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June 23, 1971 SLEJECT: GEOTHERMAL PROJECY
LACK ROCK DESERT,
G. W. Berry NEVADA

Mr, J. B, Gilbert
Palo Alto

forward three (3) copies of "Heat *low Resecarch and
ixpioration for Geothermal Power in tha Black Rock Desert,
Nevada" handed me this date by Dr. Edward E. Decker, Depariment

of Geology, University of Wyoming.

Dr., Decker is highly knowledgeabie in crustal genphysics,
particularly heat flow. I engaged him in 1970 as a consu_tuL“
n

3 ‘*(
;:
C/'J

on our Black Rock Desert prospects, to review i
and recommend resecarch and exploration for evzluating and
developing the area, or areas. Dr. Decker and I made field
observations together in July 1270 and we ruve conferred
frequently at Laramie and Boulder. 1 enthusiastically endorse
his excellent report.

™y
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averages, He then reviews Sthe I

In the first seven vpages Dr., Decker summarizes, with
tables and figures, up-to-date inf? 'mat‘OW on h@ﬂb flow deter-
minzaticns on land: tecnnlque csl: latio corrections

ac

1, Grocg, and Beriy
t Arca’ (Sun 011 ¢
)

"i'hermal Data of the Black Rock Dese Cil Co.,
Rept., Boulder, Aprjl 16, 1967, 22 p.). Although kind to us,
he makes clear that 'T]QAT dﬂt" indicate that each =

thermally anomalous, but do not lead to reliable subsur
temperature information.” He makes "Recommendation for
Future Research" (p. 10) in c¢eneral discussion and *hen
specifically for Pinto Mountains, Fly Ranch, Gerlach, and
Soldler Meadows, '

Altnough Dr, Decker's report is mainly on heat flow, he
urges a coordinated geologlcal, geophysical, zeochemical,
hydrological research znd 6‘01093*1on program. In cther
geophysics he favors gravity and is particularly impressed
with the deep ele:t11ua¢ resistivity work of Dr., Georse V.
Kelier {Group Seven).,
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Some have argued Cordero should simply d=ill the Neva
geothermal prOu)hth now and . "se we got steam,” ;

cur plays on good samples of EasJu nd Range te?rriu,

to think big, oppose nented ”black box" zxvplorati
recommend a geologicaimh;opr 5 zal or:
team of educated, experienced, &ﬂu eﬁinh:Lasf
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Mr., J. E., Gilbert
June 23, 1971
Page 2

has considerable spade work done. We can, I think, work very
effectively with Dr. Decker and Dr., Keller., I am strecngly
in favor. I suggest a figure of $1002,000, but we could start

with $50,000, /22 v

G. W. Berry
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Introduction

Measurements of heat flow near the earth'é surface provide
the most reliable boundary conditions to be employed in the
calculation of models of subsurface temperatures and the spatial
distribution of crustal sources of heat. The subsurface temperature
and heat source distributions, in turn, have many broad implications
in the explanation of several geologically-observed phenomena and
must be considered in exploration for geothermal power. In thié
report, several aspects of modern heat flow research are briefly
summarized and reviewed. These comments are then used as a basls
for a heat flow research project that would provide more definite

date on the geothermal power potential of the Black Rock Desert

area in northwestern Nevada.
Notation and Units
Teble 1 summarizes the notation and units that are used in
this report. More complete discussidns of the thermal parameters

and conventions may be found in Roy, Decker, Blackwell and Birch

(1968) and Decker (1969).
Heat Flow Determinations on Land

Determinations of heat flow reguire the measurement'of
temperatures at known positions in underground openings (boréholes,
tunnels, mine shafts, etc.) and the measurement, usuélly in the
laboratory, of the thermal conductivity of representative samples
of rock from the same openings. Temperatures are frequently measured

with thermistor probes in combination with cables and three-and four-



Table 1. Summary of notation and units

Depth - vertical depth in meters (m) or feet (ft) below the
surface of the ground., 1 meter= 3.28 feets

Temperature - °C and °OF

Gradient - °C/xms The least-squares gradient refers to the slope
of a least-squares straight line fitted to observed
temperatures and depths. The numbers in parentheses denote

the depth intervals used.

