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Seven tempera ture  g r a d i e n t  h o l e s  were d r i l l e d  a t  t h e  Marine Corps A i r  

Ground Combat Cen te r ,  Twentynine Palms, C a l i f o r n i a ,  a s  p a r t  of a c o o p e r a t i v e  

r e s e a r c h  and development program, j o i n t l y  funded by t h e  Navy and Department of 

Energy. The purpose of t h i s  program w a s  t o  a s s e s s  geothermal r e s o u r c e s  a t  se- 

l e c t e d  Department of Defense i n s t a l l a t i o n s .  D r i l l  s i t e  s e l e c t i o n  w a s  based on 

geophys ica l  anomalies d e l i n e a t e d  b:y combined g r a v i t y ,  ground magnetic and aero- 

magnet ic  surveys ,  which were performed by t h e  Geothermal U t i l i z a t i o n  D i v i s i o n ,  

Naval Weapons Cen te r ,  China Lake, C a l i f o i m i a ,  o r  t h e i r  c o n t r a c t o r s .  U t i l i z a -  

t i o n  of  geothermal f l u i d s  f o r  power g e n e r a t i o n  and space  h e a t i n g  r e p r e s e n t s  a 

v i a b l e  energy r e s o u r c e  f o r  many Department of Defense i n s t a l l a t i o n s ,  p a r t i c u -  

l a r l y  i n  t h e  wes te rn  United S t a t e s ,  

Geothermal f l u i d s  are  known t o  occur  immediately sou th  of t h e  MCAGCC. 

Seve ra l  nor thwes t - t rending  f a u l t s ,  be l i eved  t o  be t h e  p r i n c i p a l  s t r u c t u r a l  con- 

t r o l s  f o r  r i s i n g  thermal f l u i d s  a r e  l o c a t e d  on t h e  Center.  In  a d d i t i o n ,  a pro- 

minent nor thwes t - t rending  l ineament ,  d e f i n e d  by t h e  a l ignment  of  c l o s e l y  spaced 

g r a v i t y  con tour s ,  r e f l e c t s  a 1 7  m . i l l i ga l / 'm i l e  anomaly, measured o r thogona l  t o  

t h e  t r e n d ,  and i n d i c a t e s  a l a r g e  v e r t i c a : .  d i sp lacement  i n  t h e  bedrock. This 

anomaly is  l o c a t e d  s l i g h t l y  east of t h e  C e n t e r ' s  a d m i n i s t r a t i v e  area and was 

t h e  primary t a r g e t  f o r  t h e  i n i t i a l  d r i l l i r g .  

D r i l l i n g  began January 3,  1984, and was completed on January 2 7 ,  1984. 

Depths ranged from 880 f e e t  t o  1,100 f e e t .  A f t e r  f o u r  non-thermal h o l e s  were 

d r i l l e d ,  t h e  o r i g i n a l  d r i l l i n g  p lan  w a s  modi f ied .  The f i f t h  tempera ture  g rad i -  

e n t  h o l e  was d r i l l e d  a t  a s i t e  o r i g i n a l l y  s e l e c t e d .  However, t h e  f i n a l  two 

h o l e s  were d r i l l e d  a t  two a l t e rna t l e  s i t e s  s e l e c t e d  n e a r  S u r p r i s e  Spr ing ,  which 

i s  l o c a t e d  s e v e r a l  m i l e s  nor thwes t  of t h e  MCAGCC a d m i n i s t r a t i v e  a r e a .  
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Temperature g r a d i e n t s  ranged from 1.3"C/100 m (1"F/100 f t . )  i n  h o l e  No. 1 

t o  15.3"C/100 m (8.3"F/100 f t . )  i n  tempera ture  g r a d i e n t  h o l e  No. 6. Large,  

p o s i t i v e  geothermal g r a d i e n t s  i n  tempera ture  g r a d i e n t  h o l e s  5 and 6 ,  combined 

w i t h  r e s p e c t i v e  bottom h o l e  tempera tures  of 51.6"C (125'F) and 67°C (153'F), 

i n d i c a t e  t h a t  an e x t e n s i v e ,  moderate-temperature geothermal r e s o u r c e  i s  l o c a t e d  

on t h e  MCAGCC. The geothermal r e s e r v o i r  appea r s  t o  be s i t u a t e d  i n  o l d ,  uncon- 

s o l i d a t e d  a l l u v i a l  material and i s  s t r u c t u r a l l y  bounded on t h e  east  by t h e  

Mesquite Lake f a u l t  and on t h e  west by t h e  S u r p r i s e  Spr ing  f a u l t .  I f  measured 

tempera ture  g r a d i e n t s  con t inue  t o  i n c r e a s e  a t  t h e  observed ra te ,  tempera tures  

i n  excess  of 80°C (178°F) can be expec ted  a t  a dep th  of  2,000 f e e t .  
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Many people p a r t i c i p a t e d  i n  t h e  succ t !ss fu l  completion of t h i s  p r o j e c t  and 

t h e  a u t h o r s  would l i k e  t o  acknowledge t h e i r  c o n t r i b u t i o n s .  John Crawford and 

B i l l  Holman, of t h e  San F ranc i sco  Operati tms O f f i c e  of t h e  U.S. Department of 

Energy, provided p e r t i n e n t  suggest ions  d u r i n g  s i t e  s e l e c t i o n  review and t h e  

d r i l l i n g  phase of t h e  program. Geotherma:. U t i l i z a t i o n  D i v i s i o n ,  Naval Weapons 

Center  China Lake, personnel  were ins t rumenta l  i n  conce iv ing  t h e  p r o j e c t ,  pro- 

I v i d i n g  geophys ica l  d a t a  used i n  d r i l l  s i t e  s e l e c t i o n ,  and a s s i s t i n g  i n  t e m -  

p e r a t u r e  g r a d i e n t  measurements and s i t e  r e s t o r a t i o n .  I n d i v i d u a l s  of t h e  Geo- 

thermal U t i l i z a t i o n  D i v i s i o n  who provided t h i s  suppor t  a r e  C a r l a  Ger ra rd ,  A 1  

K a t z e n s t e i n ,  Jack Neffew and Ted Mort. 

L o g i s t i c a l  suppor t  d u r i n g  a c t i v i t i e s  a t  t h e  Marine Corps Center  was pro- 

v ided  by L t .  Col. C.E. Scha f fe r  and t h e  s t a f f  of t h e  I n s t a l l a t i o n s  D i v i s i o n ,  

s p e c i f i c a l l y  S t a f f  Sgt .  W i l l i a m  Flummerfelt ,  who provided a s s i s t a n c e  i n  acqu i r -  

i n g  necessa ry  permi ts  f o r  d r i l l i n g  a c t i v i t i e s  a t  t h e  MCAGCC. 

We would a l s o  l i k e  t o  acknowledge t h e  d r i l l i n g  c o n t r a c t o r ,  Fred Anderson 

and Son Exp lo ra t ion  D r i l l i n g ,  I n c , ,  f o r  a j ob  w e l l  done and f o r  t h e i r  p a t i e n c e  

w h i l e  d r i l l  s i t e  l o c a t i o n s  and dep ths  were changed because of d a t a  acqui red  

d u r i n g  d r i l l i n g .  

Without t h e  a s s i s t a n c e  and sulpport provided by t h e s e  i n d i v i d u a l s  and or- 

g a n i z a t i o n s ,  t h i s  p r o j e c t  would n o t  have blzen completed. 
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A s  p a r t  of a U.S. Department of Enerjy and U.S. Navy Coopera t ive  Progrdm 

Agreement, t h e  Div i s ion  of Ea r th  Sc iences ,  Un ive r s i ty  of Nevada, Las Vegas, was 

s e l e c t e d  t o  d r i l l  seven temperature  g r a d ~ e n t  ho le s  a t  t h e  Marine Corps A i r  

Ground Combat Center ,  Twentynine E'lalms, C a l i f o r n i a .  I n t e r e s t  i n  eeothermal  

energy a t  t h e  MCAGCC was s t imu la t ed  by r e p o r t s  of 73°C (164°F) water f lowing 

from a 400 f o o t  deep w e l l  l oca t ed  3.2 km ( 2  m i l e s )  s o u t h e a s t  of t h e  Center .  

Geophysical d a t a  d e l i n e a t e d  a s t r u c t u r e  th; i t  appears  t o  be an asymmetric graben 

t r end ing  nor thwes t -southeas t  beneath t h e  C e n t e r ' s  a d m i n i s t r a t i v e  area. The 

a r t e s i a n  w e l l  i s  loca ted  a long  t h i s  same t r end .  

The d r i l l  s i t e s  were s e l e c t e d  on t h e  b a s i s  of geophys ica l  work performed 

by t h e  Geothermal U t i l i z a t i o n  Div i s ion ,  Naval Weapons Cen te r ,  China Lake, Cal i -  

f o r n i a .  The o r i g i n a l  t a r g e t s  were suspec ted  f a u l t  t r e n d s  and magnet ic  anoma- 

l i e s  a s s o c i a t e d  wi th  t h e  g raben- s t ruc tu re  beneath t h e  Center .  Wells were 

d r i l l e d  t o  a nominal dep th  of  1,000 f e e t  o r  t o  bedrock, whichever came f i r s t .  

D r i l l i n g  commenced on January 3, 1980, and w a s  completed on January 29, 

1984. Temperature g rad i -  

e n t  measurements were made on February 13-15, 1984, and aga in  on February 2 7  

and 28. A maximum tempera ture  of  67.1"C was recorded a t  a dep th  of 1 ,100 f ee t  

i n  tempera ture  g r a d i e n t  h o l e  number 6. A t  d r i l l  s i t e  number 5 ,  approximately 2 

m i l e s  south  of  d r i l l  s i t e  6 and a long  t h e  same subsu r face  t r e n d ,  a tempera ture  

of 51°C w a s  measured a t  a dep th  of 940 f e e t .  Temperatures measured i n  tempera- 

t u r e  g r a d i e n t  h o l e s  1, 2 ,  3 ,  4 ,  and 7 re f l . ec ted  t h e  r e g i o n a l  geothermal g rad i -  

e n t ,  which i s  2.5 t o  3.O0C/1O0 m. 

Completed depths  ranged from 880 feizt t o  1 ,100 f e e t .  



SITE CHARACTER1 STICS 

The Marine Corps A i r  Ground Combat Center  (MCAGCC), Twentynine P a l m s ,  

C a l i f o r n i a ,  encompasses approximately 1 ,000  squa re  m i l e s  of t h e  sou the rn  Mojave 

Desert. The Center  a d m i n i s t r a t i v e  and hous ing  a r e a  i s  l o c a t e d  5 m i l e s  n o r t h  of 

t h e  c i t y  of Twentynine P a l m s ,  C a l i f o r n i a  ( f i g .  1 ) .  Large b u i l d i n g s  such as 

o f f i c e s ,  ba r r acks  and classrooms a r e  hea ted  by a c e n t r a l  b o i l e r  p l a n t  employing 

a low p r e s s u r e  steam and d i s t r i b u t i o n  sys t em.  I n d i v i d u a l  and m u l t i p l e  fami ly  

housing employ i n d i v i d u a l  g a s - f i r e d  forced  a i r  h e a t i n g  systems. 

An exped i t iona ry  a i r  f i e l d  (EAF) i s  l o c a t e d  a t  Camp Wilson, approximately 

6 mi l e s  nor thwes t  of t h e  C e n t e r ' s  a d m i n i s t r a t i v e  area. The only  permanent 

s t r u c t u r e s  a t  C a m p  Wilson a re  14 shower and l a v a t o r y  b u i l d i n g s .  H o t  w a t e r  f o r  

t h e  b u i l d i n g s  i s  hea ted  by f u e l  o i l .  

The annual expend i tu re s  f o r  h e a t i n g  o i l  and n a t u r a l  gas  for t h e  e n t i r e  

Center  were $2,050,000 f o r  f i s c a l  1983 ( F a c i l i t i e s  Engineer personnel  per .  

comm., 1983). 

GENERAL GEOLOGIC SETTING 

The Mojave Dese r t  i s  p a r t  of t h e  Basin and Range phys iographic  province  

(Fenneman, 1931). Rocks exposed i n  t h e  ranges  a r e  g e n e r a l l y  o l d e r  than  t h o s e  

found f u r t h e r  n o r t h  i n  t h e  province .  Precambrian g n e i s s i c  rocks  and i n t r u s i v e s  

of  Mesozoic age comprise t h e  bedrock a r e a s  sur rounding  t h e  b a s i n s  (Dibblee ,  

1968). i n c o n s o l i d a t e d ,  ve ry  l a t e  P l e i s t o c e n e  and Recent d e p o s i t s  c o n s i s t i n g  of  

windblown sand ,  a l luv ium and c l a y  comprise t h e  s u r f i c i a l  sed iments  of  t h e  

v a l l e y s .  These d e p o s i t s  a r e  u n d e r l a i n  by o l d e r ,  weakly conso l ida t ed  a l luv ium 

and fanglomera te  l o c a l l y  cemented by c a l c i t e .  Thickness of t h e s e  d e p o s i t s  i s  

probably g r e a t e r  than  1,000 f e e t .  They range  i n  age  from l a t e  t o  mid-Pleisto- 

cene  t o  p o s s i b l y  l a t e  T e r t i a r y .  
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Figure 1. 

Location map of the Marine 

Coirps Air Ground Combat Center, 

Twenty nine Palms, California (MCAGCC). 
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Geologic s t r u c t u r e  i n  t h e  area i s  dominated by northwestward-trending 

f a u l t s .  The sou the rn  boundary of  t h e  Mojave Desert i n  t h i s  a r e a  i s  t h e  P i n t o  

Mountain f a u l t ,  l o c a t e d  on t h e  n o r t h  s i d e  o f  t h e  L i t t l e  San Bernardino Moun- 

t a i n s .  S i g n i f i c a n t  nor thwes t  t r e n d i n g  f a u l t s ,  from east  t o  west, i n  t h i s  area 

i n c l u d e  t h e :  1 )  Bu l l ion  Mountain f a u l t ,  2)  Mesquite Lake f a u l t ,  3) S u r p r i s e  

Spr ing  f a u l t ,  and 4 )  t h e  Copper Mountain-Emerson f a u l t  system ( f i g .  2). Sev- 

e ra l  unnamed s u b p a r a l l e l  f a u l t s  a re  i n f e r r e d  between t h e  Mesquite Lake f a u l t  

and t h e  Copper Mountain-Emerson f a u l t  system. 

GEOTHERMAL OCCURRENCES 

The occurrence  of warm ground water i n  t h e  Twentynine Palms area has  been 

known f o r  a t  least  30 y e a r s .  Wells d r i l l e d  f o r  domestic water n o r t h  of  t h e  

c i t y  of Twentynine Palms have r e p o r t e d  tempera tures  of 40-73°C (105-164°F). 

