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ABSTRACT 

MCR Geothermal Corporat ion pioneered suc- 
c e s s f u l  e x p l o r a t o r y  d r i l l i n g  t h e  B o t t l e  Rock 
area of t h e  Geysers Steam F i e l d  i n  1976. 
The w e l l f i e l d  is c h a r a c t e r i z e d  by a deep 
r e s e r v o i r  wi th  var ied  f l o w r a t e s ,  t e m -  
p e r a t u r e s ,  p r e s s u r e s ,  and steam c h e m i s t r i e s  
being q u i t e  acceptab le .  More d e t a i l e d  
r e s e r v o i r  engineer ing  tests will f o l l o w  as 
product ion commences. 

Subsurface geology i s  comprised of a deep 
main graywacke r o c k ( s )  wi th  o v e r l y i n g  cap,  
condensa t ion ,  and h i g h l y  a l t e r e d  r e s e r v o i r  
zones. Liquid r e s e r v e s  f o r  steam product ion 
probably e x i s t  i n  t h e  condensat ion zone 
f r a c t u r e s  and a l t e r a t i o n  p o r e s ( ? ) ,  and by 
p h y s i c a l  a d s o r p t i o n  i n  micropores a long 
f r a c t u r e  s u r f a c e s ,  s i n c e  i n t e r s t i t i a l  poro- 
s i t ies and t h e  presence of a b a s a l  b o i l i n g  
b r i n e  have been r u l e d  out .  

The steam r e s e r v o i r  evolved f r o m  ancestre .1  
l iquid-dominated hydrothermal systems a n d  
possesses  an extremely v i a b l e  f r a c t u r e  
system comprised of t e c t o n i c  r u b b l e  brec- 
cias. E s s e n t i a l l y ,  t h e  steam reservoi r ( : )  
are huge t e c t o n i c  b r e c c i a s  superimposed c a  
(mimicing) and  now over lapping  huge 
a n c e s t r a l  hydrothermal b r e c c i a s .  While 
earlier r e s e r v o i r  models u t i l i z e d  a boi l ing-  
b r i n e  and/or  Raleigh-plume d i s p e r s i o n  mode 
of e x i s t a n c e  and o p e r a t i o n ,  g e o l o g i c a l  d a t a  
now sugges ts  t h a t  t h e  r e s e r v o i r  may be a 
system of v e r t i c l e  s team-f i l led  fractures 
wi th  a s e p a r a t e  condensat ion zone he ld  
somewhat immobile a long  t h e  t o p  and f l a n k  
boundaries  of t h e  fracture networks. 

Local  e x t e n s i o n a l  t e c t o n i c s  have and con- 
t i n u e  t o  p lay  a very  important  role i n  t h e  
format ion  and cont inuance of both t h e  
ancestral l i q u i d  and a c t i v e  vapor systems i n  
t h e  s team f i e l d .  Accordingly so, d r i l l i n g  
programs should be designed w i t h  t e c t o n i c s  
i n  mind so as t o  maximize w e l l  d e l i v e r a b i l i -  
t ies .  

The Franc isco  lease w i l l  supply steam t o  
power a 55 MW powerplant p r e s e n t l y  under 
c o n s t r u c t i o n  by t h e  C a l i f o r n i a  Department of 
Water Resources.  

INTRODUCTION 

F igure  1 i s  a l o c a t i o n  map i l l u s t r a t i n g  
MCR's developments. Entex Petroleum, I n c . ,  
Houston, Texas is a p a r t n e r  i n  t h e  c u r r e n t  
Franc isco  product ion venture .  
M C R ' s  s t e p o u t  i n t o  t h e  B o t t l e  Rock a r e a  
confirmed a boundary a d d i t i o n  t o  t h e  e x t r e -  
mely l a r g e  and p r o l i f i c  Geysers f i e l d .  
P u b l i c  in format ion  on t h e  c h a r a c t e r i s t i c s  
of t h e  f i e l d  has been s p a r s e .  
t a t i o n ,  however, should s t i m u l a t e  d i s c u s s i o n  
of t e c h n i c a l  in format ion  regard ing  t h e  
B o t t l e  Rock area and assist t o t a l  steam 
f i e l d  comprehension. 

-- 

This  presen- 

WELLFIELD CHARACTERISTICS - FRANCISCO LEASE 

Area: 380 a c r e s ,  3 pad l o c a t i o n s  
Wells: 12 d r i l l e d  t o  d a t e ,  1 used 

as i n j e c t o r ,  2 no t  t o  be 
used. 

47,000 t o  179,000 Lbs/Hr C 
125 p s i g ;  average 110,000 
Lbs/Hr 
g e n e r a l l y  12 wks to d r i l l ,  
product ion c a s i n g  a t  6500'-  
6700' 

Steam e n t r i e s :  5 (minimum) t o  21 (maximum) 
6575'/6310' (TVD)  t o  10,560' 
/10,240' (TVD); range  2- 
3000 Lbs/Hr.  t o  90,000 
Lbs/Hr . 

