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ABSTRACT 

The S a l t o n  Sea S c i e n t i f i c  D r i l l i n g  Program 
was undertaken by the  Department of Energy, 
t h e  Nat ional  Science Foundation, and t h e  U.S. 
Geological Survey i n  order  t o  i n v e s t i g a t e ,  by 
d r i l l i n g  a w e l l  and conducting s c i e n t i f i c  
experiments, t h e  r o o t s  of the  Sa l ton  Sea 
hydrothermal system. A two-element 
organiza t iona l  s t r u c t u r e  was es tab l i shed  t o  
focus on i n t e g r a t i o n  of the  d r i l l i n g  and 
engineer ing opera t ions  wi th  the  s c i e n t i f i c  
a c t i v i t i e s .  This management plan, the  
d e l e g a t i o n  of s i te -opera t iona l  a u t h o r i t y  t o  an 
on-s i te  coordinat ing group, and t h e  
cooperat ive s p i r i t  of t h e  p a r t i c i p a n t s  have 
r e s u l t e d  i n  achievement of the  d r i l l i n g ,  
engineer ing,  and s c i e n t i f i c  ob jec t ives  of the  
program. 

INTRODUCTION 

The S a l t o n  Sea S c i e n t i f i c  D r i l l i n g  Program 
(SSSDP) was undertaken by t h e  Department of 
Energy (DOE), the  Nat ional  Science Foundation 
(NSF), and t h e  U.S. Geological  Survey (USGS) 
i n  order  t o  i n v e s t i g a t e ,  by d r i l l i n g  a w e l l  
and conducting s c i e n t i f i c  experiments, t h e  
r o o t s  of the  S a l t o n  Sea hydrothermal system. 
The program had its o f f i c i a l  s tart  i n  F i s c a l  
Year 1984 when Congress added $5.9 m i l l i o n  t o  
DOE's Geothermal and Hydropower Technologies 
Div is ion  (now Geothermal Technology Divis ion - 
DOE/GTD) budget. 
deep s c i e n t i f i c  d r i l l h o l e  i n  the S a l t o n  Sea 
a r e a  had been received e n t h u s i a s t i c a l l y  by t h e  
NSF, t h e  USGS and DOE's O f f i c e  of Basic Energy 
Sciences (DOE/OBES), t h e s e  organiza t ions  had 
no d i r e c t  appropr ia t ions  f o r  the program. 

Although t h e  proposal f o r  a 

I n  January 1984, t h e  Director  of DOE/GTD 
e s t a b l i s h e d  an  interagency s t e e r i n g  group i n  
order  t o  o b t a i n  advice and consul ta t ion  from 
t h e  o t h e r  p a r t i c i p a t i n g  agencies and to  
coord ina te  t h e i r  involvement. Thus began t h e  
formal management of t h i s  m u l t i - m i l l i o n  
d o l l a r ,  multi-agency program. 

GOALS AND PRIORITIES 

The goa ls  of the  program are t o  study the  
thermal, phys ica l ,  chemical, and mineralogical  
condi t ions  wi th in  the  deeper p a r t s  of the  
S a l t o n  Sea hydrothermal system i n  order  to:  

1) b e t t e r  def ine  t h e  geological  and 
hydrological  na ture  of t h e  Sa l ton  Sea 
hydrothermal system and i t s  geothermal 
r e s e r v o i r s ,  and test f o r  extension of t h i s  
system t o  g r e a t e r  depths ,  

es t imates  f o r  t h e  S a l t o n  Sea a rea ,  

genes is  of hydrothermal o r e  depos i t s ,  

formation processes  i n  a cont inenta l  spreading 
zone, and 

5) i n v e s t i g a t e  t h e  p o s s i b i l i t y  of the  
occurrence of "superconvection. " 

2)  r e f i n e  geothermal energy resource 

3) develop a b e t t e r  understanding of t h e  

4)  improve understanding of c r u s t a l  

These goa ls  were t o  be accomplished by: 

1) d r i l l i n g  a s c i e n t i f i c  well t o  a t a r g e t  

2 )  obta in ing  core and d r i l l  c u t t i n g s  f o r  

3) conducting flow tests of s e l e c t e d  f l u i d  

4) c o l l e c t i n g  f l u i d  and gas samples during 

5 )  measuring temperature, pressure,  and 

6 )  obta in ing  comprehensive s u i t e s  of 

7 )  conducting geologica l ,  geophysical, and 

depth of 10,000 f e e t ,  

the  e n t i r e  depth of t h e  well, 

production zones, 

flow tests, 

flow r a t e  a t  appropr ia te  depths ,  

geophysical logs ,  and 

geochemical s c i e n t i f i c  experiments downhole. 