Higgins (1980) r e p o r t e d  3 wells r ang ing  i n  tempera ture  from 48°C t o  63°C. The 

approximate boundary of  t h e  geothermal area i n  t h e  v i c i n i t y  o f  Twentynine Palms 

was d e s c r i b e d  i n  Leivas  and o t h e r s  (1981) as ex tending  approximately 15  km (9 

m i l e s )  i n  an east-west d i r e c t i o n  and 6 km (3.5 m i l e s )  north-south.  However, 

t h i s  d e l i n e a t i o n  was based on only 5 w e l l s .  

I n t e r e s t  i n  t h e  p o t e n t i a l  f o r  geothermal r e sources  benea th  t h e  Marine 

Corps A i r  Ground Combat Cen te r  was s t i m u l a t e d  by t h e  r e p o r t e d  e x i s t e n c e  of a 

w e l l ,  400 f e e t  deep  w i t h  a water tempera ture  of 73°C (164"F),  l o c a t e d  3.6 km ( 2  

m i l e s )  s o u t h e a s t  of t h e  C e n t e r ' s  boundary. Geophysical e x p l o r a t i o n  by t h e  Geo- 

thermal U t i l i z a t i o n  D i v i s i o n ,  Naval Weapons Center ,  China Lake, i n d i c a t e d  a 

geo log ic  s t r u c t u r e ,  t h e  B u l l i o n  Mountain f a u l t ,  t r e n d i n g  nor thwes t -southeas t  

beneath t h e  MCAGCC a d m i n i s t r a t i v e  a r e a  and t h e  above mentioned w e l l .  
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DRILL SITE SELECTION 

A meeting was he ld  a t  Naval Weapons Center ,  China Lake, C a l i f o r n i a ,  t o  

d i s c u s s  d r i l l  s i t e  s e l e c t i o n  c r i t e r i a .  The mee t ing  was a t t ended  by U.S. DOE, 

San F ranc i sco  Opera t ions  O f f i c e  personnel  and a D i v i s i o n  of E a r t h  Sc iences  re- 

p r e s e n t a t i v e .  The seven d r i l l  s i t e s  ( f i g .  3)  were s e l e c t e d  from geophys ica l  

d a t a  ga the red  by Geothermal U t i l i z a t i o n  D i v i s i o n  personnel  o r  the i r  con t r ac -  

t o r s .  An aeromagnetic survey ,  performed over  t h e  e n t i r e  m i l i t a r y  r e s e r v a t i o n ,  

showed s e v e r a l  l ow- in t ens i ty  anomalies.  A marked l i n e a r  i n c r e a s e  i n  magnetic 

i n t e n s i t y  appeared a long  t h e  e a s t e r n  s i d e  of t h e  C e n t e r ' s  a d m i n i s t r a t i v e  area 

(g ray  area on f i g .  3 ) .  Grav i ty  and ground magnetic survey  d a t a ,  concen t r a t ed  

i n  t h e  sou the rn  p o r t i o n  of t h e  MCAGCC, confirmed t h e  e x i s t e n c e  of t h e  s teep 

nor thwes t -southeas t  t r e n d i n g  aeromagnetic anomaly. The magnetic and g r a v i t y  

anomaly appea r s  t o  c o i n c i d e  w i t h  a f a u l t  i n f e r r e d  by Dibblee  (19681, which has  

been named t h e  B u l l i o n  Mountain f a u l t .  

F ive  d r i l l  s i t e s  ( f i g .  3) were s e l e c t e d  around t h e  a d m i n i s t r a t i v e  a r e a  t o  

t es t  t h e  hypo thes i s  t h a t  a b u r i e d  f a u l t  i n  t h i s  area may provide  a condu i t  f o r  

geothermal f l u i d s .  S i t e  81-21 is  l o c a t e d  on t h e  upthrown ( e a s t e r l y )  s i d e  of 

t h e  f a u l t  t o  a s c e r t a i n  thermal  g r a d i e n t  background. S i t e  78-16, l o c a t e d  3 

m i l e s  west-northwest of t h e  a d m i n i s t r a t i v e  area,  i s  l o c a t e d  on t h e  e a s t e r n  

f l a n k  of a g r a v i t y  h igh .  

D r i l l i n g  w a s  t o  proceed a t  t h e  s e l e c t e d  s i t e s  i n  t h e  fo l lowing  o rde r :  1 )  

78-33, 2)  78-29, 3) 45-28, 4 )  43-20, 5 )  81-21, 6) 13-4, and 7) 78-16. The 

o r d e r  of d r i l l i n g  and d r i l l - s i t e  l o c a t i o n s  were a l t e r e d  and r e v i s e d  d u r i n g  

d r i l l i n g ,  however, as mud r e t u r n  tempera tures  and dep th  t o  bedrock d a t a  were 

ob ta ined .  The r a t i o n a l e  f o r  t h e s e  changes i s  d i scussed  i n  t h e  "Summary of  

D r i l l i n g  A c t i v i t i e s "  s e c t i o n  of  t h i s  r e p o r t .  
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DRILLING SPECIFICATIONS 

A f t e r  t h e  d r i l l  s i t e s  were s e l e c t e d ,  an o n - s i t e  v i s i t  was made t o  a s c e r -  

t a i n  t h e  types  of m a t e r i a l s  t h a t  would be encountered and t o  de te rmine  a c c e s s i -  

b i l i t y  t o  d r i l l i n g  equipment. I n i t i a l  d r i l l i n g  s p e c i f i c a t i o n s  were prepared 

and submit ted t o  t h e  Purchasing Department, U n i v e r s i t y  of  Nevada, Las Vegas, 

f o r  procurement. A copy of t h e  d r i l l i n g  s p e c i f i c a t i o n s  i s  presented  i n  Appen- 

d i x  A. 

The temperature  g r a d i e n t  h o l e s  were t o  be d r i l l e d  t o  a d e p t h  of  1,000 

f e e t  o r  t o  bedrock. I f  bedrock w a s  encountered b e f o r e  r e a c h i n g  1,000 f e e t ,  

d r i l l i n g  w a s  t o  be te rmina ted  and t h e  remaining footage  used on a d d i t i o n a l  

h o l e s .  The t o t a l  d r i l l i n g  c o n t r a c t  was f o r  7,000 f e e t  of  5 t o  6 inch  d iameter  

h o l e  cased w i t h  2.5 inch  black-iron pipe.  

A l l  d r i l l i n g  proceeded accord ing  t o  r e g u l a t i o n s  d e s c r i b e d  i n  t h e  Geother- 

mal Resources Opera t ing  Orders  (GROO). I n  a d d i t i o n ,  DES personnel  and cont rac-  

t o r s  observed a l l  s a f e t y  and s e c u r i t y  r e g u l a t i o n s  i n  a f f e c t  on t h e  MCAGCC. 

E x i s t i n g  w a t e r  wells i n  t h e  a r e a  do  n o t  exceed 700 f e e t  i n  d e p t h  and a 

blowout p r e v e n t o r  (BOP) w a s  used on t h e  f i r s t  t empera ture  g r a d i e n t  ho le .  The 

use  of a BOP was n o t  inc luded  i n  t h e  o r i g i n a l  d r i l l i n g  s p e c i f i c a t i o n s .  The 

modif ied d r i l l i n g  p l a n  f o r  u s e  of  BOP equipment r e q u i r e d  8 518 inch  c a s i n g  t o  

100 f e e t .  The 8 5 /8  inch  ca'sing w a s  cemented i n  p l a c e  by f o r c i n g  cement down 

t h e  c a s i n g  and up t h e  annulus  between t h e  c a s i n g  and t h e  o u t s i d e  o f  t h e  hole .  

Bid packages were s e n t  t o  t e n  d r i l l i n g  companies; only two companies re- 

sponded. The low b i d d e r ,  Fred Anderson and Son Explora t ion  D r i l l i n g  Inc . ,  of  

Woods Cross, Utah, w a s  awarded t h e  c o n t r a c t .  
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PRE-DRILLING CONFERENCE 

On December 13,  1983, personnel  from t h e  Div i s ion  of E a r t h  Sc iences  and 

t h e  Geothermal U t i l i z a t i o n  Div i s ion ,  Naval Weapons Cen te r ,  China Lake, b r i e f e d  

Marine Corps m i l i t a r y  and c i v i l i a n  personnel .  Seve ra l  t o p i c s  were d i s c u s s e d  

i n c l u d i n g  d r i l l i n g  c o n t r a c t o r  v e h i c l e  permi ts  , a c c e s s  t o  t h e  MCAGCC, s a f e t y ,  

and l o g i s t i c a l  m a t t e r s  p e r t a i n i n g  t o  a v a i l a b i l i t y  of water  and s t o r a g e  of cas-  

ing .  It was agreed by a l l  p a r t i e s  t h a t  d r i l l i n g  would commence as soon as pos- 

s i b l e .  

Marine Corps personnel  were m t h u s i b s t i c  about t h e  proposed d r i l l i n g  pro- 

gram and t h e  p o t e n t i a l  f o r  geothermal energy t o  reduce o i l  and n a t u r a l  gas con- 

sumption. 

S t a f f  Sargent  W. Flummerfelt of t h e  Na tu ra l  Resources D i v i s i o n ,  I n s t a l l a -  

t i o n s  D i v i s i o n ,  w a s  ass igned  t o  a c t  as l i a i s o n  f o r  DES and t h e  d r i l l i n g  con- 

t r a c t o r .  S.Sgt. Flummerfelt provided inv ,n luable  a s s i s t a n c e  f o r  t h e  d u r a t i o n  of 

t h e  d r i l l i n g  program a t  t h e  Marine Corps AGCC, Twentynine Palms. 
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SlJHMAKY OF DRILLING ACTIVITIES 

AS d i scussed  p rev ious ly ,  and shown on F igure  3,  seven d r i l l i n g  s i t e s  were 

s e l e c t e d  based on geophys ica l  d a t a  s u p p l i e d  by t h e  Geothermal U t i l i z a t i o n  Divi-  

s i o n ,  Naval Weapons Cen te r ,  China Lake. The d r i l l i n g  sequence, as s p e c i f i e d ,  

was a l t e r e d  somewhat a f t e r  bedrock was encountered a t  a dep th  of 690 f e e t  i n  

t h e  f i r s t  ho le .  In  a d d i t i o n ,  low tempera ture  mud r e t u r n s ,  i n d i c a t i n g  no  geo- 

thermal f l u i d s ,  prompted a r e v i s i o n  i n  t h e  o r d e r  of d r i l l i n g  s i t e s  1 through 5 .  

The o r i g i n a l  i n t e n t  of t h e  d r i l l i n g  program w a s  t o  c o n c e n t r a t e  on s i t e s  l o c a t e d  

on t h e  l a r g e  g r a v i t y  anomaly beneath t h e  C e n t e r ' s  a d m i n i s t r a t i v e  a r e a  ( s i t e s  

78-33, 45-28, 43-20, 78-29 and 13-4, f i g .  3 ) .  

The d i s a p p o i n t i n g l y  low mud r e t u r n  tempera tures  (27OC) and t h e  sha l low 

depth-to-bedrock i n d i c a t e d  t h a t  s i t e s  45-28 and 43-20, l o c a t e d  on t h e  east  s i d e  

of  t h e  MCAGCC, would a l s o  be on t h e  upthrown s i d e  of  t h e  Bu l l ion  Mountain f a u l t  

and, t h e r e f o r e ,  u n l i k e l y  p r o s p e c t s  f o r  geothermal f l u i d s .  A f t e r  completion of 

tempera ture  g r a d i e n t  h o l e  No. 1 (78-33), i t  w a s  mutua l ly  dec ided  by DES, DOE 

San F ranc i sco  Opera t ions  O f f i c e ,  and Navy personnel  t o  d r i l l  s i t e  13-4, l o c a t e d  

4,500 f e e t  s o u t h e a s t  of tempera ture  g r a d i e n t  h o l e  No. 1 and pe rpend icu la r  t o  

t h e  t r end  of t h e  B u l l i o n  Mountain f a u l t .  This  s i t e  (13-4) is  a d j a c e n t  t o  t h e  

Mesquite Lake f a u l t  which w a s  b e l i e v e d  t o  be ano the r  l i k e l y  t a r g e t  f o r  geother -  

m a l  r e sources .  

Temperature g r a d i e n t  h o l e  No. 2 w a s  completed t o  a dep th  of  1,000 f e e t  

wi thout  encounter ing  bedrock. Maximum mud r e t u r n  tempera tures  of only 27°C 

sugges ted  t h a t  i f  a geothermal r e s o u r c e  was p r e s e n t ,  i t  was very  deep. 
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The t h i r d  d r i l l  s i t e  was l o c a t e d  approximately half-way between tempera- 

t u r e  g r a d i e n t  h o l e  No. 1 and tempera ture  g r a d i e n t  h o l e  No. 2 ( f i g .  4 )  a long  t h e  

t r end  of t h e  g r a v i t y  anomaly and 1.3 m i l e s  t o  t h e  n o r t h  of  tempera ture  g r a d i e n t  

h o l e  No. 2. This l o c a t i o n  would confirm i f  t h e  Bu l l ion  Mountain f a u l t  ( g r a v i t y  

anomaly) w a s  t h e  c o n t r o l l i n g  s t r u c t u r e  f o r  t h e  geothermal f l u i d s .  

Due t o  t h e  d i s a p p o i n t i n g  r e s u l t s  from tempera ture  g r a d i e n t  h o l e s  1 and 2 ,  

i t  w a s  mucually agreed  by a l l  p a r t i e s  t o  d r i l l  t o  a depth  g r e a t e r  than  1,000 

f e e t  a t  t h i s  l o c a t i o n .  The amount of d r i l l  rod immediately a v a i l a b l e  w a s  1,220 

f e e t .  A t  a dep th  of 1,090 f e e t ,  t h e  hea r ings  on t h e  d r i l l  b i t  s e i z e d  and 

d r i l l i n g  slowed. The h o l e  w a s  completed t o  1,100 f e e t  and maximum mud r e t u r n  

tempera tures  were 30°C. These d a t a  confj.rmed t h a t  t h e  Bu l l ion  Mountain f a u l t ,  

i n  t h e  v i c i n i t y  of t h e  C e n t e r ' s  a d m i n i s t r a t i v e  a r e a ,  w a s  n o t  t h e  c o n t r o l l i n g  

s t r u c t u r e  f o r  t h e  m i g r a t i o n  of geothermal f l u i d s .  

A f t e r  ana lyz ing  t h e  r e s u l t s  of d r i l l i n g ,  i t  w a s  dec ided  by DES and Navy 

personnel  t o  d r i l l  d i f f e r e n t  s t r u c t u r a l  b locks  on t h e  Center  t o  de t e rmine  which 

f a u l t s  c o n t r o l l e d  t h e  mig ra t ion  of geothermal f l u i d s .  