Depths ( d r i l l e d ) :  8606 t o  10,586 feet .  
Flowr a t e s : 

T i m e s  : 

Some wells are drier and show superhea t  a t  
t h e  wel lhead,  some d ischarge  a wetter steam 
I n i t i a l l y ,  Franc isco  1-5 was d r i l l e d  t o  8970 
feet i n  1976 and produced 108,000 Lbs/Hr 
steam @ 109 p s i g  w i t h  6" bore. 
mum economic limit is 75,000 lbs/hr, al-  
though lower o u t p u t  wells would be connected 
t o  t h e  g a t h e r i n g  system. 

Reservoi r  tempera tures  average 247.W477.F 
,and p r e s s u r e s  range  from 500-550 psig.  
These tempera tures  and p r e s s u r e s  appear t o  
exceed va lues  given f o r  o t h e r  p a r t s  of t h e  
steam f i e l d  (Cochran, 1979; Ramey, 1968; 
Lipman, et al . ,  1977). Temperatures and 
p r e s s u r e s  tend  t o  cl imb s l i g h t l y  as depth  
i s  increased  w i t h i n  t h e  r e s e r v o i r .  These 
var iances  from o t h e r  r e s e r v o i r  va lues  may 

MCR's mini- 
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i n d i c a t e  d i f f e r i n g  c o n d i t i o n s  i n  s e p a r a t e  
f i e l d  cells  or t h a t  t h e  F r a n c i s c o  l e a s e  has 
very  "v i rg in"  c o n d i t i o n s  i n  t h e  r e s e r v o i r .  
Shut  i n  wellhead p r e s s u r e s  hold a t  400-455 
ps ig .  

Steam chemistry is  w i t h i n  f i e l d  ranges  and 
i s  h ighly  acceptab le .  Table  1 i s  an analy-  
sis of condensate and non-condensables from 
a t y p i c a l  wel l .  

TABLE 1 --- 
Arsenic  ( U g / l )  
Mercury ( T o t a l )  I1 

I r o n  (mg/l)  
Calcium 
Boron 
Chlor ide  
F l u o r i d e  
S u l f a t e  
Bicarbonate  A l k a l i n i t y  " 

Carbonate A l k a l i n i t y  
N i t r a t e  
S p e c i f i c  Conductance ( m h o s  ) 
Ph 
T.D.S. (mg/ 1) 
Suspended s o l i d s  I1 

Noncondensables (ppm/wt) 
Water vapor 
Carbon d ioxide  11 

S u l f u r  (as H2S) I1 

Ammonia n 

Methane 
Nitrogen 11 

Hydrogen 11 

I t  

11 

I1 

I t  

II 

11 

11 

It 

i 10 
22 

0.63 
< 0.080 

7.8 
5.0 

< 0.10 
2.6 

170 
0 
0.49 

430 
6.2 

12 
< 2  
4,300 

996,000 
3,700 

21 9 

104 
143 
75 

64.6 

. -  

Radon 222 ( p i c 0  c u r / l  noncond.) 480 

Rate: 
T':  

121,000 LE!S/Hr. 
352'F 

T r a n s i e n t  w e l l  t e s t i n g  and t r a c e r  tests 
w i l l  f o l l o w  i n  hope that g e n e r a l  v a l u e s  f o r  
r e s e r v o i r  t r a n s m i s s i v i t y  and draw-down can 
be obta ined .  Inhomogeni t ies  i n  geologic  
s t r u c t u r e  ( f r a c t u r e  framework) may a l s o  be 
implied through t h e s e  tests. 

WELL AND SUBSURFACE GEOLOGY - -- 
Figure  2 --epresents  a genera l ized  geologic  
s e c t i o n  of lease wells. McLaughlin (1981) 
and Thomas (1981) both d e f i n e  a t*l i thocap 's  
above t h e  steam r e s e r v o i r .  This  cap i s  
comprised of a massive Franc iscan  melange up 
t o  6000-6700 feet  i n  t h i c k n e s s  under t h e  
B o t t l e  Rock area. 

The main graywacke's upper p o r t i o n s  show 
Franc iscan  metamorphic a l t e r a t i o n  (calci te)  
and t h e  mid t o  lower p o r t i o n s  e x h i b i t  
massive q u a t e r n a r y  hydrothermal a l t e r a t i o n .  
A l t e r a t i o n  appears  similar t o  accounts  for 
o t h e r  wells throughout  t h e  steam f i e l d  
(Lambert, 1976; Lockner et  a l . ,  1982); 
S t e r n f e l d ,  1981) w i t h  t h e  except ion  that 
B o t t l e  Rock wells encounter  t h e s e  c o n d i t i o n s  
a t  much g r e a t e r  depth.  M C R ' s  wells encroach 

upon an apparent  c o n t a c t  metamorphic zone 
(migmati tes)  a t  depth. 
d r i l l i n g  encountered f ine  gra ined  f e l s i c  
v o l c a n i c  d i k e  rocks  of d a c i t l c  t o  r h y o l i t i c  
composition. 

