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Shel l  has d r i l l e d  one d r y  ho le  and one comnercial d iscovery i n  The 
The d r y  ho le  was hot  ( 2  447°F) but  Geysers area o f  nor thern  C a l i f o r n i a .  

f a i l e d  t o  encounter f r a c t u r e s  necessary f o r  commercial steam recovery. The 
discovery producer, located one and one-half  m i les  south o f  The Geysers 
f i e l d ,  encountered d r y  steam f l ow ing  a t  ra tes  of about 200,000 lb /h r .  
conf i rmat ion  w e l l  i s  c u r r e n t l y  being d r i l l e d .  

A 

Temperature grad ients  range from 2-4"F/100 f t .  above 3,000 f t .  and 
from 6-8"F/100 f t .  from 3,000 f t .  t o  the  steam rese rvo i r .  The rese rvo i r  
temperature (+465"F) and pressure (2500 ps ia)  a r e  t y p i c a l  o f  The Geysers 
area. Local concentrat ions o f  hydrogen s u l f i d e  i n  excess o f  3,000 ppm were 
encountered i n  one w e l l .  

Shel l  s ta r ted  acqu i r i ng  acreage i n  1971, and now holds 15,000 acres 
(Fig. 1 ) .  Two Federal leases, U.S.  One (2477 acres) and U . S .  Two (1600 
acres) were acquired i n  January 1974 i n  the  f i r s t  Federal geothermal competi- 
t i v e  lease sale. 

U.S. Geothermal Two-1 was d r i l l e d  t o  exp lore  f o r  f rac tu red  r e s e r v o i r  
cond i t ions  i n  the  o b j e c t i v e  Franciscan graywacke i n t e r v a l  below serpent ine 
sea l ing  rocks. Two serpent ine beds were encountered a t  depths o f  2,300 f t .  
and 4,000 f t .  i n  the  o r i g i n a l  hole.  Graywacke and interbedded vo lcan ic  
rocks were penetrated below these beds. Several steam shows were noted below 
4,000 ft. and a s t a t i c  temperature o f  325°F was ca lcu la ted from a w i r e  l i n e  
survey a t  4,070 f t .  
t r u e  v e r t i c a l  depth of  6770 f t .* 

However, s tuck p ipe  forced abandonment o f  the  ho le  a t  a 

The w e l l  was then r e d r i l l e d  from 2,770 f t .  t o  8125 ft. Several non- 
commercial steam shows were encountered i n  the r e d r i l l e d  ho le  below a serpen- 
t i n e  bed a t  4170 f t .  A w i r e  l i n e  survey ind ica ted a format ion temperature o f  
447°F a t  6,150 ft. (Fig. 2 ) .  The average s t a t i c  temperature grad ient  i n  the  
i n t e r v a l  from 3,000 f t .  t o  6,150 f t .  i s  5.8"F/100 f t .  The we l l  was plugged, 
and abandoned a t  8120 ft. and no temperatures were obtained below 6,150 f t .  * 

Geologic and temperature cond i t i ons  encountered i n  t h i s  ho le  i n d i c a t e  commer- 
c i a l  steam reserves should be present on t h i s  U . S .  Geothermal leasehold. 

Our d iscovery w e l l ,  U . S .  Geothermal One-1, spudded i n  June 1975 and 
encountered commercial steam on J u l y  10, 1975, a t  4920 f t .  i n  the  f r a c t u r e d  
Franciscan graywacke (Fig.  3 ) .  Bad ho le  cond i t ions  prevented our ob ta in ing  
s t a t i c  temperature data  from the  w e l l .  However, n ine  separate readings were 
taken w i t h  maximum reading thermometers. 
8.l0F/1O0 f t .  i n  the  i n t e r v a l  from 3000 f t .  t o  3870 f t .  (Fig.  2 ) .  Th is  w e l l  
has a low geothermal g rad ien t  (2.3"/lOO ft.) above 3000 feet  which may be 
the r e s u l t s  o f  shal low groundwater movement. 

This data shows a grad ient  o f  about 

* A l l  depths are  t r u e  v e r t i c a l  depths. 
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Shell-U.S. Geothermal One-1 was f l o w  t es ted  using th ree  d i f f e r e n t  
o r i f i c e  p l a tes .  Average f l o w  data a re  as fo l l ows :  

O r i f i c e  S ize Pressure Tempera t u r e  Rate Qual i t y  
( i n . )  ( ps i a )  ("0 MLB/HR 

6 149 353 
7 1/2 96 320 
8 3/4 75 306 

183 .96 
191 .99 
195 1.00 

Flow t e s t  and ca lo r ime te r  data i nd i ca te  t he  w e l l  has an absolu te  open 
f l ow  p o t e n t i a l  o f  approximately 200,000 lbs /h r  d r y  steam. However, the  range 
of o r i f i c e  p l a t e  s izes was t oo  narrow t o  accura te ly  determine the maximum 
r a t e  o r  AOFP c o e f f i c i e n t  and exponent. A f l o w  stream sample had the  f o l l o w i n g  
composi t ion:  

Mol e 
Const i tuent  Gas Per Cent PARTIAL GEOCHEMICAL ANAILYSI S (Water) 

Hydrogen 
N i t rogen 
Oxygen 
Carbon Diox ide 
Hydrogen S u l f i d e  
Carbon Monox i de 
Oxides o f  N i t rogen 
Methane 
Ethane 
Benzene 
To1 uene 
Xy 1 ene 
Water 

2.292 
9.712 
0.012 

48.783 
0.000 
0.000 
0.000 

28.598 
0.020 
0.015 
0.017 
0.008 

10.543 

Su l f a te ,  mg/l 10 
Chlor ide,  mg/l 14 
B i carbonate , mg/ 1 88 
Borate,  mg/l 26 
Organic Acids, mg/l 110 

S p e c i f i c  G rav i t y  1.003 I@ 60°F. 
R e s i s t i v i t y  5,150 Ohm Cm @ 75°F. 
pH Value 7.20 

Our con f i rmat ion  w e l l ,  Shell-U.S. Geothermal One-2 was spudded 7/31/75 
and d r i l l e d  t o  7680 f t .  
3.8"F/100 ft. above 3000 f t .  and 8.1"~/100 f t .  i n  the  i n t e r v a l  from 3000 f t .  
t o  4490 f t .  
o f  6780 f t .  
This  bore was plugged back from 7680 f t .  and s idet racked from 4560 f t .  
Another small steam f l o w  o f  12,000 lbs /h r .  was encountered i n  the r e d r i l l  a t  
4840 f t .  Hydrogen s u l f i d e  content  exceeded 3000 ppm so t he  r e d r i l l  borehole 
was plugged a t  5250 f t .  and a second r e d r i l l  commenced a t  2080 ft. We are  
c u r r e n t l y  d r i l l i n g  below 6000 f t .  

The temperature g rad ien t  (F ig .  2) i n  t h i s  we l l  was 

A smal l  steam f l o w  o f  50,000 lbs /h r  was encountered a t  a depth 
The f l o w  stream contained approximately 80 ppm hydrogen su l f i de .  
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SHELL OlL COMPANY 

U.S. GEQFHERMAL ONE # I  

ELEV. 3204 FT. 

OPHlOLiTE 
(PERIDOTITE & SERPENTINE) 

GRAY WAC KE 

GREENSTONE 

r 

FRACTURED GRAYWACKE 
(STEAM ZONE) 

SURFACE 

13 '3/8" 
9 
1070 FT. 

2365 
2620 

31 50 

9 518" 

3925 FT. 

4600 

I 

T.D. 4925 FT. 

SEQUENCE OF ROCK TYPES 
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