Temperature g r a d i e n t  h o l e  No. 4 was loca ted  a t  o r i g i n a l  d r i l l  s i t e  81-21, 

immediately e a s t  of t h e  B u l l i o n  Mountains ( e a s t  of t h e  B u l l i o n  Mountain f a u l t ) ,  

t o  a s c e r t a i n  i f  t h e  geothermal f l u i d s  r e p o r t e d  sou th  of t h e  Center  were con- 

t r o l l e d  by f a u l t s  on t h e  e a s t  s i d e  of t h e  B u l l i o n  Mountains. Bedrock was en- 

countered  a t  890 f e e t  and d r i l l i n g  was te rmina ted  a t  920 f e e t .  Maximum mud re -  

t u r n  tempera ture  was 29°C a t  920 f e e t  which i n d i c a t e d  t h a t  t h e  geothermal 

f l u i d s  a r e  n o t  i n  t h i s  s t r u c t u r a l  block. 

A t  t h i s  p o i n t ,  DES and Navy personnel  agreed  t o  d r o p  two remaining p r i m a r y  

s i tes  n e a r  t h e  a d m i n i s t r a t i v e  a r e a  and focus on o t h e r  secondary s i t e s  w e s t  of 

t h e  Bu l l ion  Mountain f a u l t .  This  was done i n  an e f f o r t  t o  l o c a t e  t h e  
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c o n t r o l l i n g  s t r u c t u r e s  f o r  t h e  geothermal f l u i d s .  These two a d d i t i o n a l  s i t e s  

were chosen on oppos i t e  s i d e s  of t h e  S u r p r i s e  Spr ing  f a u l t .  A major  l o g i s t i c a l  

problem su r faced  because t h e s e  s i t e s  a re  l o c a t e d  on t r a i n i n g  ranges  w i t h  re- 

s t r i c t e d  access .  Temperature g r a d i e n t  h o l e  No. 5 w a s  d r i l l e d  w h i l e  permiss ion  

t o  e n t e r  t h e  t r a i n i n g  area w a s  obt,nined. 

S i t e  5 ,  ( s i t e  78-16, f i g .  3 )  i s  Located 3 m i l e s  west-northwest  of t h e  

C e n t e r ' s  a d m i n i s t r a t i v e  area.  It i s  s i t u a t e d  between t h e  Mesqui te  Lake f a u l t  

on t h e  east  and S u r p r i s e  Spr ing  f a u l t  on t h e  w e s t .  Maximum mud r e t u r n  tempera- 

t u r e s  were 34"C, i n d i c a t i n g  t h e  presence  o f  geothermal  f l u i d s .  The h o l e  was t o  

be d r i l l e d  t o  1 ,100 f e e t ,  however, a b i t  change w a s  r equ i r ed  a t  940 f e e t  and, 

upon t r i p p i n g  back i n t o  t h e  h o l e ,  c i r c u l a t i o n  could n o t  be recovered .  Another 

p i t  of mud was prepared and pumped down t h e  h o l e ;  c i r c u l a t i o n  s t i l l  was n o t  re- 

gained.  F u r t h e r  a t t empt s  t o  r e g a i n  c i r c u l a t i o n  would have r e s u l t e d  i n  wasted 

money and t i m e .  It w a s  t h e r e f o r e  dec idec ,  by DES per sonne l ,  t o  complete  t e m -  

p e r a t u r e  g r a d i e n t  h o l e  No. 5 t o  940 f e e t .  

Permission t o  e n t e r  t h e  t r a i n i n g  area,  where s i t e s  6 and 7 a re  l o c a t e d  

( f i g .  5) w a s  ob ta ined  d u r i n g  d r i l l i n g  of  tempera ture  g r a d i e n t  h o l e  No. 5. AS 

mentioned p rev ious ly ,  s i t e  6 i s  loicated on t h e  eas t  s i d e  o f  t h e  S u r p r i s e  Spr ing  

f a u l t .  Based on t h e  h igh  mud r e t u r n  tempera tures  a t  s i t e  5,  s i t e  6 ,  which i s  

l o c a t e d  on t h e  same s i d e  of t h e  f a u l t ,  looked promising. 

Temperature g r a d i e n t  h o l e  No. 6 w a s  d r i l l e d  t o  a dep th  of  1 ,100 f e e t .  

Maximum mud r e t u r n  tempera tures  were 39.L.OC. The most i n t e r e s t i n g  f e a t u r e  of  

t h e  mud tempera ture  moni tor ing  w a s  t h a t ,  i s f te r  t e r m i n a t i o n  of  d r i l l i n g ,  t h e  mud 

r e t u r n  tempera ture  inc reased  1.4"C i n  20 minutes  d u r i n g  c i r c u l a t i o n  b e f o r e  t r i p  

ou t .  

Temperature g r a d i e n t  h o l e  No. 7 i s  l o c a t e d  west of t h e  S u r p r i s e  Spr ing  

f a u l t  ( f i g .  5 ) .  Resu l t s  from t h i s  s i t e  would i n d i c a t e  whether  o r  n o t  t h e  f a u l t  

13 
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i s  t h e  c o n t r o l l i n g  s t r u c t u r e  f o r  t h e  m i g r a t i o n  o f  geothermal f l u i d s  i n  t h e  

southern  a r e a  of t h e  Center .  The h o l e  w a s  completed t o  1 ,060 f e e t  and t h e  max- 

imum mud r e t u r n  tempera ture  w a s  only 23°C. The low mud r e t u r n  temperatures  

t e n t a t i v e l y  i n d i c a t e d  t h a t  geothermal f l u i d s  were m i g r a t i n g  up t h e  S u r p r i s e  

Spring f a u l t  and f lowing east .  A d e t a i l e d  summary of d a i l y  d r i l l i n g  a c t i v i t i e s  

and d r i l l i n g  progress  c h a r t s  f o r  temperature  g r a d i e n t  h o l e s  1-7 are  presented  

i n  Appendix B. 
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L i t h o l o g i c  samples were c o l l e c t e d  a t  20 f o o t  i n t e r v a l s  d u r i n g  d r i l l i n g .  

Cursory examinations and i d e n t i f i c a t i o n s  were made on - s i t e .  Labora tory  analy- 

s is  u s i n g  a b i n o c u l a r  microscope w a s  performed t o  confirm f i e l d  d e s c r i p t i o n s .  

Mud r e t u r n  tempera tures  were a l s o  monitored d u r i n g  d r i l l i n g .  

L i t h o l o g i c  logs  and tempera ture  p r o f i l e s  f o r  each tempera ture  g r a d i e n t  

h o l e  a re  presented  i n  F igu res  6 through 12. Temperature p r o f i l e s  developed 

d u r i n g  t h e  second se t  of tempera ture  measurements (February 27-28 , 1984) are 

presented  i n  Appendix C. Temperature g r a d i e n t  h o l e  No. 1, ( f i g .  6) , encoun- 

ters  sand and g r a v e l  t o  70 f e e t .  Clayey sand and c l a y  are  encountered from 70 

t o  9 3  f e e t .  Samples from 100 t o  160 f e e t  c o n s i s t e d  of c o a r s e  sand and g r a v e l .  

A 40 f o o t  s e c t i o n  of sand ,  g r a v e l  and cobb les  occurs  between 160 and 200 f e e t .  

A t h i c k  sequence of a l luv ium c o n s i s t i n g  of c o a r s e  sand w i t h  c l a y  and an occa- 

s i o n a l  boulder  occurs  from 200 t o  420 feet .  From 420 t o  480 f e e t ,  c o a r s e  sand 

and g r a v e l  w i t h  an occas iona l  cobble  occurs .  A t h i n  s e c t i o n  of sandy c l a y  

occurs  between an e i g h t y  f o o t  t h i c k  sequence of bou lde r s  and cobbles  t o  600 

f e e t .  Coarse sandy c l a y  was encountered t o  660 f e e t  a t  which p o i n t  d r i l l i n g  

slowed because a l a r g e  bou lde r  o r  d i k e  of d i a b a s e  w a s  encountered. A t  690 

f e e t  , q u a r t z  monzonite (bedrock) was encountered .  D r i l l i n g  cont inued  t o  880 

f e e t .  

Temperature g r a d i e n t  measurements performed on February 13, a r e  shown 

g r a p h i c a l l y  on F igu re  6. The tempera ture  g r a d i e n t  c a l c u l a t e d  over  t h e  i n t e r v a l  

from 200 f e e t  t o  820 f e e t  i n d i c a t e s  a g r a d i e n t  of 1.3°C/100 m (l°F/lOO f e e t ) .  

A maximum tempera ture  of 32.4OC w a s  measured a t  880 f e e t .  Temperature measure- 

ments performed on February 28 ,  show no a p p r e c i a b l e  change i n  tempera ture  

throughout t h e  h o l e  and t h e  maximum bottom h o l e  tempera ture  w a s  32.6OC. 
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The l i t h o l o g i c  l o g  from tempera ture  g r a d i e n t  h o l e  No. 2 shows t h a t  uncon- 

s o l i d a t e d  m a t e r i a l  was encountered t o  T o t a l  Depth ( f i g .  7). The upper 100 f o o t  

s e c t i o n  of t h e  h o l e  c o n t a i n s  c o a r s e  sand, g r a v e l  w i t h  minor c l a y ,  and sandy 

c l ay .  A f o r t y  f o o t  t h i c k  sequence of  g reen  c l a y  benea th  t h e  c l a s t i c  sed iments  

probably r e p r e s e n t s  p l aya  d e p o s i t s .  From 160 t o  320 f e e t ,  brown sandy c l a y  

w i t h  occas iona l  g r a v e l  and bou lde r s  occurs .  A 380 f o o t  t h i c k  sequence of  c lay-  

e y  sand and sandy c l a y  w i t h  minor c o a r s e  sand (560-580 f t . )  occurs  t o  700 f e e t .  

From 700 f e e t  t o  T o t a l  Depth, sandy c l a y  is  t h e  predominant l i t h o l o g y  w i t h  

minor  i n t e r v a l s  of c o a r s e  sand and g r a v e l ,  and sandy g r a v e l  w i t h  bou lde r s  a t  

700 and 900 fee t ,  r e s p e c t i v e l y .  

Temperature g r a d i e n t  measurements performed on February 14, a r e  shown on 

Figure  7. The tempera ture  g r a d i e n t  c a l c u l a t e d  i n  t h e  i n t e r v a l  from 200 t o  

1,000 f e e t  i n d i c a t e s  a g r a d i e n t  of 2.7"C/lOO m (1.5"F/100 f t . ) .  The maximum 

tempera ture  of  29.7'C was measured a t  1,000 f e e t .  The second set  of  tempera- 

t u r e  measurements, t aken  on February 28, show no s i g n i f i c a n t  change i n  t h e  

thermal  regime i n  tempera ture  g r a d i e n t  h o l e  No. 2, and t h e  maximum bottom h o l e  

tempera ture  was only  0.1"C h i g h e r  than  t h e  p rev ious  measurement. 

The l i t h o l o g i c  l o g  o f  tempera ture  g r a d i e n t  h o l e  No. 3 ( f i g .  8) i n d i c a t e s  

t h e  presence  of p laya  sed iments  benea th  t h e  upper 20 f e e t  o f  sandy, g r a v e l l y  

c l a y .  The p laya  c l a y s  con t inue  t o  a d e p t h  of 120 f e e t ;  a 4 t o  5 f o o t  t h i c k  

b l ack  o r g a n i c  c l a y  l a y e r  i s  l o c a t e d  a t  116 f e e t .  From 120 f e e t  t o  a dep th  o f  

440 f e e t ,  t h e  material encountered is  p r i n c i p a l l y  sandy c l a y  and c l ayey  sand. 

Sand w i t h  on ly  minor t r a c e s  of c l a y  occurs  between 440 and 580 f e e t .  Below 580 

f e e t ,  sandy c l a y  is t h e  predominant l i t h o l o g y  w i t h  minor occur rences  of sand 

and g r a v e l ,  cobble-grave l ,  and g r a v e l  a t  640, 790 and 1,000 f e e t ,  r e s p e c t i v e l y .  

The h o l e  was completed t o  1 ,100  f e e t ,  t e r m i n a t i n g  i n  sandy c l a y .  
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The maximum tempera ture  measured was 33.2"C a t  1,100 f e e t  on February 13, 

1984. The tempera ture  g r a d i e n t  c a l c u l a t e d  over  t h e  i n t e r v a l  from 200 t o  1 ,100  

f e e t  is  2.7"C/lOO m (1.5"F/100 f t . ) .  This i s  t h e  same g r a d i e n t  as c a l c u l a t e d  

f o r  tempera ture  g r a d i e n t  h o l e  No. 2. No a p p r e c i a b l e  changes were noted  i n  tem- 

p e r a t u r e s  measured on February 28, 1984. 

Temperature g r a d i e n t  h o l e  No. 4 c o n s i s t s  p r i m a r i l y  of f i n e  g ra ined  d e t r i -  

t a l  material  d e r i v e d  from weathered g r a n i t i c  rocks  ( f i g .  9 ) .  The f e l d s p a r s  

weathered t o  c l a y  and t h e  q u a r t z  g r a i n s  were u n a l t e r e d ,  producing sandy c l a y  

and c l ayey  sand u n i t s .  The t r a n s i t i o n  from weathered a l luv ium and weathered 

bedrock is  d i f f i c u l t  t o  de te rmine  because  of composi t iona l  s imi la r i t i es .  The 

dep th  t o  weathered bedrock a t  t h i s  s i t e  j.s es t ima ted  a t  approximate ly  740 f e e t .  

R e l a t i v e l y  u n a l t e r e d  q u a r t z  monzonite wa13 encountered a t  890 f e e t  and t h e  h o l e  

w a s  completed t o  920 f e e t .  

The maximum tempera ture  measured on February 14 ,  1984, w a s  32.1°C a t  920 

f e e t .  The d i f -  

f e r e n c e  i n  tempera ture  probably r e f l e c t s  f r i c t i o n a l - h e a t  from d r i l l i n g  i n  t h e  

e a r l i e r  measurement. The tempera ture  g , r ad ien t  c a l c u l a t e d  over  t h e  i n t e r v a l  

A maximum t e m p e r a t u r e  of 30.7"C w a s  measured on February 28th .  

from 100 t o  900 f e e t  is  2.6"C/lOO m (1.4"F/100 f t . )  which is comparable t o  t e m -  

p e r a t u r e  g rad ien t s  ca lcu la ted  f o r  t empers i tu re  g rad ien t  ho le s  2 and 3. 