Thermal Conductivity, K - millical/cm sec ¢ = lO"3 cal/cm sec °c,
The numbers in parentheses indicate the number of samples

determining average conductivity.

Thermal Resistivity, R - cm sec Oc/cal., For isotropic media R = 1/,
The numbers in parentheses indicate the number of samples
determining average resistivity.

Thermal Diffusivity, k - cgz/seckal;_K/Cpoy where K is conductivity,
Cp is specific heat, and pis denzity. This parameter determines
the changes of temperature with time and dlstance in a body and is
used in time-dependent (transient) heat conduction calculations,

Heat Flow or Heat Flgx - 1,0 HFU (Heat Flow Unit) = 1.0 microcal/

- . cm“sec = 1,0x10~ cal/cmzsecgl, .. In geology, the terms heat
flow and heat flux are used interchangibly. 1In the theory of
heat conduction, heat flow refers to the transfer of heat per
unit time, whereas heat flux refers to the transfer of heat per

unit area and in unit time.

Precision Indices - Standard errors are used as measures of the |
internal consistency of the data. The errors are for ?
95% confidence limits including a "Students t" multiplier ,
for (n-1) degrees of freedom. ‘



lead compensated DC bridges and null-detectors (see Roy, Decker,
Blackwell and Birch, 1968). Thermal conductivities are nofmally
measured using divided-bar systems (Birch, 1950). With these
systems and techniques, temperatures méy be measured to within
t,001°9C, and thermal-conductivities of indivicdual samples can be
reproduced to within *2%.

The observed temperatures‘provide a measure of the uncorrected
gradient. Uncorrected values of heat flow combine the observed
temperatures and conductivities and are usually calculated by one
of three methods., If the grsdient profile is linear, the heat
flow may be calculated as the product of mean conductivity multiplied
by the least-squares gradient (GK); otherwise, the flux should be
calculated from the resistance integral (RI) (after Bullard, 1939,

p. 481), eor as the mean value of several heat flows determined over
several separate intervals of depth (I). The results obtained after
these methodé were applied to geothermal data collected in four
different drill holes are summarized in Table 2. The temperature- ) :
depth proflles for these holes are shown in Figures 1 through k4. | '§
The gradient is very uniform in DDH#CH3 at Cerrillos, New Mexico ;
(Figo. 1); therefore,heat flow was calculated as the simple product

of least-squares‘gradientbvtimes'mean conductivity. At DDH#1 and

DDH#2 near Santa Rita, Neﬁ Mexico and DDH#N-55 near White Pine}

Michigan, however, the gradients significantly varied with depth

and heat flows were calculated using the interval and the resistance
integralmethéégt»respectively (see Figures 2, 3 and 4; also Table 2).

The high precision (standard errors £%5%) of the calculations



Table 2;:Methods for heat flow calculations.

G Maothod
Qz = Gradient ¢ K

Cerrillos, N. Mex,
DDH CH#3

Gradient: (90-280m)
24, uizoc/km

Conductivity:
5.0%2(42) %10~ 3cu
cm sec

Heat Flow:

1.,22%,06 HFU

# (after R.F. Roy, unpublished)

Method

f" f

White Pire, Michov

DDHAN - 55

Depth .
m cm scc
cal

91. 4 1327
12102 lgu?g%
155 159(7)
§1°°Z 164(3)
24';.8 152(3)
271_,(93 139(5)
g 1123(7)
2050 135(6)
232:2 « 135(7)
252°% 130(5)
298 127(5)
Y287 145(5)
¥By 185(8)
5 179(5)
2ies 179(3)
.l 189(8)
205 175(6)
6401 185(8)
655:3 172(3)
678.2 103(6)

