, 1975). The Tertiary volcanic section within the graben is
approximately 1400 m thick; east of the Dunphy Pass fault zone it is

only 100 m thick. The underlying Ordovician Valmy Formation is a
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shattered sequence of siliceous gugeosync]ina] sediments that are part
of the Roberts Mountains Thrust sheet. Carbonaceous siltstone, chert,
aﬁd quartzite of the Valmy formation crop out along the Malpais east
of the Dunphy Paés fault zone and are encountered by the deep
geothermal test wells in the Whirlwind Valley. Tertiary dizbase dikes
that intrude Both the Valmy and the volcanic rocks are thought to be
the source for the pronounced aeromagnetic anomaly associated with the
Oregon-Nevada Lineament and the feeders for the Tertiary volcanic

sequence filing the graben (Robinson, 1970).
THERMAL CONDUCTIVITY

Two parameters Wﬂst be measured in order to calculate heat
flow: thermal gradient and thermal conducti;ity. Figure 5 summarizes.
the étratigraphy of the Beowawe area and presents the ﬁean and
standard deviations of the measured thermal conductivities for each of
the major rock units. All thermal conductivity values were determined
using a modified divided bar apparatus at the University of Utah
(Chapman and others, 1981). Computations of the thermal
conductfvﬁties of the 61 drill-chip samples were made using the cell .
technique of Sass and others (1971a) but were not corrected for in-
situ porosity. Had in-situ porosity beep.known from bore-hole logs, a
correction could have beeﬁ made to the calculated values (Sass and
others, 1971a). The porosity of the alluvial and tuffaceous materials
may exceed 30%; if so, the conductivities measured for these

sedimentary units may be 20-30% too Targe. The matrix porosity of the
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competent rocks probab]y averages less than 10%, and the required
correction less than 15%. Uncertainty about the in-situ thermal
conductivity contributes to the range in the estimates of anomalous
surface heat loss. -

The low thermal cénductivities of the vitrophyric dacite flow and
shard-rich tuffaceous sediments reflect their high glass content. The
thermal conductivities of the volcanic flow and intrusive rocks
cluster around 2 W-m~1-K=1, but argillization of some of the dacite
flows reduces their conductivity significantly. The high thermal
conductivity and standard deviation computed for the Valmy Formation
reflects the preponderance of quartzite in the measured samples and a

highly variable Tlithology.
TEMPERATURE DATA

Temperature-depth data from 40 thermal gradient noles are part of
the open-file data package for Beowawe'(Chevron Resources Co., 1979;
 Getty 0i1 Co., 1981). Most of the ..12-.15 m diameter holes were
drilled to 150 m. Schedule 40, 0.025 m black iron pipe plugged at the
bottom joint was run to the total depth and filled with fresh water.
The holes were then back-filled and grouted. Temperature-depth data
were taken in the pipe after waiting a period of-one to two months,
hore than sufficient time to allow the temperature of the water in the
pipe to equilibrate with the surrounding rock. Selected temperature-
depth profiles are shown in Figurés 6 and 7 and the Tocations of the

gradient holes in Figure 1.
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The four profilés in Figure 6 have thermal gradients near
67°C-km~l. Even though their gradients are similar, their thermal
regimes are different. The coolest hole, B-54, is completed in
alluvium and shows little disturbance by ground—wafer flow. This
gradﬁent may be one of the few in the Beowawe area that represents
regional conductive heat flow; if so, the computed 'background' heat
flow would be abproxinate]y 118 mW-m~2,

Hole B-54 also serves as the reference for an arbitrary
definition of 'cold' and 'thermal' for the Beowawe area: an aquifer
-that contains water at a temperature more than 7°C above the
temperature in hole B-54 at the same depth is called a 'thermal
aquifer'; water less than 7°C above the temperature in 8;54 at the
same depth is said to be ‘cold.' |

The remaining three profiles in Figure 6 all show temperature
disturbances that can be attributed to the convective transport of
heat by ground water. The abrupt inflections in the temperature—depth
profiles are interpreted to indicate the depths to the tops of water-
bearing zones. Holes B-11 and B-22 intersect a thermal aquifer in
which the water is 36.3°C at 67 m and 39.6°C at 27 m, respective]j.
Hole B-29 appears to intersect cold water, 26.1°C at 34 m, within a
1ayer-of basalt, Tb. .

