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ABSTRACT 

State 2-14, the Salton Sea Scientific Dril- 
ling Project, was spudded on October 24, 1985, 
and reached a total depth of 10,564 ft (3.2 km) 
on March 17, 1986. There followed a period of 
logging, a flow test, and downhole scientific 
measurements. The scientific goals were inte- 
grated smoothly with the engineering and economic 
objectives of the program and the ideal of "sci- 
ence driving the drill" in continental scientific 
drilling projects was achieved in large measure. 
The principal scientific goals of the project 
were to study the physical and chemical processes 
involved in an active, magmatically driven hydro- 
thermal system. To facilitate these studies we 
attached high priority to four areas of sample 
and data collection, namely: (1) core and cut- 
tings, (2) formation fluids, (3) geophysical 
logging, and (4) downhole physical measurements, 
particularly temperatures and pressures. In all 
four areas, the results obtained were sufficient 
to meet the stated scientific goals. 

INTRODUCTION 

The first deep well of the U.S. Continental 
Scientific Drilling program was drilled to a 
depth of 3.22 km in the Salton Sea Geothermal 
Field of the Imperial Valley near Calipatria, 
California (Figure 1). The well is located near 
the southeast end of the Salton Sea (Figure 1) in 
the Salton Trough, a tectonic depression within 
the transition zone between the spreading centers 
of the Gulf of California and the San Andreas 
transform fault (Elders et al., 1972). The 
trough is a fluvial sedimentary basin with asso- 
ciated evaporitic and lacustrine deposits. 
Within the trough and adjacent crystalline base- 
ment, heat flow is very high, averaging about 
140 mW m (Lachenbruch et al., 1985). Within 
the region of high heat flow are zones of extra- 
ordinarily high heat flow like the Salton Sea 
Geotherma_l Field, where heat flow averages about 
400 mW m (Sass et al., 1984) and temperatures 
as high as 37OOC have been encountered at only 
2 km depth. The Salton Sea Field is also charac- 
terized by brines with total dissolved solids in 
excess of 200,000 ppm (Muffler and White, 1969). 

The well was drilled using standard oilfield 
technology, modified to take account of the high 
temperatures; however, the philosophy was quite 
different from that employed in conventional 
exploration drilling, chiefly in that scientific 
objectives had priority over economic and engi- 
neering concerns where safety and well integrity 
were not compromised. This was accomplished 
through a unique grouping of specialists termed 
the "Site Coordination Committee" consisting of 
the site manager, drilling supervisor, toolpusher, 
DOE technical representative, on-site science 
manager, and chief scientist, with input from 
coring engineers, mud chemists, and others as 
deemed appropriate. 
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Figure 1. Major faults and geothermal fields of 
the Salton Trough. 

47 3 



Sass and Elders 

The primary scientific goals of the Salton 
Sea Scientific Drilling Project (SSSDP) were to. 
study active physical and chemical processes in a 
magmatically driven hydrothermal system. As the 
well is twice as deep as typical production wells 
in the field, the temperatures, pressures, salin- 
ities, and flow rates encountered also provided 
an opportunity for a preliminary study of the 
deeper reservoir characteristics and geothermal 
energy potential. 

Forty proposals were approved by the Science 
Coordinating Committee of the SSSDP. Of these, 
nearly half were concerned with geochemical 
studies of rock, fluid, and gas including the 
organic chemistry of fluids. Twenty-five percent 
of the proposals involved petrologic and geophys- 
ical studies of core and cuttings. The remaining 
proposals were concerned with downhole sampling, 
geophysical logging, other geophysical measure- 
ments, and technology development involving the 
downhole deployment of geophysical instruments 
like seismometers, temperature-pressure sensors, 
flowmeters, and gravimeters. 

obtained from these samples, and to allow inter- 
pretation in zones where samples could not be 
obtained, high priority was also assigned t o  the 
collection of an integrated set of downhole data 
including geophysical logs, temperature measure- 
ments, and downhole fluid samples. A time-depth 
plot (Figure 2) summarizes the amount of time 
devoted to the various scientific and engineering 
activities. A preliminary progress report of 
these activities by the USGS on-site science 
management team (which coordinated and supervi sed 
all science activities during the drilling phase) 
has been published (Sass et al., 1986). 