Heat Flow = 1,040 I

0003 HFU



Gi; Table‘zicontinued

I Method
n Z

- = 4

22 = i=1 K,

Santa Rita, N. Mex,

DDH #1 DDH #2
Depth Gradient Average Heat Depth Gradient Average Heat
‘ Conduc=- Flow Conduc- Flow
m Sc tivity m oc tivity
km 10-3cal  HFU Km 10~3cal HFU
cm secoC ‘ cm secoC
225 26 7.0(2) 1,8 180 34 5.4(3) 1.8
- 330 22 703(3) 1.6 190 L2 4,3(3) 1.8
25 20 7.1(3) 1.4 200 L6 L4,0(3) 1.8
240 20 £.9(2) 107 210 51 3.9(8) 2.0
245 22 6.8(3) 1.5 220 56 3.5(4) 2.0
250 20 7,14(3) 1.5 220 58 2.9(4) 1.7
ggg 28 7.2(2) 2,0 240 ,
26, 22 705(2) 1.7
2 22 7.5(2) 1.7
270 22 7.4 (L) 1.6 Heat Flow = 1.90,02 HFU
ggg 22 7.7(2) 1.7

: N Corrected Heat Flow = 2,00%,02 HFU
Heat Flow = 1l.7~-.,1 HFU

Corrected Heat Flow =
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demonstrates that the temperature and conductivity data are internally
consistent at all four sites.and clearly illustrates the need for
different calculation methods in the analyses of geothermal
measurements at different locallties.

The geothermal data from Santa Rita, New Mexico also illustrate
the value of heat flow in the determination of deep temperature
and heat source distributions. In particular, the gradient in
DDH#2 systematically increases (34-58°C/km) with depth. below 180
meters, but the conductivity varies inversely such that the vertical
component of flux is uniform (2.00¢.02 HFU) throughout the 180-to
240-meter interval (see Figure 3; also, Table 2). The gradient 1is
significantly lower (22,7%f.2°C/km) in DDH#1 about two miles distant,

but the "topographically corrected” flux at this site 1is 1.80%,1

HFU, a value close to that obtained in DDH#2., . The good agreement

between. the heat flows obtained in the two different drill holes
shows that high and uniform regional flux is characteristic of the
Santa Rita area. If the regional flux were not known to be uniform
in the Santa Rita area, and 1if the inverse correlation between
temperatures and conductivity had not been observed in DDH#2,

it would have been reasonsble to speculate that the increasing

and higher gradients in DDH#2 provided evidence for anomalous heat

sources (hot waters, etc.) closer to the surfaée'near this site.
Although modern tgchniques alldw-very precise (110%) determin-

ations of flux overishortxihtérvalsvof'depth:(zd-so meters) in

drill holes, the experience of much loggihg has shown that various

disturbances (diimatic changes, culture; ground water circulation,



e,

etc.) are likely to affect temperatures in the first few tens of
meters beneath the earth's surface. 'AS a result, values of thermal
gradient representative of the heatjflow from below are usually
not obtainable at depths of less than 100 meters. For example,
the highly irregular gradients in the upper portions of DDH#2 at
Santa Rita, New Mexico (Figure 3) and the drill holes near Hesperus
and Colorado Springs, Colorado (Figures 5 and 6) represent the |
disturbing effects of circulating waters that are entering the holes
at. various locations. The heat flows calculated in these zones
are significantly different (iio to £100%, Decker, 1966 and 1971,
unpublished) from those obtained in the lower. undisturbed 1ntervais.
The effect of ciroulating water is more regular at the site near
Colorado Springs, Coiorado'(Fiéure 6), but the flux also is variable
and inaccurate for a distance of 800 feet above the point (~2300 feet)
where water enters the hole,

