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ABSTRACT 

The second phase of the Hot Dry Rock (HDR) 
Geothermal Developnent Program a t  Fenton H i l l ,  New 
Uexico, C0nSiSt.S of two boreholes, directionally- 
dr i l led i n  a northeast direction, inclined a t  an 
angle of 35'. with a vertical  separation of 365 m 
(1200 it). The two boreholes w i l l  be connected by 
12 t o  15 vertioal parallel fractures t o  make a 
geothermal r e se rvo i r  calculated t o  produce 20 
M e )  for 20 years. Accurate temperature measure- 
ments, borehole ca l ipe r  l ogs ,  and d i r ec t iona l  
surveys are required for the successful develop- 
ment and operation o f  t h i s  man-made system. 
Obtaining these da t a  is extremely d i f f i c u l t  
because of the bottom hole s t a t i c  temperature of 
335'C (635'F) a t  a depth of 4660 m (15,289 f t) ,  
the 35' deviation, the abrasive fornation, and the 
presence of sticky dr i l l ing residue products. 

The effor ts  of Dresser-Atlas, Sperry-Sun, and 
the Geoscience Instrunentation Group of the Los 
Alanos National Laboratory during July, August, 
and September 1980, t o  obtain these data are pre- 
sented as  a case history. The temperature logs 
and borehole directional survey produced r ea l i s t i c  
results;  b u t  the borehole caliper measurements 
Yere inconsis tent  and unrel iable ,  due t o  the 
dtvelopnental stage of the caliper tools. 

s m l 4  c 

1000 0 
DISTANCE (m) 

Figure 1. Elevation of Holes EE-2 and EE-3 of the 
Phase I1 reservoir system. Vertical 
f r a c t u r e s  w i l l  be created from the 
lower Hole EE-2, extending upward t o  
intersect Hole EE-3. 

XNTRODUCTION 
The dr i l l ing r i g  was skidded 46 m (150 f t )  t o  

D r i l l i n g  of EE-2 a t  the Fenton H i l l  S i te  i n  the west i n  Way 1980 when EE-2 uas completed, and 
northern New Uexico was begun i n  April 1979 and the dr i l l ing of EE-3 began. Deviation of EE-3 
concluded i n  Hay 1980, et a depth of 4660 m egan a t  a depth of 1707 m (5600 f t )  i n  the 
(15,289 ft) .  The hole  as dril led wi th  31.1-Cm 1.1-cm (12-1/4-in.) hole. Completion is sched- 
(12-1/4-in.) tungsten carbide button b i t s  t o  a uled for summer 1981 a t  a depth of 4420 m (14,500 
depth of 3530 m (11,580 It) and then completed It). The 22.24111 (8-3/4-in.I open-hole section 
With 22.2-a (8-3/4-in.) bits. Kickoff point for will begin a t  about 3231 m (10,600 i t) ,  with 
the deviated section of the hole was 1981 m (6500 24.4-cm (9-5/8-in.) casing being s e t  t o  t h a t  
It), and 24.4-cm (93/8-in.) casing was s e t  to  a 
depth of 3529 m (11,578 It). Tbe open-hole well 
bore below the casing ihoe w i l l  constitute the W I N G  REQUIREUENTS 
heat transfer zone (Brittenham, 1980) (Figure 1). 

Directiona1,requirtments for EE-3 are quite 
Direction of EE-2 during d r i l l i n g  was stringent: the hole has to  be very close t o  the 

controlled by Scientific D r i l l i n g  Control's "EYE" same azimuthal direction a s  e - 2 ,  located about 
steering tool, and uas corroborated by Eastman- 366 m (1200 It) directly above it and a t  the same 
Whipstock Type E single-shot surveys taken every inclination of 35' from the vertical. In order to  
20 m (60 f t ) .  achieve t h i s ,  the location of EE-2 had to  be 
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accurately determined by an indbpendent survey 
(Yolff , 1980). I n  most directionally dr i l led  
wells, the dr i l le r  is given a TD target and he 
directs  the hole to h i t  that  target,  without much 
regard for  the  path by which t h e  t a rge t  1s 
reached. But  i n  dr i l l ing EE-3, the dr i l led path 
is also the target,  as it has t o  parallel  the 
previously dr i l led EE-2. 

