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ABSTRACT 

Three prec is ion  (- O.O0loC), continuous (0.6 
m sensing i n t e r v a l  ) temperature 1 ogs (7/25/79, 
7/27/79, and 10/19/79) were obtained i n  Ph i l  1 i p s  
Petroleum Company's deep (2931 m) geothermal we1 1 
823-1 (39"45.6'N, 118"55.6'W, e leva t ion  1393 m) a 
few months a f t e r  completion o f  d r i l l i n g  
(5/24/79). The measurements were made i n  a small 
diameter (6.2 cm I.D.) tub ing capped a t  t h e  bottom 
and extending from t h e  surface t o  near t o t a l  depth 
i n  the  ho le  which ranged i n  diameter down t o  20 
cm. A 34 cm (O.D.) casing was cemented i n t o  p lace 
i n  the upper 901 m o f  the hole. The remainder o f  
the  hole was open, a l low ing  t h e  exchange o f  f l u i d s  
among t h e  many permeable zones encountered dur ing  
d r i l l i n g .  Analysis o f  the  temperature logs 
suggest t h e  fo l lowing:  (1) The l i n e a r i t y  of t h e  
t empe r- 
a ture  p l o t  i n  the i n t e r v a l  200-900 m ( a f t e r  
a l lowing f o r  decay o f  the d r i l l i n g  disturbance) 
suggests t h e  existence o f  a h drothermal system o f  

The h iqh  
gradient  (-18OoC/Km) and h igh  heat f l o w  (> 5 
microcal/cm2 sec) i n  t h i s  i n t e r v a l  requ i re  t h a t  
heat be t ranspor ted convect ive ly  t o  the  base o f  
t h i s  i n t e r v a l .  (2) The i n t e r v a l  between about 900 
and 1300 m e x h i b i t s  anomalous warming s ince 
d r i l l i n g .  Although some o f  t h i s  warming 
represents decay o f  t h e  thermal disturbance due t o  
invas ion o f  cool d r i l l i n g  f l u i d s ,  a par t  o f  i t  may 
represent an invas ion o f  hot  water i n t o  the hole 
which then descends along t h e  hole and e x i t s  i n t o  
many permeable zones a t  greater  depth. This 
could, o f  course, obscure the  t r u e  nature o f  t h e  
thermal regime o f  the  rocks surrounding the  lower 
p a r t  of t h e  hole. 

considerable a n t i q u i t y  (> 10 35 years). 

INTRODUCTION 

A considerable e f f o r t  has been made i n  t h e  
exp lo ra t ion  f o r  geothermal resources i n  the area 
i n  western Nevada approximately 80 km east o f  
Reno. Located i n  the  Hot Springs Mountains, t h e  
Desert Peak geothermal system encompasses an area 
o f  roughly 250 sq. km. It was o r i g i n a l l y  
discovered by P h i l 1  i p s  Petroleum Company wh i le  
d r i l l i n g  temperature-gradient holes near Brady's 
Hot Springs, about 15 km t o  t h e  northwest. 
Subsequent d r i l l i n g  i n  the  Desert Peak area 
establ ished i t  as a separate system. Evaluat ion 
o f  t h i s  thermal anomaly was p a r t i a l l y  funded by 
t h e  Department o f  Energy and much o f  t h e  
in fo rmat ion  gathered a t  t h i s  s i t e  has been, o r  i s  

being, released (e.g., Renoit, 1978; Benoi t  e t  
a1 . , 1980; Sethi and F e r t l  , 1979). 

Although there  i s  a considerable q u a n t i t y  o f  
data t h a t  could be examined, our a t t e n t i o n  i s  
r e s t r i c t e d  t o  the i n t e r p r e t a t i o n  o f  th ree  
prec is ion  temperature logs t h a t  we obtained 
several months a f t e r  d r i l l i n g  i n  the deepest o f  
the  exploratory  we1 1 s ( P h i l  1 i p s  Petroleum Company 
823-1). The r e s u l t s  are o f  i n t e r e s t  because they 
show t h a t  the f i n e  s t r u c t u r e  o f  t h e  temperature 
v a r i a t i o n  w i t h  depth can be r e l i a b l y  and 
repeatably obtained i n  a deep, high-temperature 
(-205°C) environment, and t h a t  t h i s  f i n e  s t r u c t u r e  
can y i e l d  useful in format ion about cond i t ions  i n  
and immediately surrounding t h e  hole. 

