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GEOTHERMAL ENERGY RESO= ASSESSMENT 

~ H. A, Wollenberg, F, Asaro, H.  Bowman, T. 

is0 ith 

alifornia 94720 

status of a l o  

?rogram.to d - lop -c techniques _f-- ____ -_ 
/ 

Liquid-dominated geothermal systems. Field studies-wderwa 
/ 

Jevada ri  

l i s h  the geol ramework of ' 

, which 
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furnish permeable channelways for the introduction of meteoric water into 

regions of high t 
u 

I /  

iques to measure electrical ". "__ . - ~ ~ ~  -.----i-&=L->%~.~.. 
Geophysical studies empha 

c 
resistivity , 

results indica 

induced and natural field methods, and 
T'----c- 

I 

4 tool. These techniques appe 

bipole-dipole ̂_____ resistivi9 _- survem and provide the basis for detailed 

. The self-potential method detected strong anomalies, 
l____l_ f - 

believed to be associirted with upwelling thermal water along a prominent 

fault near Leach Hot Springs.~ 

of microearthquakes . " _  _ _  . south ~ .-.--<- of 

- I --I- -___ - - - - - -- - 

Pass - _ _ _  -- 

ings, and a zone northwest of - 
Buffalo Valley. The Kyle Hot Springs area appears to have little micro*- 

~"~ ___I--- - ~- 

earthquake activity, 

Geochemical _I  -., studies have emphasized _ -  analyses e elem i n .  

rocks and waters by neutron-activation, x-ray fluorescence, and radiometric 
c- - 

methods. Element abundances in hot _and cold springs are used to estimate _-. - - __ 

the amount of mixing of near-surface cold waters with ascending hotgeo- 

thermal waters. The anitqin hot springs, coinpared to 

- .  -1_- I ,* *---__ - 

cold springs, together with the relatively high abundanc 

some hot spring waters, suggest that uranium may & 

I at depth in some geothermal systems. 

Computer models of geothermal systems are being deve 

These models will inco 

-t ..-..- _x I,-_---- ~ 

I 

reservoir parameters can_@ varied. 
* 

field data as subsurface s are obtained. 
- .  -- - 
The long-range ies in resource character- 
-----.;- 

Such areas may in@ 
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f 

adly classified acc to their tempera- 

emical constituents) : 

total dissolved solids). 

se three hydro 

istic of a1 
I"- -- I . The lower temperature, higher quality resourc - 

teristic of much of the western U . S . ,  including Alaska. 

- elf best .-. , at this time to erature resource - __L_ & ~ ---̂ --"-- -----._ - 

ture resource can - .-- " 
ization, while the moderate t 

non-electric and electric power production, either separately or in a com- 

L---- - I 
bined scheme. 

A comprehensive assessment program must include examination of several 

ccur on the 

thin or near the R i  _--  -----;---.-. 

3 

w 

Most geothermal manifestations, albeit of relatively low t-perature, are 

furnish channelways to warm depths. In these 
JJ 
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S I N  NEVADA 
.. I 

To illustrate source assessment pro 

of the Lawrenc 

in S O ~  detail. The Nevada pro -~ 
ating several geoscience disciplines. Geology, 

_.-?------ -~ 

e reso potent sites 

in a region of high heat flow. logic model studies a 
.I _- --__ 

haracterized 

by-higher than norma& regional heat flow (Sass, et a1.l). 

at depth in some hot spring systems,determined by chemical geothermometers 

(Mariner , -- et a1 . 2, exceed 150-17O:C 8 total dissolved solids are less than 

Temperatures -- 

? 

western u.s.8 and the region of high heat flow in northern Nevada. Four - 
sites within this region, whirlwind Valley east of Battle Mountain, Buffalo 

Valley southwest of Battle Mountain, Grass Valley south of Winnemucca, 

+ _~___c .- .---?-,- I--_-- - ~ -"-e--- .--4------ I. _I-_ "- 

_ _  -I^~ - r r  _ _  - --- -. I- .I 
land Buena Vista Valley southwest of Winnemucca are under study 

1_ ._ - I  - __--_ ~ I 

I 
J 

sites, indicated on the location map (Fig. 21, are all essentially on 

Federal land, and each contains an active hot spring system (Beowawe Hot R 
_c__ 

Springs in whirlwind Valley, Buffalo Valley Hot Springs, Leach Hot Springs 

in Grass Valley, and Kyle Hot Springs in Buena Vista Valley). 

B. General Geologic Setting 

, Active hot spring areas and potential geothermal resource,sites in 
c 
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HIGH HEAT FLOW AREA 

0 PROMISING HOT SPRINGS AREA 

SCALE 

.Hot Springs in Northwestern Nevada 

Fig .  2. Incation map, northweste 
spring areasidthin and outside o 
region. - . .  

f 

- 
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f 
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subsequent analyses by x-ray fluorescence and neutron activation techniques yield -__ __ - 

I major- and trace-element contents. Information from the geological, 



Fig. 3. Vertical aerial photo f Wh‘irleind Valley 
60,000 feet above surface, sho 
near intersection of ENE-trend 
of en-echelon faults. Width o 



BB-743-1509 
Schematic cutaway diagr rmal system within a permea 

fault zone. Meteoric water ente u l t  zone where it intersects nea 
surface aquifers. Some of alates dowmard to re9idns where 

reach 150 to 2OO0C, is heated and rises  on the upward limb o 
c e l l .  Hot springs occur where the c e l l  intersects the surfa 

ble 
r- 

If 
.ce. 
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Fig. 5. Generalized geologic map of Whirlwind Valley area. 
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geophysical, and geochemical activitie ombined to locate several 100 m 

. Results 

(-.5 to 1.5 km) which will 

s (1.5 to 3 km). The 

deep test wells may furnish -- - 

ch of the area is in v , reconnaissance 

rcraf t -providgxegional 

photographs at low sun angles 

alley, Leach, and Kyle areas 

in the west 

Hot Springs- (Quade and 

a. Whirlwind Valley 

The Beowawe geothermal area, approximately 30 1 km east of Battle 
c 



I 

I Mile I 1 Mile . 
?a? I km 

Schematic Geologic Cross Section A-A' 
Whirlwind Volley are0 

XBL73T- 3496 

ogic cross section 
I Qf: Quaternary 

rocks, pT: pre-Tertiary rocks. 

I 
c.l 
h) 
I 
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Mountain, consists of 

t (a generalized geologic map comprise 

described._by_ Oesterliqg 

ubstantiaked b 
c 

ozoic.rock on the footwal 

tive springs 

sed publicly. * I t  



b. Buffalo Valley %, 

alo Valley is a well-defined intermontan 

tle Mountain. Its geologic setting is i 
I 

b e d  cross section (Fig 

cribed In -de The northe-& 

8 cene age (McKee) *, 

at 2.6 - 3 m.y. by McKee and-Atchiba 

extruded from “E-trending basin- and range-fault 

Tertiary and Mesozoic rocks on the-east side of 

xposed in well-preserved cinder cones. 