The l i t h o l o g i c  l o g  f o r  tempera ture  g r a d i e n t  h o l e  No. 5 ( f i g .  10) i n d i c a t e s  

a coarser -gra ined  component i n  t h e  unconsol ida ted  m a t e r i a l .  S u r f i c i a l  m a t e r i a l  

(upper 20 f e e t )  c o n s i s t s  of  sandy g r a v e l  which i s  u n d e r l a i n  by 120 f e e t  of 

s l i g h t l y  c l ayey  c o a r s e  sand. The i n t e r v a l  from 140 t o  200 f e e t  c o n s i s t s  of  

c layey  sand ,  g rad ing  i n t o  c o a r s e  sand w i t h  g r a v e l  t o  300 f e e t .  Clayey c o a r s e  

sand and sandy c l a y  w i t h  g r a v e l  comprise t h e  mater ia l  encountered from 300 t o  

570 f e e t .  A t h i n  (5-10 f e e t )  l ayer  of  g r a v e l  and cobbles  occurs  a t  575 f e e t ,  
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t h i s  is u n d e r l a i n  by a 40 f o o t  s e c t i o n  of c o a r s e  sand. This  i s  probably t h e  

same producing zone f o r  domest ic  wells one m i l e  t o  t h e  south .  It i s  u n d e r l a i n  

by a c l a y  layer  which could act  as an aqu ic lude .  Below 640 f e e t ,  l i t h o l o g i e s  

encountered c o n s i s t  of c l ayey  sand and sandy c l a y  w i t h  an i n c r e a s i n g  occurrence  

of cobbles  and bou lde r s  n e a r  t h e  bottom of t h e  ho le .  A l o s t  c i r c u l a t i o n  zone 

occurred  a t  940 f e e t  a f t e r  d r i l l i n g  through a l a r g e  boulder .  D r i l l i n g  was t e r -  

minated a f t e r  two a t t empt s  t o  r e g a i n  c i r c u l a t i o n  f a i l e d .  

The tempera ture  g r a d i e n t  c a l c u l a t e d  from t h e  i n t e r v a l  between 360 and 940 

f e e t  is  8"C/100 m (4OF/100 f t . ) .  The g r a d i e n t  remains p o s i t i v e  a t  t h e  bottom 

of  t h e  h o l e  ( f i g .  1 0 ) .  This  would i n d i c a t e  t h a t  t h e  maximum r e s e r v o i r  tempera- 

t u r e  has  n o t  been reached. The h i g h e s t  t empera tu re  measured was 51.6OC on Feb- 

r u a r y  15, 1984 a t  940 f e e t .  A tempera ture  of 50.6"C was measured on February 

28th .  I n c r e a s e s  i n  tempera ture  of 0.5OC every  20 f e e t  a t  t h e  bottom of t h e  

h o l e  were e v i d e n t  d u r i n g  bo th  t empera tu re  p r o f i l e  measurements. 

The l i t h o l o g i c  l o g  developed f o r  tempera ture  g r a d i e n t  h o l e  No. 6 ( f i g .  

11) i n d i c a t e s  r e l a t i v e l y  unweathered c o a r s e  sand and g r a v e l  w i t h  o c c a s i o n a l  

cobbles  t o  180 f e e t .  L i t h o l o g i c  u n i t s  below 180 f e e t  a r e  weathered and c o n t a i n  

c l a y .  Clayey c o a r s e  sand ,  sandy c l a y ,  and sandy c l a y  w i t h  a l t e r e d  f e l d s p a r  

occurs  t o  a d e p t h  o f  1 ,060  f e e t .  A t h i n  g r a v e l  l a y e r  between 1,060 and 1,080 

f e e t  is  u n d e r l a i n  by more sandy c l a y .  The h o l e  was completed t o  1,100 f e e t  i n  

a s t i f f  r e d  c l a y .  

An i n f l e c t i o n  i n  t h e  tempera ture  g r a d i e n t  cu rve  ( f i g .  11) a t  900 f e e t  re -  

qu i r ed  t h e  c a l c u l a t i o n  of  two tempera ture  g r a d i e n t s .  The upper i n t e r v a l  (160 

t o  900 f e e t )  has  a tempera ture  g r a d i e n t  of 15.3"C/lOO m (8.3"F/100 f t . ) .  The 

tempera ture  g r a d i e n t  c a l c u l a t e d  f o r  t h e  lower p o r t i o n  of t h e  h o l e  (900 t o  1,100 

f e e t )  i s  less ,  but  s t i l l  p o s i t i v e  a t  3.3OC/lOO m (1.7"F/100 f t . ) .  A maximum 

tempera ture  of 67.1OC was recorded on February 27, 1984. This  i s  1°C h i g h e r  
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than  t h e  maximum tempera ture  measured on February 14 ,  1984. 

The l i t h o l o g i c  l o g  f o r  tempera ture  g r a d i e n t  h o l e  No. 7 ( f i g .  12) is  s i m i -  

l a r  t o  tempera ture  g r a d i e n t  h o l e  No. 6,  a l though i t  is  l o c a t e d  on t h e  o p p o s i t e  

s i d e  of S u r p r i s e  Spr ing  f a u l t .  The upper 80 f e e t  c o n s i s t s  of c o a r s e  sand and 

sandy c l a y .  The nex t  140 f o o t  s e c t i o n  c o n t a i n s  sandy c l a y ,  c o a r s e  sand and 

g r a v e l .  Between 220 and 360 f e e t  t h e  c l a y  c o n t e n t  dec reases .  An 80-foot t h i c k  

sequence of c o a r s e  sandy c l a y  occurs  between 360 and 440 f e e t .  The remainder 

of t h e  h o l e  c o n s i s t s  of c o a r s e  sand t o  960 f e e t  w i t h  a s l i g h t l y  more c l ayey  

i n t e r v a l  between 660 and 720 f e e t .  A l a y e r  of s t i f f  red  c l a y ,  similar t o  t h e  

red  c l a y  i n  t h e  bottom of  tempera ture  g r a d i e n t  h o l e  No. 6,  occurs  betwen 960 

and 980 f e e t .  The c l a y  l a y e r  i s  u n d e r l a i n  by c l ayey  c o a r s e  sand t o  T o t a l  Depth 

(1,060 f e e t ) .  

The tempera ture  g r a d i e n t  c a l c u l a t e d  i n  t h e  i n t e r v a l  from 100 t o  1,020 f e e t  

is  3.8 " C / l O O  m (2.1°F/100 f t . ) .  A maximum tempera tu re  of  33.9OC w a s  measured 

a t  1,060 f e e t  on February 14, 1984. Measurements made on February 27, 1984, 

showed no s i g n i f i c a n t  change. The bottom h o l e  t empera tu re  w a s  33.7"C. 
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FIGURE 12.  TEMPERATURE GRADIENT HOLE NO. 7 
LITHOLOGIC LOG AND TEMPERATURE- DEPTH PROFILE. 
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DISCIISSIOB OF RESULTS 

Temperature g r a d i e n t  h o l e s  d r i l l e d  i n  t h e  v i c i n i t y  of t h e  nor thwes t  t rend-  

i n g  g r a v i t y  anomaly (17 mgals /mi le ) ,  l o c a t e d  a long  t h e  e a s t  s i d e  of t h e  Cen- 

t e r ' s  a d m i n i s t r a t i v e  area,  r e p r e s e n t  near-normal tempera ture  g r a d i e n t s  f o r  t h e  

Basin and Range Province.  The tempera ture  g r a d i e n t  measured i n  tempera ture  

g r a d i e n t  h o l e  No. 1 of 1.3"C/m is  below t y p i c a l  g r a d i e n t  va lues  found i n  t h e  

Basin and Range Province.  The r easons  f o r  t h i s  low tempera ture  g r a d i e n t  a r e  

n o t  r e a d i l y  appa ren t .  Temperature g r a d i e n t s  of 2 .7 ,  2.7 and 2.6"C/m from d r i l l  

t empera ture  g r a d i e n t  h o l e s  2 through 4 ,  r e s p e c t i v e l y ,  are  cons idered  t o  be re- 

p r e s e n t a t i v e  of normal geothermal g r a d i e n t s  f o r  t h i s  p o r t i o n  of t h e  sou the rn  

Basin and Range Province.  

The l i t h o l o g i e s  encountered in t empera ture  g r a d i e n t  h o l e s  2 through 4 in -  

d i c a t e  only a few zones of  h igh  p e r m e a b i l i t y ,  which may be capab le  of  t r a n s -  

m i t t i n g  l a r g e  volumes of f l u i d s .  Temperature g r a d i e n t  h o l e  No. 1 h a s  numerous 

t h i c k  zones of c o a r s e  sand ,  c o a r s e  sand and g r a v e l ,  and boulder-cobble layers  

which may form p o t e n t i a l l y  p roduc t ive  ho r i zons .  

Although t h e  bottom h o l e  tempera ture  i n  tempera ture  g r a d i e n t  h o l e  No. 1 

i s  comparable t o  bottom h o l e  t empera tu res  i n  tempera ture  g r a d i e n t  h o l e s  2 and 4 

(32OC), t h e  g r a d i e n t  (1.3"C/100 m >  is only  h a l f  as much. The s u r f a c e  (20  f t . )  

t empera ture  i n  tempera ture  g r a d i e n t  h o l e  No. 1 is 30°C a s  compared t o  25°C i n  

tempera ture  g r a d i e n t  h o l e s  3 and 4. It appea r s  t h a t  abundant coo l  wa te r  i s  

p r e s e n t  i n  t h e  n e a r  s u r f a c e  a t  tempera ture  g r a d i e n t  h o l e  No. 2 and a bottom 

h o l e  tempera ture  of only 30°C w a s  recorded d u r i n g  both  measurements. In a l l  

c a s e s  f o r  tempera ture  g r a d i e n t  h o l e s  1 through 4 ,  no zones of e n t r y  of  h o t  

wa te r  were noted  based on t h e  c o n f i g u r a t i o n  of t h e  t e m p e r a t u r e  p r o f i l e s .  Zones 



of c o a r s e  sand and g r a v e l  d i d  n o t  i n f l u e n c e  t h e  s l i g h t ,  bu t  s t e a d y ,  i n c r e a s e  i n  

tempera ture  as shown on t h e  p r o f i l e s  ( f i g s .  6-9). 

Temperature g r a d i e n t s  measured i n  tempera ture  g r a d i e n t  h o l e  No. 5 ( f i g .  10 

and Appendix C) show a p o s i t i v e  i n c r e a s e  of 8"C/100 m from 320 t o  940 f e e t .  

S l i g h t  p e r t u r b a t i o n s  i n  t h e  templerature p r o f i l e  may r e s u l t  from inf lows  of warm 

water i n  zones of c o a r s e r  m a t e r i a l s .  

I n  g e n e r a l ,  t h e  c l a s t i c  m a t e r i a l  i n  t h e  lower p o r t i o n  of  tempera ture  gra- 

d i e n t  h o l e  No. 5 i s  more coarse-grained than  material  i n  any of t h e  o t h e r  s i x  

h o l e s  d r i l l e d  d u r i n g  t h e  cour se  of t h i s  s tudy .  The s l i g h t  i n c r e a s e  i n  tempera- 

t u r e  a t  880 f e e t  and t h e  l a r g e  g r a d i e n t  (0.5"C/20 f t . )  a t  t h e  bottom of t h e  

h o l e  may be i n d i c a t i v e  of h igh ly  permeable u n i t s .  It i s  a l s o  impor tan t  t o  n o t e  

t h a t  a l o s t  c i r c u l a t i o n  zone a t  940 f e e t  caused t e r m i n a t i o n  of d r i l l i n g  a t  t h i s  

s i te .  The p o s i t i v e  g r a d i e n t  a t  t he  bottom of t h e  h o l e s  i n d i c a t e s  t h a t  t h e  geo- 

thermal  r e s e r v o i r  is  below 940 f e e t .  

The h i g h e s t  t empera ture  (67.1"C) measured a t  any s i t e  was a t  1 ,100  f e e t  i n  

tempera ture  g r a d i e n t  h o l e  No. 6 .  The tempera ture  p r o f i l e  from 180 t o  880 f e e t  

i s  r e l a t i v e l y  uniform a t  15.3"C/100 m. Below 900 f e e t  ( f i g .  111, t h e  g r a d i e n t  

remains p o s i t i v e  but  dec reases  t o  3.3"C/lOO m. This  lower g r a d i e n t  r e p r e s e n t s  

the  normal gradient for the northern Basin and Range Province in  Nevada. The 

l e s s  p o s i t i v e  a s p e c t  of  t h e  curve  i n  t h e  lower p o r t i o n  may r e f l e c t  h i g h e r  c l a y  

con ten t  and l e s s  conduct ive  h e a t  t r a n s f e r .  A dense  s t i f f  r ed  c l a y  w a s  t h e  l a s t  

u n i t  encountered i n  t h e  ho le .  

The tempera ture  g r a d i e n t  p r o f i l e  from t empera tu re  g r a d i e n t  h o l e  NO. 7 in- 

d i c a t e s  a r e l a t i v e l y  uniform i n c r e a s e  in t empera tu re  of  3.8"C/lOO m. The maxi- 

mum tempera ture  recorded a t  t h i s  s i t e  w a s  only 33.9OC. The s l i g h t  tempera ture  

i n c r e a s e  nea r  t h e  bottom of t h e  h o l e  ( f i g .  121, below t h e  red  c l a y ,  i s  n o t  



apparent  i n  t h e  l i s t i n g  of measured tempera tures  (Appendix D). I n c r e a s e s  on 

t h e  o r d e r  of 0.3"C/20 f t .  do n o t  i n d i c a t e  a s h i f t  i n  t h e  tempera ture  g r a d i e n t .  

The l i t h o l o g i c  l o g  from t h i s  h o l e  i n d i c a t e s  t h e  h i g h e s t  p o t e n t i a l  f o r  

t r a n s m i s s i v i t y  of f l u i d s .  The t h i c k  s e c t i o n s  of  c o a r s e  sand may provide  good 

a q u i f e r s  f o r  ground wa te r  product ion .  
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This  tempera ture-gradien t  d r i l l i n g  program, combined w i t h  geophys ica l  sur -  

veys completed by t h e  Geothermal U t i l i z a t i o n  Div i s ion  NWC, China Lake, has  

r e s u l t e d  i n  an inc reased  unders tanding  o f  t h e  d i s t r i b u t i o n  of  geothermal  re- 

sou rces  i n  t h e  sou the rn  p o r t i o n  of t h e  Marine Corps A i r  Ground Combat Center a t  

Twentynine Palms. The geo themaP  re sources  r epor t ed  3.2 km ( 2  m i l e s )  s o u t h e a s t  

o f  t h e  Center  are n o t  c o n t r o l l e d  by t h e  i n t e n s e  nor thwes t -southeas t  t r e n d i n g  

g r a v i t y  and aeromagnet ic  anomaly ( B u l l i o n  Mountain f a u l t )  i d e n t i f i e d  n e a r  t h e  

C e n t e r ' s  a d m i n i s t r a t i v e  area. Temperature g r a d i e n t s  i n  t h i s  area ( s i t e s  1-4) 

are  normal o r  below normal f o r  t h e  B a s h  and Range Province.  