Coring of t h e  main graywacke beneath t h e  
F r a n c i s c o  lease was above t h e  r e s e r v o i r  sec- 
t i o n  as was c o r i n g  f r o m  o t h e r  p a r t s  of t h e  
f i e l d  (Lockner et a l . ,  1982). The c o r e s  
show e x c e l l e n t  f r e s h  enechelon,  c o n c e n t r i c  
fractures which probably relate t o  f r e s h  
f r a c t u r i n g  a s s o c i a t e d  w i t h  r e c e n t  t e c t o n i c  
ex tens ion .  This  upper p o r t i o n  of t h e  main 
graywacke is massively calcite veined,  very  
dense ,  v i r t u a l l y  non-porous ( t h i n  
s e c t i o n e d ) ,  and a p p r e c i a b l y  b r i t t l e .  
P e t r o g r a p h i c a l l y ,  t h e s e  rocks  are a l b i t e -  
sericite-epidote-chlorite-quartz a l t e r e d .  
T h i s  rock would make an e x c e l l e n t  i n i t i a l l y  
f r a c t u r e d  r e s e r v o i r  rock i n  t h e  ancestral 
l i q u i d  systems of t h e  Geysers f i e l d .  
I n t e r s t r a t i f i e d  a r g i l l i t e s  are dense,  car- 
bonaceous b lack ,  moderately calcite veined,  
and w e l l  sheared wi th  g l a s s y  s l i c k e n s i d e s  
a s s o c i a t e d  w i t h  actinolite/chlorite-like 
r e c r y s t a l l i z a t i o n .  It is h i g h l y  conce ivable  
t h a t  t h e s e  a r g i l l i t e s  (and o t h e r  melange 
t y p e s )  could hold steam bear ing  f r a c t u r e s  i f  
such f r a c t u r e s  communicate w i t h  f r a c t u r e s  i n  
massive graywacke bodies .  

A condensat ion zone ( m a x i m u m  t h r e e  t o  f i v e  
hundred feet  t h i c k ) d e f i n i t e l y  e x i s t s  above 
t h e  steam r e s e r v o i r  (Fig.  2 )  and I s  pro- 
bably found i n  some f o r m  i n  a l l  o t h e r  p a r t s  
of t h e  steam f i e l d .  This  zone i s  charac- 
t e r i z e d  by l i q u i d  s a t u r a t e d  fractures and 
perhaps some pore s a t u r a t i o n  w i t h  s p e c i f i c  
rock  a l t e r a t i o n .  The hydrothermal a l t e r a -  
t i o n  process  is probably p h y l l i c  ( s e r i c i t i c )  
a l t e r n a t i o n ,  where steam condensate  a l ters  
and l e a c h e s  rocks  w i t h i n  t h e  zone. Here, 
d e t r i t a l  and hydrothermal f e l d s p a r s  are 
a l t e r e d  t o  c l a y  group ( i l l i t e )  m i n e r a l s  and 
z e o l i t e s ,  q u a r t z  i s  augmented, and r e a l g a r  
is  viewed i n  traces. Steam and water 
e n t r i e s  are commonly encountered whi le  
d r i l l i n g  i n  t h i s  zone. The water u s u a l l y  
d i s s i p a t e s  af ter  a day or two of d r i l l i n g  
b u t  i n  one i n s t a n c e  a water e n t r y  was so 
l a r g e  that t h e  zone(s.1 r e q u i r e d  plugging o f f  
before  air d r i l l i n g  could resume. 

Ramey (1968) repor ted  t h e  presence of a 
water body (condensat ion zone) between t h e  
sha l low upper and lower r e s e r v o i r s  i n  t h e  
Sulphur  Bank area of t h e  steam f i e l d .  
S e v e r a l  researchers (White et  a l . ,  1971; 
T r u e s d e l l  and White, 1973; D'Amore and 
T r u e s d e l l ,  1979) have specula ted  on t h e  
occurrence of t h i s  zone wi th  M C R ' s  d r i l l i n g  
confirming its presence.  
(1  977) r e p o r t e d  t h e  a l t e r a t i o n  of r e s e r v o i r  
r o c k s  wl th  t h e  formation of minute, sand- 
l i k e  particles ( s m e c t i t e ? )  i n  t h e  pores  of 
t h e  graywacke encountered i n  wells i n  t h e  
Castle Rock Spr ings  area of  t h e  Geysers 

I n  two wells, 

Weres e t  a l .  
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f i e l d .  This  probably r e p r e s e n t s  a condem- 
s a t i o n  zone and is q u i t e  s i m i l a r  t o  M C R ' s  
f i n d i n g s  . 
Table  2 is an a n a l y s i s  of f l u i d s  ( f l a s h a d  t o  
some unknown e x t e n t )  from t h e  condensat ion 
zone penet ra ted  by a w e l l .  The w e l l  i s  t h e  
same one whose steam a n a l y s i s  is  presented  
in Table 1 .  