Basaltic rocks of Pliocene age 

~. 

A series of prominent normal 

ansects the western portion of the vall 

deposits near and at the eastern base of the Tobin Range 

is made up primarily of eugeosynclinal siliceous cla 

. _  

cturally, the valley accupies an asymmetrical 

rn end. !As indicated by gravity-data of Gr 

alluvial cover, 1. 

8 indicating that most 

nding west-side faults 

and lineaments on the east side of the valley 

rth of latitude 40’ -25’ The sou$hern margin of 

outlined by a series of east-west trending lin 

fault-related., S o u q  of this zone of lineaments, valley alluvium is 
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'* CBB-7412-8763A 

c CL logic map of Buff Legend, QTb: Quarternary- 
Tertiary basaltc Ts: Tertiary sedime T v r  Tertiary rhyolitic ash flow 
tuffs, TJir granitic rock of mesozoic age, TR: undifferentiated Triassic 
sedimentary rocks, predominantly carbo 

side, Hachured lines: observed fault scarp ed heavy lines: inferred faults, 
Numbered crossed circles: locations of heat flow holes. 

ndifferentiated predominantly 
' eugeospclinal Paleozoic sedimentary rocks, lines: faults, balls on downthrown 



. .- . . . . . . 

0 1 2 3 4 5  
I I I I I J km 

Idealized cross section B B' 
Buffalo Val ley area 

\ XBLJSI-2025 

s section along B- 
Q f :  Quaternary f 

l i t i c  tuffs ,  

11 



-1% 
9 



-18- 
, 

fairly thin, covering a pediment surface on Tertiary volcanics, 

Buffalo Valley Hot Springs are associated with a recognizable fault, 

extending southwestward from the Fish Creek Mountains, as well as with 

a zone of intense faulting inferred from air photo observation of linea- 
rl 

ment patterns. An eastyar lake beach deposits around the 
, )  

attests to the age of the spring systems of at lea 

usand years. Chemical geothermometry of the low-f -~ - - - _ _  

waters (Mariner, et al) indic 

system of 100-130°C (based 

on alkali element ratios corrected for Ca. 

tures at depth withLn ,the spring 
ennometer) and -17dOC based 

Calcium carbonate is presently 

- - 

- -- ~ 

being deposited at the warm pools. ,Airborne thermal infraEdLsurveys in 
,* ' . _  . * -  

I pre-dawn hours disclosed a ring in the west central - 
valley, approximately 5 km northwest of the known hot springs. Chemical -_ - -- _I - -_I___ _--- --I - -_ _-_.- 

I_- - 

analyses of this 

suggested that waters with temperatures up to 150°C 

ing and others north in the mid-valley playa, 

occur at depth 

along a north-south-trending zone ascribed to .a mid-valley fault system. 

Distinctive mounds and accompanying moist ground in the western portion 

of &e Buffalo Valley playa also reflect the presence of the mid-valley 

fault system. 

c. . Grass Valley 

A potential geothermal resource area in Grass Valley is located in 
*-i'- 

the vicinity of Leach Hot Springs, approximately 50 km south of Winnemucca. 

The Sonoma and Tobin Ranges bound the valley on the east, while the valley 

i s  constricted south of the hot springs by the Goldbanks Hills, locus of 

- --c 

earlier mercury mining. Grass Valley is bounded on the west by the basalt- 

capped East Range. The distribution of major lithologic units in the 
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CBB-751-0049 
Fig. 10. Lithologic map, Leach Hot Springs area. Qal: alluvium, Qos: older sinter 
deposits, Qsg: sinter gravels, QTg: Quaternary-Tertiary gravels and fanglomerates, 
Tb: Tertiary basalt, Tr: Tertiary rhyolite, Tt: tuff, TsZ Tertiary sedimentary 
rocks, Kqm: quartz monzonite, Kg: granitic rock, m d :  mafic dike, TRg: Triassic 
granitic rocks, TR: undifferentiated Triassic sedimentary rocks, P: undifferentiated 
Paleozoic sedimentary rocks. 
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CB 8-74 10-76 1 5 

F i g .  loa. Fault map of the Leach Hot Spr 
faulted sides of scarpletst bal l  symbol i downthrown side of other faults.  
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region is illustrated on the geologic map (Fig. 10) and their stratigraphic 

relationships on the cross section, Fig 11. m e  intricate fault and 
r -  , Fig. loa. Paleozoic siliceous 

" F 
lineament pattern is shown on a separat 

lastic rocks and greenstones are the okest*bedrock types in the region. 
1 *  - 

In places in the Sonoma and Tobin Ranges, the Pheozoics are in thrust- 

fault contact with Triassic siliceous clastic and carbonate rocks. The 
. - I  

Paleozoic and Triassic rocks have been i 
- 5  J .  

elsewhere the granitics 

ic tuffaceous rocks are probably 

esent in the 

sandstone, fresh 

overlain by coarser conglomeratic sed 

mountain range fronts steepened 

The fanglomerates 

akin by a sequence of interbedded 

s, which are in turn 

anglomerates) derived from 

sin-and-range faulting. 

associated with .fault zones; occas locus of mercury mineraliza- 

n. Opalization of mercury depo the Goldbanks Hills and'East 

associated with .fault zones; occas locus of mercury mineraliza- 

n. Opalization of mercury depo the Goldbanks Hills and'East 

Range closely resembles the opal 

Tertiarysedimentary sequence is 

volcanic rocks whose ages, dated by 

inter at  Leach Hot Springs. 

apped bygredominantly basaltic 

ssium-argon method, range 

The 

4.5 to 11.5 million.years. 

Characteristic of the hot sp 

Leach Hot Springs is-located on a 

m s  observed in northern Nevada, 

15-m-high scarp trending NE. Normal faulting since mid-Tertiary has offset 

rock units vertically several tens to several hundred meters (idealized 

cross section, Fig. 11). As shown on the fault and lineament map (Fig. 

loa), based strongly on air photo interpretation, the present-day hot 
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springs occur at the e 

the NNW-SSE trending 1 

scarplets sout 

intersection of the NE trending fault and 

tween the springs and the 

reciable microearthquake 

at active faulting may be 

ssociated with h 

temperatures at depth 

sited by Leach Hot Springs, 
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-preserved, the oldest a ocene ash flow tuffs 

Q 

eastern -slopes of the m 

hese are indicated 

z system df no 

pfominent fault 

U 

L. 

The active h 

temperature is 7 7 0 ~ ;  
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total outflow is estimated R/min, and temperatures depth within 

ical geothermometers (Mariner et al., 1974). The active hot springs are - 

dant in older deposits and p at the inactive "fossil 
- *  

Surface electrical g 

e done in Buena Vista 

y are yet 

ntrast to Grass Valley, microearth- , 

quake monitoring, by an eight-station detector array in the summer of 

1974, did not detect appreciable microseismic activity in the Kyle area. 