FPigure 7 illustrates the effect of transient changes of culture
and climate on near-surface temperatures. The linear portions
of the deep (below 100 meters, or so) temperature curves represent
thermal.eqUilibrium established when the surface temperature was
different (higher and lower) throughout the areas. The curvature
in the shallower profiles.'hoﬁever; represents thé ad justment of
near-surface.temperatnres tqsrégent.changes:of meah surface
temperatures assooiated ﬁith}ciimaﬁic vériation and changes of
vegetation or construdtioh (Sée;,fbr.examples.~Lachenbruch and
Marshall, 1969; Roy.' Blackwell, and Decker, 1971, in press). If

the magnitudes and durations of the'surface‘temperature fluctuations
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G;}? are known in a quantitative sense, correotions (after Birch, 1948;
Roy, Blackwell, end Decker, 1971; also, Figure 7a) may be applied
to the near-surface temperatures to obtain corrected values for
the geothermal gradient; otherwlse, as is usually the case.Aany
attempts to use uncorrected nonlinear near-surface temperature
profiles would obviously lead to unreliable estimates for the
heat flow from below, or the true regional flﬁx.

The disturbing affect of circulating ground water can be of
the transient type and, at drill sites where it 1s economically
feasible, may be greatly reduced or alleviated.by grouting (AM-9,
or cement) casing in place at the termination of drilling. This
technique has been used with good success in drill holes in the

New York-New England area (see, for example, Figure 8). Grouting

¢

also could have been used to alleviate the water disturbance shown
in Figure 6. Although grouting does not remove climatically or

culturally induced disturbances, it does reduce those related to |
circulating water and should be done at all sites drilled specificall&'
for heat flow research. ‘ | ;

Like measurements of‘gravity at the eartht's surface, observation$
1

|
'

of underground'temperaturevobtain their full significance only

after certain kinds of topographic reduction. In general, the
temperatures follow the topography such that the isothermal surfaces
ére more widély éépéréfed beneath beaks than under valleys. As a
result.‘more heat 1§ cbnducted out through the valley floors than
through the sides of adjacent hills or mountains.

Birch (1950) (see also Bullard, 19138; Jeffreys; 1938; Carslaw

[ AT
5
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Figure 8, Temperatures vs. depth before and after grouting in
drill hole at Londonderry, Vermont (from Roy, Blackwell and
Decker, 1971, in press)o oo



and Jaeger, 1959; Jaeger, 1965) has developed a method for
calculating the first order effects of two-and three-dimensional
topography. His results, together with those of others (Roy, Decker,
Blackwell, and Birch, 1968, Table 5; Decker, 1969; Blackwell, 1969),
clearly demonstrate that uncorrected heat flows in deep (100-1000
meters) drill holes or tunnels may be 10-40% different from those
obtained after correction for steady-state topography. The terrain
correction may be £50-200% at localities where the depth of
measurement (shallow'drill holes) is small relative to the distance
to moderate relief (Lachenbruch. 1969). Thus the distorting effects
of local topography must be considered at each temperature station,
if regional heat flow surveys are to provide reliable quantiﬁative

information on the sﬁbsurface temperature and heat source regimes.
Results of Recent Continental Heat Flow Studies

Recent studies (Birch, Roy and Decker, 1968; Roy, Blackwell
and Birch, 1968; Lachenbruch, 1968; Roy, Blackwell and Decker, |
1971, in press) suggest that the earth's thermal field may be
subdivided into '"heat flow provinces." within which there are
linear relationships between heat flow and Heat production from
local basement radioactivity (U, Th, K). These lines are of the

form ;

where Qg is the flux where radiocactive heat generation is Ag, Qg
is the heat flow where Ag =‘O; and H, with the dimension of thickness,
is the'slope of. the line. The intercept Q is considered to provide

a measure of the heat from the lower crust and/or upper mantle,



and it can be analytically shown that the steady-state heat from
a layer with vertically uniform heat‘production Ag and thickness
H would be the excess flux (Qg- Qg = A, H) at a given site.