EXPERIMENTAL PROCEDURES AND UNCERTAINTIES 

The logging system consis ts  o f  a thermis to r  
lowered a t  the  end o f  a steel-armored, 4- 
conductor, te f lon- insu la ted  cable. The res is tance 
o f  the  thermistor  i s  d i g i t a l l y  recorded a t  t h e  
surface. When mal funct ions occurred they were 
usua l ly  the r e s u l t  o f  leakage a t  t h e  cable head 
which connects the  probe conta in ing t h e  thermis to r  
t o  the  cable. I n  logg ing  823-1, t h e  f i l l e r  
between the  leads and the armor charred, thus 
making i t  d i f f i c u l t  t o  rehead the  cable. Our 
problem i s  reminiscent o f  t h a t  encountered by 
Mathews e t  a l .  (1981) i n  a more extreme 
environment. Uncer ta in t ies due t o  convection i n  
the  hole and other no ise are discussed elsewhere 
(Diment and Urban, 1982). 

ANALYSIS OF TEMPERATURE LOGS 

The general c h a r a c t e r i s t i c s  o f  t h e  
temperature and temperature gradient p r o f i  1 es are 
i l l u s t r a t e d  i n  F igure 1. These p r o f i l e s  can be 
d iv ided roughly i n t o  th ree  par ts :  (1 )  a near- 
surface zone (0-900 m) o f  h igh  but r a t h e r  un i fo rm 
gradient, which s h a l l  be r e f e r r e d  t o  as t h e  
"conductive cap"; (2) a zone o f  h igh temperatures 
and var iab le  gradients, here termed t h e  " i n j e c t i o n  
zone" (900-1300 m); and (3)  a zone o f  h igh  
temperature, but  o f  low o r  even negat ive 
gradients, here termed the "reservoir." I n  
discussing these zones, we r e l y  heav i l y  on t h e  
summaries o f  Seth i  and F e r t l  (1979) and Benoi t  e t  
a1 . (1980). 

The "conducti ve cap'' appears conductive i n  
t h e  sense t h a t  t h e  temperature p r o f i l e s  are r a t h e r  
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Figure 1. Temperature l o g  (T) recorded a t  0.6 m 
i n t e r v a l s  i n  Desert Peak w e l l  B 23-1 on 
10/19/79. Temperature gradients  (G) were 
determined over 20 m i n t e r v a l  s. 
dif ferences (D) represent T (10/19/79) minus T 
(7/25/79). No attempt has been made t o  remove 
spikes due t o  e l e c t r i c a l  noise. So l id  hor izon ta l  
l i n e s  separate major geologic u n i t s  which are 
designated by numbers (Table 1) .  Level A i s  t h e  
base o f  the casing (901 m) which i s  c lose t o  a 
zone o f  l o s t  c i r c u l a t i o n  (928 m). Level B (1036 
m) i s  a major zone o f  porous rock w i t h  low 
formation pressure (Seth i  and F e r t l  , 1979, p.  
11). A l l  depths are r e l a t i v e  t o  ground l e v e l  
which i s  8 m below t h e  Ke l ley  bushing. 

Temperature 

l i n e a r  (Fig. 1 )  and would be more so i f  a 
c o r r e c t i o n  f o r  t h e  d r i l l i n g  disturbance were 
applied. Note t h a t  the cross over po in t  i n  the 
cool ing/heat ing h i s t o r y  (Figs. 1 and 3) i s  near 
350 m. Also note t h a t  t h i s  i s  the only  i n t e r v a l  
i n  t h e  hole i n  which a cemented casing (0-901 m) 
prevents exchange o f  f l u i d s  among aqui fers  . 
S i l i c i f i e d  zones i n  t h i s  i n t e r v a l  a t t e s t  t o  past 
geothermal a c t i v i t y .  Zones o f  hot-water f l o w  a t  
s h a l l  ow depths nearby i n d i c a t e  present 
hydrot hemal  a c t i v i t y  (Benoi t , 1978) . Judging 
from t h e  l i n e a r i t y  o f  t h e  p r o f i l e  i n  B23-1, t h e  
temperature a t  t h e  base o f  t h e  cap has been ra ther  
uniform f o r  some time. Given the  ca lcu la t ions  
t h a t  we made i n  est imat ing t h e  age o f  The Geysers 
Steam f i e l d  (Urban e t  al., 1976, Fig. 4), t h e  
temperature o f  t h e  base o f  t h e  cap has maintained 
near- i t s  present leve l  f o r  a t  l e a s t  l o 3  years and 
poss ib ly  much longer. The heat f l u x  through t h e  
cap i s  so l a r g e  (-18O0C/krn x - 2  + m i l l i c a l / c m  
sec. "C = -5 + mic ro  cal/cm sec) and the  
gradient  below i t  so low, t h a t  heat must be 
de l i vered  t o  the  base o f  the  cap by the f low of 
hot water. 