TABLE 2 

Potassium (mg/l)  110 
Calcium 96 
Sodium 270 
I r o n  2.3 
Arsenic  (Ug/l) 320 
Mercury 3.2 
Chlor ide  (mg/l)  250 
S u l f a t e  11 400 

S i l i c a  2.0 
Bicarbonate  A l k a l i n i t y  " 230 
T o t a l  Carbon d ioxide  170 
Boron 14 
Ammonia < 0.20 

The a c t u a l  r e s e r v o i r  rocks  a r e  h i g h l y  
hydrothermally a l t e r e d ,  non-porous i n  t h i n  
s e c t i o n  and a r e  probably composed of 
numerous d i f f u s i o n  m i c r o f r a c t u r e s  and f low 
f r a c t u r e s .  P e t r o g r a p h i c a l l y ,  t h e s e  rocks  
are albite-illite-smectite-chlorite-epiclote- 
z e o l i t e - q u a r t z  a l t e r e d .  Smect i te  pore f i l l  
has destroyed former r e s i d u a l  i n t e r s t i t i a l  
p o r o s i t y .  The f r a c t u r e  model by Norton and  
Knapp (1977) i s  u t i l i z e d  f o r  fracture pcso- 
s i t y  d e f i n i t i o n .  P o r o s i t y  estimates a r e  
s p e c u l a t i v e ,  i f  no t  near  unobta inable  
because t h e  r e s e r v o i r  has f r a c t u r e  poroa i ty .  
D i f f u s i o n  and r e s i d u a l  p o r o s i t y  can be 
determined but  f low p o r o s i t y  is destroyed 
d u r i n g  coring.  Overa l l  f r a c t u r e  p o r o s i t y  is  
probably less than  58, both i n  t h e  main 
r e s e r v o i r  and t h e  condensat ion zone. 
Thermogenics (Caupuano, 1979) estimates 
o v e r a l l  r e s e r v o i r  f r a c t u r e  p o r o s i t y  a t  1-38, 
whi le  Union Oil Co. (Lipman, e t  a l . ,  1977) 
e s t i m a t e s  a 3-75 i n t e r s t i t i a l  p o r o s i t y  
( i r r e l e v a n t ? )  from c o r e s  probably r e t r i e v e d  
above t h e  r e s e r v o i r  s e c t i o n  i tself  (Lockner 
e t  a l . ,  1982). Residual  p o r o s i t y  f l u i d s  are 
probably very  l i m i t e d  and immobile, 
exc luding  t h e  e f f e c t s  of any secondary sur -  
f a c e  a d s o r p t i o n  i n  micropores.  

Ances t ra l  hydrothermal v e i n i n g  comprised of 
quar tz -ep idote- fe ldspar  is  abundant i n  t r e c -  
c i a t e d  zones w i t h  t h i s  m i n e r a l i z a t i o n  a l s o  
found i n  disseminated v e i n s  and i n t e r s t i t i a l  
pores  somewhat removed from t h e  massive 
b r e c c i a s .  S p o r a t i c ,  cont inuous occurrences 
of t h e s e  massive hydrothermal b r e c c i a t i o n s  
and m i n e r a l i z a t i o n s  s t r o n g l y  suggest  t h e  
p e n e t r a t i o n  of ancestral l i q u i d  dominated 
condui t s  as wells are l a t e r a l l y  d i r e c -  
t i o n a l l y  d r i l l e d .  The quar tz -ep idote  
a l t e r a t i o n s  s t i l l  remain t h e  b e s t  i n d i c a t o r  

,I 

11 

11 

11 

I 1  

11 
S u l f i d e  (H2S) i 0.10 

I1 

I1  

11 

of upcoming steam e n t r i e s  a l though minor 
steam occurrences  can occur  i n  r e l a t i v e l y  
c l e a n  rock ,  even i n  t h e  c a l c i t e - r i c h  rock 
near  t h e  t o p  of t h e  r e s e r v o i r  graywacke. 
Analys is  of c u t t i n g s  from o t h e r  wells i n  the 
f i e l d  ( S t e r n f e l d ,  1981) show s i m i l a r  t ra i t s  
t o  B o t t l e  Rock well c u t t i n g s .  Frye  (1976) 
d i s c u s s e s  the  importance of s i l i ca  content  
in enhancing r e s e r v o i r  rocks  w i t h  r e s p e c t  t o  
steam occurrence i n  Aminoi l ' s  product ion 
area. 

Ocas iona l ly ,  semi-massive, very  a r g i l l i t e -  
r i c h  u n i t s  w i t h i n  t h e  main graywacke are 
penet ra ted .  A d ramat ic  l o s s  of qua ternary  
hydrothermal a l t e r a t i o n  and steam p o t e n t i a l  
is u s u a l l y  witnessed.  The a r g i l l i t e s  can 
become very  c l a y - l i k e  or s c h i s t o s e  and f l a -  
key, caus ing  major s loughing  problems. If 
s loughing is too s e v e r e ,  wel lbores  may co l -  
l a p s e  inward and r a i s e  c o n s i d e r a b l e  havoc 
whi le  a i r  d r i l l i n g .  Encounter ing such 
bodies  a t  g r e a t e r  depths  had a c t u a l l y  prohi-  
b i t e d  the cont inuance of a i r  d r i l l i n g  i n  one 
i n s t a n c e .  