CORE AND CUTTINGS 

At least 1 kg of cuttings was retained at 6- 
to 9-m intervals to about 900 m and at 3-m inter- 
vals below that depth. Each sample consisted of 
one 500 mL cup of washed sample and three cups of 
unwashed samples containing dri 11 ing mud and 
additives as well as rock cuttings. Cuttings were 
not recovered in zones of complete loss of dril- 
ling fluid between 2022 and 2097 m, 2616 and 
2682 m, 2719 and 2750 m, and between 3193 and 
3220 m (total depth). In some zones of partial 
fluid loss, cuttings samples were contaminated by 

Given this program, the recovery of core, 
cuttings, fluid, and gas samples had the highest 
priority. To maximize the interpretation of data 
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Figure 2. SSSDP depth/progress chart. Core numbers correspond to those in Table 1. 
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l o s t  c i r c u l a t i o n  m a t e r i a l  and rock m a t e r i a l  flow- 
i n g  back i n t o  t h e  well from p a r t i a l l y  plugged 
l o s t  c i r c u l a t i o n  zones above t h e  b i t .  

The cor ing  p l an  developed be fo re  d r i l l i n g  
envisaged 43 cor ing  a t t empt s  between 1700 and 
10,000 f t  (518 and 3048 m) wi th  an average  i n t e r -  
v a l  o f  200 f t  between co res  i n  t h e  depth  range 
3,000 t o  10,000 f t .  We hoped t o  recover  1,200 t o  
1,500 f t  (366 t o  460 m) , depending on t h e  number 
of 30 - f t  co re  runs  a s  opposed t o  6 0 - f t  runs .  A 
t o t a l  of 36 cores  were a t tempted ,  of which 2 
(marked "N/AI' i n  t h e  footage / recovery  columns of  
Table  1) were obta ined  i n  junk  baske t s  o r  junk  
subs  dur ing  f i s h i n g  ope ra t ions .  Percentage  
recovery  was reasonable  over  t h e  e n t i r e  depth ,  
b u t  t h e  footage  d r i l l e d  dec l ined  p r e c i p i t o u s l y  
below 5,000 f t  (1,500 m) p r i m a r i l y  because t h e  
rock was f r a c t u r e d  e i t h e r  i n  s i t u  o r  by t h e  
r e l e a s e  of s t r e s s  by t h e  core  b i t  w i th  t h e  r e s u l t  
t h a t  t h e  b a r r e l  jammed f r equen t ly ,  o f t e n  a f t e r  
on ly  a few f e e t  had been cored .  I n  a d d i t i o n ,  
some co res  were d r i l l e d  "bl ind" (no c i r c u l a t i o n )  
which made cor ing  even more d i f f i c u l t .  

Table 1. History of coring attempts and recovery. SSSDP 

F t .  Marked core a 
Date Core d r i l l e d  interval recovery 

10131 185 
11 /01/85 
11 102185 
1 1  /04/85 
11 108-09/85 
1 1 /11/85 
11 /1 2/85 
11 /1 9/85 
11 /20/85 
11 121 185 
11 /22/85 
11 125185 
11 /26/85 
11 127-28185 
12/02/85 
12/07/85 
1211 9/85 
01 103186 
01 106186 
01 /14/86 
01/16/86 
01 /1 8/86 
01 /1 9/86 
01 120186 
01 /28/86 
01 131 186 
02/01 186 
02/03/86 
02/05/86 
02/07/86 
0211 0186 
0211 3/86 
0211 4/86 
02/23/86 
02/28/86 
03/02/86 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
1 4  
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 