A l1list of well-determined "heat flow provinces! and the
parameters of thelr respective heat flow - heat production lines
is given in Table 3, The similar slopes (total range 5 to 10 km)
of the lines imply that crustal radioactivity has undergone extreme
‘upWard differentiation and readily accounts for 1.0 to 1.5 T
HFU variations of heat flow at the surface. The significantly
different Q, values (.4 to 1.4 HFU), on the other hand, provide
the first reliable demonstration that heat flows from the lower
crust and upper mantle are the characteristic thermal parameters
of the provinces. Moreover, the intercepts (Qg) appear to be.
uniform throughout each province., Thus the average high snrface
flux (1.9-2.1 HFU) in the Basin'and Range province and Southern
Rocky Mountains is probably due to heat sources and temperature
anomalies at depth (>H) beneath each region. The very high values
of flux (>3.0 HFU) observed in these areas suggest that anomalous

heat sources and temperatures are locally closer to the surface.

Heat Flow Research Near Cordero

Mining Company s Hot Springs In Northwestern Nevada

Previous Resultso Hadsell. Grose. and Berry (1967) summarized flow

rates and mean water temperatures for the hot springs at Soldier
Meadows, Fly Ranch, Gerlach and the Pinto Mountains (Table 4),
and calculated heat flows in seven shallow (65-385 ft., deep) drill

holes at the Pinto Mountain Prospect (Figures 9-15). Their data
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Table BJ'Summary of heat flow provinces

‘Data after Roy, Blackwell and Birch (1968), Roy, Blackwell and Decker (1971, in press),
‘ and Jaeger (1970).

; Average Range of Range of
Province _ Slope Intgrcept Flux Flux Radioactivity
o m 10-6¢cal - 10-6ca1 107%ca1 10~13ca1
cm?sec cmsec cm?sec cmJsec
Continental U,S, ‘
| Basin and Range Province 9.4 1.4 1.9-2.1 1.6-3.7 3.,0-10,0
Eastern U.S. - 75 .8 1.2 .81-2.3 JL-21,2
Sierra NeVadav 10,1 | | olt R 711 .96 0b=1.3 1.8-9.6
- Southern Rocky Mtns. 10 1.2 1.9-2.1 1,5-3.7 3.0-16,0

Australlas

Western ’ | : 14’05 06 1.6 .0?"‘203 lo2-21.9



Table 4, Summary of flow rates and mean temperatures of

not springs in northwestern Nevada (from Hadsell, Grose

and Berry, 1967).

Locality giiwmgite Tempg§ature
Soldier Meadows Tééuzrl ' 110
Fly Ranch hw-l472 138
Gerlach 253 175

Pinto Mountains ' 142 ' 189
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Table 5, Base temperature heat flux at hot springs

in northwestern Nevada. Method after White (1968)

Heat Flux = T ¢/A = (F/A) +xedeCp o (Bgy = S;) where Ty = heat flow (cal/sec), A is

area. x = 63, 1 cm3min s F = flow rate (gal/min), 4 = density (1.0 EQB). cp = specific heat
gal sec

(1 0 cal ). Vt" base temperature (°c), and S¢= surface temperature (ec).

_,gm C oo
Ratio of Calculated Flux
e _ to Normal Continental
~ Flow. B g ¥ Surface¥* Total and Basin and BRange Flux.+
Locality . Rate = _. t _t Area Heat Flow Heat Flux ,
. gal/min oc °c km? 10%cal  10=Jcal Normal Basin & Range
R _ - sec cm“sec
Pinto Mountains 142 48,9 12.2 1.08 3.3 3.1 20.3 13.0
’ o 1L|'2 71.1 1202 1908 ) 5.3 4.9 3296 -
©1k2 87.2 12.2 1.08 6.7 6.2 b1.0 31.0
Fly Ranch 1472 58,9 12,2 94 B34 46,4 - 309 232
Gerlach | 253 29,4 12,2 02 10.7 535 3343 2675
Soldier Meadows 2842 43,3 12.2 43,7 55,8 1.3 847 6.5