Highest program p r i o r i t y  was given by 
management during the  d r i l l i n g  phase t o  d a t a  
c o l l e c t i o n  and sampling of rocks and f l u i d s .  
However, a s t a r k  r e a l i t y  faced e a r l y  i n  t h e  
program was the  need t o  o b t a i n  high- 
temperature cable  and instrumentat ion t o  test , '  
measure, and sample t h e  h o s t i l e  subsurface 
thermal and chemical environment t o  be 
penetrated;  otherwise,  s e v e r a l  major program 
goals  could not be achieved. Another 
important program requirement was the r e l e a s e  
of a l l  information obtained t o  the  publ ic  
doma i n .  
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MANAGEMENT STRATEGY AND FUNCTIONS Overal l  planning, i n t e g r a t i o n ,  and 
eva lua t ion  of the  program, and t h e  r e s o l u t i o n  
of po l icy  i s s u e s ,  were achieved through t h e  

complex, multi-agency, mult i -disc€pl ine Executive S t e e r i n g  Committee. This  Committee 
program, a two-element o r g a n k a t i o n a l  cons is ted  of pol icy- level  ind iv idua ls  from the  
s t r u c t u r e  (F igure  1) was es tab l i shed  among the  t h r e e  funding agencies ,  with the  member from 

I n  order  t o  e f f e c t i v e l y  manage t h i s  
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Figure 1. Management Plan f o r  t h e  S a l t o n  Sea S c i e n t i f i c  D r i l l i n g  Program. 
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CONSULTANT 

p a r t i c i p a n t s  t o  focus on i n t e g r a t i o n  of the  
d r i l l i n g  and engineer ing opera t ions  with the  
s c i e n t i f i c  a c t i v i t i e s .  This s t r u c t u r e  was 
based on a SSSDP Management Plan,  accepted by 
each p a r t i c i p a t i n g  agency, t h a t  was designed 
t o  p lace  c r i t i ca l  s c i e n t i f i c  and technica l  
decision-making a t  the appropr ia te  l e v e l ,  
including on-s i te  f i e l d  managers. The s t r a t e g y  
w a s  t o  encourage cohesive and t imely 
dec i  s i o  n-ma k i  ng . 

'Chose assoc ia ted  with the  program are 
pleased t o  r e p o r t  t h a t  most of these  
o b j e c t i v e s  have been achieved. Some have been 
exceeded. There a r e  two important f a c t o r s  
t h a t  expla in  t h i s  high degree of success .  
F i r s t  i s  the  cooperat ive s p i r i t  wi th  which the  
keg ind iv idua ls  entered i c t o  program 
a c t i v i t i e s .  Opportuni t ies  f o r  achieving 
maximum b e n e f i t  from the  t o t a l  program were 
pursued, r a t h e r  than focusing p a r t i c i p a t i o n  on 
s p e c i f i c  i n t e r e s t s  of t h e  ind iv idua ls  o r  t h e i r  
agencies .  Second is  t h e  pol icy dec is ion  of 
t h e  Executive S t e e r i n g  Committee (ESC) t o  
de lega te  s i te -opera t iona l  a u t h o r i t y  t o  t h e  
f i e l d ,  ie . ,  t o  the  group of ind iv idua ls  
respons ib le  f o r  program success  a t  t h e  w e l l  
s i t e .  

I I 

I US08 I 
PRINCIPAL INVESTIOATORS 

the  organiza t ion  responsible  f o r  w e l l  d r i l l i n g  
opera t ions ,  the  Director  of DOE/GTD, as Chairman. 