25 
30 
30 
60 
N/A 
60 
35 
60 
60 
40 
36 
38 
5 

N/A 
30 
17.5 
18 
11 
13 
9 
9 

13 
30 
30 
29 

6 
19 
7 

23 
3 
6 
5 

15 
4 
4 
5 

1 553-1 577.6 
1983-201 2.2 
2448-2478 .O 
2970-3028.4 
3083-3087.0 
3107-3161.7 
3470-3504.0 
3790-3846.6 
4007-4069.9 
4241 -4300.4 
4301-4338.6 
4643-4680.5 
4681-4683.0 
4718-471 8.5 
5188-521 9.2 
5574-5591.5 
6026-604 0.8 
6506-6517.0 
6758-6766.0 
6880-6889.0 
7 100-71 07.0 
7300-731 1 .5 
7547-7574.5 
7708-7738 .O 
81 33-81 61 .O 
8395-8400.0 
8585-8597 .o 
8800-8804.5 
9004-9009.5 
9095-9098 .O 
9248-9251.5 
9453-9455.3 
9458-9463.0 
9473-9475.0 
9694-9697.5 
9907-9908.0 

98.4 
97.3 

100.0 
97.3 
N/A 
91.2 ' 

97.1 
94.3 

100.0 
99 .o 

100.0 
98.6 
40.0 
N/A 

100.0 
100.0 
82.2 

100.0 
61.5 

100.0 
77.7 
88.5 
91.6 

100.0 
96.5 
83.3 
63.2 
64.3 
23.9 

100.0 
58.3 
46.0 
33.3 
50.0 
87.5 
20.0 

Even though t h e r e  were problems, we a r e  
s a t i s i f i e d  with t h e  t o t a l  recovery of  about  
730 f t  (224 m) i n  terms of i t s  u t i l i t y  i n  charac-  
t e r i z i n g  t h e  s t r a t i g r a p h y  of t h e  well and i n  
s a t i s f y i n g  t h e  requirements  of  t h e  p r i n c i p a l  
i n v e s t i g a t o r s  i n t e r e s t e d  i n  p h y s i c a l  p r o p e r t i e s ,  

pe t ro logy ,  and geochemistry of  s o l i d  rock samples. 
I n  view of t h e  d i f f i c u l t i e s  experienced he re  us ing  
t h e  b e s t  i n  o f f - the - she l f  technolgy and expe r i -  
enced cor ing  pe r sonne l ,  it would seem t h a t  co r ing  
i n  u l t r a -deep  and/or  u l t r a - h o t  wells w i l l  r e q u i r e  
cons iderable  r e sea rch  and redes ign  of  convent iona l  
co r ing  hardware. 

FLOW TESTS 

The f l u i d  sampling p l a n  envisaged two o r  even 
t h r e e  d i s c r e t e  flow tes ts  a t  sha l low (1 km), 
i n t e rmed ia t e  (2 km), and t o t a l  depth  t o  a l low 
es t ima tes  of  s a l i n i t y  and o t h e r  concen t r a t ion  
g r a d i e n t s  w i th in  t h e  b r i n e s .  Only one minor 
(15 bb l /h r )  l o s s  zone was encountered above 1 km. 
I n j e c t i v i t y  t e s t s  were performed a t  depths  of  
4,684 and 5,418 f t  (1,428 and 1,651 m), b u t  no 
s i g n i f i c a n t  p o t e n t i a l  f o r  flow was de tec t ed .  A t  
t h a t  s t a g e ,  it was decided no t  t o  a t t empt  a sha l -  
low flow t e s t  and 9 5/8" cas ing  was set  a t  6,000 
f t  (1,829 m) (Figure  3).  A l o s s  zone a s soc ia t ed  
wi th  abundant ep ido te  was encountered s l i g h l y  
below t h e  cas ing  (6,119 t o  6,135 f t ) ,  and t h e  
f i r s t  flow tes t  was run i n  l a t e  December of  1985 
(F igure  2). Only a few hundred b a r r e l s  of f l u i d  
had been l o s t  t o  t h e  format ion ,  and t h e  f l u i d s  
c leaned up very  r a p i d l y ,  r e s u l t i n g  i n  very  s a t i s -  
f a c t o r y  samples and conf iden t  e s t ima tes  of t o t a l  
d i s so lved  s o l i d s ,  t empera ture ,  en tha lpy ,  and o t h e r  
impor tan t  parameters .  The observed f low r a t e  and 
en tha lpy  demonstrated t h e  commercial p o t e n t i a l  of 
t h i s  w e l l .  