# After Hadsell, Grose and Berry (1967).
#% Estimated from maps by Berry and Douwns §1966a sbec, 1969)
+ Normal Continental Flux = 1. 5x10-6ca1/ m“sec;

Average Basin and Range Flux = 2,0x10"°cal/cm“sec.
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Q.; known and the surface temperatures can not be reliably
continued downward.,

Recommendétion for Future Research. Future evaluation of Corderots

geothermal prospects should be directed toward the acqulsition of
reliable heat flow data and a better knowledge of the deep subsurface
temperature regimes at each area, A few recommendations fér
future research are outlined below,
1) Since most of the springs crop out near or along obvious
or postulated faults or fault systems, the temperatures
measured near and in them undoubtedly represent the end
result of a complex history of heat transfer between host
rock and circulating fluids migrating upward and along
fault planes or fractures. The actual amount of heat
Gii ' transfer will depend upon the undisturbed regional gradient,
the flow rate of the fluids, the thermal diffusivities of
the host rocks, and the orlentation of the fault planes or
systems, but the general effect is that hot waters from depth
_ 1o$e heat to the lower temperature surroundings and the
temperatures measured in springs at the surface do provide
direct measures of the-true magn1tudevof,the underlying thermal
anomalyol Moreover, if the above mentioned.parameters’are
1, See, for example, Figﬁre 6., Water enters the holé between
2300 and 2400 feet.and .flows to the surface. The flow rate
(1 gal/min) is low enough such that the water loses heat to
the rock during upward migration. . If a fast. flow occurred,
the water temperature could be 83°F all of the way to the

surfaces The temperature at the surface is 20°F lower for
the low flow rate, ' ' )



11

knovn, the reduction of water temperature can be analytically
determined by approximating the springs and fault planes

as line, cylindrical or plane sources of heat (see Birch,
1947; Carslaw and Jaeger, 1959, Chandrasekhar, 1961; Levich,
1962; Jakob, 1957). Therefore additional exploration near
the hot spring - areas should include more extensive gravity

and magnetic surveys to determine the subsurface geology and
the extent and orientation of folding and faulting at depth.
Considered with direqt observations of regional flux, thermal
conductivity, and pfééently available water-flow rates {(Table 4;
and Berry, personal communication, 1970 and 1971), detailed
analyses for the thermal effects of the local geology could
lead to better estiﬁates for the highest subsurface temperatures
and the depthé at which large quaﬁtities of dry steam might be
produced.

2) The thermal affects of local geology can be significant,
but many stud;eS'of hot springs indicate that the flows

aﬁ'the surface consist largely of meteoric water (Toulmin

and Clark, 1967; Wwhite, 1967). As a result, the temperatures
~measured in hot spriﬁgs'ét thé‘surfaCe also may be abnormally
low due to mixing wiﬁh lower temperature'grouhd water. Thus
future exploration should: a) obtain:reliable knowledge of
‘each regionai'gfoﬁna'water régime;'b) arrive at estimates

for the agé_and,volumes. etc, of meteoric and primary waters;
and c) use baékground heat flowfdaté to obtain estimates

for the temﬁeratures of meteoric waters before mixing wlth

hotter waters from below. The tﬁermalvconsequences of a
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mixing of meteoric and primary waters are complex, but may
be treated analytically if local hydro;ogy, water ages, and
regional heat flow are known in a quantitative sense. Studies
of this type could be especially pertihent in Soldier
Meadows where the low temperatures of the springs (Table 4)
suggest quenching by colder near-surface waters,