---- RESERVES 

Where are t h e  l i q u i d  r e s e r v e s  i n  t h e  Geysers 
r e s e r v o i r ( s ) ?  The condensat ion zone pro- 
bably has  s u b s t a n t i a l  l i q u i d  r e s e r v e s  i n  
p l a c e  i n  both d i f f u s i o n  and f low f r a c t u r e  
p o r o s i t y .  F r a c t u r e s  i n  t h e  condensat ion 
zone should communicate w i t h  r e s e r v o i r  f r a c -  
t u r e s  i n t e r s e c t e d  by t h e  wel lbores .  
C a p i l l a r i t y  condensat ion (Hsieh and Ramey, 
1983) may be r e s p o n s i b l e  f o r  ho ld ing  f l u i d s  
i n  t h e  f r a c t u r e s  of t h e  condensat ion zone 
whereby t h e  h y d r o s t a t i c  head of f l u i d s  i n  
t h e s e  f r a c t u r e  systems i s  l e s s  than 
under ly ing  r e s e r v o i r  p r e s s u r e ,  t h u s  enabl ing  
such f l u i d s  t o  s t a y  r e l a t i v e l y  i n  p lace .  
S i n c e  c l a y  m i n e r a l s  ( i l l i t e )  found as t r a c e s  
t o  15% of t o t a l  rock volume i n  t h e  conden- 
s a t i o n  zone are hygroscopic ,  small r e s e r v e s  
may be found i n  t h e s e  a l t e r e d  pore spaces .  
Weres e t  a l .  (1977) inferred that these 
pore v o i d s  are r e s p o n s i b l e  f o r  o v e r a l l  
r e s e r v o i r  f l u i d  s t o r a g e ,  bu t  t h e  au thor  
s u g g e s t s  that t h i s  p o t e n t i a l  s t o r a g e  medium 
only  p e r t a i n s  t o  t h e  condensat ion zone. 

S i n c e  t h e  p h y s i c a l  s u r f a c e  a d s o r p t i o n  of 
l i q u i d s  i n t o  hea ted  rocks  has been 
demonstrated i n  t h e  l a b o r a t o r y  (Hsieh and 
Ramey, 19831, it can be assumed that t h i s  
phenomena does e x i s t  a long  r e s e r v o i r  f r a c -  
tures. 
p a t h l i n e s  'may c o n t r i b u t e  t o  r e s e r v e s  f o r  
steam format ion ,  t h o s e  l i q u i d s  probably 
being a major r e s e r v e  source.  O f  course ,  
steam a l r e a d y  i n  p lace  i n  f r a c t u r e s  is a l s o  
p a r t  of t h e  t o t a l  r e s e r v e s .  

The sugges t ions  t h a t  t h e  r e s e r v o i r  rocks  
are a *'cracked sponge" (Weres et al . ,  1977) 
or that s u b s t a n t i a l  m a t r i x  porosi ty/permea-  
b i l i t y  (mobile l i q u i d  s a t u r a t i o n )  e x i s t s  

Liquids  i n  micropores  a long f r a c t u r e  

-137- 



(Pruess  and Narasimhan, 1981) ,  should be 
dismissed.  The r e s e r v o i r  rocks  a r e  v i r -  
t u a l l y  i n t e r s t i t i a l l y  f i l l e d  wi th  s o l i d s .  
Determinat ion of p o t e n t i a l  steam r e s e r v e s  
may be very  d i f f i c u l t  i f  no t  u n r e a l i s t i c  i n  
a f r a c t u r e d ,  gas-dr ive  r e s e r v o i r  where 
r e s e r v e  p o r o s i t y  parameters  are only  implied 
and geologic  inhomogeni t ies  a r e  apparent  
throughout  t h e  r e s e r v o i r .  

The presence of a b a s a l  b o i l i n g  b r i n e  
o v e r l a i n  by an i so thermal  vapor zone such as 
is  commonly found i n  near -sur face  
fumarol ic /hot  spr ing-type geothermal regimes 
has been suggested as a major source  of 
steam i n  l a r g e  vapor systems such as t h e  
Geysers (White e t  a l . ,  1971, T r u e s d e l l  and 
White, 1973; D'Amore and T r u e s d e l l ,  1979). 
S i n c e  no basa l  b o i l i n g  water t a b l e  has  ever  
been found at  t h e  Geysers and o t h e r  geologic  
f e a t u r e s  o f f e r  modes f o r  p o t e n t i a l  s t o r a g e  
of l i q u i d  r e s e r v e s ,  t h i s  concept I s  deemed 
s u p e r f i c i a l  and should not  be u t i l i z e d  u n t i l  
d i r e c t  suppor t ive  evidence i s  o f f e r e d  by 
f i e l d  o p e r a t o r s .  

DEVELOPMENT OF LIQUID AND VAPOR SYSTEMS -----__ 

The vapor system w i t h i n  t h e  Geysers f i e l d  
was once a very  p r o l i f i c  l i q u i d  system, 
t h e r e f o r e  one must l o o k  upon t h e  r e s e r v o i r  
i n  terms of its p a s t  f u n c t i o n s  so as t o  more 
f u l l y  comprehend its p r e s e n t  f u n c t i o n s .  
S e v e r a l  s u c c e s s i r e  l i q u i d  hydrothermal sta- 
g e s  or phases (Lambert, 1976) d i d  e x i s t  i n  
a t  least  s e v e r a l  p a r t s  of t h e  steam f i e l d .  