SO IN. CONDUCTOR 
1 8  LBlFT PLAIN END 

2 0  IN. SURFACE CASINO 
4 LBlFT K-66 BUTTRESS 

17-112 IN. HOLE 

i a - a i e  IN. INTERMEDIATE 

08 L W F T  C-06 BUTTRESS 

12-114 IN. noLE 

-618 IN. PRODUCTION CASINO 
47 LBIFT c-06 BUTTRESS 

0-112 IN. HOLE 

2 0  LSlFT N-SO L T I C  

S - ~ I S  IN. nom 

Figure  3. Casing conf igu ra t ion ,  SSSDP. 

47 5 



Sass  and E lde r s  

From 6,637 t o  9,500 f t  (2  t o  2 .9  km), a 
success ion  of l o s s  zones ( r e f l e c t i n g  f r a c t u r e  
pe rmeab i l i t y )  was encountered .  Enormous quan t i -  
t i es  of f l u i d  ( s e v e r a l  t e n s  of thousands of ba r -  
r e l s )  were l o s t  and a l a r g e  amount of l o s t  c i r c u -  
l a t i o n  ma te r i a l  and cement were used t o  r ega in  
c i r c u l a t i o n  and c o n t r o l  l o s s e s .  When c i r c u l a t i o n  
was aga in  l o s t  near  t o t a l  depth  (10,475 f t ) ,  
t empera ture  logs  i n d i c a t e d  t h a t  f l u i d  l o s s  was 
occur r ing  a t  t h e  bottom of t h e  we l l .  The zone 
was then  plugged o f f  w i th  cement, a l i n e r  was set  
(bu t  no t  cemented) a t  10,135 f t  (3,089 m), t h e  
cement p lug  was d r i l l e d  o u t ,  and an  a d d i t i o n a l  
89 f t  of ho le  was d r i l l e d  wi th  no r e t u r n s .  
Following t h i s ,  t h e  w e l l  was flowed, bu t  t h e  
b r i n e  produced was contaminated, no t  on ly  by t h e  
f l u i d  l o s t  i n  t h e  bottom zone bu t  probably by 
inf low around t h e  l i n e r  from a depth  of about  
8 ,600  f t  (2,621 m); t h e  r e s u l t s  were cons iderably  
less s a t i s f a c t o r y  than  those  obta ined  dur ing  t h e  
f i r s t  flow t e s t .  The d u r a t i o n  of t h e  flow tes t  
was l i m i t e d  by t h e  36,000-bbl (5.7X106 L) capac- 
i t y  of  t h e  b r i n e  pond. 