This research would require chemical analyses and
additional geologic mapping. It would be desirable also
to conduct deep electrical surveys (> 1000', DC resistivity
and EM) in each area since changes 1in resistivity can
reflect the degree of saturation.in subsurface rock (Keller
and Frischkneckt, 1966; Grant and West, 1965). Moreover,
electrical surveys provide information on subsurface structure
and subsurface temperature anomalies (Keller and‘Pritcharé. 1966?;
Thus the electrical surveys could yileld data on regionﬁl | |
hydrology, geologic structure, and subsurface temperature
models that dould'bé compared with those based on heat flow
studies to arrive at additional estimates for the depths at
which high temperatures might occur.
3) Deep rotary and core.drilling to determine reliable values
of heat.flow-neaf the hot springss‘ The holes should be at
least 200 meters deep.=penetrate.coﬁpetent;rock units
(not just.aiiuQidﬁij1npthembottomsmof:the holes, and be
continuouély.coredQ(inofHBX}sizé) for the bottom 30 to 50
meters. The holes Shduld”be césed and left;accessible for

subsequent . temperature loggings. The casing should be grouted
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in place with cement of chemical grout (Am-9, American
Cyanamide Co.,) to alleviate disturbances associéted with
circulatihg Watér. Becaﬁse thg primary objective is to use
the heat flow measurements to determine the deep teﬁperature
regimes and estimate the depths appropriatevfor the production
of dry steam, the holes should not be drilled near individual
hot springs; temperatures close to the springs obviously
would be anomalous and provide little information on the |
flux at depth. '

Although the final selection of hole locations would
require further consultations with Cordero's Geologists,
existing maps (Berry and Downs, 1966a, b, ¢, 1969) and a
brief visit to each property in July, 1970 .suggest the
following numbers and distribution of sites:

A:.Pihto Mountaih Hot Springs. Two drill holes would be

needed, One should be drilled in the granodiorite

about half way beﬁween West and. East Spring. The other
should be 3000-to 4000-feet west.of the West Spring.
Because. the granogiqr;te,appears.to be compositionally:
and texturally uniform, excellent background heat flow
should be obtained at this site. The other site would
provide data away:ffom the springs and detect deep
temperature.énbmaiies associated with circulating waters,
etco along'the nofth-south.trending.fault very near

West Spring. . Since there .is 300"to hdohfeet of relief

in the area, terrain corrections.wouid.be needed at
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all sites. The Tertiary volcanics and sediments near the
surface. also should be sampled for studies of: thei* o
thermal properties. and to determine if refraction

models should be calculated. glthpugh_only_twp spring -
systens are evident at the Pintq Meuntainjprospect, tne
relatively simple geology and exposures, the high
temperatures of the springs (Table 4), and the earlier
shallow drilling (Figures 9-15) makedit an excellent

test area. |

B.' Fly Ranch Het §Eriﬁgsa Two holes should be drilled

in the high resistivity layer (35 ohm-meters) that

Keller and Pritchard (1966) mapped with electromagnetic
and DC resistivity surveys. This unit should provide

the best deep geothermal data because it appears to

have low porosity and reduced water content; thus: thnere
should be fewer transient disturbances due to circulating
water. It would be desirable to have data on the
downthrown side of the fault bordering the east side of
the spring system, but a heat flow site in this area
should not be selected without better estimates for

the depth to basemento

Ce Gerlach Hot~Spring§a One drill hole in the granodiorite

croping”ouﬁfte‘the northiaﬁd west of Mud and Great Boiling
Springs,;:espeeﬁively.fshegld.previde an excellent value
for the»uﬁdistufﬁedgflﬁxafbAiterrainvcorrection would

be needed at this site. A site 2000-to 3000-feet east

of Great Boliling Springs should provide data on the
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underlying, deep temperature anomaly., Drilling in
the alluvial valley should be delayed until geophysical
techniques are employed to determine the subsurface geology.