The c o n t r o l l i n g  geo log ic  s t r u c t u r e s  appear  t o  be t h e  Mesqui te  Lake f a u l t  

on t h e  east  and t h e  S u r p r i s e  Spr ing  f a u l t  on t h e  west. Conversa t ions  w i t h  

l o c a l  r e s i d e n t s  n e a r  tempera turc  g r a d i e n t  h o l e  No. 5 i n d i c a t e  a wide-spread, 

low-temperature geothermal  r e source  i n  t h e  area. Domestic wells w i t h i n  2 miles 

of  t h e  C e n t e r ' s  boundary, a t  t h i s  s i t e ,  have water tempera tures  of  32-49°C 

(90-120°F). Depths of t h e s e  domest ic  water w e l l s  a re  approximately 500 f e e t .  

These product ion  tempera tures  Correspond t o  measured tempera tures  i n  tempera- 

t u r e  g r a d i e n t  h o l e  No. 5 a t  dep ths  of 320 t o  860 fee t .  The geophys ica l  d a t a  in 

t h i s  area i n d i c a t e  t h a t  bedrock i s  n e a r e r  t o  t h e  ground s u r f a c e  sou th  of t h e  

C e n t e r ' s  boundary. This  t h i cken ing  o f  a l l u v i a l  f i l l  may correspond w i t h  t h e  

p o s i t i v e  tempera ture  g r a d i e n t s  a t  t h e  bottom of tempera ture  g r a d i e n t  h o l e  NO.  

5 ,  which i n d i c a t e  t h e  presence of a geothermal  r e source  greater than 50°C 

(122°F).  

It  is  a l s o  appa ren t  t h a t  a geothermal  r e s o u r c e  ex i s t s  benea th  tempera ture  

g r a d i e n t  h o l e  N o .  6 t h a t  has  temperaturt!s h i g h e r  than  t h e  r e source  i n d i c a t e d  i n  

tempera ture  g r a d i e n t  h o l e  No. 5. Temperatures a t  a d e p t h  of  940 f e e t  a r e  67.1 
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and 51.6"C, r e s p e c t i v e l y .  Th i s  may be t h e  r e s u l t  o f  t h e  bedrock h igh  i n  t h e  

v i c i n i t y  of tempera ture  g r a d i e n t  h o l e  No. 5 a l lowing  mixing o f  deepe r ,  h o t  geo- 

thermal  f l u i d s  w i t h  c o o l e r ,  n e a r  s u r f a c e  ground water. 

Resu l t s  of tempera ture  g r a d i e n t  measurements i n  tempera ture  g r a d i e n t  h o l e  

N o .  7 i n d i c a t e  t h a t  no s i g n i f i c a n t  geothermal  r e sources  are l o c a t e d  west of t h e  

S u r p r i s e  Spr ing  f a u l t .  Resu l t s  of  tempera ture  g r a d i e n t  measurements from t e m -  

p e r a t u r e  g r a d i e n t  h o l e s  5 and 6, and t h e  e x i s t e n c e  of  w a r m  wel l s  sou th  of  t h e  

C e n t e r ' s  boundary ( n e a r  tempera ture  g r a d i e n t  h o l e  No. 51, i n d i c a t e  an area of  

approximately 20 squa re  m i l e s  which i s  u n d e r l a i n  by a p o t e n t i a l  l o w  t o  mod- 

e ra te - tempera ture  geothermal  r e source .  I f  t h e  d i s t r i b u t i o n  of  t h e  geothermal  

f l u i d s  can be confirmed east  of  tempera ture  g r a d i e n t  h o l e  No. 5,  n e a r e r  poten- 

t i a l  u s e r s ,  t h e  r e source  could be cons idered  a v i a b l e  sou rce  of a l t e r n a t i v e  

energy f o r  space  hea t ing .  

The r e s u l t s  of  t h e  tempera ture  g r a d i e n t  d r i l l i n g  have r a i s e d  two impor tan t  

ques t ions :  1 )  what i s  t h e  maximum tempera ture  of  t h e  geothermal  r e source  i n  

t h e  sou the rn  p o r t i o n  of  t h e  Cen te r ,  and 2)  what i s  t h e  maximum area l  e x t e n t  of  

t h e  r e source?  To answer t h e s e  q u e s t i o n s ,  i t  i s  recommended t h a t  a tempera ture  

g r a d i e n t  h o l e  be d r i l l e d  a t  s i t e  5 o r  6, t o  a d e p t h  of  2,000 f e e t ,  t o  de t e rmine  

t h e  maximum tempera ture  of  t h e  r e source ,  and t h a t  s e v e r a l  2,000 f o o t  tempera- 

t u r e  g r a d i e n t  h o l e s  be d r i l l e d  a long  t h e  sou the rn  Center  boundary east  o f  s i t e  

5 t o  de te rmine  t h e  l a t e ra l  e x t e n t  of t h e  r e source .  

It is f u r t h e r  recommended t h a t  an a t t empt  be made t o  r ecove r  t h e  2.5 inch  

c a s i n g  a t  t h e  s i t e  s e l e c t e d  f o r  deepe r  d r i l l i n g  t o  save  money by deepening an 

e x i s t i n g  d r i l l  h o l e  and by r e u s i n g  t h e  cas ing .  
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ANTICIPATED APPLICATIONS 

Estimated tempera tures  a t  a dep th  of 2,000 f e e t ,  i n  t h e  v i c i n i t y  of Sur- 

p r i s e  Spr ing ,  are between 170" and 180°F based on observed tempera ture  g r d i -  

e n t s  i n  t h e  1,100 f o o t  temperature' g r a d i e n t  h o l e  No. 6 and t h e  940 f o o t  temper- 

a t u r e  g r a d i e n t  h o l e  No. 5. Fluids; w i t h  tempera tures  i n  t h i s  r ange  may be used 

f o r  space  h e a t i n g ,  domest ic  h o t  wa te r  h e a t i n g ,  and a i r  cond i t ion ing .  A l l  t h e s e  

uses  employ e x i s t i n g  technology and commercially a v a i l a b l e  equipment which h a s  

been proven e f f e c t i v e  i n  many a p p l i c a t i o n s .  Cost e f f e c t i v e n e s s  i s  t h e  primary 

c o n s i d e r a t i o n  a t  t h e  Center .  Cos ts  f o r  a geothermal system i n c l u d e  a produc- 

t i o n  w e l l ,  p ip ing  system, d i s p o s a l  s y s t e n ,  and end-user h e a t i n g / c o o l i n g  retro- 

f i t s .  Each of t h e s e  c o s t s  increas, .e as t h e  s e r v i c e  area expands. The amount of 

f o s s i l  f u e l ,  and hence money, saved a l s o  i n c r e a s e s  wi th  s e r v i c e  a r e a ,  bu t  n o t  

a t  t h e  same r a t e  as geothermal c o s t s .  An economic f e a s i b i l i t y  s tudy  would 

i d e n t i f y  t h e  optimum, c o s t  e f f e c t i v e  geothermal system and s e r v i c e  area t o  pro- 

v ide  t h e  g r e a t e s t  b e n e f i t  a t  t h e  l e a s t  c o s t .  The h igh  p o t e n t i a l  f o r  geothermal 

b e n e f i t s  a t  Twentynine Palms j u s t i f i e s  a p re l imina ry  eng inee r ing  f e a s i b i l i t y  

s tudy  which would examine v a r i o u s  i n s t a l l a t i o n  op t ions  and c o s t s .  
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INVITATION TO BID 
UNIVERSITY OF NEVADA, LAS VEGAS 

Purchasing Department 
Las Vegas. Nevada 
(702) 739-3521 

IWIBODUCTIQB 

The Div i s ion  of  E a r t h  Sc iences  (DES), Un ive r s i ty  of  Nevada, Las Vegas, 

is conduct ing a geothermal  tempera ture  g r a d i e n t  survey  a t  t h e  Marme Corps 

Air Ground Combat Center ,  Twentynine Palms, C a l i f o r n i a .  Th i s  p r o j e c t  is 

being  funded by t h e  U.S. Department of  Energy in coopera t ion  w i t h  t h e  U.S. 

Navy, Geothermal U t i l i z a t i o n  Div is ion ,  Naval Weapons Center ,  China Lake, 

C a l i f o r n i a  and admin i s t e red  through t h e  Un ive r s i ty  of  Nevada, La.: vegas.  

All h o l e s  d r i l l e d  w i l l  b e  c l a s s e d  as t empera tu re  g r a d i e n t  w e l l s .  D i a -  

meter of t h e  h o l e s  w i l l  b e  between f i v e  ( 5 )  and six (6) inches .  The m a x i m u m  

dep th  of  each h o l e  is 1000 f e e t .  

r e t u r n  t empera tu res  and dep th  t o  bedrock. 

t h i s  kind of d r i l l i n g  must s t o p  i f  r e t u r n  mud tempera tures  r each  175 F. 

Return mud t empera tu res  w i l l  be  monitored by DES personnel .  I f  a t o t a l  

d e p t h  of 1000 f e e t  cannot  be a t t a i n e d  due t o  t h e  above s t a t e d  r e g u l a t i o n s  

o r  bedrock is encountered a t  less than 1000 f e e t  depth ,  t h e  remaining foo tage  

from t h a t  hole w i l l  be  a l l o t t e d  t o  a d d i t i o n a l  ho le s .  All ho les  w i l l  be cased 

w i t h  nominal 2 .5  inch  d iameter  threaded-and-coupled b l ack  i ron  p i p e  capped 

a t  t h e  bottom of t h e  c a s i n g  s t r i n g .  

a p p l i e d  t o  a l l  T/C j o i n t s  t o  prevent  l e a k s .  

Th i s  dep th  w i l l  be  based on d r i l l i n g  mud 

Federa l  r e g u l a t i o n s  s p e c i f y  t h a t  

0 

S i l i c o n - b a s e  cement / sea lan t  w i l l  be 

36  



The material t o  be  d r i l l e d  is v a l l e y  f i l l  and a l luv ium rang ing  from 

c l a y  t o  cobb le  s i z e .  Bedrock 

in t h e  a d j o i n i n g  range conslstrz of  Mesozoic g r a n i t i c  rock  and a s s o c i a t e d  

f ine r -g ra ined  d i k e  rock. The h o l e s  w i l l  b e  d r i l l e d  20 f e e t  I n t o  bedrock 

t o  e n s u r e  t h e  encounter  w i t h  himd d r l l . l l n g  is no t  a boulder .  

a l t e r n a t e  s i t e  t o  b e  s e l e c t e d  f o r  a d d i t i o n a l  foo tage ,  as n e c e s s a r y ,  may 

be  t o t a l l y  i n  b a s a l t i c  volcanic: rock.  For b idding  purposes ,  assume 

1000 f e e t  of ha rd rock  d r i l l i n g .  

An o c c a s i o n a l  boulder  may be  encountered.  

A t  least one 

The n e a r e s t  geothermal  occur rence  is an a r t e s i a n  w e l l  2 m i l e s  south-  

s o u t h e a s t  of s i t e  78-33 ( f i g .  '11). 

t u r e  of  164'F. 

t empera tures  or i n d i c a t e d  exceresive pi-essures  i n  t h e  area, t h e  r e q u i r e -  

ments for a BOP w i l l  b e  waived,, 

t empera tu res  exceed 175'F. 

F l u i d s  from t h i s  w e l l  have a tempera- 

The dep th  is 400 f e e t ,  Due t o  t h e  l a c k  of any h i g h e r  

However, d r i l l i n g  w i l l  cease if mud r e t u r n  
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SPECIFICATIONS AHD REQUIREMENTS 

S e c t i o n  I: General In fo rma t ion  

The p r o j e c t  w i l l  f o l l o w  t h e  g u i d e l i n e s  and requi rements  of a l l  o rgan i -  

z a t i o n s  and agenc ie s  involved  who have j u r i s d i c t i o n  ove r  s a i d  p r o j e c t .  

All of t h e  d r i l l i n g  c o n t r a c t o r ' s  equipment w i l l  b e  i n  s a f e  and sound 

o p e r a t i n g  c o n d i t i o n  and may undergo i n s p e c t i o n  by t h e  c l ien t  p r i o r  t o  

approva l  f o r  o p e r a t i o n  on t h i s  p r o j e c t .  

meet t h e  s p e c i f i c a t i o n s  of t h e  c l i e n t  may b e  r e j e c t e d  as "Not as Spec i -  

f i e d "  and t h e  c o n t r a c t o r  w i l l  have t o  supply an  a c c e p t a b l e  replacement 

a t  no c o s t  t o  t h e  c l i e n t .  

Members of t h e  Div i s ion  of E a r t h  Sc iences  (DES) w i l l  be  on s i t e  d u r i n g  

d r i l l i n g  o p e r a t i o n s .  O v e r a l l  p r o j e c t  s u p e r v i s i o n  w i l l  be  the re spons i -  

b i l i t y  of t h e  o n - s i t e  DES r e p r e s e n t a t i v e  and h i s  d e c i s i o n s  w i l l  t a k e  

precedence. 

The d r i l l i n g  c o n t r a c t o r  w i l l  supply  a l l  equipment, s u p p l i e s ,  and s e r v i c e s  

necessa ry  f o r  t h e  proper  completion of each h o l e .  

i n c l u d e ,  bu t  i s  no t  l i m i t e d  t o ,  d r i l l  p i p e ,  b i t s ,  subs ,  a p p r o p r i a t e  

d r i l l i n g  f l u i d s  and any a u x i l i a r y  equipment ( e . g . ,  backhoe) r e q u i r e d  t o  

complete seven ( 7 )  h o l e s ,  each 1000 f e e t  t o t a l  depth .  Equipment t o  

i n s t a l l  2 .5  inch  d iameter  b l a c k  i r o n  T & C p ipe .  

4 a .  The d r i l l i n g  c o n t r a c t o r  w i l l  a l s o  supply  a l l  nominal 2.5 inch  

T h a t  equipment which does  n o t  

T h i s  equipment w i l l  

d i ame te r  T & C i r o n  p i p e  coup l ings  and caps  f o r  a l l  d r i l l e d  h o l e s  

t o  t h e  t o t a l  depth .  Casing w i l l  be capped on-the-bottom and 

f i l l e d  w i t h  water. A th readed  s e c t i o n  w i l l  complete t h e  c a s i n g  

s t r i n g  a t  o r  nea r  ground s u r f a c e  and be capped. 

A n t i c i p a t e d  s t a r t i n g  t ime is November 14,1983. A l l  d r i l l i n g  m u s t  be 

completed by January  9 ,  1984 . I f  c o n d i t i o n s  beyond t h e  c o n t r o l  of t h e  
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c o n t r a c t o r  i n t e r f e r e  w i t h  t h i s  completion d a t e ,  t h e  c l i e n t  may 

extend t h e  completion d a t e .  

S e c t i o n  11: D r i l l  S i t e  Reauirements 

A. 

B. 

C. 

D. 

The d r i l l  sites have been l o c a t e d  by t h e  c l i e n t  w i t h i n  t h e  area shown 

on t h e  l o c a t i o n  map ( f i g .  1). 