GEOPHYSICAL LOGGING 

No open-hole geophys ica l  l ogs  were attempted 
i n  t h e  26-inch (0.66 m)-diameter ho le ,  which was 
1,032 f t  deep (F igure  3) and i n t o  which t h e  
20-inch (0.51 m)-diameter s u r f a c e  cas ing  was set .  
Because of t h e  l a r g e  ho le  d iameter ,  we thought 
t h a t  record q u a l i t y  would be poor ,  and t h a t  i f  
open-hole da t a  i n  t h e  upper 300 m were needed, a 
slim ho le  could be d r i l l e d  t o  t h i s  depth  e a s i l y  
and inexpens ive ly .  Complementary and, i n  some 
c a s e s ,  redundant sets of l o g s  were run a t  t h e  
3,000 t o  3,500 f t  ca s ing  p o i n t  and 6,000 f t  
ca s ing  p o i n t  (F igure  3) by both  Schlumberger and 
USGS Water Resources D i v i s i o n ' s  Research Logging 
Unit  (Tables 2 and 3 ) .  The Schlumberger l ogs  
allowed a comparison and c o r r e l a t i o n  wi th  commer- 
c i a l  logs  from o t h e r  wells i n  t h e  S a l t o n  Sea 
F i e l d .  The USGS l ogs  provided both  a comparison 
and conf i rmat ion  of such t h i n g s  a s  depth  r e g i s -  
t r a t i o n  (gamma-ray l o g s )  and an ex tens ion  of t h e  
commercial l ogs .  Lawrence Livermore Nat iona l  
Laboratory (LLNL) provided  a t  t h e  s i t e  a system 
capable  of reading and d i s p l a y i n g  d i g i t a l  d a t a  
from both  USGS and commercial l ogs .  This  proved 
u s e f u l  f o r  r ea l - t ime  a n a l y s i s  and i n t e r p r e t a t i o n .  
A second commercial company ( (Dia log)  c a r r i e d  o u t  
a cas ing  c a l i p e r  l o g  on March 30, 1986, t o  a s s e s s  
t h e  cond i t ion  of t h e  9 5 /8- inch  cas ing  (F igure  3).  
Seve ra l  a t tempts  were made by Lhc USGS (Table 3) 
t o  o b t a i n  t e l ev iewer  l o g s ,  p a r t i c u l a r l y  i n  l o s s  
zones and flow zones.  A t  t h e  6 ,000- f t  ca s ing  
p o i n t  (Figure 3) t h e  t e l ev iewers  were bedevi led  
by mechanical and e l e c t r i c a  I problems. Below 
h,000 Et. ,  t e l ev iewer  r eco rds  were ob ta ined ,  bu t  
because of d e l e t e r i o u s  e f f e c t s  of v i scous  mud, 
l o s t  c i r c u l a t i o n  m a t e r i a l ,  and cement, a l a r g e  
percentage  of t h e  energy was absorbed ,  r e s u l t i n g  
i n  poor record q u a l i t y .  The same comment a p p l i e s  
t o  t h e  a c o u s t i c  l ogs  made by both  Schlumberger 
and USGS, a l though u s e f u l  d a t a  were obta ined  i n  
bo th  cases .  

Table 2. Dates, intervals, and types 
of Schlumberger logs, SSSDP 

Date 

1 t /04/85 
1 1  11 3/85 

12/09/85 
12/18/85 
1211 8/85 
0311 0186 

11/17/85 

Logged Interval 
( f t . )  

Logs' 

1,032 t o  3.008 
2.900 t o  3.525 
30-3.523 
3,520 t o  5,988 
50-5.670 
190-5.696 
6.020-8.81 3 

1-6 
1-6 

7 
1-6 

8 
7 
9 

1 )  Dual Induction 
2)  Conpensated Neutron-Formation Density 
3)  Borehole Compensated Sonic 
4) Sonic Waveforms 
5 )  Gamma Ray 
6 )  4-arm Caliper 
7 )  Cement bond 
8 )  Temperature 
9 )  Deep induction 

Table 3. Hlstory of USGS geophysical logs .  SSSOP. 

Date 

1 1  105185 

1 1  /06/85 
1 1  106185 

1 1 /06/85 
1 1  /06/85 
1 1 /06/85 
1 1  I07185 
1 1 /07/85 

1 1  /07/85 
1 1  /07/85 
1 1  /07/85 
12/04/85 
12/09/85 

12/10/85 
l2/10/85 
1211 1/85 
12/11/85 

1 I 105/a5 

1211 1/85 

12/11/85 
12/11/85 

1211 1 185 
12/12/85 
1211 2/85 
12/23-29/85 
12/28/85 
0211 5/86 
03/08/86 
03/12/86 
03/12/86 