The bottom of the thenﬁa] aquifer in hole B-11 corresponds to the
confact between the alluvium, Qal, and volcanic rocks, Td. If the

alluvium were highly permeable vertically, the temperature profile

within the aquifer wou1d be more nearly isothermal. The 67°C*km7}
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gradient within this thermal aqqifer suggests that it has a low
vertical hydraulic conductivity. It may contaih numerous thin semi-
cdnffning layers. The convex upward curvature of the temperature-
depth profile indicates a component of ground—kater flow upward and é
positive vertical hydraulic gradient (Sorey, 1971).

Similar hydrologic inferences have been made for all the
temperature-depth profiles within the Wnhirlwind Valley. None of the
profiles for holes in the Malpais Rim suggest that the rocks are
saturated with either hot or cold water; these holes cannot be
included in the hydrologic qna]ysig. The profiles from the thermal
gradient holes along section A-A' are shown in Figure 7. A relative
temperature scale is used to avoid overlap, but inclusion of the
measured temperature at the shallowest depth permits the recon-
struction of actual temperature profiles. Included in Figure 7 are
the temperatures at the top of the thermal aquifer and thermal
gradients calculated for an interval above the thermal aquifer. Also
shown in Figure 7 are shallow temperature disturbances that are
inferred to represent the top of cold water-bearing zones. If the
cold water in the Whirlwind Valley is unconfined, these distributions
would show the depth to the water table.

Aﬁ equilibrium temperature log of the Ginn 1-13 geothermal test
well is shown in Figure 8 (Chevron Resources Co., 1979). The total
depth of the hole is approximately 2900 m and the bottom-hole
temperature 213°C. It is essentially isothermal below a depth of

2400 m within the Valmy Formation.
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HEAT FLOW

Thermal gradients above 2400 m from the Ginn test hole, shown in
ngure 8, rangs from 23 to 144°C km~! and thermal conductivities from
1.59 to 5.79 k'm~1-K-l, Above a depth of 1600 m there is a strong
inverse re]étionship between the gradients and conductivities. When
mu]tip]ied together, these wide ranges of values produce a nearly
constant estimzted heat flow averaging 235 mW-m=2 (5.6 HFU). Below
1600 m the temperature gradients decrease systematically; the hole is
either penetrating a hot water-bearing structure or a permeable
formation. Given the fractured chéracter of thelVa1my Formation
(Evans and Theodore, 1978), it is likely that there is some sort of
high-temperature hydrothermal reservoir below a depth of 1600 m.

The nearly constant conductive heat flow above the inferred deep
reservoir indicates_that the Tertiary volcanic section acts as a
relatively impenne$b1e Cap. This points to the necessify for
permeable structures at The Geysers and anywhere else that hot water
is rising from depth. It also provides a control on the estimate of
anomalous surface heat loss calculated from the shallow thérma]
gradient ho]es.l

Figure 9 is a mab of the ihterpreted values of heat flow along
the Malpais Rim and above the shallow thermal aquifer in the Whirlwind
Valley. 1In most of the area west of the Dunphy Pass fault zone, the
heat flow exceeds the calculated value in the Ginn test hofe;
immediately west of The Geysers it exceeds 3350 mW-m-2 (80 HFU). The

Whirlwind Velley and Malpais Rim apparently receive heat from both the
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deep reservoir and a-shallower heat source that is presumably
connected to the deep reservoir zlong permeable structures.. The
sﬁa11ow thermal aquifer is a supplemental source of heat in the
Hhirlwind'Valley. \

If a thermal aquifer were to be a source of heat below the
Malpais Rim, it must occur at depths greater than the 160 m reached by
the thermal gradient holes. One plausible inference from.rFigure 9 is
that a thermal aquifer may be found southeast of The Geysers. Thié
area is one of three zones with heat flow above 251 mW-m-2 that
radiate from the central area of highest heat flow. These three zones
coincide with mapped faults that intersect at The Geysers, as
indicated in Figure 4. While it is possible that these fau]ts may be
conduits for upwelling hot water from the deeper reservoir, hydraulic
head data are required to resolve whether they allow hot water to flow
away from The Geysers or channel hot water to The Geysers.