2. Geophysical Studies 

Geophysical efforts to delineate geothermal reservoirs in Nevada have 

concentrated on techniques to measure the electrical conductivity of an 

area and to determine its seismicity. The former is important because 

ctrolyte in the pores of a rock increases in conductivity with increase 

in temperature, and because it has been observed that, in most geothermal 

occurrences world-wide, the reservoir is of higher conductivity than the 

surrounding cold rock. The seismic studies are important 

f active faults which are believed to control fluid flow in 

geothermal areas. f 

Auxiliary geophysical studies,such as self potential and gravity 
7 

have also been undertaken. These methods have pr 

ure of the area some 

useful for direct reservoir detection. Studie 

the geological 

* _ I  

variations in seismic ground noise, in several frequency bands in  the 1 to 

30 Hz range, are being pursu echnique 
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inject commutated dc current- 

selected for investigation ‘at 

a current transmitter 

corresponding to the 
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O35' 

'30' 

TRANSMITTER IT .I 

Miles 
0 Receiver Stotion 0-L- 1 2 1 .  

Base Map:USGS Dunphy, 
Nevada Quodrongle,1957 

XBB 743-1631 

rent resistivity contours, Whirlwind Valley area; transmitter 
south of Malpais Escarpment. 



40035' 

40O30' 

. 

I o Receiver Station 

XBB 743-1632 

Fig. 14. Apparent resistivity contours, Whirlwind Valley area; 
transmitter in Whirlwind Valley. 
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3 

arent resistivity 

aya deposits. 

r y  surveys, 

distinguish between shallow and deep inhoxnogene- -_- -c__--- 

the dipole length. .. 
Dipole-dipole ‘resisti 

7 .  

on-Fig. 17. As with the roving dipole resist3vity conto - 

pth on the profile. It 

-.---u/ may be -that the electrically conductive near-surface alluvium inhi+its 
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, . .  . . . - . + . .  .- . .  .. - . I .  

BUFFAU) VALLEY NEVAO 
X-X Transmit BIPOLE -DIPOLE RESISTIVITY 

0 Receiver Stolion TRANSMlllER I Bow MOB: USGS 
&Iffdo Springs (862) and 
McCoy (1961) Quodrorqlet 

BB 743-1630 
Fig. 15. Apparent resistivity contours, bipole-dipole survey at 
Buffalo Valley; current transmitter at location I. 
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I 
443 

BUFFAU) VALLEY NEVADA 

TRANSMITTER I 
X-X Tmnrmitter Bipole BIPOLE-DIPOLE RESlS 

0 Receiver Stotion 

XBB 743-1629 . 
Fig. 15a. Apparent res i s t iv i ty  contours, bipole-dipole survey a t  
.Buffalo Valley; current transmitter a t  location 11. 

? *  
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Fig. 16. Dipole-dipole resistivity profile lines, Buffalo Valley. 
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ion of electrical  current to depths where conductive hot water zones 

exist .  Dipole-dipole res i s t iv i ty  l i n e  CC’, which passed thrbugh Buffalo 
J?- 

I 

BB’,  the gravity profile - - 

ed by offsets on 
c.”--I-x-IIw-II , 

of Leach H o t  Springs 

surface structure. 

i- 

- 
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lectrical f ie ld ratios, bipole-dipole-'profiles, and apparent 
model, along l ine E-E', Grass Valley. 

* I  
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t 

1 

Improvements designed to increase field efficiency and decrease 

field personnel requirements for dipole-dipole surveying include a multiple- 

conductor cable 
.' ' 

-,- - 

I cations. Su_cdssive potential electrpdes are sampled from a 'single position - -  

along the cable. This system was difficult ,to implement due to excessive -_ 
electromagnetic coupling into the long wires. The principai source of 

these coupled signals was transients associated wi 

rectifier-switching bri 
.- 

The computer program for 

as those shown in Figs. 17 and 

rating resisti -- - 

is in routine i 
A catalog of all the models used in interpretations is being compiled. 

b. Natural Electromagnetic Fields 

Methods using natural electromagnetic fields (telluric methods) have 

obvious advantages over the techniques discussed above, in that a current 

source is not required, and a broad spectrum of energy is available. There- - 
fore, the depth of exploration can be selected without the need large arrays 

required in dc resistivity methods. 

A technique using natural low frequency earth currents has been devel- . 
oped which is particularly well suited for reconnaissance surveys. A leap- 

frogging array of three colinear electrodes spaced 500 m apart is employed - . 
to determine the ratio of the electric field (E) across the-leading - electrode 

pair to the lagging electrode pair. This E field ratio is proportional 
- 

to the ratio of the ground resistivity beneath the electrode pairs. 

Success-ivvzatios - are referenced , to the base I or starting, electrode pair 
4' - 

so that a profile of relative resistivity variation is produced. 

ith The vo&tages of 



respect t o  the center e 

of a small battery operated x-y recorder. For a 

P 

- 

current direction as deter- 

mined from an i n i t i a l  st 

band f i l t e r ing  was used multiple frequency effect .  The 

the frequency content would again 

c 

- 

h i s  is shown in Fig. 20 ,  comparing the bipole- - 

dipole, t e l lu r ic  and dipole-dipole data along l ine BB' a t  Buffalo Valley. 
I_ 

lues rs are 
' i  

lues rs are 
' i  
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Buffalo Val ley Nevada 
1 Profile line BB' 

" .  
Bipole-Dipole 

Transmitter t '.Transmitter 2 c 

\ 

127' N.7 
100 

20 18 16 14 ',2 I . ,  I O  I e I I 6 : 4 2 0 
I 1  

N = l  
2 
3 
4 
5 
6 
7 
8 
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IO 

N= I 
2 
3 
4 
5 
6 
7 
8 
9 

IO 

5 
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d onto line EB' from the contour maps of bipole-dipole data. 

Similar excellent agreement between bipole-dipole data and telluric 
\ 

data has been obtained on 76 line km of telluric surveying at Leach Hot a 

ison of the telluric, bipole-dipole and dipole-dipole 
c 

b 

. Thexcon- 
clusion that it can be used to replace bipole-dipole surveys, which require 

heavy high-power generators, electrode emplacement, and a minimum of four 

mawetotelluric method is .a more quantitative method usixig 

. In this method an apparent resistivity 
ted from a measurement of the surface +'impedance, 

sin the section 

- 

i 

The Josephson-junction magnetometer for this survey was loaned to the 

Engineering Geoscience Group by AMAX Incorporated. 
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obtained.- These apparent resistivities at 8 Hz reflect only 

half kilometer of the section and agree very well with 

dipole-dipole values. 

short spacing 

Magnetotellurics thus promises to provide the reconnaissance __ I 

,- 

device for geothermal delinehtion. 

processing capability it also promises to provide greater de 

ductivity resolution than other reconnaissance tools. 