The behavior o f  the " i n j e c t i o n  zone'' i s  
compl ex. Given t h e  considerable r i s e  i n  
temperature i n  t h e  i n j e c t i o n  zone between 7/25/79 
and 10/19/79 (Figs. 1 and 3), it i s  probable t h a t  
the temperatures w i l l  increase fu r ther .  How much 
more they w i l l  increase i s  d i f f i c u l t  t o  estimate, 
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because the e f f e c t  o f  the  invas ion o f  d r i l l i n g  
f l u i d  i n t o  permeable formations can be la rge  and 
1 ong- last ing (e.g., Nathenson e t  a1 . , 1980) . 
Moreover, we are no t  sure t h a t  our temperature 
logs  made i n  the  tub ing r e f l e c t  t h e  t r u e  range o f  
temperatures i n  the ou ter  regions o f  the hole. 
Temperature logs  i n  some o t h e r  i n j e c t i o n  zones, as 
sensed both i n  small diameter holes (e.g., Diment 
e t  al., 1980) and i n  l a r g e  diameter holes (e.g., 
Diment, 1980, Fig. 2.3), exh i  b i t  la rge  temperature 
var ia t ions  (several degrees) over shor t  i n t e r v a l s  
o f  depth (several meters). 
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Figure 2. w)' obtained i n  Desert Peak w e l l  823-1 on 
the  dates ind icated.  See F igure  1 f o r  explanat ion 
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F i  u re  3 Temperature d i f fe rences  between logs  + o t a  ned i n  Desert Peak w e l l  823-1 on t h e  dates 
indicated. See F igure 1 f o r  explanat ion of 
symbol s o  
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We suggest t h a t  hot water i s  cascading down 
the hole from various permeable i n t e r v a l s  i n  t h e  
i n j e c t i o n  zone and t h a t  t h i s  has lead t o  the 
decreasing gradients w i t h  t ime i n  the reg ion 
immediately below the i n j e c t i o n  zone (Fig. 2). It 
a lso appears t h a t  t h e  maximum temperature i n  t h e  
upper p a r t  o f  the hole (<ZOO m) may occur 
u l t i m a t e l y  a t  l e v e l  B, w i t h  an "equ i l ib r ium"  
temperature p r o f i l e  being near ly  l i n e a r  from 200 m 
t o  l e v e l  B (1034 m) and thence dec l in ing.  

The " reservo i r "  extends from near the  base of 
u n i t  4 (1288 m) near ly  t o  the bottom of t h e  
hole. The zone i s  marked by r e l a t i v e l y  h igh 
temperatures and low thermal gradients. The 
temperatures and the  temperature gradients  (Fig. 
2) change w i t h  t ime i n  a manner t h a t  cannot be 
explained i n  terms o f  the  conductive thermal -decay 
o f  the d r i l l i n g  disturbance. They are, however, 
expla inable i n  terms o f  a hot f l u i d  f low ing  
downward through t h e  hole and f lowing out a t  
various l e v e l s  o f  low pressure and h igh  
permeabi 1 i ty; many such i n t e r v a l  s were documented 
i n  t h e  process o f  d r i l l i n g  (Benoit e t  al. ,  1980). 