Do, Soldier Meadows. Because of the large areal extent,

the large total flow rate (Table 4), and the low temperatures
of the springs (Table 4), thorough research should be
conducted to determine the deep flux in this area. A very
comprehensive survey would requlre the drilling of five
holes at the»following rough locations (see Berry and
Downs, 1969): the western boundary of S27, T4ON, R2UE;

the northwest quarter of $25, TLON, R24E; the central
portion of S13, T4ON, R24E; the northwest quarter of
Sl9,-T40N,.R25E; and the eastern portions of S17 or S6
(Slum Gullion Creek), T4ON, R25E. A less thorough survey
would require four drill holes, with the site in S13,
T40ON, R24E being deleted, znd the location on S19, TMON,
R25E being substituted for by a site roughly halfway

between Springs E and F and B and C. In either case,

the sites off the eastern and western boundaries of the
' Meadows should provide heat flow data for the areas away
from,the springsg _Those.in.the\MeadOWS should.lead to
accurate estimstes_fos_the megnitudes.of the underlying
thermaI”anomsiy:' Aesfudy of'the}half-Widths,'etco of
the heat flow anomaly across the meadows would- proviae

data on the depths to anomalously high subsurface

temperatures.
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‘Cost‘for Futﬁré Reséarcho The approximate expense for gravity and

deep electrical surveys in each area are summarized in the excellent |
report by Keller and Pritchard (1966, p. 12-13), With the i
exception of the proposed shallow drilling, it is my opinion that
thelr proposals have great merit and could be of special value

at the Gerlach and Soldier Meadows prospects, where more subsurface
control (geologic, hydrologic, end temperature) is needed. I also
believe that the finai evaluation of all of the hot spring areas
should include a comparison of subsurface temperature modeis
arrived at from heat flow and reslistivity surveys.

Heat flow measur2ments would involve expenses for contract
drilling, casing and grouting, preparation of thermal conductivity
sanples, fleld support for temperature logging, and costs for data
reduction ahd 1nterpretation@ The average expenses,that would be
incurred if the work were done using equipment and personnel at the
University of Wyoming as.summarized below: |

Drilling,”Casihg'and Grouting. Rotary and core drilling is

estimated at.$7‘to $8 per linear foot of drill hole, whereas
experience shows that casing (with 13" black iron pipe) and
grouting costs about $.75 per.foot of hoie, including materials
and rig-ﬁime;' Therefore a 200 meter hdle*ﬁauld‘cost $4900

to $5600., A lower cost.might.be.incurred.atISoldigr Meadows,
1f four to five hsiés’ﬁéfe'drilléd;"

Thérmal Condﬁctivit&; Cbﬁmerc131 grinding and edging of

conductivity samples avefages about $3.,00 to $3.50 per sample.

Approximately 150 to 200 samples would be needed at a total
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cost of $525 to $750, A cost for laboratory measurements

is not included, because our laboratory could handle 20-to
30~additional samples per day without interrupting the usual
routine. |

Field Support for Température Measurements. A 200 meter hole

may be readily logged in two hoﬁrs using portable equipment.
Therefore one day, including travel from the nearest base,
would be required to measure temperatures at any prospect.

Two loggings on different days, separated by a month, or so,
would be needed. Excluding costs for air travel, etc. to

and from the hearest base, temperature logging would cost
about $100/day plus a $15-$16 per d;émfper man (one or two).

If temperatures were logged with equipment already. in existence,
no cost for equipment would be incurred; new equipment would
cost $2000 to $2500 for cable, (teflon insulated), thermistors,
construction and calibratioh of prqbes. and DC circuitry for
resistance measurements at the surface (bridges and nuli-

detectors).

Interpretation. This would involve data reduction and

interpretation, and the'preparation of reports. Since most
of the necessary computer programs are in existence, only

6 to 7 mén—daysvwould be needed for rather complete inter-
pretations in each area. The maximum cost for interpretation
at‘each prospect 1s estimated to be $800.'including computer

tire,
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The above discussion demonstrates that heat flow measurements
at Corderols Geothermal Power prospects would be costly. For
example, the proposed%:esegrch at all four prospects o
would cost $60,00Q to.$70.006; However,.wiﬁhout reliéblé’heét
flow dats, and hence more reliable subsurface temperature models,
drilling for gecthermal power in these areas would be. very
speculative, as 1is strongly suggested by the deep (1000-5000 ft.),
non-producing holes near the anomalous springs at Beowaivé'and'

Bradie Hot Springs, Nevada.
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