D r i l l i n g  and engineering program 
a c t i v i t i e s  were managed by a Program Nanager 
represent ing  DOE/GTD. The GTD de lega ted  
r e s p o n s i b i l i t y  f o r  conducting d r i l l i n g  and 
engineer ing pro jec t  a c t i v i t i e s  t o  DOE'S San 
Francisco Operations Off ice  (DOE/SAN), under 
t h e  leadersh ip  of a Pro jec t  Manager. These 
r e s p o n s i b i l i t i e s  consis ted of p r e - d r i l l i n g  and 
s i te  preparat ion a c t i v i t i e s ;  d r i l l i n g  and 
completing the s c i e n t i f i c  well t o  a t a r g e t  
depth of 10,000 f e e t ;  recovering t h e  maximum 
amount of core  and d r i l l  c u t t i n g s ;  conducting 
flow tests and c o l l e c t i n g  f l u i d  and gas  
samples a t  the sur face ;  providing 
ins t rumcnta t ioc  systems f o r  measuring 
temperature, p ressure ,  and flow rate ,  and f o r  
downhole f l u i d  and gas  sampling; providing 
maximum time during d r i l l i n g  f o r  s c i e n t i f i c  
experiments and geophysical logging; 
i n t e g r a t i n g  s c i e n t i f i c  experiments i n t o  
d r i l l i n g  opera t ions ,  while preserving well 
i n t e g r i t y  and avoiding environmental r i s k  and 
hazards  t o  personnel and equipment; and 
providing a six-month well-access period a f t e r  
completion of d r i l l i n g  f o r  s c i e n t i f i c  experiments. 
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DOE/SAN conducted a s o l i c i t a t i o n  f o r  
procurement of a c o n t r a c t o r  t o  perform the  
d r i l l i n g  and engineer ing opera t ions  i n  the 
f i e l d .  The procurement process  l e d  to  the  
select ion of Bech te l  Nat ional  , Znc . as prime 
cont rac tor  €or  the  s c i e n t i f i c  w e l l  t o  be 
d r i l l e d  on C a l i f o r n i a  S t a t e  lands t n  the  
Sa l ton  Sea Geothermal F i e l d  f o r  which 
Kennecot t Corporat ion had acquired geothermal 
prospecting permits. In a d d i t i o n ,  DOE/SAN 
contracted Well Production Tes t ing ,  Inc.  a s  
t h e i r  on-s i te  d r i l l i n g  and engineer ing 
consul tan t .  DOE/SAN a l s o  e s t a b l i s h e d  a panel 
of geothermal indus t ry  exper t s  and government 
representa t ives  f o r  c o n s u l t a t i o n  and advice on 
well cons t ruc t ion  and on d r i l l i n g  and 
engineering opera t ions  i n  the  Imperial  Valley 
a rea .  

b 

Scient  i f  ic a c t i v i t i e s  were managed by the  
Science Coordinating Committee (SCC) comprised 
of Indiv idua ls  from t h e  t h r e e  funding 
agencies. The S c i e n t i f i c  Experiments 
Committee (SEC), under chairmanship of t h e  
Chief S c i e n t i s t ,  a ided t h e  SCC i n  e s t a b l i s h i n g  
the  s c i e n t i f i c  content  of t h e  program. The 
On-Site Science Manager was respons ib le  for  
the  i n t e r e s t s  of t h e  S S S D P  s c i e n t i f i c  
community a t  the  well-site. Technical ,  
l o g i s t i c a l ,  and a d m i n i s t r a t i v e  a s s i s t a n c e  was 
provided t o  t h e  SEC by a Science Serv ices  and 
Support Group. This  Group a l s o  provided the 
SSSDP s c i e n t i f i c  community with a regular  and 
continuing i n t e r f a c e  with the  P r o j e c t  Manager 
a t  DOE/SAN. 

To develop the  s c i e n t i f i c  content  of the  
program, t h e  SCC publ ished a n o t i c e  of 
opportuni ty  f o r  submission of proposals  t o  
car ry  out  s c i e n t i f i c  experiments and 
analyses .  NSF, DOE/OBES, and USGS had no 
funding s p e c i f i c a l l y  appropr ia ted  f o r  S S S D P  
science;  t h e r e f o r e ,  each of these  agencies 
a l loca ted  an  amount, nominally $500,000, from 
e x i s t i n g  appropr ia t ions  to  support se lec ted  
proposals. The SEC reviewed these  proposals 
f o r  technica l  f e a s i b i l i t y  and relevance,  and 
made recommendations t o  t h e  SCC. The SCC, 
with a s s i s t a n c e  of a j o i n t  peer review panel 
es tab l i shed  by NSF and DOE/OBES, and with 
cons idera t ion  of SEC recommendations, 
evaluated t h e  proposals  and made funding 
recommendat ions  to  the appropr ia te  agencies 
( i n  the  case  of NSF and DOE/OBES, with 
ex terna l  programs) o r  endorsements ( i n  the 
case of USGS, with only an  i n t e r n a l  
program). 
S S S D P  p r o j e c t s  remained the  r e s p o n s i b i l i t y  of 
each agency, but was coordinated among the 
agencies .  

F ina l  s e l e c t i o n  of proposals  f o r  

ON-S I T E  COORDINATION 

The on-s i te  coord ina t ing  group t o  whom the  
ESC delegated s i t e - o p e r a t i o n a l  a u t h o r i t y  was 
not included i n  the SSSDP Management Plan o r  
on the  c h a r t  of t h e  S S S D P  management 
s t r u c t u r e .  It was formed a t  the  well-site to  

provide immediate response to  problems 
a f f e c t i n g  the success  of program a c t i v i t i e s ,  
h e a l t h ,  and s a f e t y .  Dai ly  meetings of t h i s  
group were extremely c r i t i c a l  to  s u c c e s s f u l l y  
conducting d r i l l i n g  and engineering opera t ions  
and s c i e n t i f i c  a c t i v i t i e s  on-si te .  