A different thermal regime is apparent east of the Dunphy Pass
fault zone. Four of the values of heat f1ow.a1ong the Malpais Rim
average 110 mW-m~2, near the 'background’ va]ue given by Sass and
others (1971b) for this portion of the Basin and Range Province. The
Dunphy Pass fault zone appears to form the eastern margin of.the
BecwaQe hydrothermal system. The 110 mW-m=2 average value and the
118 ‘mW-m~2 values from hole B-54, Figure 6, appear to be realistic
values for 'background' heat flow.

The order of magnitude of the anomalous surface heat loss above

the shallow thermal aquifer is calculated by integrating the heat flow
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that exceeds the assumed background, 110 mW-m~2, cver the area of
Figure 9. Details of the integration are given in Table 1. Two
estimates are presented because the areas enclosed by the contours are
arbitrary and the heat flow out of the sinter terrace is unknown. The
Tow estimate, 8.6 MW, assumes an average heat flow out of the sinter
terrace of 2500 mW-m~2 (60 HFU). The high estimate for heat loss
above the aquifer, 10.4 MW, assumes a larger area of anomalous surface
heat loss and an average heat flow out of the sinter terrace equal to
the 3580 mW-m~2 (86 HFU) calculated at the nearest thermal gradient
hole.

The anomalous heat loss calculated from Figure 9 is supported by
the flow of water within the shallow thermal équifer. Assuming that
the water has an initial temperature Ti equal to 98°C and that it
cools to the average ambient temperature Ta of 13°C,-we can calculate

&

tﬁ% volume flow of water Q within the aquifer

p
Q=pCf (T = Ta) (2)

where p is the density of the fluid, Cs its specific heat, and P the
anomalous heat loss. The low estimate df 8.6 MW could be supported by
a'volgne flow rate of 0.024 m3-sec™! (380 gal-min-!) and the high
estimate of 10.4 MW by a flow of 0.029 m3-sec~! (460 gal-min-1).

If the 'background' heat flow were 110 mW-m~2, the estimates of
anomalous heat loss at Beowawe correspond to the total heat‘f1ux from
an 80-96 km? area. Since only a fraction of the total heat is likely

to be transferred to deeply circulating water, the area over which the

10



L Christian Smith

Beowawe hydrothermal'system gathers heat is 11Ee1y to be approximately
an order of magnitude larger, 1000 km2.

| These estimates of surface heat loss are insignificant compared
to the estimate of the heat loss due to the action of The Geysers.
Since The Geysers are now intermittent and since their discharge is
poorly known, the heat loss due to fluid discharge is tenuous.
Oesterling (1962) reported a discharge of at least 1.5-10% 1b-hr-t.

If this discharge were entirely saturated liquid at 110°C that cools
to 13°C, the heat loss would be 75.8 MW. It is likely that a portion
of the discharge would be steam and that the temperature would exceed
110°C; for this case, the heat loss due to fluid discharge would be
significantly larger. The fluid discharge must be measured before a

reliable assessment of the power production at Beowawe can be made.
THERMAL HYDROLOGY

Shallow, cold perturbations in the temperature-depth profiles
from gradient ho]eé in the Wnirlwind Valley like those in Figures 6
and 7 have been inferred to correspond to the dépths to the top of a
zone saturated with cold water. Figure 10 illustrates thatAthe
elevations of these shallow temperature di sturbances conform with the
e]evafions of the cold water table in the USGS piezometers. For this
reason, they are thought to indicate the depth to the water table.

The elevation of the water table in the Whirlwind Valley
decreases systematically down the valley from west to east. At a

playa lake beyond the eastern edge of Figure 10, all the ground water

11
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in the valley is preéumab]y di§charged by evapotranspiration.

In Figure 10, the area argund The Géysers is shown to be an area
where the water table is unusually high. This may be inéccurate; it
is unclear whether the hot water thefe exists under artesian or water-
table conditions.  Additional piezometers near The Geysers would
clarify this uncertainty.