Cont inua l  e x t e n s i o n a l  t e c t o n i c s  over  t h e  
l a s t  two t o  t h r e e  m i l l i o n  y e a r s  in t h e  
Geysers reg ion  (McLaughlin, 1981 ) is  pro- 
bably r e s p o n s i b l e  f o r  a l l  p a s t  and p r e s e n t  
igneous hydrothermal a c t i v i t y  i n  t h i s  re- 
g ion .  Thomas (1981) r e p o r t s  t h a t  f e l s ic  
igneous i n t r u s i v e s  occur  under many of t h e  
anomaly crests w i t h i n  t h e  steam f i e l d .  It 
i s  h i g h l y  p l a u s i b l e  t h a t  i n t r u s i v e  masses 
( s t o c k - l i k e )  u n d e r l i e  many key areas of t h e  
steam f i e l d  and were d i r e c t l y  r e s p o n s i b l e  
f o r  t h e  d r i v i n g  of a n c e s t r a l  convec t ive  
l i q u i d  systems i n  s e p a r a t e  or twinned loca-  
t i o n s  i n  t h e  Geysers f i e l d .  
development probably evolved j u s t  as t h e  
a c t i v e  Wairakei and Broadlands systems 
(Gr indley  and Browne,  1975) now f u n c t i o n  
w i t h  Rayleigh plume d i s p e r s i o n  (Kenley, 
1973; E l d e r ,  1981) as an a c c e p t a b l e  mode of 
f l u i d  c i r c u l a t i o n .  M C R ' s  d r i l l i n g  experien-  
ces provide evidence that t h e  c u r r e n t  vapor 
system is  a direct  r e s u l t  of a deep massive 
a n c e s t r a l  l i q u i d  system. One major c o n t r i -  
b u t i n g  f a c t o r  t o  system developuent  was t h a t  
t h e  i n i t i a l  r e s e r v o i r  graywackes were 
a l r e a d y  dense and b r i t t l e  (low t e n s i l e  
s t r e n g t h )  which o f f e r e d  an e x c e l l e n t  h o s t  
rock f o r  f r a c t u r e  systems t o  develop w i t h i n .  

Liquid system 

Tectonic  ex tens ion  and i n t e n s e  h e a t  f low 
w i l l  cont inue as t h e  l i q u i d  system now beco- 
mes q u i t e  mature, seals i tself  and becomes a 
candida te  f o r  vapor-domination. A good 
q u a l i t a t i v e  s c e n a r i o  f o r  t h e  e v o l u t i o n  of a 
vapor system i s  given by Pruess  and Trues- 
d e l l  (1980). As t h e  system b o i l s  down and 
more vaporous c o n d i t i o n s  start t o  p r e v a i l  on 
t h e  t o p ,  t h e  lower body l i q u i d  p o r t i o n s  may 
themselves  reseal, r e f r a c t u r e ,  brecciate by 
steam explos ions  and h y d r a u l i c  f r a c t u r i n g ,  
and a g a i n  reseal such as happened i n  i n t e r -  
mediate  depth  systems such as t h o s e  a t  
Wairakei  and Broadlands (Gr indley  and 
Browne, 1975). A previous ly  b o i l i n g  
environment represented  by d e p o s i t i o n  of 
m i n e r a l s  such as a d u l a r i a ,  etc. (Ellis and 
Mahon, 1977) is encountered by d r i l l i n g  i n  
M C R ' s  wells and o t h e r  p a r t s  of t h e  f i e l d  
( S t e r n f e l d ,  1981; Lockner e t  a l . ,  1982). 
Cont inua l  b o i l  down must have occurred i n  
t h e  r e s e r v o i r ( s )  s i n c e  former h y d r o s t a t i c  
p r e s s u r e s  would have then  been t o o  h igh  t o  
a l low f o r  t h e  b o i l i n g  of a mi ld ly  s a l i n e  
s ing le-phase  l i q u i d  a t  a p p r e c i a b l e  depths .  
However, t h e  au thor  s t r o n g l y  d i s a g r e e s  
( d i s c u s s i o n  for thcoming)  w i t h  S t e r n f e l d ' s  
r e n d i t i o n  of success ive  boil-down l e v e l s  
i n v o l v i n g  imbricate th rus t  zones. 