The d r i l l  sites w i l l  c o n t a i n  a l l  necessa ry  equipment t o  complete t h e  

ho le ,  l o c a t e d  i n  s e c u r e  and s a f e  p o s i t i o n s  and w i l l  n o t  extend beyond 

t h e  perimeter e s t a b l i s h e d  by t h e  c l i e n t .  

The c o n t r a c t o r  w i l l  have o n - s i t e ,  du r ing  a l l  d r i l l i n g  phases ,  t h e  

fo l lowing  items : 

D r i l l i n g  mud. 

Mud a d d i t i v e s  t o  incxease  mud weight o r  v i s c o s i t y .  

N a C l  and l o s t  c i r c u l a t i o n  material (LCM). 

The d r i l l i n g  c o n t r a c t o r  w i l l  supply  t h e  fo l lowing  equipment : 

1. 

2. 

3 .  

4 .  

5 .  

6. 

7 .  

a .  

Mud r o t a r y  d r i l l  r i g  capab le  of d r i l l i n g  a 5-6.inch h o l e  t o  1000 f t .  

Mud pumps capab le  of ma in ta in ing  c i r c u l a t i o n  in a 5-6 inch  h o l e  

t o  1000 f e e t .  

Backhoe f o r  d igg ing  ntud p i t s .  

c a p a b i l i t y .  

A l l  necessary  b i t s ,  s u b s ,  t o o l s  and s u p p l i e s  t o  complete 7 ,  

1000 f o o t ,  5-6 inch  d i ame te r  ho le s .  

Two and a h a l f  inch  i r o n  T & C p i p e  (7,000 f e e t )  t o  be used t o  

c a s e  a l l  ho le s  t o  t o t a l  dep th .  S e a l a n t  f o r  p i p e  t h r e a d s .  All 

th readed  coupl ing  t o  ibe s e a l e d  w i t h  s i l i c o n  o r  o t h e r  s e a l a n t .  

Equipment t o  i n s t a l l  c a s i n g  t o  t o t a l  depth .  

Cement seal  f r o m  s u r f a c e  t o  3 m (10 f e e t ) .  

S tee l  p o s t s  and f enc ing  m a t e r i a l  t o  l i m i t  a c c i d e n t a l  access  t o  

Water t r u c k  wi th  4 wheel d r i v e  

I 

I 

mud p i t s .  39 



E. 

F. 

c. 

The c o n t r a c t o r  w i l l  f u r n i s h  a l l  water r e q u i r e d  by t h e  p r o j e c t .  

f o r  d r i l l i n g  is a v a i l a b l e  on t h e  m i l i t a r y  b a s e  from hydrants .  

The d r i l l  s i t e  w i l l  be  r e s t o r e d  t o  a n  envi ronmenta l ly  and a e s t h e t i c a l l y  

a c c e p t a b l e  c o n d i t i o n  by t h e  c o n t r a c t o r ,  i nc lud ing  s i te  clean-up, w e l l  

pad complet ion and removal o f  any d r i l l i n g  f l u i d s  and c u t t i n g s .  

D r i l l i n g  o p e r a t i o n s  w i l l  b e  restricted t o  between t h e  hours  of 8:OO a.m. 

t o  6:OO p.m. a t  s i t e  No. 1 (78-33). No o t h e r  t ime  r e s t r i c t i o n s  w i l l  

be enforced on t h e  remaining 6 sites. 

Water 

S e c t i o n  111: S a f e t y  and D r i l l i n g  Pe r sonne l  

A. 

B.  

C .  

The Cont rac tor  s h a l l  t a k e  a l l  r e a s o n a b l e  p r e c a u t i o n s  in  t h e  performance 

of t h e  work under t h i s  c o n t r a c t  t o  p r o t e c t  t h e  s a f e t y  and h e a l t h  o f  

employees and of members o f  t h e  p u b l i c  and s h a l l  comply w i t h  a l l  a p p l i -  

c a b l e  s a f e t y  and h e a l t h  r e g u l a t i o n s .  The Con t rac to r  s h a l l  immediately 

t a k e  such c o r r e c t i v e  a c t i o n  t o  comply w i t h  t h e  p r o v i s i o n s  of  t h i s  c l ause .  

In  t h e  event  t h a t  t h e  Con t rac to r  f a i l s  to  comply wi th  s a i d  r e g u l a t i o n s ,  

t h e  c l i e n t  may, wi thout  p r e j u d i c e  t o  any o t h e r  l e g a l  o r  c o n t r a c t u a l  

r i g h t s ,  i s s u e  an o r d e r  s topp ing  a l l  or any p a r t  of t h e  work; t h e r e a f t e r ,  

a s tar t  o r d e r  f o r  resumption of t h e  work may be  i s sued  a t  t h e  d i s c r e -  

t i o n  of t h e  c l i e n t .  The Con t rac to r  s h a l l  make no claim f o r  an ex tens ion  

of time o r  f o r  compensation o r  damages by r eason  o f ,  o r  in connect ion  

wi th ,  such work s toppage.  

A first a i d  k i t  will b e  o n - s i t e  du r ing  a l l  o p e r a t i o n s ,  and i f  an i n j u r y  

should occur ,  immediate f i r s t  a i d  w i l l  b e  adminis te red  and a p p r o p r i a t e  

personnel  and a u t h o r i t i e s  n o t i f i e d  immediately. 

A l i c e n s e d  C a l i f o r n i a  water w e l l  d r i l l e r  o r  geothermal  d r i l l e r  w i l l  be  

o n - s i t e  dur ing  a l l  p h a s e s  of , d r i l l i n g .  
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D. The c l i e n t  w i l l  have t h e  o p t i o n  t o  r e q u e s t  removal of  any c o n t r a c t o r  

personnel  from t h e  p r o j e c t ,  w i t h  j u s t i f i a b l e  cause.  

S e c t i o n  I V :  D r i l l i n g  Requirements - 

A. The c l i e n t ' s  o n - s i t e  r e p r e s e n t a t i v e  w i l l  have a u t h o r i t y  t o  cease a l l  

d r i l l i n g  o p e r a t i o n s  and recommend c o r r e c t i v e  act i o n  i f  any monitored 

parameter, such  as r e t u r n  t e m p e r a t m e ,  r e t u r n  flow and mud p r o p e r t i e s  

r each  a c r i t i c a l  state. 

B.  Cu t t ings  samples w i l l  b e  c o l l e c t e d  by t h e  c l i e n t  a t  10 f o o t  i n t e r v a l s  

as determined by t h e  c l i e n t ,  f o r  each  i n d i v i d u a l  ho le .  

C. Maximum dep th  of any h o l e  w i l l  b e  l O G 0  f e e t  o r  when r e t u r n  t empera tu res  

exceed 175'F o r  when bedrock is encountered. 

reached ,  t h e  h o l e  w i l l  be  completed as s t a t e d  p rev ious ly .  

When maximum d e p t h  is 

S e c t i o n  V: P r i c i n g  and S p e c i f i c a t i o n  Changes 

A. P r i c i n g .  

f o o t  b a s i s .  

1. Cost of seven (7) h o l e s ,  each  1000 f e e t  ( t o t a l  o f  7,000 f e e t ) ,  

The p r i c e  quoted by t h e  c o n t r a c t o r  must b e  made on a p e r  

cased  and completed w i t h  one s t r i n g  of 2.5" d iameter  i r o n  T & 

C p ipe .  

B. Changes t o  any of t h e  above s p e c i f i c a t i o n s ,  requi rements  o r  methods 

should be d i scussed  w i t h  appropr ia i re  DES personnel .  Any amendments 

m u s t  be made i n  w r i t i n g ,  beEore t h e  c o n t r a c t  is completed, through 

t h e  Un ive r s i ty  of Nevada, L,ss Vega:;, Purchas ing  Department, 4505 

Maryland Parkway, Las Vegas, Nevada 89154 (702) 739-3521. 



CERTIFICATION OF NONSEGREGATED FACILITIES 

(Applicable to (1) contracts, (2) subcontracts, and ( 3 )  agree- 
ments with applicants who are themselves performing federally 
assisted contraction contracts, exceeding $10,000 which are 
not exempt from the provisions of the Equal Opportunity Clause.) 

By the submission of this bid, the bidder, offeror, applicant, 
or subcontractor certifies that he does not maintain or provide 
for his employees any segregated facilities at ally of his es- 
tablishments, or that he does not permit his employees to per- 
form their services at any location, under his contract, where 
segregated facilities are maintained. He certifies further that 
he will not maintain or provide for his employees any segregated 
facilities at any of his establishments, and that he will not 
permit his employees to perform their services at any location, 
under his control, where segregated facilities are maintained. 
The bidder, offeror, applicant, or subcontractor agrees that a 
breach of this certification is a violation of the Equal Oppor- 
+unity clause in this contract. As used in this certification, 
,the term "segregated facilities" means any waiting rooms, work 
areas, rest rooms and wash rooms, restaurants and other eating 
areas, time clocks, locker rooms and other storage or dressing 
areas, parking lots, drinking fountains, recreation or enter- 
tainment areas, transportation, and housing facilities provided 
for employees which are segregated by explicit directive or are 
in fact segregated on the basis of race, creed, color, or nation- 
al origin, because of habit, local custom, or otherwise. He fur- 
ther agrees that (except where he has obtained identical certi- 
fications from proposed subcontractors for specific time periods) 
he will obtain identical certifications from proposed subcon- 
tractors prior to the award of subcontractors exceeding $10,000 
which are not exempt from the provisions of the Equal Opportunity 
clause; that he will retain such certifications in this files; and 
that he will forward the following notice to such proposed subcon- 
tractors (except where the proposed subcontractors have submitted 
identical certifications for specific time periods!. 

FIRM 

BY 

TITLE 
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NONDISCRIMINATION IN EMPLOYMENT B11 GOVERNMENT CONTRACTORS AND 
SUBCONTRACTORS 

During the performance of this contract, the contractor agrees 
as follows: 

(1) The contractor will not discr:iminate against any employee 
or applicant for employment because of race, creed, color, or 
national origin. The contractor wl-11 take affirmative action to 
ensure that applicants are employed, and that employees are treated 
during employment, without regad to their race, creed, color, or 
national origin. Such action shall. include, but not be limited to 
the following: Employment, upgrading, demotion, or transfer; re- 
cruitment or recruitment advertisi-ng; layoff or termination; rates 
of pay or other forms of compensation; and selection for training, 
including apprenticeship. The contractor agrees to post in con- 
spicuous places, available to empl.oyees and applicants for em- 
ployment, notices to be provided hy the contracting officer set- 
ting f o r t h  the provisions of this nondiscrimination clause. 

( 2 )  The contractor will, in all solicitations or advertisements 
for employees placed by or on behalf of the contractor, state 
that all qualified applicants will. receive consideration for em- 
ployment without regard to race, creed, color, or national origin. 

( 3 )  The contractor will send to each labor union or representative 
of workers under which he has a collective bargaining agreement or 
other contract of understanding, a notice to be provided by the 
agency contracting officer, advising the labor union or workers' 
representative of the contractor's' commitments under Section 202 
of Executive Order No. 11246 of Se'ptember 24, 1965, and shall post 
copies of the notice in conspicuous places available to employees 
and applicants for employment. 

(4) The contractor will comply with a l l  provisions of Executive 
Order No. 11246 of September 2 4 ,  1965, and of the rules, regu- 
lations, and relevant orders of the Secretary of Labor. 

( 5 )  The contractor will furnish all information and reports re- 
quired by Executive Order No. i1246 of September 24, 1965, and 
by the rules, regulations and orders of the Secretary of Labor, 
or pursuant thereto, and will permit access to his books, records, 
and accounts by the contracting agency and the Secretary of Labor 
for purposes of investigation to ascertain compliance with such 
rules, regulations and orders. 

(6) In the event of the contractor's noncompliance with the non- 
discrimination clauses of this contract or with any of such rules, 
regulations, or orders, this contract may be cancelled, terminated 
or suspended in whole or in part and the contractor may be declared 
ineligible for further Government contracts in accordance with pro- 
cedures authorized in Executive Order No. 11246 of September 24, 
1965, and such other sanctions may be imposed and remedies involved 

Nondiscrimination in Employmlent by Government Contractors and Sub- 
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as provided in Executive Order No. 11246 of September 24, 1965, or 
by rules, regulations, or order of the Secretary of Labor, or as 
otherwise provided by law. 

(7) The contractor will include the provisions of Paragraphs (1) 
through (7) in every subcontract or purchase order unless exempted 
by rules, regulations or orders of the Secretary of Labor issued 
pursuant to Section 204 of Executive Order No. 11246 of Septem- 
ber 24, 1965, as that such provisions will be binding upon each 
subcontractor or vendor. The contractor will take such action 
with respect to any subcontract or purchase order as the con- 
tracting agency may direct as a means of enforcing such provisions 
including sanctions for noncompliance: Provided, however, that in 
the event the contractor becomes involved in, or is threatened 
with, litigation with a subcontractor or vendor as a result of 
such direction by the contracting agency, the contractor may re- 
quest the United States to enter into such litigation to protect 
the interests of the Unites States. 

FIRM 

BY 

TITLE 
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APlPEBlDIX B 

SWMAKY OF DRILLING ACTIVITIES 

AUD DBILLIBG PBOGlBESS CEARTS FOB - E R A B E  GRADIENT HOLES 1-7 

4 5 



SIllMBgp OF DRILLING ACTIVITIES 

December 17 ,  1983 
Begin d r i l l i n g  p i l o t  h o l e  a t  d r i l l  s i t e  #l (78-33) i n  p r e p a r a t i o n  f o r  
i n s t a l l a t i o n  of  BOP equipment. Complete p i l o t  h o l e  t o  60 f e e t .  

December 18, 1983 
#l (78-331, Continue d r i l l i n g  p i l o t  ho le .  D r i l l i n g  through sand ,  g r a v e l  
and c l ay .  Complete h o l e  t o  100 f e e t .  Tr ip-out .  Begin t o  ream-out h o l e  
t o  12 inches  d iameter .  

December 1 9 ,  1983 
#/I (78-331, Complete reaming h o l e  t o  100 f e e t .  

December 20. 1983 
Maintenance Day 

December 21, 1983 
I1 (78-331, Se t  8 5 /8  inch  c a s i n g  t o  100 f e e t .  Cement c a s i n g  i n  p lace .  

December 22, 1983 t o  January 2 ,  1984 
Shut down f o r  h o l i d a y s .  

January 3 ,  1984 
D r i l l  s i t e  4.1 (78-33) us ing  6 1 / 4  inch  long t o o t h  m i l l  b i t .  D r i l l  o u t  20 
f e e t  o f  cement i n  100 f o o t  8 5 /8  inch cas ing .  BOPE i n  p l ace .  P r e s s u r e  
t e s t  BOPE, 300 PSI - no l e a k s  a f t e r  2 hours .  Release p r e s s u r e  on BOPE. 
D r i l l  o u t  cement,  t r i p - o u t  of  h o l e .  