As shown in Figure 7, most of the temperature-depth profiles in
the Whirlwind Valley contain abrupt downward inflections. These
inflections occur at a wide range of depths and at elevated
temperatures.and {ndicate zones where heat transport is dominated by
advection. They have been used to infer the depth to the top of the
thermal aquifer; the temperatures at the‘dbwhward inflections in
thermal gradients are shown in Figure 11 and their elevations in
Figure 12. Theinarshy ground at the top of the sinter terrace defines
the highest elevation where material is known to be saturated with hot
water. The hot springs around the base of the terrace provide
additional controls on the elevation of the thermal aquifer. The
near-radial symmetry of the temperatures suggests that the area of The
- Geysers contains the principle source of hot water flowing into the
alluvium of the Whirlwind Va]Téy. This symmetry also suggests that
the changes in thermal grédfent“pickgd frpm the temperature profiles
represent the depths to a single, laterally continuous outflow system.

The map of the top of the thermal aquifér, Figure 12, displays a
more complex pattern than the map of temperatures and does not reflect

the west-to—eést hydraulic gradient of the water table. The hot water

12
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flows eway from The'Geysers to_the southwest, west, and north.
Thermal water levels are highér within the outcrop west of The Geysers
than they are iﬁ the adjacent a]]uvium; Within the alluvium,
re]ativefy high thermal water levels are sustained to.the west of The
Geysers. To the southwest or north of The Geysers, the thermal
aqqifer occurs below the water table. -In these areas the aquifers may
form effectively independent flow systems.

High water levels in Figure 12 indicate areas where hot water
flows more freely, that is, portions of the thermal aquifer that are
more permeable. The outcrop to the southwest and the buried extension
of the Malpais Fault to the west of The Geysers appear to be more
permeable than other areas of the Whirlﬁind Valley. A canpérison of
Figures 4 and 12 suggests that the structural zones that intersect at
ThevGeysers maintain permeability away from The Geysers.

Figure 12 shows only thé horizontal gradient of the top of the
thermal flow system. The_verfica] hydraulic gradient, réquired to
obtain a three-dimensional understanding of the hydrologic regime of
the Whirlwind Valley, is shown along cross section A-A' of Figure
13. The cross section includes the land surface, geologic structure,
the inferred elevations of the water table, the top of the thermal
aquifer, and the_ca]cu]atéd vertita]_hydrau]ic gradient values from
USGS piezometers. The highest hot water level occurs below the
outcrop southwest of The Geysers. North of the outcrop the water
1eve1\decreases and the vertical hydraulic gradient of the cold water

above it is large and directed down. There is a strong downward

13
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component of ground-water flow north of the western extension of the
Mzlpais Fault. | “

Since vertical hydraulic gradient data are not avai1éb1e from the
thermal gradient holes drilled in and near the outcrop, holes B-22,
B-31, and B-37, we cannot decipher the hydrologic system that is
responsible for these observations. One plausible hypothetiéa] flow
system limits the source of hot water to The Geysers and suggests that
the thermal water within the outcrop is perched above relatively
impermeable volcanic rock. The downward hydraulic gradient north of
the Malpais fault would show that ground water cascades over the
buried structure into the alluvium. This simple flow system-may be
aﬁpropriate for the outcrop but is incombatibie with the inferred high
thermal water levels further to the west along the extension of the
Malpais fault.

The top of the thermal aquifer is_néarer the surface along the
trace of the western exten;ion of the Malpais fault zone than it is to
either the south or the north. This implies that warm water may flow
to both the north and south away from the fault zone. The .simplest
flow system that accounts for this observatﬁon requires a source of
warm water; the western extension of the Malpais fault zone may be
leaking warm water into the a]]qvium_of the Whirlwind Valley.

If the buried fault zone were a 10551 source of hot ground water,
the vertical hydraulic-gradients computed from piezometer data along
its trace would indicate an upward flow of water. Structures that

allow water to rise from depth may prove to be viable geothermal
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exploration tergets. Hydrologic analysis of thermal data from Beowawe
suggests that the western extension of the Malpais fault zone and the

outcrop southwest of The Geysers may be viable targets.
RECOMMENDATIONS

The hydraulic head of the shallow thermal flow system at Beowawe
and any other hydrothermal exploration target with existing thermal
gradient holes could be readily obtained by converting the existing
thermal gradient holes to piezometers by perforating the casing below
the top of the thermal aquifer. In addition, a shallower companion
piezometer open below the water table would make it possib]evto
compute the vertical hydrauTic gradient ét these locations. To obtain
these hydrologic data it would be necessary to re-enter and perforate
existing thérma] gradient holes and to drill or auger shallow, 30 m
compénion piezometers. Even if conduits for upwelling hot water were
not located, the hydrologic data would sQre]y augment the existing
thermal data and refine the conceptual model of the resource.