The temperature p r o f i l e  may be r a t h e r  l i k e  
t h a t  observed by Blackwell  and Morgan (1976) i n  a 
deep geothermal w e l l  (MGE No. 1 )  near Marysv i l le ,  
Montana. The form o f  the  temperature-depth curve 
i s  s i m i l a r  t o  t h a t  i n  B23-1, although t h e  
amplitude i s  not. Moreover, the changes o f  t h e  
temperature curves w i t h  t ime a f t e r  d r i l l i n g  are 
s i m i l a r  (Blackwell  and Morgan, 1976, Fig. 5). 
Flow v e l o c i t y  logs  obtained i n  MGE No. 1 i n d i c a t e  
a la rge  downward f l o w  o f  water from f rac tu res  from 
900 t o  1100 m. The " reservo i rs "  i n  both holes are 
l a r g e l y  i n  g r a n i t i c  rocks, and both holes, most ly  
uncased, a r e  sub-hydrostat ic a t  the  we1 1-head. 

The t r u e  rock temperatures i n  the  " reservo i r "  
are not known. They are  l e s s  than those ind ica ted  
by the  temperature logs a t  leas t  t o  a depth o f  
about 2700 m where the  measured gradient  tu rns  
m i l d l y  p o s i t i v e  (14"C/km, Benoit e t  al., 1980, p. 
16). The question i s :  How much less?  

An a l t e r n a t i v e  speculat ion i s  t h a t  t h e  
" reservo i  rl' i s a weakly devel oped vapor-domi nated 
system (e.g., White e t  al., 1971) whose i d e n t i t y  
has been masked by the d r i l l i n g  process, t h a t  
invo lved d r i l l i n g  w i t h  mud t o  927 m, w i t h  water t o  
2800 m, and w i t h  aerated water t o  the bottom 
(Benoit e t  al . ,  1980). I n  the  well-known vapor- 
dominated system a t  The Geysers, t h e  temperature 
and pressure i n  the main steam r e s e r v o i r  (> 1500 
m) a r e  240°C and 40 bars (near the  maximum 
enthalpy o f  steam). 

CONCLUSIONS 

With a l i t t l e  b i t  o f  luck and considerable 
a t t e n t i o n  t o  d e t a i l  , prec is ion  temperature logs 
can be obtained i n  h igh  temperature environments 
(-200OC) w i t h  modern, l a r g e l y  off-the-she1 f 
components. Prec is ion temperature logs, 
e s p e c i a l l y  when repeated so t h a t  temperature 
d i f fe rence logs can be constructed, may prov ide 
usefu l  in fo rmat ion  about the motion o f  f l u i d s  
w i t h i n  and surrounding a hole. 

Table 1. Major qeologic u n i t s  encountered i n  
w e l l  B 23-1 (abst racted from P h i l l i p s  Petroleum 

Co., 1979, Fig. 9; and Benoit e t  a1 ., 1980, Fig. 
5) 

INTERVAL (M) GEOLOGIC UNIT 

0-1 2 

12-69 

69-404 

404-1 288 

1288-1 71 9 

171 9-221 6 

221 6- 2939 

Sand, gravel and boulders 

Lacust r ine sediments o f  
P1 iocene Trukee Formation 
occasional s i  1 i c i f  i c a t  i o n  . 
Basalt,  b a s a l t i c  andesite, and 
andesite o f  Chloropagus 
Format ion. 

Andes i t  i c  t o  rhyol  i t i c  ash- 
f low t u f f s  - Miocene. Basal 
20 m contains gravel ,  
t a l u s ( ? ) ,  s o i l ( ? ) ,  and both 
p h y l l i t e  and volcanic chips. 

Metamorphosed Mesozoic 
sedimentary rocks, 
predominately phyl l i t e .  

Roughly equal amounts o f  
g ran i te  and c h l o r i t e  s c h i s t  
and c h l o r i t e  s c h i s t  and 
horn fe ls  . 
Most ly  g r a n i t e  t o  T.D. (2939 
m) 

The hydrothermal system near Desert Peak, as 
revealed by temperature logs and other in fo rmat ion  
obtained from we l l  B23-1, appears s i m i l a r  t o  many 
others i n  the sense t h a t :  (1) the temperature 
f i e l d  i s  dominated by the sub-horizontal f l o w  o f  
anomalously hot  water along a confined aqu i fe r  o f  
l i m i t e d  th ickness t h a t  owes i t s  source o f  hot 
water t o  an adjacent condui t  which taps a deeper 
high-temperature reservo i r  and (2)  t h e  probable 
movement o f  water down t h e  hole obscures t h e  t r u e  
nature o f  the thermal regime below the  h iqh 
temperature aqu i fe r  t h a t  provides t h e  descendinq 
hot water. 
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