FRACTURE MODELS - 
F r a c t u r e  p r o p e r t i e s  are t h e  key f a c t o r s  
de te rmining  how the Geysers r e s e r v o i r ( s 1  
respond.  McLaughlin (1981, F igs .  8 , 9 )  pre- 
s e n t e d  models us ing  near  v e r t i c l e  f r a c t u r i n g  
stemming from e x t e n s i o n a l  t e c t o n i c s ,  which 
should be q u i t e  a c c u r a t e .  Thermogenics, 
I n c .  (Caupuano, 1979) ,  S h e l l  Oil Co. ( H i t e  
and Fehlberg ,  19761, and Union O i l  Co. 
(Lipman e t  a l . ,  1977) p r e f e r  a near  v e r t i c l e  
o r i e n t a t i o n  f o r  r e s e r v o i r  f r a c t u r e s  or 
perhaps f r a c t u r e s  j u s t  above t h e  r e s e r v o i r .  
M C R ' s  d r i l l  core  and d r i l l i n g  exper iences  
s t r o n g l y  sugges t  t h a t  r e s e r v o i r  f r a c t u r e s  
are n e a r - v e r t i c l e .  The au thor  b e l i e v e s  t h e  
idea of high volume n e a r - v e r t i c l e  steam 
f i l l e d  fractures i n  t h e  Geysers r e s e r v o i r ( s )  
(Ramey and Gr ingar ten ,  1975) i s  q u i t e  
real is t ic .  H.J.  Ramey s t a t e d  (Kennedy, 
1974) ,  t h a t  numerous well tests i n  t h e  
Geysers f i e l d  showed evidence of tremendous 
v e r t i c l e  f r a c t u r e s  i n t e r s e c t i n g  the 
wel lbores .  The pressure- t ime d a t a  sugges ts  
"cavernous" bodies  e x i s t  i n  p a r t s  of t h e  
steam f i e l d .  M C R ' s  deep d r i l l i n g  experien-  
ces adequate ly  confirms those  s p e c u l a t i o n s .  

Drilling o c c a s i o n a l l y  encounters  dr i l l  
breaks of s a y  s i x  inches  t o  a f o o t  of sud- 
den drop. These breaks are u s u a l l y  asso-  
c i a t e d  w i t h  steam e n t r i e s  b u t  sometimes 
y i e l d  l i t t l e  or no steam. Wellbores have 
penet ra ted  what appears  t o  be massive caver-  
nous f r a c t u r e s ,  ( r u b b l e  breccias) w i t h  very  
l a r g e  steam e n t r i e s  coming f o r t h  from breaks 
3f 5 or 6 feet i n  a minute or two. Massive 
v l c e s t r a l  hydrothermal b r e c c i a t i o n  is an 

-138- 



e x c e l l e n t  i n d i c a t o r .  As t e c t o n i c  e x t e n t i o n  
c o n t i n u e s ,  f r a c t u r e s  w i l l  grow wider inzgtead 
of v e i n f i l l i n g  as i n  t h e  ancestral l i q u i d  
system, whereas steam is  a r e l a t i v e l y  poor 
s o l v e n t  and m i n e r a l i z e r  w i t h  r e s p e c t  t o  t h e  
m i n e r a l i z i n g  e f f e c t i v e n e s s  of hot  water.. As 
l a r g e  f r a c t u r e s  grow, steam-bearing condui t s  
could p e n e t r a t e  i n t o  r e l a t i v e l y  u n a l t e r e d  
rock ,  as is seen i n  s e v e r a l  i n s t a n c e s  whi le  
d r i l l i n g .  

RESERVOIR MODELS 

E a r l y  models (White e t  a l . ,  1971; T r u e s d e l l  
and White, 1973) of steam r e s e r v o i r s  ( t h e  
Geysers)  depic ted  a b a s a l  b o i l i n g  b r i n e  
f e e d i n g  steam f i l l e d  fractures and an 
o v e r l y i n g  condensat ion zone. D'Amore and 
T r u e s d e l l  (1979) and  Thomas (1981) u t i l i z e d  
a Rayleigh condensat ion model based almost 
e n t i r e l y  on geochemical parameters .  Thomas' 
d a t a  s t r o n g l y  sugges ts  t h e  presence of 
s e v e r a l  h igher  l e v e l  core- type reservoi i -  
anomalies  w i t h i n  t h e  steam f i e l d .  Many ano- 
mal ies  probably have top-bounded c l o s u r e ,  
being a s y m e t r i c a l l y  s i m i l a r  t o  a dome and/or  
plunging a n t i c l i n a l  form. While t h e  D'Amore 
and T r u e s d e l l  model i s  an e x c e l l e n t  geoche- 
mica l  c r i t i q u e ,  i t  uses  s u p e r f i c i a l  geologic  
thought .  The au thor  s t r o n g l y  d i s a g r e e s  w i t h  
t h e  i d e a s  of d i s s o l u t i o n  of a d e t r i t a l  #and 
hydrothermal  q u a r t z - r i c h  r e s e r v o i r  rock 
(perhaps  a b i t  of d i s s o l u t i o n  i n  t h e  conden- 
s a t i o n  zone) and movement of steam and/or  
condensate  through s u b h o r i z o n t a l  l a te ra l  
f r a c t u r e s  networks (Thomas, 1981 1. Figlire 3 
d e p i c t s  a concept ion of r e s e r v o i r  ( c e l l )  
anomalies  accord ing  t o  M C R ' s  d a t a  and o t h e r  
p r i v i l e g e d  da ta .  