0311 3/86 
03/27/86 
03129-30186 
03/29-30/86 
03/31-04/1 
04/07/86 

~ ~~ 

T ~ P  
Nat Gama 
Temp/Callper 
Tel evl euer 

TmP 
Call per 
Acoustlc DT 
Waveform 
Temp 

Nat Gama 
Gama Spec 
Temp 
TmP 
Temp 

TempICallper 
Tel evl euer 
Nat Gamma 
Camma Spec 

Single  Polnt 
Hesistl  vl t y  

Acoustlc OT 
Acoustlc Full 
Uave 

TemplCallper 
Call per 
Neutron 
T ~ P  
TmP 

T-P 
Tel ev l  euer 

sonic  
Temp 
Gamma Ray 
Neutron 
Temp 
Temp 

Interval 
( f t  . I  

100-2.998 
9-3.000 
100-2,998 
N/A 

1 00-3.000 
943-2,950 
1.000-2.950 

2.500-3.000 

1.000-2.980 

2,500-2.998 
1,000-2.980 

2,r00-5.980 

3,375-6.000 

3.400-6.000 

3.800-5.120 
3,500-6,000 
2,900-5.980 
3.500-6.230 
300-6.290 
6,000-1 0, UOO 
0-1 0,500 
0-10,500 
6,000-6,500 

6.000-8,000 
0-10.220 
5.690-1 0,000 
5.770-10.000 
0-1 0,200 
0-9.660 

Ccmments/Results 

Before c lrculat lon.  
Tu0 second tlme constant.  
After c lrculat lon.  
No useful logs  due to mud 

Uany statlonary readlngs.  

2 and 3 it.  spaolng. 
2 mlcrosecond sampling. 
Statlonary readings temperature 

denslty & problems u i t h  t o o l s .  

vs.  time. 

Statlonary readlngs a t  bottom. 
Statlonary readlngs a t  bottom. 
Build up, stationary readlngs 
on bottom. 

Both televiewers f a i l e d .  
Tool dld not uork. 
Analyzer failed after  one 

Burned up t o o l .  

Data marginal due t o  mud dens l ty .  
Total uavef oms. 

Tool hung up. 

spectrum. 

Pre-flow test. 
Pre-flou test. 
Log through f i r s t  f l o u  zone, 

Several passes.  
After 1st phase of re inject ion.  

marginal pictures.  

lnsulatlon res l s tance  dec l ln lng ,  
Run termlnated. 

Because of f i n a n c i a l  c o n s t r a i n t s ,  t h e  commer- 
c i a l  loggers could only  be brought i n  on s p e c i f i c  
occas ions  l i k e  ca s ing  p o i n t s .  On t h e  o t h e r  hand, 
the USGS Water Resources Div i s ion  committed i t s  
geothermal r e sea rch  logging  t r u c k  f o r  t h e  d u r a t i o n  
of t h e  pe r iod  from 3,000 f t  t o  t o t a l  dep th .  This  
gave us t h e  f l e x i b i l i t y  t o  run  logs, p a r t i c u l a r l y  
tempera ture  l o g s ,  when d r i l l i n g  was suspended 
( e - g . ,  whi le  wa i t ing  f o r  f i s h i n g  t o o l s ) .  This  
c a p a b i l i t y  was enhanced by t h e  f a c t  t h a t  t h e  
o n - s i t e  s c i e n c e  managers were t r a i n e d  i n  running  
t h e  logging  u n i t  and could do so l i t e r a l l y  on a 
moment's n o t i c e .  
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Apart from t h e  l a c k  of  u s e f u l  t e l ev iewer  
d a t a  and s o n i c  da t a  of  ques t ionab le  q u a l i t y ,  t h e  
c h i e f  gap i n  t h e  SSSDP logging  program was caused 
by t h e  f a i l u r e  of  a motor i n  t h e  USGS high-tem- 
p e r a t u r e  3-arm c a l i p e r .  Because of  repea ted  
t r i p s  below 6,000 f t  (F igure  2 ) ,  t h e  wel lbore  was 
doub t l e s s  over  b i t  gauge over  much of  t h a t  i n t e r -  
v a l ,  c o n t r i b u t i n g  t o  t h e  l o s s  of a c o u s t i c  energy 
from both t h e  t e l ev iewer  and s o n i c  v e l o c i t y  
t o o l s .  Although records  of e x c e l l e n t  q u a l i t y  
were obta ined  t o  nea r ly  t o t a l  depth  wi th  both  
p a s s i v e  gamma and neut ron  t o o l s ,  t h e i r  i n t e r p r e -  
t a t i o n  w i l l  be  hampered by t h e  l a c k  of a c a l i p e r  
l o g .  The time s e r i e s  of  tempera ture  l o g s  i s  
cont inuing  throughout  t h e  six-month shu t - in  
pe r iod .  By t h e  d a t e  of t h i s  meet ing,  a j o i n t  
USGS/LLNL r e p o r t  i s  expected t o  be  r e l e a s e d ,  
i nc lud ing  hard copies  of a l l  geophys ica l  l o g s ,  
comparisons of USGS and Schlumberger l o g s ,  and 
some i n t e r p r e t i v e  comments on t h e  l o g s .  A sepa-  . 
r a t e  r epor t  w i l l  be i s sued  on t h e  p o s t - d r i l l i n g  
temperature  l o g s .  