January 4 ,  1984 
4.1 (78-331, Complete mud p i t s  w i t h  backhoe. T r i p  i n t o  h o l e ,  begin  
d r i l l i n g  a t  120 f e e t .  D r i l l  t o  300 f e e t ,  encounter  sand ,  g r a v e l s  and 
c lays .  Maximum r e t u r n  tempera ture  i s  24.1'C. 

January  5 ,  1984 
#l (78-331, Begin d r i l l i n g  a t  300 f e e t ,  adding phosphates  t o  t h i n  t h e  mud. 
Sand, c l a y  and cobbles  a t  t o p  of  h o l e  - boulders  n e a r  bottom. 
r e t u r n  mud tempera ture  i s  24.1"C. S top  d r i l l i n g  a t  518 f e e t ,  t r i p - o u t .  

Maximum 
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D r i l l i n g  Summary - Page 2 

January 6 ,  1984 
111 (78-331, Replace m i l l  t o o t h  b i t  w i t h  6 i nch  bottom b i t ,  t r i p  i n t o  h o l e ,  
begin d r i l l i n g  a t  518 f e e t .  
throughout t h e  h o l e .  D r i l l  t o  645 f e e t .  Maximum r e t u r n  tempera ture  i s  
27.5"C. Trip-out .  

Encounter g r a n i t i c  and b a s a l t i c  boulders  

January 7 ,  1984 
81 (78-331, Replace w i r e  rope  on h o i s t .  Begin d r i l l i n g  a t  645 f e e t .  A l l  
bedrock g r a n i t i c  and b a s a l t i c  d r i l l  c h i p s .  D r i l l  t o  720 f e e t .  Maximum 
r e t u r n  tempera ture  i s  28.3"lC. Trip-out.  

January  8 ,  1984 
#1 (78-331, Begin d r i l l i n g  , a t  720 f e e t .  H i t  zone of  apparent  hydrothermal  
a l t e r a t i o n  a t  720 f e e t .  Abundant c l a y s ,  k a o l i n ?  D r i l l  t o  840 f e e t .  
Maximugre turn  tempera ture  is 29°C- Trip-out .  

January 9 ,  l-934 
111 (78-331, Mix phosphate t t o  thin-out  mud. Begin d r i l l i n g  a t  840 f e e t .  
D r i l l i n g  i n  g r a n i t i c  bedrocik - d r i l l  t o  880 f e e t .  Maximum r e t u r n  
tempera ture  i s  26.6"C. Trip-out .  

January 10 ,  1984 
#l (78-331, C i r c u l a t e  mud a t  880 f e e t .  P r i o r  t o  c a s i n g ,  remove BOPE; s e t  
2 1 / 2  inch black i r o n  T/C p i p e  t o  1380 f e e t .  F i l l  c a s i n g  w i t h  water. Rig 
down. 

January  11, 1984 
Rig up a t  d r i l l  s i t e  #2 (13-4). D r i l l i n g  w i t h  p o r t a b l e  mud tank.  D r i l l  
t o  320 f e e t .  D r i l l i n g  through sand ,  g r a v e l s ,  c l ays .  Maximum r e t u r n  mud 
temperature  i s  22.5"C. Tri.p-out. 

0 

January  12 ,  1984 
#2 (13-41, T r i p  i n t o  h o l e ,  hegin d r i l l i n g  a t  320 f e e t .  D r i l l i n g  through 
sands ,  g r a v e l s ,  c l a y s  t o  628 f e e t .  Maximum r e t u r n  tempera ture  i s  25.5"C. 
Trip-out . 

I 

January 13, 1984 
#2 (13-41, Begin d r i l l i n g  a t  620 f e e t ,  some reaming a t  320 f e e t .  Complete 
h o l e  t o  1 ,000 f e e t  a t  11:50 a .m.  0 1 1  1/14/84. C i r c u l a t e ,  t r i p - o u t ,  s e t  
2/1/2 inch  p ipe  t o  T.D. F i l l  p i p e  w i t h  water. 

January 14 ,  15 ,  1984 
Equipment maintenance - day o f f .  
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January  1 6 ,  1984 
Begin d r i l l i n g  h o l e  #3 (78-29). D r i l l  through sands ,  g r a v e l s  and t i g h t  
c l a y s  t o  400 f e e t .  Maximum r e t u r n  tempera ture  i s  24°C. D r i l l i n g  on 24 
hour ,  round-the-clock s h i f t s  now. 

January  17 ,  1984 
#3 (78-291, 
Change b i t s  
mater ia l  as 

January  18, 1984 
#3 (78-291, 

Continue d r i l l i n g  from 400 f e e t  u s ing  desander  off-and-on. 
a t  460 f e e t .  D r i l l  t o  860 f e e t  - same sandy, c l ay - r i ch  
above. Maximum r e t u r n  tempera ture  i s  27.4"C. 

Continue d r i l l i n g  a t  860 f e e t .  Foul s m e l l  r epo r t ed  from 
samples taken a t  880 f e e t .  
1,100 f e e t .  Maximum r e t u r n  tempera ture  i s  34.2"C ( a t  980 f e e t ) .  Trip-out 
t o  s e t  cas ing .  

D r i l l i n g  through sandy c l a y  - reach  T.D. o f  

January 1 9 ,  1984 
Rig down a t  s i t e  113 (78-291, r e p a i r i n g  mud pump. Begin move and r ig-up t o  
s i t e  #4 (81-21). Begin d r i l l i n g  s i t e  %4. Material i s  c o a r s e ,  sandy c l a y ;  
d r i l l  t o  240 f e e t .  Maximum r e t u r n  tempera ture  i s  20.7"C. 

January  20, 1984 
414 (81-211, Continue d r i l l i n g  a t  240 f e e t  w i t h  new b i t .  D r i l l i n g  through 
sands ,  c l a y s ,  g r a v e l s .  Adding phosphate  t o  t h i n  mud - some a l t e r e d  
f e l d s p a r s  i n  samples from 520 t o  560 f e e t .  Replace f u e l  f i l t e r .  D r i l l  t o  
700 f e e t .  Maximum r e t u r n  tempera ture  is 25.6"C. 

January 21, 1984 
#4 (81-211, Continue d r i l l i n g  a t  700 f e e t .  D r i l l i n g  through a l t e r e d  
f e l d s p a r s ,  pink c l a y ,  some d i o r i t e .  D r i l l  t o  920 f e e t .  Last rod very  
s low d r i l l i n g ,  probably bedrock, c e a s e  d r i l l i n g  a t  920 f e e t .  Maximum 
r e t u r n  tempera ture  i s  29.4"C a t  920 f e e t .  Tr ip-out ,  se t  cas ing .  Rig 
down. 

January  22, 1984 
Move equipment t o  d r i l l  s i t e  115 (78-16) .  D r i l l  t o  160 f e e t .  Maximum 
r e t u r n  tempera ture  is  19.4"C. 

January 23, 1984 
#5 (78-16), Continue d r i l l i n g  through sands and c l a y s ,  w i t h  some cobbles  
(160 f e e t ) .  
some c l a y  - change b i t s  aga in  a t  410 f e e t .  Some a l t e r e d  mater ia l  found i n  
sample a t  520 f e e t .  D r i l l  t o  740 f e e t .  Maximum r e t u r n  tempera ture  i s  
29.5"C a t  740 f e e t .  

Change b i t s  a t  180 f e e t .  D r i l l i n g  through sand and cobb les ,  
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January  24, 1984 
#5 (78-161, Continue d r i l l i n g  a t  7LO f e e t .  
f e e t .  Return tempera ture  is 30.3"C. D r i l l  t o  940 f e e t .  Return 
temperature  i s  34.1"C. Trip-out t o  check b i t .  B i t  OK, t r i p  back i n t o  
h o l e .  Can ' t  r e g a i n  c i r c u l a t i o n ,  m:.x mud, s t i l l  no c i r c u l a t i o n .  Trip-out ,  
se t  2 1 / 2  inch p ipe  t o  940 Eeet. 

Encounter boulder  l a y e r  a t  820 

January  25, 1984 
Ar r ive  a t  d r i l l  s i t e  #6, r ig-up. Ilegin d r i l l i n g  w i t h  m i l l  t o o t h  b i t .  
P u l l  maintenance on mud pump. D r i l l i n g  through c l a y ,  sand ,  and g r a v e l .  
D r i l l  t o  300 f e e t .  Maximum r e t u r n  tempera ture  i s  23.9"C a t  300 f e e t .  

January 26, 1984 
#6, Continue d r i l l i n g  a t  300 f e e t  i n  sand and decomposed g r a n i t e ,  some 
c l ay .  Change b i t  a t  450 f e e t .  D r i l l i n g  through c o a r s e  sand and c l a y ,  
occass iona l  a l t e r e d  f e l d s p a r .  Change b i t  a t  620 f e e t .  Resume d r i l l i n g  i n  
sandy c l ay .  Reach 800 f e e t .  Return tempera ture  is  30°C. 

January 27, 1984 
#6, Continue d r i l l i n g  a t  800 f e e t  i n  sandy c l ay .  
a t  12:30 p.m. Return tempera ture  j s  38°C. C i r c u l a t e  mud f o r  20 minu tes ,  
r e t u r n  tempera ture  i s  39.4"C. Tr ip-out ,  s e t  c a s i n g ,  r i g  down and move t o  
d r i l l  s i t e  #7. Rig up a t  si.te #7, begin d r i l l i n g .  D r i l l  t o  40 f e e t .  
Return temperature  i s  20.4"C - i n  c o a r s e  sand and sandy c l a y .  

Reach T.D. o f  1 ,100  f e e t  

January  28, 1984 
#7, Continue d r i l l i n g  a t  40 f e e t .  A l l  c o a r s e  sand. D r i l l  t o  740 f e e t  and 
s t o p  d r i l l i n g  t o  r e p a i r  mud pump. 
due t o  mud pump problems. 

Resume d r i l l i n g .  D r i l l i n g  o f f  and on 

January 2 9 ,  1984 
#7, Continue w i t h  mud pump problems. Slow d r i l l i n g  a t  780 f e e t .  Return 
tempera ture  i s  21.4"C. Replace top-s ide  gaske t  i n  mud pump. D r i l l i n g  
picks up. Encounter r ed  c l a y  l a y e r  a t  
960 f e e t .  Return tempera ture  i s  21.6"C. Trip-out  t o  change b i t .  Engine 
on r i g  ove rhea t ing  - s t o p  d r i l l i n g  t o  r e p l a c e  water pump. 
a t  960 f e e t  i n  c o a r s e  sand and sandy c l ay .  D r i l l  t o  T.D. of 1 ,060  f e e t .  
Return tempera ture  i s  22.8"C:. Trip-out t o  s e t  2 1 / 2  inch  p ipe .  End o f  
d r  i 1 1 ing  . 

Continue d r i l l i n g ,  i n  c o a r s e  sand.  

Resume d r i l l i n g  
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APPERlllIX D 

MEASURED ~ I T B B T O B E S  FROM TOGo HOLES 1-7 

(FEBRUARY 13-15, 1984 and FEBRUARY 27 & 28, 1984) 
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TEMPERATURE GRADIENT DATA 

HOLE RRBER: 1 

DATE: F e b r u a r y  1 3 ,  1 9 8 4  

TTWE: Start - 1341 h o u r s  
End - 1435 h o u r s  

WATER LEVEL: S u r f a c e  

DEPTH I N  FEET TEMPERATURE O C  

20 

40 

60 

80 

100 

120 

140 

160 

180 

200 

2 20 

2 40 

2 60 

2 80 

30 0 

320 

340 

3 60 

380 

400 

420 

440 

460 

480 

500 

29.9 

27 .O 
28.7 

31.8 

26.0 

26.5 

26.4 

26.8 

27.3 

28.9 

28.0 

28.4 

28.7 

29 .O 
29.3 

29.5 

29.7 

29.9 

30 .O 
30.2 

30.3 

30.5 

30.6 

30.7 

30.8 

DEPTH I N  FEET 

520 

540 

5 60 

5 80 

60 0 

620 

64 0 

6 60 

680 

700 

7 20 

740 

760 

7 80 

80 0 

820 

84 0 

8 60 

880 

TEMPERATURE "C 

31 .O 
31.1 

31.2 

31.3 

31.4 

31.5 

31.5 

31.6 

31.6 

31.7 

31.8 

31.9 

32 .O 
32 .O 
32.1 

32.2 

32.2 

32.3 

32.4 
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HOLE BRIBEE: 2 

DATE: F e b r u a r y  14,  1984 

TIME: Start - 1321 hours 
End - 1411 h o u r s  

WATER LEVEL: S u r f a c e  

DEPTH I N  FEET 

20 

40 

60 

80 

100 

120 

140 

160 

180 

200 

220 

240 

2 60 

2 80 

300 

320 

34 0 

3 60 

380 

400 

420 

440 

4 60 

4 80 

500 

TEMPERATURE O C  

22.2 

22.6 

22.4 

22.2 

22.2 

22.3 

22.2 

22.3 

22.3 

22.6 

22.5 

22.7 

27.8 

22.9 

23.2 

23.2 

23.3 

23.6 

23.7 

23.9 

23.9 

24.2 

24.4 

24.5 

24.9 

DEPTH I N  FEET 

520 

540 

560 

580 

60 0 

620 

64 0 

6 60 

680 

700 

720 

7 40 

760 

7 80 

80 0 

820 

84  0 

8 60 

880 

900 

920 

940 

9 60  

9 80 

1000 

TEMPERATURE O C  

24.8 

25.1 

25.2 

25.6 

25.7 

25.8 

26.0 

26.3 

26.3 

26.6 

26.8 

26.9 

27.1 

27.3 

27.5 

27.8 

28.0 

28.1 

28.4 

28.7 

29.0 

29.3 

29.3 

29.5 

29.7 
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~ E R A T U R E  GRADIEAT DATA 

DATE: F e b r u a r y  1 3 ,  1984 

TIME: Start - 1542 h o u r s  
End - 1629 h o u r s  

WATBB LEVEL: S u r f a c e  

DEPTH I N  FEET 

200 

2 20 

240 

2 60 

2 80 

300 

320 

340 

3 60 

380 

40 0 

420 

440 

4 60 

4 80 

500 

520 

540 

5 60 

5 80 

600 

620 

640 

6 60 

680 

700 

TEMPERATURE "C 

25.3 

25.4 

25.6 

25.7 

25.9 

26.0 

26.2 

26.3 

26.5 

26.6 

26.8 

26.9 

27.1 

27.2 

27.4 

27.6 

27.7 

27.9 

28.1 

28.3 

28.6 

28.8 

28.9 

29.1 

29.2 

29.4 

DEPTH I N  FEET 

720 

740 

760 

7 80 

800 

820 

840 

8 60 

880 

900 

920 

940 

9 60 

9 80 

1000 

1020 

1040 

1060 

1080 

1100 

TEMPERATURE "C 

29.5 

29.7 

29.9 

30 -0 

30.2 

30.4 

30.7 

30.8 

31 .O 

31.2 31.8 

31.4 31.9 

31 .5  32.0 

31.7 32.2 

32.3 

32.4 

32.6 

32.8 

32.9 

33.1 

33.2 
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m E B A T O B B  GIRADIWT DATA 