With improved data acquisition and 

c. Self Potential 

suggested that -- ~ 

Theoretical analysis and some limited field hata 
- _  - ._ 

c- 

sources for - geothermal activity might result in an' associated dc field. 

these fields are either the motion of conducting fluids 

or the result of thermoelectric eff-ects. 

--_- --------- ----- 

- - - ~  - -  -- 
7- 

Due to the great variation of -_ -- - 

the fluid flow properties of rocks,it is difficult to make quantitative 

estimates of the streaming potentials in given geologic situations. 

ever, self-potential anomalies of several'hundred millivolts for known 

\. 1 --.--- 

~ How- I y r  
subsurface flow have been observed, and anomalies of 50 to 100 m i  

are often observed in areas of active flow, especially along faults. Thus 

&the flow regime in a qeothermal area may have qood self-potential expression. 
Y 

Thermoelectric potentials for a large hot bur-g=cd_sphere, representa- - ---_ - L- - ----- 
.- 

tive of a geothermal reservoir, have .been calculated for -the site delineation 
r--- _c 

study in Ne~ada~(Corwin'~). This study showedxhat values of self poten- - 

_- 
14 been accomplished by Corwin . In general these preliminary surveys have 

7 . .h 

¶ '  
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revealed that: 

i. Distinct self-potential anomalies, are associated with the r .. -__ ' -.. 
geothermal activity. 

with upwelling thermal fluids along a prominent fault passing through 

Strong anomalies, believed to be:associated 
----T -- ._ - I I __ _ -  -- - s b  

------___ "- - / 

P 

omalies associatedwi 

, in traversing 

... 

that the field data are not yet: reduced to 
- 

i dicated the exist 

- 
cording intervals were-_ 

as follows: 
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Buffalo Valley 3-31 July 

Grass Valley 1-30 August 

Kyle H o t  Springs ' 2-12 September 

._ 

I 

J. 

I 

I 

-4 N.. Pleasant Valley 12-15. September' 

Results of th rding w 

period. i n  each area 
. 

of hypocenters. The f i e l d  technique was t o  record i n i t i a l l y  i n  a valley 
I 

with a very wide s t a t ion  coverage, 

then modify the.  network to  concentrate on any c lus t e r s  of. microearthquakes. I 

Gain l eve l s  were generally __ 108.decibels a$ good+sites 

of 1.5 x lo6  and 6 x 10' a t  5 and 20 Hz, respectively) 

filters set a t  30 Hz. 

with high pass 

In Buffalo Valley, however, J 0 2 - d ~  and 10 Hz f i l ters  -_ 

were required a t  many sites because of high background noise (due t o  the  

la rger  a l l u v i a l  f i l l e d  val ley) .  

A t  the  108 dB gain l eve l ,  (4.5 Hz v e r t i c a l  geophones were used), 

the  magnitude threshold (cent ra l  California % equivalent)  corresponding to 

about 2 inm amplitude on the  record is  approximately -0.5. 
I 

Hypocenter locat ion computation-was complicated by lack of  veloci ty  .-. - .- ...---I I- _ _ ~  -- - 
- information i n  the-region and by severe lateral var ia t ions  i n  veloci ty  due f _ -  

to  the  thick val ley fill which th ins  to  zero a t  t h e  va l ley  edge. 

of numerical experiments with P and S wave a r r i v a l s  was-r 

mine the  best locat ion technique. 

A series 
. _-- * - 

c I - 
~ The field effort detected t w o  a c t i v i t y  c lus t e r s ,  one i n  Buffalo _- -- I / Valley and one i n  Grass Valley. S ta t ion  locat ions and microearthquake 

-- 

a c t i v i t y  zones are shown on Fig. 21. Fifty-three m I 
located out  of approximately 100 detected i n  Buffalo Valley during the I 
recording period. Two.methods of estimating the  hypocenter locat ions \ 
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I .  

.. , -  
: ! - .  

I -  .,, ,, 

. -  , I. . 

_' t CBB 753-2169 . 

Station locations and z 
n north-central Nevada. 
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velocity structure-shows no anomalies; the Poisson ratio is 0.25. The 

were employed: compressional (PI wave arrivals only, and combined com- 

northwest quarter of the Bu 

the valley. Using P and moved out o 

some 8 km to 

_zI 

L 

I 
7------- 

.- ._ - 

_ _  
lots (S-P vs P times) 

locations is: 

1 2.8 1.6 

3 4.7 2.7 

half space 6.0 3.5 

Station corrections determined.from.te1eseismic and regional events __ 

ranged to 0.25 seconds near mid-valley and were applied to the arrival 

times. 

Thirty-five. - microearthquakes were located with 

array. 

general agreement. 

angular region bounded by Leach Hot Springs, the Goldb 

Canyon. The fault plane solutions indicate normal fau 

When the P locations were compared to P and S 
. .- -- ---- -- 

The microearthquakes seem to be occur -_ - ._-_ _-_ . 
-^_ -- -- 

to NE through Leach Hot Springs dipping 45' - 50' to th 

I 

del for Buffa Valley was used in Grass Valley.'- Station 

f 

1 



corrections' were not applied 

heck the spatial relat 
* 

encompassing Buffalo, Grass, and Buena Vista 

was installed reoccupying several s 

Grass'Valley, p 

s 

i c  Five evenlk-were rec i day period. P and S 
__ - 

\ 

locations agreed with P' locations and'al 
a- 

same triangular cluster area found in the Grass Val 

velocity model was used and 
- 

/ I  

gain showed normal Poisson's 

ratio of -0.25. 
I 

e microearth- 

- c 

5 
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variations in veloci nuation characteristics in all the above 

areas. This system alysis of the ground-noise in geo- 

th~rmal areas. 

f. Heat Flow Measurements 

In the fall of 1974 three ho 
/- - 

marily to measure the temperature gradients in and thermal 

of soils and rock within the upper 100 meters of valley-fill material. 

The product of temperature gradient. (degrees 

thermal conductivity (cal C- 'cm"sec- 1 is heat flow (cal cm-*sec' 

at flow units, hfu) . - 

This is the initia tage of a coo-perative heat flowsmeasurement 
/--- ' - 

program between the USGS and LBL. 

drilling, and USGS completed the holes for permanent access, obtained 

electrical, radioactivity, and temperature logs, and performed subsequent 

At Buffalo Valley LBL contracted the 
, 

conductivity measurements. 

The hole locations are shown on the geologic map -{Fig 7) , and varia- - - -- _- -_ 

tions of temperature with depth on Fig. 22. 

mately 500 m east of the easternmost pool of Buffalo Valley Hot Springs, in 

an area of known warmth,_disclosed by previous USGS heat flow measurements 

(F. Olmsted, private communication). hole bottomed 

meters in alluvium after intersecting a -20-m-thick zone of hard basalt; 

bottom-hole temperature was 125' C and the t h e m $  gradient observed. in the 

Hole #1 was drilled approxi- . _ .  