DOWNHOLE EXPERIMENTS 

Other  downhole experiments  inc luded  tempera- 
t u re -p res su re  measurements du r ing  and a f t e r  flow 
and an  a t tempt  a t  measuring d i f f e r e n t i a l  flow 
r a t e s  us ing  a spinner-f low meter  (Table 4 ) .  
These measurements were made wi th  developmental 
" s l i c k l i n e "  type  t o o l s  commissioned by Sandia 
Corporat ion ( s e e  C .  C .  Carson, t h i s  volume) and 
assembled by t h e  Kuster  Company. They were 
e s s e n t i a l l y  convent iona l  s l i c k l i n e  t o o l s  wi th  
modif ied t r ansduce r s  and wi th  r eco rde r s  housed i n  
dewars with a des ign  ope ra t ing  pe r iod  of  10 t o  12 
hours  a t  400OC. With t h e  except ion  of  t h e  sp in-  
n e r ,  t hese  t o o l s  func t ioned  well and produced 
u s e f u l  da ta  on temperature  and p res su re .  An 
e l e c t r o n i c  s l i c k l i n e  t o o l  which measures both  
temperature  and p res su re  was b u i l t  by Se rv ice  
Systems Engineer ing and i s  be ing  used p r i m a r i l y  
f o r  t h e  time series of tempera ture  l o g s  t o  e s t ab -  
l i s h  formation temperature  over  t h e  e n t i r e  l eng th  
o f  t h e  wel l .  

Another ca tegory  o r  downhole experiment  
involved  f l u i d  sampling. This  proved except ion-  
a l l y  d i f f i c u l t  under t h e  h o s t i l e  cond i t ions  
encountered i n  t h e  w e l l .  I n  f a c t ,  o u t  of  a t o t a l  
o f  11 a t tempts  us ing  t h r e e  d i f f e r e n t  samplers  
on ly  one was completely s u c c e s s f u l  and an  addi -  
t i o n a l  run obta ined  a l i q u i d  sample b u t  no gas  
(Table  4). An a t tempt  t o  r e t r i e v e  f l u i d  inc lu -  
s i o n s  by annea l ing  f r a c t u r e d  q u a r t z  c r y s t a l s  i n  
t h e  b r i n e  wi th in  t h e  lowermost producing zone was 
f r u s t r a t e d  when t h e  w i r e l i n e  broke because of 
co r ros ion ,  l eav ing  t h e  sample bu r i ed  i n  f i l l  near  
t h e  bottom of t h e  w e l l .  

Other  experiments  involv ing  downhole i n s t r u -  
ments included a v e r t i c a l  s e i smic  p r o f i l e  exper i -  
ment using both  shear -  and compressional-wave 
v i b r a t o r s  and a downhole g r a v i t y  experiment  
(Table  4). Both erper iments  y i e lded  u s e f u l  d a t a .  

S a s s  and E l d e r s  

Table 4. Downhole Experlments, SSSDP. 

Depth 
Experlment Date ( f t )  Comments/Results 

a )  1st P l w  Test - 6.220 it. 

12/30/85 6200 Kuster T I P  Log durlng flow and bulldup a f t e r  
shutln. Vel1 bottan hole temp. 
(BHT) 305 25%. 

12/31/85 6200 LANLlSandla downhole Two attempts: 1st fal led due t o  
f luld sampler brlne flashlng upon entry Into 

sample bot t le  and clogglng port. 
2nd fa l led due to  malfunctlon of 
battery system. 

(b) 2nd Flow Test - 10.564 f t .  