The temperature gradient  and an accurate 
. ca l ipe r  survey fo r  determination of s t r add le  

packer sett ing points are considered IndiSpenSible 
measurements for the successful developent of the 
reservoir system. 

The extremely d i f f icu l t  borehole conditions 
encountered i n  logging EE-2 are: 

(1  high temperature -- approximately 335OC 
(635OF) BHST: 

(2) deviated borehole -- 35' from vertical: 
(3) depth - dri l led depth of 4660 m (15.289 

f t ) ,  vertlcal  depth of 4378 m (14,362 
f t ) ;  and 

I 

(4)  extremely abrasive granitio rock. 

In addition, the louer half of the borehole 
i s  f i l l ed  with a mixture of water, thread dope 
(canpound used on d r i l l  pipe threads), pipe scale 
and cuttings. Torq Trim residue (a tri-glyceride 
canpound used as e l ub r i can t  to  reduce fr ic t ion 
between the borehole and d r i l l  p ipe) ,  and broken, 
ground up, rubber protectors used around the d r i l l  
pipe t o  prevent excessive war  on the Intermediate 
casing s t r ing .  

Inqui r ies  were made among the commercial 
logging companies to  locate tools that  could per- 
form t h i s  work a t  elevated temperatures. 

Dresser-Atlas indicated they could perform 
t h e  temperature and a 4-arm caliper log with their  
special high-temperature cable; Sperry-Sun made 
arrangements t o  operate their  gyroscopic oultishot 
d i r ec t iona l  survey too l  on the  Dresser-Atlas 
cable. 

The Geoscience Instrunentation Group a t  Los 
Alamos Uational Laboratory a l so  surveyed t h i s  
borehole with a self-contained temperature tool on 
a slick-wire cable; ul th  a three-arm caliper,  and 
with a temperature tool on a high-temperature 
?-conductor cable. 

LOGGING OPERATIONS 

Dresser-Atlas 

logging operations i n  EE-2 were conducted 
August 6-8, 1980 by Dresser-Atlas and Sperry-Sun. 
Dresser-Atlas (D-A) ran a temperature log followed 
by a 4-arm caliper tool on their  special high- 
temperature cable. 

The D-A continuous temperature murvey was 
conducted going down EE-2 at o logging rate of 30 
to 46 &lain. (100 t o  150 f t /min) .  Temperature 

cable malfunction. 

logging continued t o  a depth of 
ft) and was terminated a t  32pC 

A feu hundred feet  of cable was cut off and 
an attempt was then made t o  log EE-2 with the D-A 
+arm caliper. A malfunction due to  faulty cable 
again occurred a t  about 1829 m (6000 f t )  going i n  
the borehole and required more cable to  be cut 
Off. By t h i s  t h e ,  305 m (1000 It) of' cable had 
been discarded, and D-A decided to  run their  4-arm 
caliper tool which logs going down t h e  borehole. 
After one more cable malfunction h e r e  61 m (200 
f t )  more of cable Ya5 c u t  off ,  a successful r u n  
was made i n  the open borehole t o  4285 m (14,058 
ft) where the tool was overcane by heat. The 
bottm of the casing was detected a t  3529 m 
(11,578 ft .) .  me cable i t s e l f  remained usable. 

Sperry-Sun 

Following the  D-A logging operations.  
Sperry-Sun conducted a gyroscopic multiahot direc- 
tional survey using the D-A cable. The multi-shot 
camera was s e t  t o  take photos every 20 8. A t  
1 0 4 i n  intervals, a 3 4 i n  stop permitted recording 
of the precession of the gyro. Ihe instrment  uas 
entirely self-contained , uithout surface readout , 
so cable shorts could not cause failure. 

Ihe su rvey  was colnpleted i n  two runs because 
of a film limitation. The f i r s t  run was t o  3719 m 
(12,200 f t ) ,  and the second, with a tiuec-station 
overlap, went from 3650 t o  4633 m (12,000 t o  
15,200 it). The gyro package was protected by a 
heat shield and a heat s i n k ;  the camera and l igh ts  
were battery operated. 