--.-I_---- 

T 

1 

upper 35 m was 149OC km-". Hole #2 was drilled -2 km west of the hot 

springs thermal anomaly, to observe "background" heat flow in valley 

aluvium away from hot springs. Total depth reached was -118 m, where 

temperature was 19'C; observed thermal gradient wa 
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7OoC km-' . 
of -the playa at the intersection of the northern projecti 

valley fault and the northern electrical re 

Hole #3  was drilled on a low mound in the northwestern portion 

stivity profile line DD'. 

. Total depth was 98 m, bottom hole temperatu 21' C ,  and thermal gradient 

107O C km-' . 
Laboratory measurements of thermal 

I 

are given, together with calculated heat flows, on Table 1. 

mean heat flow of 3 hfu in hole #3 at the north end of Buffalo Valley 

The weighted 

playa is consistent with heat flow values sured by Sass et ale 1 in 
4 

holes in basement rocks bordering valleys 

This value can be considered as typical "background" heat flow for the 

area. 

expected for this region, especially given its much closer proximity to 

The comparatively low value for hole #2, -2 hfu, is lower than 

the active hot springs than hole #3. 

value at hole #2 may be that it is situated on or near a downward limb 

of convection of the hot springs system. 

A possible explanation for the low 

It contrasts sharply with the 

relatively high value, 4.6 hfu, in hole #1 which is definitely within 

the positive thermal anomaly associated with the hot springs (F. Olmsted, 

private communication). 

. 
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1 

Table 1. Buffalo Valley Heat Flow 
Calculated Thermal 

Lithology conducti heat flow Hole 
(m cal0c (ucal ~m-~'sec-' 

4.5 

6.7 ,4.6 weighted 

3 

mean 3 
3.95 ; . 

" .  

3.0 weighted 

Of added interest is a -1 to 2 m-wide zone':of high gamma radioactivity 

material'was deposited in the past by 'a now 

radient measurement an the west side of Buffalo Valle 

s 

i 

Survey. Holes exceeding 15Om 

ductivity determinations. 



3. Geochemical Studies 

Nuclear analytical techniques in use at Lawrence Berkeley Laboratory. 

provide quantitative measurements of elemental abundances in water, rock, 

and soil samples from geothermal areas. 

elements have been determine 

geothermal applications. 

A number of potentially diagnostic 

f 

t 

The major trace, and radioactive element abund 

densible gas contents, of hot and cold spring waters from geothermal re- 

source areas in north-centra€ Nevada are being s 

viding subsurface geothermometry and brine quality data, these studies will 

serve as a baseline for the evaluation of the environmental impact of 

geothermal resource development. 

L 

a. Analyses of Spring Waters and Associated Rock Units 

Water-analysis techniques include neutron activation, soft x-ray 
15 (Hebert and Street 1 ,  and gamma ray spectrometric analysis. These methods 

are capable of analyzing over 50 elements in a sample if concentrations 

are great enough. About 15 elements were usually detected in the normally 

basic hot waters, and substantially more in a single acid pool at Beowawe. 

Saxpling locations at hot and cold springs in the Battle Mountain high 

heat flow region are shown on the map, Fig. 23. Preliminary results from 

initial chemical analyses of hot and cold water systems, and their assoc- 

iated rocks and spring deposits, from four geothermal areasin Nevada.suggest 

that this type of data may lead to indicators of: 

I 

, 
1 

(1) The temperatures and rock types within the geothermal 

(2) size and depth of the con 
(3) The extent to which hot and c 

44) The amounts of valuable elements and compounds in . 

these waters. 
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f 

This technique provide 

water and rock samples. D 

are evaporated 

the laboratory. Results-of 

temperatures at 

based on disso 

corrected for 

cold springs within a hydrologic re 

eveloped by Fournier et al. 

of the waters 

- 

, y 

. _  

area, indicate 

prior to mixing with near-surface cold waters, probably 

_ -  

(ii) Neutron Activation Analysis 

A high-precision neutron activation technique de 

orates from water samp 

were made into pellets and irr 
* 

3 

Nearly all elements in the samples have their count 

-- - -" 
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more than tw precisions of less 

r than 1% (Bowman, 

ts in hot and cold 

Tungsten was un- 

old, while con- 

aters. In'two 

cold water and 

made to cor- 

measurements 

Beowawe hot springs. 

ased on the radium 

e to estimate the hot 
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TABE 2 

Elemental abundances and prec is ion  of measurement 
in  hot  and cold spring waters asured by ne ti 

Buffalo 
Valley 

Kyle 

Beowawe 

Leach 

k a s s  

[alley 

3uena 
rista 
{alley 

Buffalo 
Valley 

Zresceni 
Valley 

iTiiEG. 
Valley - 

15;l 

15-5 68" 
15-6 

10-2 
10-2 
10-4 

72" 

' .  

: steam 
steam 
88" 

23AB 75 " 
23AB 75" 
23B 95" 
2 3B 95 " 
6-3 94" 
6-1 79" ' 

F 
F 
F 

F ,  

F.. 

6l 
F 

F 
N 
F 

. N  
F 

F 

F 

El 

El 
F 

F 
F 
F 
F 

F 

F 
F 

< .08 

,< .7 

< .16 
< .6 

. < .26 

.10 Q3 

.40 2. 03 
< .28 

.35 2. 06 
< .25 

.08 2. 03 
i .  

1.52 2.03 

2723 4s2 57220 26324 2722 

* 80*15 < 2  550*50 , 569213 721217 

132214 1221 
135214 1221 
147k15 1922 

9 4 4 1  .9%6 

1 2 0 9  1.52.5 

268i5 6423 
265:s~ 6723 
20724 56 +3 

14922 2521 
. 167*2 2722 

8721 1221 
89 21 1321 
7722 1221 

is923 2621 

3 2 . 9 4  5622 

2.722.04 < .8 

2.042.02 3.02.5 
2.032.03 2.7k.5 

3.42.5 221 
.372.01 .3+.1 
.. 562. 01 < . 7  
.14*.02 .9+.6 

2.72.7 

2.02t3 
1.82.4 
2.421.0 
< . 2  
< .4.  

1221 

< .35 

.Ski1 

.9+.1 
4 2  

Z.Ok.4 
' < . 2  

< .2 

1.442. 06 2.92.3 321 1.02.4 

COOL:-- WARM SWINGS ,' ' 
1.12.02 <.6 

8 7 9 4  80 22 

47212 7 3 9  
? 

1721 I 182. 2 
18725 
15927 

73221 
_ .  

82 22 

7322 

2221 
2221 

10523 
4.12.3 

22.52.6 

4751 

1 2 3 4  

1921 
24627 

...... 
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URANIUM (PPB) 
Hot and Cold Springs 

Fig. 24. Uranium abundances (ppb) i n  hot and cold springs a t  four 
geothermal areas i n  north-central Nevada. C-cold springs, H-hot 
springs, t a i l s  of vertical arrows indicate detection limits. 