Converting thermal gradient holes to piezometers may not provide
Ee]iab]e hydraulic head values due to the difficulty of insuring that
the perforated interval is open to only an isolated portioh of the
aquifer (Benson and otherg, 198Q); Howqygr, it should be possible to
obtain both hydrologic and thermal data from piezometers that are
later converted to thermal gradient holes. In areas where shallow
drilling is planned, holes that intersect an aquifer could be

initially comp]eted'as piezometers. A screen and a wellpoint would be
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attached to the pipe'and set at the bottoh of the hole, the annulus
filled with4grave1 to the top of the screen and grouted to the
sﬁrface. After the static hydraulic head is obtained, the screen
could be plugged with cement and the hole filled with water,
converting it to a thermal gradient hole. Companion piezometers would
be needed to obtain vertical-hydréu]ic gradient data. This procedure
is reconmended as an integral part of future hydrotherma].exp]oration
programs.‘ |

At any geothermal prospect where drilling encounters water, the
water is a source of data. The hydrologic-thermal field procedure
recommended here requires repeated site visits and the drilling and
completion of additional shallow, thin héles.' This expanded
exploration program is predicated on the assumption that it is
worthwhi]e to gather as much meaningful data as possible at a
reasonable pricé. The possibility of locating viable deep drilling
targets with ground-water hydrology should encourage geothermal
exploration managers to incorporate hydrologic data acquisition in all

their exploration plans.
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a) Low Estimate

Contour Interval . Average Heat Flow  Area

(mW m™2) (MW m=2) (km?2)

1674< 2500 0.64

837-1674 1250 1.18

419- 837 625 7.23

251- 419 335 4.76

167- 251 210 8.55

' 22.35

Bdackground heat loss 110 22.35

Anomalous surface heat loss above thermal

aquifer

Heat Loss
(MW)

P e
L)
[oolNa 3, WO, e,



b) o High Estimate

Contour Interal . Average Heat Flow Area

(mW m~2) - (mW*m™~2) (km2)

1674< 3580 0.64

837-1674 1250 ' 1.18

419- 837 625 9.16

251- 419 335 4.97

167- 251 210 11.17

' 28.58

. Background heat loss 110 28.58

Anomalous surface heat loss above thermal aquifer

Contribution from fluid discharge =
Mass flow x (enthalpy @ 110°C - enthalpy @ 15°C)

Total anomalous heat 1055

Heat Loss
(MW)

10.4

75.8
89.3
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The Beowawe Geysers lie near the base of a Basin and Range fault scarp near
Battle Mountain, Nevada. They have attracted exploration for geothermal electric
power generation. The high-temperature (200+0C) hydrothermal system appears to be
controlled by the intersection of féu]t sets that tap deeply circulating water in an
area with high regional heat flow (>100 mw-m—z, 2.5 HFU).

Forty 150 m thermal gradieﬁt holes have been drilled in a 60 km2 area sur-
rounding the Beowawe Geysers as part of the DOE/Division of Geothermal Energy's
Northern Nevada Industry Coupled Case Studies Program. Thermal gradienté have been
calculated and corrected for topography for these holes. Measurements of thermal
conductivity were made on chip samples from these holes and from Chevron Resourceg
Company's Ginn 1-13 geothermal well (2917 m T.D.). These data have been used to
produce maps of heat flow and of the shallow thermal aquifer. :

Thermal gradient and conductivity data from the deep well have a wide range of
values (51—141°C-km—1, 1.59-4.62 w-m‘1-°c‘1) but produce a constant conductive heat
flow of 234 mW-m 2 (5.6 HFU) above a depth of 1600 m. Low (30°C-km™}) gradients
below 1600 m indicate advective heat transport in the fractured rock. If extra-
polation of this gradient is accurate, the maximum temperatures predicted by
geothermometry (250+0C) would be encountered at depths of 3.75+ km. Thus, the zone
of advective heat transport may be 2.0+ km thick.

The detailed heat flow map defines a 12 km2 area with heat flow above 234
mw~m_2, the value from the deep hole. Using the 12 km2 area predicted from heat flow
and the 2 km thickness predicted from thermal gradient and geothermometer data, one

can predict a volume of advective heat transport of 24 km3.