L o s  Alamos Geoscience Instrumentation Group 

the Geoscience Instrumentation Group ( G I G )  
logged EE-2 with continuous temperature su rveys  on 
J u l y  30 and August 12, 1980 t o  to ta l  depth (TI)) of 
4661 m (15,289 f t ) .  A s l i g h t  f luid invasion into 
the cable head was found during the second run 
(August 12, 1980), b u t  t h i s  was not considered 
serious or detrimental t o  the temperature results. 
P a r t  of t h i s  Well -8 also logged on August 18, 
1980 with t m  Kuster temperature probes using a 
s l ick  l ine.  The temperature rating of these 
Kuster probes was not high enough t o  allow logging 
below 4115 m (13,500 it). 

A +arm (independent arm readings) caliper 
survey was f u n  on Septtmber 1 1 ,  1980. Temperature 
problems and arm re t r ac t ion  malfunctions Mere 
encountered with the  ca l ipe r  too l  during t h e  
logging on t w o  separate runs a t  depths of 3566 and 
3901 a (11,700 and 12,800 f t ) .  The centralizers 
did not properly centralize the caliper tool and 
would not allow it t o  rotate,  result ing a h 0  i n  
cable  twist problems. However, t h i s  was an 
instrment developent test and the malfunctions 
were not unexpected. 

RESULTS - 
Temperature Surveys 

A comparison of the temperature surveys is 
Figure 2. The Los Alamos cohtinuous 

temperature survey ofo Aug%st 12, 1980 compares 
very alosely, d t h i n  1 C (2 F), t o  the Los Alamos 
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The Los Almos temperature probe Is a ther- 
mister tool with a rensor canposed of glass, while 

resistor sensor. Both tools are very stable. The 
difference between the slope ond values o t  the b s  
Alamos and the Dresser-Atlas temperature profiles 

the Dresser-Atlas temperature probqhas a plat lnm 1::; E,A "I( f ph., &+.*". ....e 

H 
i s  probably due t o  temperature effects on the a -.-A- 
Dresser-Atlas cable uhich failed a t  9531 PI (14,865 --c- rn , 
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Success was obtained i n  continuous temperature 
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Figure 4 .  Results of Dresser-Atlas berm (average 
response) caliper survey on August 7, 
1980. 

tool. These would have been helpful i n  evaluating 
the anomalous intervala. 

Directional Survey 

The Sperry-Sun self-contained, gyroscopic 
multishot directional survey was completed i n  t w o  

This survey oompares extremely well with the 
single shot survey data as  shorn i n  Figure 5. 
These data are considered reliable and borehole 
E&-3 is  being dircctionally dr i l led using t h i s  
information, A smooth directional and inclination 
survey occurs i n  the interval where the tempera- 
ture and caliper anomalies previously discussed 
also occur. 

runs to the bottom of &E-2 Without  any problems. 

S U H n A R Y  - 
The mininun logging requirements for EE-2 

were a continuous temperature survey, a caliper 
su rvey ,  and a multishot d i r ec t iona l  survey. 

rr*romruMr - 
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Figure 5. Combined plot of Sperry-Sun gyroscopic 
survey results taken on August 8, 1980, 
with the Eastman-Yhipstock ringle-shot 
survey results taken during dr i l l ing.  
A l l  depths are true vertical .  .- 

surveys as shoun i n  Figure 2 and i n  the mult ishot  
directional survey as shown i n  Figure 5. These 
data are considered reliable and are being used i n  
t he  reservoir engineering design of the  
canmercial-sized aystem. 

Reliable ca l iper  da t a  of t he  open-hole 
section of EE-2 are needed t o  s e t  the open hole 
s t r add le  packers for  t he  hydraulic f rac tur ing  
operations necessary t o  connect EE-2 and EE-3, i n  
the HDR reservoir. However, t h e  caliper data 
obtained are not considered reliable,  probably due 
to  the high temperature, depth, and inclination of 
EE-2. Upgrading of the caliper tools is being 
performed to  acquire the needed data. 

Other log data such as a gama-ray, density, 
neutron, e t c .  a r e  needed t o  character ize  the  
geology around the borehole and form a lithologic 
log with the aid of cuttings and cores. A t  the 
present time, and ui thout  a l a rge  amount of 
cooling, additional logging data cannot be easily 
acquired from th i s  well because of the temperature 
limitation of existing canmercial logging tools. 
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