CBB-747-4760 
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25. Abundances of the most prominent elements found in four’separate 
ter pools at Buffalo Valley Hot Springs. Surface water temperature 

. is shown on each bar graph. 
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f 

and chloride abundances obtained by the U.S. Geological Survey from a separ- 

a te  pool (Mariner, e t  a l .  )using conventional 

of Fig. 25 for comparison. The s l igh t  chemic 

water temperature is  thought 

tions such as these may be usefu 

tures a t  depths since the behavior of these e 

studied under hydrothermal conditions (J. I. Iiyama") . 
gest that  the four pools studied at Buffalo 

from a single source. 

Leach Hot Springs (b) 

2 -- 

Three springs were sampled a t  Leach hot 

shown i n  Fig. 26. Considerable variation wa 

had the lowest abundances of Na, C1, w# B r ,  cs8 and Rb.* The variations 

observed here do not appear t o  be related t o  ground water mixing with the 

hot water system. 

are: Na (29+1 ppm), C1 (56+2ppm), W (<3 ppb) , B r  (11852 'ppb) cs (.23+02 

Typical cold-spring elemental abundances i n  t h i s  area 

Ppb), Rb (3.756 ppb), Ba (75510)# MO (<2) ,  and Sb (cO.2 ppb). .. 

Beowawe Hot Sprinqs (c) 

Figure 27 'shows the chemical abundances i n  water 

hot springs i n  the Beowawe area. 

from a blowing water eam well. The low temperat 

found t o  have a pH of about'38 quite different from a l l  

springs tested which w e r e  i n  the range 6 t o  8 .  

The bar labeled "ST." epresents data * 

s 
e other hot 

Disregarding the low temperature, unusually a 

sider the differences found i n  the other two sources i n  terms of ground- 

. Elemental abundances .W, Sb, As, an . f r  water . .  



i 

b 

I 

. Abundances of prominent elements in three separate hot pools 
Leach H o t  Springs. 

, 

at 
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Fig. 27. Element abundances in three separate hot sources at Beowawe. 
. ST-blowin? hot-water-steam well. 
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well were <1, < . 3 ,  451 and <2 ppb espectively. The waters from these 

01s are probably no esponsible for the elemental abundance variations 
6. 

found in the two hotter sources. 

f 

s taken from Kyle prings and a blowing 

ng samples were t rom the Brady area. 

own in Fig. 28. eral, the elemental 

sampled, Spring deposits 

c4 

i 

pleted considerably. This is termed a negative europium anomaly and is 

. &  
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P 

1 

CBB-747-4756 ~ I 

Fig. 28.+ Element abundances i n  a water pool at t Springs and 
t Brady H o t  Springs 
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quite evident in acidic igneous rocks when their rare-earth contents are 

normalized to rare earth abundances in chondrites. In general, Eu anom- 

(field and laboratory instrumentation and procedures have been described 

by Wollenberg and Smith 22 1 . 
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52-1 130 L 

Fig. 29. Location map, rock sampling sites in  north-central Nevada. '5 

. .  " .  - 

. -  . 
f 



(i) Field Measurement Results _ _  ~ .~ ,-- .- - ,I - . . 
i c  data; radibactiv 

expressed i n  micro ens per hour ()lrhrI.&* based'on calibratkon of the 
I 

f ie ld  instrument (counts/sec t o  v 
Immediately apparent igh radioactivi 

with CaCOj-rich 

llrhr, were obs 

a radium source of known strength. 
P ", 

! . ,  

over hot 'pools (75  i90" C) a t  Kyle Hot Springs where 
1 

! .. I _ .  . . .  ~. 

t 

connection 

calcareous 

iceous deposits are comparatively low i n  U and Th, - 
r Table 4 are l i s ted  as equivalent because they 

the radioactive decay 

nviroments, may be com- 

rtions of . 

a spring system ( arent U i n  samples of 
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' WHITE PINE 

I 
7--- 

- 
SCALE IN  MILES 

Hot spring areas examined for radioactivity in northern Nevada 

F 

li 



JI 

5 

9- 

Table 3. Field gama radi try of spring areas. 

General 
Location background high radioactivity Remarks 

i 
whe tumt deposit 

Gerlach 6.25 - 7.5 60 - 65 Tufa, high rad. zone 
Gerlach -- 

Elk0 7.5 - 10 

3.75 - 6.25 

Altered granitics 8 * 

west area, blowing w e l l  



Table 4. Laboratory gamma spectrometry of spring deposits. 

0.19 4 Fly Ranch Travertine 2.14 10.99 0.02 

Travertine away from active springs 0.19 4.06 Or09 

Bukfalo Calcareous muck f a small mound 45.8 25.49 0.21 

Kyle Calcareous muck from spring walls 11.62 76.32 0.16 

Elko Tufa ' 7.60 0.07 3.1 

Valley Predominantly tufa, some Si sinter 6.20 65.67 0.35 

Spencers Predominantly calcareous mud 10.92 11.54 1.51 
Golconda Spring wall tufa 

Pumpernickel Calcareous muck from small pool 6.33 8.19 2.9 0.77 

31.20 469.6 -_ 

Spring systems where Si02 is the predominant deposit 

Brady h d  from hot vent . 6.32 2.93 0.41, 2.15 

Bemawe Andesite, escarpment above blowing 15.99 3.28, , 4.88 

Sinter soil, vicinity of hot pools 0.91 ?. 0.37 0.40 2.43 

0.18 0.11 0.16 , 1.60 

j 1.50 

1.91 
0.51 0.31 

0.13 0.21 
Sinter and altered granitics, west area 8.10 4.90 1.13 1.65 

wells 

* 
Calculated from activities ratio, 2 2  sRa/2 3 8  U = 2.78 x lo6. 

4 % 4 L.l 
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calcareous deposits adtually indicates 226Ra anomalies. Uranium-238 or 

its decay products higher in atomic mass number than are missi.ng. 
.cI 

g high-resolution g spectra of the 

s samples, counted on a Ge(Li) detector 

(b) Waters 

Samples of water, approximately 550 ml, were collected from all of the 

springs for subsequent laboratory gamma-ray spectromet 

dicated by the 

Radon-222 was in- 

gamma spectra ence of the 1.76-MeV peak of 

of seven of the water samples. 

laboratory ana .. Therefore, it is expected that i of the waters 

2 , 2 ~  activity .8-day half-life) had decayed Glow detectability. Re- 

Several days elapsed between collection and 

peated gamma counting of samples from some,of.the springs showed that the 

214Bi activity decayed with the Rn half-life, indicating that there was 

little or in t te herwise uld have "resupplied 

Rn, eventually achieving radioactive equilibrium between these isotopes. 

