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EAST MESA GEOTHERMAL ANOMALY , IMPERIAL COUNTY, CALIFORNIA: 
SIGNIFICANCE OF TEMPERATURES I N  A DEEP DRILL HOLE 

NEAR THERMAL EQUILLBRIUM 

T. C. Urban, W. H. Diment and Manuel Nathenson 

U. S. Geological Survey 
Menlo Park, C a l i f o r n i a  94025 

Abstract. 
i n  U.S. Bureau o f  Reclamation d r i l l  ho le  Mesa 31-1 
(32048.6'N,115015.7'W) a t  East Mesa t o  a depth o f  
1880 m. Comparison o f  logs taken some two months 
apar t  and near ly  a year a f t e r  t h e  product ion 
t e s t i n g  suggests t h e  ho le  i s  close t o  thermal 
equi l ibr ium.  The thermal regime o f  t h e  hole i s  
character ized (1)  by h igh  gradients  which predomi- 
nate i n  the  conductive cap (0-840 m) and are af fec-  
ted  by hydrologic disturbances t o  a t  l e a s t  150 m y  
(2) by a sharp decrease i n  g rad ien t  a t  the  base o f  
the cap (Q 840 m) , ( 3 )  by a un i fo rmly  low gradient  
(Q 400C/km) below the  cap except near t h e  per fora-  
ted  zones (below 1650 m) , and (4) by small convec- 
t i v e  motions w i t h i n  the ho le  as ind ica ted  by tem- 
perature-t ime recordings. The observed low gradi -  
e n t  below the cap does n o t  necessar i ly  imply con- 
vect ion i n  a t h i c k  permeable medium. Instead, 
simple numerical models suggest t h e  grad ien t  could 
be the r e s u l t  o f  conductive heat ing  f rom a ho t  
permeable zone maintained by hor izon ta l  water move- 
ment near the base o f  t h e  cap. 

Prec is ion temperature logs  were obtained 

Experimental Deta i ls .  Temperature measurements 
were made using a glass-enclosed bead thermistor  
(50,000 ohms a t  25%) at tached t o  a Tef lon insu la -  
ted cable. Resistances and depths were sampled a t  
i n t e r v a l s  o f  0.6 m and recorded on punch-paper tape 
f o r  l a t e r  computer processing. 
ho le  was l o  ged downward a t  6 m/min through a 
l u b r i c a t o r  !well-head pressure 4 bars). 

The 20 cm cased 

Temperatures. The temperatures p l o t t e d  i n  F i  gure 1 
were used t o  ca lcu la te  t h e  gradients  over 20-m i n -  
t e r v a l s  by a l i n e a r  d i f f e r e n c i n g  o f  the observed 
data. A second log,  taken 72 days l a t e r ,  ind ica tes  
an average warming of t h e  ho le  by % 0 . 2 O C .  
s c a t t e r  ev ident  i n  the temperature d i f fe rences  
(Fig.  2) probably r e f l e c t s  v a r i a t i o n s  i n  condi t ions 
both i n s i d e  and outs ide the  casing. 

The 

High gradients (Fig.  1 )  predominate i n  the 
conductive cap and are a f f e c t e d  by hydro log ic  d is -  
turbances t o  a t  l e a s t  150 m and p o s s i b l y  t o  as 
great  a depth as 400 m (Diment, e t  al., 1977). The 
base o f  the cap (% 840 m) i s  marked by a sudden de- 
crease i n  the gradient  t o  % 4OOC/km. This  low gra- 
d i e n t  p e r s i s t s  throughout the remainder o f  the hole 
except near the per fo ra ted  zones below % 1650 m. 

Time-temperature recordings a t  seventeen 
depths exh i  b i  t temperature osci  11 a t i  ons o f  the type 
i l l u s t r a t e d  i n  Figure 3. 
o s c i l l a t i o n  i s  roughly p ropor t iona l  t o  the tempera- 
t u r e  g rad ien t  (G) a t  the depth o f  recording; and 
R/G i s  on t h e  order  o f  100 cm, a f a c t  f i r s t  noted 
by Diment (1967) and Gretener (1967) f o r  holes o f  
near ly  the same diameter (% 25 cm) b u t  o f  much 
lower gradients.  Taken as a whole t h e  o s c i l l a t i o n  
data suggests t h a t  the p r i n c i p a l  convect ive motions 
i n  holes near t h i s  diameter take p lace  over a ver- 
t i c a l  dimension on the order  o f  a ho le  diameter, 
and t h a t  t h i s  observat ion i s  v a l i d  a t  l e a s t  i n  the 
gradient  range 10 t o  3000C/km. 

The range (R) o f  the 

The temperature d i f ferences i n  Figure 2 a re  
anomalously l a r g e  i n  the i n t e r v a l  below the cap and 
above t h e  per fo ra ted  zones. Moreover, each of the  
logs i s  "noisy" i n  t h i s  i n t e r v a l  i n  the sense t h a t  
v a r i a t i o n s  o f  gradient  w i t h  depth as measured over 
shor t  i n t e r v a l s  are e n t i r e l y  too l a r g e  t o  be ex- 
p la ined by v a r i a t i o n  i n  rock types o r  convective 
motions o f  the  type discussed above. 
"no i  sy" i n t e r v a l  i s due t o  spurious e l  e c t r i  ca l  
noise. 
gime w i t h i n  t h e  ho le  t h a t  i s  caused by ascent of 
small q u a n t i t i e s  o f  gas from the  per fo ra ted  zone 
below 1650 m. 
produce some CO, a t  the  w e l l  head (Mathias, 1976). 