D I S  CUSS ION 

Management of t h i s  program has been 
charac te r ized  a s  an  e x e r c i s e  i n ,  "how t o  
manage an over-scoped, under-funded program-- 
champagne plans with a beer  budget." A s  more 
accura te  c o s t  estimates were acquired e a r l y  i n  
1985, i t  became evident  t h a t  the  $5.9 m i l l i o n  
appropriated w a s  s i g n i f i c a n t l y  less than the  
rev ised  c o s t  estimates f o r  the d r i l l i n g  and 
engineer ing opera t ions  o r i g i n a l l y  designed. 
An ad hoc t a s k  f o r c e  c o n s i s t i n g  of DOE/SAN 
management, c o n t r a c t o r ,  landholder ,  and 
s c i e n t i f i c  program r e p r e s e n t a t i v e s  was 
e s t a b l i s h e d  by t h e  ESC t o  develop a fundable 
scope of work. 
a t a r g e t  w e l l  depth of 10,000 f e e t  and 
ga ther ing  maximuin s c i e n t i f i c  da ta  were t o  be 
re ta ined .  The task  force  made major program 
r e v i s i o n s ,  including e l imina t ion  of long-term 
flow tests, r e l a t e d  s u r f a c e  f a c i l i t i e s ,  and an 
i n j e c t i o n  w e l l ,  i n  favor  of severa l  short-term 
flow tests using simple test f a c i l i t i e s  and a 
b r i n e  holding pond. 

I n i t i a l  program o b j e c t i v e s  of 

When the d u s t  subsided from the  pa infu l  
e f f o r t s  t o  reduce scope and increase  funding, 
c o s t s  f o r  the SSSDP from FY84 through FY86 
t o t a l l e d  more than $9.3 m i l l i o n  (Table 1). 
About 75% of t h i s  amount was required f o r  

Table 1. Summary of D r i l l i n g  and Engineering, 
and S c i e n t i f i c  Program Funding. 

FUND116 BY AfiEHCY 
( I N  * 000'5)  

JxJ.mfu H s E h L p ~ ~  ULlbL 

DRILLIN6 I E161NEER116 25 6.605 25 25 6.680 

6EOtHEIII STRY 168 165 103 4 36 
PE lROL06Y 280 150 430 

180 170 350 
70 

6EOPHY S 1 C S (S 1 TE) 
70 

111 
810-ORfiANlt 
lNSlRUl lEWlAl lOL 597 120 
SClEHtE SUPPORT I IANA6EIICMT l!iL 

TOlAL FULL116 973 7.332 875 726 9.331 
7 11 41 10 13 l O l A L  AClIVIlIES 

GEOPHYSICS (LAB) 55 15 132 202 

d r i l l i n g  and engineer ing operat ions.  
element was the  i n c l u s i o n  of cor ing c o s t s  a s  a 
maximum funded amount ($1 m i l l i o n ) ,  r a t h e r  
than as a s p e c i f i c  plan and schedule of work. 

A major 

The usefu lness  of t h i s  management 
s t r u c t u r e  has been demonstrated not only by 
the  successfu l  achievement of most of the  
d r t l l i n g  , engineer ing ,  and s c i e n t i f i c  
o b j e c t i v e s ,  but a l s o  by t h e  quick response 
t h a t  i t  provided t o  reso lve  urgent i s s u e s  
needing immediate a t t e n t i o n  and response from 
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a l l  p a r t i c i p a n t s .  An example of t h e  l a t te r  
was the  provis ion of $135,000 of a d d i t i o n a l  
funding from DOE/GTD, DOE/OBES, NSF, and USGS 
i n  the  l a s t  few days of d r i l l i n g  i n  order  t o  
properly complete and test t h e  well a t  i t s  
t o t a l  depth. 

CONCLUSIONS 

The success  of t h i s  program can be 
c r e d i t e d  to  the  melding toge ther  of the  key 
p a r t i c i p a n t s  i n t o  a single-minded team. This  
was accomplished by open and f rank  
communications be tween these  part k i p a n t s  and 
by t h e i r  employment of l a t e r a l  coordinat ion 
wi th  t h e i r  counterpar t s ,  r a t h e r  than reso lv ing  
i s s u e s  through the  i r res pect i v e  management 
channels. Although much knowledge has been 
gained from t h e  SSSDP, the  r o o t s  o€ t h e  S a l t o n  
Sea hydrothermal system were not f u l l y  
penetrated.  However, i t  has  been shown t o  
extend a t  l e a s t  t o  10,564 f e e t  beneath the 
SSSDP w e l l  site. Addit ional  d r i l l i n g  and 
s c i e n t i f i c  a c t i v i t i e s  a t  the  well-site a r e  
being considered. 
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