The 214Bi activities of the measur 

they should be considered in the relative sense, pending calibration ex- 

4 

e water samples are listed in Table 5; 

I 1 

riments. There is no apparent correlation between the radio-activities 

-spring deposits. I 

I 

(iii) Radon Alpha-Track Survey i 

i 

i 

CI 

Alpha-track detectors for radon-222, provide Terradex Corporation 
i 

ral Electric Company, were placed in the ground ear and away from 

radio-active warm uffalo Valley, Nevada (Figure 31). This area 
I a good t e s t  si of the sharply varying gamma-ray fields 

Subsequent etching of the detectors revealed 

5 %  > 

asured at the springs. 

gh track densities at locations near the pools and a tenfold decrease 

1 

I 
\ I 
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i 

Gerlach -0117 , 

Kyle .0179 

Buffalo Valley 

Golconda 

.0034 

-0070 

Pumpernickel : 
i ’ Small pool -0362 

Outflow .0162 

Lee .0166 

a Corrected for 3.8-day half-life decay of 2 2 2 ~ .  
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4 

in track densities' in detectors away from the pools. 

of Buffalo Valley, relatively high track densities reflect the proximity of 

In the southern part 

the detectors to comparatively high-radioactivity rhyolitic tuffs which 
1 

W underlie valley alluvium and are the source of most of the ,alluvial material. 

With the exception of the hot springs-area and*a,single site northwest of 

the springs, the contoured xadon track density iield (Figure 32) is fairly 
P 

featureless in the region surveyed. * .  Uranium*c&tents of soil samples from 

track-detector holes do not correlate with alpha-track densities, indicating .. 
that a substantial portio 

than the soil s 
24 by Wollenberg . 

the radon measured comes from sources deeper 

(iv) Conclusions 

Radium preferentially associates with CaCO in the Nev 
3 

, .spring deposits. 

2)  Where siliceous and calcareous materials are mixed in a hot-spring 

deposit, the calcareous material has the highest radioactivity. 

3) 

4) 

Low-flowing CaCO -dominated spring systems are the most radioactive. 

Radon alpha-track detectors, presently used to delineate concealed 

3 

uranium deposits, are also sensitive to radon emanation levels associated 

wi ioactive geothermal systems. 

Tentatively, it may be concluded that waters in some of the CaCo - 3 

dominated hot-spring systems deposit 

springs. ' Most of the -222Rn observed 

of low-flowing 

from decay of 226Ra deposited on the spring walls. I 



c 

3 

h 

i 

IIIILLY 

? I ? 7 . -  
KILOMETERS 

' Fig. 32. Contours of radon alpha-track density (in tracks mm2, nonnalized to a 30-day 

L l l l  CI 

2 L 3 3 - 3  
,BB-7412-8761 

exbsure) in  Buffalo Valley.' - 
- 
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PART TWO: LONG-RANGE PROGRAM 

c geothermal resource qassessment, to *encompass 

expansion of the e~isting~program, describeddn 

lves, essentially,.the development..of tech- 
E 

niques for asses 

regions of contrasting geologic characte 

able, studies can be conducted concurrently in parallelaoperafi,ons in at 

the hydrothermal liquid-dominated re-yurce, in. 

sufficient funds are avail- 

. 

least four regions: the Imperial Valley; a region 

nary silicic volcanic 

Basin; an area of hi uch as north-central Nevada, 

or parts of southeastern Or of active tectonism, but of 

relatively normal heat 

Great Basin. 

in the central 

In this secti ned, their time sequence 

arranged, and their 

least four regions: the Imperial Valley; a region 

nary silicic volcanic 

Basin; an area of hi uch as north-central Nevada, 

or parts of southeastern Or of active tectonism, but of 

relatively normal heat 

Great Basin. 

in the central 

In this secti ned, their time sequence 

arranged, and their 

B. Activities 

Activities encompass almost the ._ full of geoscience techniques, 

surface geological, geophysical, and geo- . 

chemical surveys, to shallow, intermediate, and deep drilling. .Concurrently 

otograp . -  

n 
for chemical and 

5. ermination of physical properties 



geophysical and ge6chemical techniques have been described in some detail 

in the preceding sections on the status of field acti 

along w i t h  the outline, amplification kill be given 

illing, hydrogeologic techniques, reservoir monitor 

velopment wherein industry can play a kjor role. ' These aspects have not 

been covered in sufficient. dktail in preceding sections 

VITIES 1. OUTLINE OF 

I, Geologic Techniques 

A.." Structural Analysis 

1: Airphoto coverage 

Low sun angle: Regional high altitude 
Local low altitude 

High sun angle: Regional high altitude 
Local low altitude 

B. Geologic Mapping 

1. Photo interpretation confirmation 

2. Lithologic contacts 

3. Igneous relationships 

C. Age Dating (see geochemical) 

Geophysical Techniques (includes reservoir monitoring 'applications 1 

A. Resistivity 

If, 

.i 
L 

1. Indvced currents : bipole-dipole 

2. Tellurics Y 

3. Magnetotellurics 

3. Self Potential 

C. Electromagnetics 

-D. Magnetics 
P 
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E. Gravity 

F. Seismic 

x c 

. ,  

L 

c 

1. Microearthquakes 

2. Seismic noise 

G. Heat flow (see drilling) 

H. Airborne Multispectral 

1. Infrared 

2. Microwave 

I. Radiometrics (see geochemical) 

Above includes data acquisition, d reduction, modeling, interpretation, 

and report. 

111. Geochemical Techniques(a detailed plan wi 

1344, "A Recommended- Program in Geotherma 

A. 

ts * I  is provided in WASH- 

Spring and well sampling an 

1. Hot springs major elements 

2. Cold springs 

* 

5; 

., 

D- Acre Dating 
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1. K/Ar 

2. Rb/Sr 

3. Fission track 

E. Isotope Ratioing 
j . ~. . .  . .  . . 

Hydrogen 

F. Analyses of heat flow hole samples 

G. Analyses of calibration hole samples 

H. Analyses of deep test wells - 

Ftare-gas sampling and analyses 

IV. Drilling 

A. Heat Flow Holes 

1. Logs 
Natural gamma, moisture, resistivity, self potential, tempera- 
ture, caliper, lithologic 

2. Samples I 

Cuttings, cores, water 

3. Repeated temperature measurements 

4. Lab analyses 
Thermal conductivities 
Chemical analyses of cuttings, cores, water (see geochemical) 

B. Calibration Test Holes 
Same sequence as above, plus physical propert 
sonic, sidewall sampling * 

.* 

C. Deep Test Wells 

1. High temperature logging 

2. Flow tests 

Y 

V. Hydrogeologic Techniques 

A. Modeling Studies; develop models 
Variables: temperature, pressure, porosity, permeability, lithology, 

flow rate 
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td 

B. Test -Hole Data 
t flow holes, ation holes, and deep test weil. 

VI, Reservoir Monitoring at an Existing Resource Site 
m 

Surface Measur 

s 1. Resistivity 

2. Microear 

B. S face Me me 

oducing wells 

t -' 

deep resistivities estima 

telluric measurements. 