(Fig.  2)  may r e f l e c t  changing cond i t ions  outs ide of 
the  hole,  b u t  f u r t h e r  speculat ion i s  unwarranted i n  
view of t h e  experimental uncer ta in t ies .  For ex- 
ample, t h e  leakage r a t e  through t h e  l u b r i c a t o r ,  
although small, was n o t  constant when e i t h e r  l o g  
was obtained. Thus, some o f  the  d i f ferences are a 
consequence o f  smal l  d i f ferences i n  the p o s i t i o n  of  
the  f l u i d  column. 

Perhaps the 

Perhaps i t  represents a d i f f e r e n t  f low r e -  

A l l  the deep USBR holes a t  East !'lesa 

Some o ther  features o f  the d i f f e r e n c e  p l o t  

Discussion. The temperatures observed i n Mesa 31 -1 
(genera l ized as curve I 1  i n  F igure 4) pu t  con- 
s t r a i n t s  on the  thermal-hydrologic regime i n  t h i s  
p a r t  of t h e  East Mesa KGRA. The region below 840 m 
has been r e f e r r e d  t o  as a convect ive zone below the 
conductive cap (e.9. , Swanberg, 1976). Examination 
of the geophysical logs made i n  t h e  hole, however, 
ind ica tes  s i g n i f i c a n t  amounts of shale throughout 
the  sec t ion  below 840 m, which probably would re -  
s t r i c t  v e r t i c a l  f low t o  r e l a t i v e l y  small i n t e r v a l s .  
However, i f  i t  i s  assumed t h a t  v e r t i c a l  convection 
does occur below % 840 m and t h a t  heat t ransfer  i s  
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Figure 3. 
98 m and 87OC/km a t  122111. 

Temperature o s c i l l a t i o n s  i n  Mesa 31-1. The gradient i s  315OC/krn a t  

by conduction above, tile[] by ha1 anci ng the energy 
f lows i n  the "conductive" (curve I I b )  and "convec- 
t i v e "  regions and applying the analysis o f  
Bredehoeft and Papadopulos (1965), curve I11 i n  
Figure 4 i s  obtained. The ca lcu la ted  temperatures 
(curve 111) e x h i b i t  f a r  more curvature than i s  ob- 
served (curve I I c )  i n  Mesa 31-1. The ca lcu lat ions 
suggest t h a t  no v e r t i c a l  convection takes place a t  
Mesa 31-1 but  a t  the same t ime t e l l  us nothing 
about the r e s t  o f  the f i e l d .  Indeed, convection 
could take place i n  a f a u l t  zone a few ki lometers 
away and no curvature would probably be observed i n  
Mesa 31-1. 

- 

The evolut ion o f  the system t o  the observed 
data may be modeled by conductive heat ing from two 
h o t  permeable zones maintained by hor izonta l  water 
movement. The i n i t i a l  temperature d i s t r i b u t i o n  
(curve I )  i s  T = 25OC + 74.52, where Z i s  i n  k i l o -  
meters. The i n i t i a l  gradient (74.50C/km) i s  ob- 
ta ined from the observed surface i n t e r c e p t  and 
bottom hole temperature. Depending upon the 
thermal conduct iv i ty  assumed f o r  the  section, t h i s  
would correspond t o  a heat f low o f  2 t o  4 vcal/c& 
s. 
assuming plane heat sources a t  610 and 840 m 
(Carslaw and Jaeger, 1959, p. 100). Temperatures 
very c lose t o  those ohserved can be obtained w i t h  

The curves shown i n  Figure 4 were ca lcu lated 

such a hypothet ical  model i n  about 10,000 years. 
Although the d e t a i l s  o f  t h i s  model are probably i n -  
correct ,  the important p o i n t  i s  t h a t  many features 
o f  the temperature d i s t r i b u t i o n  i n  t h i s  and o ther  
we l ls  can be produced by conduction from a ho t  zone 
near the base o f  the  cap. 
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Figure 4.  Graphs showing hypo- 
thetical  evolution from an as- 
sumed i n i t i a l  temperature ( I )  
t o  an approximation of the ob- 
served prof i le  ( I I ) ,  assuming 
conductive heating from two 
hot, permeable zones near the 
base of the cap whose tempera- 
tures are maintained a t  con- 
stant values by horizontal 
water movement. The numbers 
represent the log 10 of the 
elapsed time i n  years since 
the formation of the hot 
zones. The  surface and bot- 
tom temperatures were he1 d 
constant a t  the i r  observed 
values. The thermal diffu-  
s i v i t y  is 0.01 c$/s. Curve 
I I1 represents the tempera- 
tures t h a t  should r e s u l t  i f  
convection occurred. 
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