HOLE HIBIBER: 4 

DATE: February 14,  1984 

TIME: Start - 1503 hours  
End - 1549 hours  

WATER LEVEL: Surface  

DEPTH I N  FEET 

20 

40 

60 

80 

100 

120 

140 

160 

180 

200 

2 20 

240 

260 

2 80 

30 0 

320 

340 

3 60 

380 

400 

420 

440 

460 

4 80 

500 

TEMPERATURE O C  

24.9 

26.1 

26.4 

26.7 

26.8 

27.0 

27.1 

27.3 

27.3 

27.4 

27.5 

27.8 

27.9 

28 .O 

28.0 

28.2 

28.3 

28.5 

28.6 

28.7 

28.9 

29.1 

29.3 

29.3 

29 .4  

DEPTH I N  FEET 

520 

540 

5 60 

5 80 

600 

620 

640 

6 60 

680 

700 

720 

740 

760 

7 80 

800 

820 

84  0 

860 

880 

900 

920 

TEMPERATURE O C  

29.5  

29.7 

29.6 

30.0 

30 .O 
30.2 

30.3 

30.6 

30.6 

30 .8  

30.9 

31.1 

31.1 

31.2 

31.5 

31.6 

31.8 

31.8 

31.9 

32.1 

32.1 
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TEMPERATURE GRADIENT DATA 

HOLEBUKBER: 5 

DATE: F e b r u a r y  1 5 ,  1984 

TIME: Start - 0826 h o u r s  
End - 0858 h o u r s  

WATER LEVKL: 312' 

DEPTH I N  FEET 

320 

340 

360 

380 

400 

420 

440 

4 60 

480 

500 

520 

540 

5 60 

5 80 

600 

6 20 

64 0 

6 60 

680 

TEMPERATURE O C  

35.9 

37.6 

38.4 

39.1 

39.6 

39.9 

40.2 

40.7 

41.2 

41.6 

41.9 

42 .3  

42.7 

43 .O 
43.4  

43 .8  

44 .3  

44.7 

45.1 

DEPTH I N  FEET 

700 

7 20 

740 

7 60 

780 

800 

820 

840 

860 

880 

900 

920 

940 

TEMPERATURE " C  

45.5 

45.9 

46 .4  

47 .O 

47.5 

48.0 

48.5 

48 .8  

49 .2  

50 .O 

50.6 

51 .O 

51.6 
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HOLE NUMBER: 6 

DATE: February 14,  1984 

TIME: Start - 0 8 5 5  hours 
End - 1100 hours 

WATER LEVEL: 1 0 7 '  8'' 

DEPTH I N  FEET TEMPERATURE O C  

120 

140 

160 

180 

200 

220 

240 

260 

2 80 

30 0 

320 

340 

360 

380 

400 

420 

440 

460 

480 

500 

520 

540 

5 60 

580 

600 

28.6 

30.3 

31.4 

32.3 

33.2 

34.3 

35.4 

36.3 

37.3 

38.1 

38.8 

39.7 

40.6 

41.3 

42 .1  

42.8 

43.7 

44.4 

45.1 

45.8 

46.6 45.6 

46 .4  

47 .3  

48 .4  

49 .4  

DEPTH I N  FEET 

620 

640 

6 60 

680 

700 

7 20 

740 

7 60 

7 80 

800 

820 

840 

860 

880 

900 

9 20 

940 

9 60 

9 80 

1000 

1020 

1040 

1060 

1080 

1100 

TEMPERATURE O C  

50.5 

51.2 

52.3 

53 .3  

54.2 

55.2 

56.1 

57.1 

58.0 

59 .o 
60.0 

60.8 

61.9 

62.7 

63.6 

64 .3  

64.6 

64 .8  

65.1 

65.2 

65.4 

65.5 

65.5 

65.8 

66.1 

7 1  



m E R A T U R E  GRADIJ!BIT DATA 

HOLE HUMBEB: 7 

DATE: F e b r u a r y  1 4 ,  1 9 8 4  

TIME: Start - 1032 hours 
Jhd - 1125 h o u r s  

WATER LEVEL: Surface 

DEPTH IN FEET TEMPERATURE O C  

20 

4 0  

60  

80 

100 

120 

140 

160 

180 

200 

2 20 

240 

2 60 

2 8 0  

30 0 

320 

340 

3 60 

380 

4 0 0  

420 

440 

4 60 

480 

500 

5 20 

540 

21.6 

22.2 

22.6 

22.9 

23.2 

23.3 

23.6 

23.9 

24 .O 
24.3 

24.7 

24.8 

25.1 

25.5 

25.6 

25.9 

26.1 

26.3 

26.5 

26.7 

26.8 

27 .O 
27.2 

27.4 

27.6 

27.8 

28.1 

DEPTH IN FEET TEMPERATURE O C  

5 60 

580 

600 

6 20 

6 4  0 

6 60 

680 

700 

720 

7 40 

7 60  

7 80 

800 

820 

84  0 

8 60 

8 80 

9 0 0  

920 

9 40 

9 60  

9 80 

1000 

1020 

1040 

1060 

28.2 

28.4 

28.4 

28.6 

29 .O 
29.3 

29.5 

29.7 

30 .O 
30.3 

30.5 

30.7 

31 .O 
31.2 

31.5 

31.7 

31.9 

32.1 

32.2 

32.5 

32.7 

32.9 

33.3 

33.6 

33.6 

33.9 
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TXMPXPlAlWRJI GBBDPXNT DATA 

HOLE BUlrlBER: 1 

DATE: February 2 8 ,  1984  

TIWHT: Start - 0930 hours  
End - 1013  hours  

WATER LEVEL: Sur face  

DEPTH I N  FEET 

20 

40 

60 

80 

100 

120 

140 

160 

180 

200 

2 20 

240 

2 60 

2 80 

30 0 

320 

340 

360 

380 

400 

420 

440 

460 

480 

500 

TEMPERATURE O C  

22.6 

24 .3  

24.8 

25.2 

25.5 

25.7 

26.0 

26.5 

27.0 

27.4 

27.8 

28 .2  

28.6 

29 .O 
29.2 

29.5 

29.7 

29.9 

30.1 

30.3 

30.4 

30.5 

30.7 

30.8 

31 .O 

DEPTH I N  FEET 

520 

540 

560 

580 

600 

620 

64 0 

660 

680 

700 

720 

7 40 

760 

7 80 

80 0 

820 

84  0 

860 

880 

TEMPERATURE " C  

31.1 

31.2 

31.3 

31.4 

31.5 

31.6 

31.7 

31.7 

31.8 

31.9 

32.0 

32.1 

32.2 

32.2 

32.3 

32.4 

32.5 

32.6 

32.6 
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TRfPERARIBE GRADIENT DATA 

HOLE NUMBER: 2 

DATE: Februa ry  2 8 ,  1984 

TIME: Start - 1115 hours  
End - 1227 hours  

WATER LEVEL: Surface 

DEPTH I N  FEET 

20 

40 

60 

80 

100 

120 

140 

160 

180 

200 

220 

240 

260 

2 80 

300 

320 

340 

3 60 

380 

400 

420 

440 

460 

480 

500 

TEMPERATURE O C  

22.1 

22.2 

22.2 

22.2 

22.2 

22.3 

22.4 

22.4 

22.5 

22.6 

22.6 

22.7 

22.8 

22.9 

23.1 

23.2 

23.4 

23.5 

23.6 

23.8 

24.0 

24.2 

24.4 

24.6 

24.8 

DEPTH I N  FEET 

5 20 

540 

560 

5 80 

60 0 

620 

64 0 

6 60 

680 

700 

7 20 

7 40 

7 60 

7 80 

800 

820 

840 

8 60 

880 

900 

920 

9 40 

9 60 

9 80 

1000 

TEMPERATURE O C  

25.0 

25.2 

25.4 

25.6 

25.8 

26.0 

26.1 

26.3 

26.5 

26.7 

26.9 

27.1 

2 7 . 3  

27.5 

27.7 

28 .O 

28.2 

28 .4  

28.7 

28.9 

29.1 

29.3 

29.5 

29.7 

29.8 

7 4  



TEIIPEBBTURE GIUDIKUT DATA 

HOLR BIIPLBEB: 3 

DATE: Februa ry  1 8 ,  1984 

TI?fE: Start - 1048 h o u r s  
End - hours  

WATER LEVEL: 192 feet 

DEPTH I N  FEET 

200 

2 20 

240 

2 60 

280 

300 

320 

340 

360 

380 

40 0 

420 

440 

4 60 

480 

500 

520 

540 

5 60 

580 

60 0 

620 

64 0 

660 

680 

700 

TEMPERATURE O C  

25.5 

25.4 

25.5 

25.6 

25.7 

25.9 

25.9 

26.0 

26.2 

26.3 

26.5 

26.7 

26.8 

26.9 

27.0 

27.2 

27.4 

27.5 

27.7 

28  .O 

28.2 

28.4 

28.6 

28.7 

28.9 

29.1 

DEPTH I N  FEET 

720 

740 

760 

7 80 

80 0 

820 

840 

8 60 

880 

900 

9 20 

9 40 

9 60 

9 80 

1000 

1020 

1040 

1060 

1080 

1100 

TEMPERATURE "C 

29.2 

29.3 

29.5 

29.7 

29.8 

30.1 

30.3 

30.5 

30.7 

30.8 

31 .O 

31.2 

31.4 

31.5 

31.7 

31.8 

32.0 

32.2 

32.3 

32.5 
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DATE: F e b r u a r y  2 8 ,  1984 

TIME: Start - 0937 h o u r s  
End - 1005 h o u r s  

WATER LEVEL: S u r f a c e  

DEPTH I N  FEET 

20 

40 

60 

80 

100 

120 

140 

160 

180 

200 

2 20 

240 

260 

280 

30 0 

320 

340 

3 60 

380 

400 

420 

440 

460 

4 80 

500 

TEMPERATURE "C  

23.2 

24.5 

24.6 

24.8 

24.9 

25.1 

25.2 

25.4 

25.5 

25.7 

25.8 

26.0 

26.1 

26.2 

26.3 

26.5 

26.7 

26.8 

27 .O 

27.1 

27.3 

27.4 

27.6 

27.8 

27.9 

DEPTH I N  FEET 

520 

540 

560 

5 80 

60 0 

620 

64 0 

6 60 

680 

700 

720 

7 40 

7 60  

7 80 

800 

820 

84  0 

8 60 

880 

900 

920 

TEMPERATURE "C  

28.0 

28.1 

28.3 

28.4 

28.6 

28.7 

28.8 

29.0 

29.1 

29.2 

29.3 

29 .5  

29 .6  

29.7 

29.9 

30 .O 

30.2 

30.3 

30.4 

30.6 

30.7 

76 



BOLE BUHBER: 5 

DA'E: F e b r u a r y  2 8 ,  1984 

TlME: Start - 0757 h o u r s  
End - 0845 h o u r s  

WATER LEVEL: 305 fee t  

DEPTH I N  FEET TEMPERATURE OC: 

320 

340 

360 

380 

40 0 

420 

440 

4 60 

480 

500 

520 

540 

560 

580 

600 

6 20 

640 

6 60 

680 

35 .5  

36 .O 

36.0 

37.2 

37.7 

38 .O 

38.5 

39 .O 

39.4 

39.7 

40.2 

40.6 

41  .O 

41.3 

41.8 

4 2 . 3  

4 2 . 8  

4 3 . 3  

43.7 

DEPTH I N  FEET 

700 

7 20 

740 

7 60 

7 80 

80 0 

820 

840 

860 

880 

900 

920 

9 30 

TEMPERATURE "C 

44.1  

44 .8  

45.2 

46.0 

46.5 

47 .O 

47.4  

48 .O 

48.9 

49.4 

50.0 

50.5 

50 .6  
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TEMPERATURE GRADIEWT DATA 

DATE: February 2 7 ,  1984 

TIME: Start - 1428 hours  
End - 1543 hours  

WATER LEVEL: 140.2 '  

DEPTH I N  FEET 

150 

160 

180 

200 

2 20 

2 40 

260 

2 80 

30 0 

320 

340 

360 

380 

400 

420 

440 

460 

480 

500 

5 20 

540 

5 60 

580 

600 

620 

TEMPERATURE O C  

30.2 

30.8 

31.6 

32.7 

33.8 

34.7 

35.5 

36.4 

37.2 

38 .O 
38.8 

39.8 

40 .6  

41 .4  

42.2 

4 3  .o 
43.7 

44.6 

45.3 

4 6  .O 
47.1 

48 .O 
49.1 

50.1 

51.3 

DEPTH I N  FEET 

640 

6 60 

680 

700 

7 20 

740 

760 

7 80 

800 

820 

84 0 

8 60 

880 

900 

9 20 

940 

9 60 

9 80 

1000 

1020 

1040 

1060 

1080 

1095 

TEMPERATURE "C 

52.3 

53.3 

54.4 

55.5 

56.5 

57.5 

58.5 

59.5 

60.6 

61.6 

62.5 

63.5 

64.2 

64.9 

65.2 

65.5 

65.7 

65.9 

66.0 

66.2 

66.4 

66.7 

67 .O 

67.1 
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HOLE FIIIIIBEB: 7 

DATE: F e b r u a r y  2 7 ,  1984 

TIME: Start - 1607 h o u r s  
End - 1702 h o u r s  

WATER LEVEL: S u r f a c e  

DEPTH I N  FEET 

20 

40 

60 

80 

100 

120 

140 

160 

180 

200 

2 20 

240 

2 60 

2 80 

300 

320 

340 

360 

380 

400 

420 

440 

460 

480 

500 

5 20 

540 

TEMPERATURE "C 

21 .o 
21.6 

22.0 

22.3 

22.6 

23.0 

23.3 

23.5 

23.9 

24.3 

24.5 

24.7 

25.1 

2 5 . 3  

25.5 

25.7 

26.0 

26.2 

26.3 

26.5 

26.6 

26.8 

27.0 

27.3 

27.5 

27.7 

27.9 

DEPTH I N  FEET 

560 

5 80 

60 0 

620 

640 

6 60 

680 

700 

720 

740 

760 

7 80 

800 

820 

84 0 

8 60 

880 

900 

9 20 

9 40 

9 60 

9 80 

1000 

1020 

1040 

1050 

TEMPERATURE O C  

28.1 

28.3 

28.5 

28.7 

29 .O 

29.3 

29.6 

29 .8  

30.0 

30.2 

30.5 

30.7 

30.9 

31.2 

31.4 

31.6 

31.8 

32 .O 
32.2 

32.5 

32.7 

33.0 

33.2 

33.4 

33.6 

33.7 
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