. .  
An understanding of the lithology and physical 
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properties of near surface and deep alluvial material, Tertiary sedimentary 

and Volcahic rocks, and pre-Ter 

pretation and evaluati s 

from these calibration holes, from shallower heat flow holes, and results of 

surface geological and geophysical surveys shall 

choose the locations for one or more deep test wells. 

Holes will be 500 to 1500 meters deep, depths to depend upon site 

geologic setting and drillin ditions. Hole diameter- wiil be slim, 

5 to 6 inches. Provision wi made for coring at -30-m intervals; 

push or pitcher samples in alluvial material, diamond drill cores in sub- 

alluvial bedrock. Where available, samples of fluids encountered will be 

obtained for subsequent laboratory geochemical studies. 

I 

Such studies on 

cores and fluids will help calibrate proposed geothermometers, especially 

those based on trace elements. 

logging will include active and passive radiometrics, sonic, electrical 

and temperature measurements. 

Upon completion of drilling, downhole 

Holes will be completed so that access 

remains for subsequent logging, either in lined or unlined portions of the 

holes. 

Other activities in connection with the calibration drilling include 

measurements of rock pr 

oratory data: Rock p 

retation of do 
a - 

~. 
cbnductivity 8 +rosity and pe 9 

detailed comparison of subsur 

structure with r 

The decision 
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similar to those in the calibration holes, will.be-conducted in the deep 

On completion and perforation,, well production will be tested, 
r C I  

the site is determined viabler a second,well will $e drilled-for re- 

0 njection of fluids, associated-with a field .test facility. 

b.. Hydrogeologic Techniques 

Successful assessment of a geothermal resource requires an understanding 

f its hydrogeologic setting, - and the effects of production - of fluids on the 

setting. Computer modeling studies - are underway to test the-effects.of 

production onsseveral parameters in a confirmed reservoir. 

clude proportions of liquid and vapor phases, temperature, pressure, - porosity, 

--- - __ - 
Variables in- 

permeability, lithology and fl 

matrix is used,in the model, 

end magnitudes of effects of 

imensional finite-element 
-- 

- 
on the above parameters. 

- 

When the confirmed reservoir models are successfully refined, the study will 

a1 replenishment of 

odels will-be Gatisfac- 

itor the configuration, I .  volume, 
c 

rn 

3 

' us, hydrothermal- resource types. 

the-9ysers-Clear Lake,and Imperial 

lley areas..-The latter _ -  area affords many opportunitiesrto develop mon- 
T------- 

itoring methods at sites of widely varying salinity and temperature. - (  
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Surface tehniques include.continuous or periodic monitoring of apparent __ ._ 

resistivity at depth on a grid pattern, incorporating a fixed bipole-dipole 

. array, ,and dipole-dipo1e"transects. Changes in the subsurface _- .___ 
- .  -. -. ._ 

resistivity configuration, .if occurring, will be correlated with well pro- 
- 

duction data. Concurrently, microseismic activity, both microearthquake 
c _ -  -_lr.--..- 

and noise, as well as teleseimic activity, will be monitored by a fixed 

.telemetered geophone array. 

face techniques, producing wells will be logged periodically, and side- 

wall samples of material from the producing zone analyzed to observe changes 

-.1 ----------... 

To furnish a baseline for evaIwtion of sur- 
4 - 

+ " r _  __- .-__ I-, -- *--. % 

formation properties. 

d. Industrial R and D Projects 

Of pertinent importance to the successful assessment of geothermal 

resources are problems associated with logging and sampling in high temper- 

ature, downhole environments. 

to attack these problems, and design and construct equipment and components 

capable of obtaining meaningful data and samples in regimes where tempera- 

tures exceed 150 to 250°C. This program should begin with a survey of the 

states of the art of downhole logging and sampling, critical areas defined, 

and projects scoped to develop and test components at existing sites of 

varying properties. 

, \ 

Sectors of industry should be encouraged . 
I 

L. 2 

-. i 

C. Time Sequence of Activities 

The accompanying chart illustrates the sequence of activities for 

B '  
fiscal years 1976-1980 at a site characteristic of'a given geothermal 

resource. The headings are keyed to the outline of activities fn'the 

- preceding section. The time period encompasses six years,-though'inspection 

of t he  Chart indicates that most of the program at a site-can be 
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TIME CHART 

Time chart of activities at a site characteristic of a given resource. Fiscal Years 

A. Literature search 
B. Structural analysis 

€3. Rock sampling 

H. Heat flow 
I. Calibrati 



IV. Drilling (including logging. samw 
ling. data analyses) 

A.- Heat flow holes 
B , Calibration test holes . Deep test wells 8 

a n d I V A a n d B .  

A .  Modeling studies 
B. Borehole data 

1. Resistivity grid 
2, Seismic grid 

. B . Subsurface measurements 
1. Continuous logging 
2. Periodic sampling and 

I analyses 

VII. Industry R and D Projects 

A,  Hostile environment loggink . Survey State of A r t  
R and D project 

1, Survey State of Art 
2. R and D project 

n-hole sampling ! 

FY76 - 
TIME CHART 

I FY77 FY78 - 

".. I x- 

I 

luMxxJL 

FM9 - 

I 

. .  
~. . 

. I  
I . . ,1. ' .  

FY80 
7 

. .  *._" . 
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accomplished within five years. 

activities be conducted at at least one site in each of four geothermal 

resource types. 

It is proposed that this sequence of 

At one resource-type area, northern Nevada, a large segment 

western margin of the Great .Basin in an area characterized by Tertiary and 

Quaternary silicic volcanic activity, the USGS is conducting an in-depth 

Similar programs, where the resources and expertise of ERDA laboratories 

may be utilized, e in their early sta 

Geysers-Clear Lak areas of California. 

the end of the fourth year. 

Table 7. Here operations are carried o 

sites. The e begins with parallel operations at two sites, and 

rallel operations commence 

ic mode of the two, 

illing materials could 

advantage of the stretched- 

rogram, operating in periods 

cost escalation has 

res are in 1975 dollars. 



Table 6 
BUDGET - RESOURCE ASSESSMENT 

NORMAL SCHEDULE 
(in thousands of 1975 dollars) 
Four Sites - Parallel Operation 

Fiscal Year 
1979 - 1978 - 1977 - 1976 - - 1980 Subtotal 

I. Geologic Techniques 1,160 560 600 

1,950 2,900 2,950 11. Geophysical Techniques 

111. Geochemical Techniques 

IV. Drilling 

V. Hydrogeobgic Techniques 

VI. Reservoir Monitoring 

7,800 

,210 
I 
a, 
I 

15,700 00 

350 2,875 ' 

2,900 

500 - 

350 $32,145 

350 450 300 110 

1,700 6,500 7,500 

425 700 700 700 

650 900 900 450 

130 250 - 120 
- I  - VII. Industry R and D projects 

TOTAL 5,765 12,300 12,470 1,260 

P 5-year Total $32.145 M 
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