03/21/06 0-5.000 Kuster splnnerl Splnner fa l led a t  5.000 f t .  
pressure 

03/21/86 0-10,000 Kuster TIP Basellne error on temp chart. 

03/22/66 0-10,400 Kuster T I P  BHT 350 flO°C. 

03/22-23/86 10,400 1st LANL downhOle No sample due t o  seal  fa l lure  
f luld sampler causlng motor t o  flood and 

short out. 

03/23/86 10,400 2nd LANL No sample due t o  seal fa l lure .  

03/23/86 10,400 1st Leutert down- Fallure due to  LCM clogging 

03/23/86 10,200 2nd Leutert C l o c k  stopped so canlster d i d  

hole fluld sampler bullnose. 

not close. 

03/23/86 10.200 3rd Leutert 0-rlngs on sampler bot t le  
f alled . 

03/23-24/86 USCS Bethke Ylrellne broke leavlng tool in 
f luld lncluslon bottom of hole. One flshlng 

attempt ul th  no recovery. 

03/25/66 10.200 3rd LANL Sample bot t le  returns empty. 

03/25/86 10,200 4th LANL Recovered 1.5 l l t e r s  llquld 
and .5 l l t e r  gas sample. 

03/25/86 10,200 5 t h  LANL Bottle did not open. 

03/25/66 10,200 LBL f luld sampler Recovered 1 l l t e r  unpresswlzed 

03/27-29/86 50-5,650 LBL- Vertlcal Two good data se t s  ulth vlbra- 

fluld. 

Selsrnlc Proflle tors on d r i l l  pad and 112 mile 
off pad. 3rd data se t  ulth 
tool i n  l i ne r  produced too much 
nolse. 4th run tool shorted 
out. 

03/30-31/86 6,000 LLNL dounhole Recovered good data wlth 
gravlty gravimeter ascendlng hole 

f r m  6000'. 

(c)  Shut i n  PerlOd, Aprll-September. 1986 

04/08/86 10,080 Dlgltal T I P  Callbratlon off on temp tool. 

04/22/86 10,080 Kuster T Stops a t  2.016. U,032. 6.048. 

04/22/86 10.080 Dlgltal TIP Same stops as above. 

8,064. 10,080. 

+T. temperature: P, pressure 

SUMMARY AND CONCLUSIONS 

The SSSDP well exceeded t a r g e t  depth ,  and a 
comprehensive set  of c u t t i n g s ,  c o r e s ,  and downhole 
l o g s  was obta ined .  Two flow t e s t s  of  d i f f e r e n t  
depth  were s u c c e s s f u l l y  completed, a l though i n t e r -  
f e rences  between d i f f e r e n t  producing hor izons  w i l l  
make t h e  da t a  from t h e  second tes t  d i f f i c u l t  t o  
i n t e r p r e t .  Temperature logging  t o  e s t a b l i s h  t h e  
equ i l ib r ium p r o f i l e  w i l l  be  completed by September 
1986. A p roposa l  f o r  f u r t h e r  long-term flow tests 
and t o  deepen t h e  w e l l  a f u r t h e r  1,000 m i s  now 
under cons ide ra t ion .  I f  success fu l ,  t hese  a c t i v i -  
t i e s  would g r e a t l y  inc rease  t h e  s c i e n t i f i c  y i e l d  
of t h e  SSSDP. 
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Sass and Elders 

In an early memo (March 8, 1985), the Sci- Sass, J. H., Hendricks, J. D., Priest, S .  S . ,  and 
ence Experiments Committee stated that "The SSSDP Robison, L. C., 1986. The Salton Sea Scien- 
will be a success if we obtain and release to the tific Drilling Program--A progress report. 
pub1 i c domain dri 11 cuttings, cores, fluid Sam- 1986 McKelvey Forum, U.S.G.S. Circular 974, 
ples, temperature measurements, and a limited p. 60-61. 
suite of wireline logs from a temperature regime 
that has not previously been adequately sampled 
and tested." There is a wealth of data and 
samples, in some instances exceeding our early 
expectations, and by the standards enunciated in 
March of 1985, the SSSDP has been a resounding 
success. 
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