Rayleigh plume models may not  n e c e s s a r i l y  be 
r e a l i s t i c  or a c c u r a t e  i n  modeling a ste%m/ 
g a s  d r i v e  r e s e r v o i r .  I f  the i d e a  of a basal 
b o i l i n g  b r i n e  is d ismissed ,  t h e  steam 
r e s e r v o i r ( s )  may be no more than  an essisn- 
t i a l l y  i s o b a r i c / i s o t h e r m a l  s a t u r a t e d  stisam 
convect ion ce l l  o v e r l a i n  by a condensat lon 
zone formed by the c o n t a c t  of very  hot  steam 
w i t h  a c o o l e r  cap rock.  
condensate  probably f lows outward somewiat 
t o  form huge s a t u r a t e d  bodies  on t h e  outmost 
f l a n k s  of the r e s e r v o i r .  This  may account  
f o r  t h e  d i r t i e r  steam chemistry found i n  
o u t e r  f l a n k  wells, due t o  t h e  increased  s i z e  
and i n c r e a s e d  non-condensable gas volume of 
the condensat ion zone. As the h y d r o s t a t i c  
head of t h e  condensat ion zone becomes 
g r e a t e r  than  t h e  r e s e r v o i r  p r e s s u r e ,  a small 
amount of condensate  may d r i b b l e  down i n t o  
r e s e r v o i r  fractures and become vaporized,  
t h a t  i s  i n  an unexploi ted system. Water 

The accumulated 

a l a r g e r  condensat ion zone, p o t e n t i a l  l i q u i d  
r e s e r v e s  f o r  t h o s e  wells may be h igher  wi th  
d e c l i n e  rates p o s s i b l y  being less severe .  

The areas that crest t h e  v a r i o u s  f i e l d  ano- 
malies are known ( p u b l i c  and p r i v i l e g e d  
d a t a )  t o  harbor  well d e l i v e r a b i l i t i e s  i n  t h e  
300,000+ Lbs/Hr class from v e r y  shal low 
wells (4,000 - 5,000 feet)  w i t h  product ion 
coming beneath a t h i n  l i t h o c a p  from s a y  2 or 
3 very  l a r g e  steam e n t r i e s .  
d e c l i n e  i n  f l o w r a t e  a t  much faster rates 
than  do o u t e r  f l a n k  wells. It is proposed 
that t h e s e  c o r e s  are huge t e c t o n i c  b r e c c i a  
chimneys and t h a t  t h e  Geysers r e s e r v o i r ( s )  
i s  b a s i c a l l y  a huge steam and condensate  
f i l l e d  t e c t o n i c  b r e c c i a ( s )  superimposed upon 
(mimicing) and now over lapping  a huge 
a n c e s t r a l  hydrothermal b r e c c i a ( s ) .  The 
f i e l d  anomaly c o r e s  may have been the h i g h l y  
a l t e r e d  or minera l ized  cores  of a former 
l i q u i d  "mushroom" plume such as p r e s e n t l y  
exists a t  Wairakei.  These c o r e s  can f r a c -  
t u r e  t o  more p r o l i f i c  degrees  because of 
e i t h e r  l o c a l l y  enhanced t e c t o n i c s  (minimum 
p r i n c i p a l  stress) and/or  a g r e a t e r  r e d u c t i o n  
i n  t e n s i l e  s t r e n g t h  due t o  enhanced minera- 
l i z a t i o n .  The core  of t h e  Squaw Creek ano- 
maly i s  probably such an area w i t h  very  h igh  
p r o d u c t i v i t y ,  whi le  M C R ' s  l e a s e s  r e p r e s e n t  
t h e  middle p o r t i o n s  of t h e  f l a n k .  I n  com- 
p a r i s o n ,  d a t a  from S h e l l  O i l  Co. (Cochran, 
1979) and p u b l i c  d r i l l i n g  r e c o r d s  s t r o n g l y  
infers t h a t  S h e l l ' s  l e a s e s  occupy t h e  c o r e  
and s t e e p  f l a n k s  of such a f i e l d  anomaly. 

The Geysers f i e l d  is probably composed of 
numerous r e s e r v o i r s  ( c e l l s )  t h a t  are 
s e p a r a t e d  by r e l a t i v e l y  impermeable rock.  
There may be some minor c r o s s  f low between 
i n d i v i d u a l  c e l l s .  P r e s s u r e  mapping and 
tracer tests can i d e n t i f y  such t r e n d s .  MCR 
w i l l  i n i t i a l l y  cons ider  t h e  Franc isco  Lease 
area t o  be p a r t  of t h e  Squaw Creek (Unit  17 
and/or  11) ce l l ( s )  u n t i l  p ressure  monitor ing 
i n d i c a t e s  otherwise.  

How deep does the r e s e r v o i r  f r a c t u r e  system 
p e n e t r a t e ?  With no s i g n i f i c a n t  evidence of 
a bottom, i t  can be c o n f i d e n t l y  assumed t h a t  
the r e s e r v o i r  w i l l  cease  a t  some d e p t h ( s )  
determined by a l o c a l i z e d  dramatic  change i n  
t h e  p h y s i c a l  n a t u r e  ( t e n s i l e  s t r e n g t h )  of 
t h e  rocks  or a r e d u c t i o n  i n  e x t e n s i o n a l  tec- 
t o n i c s  (minimum p r i n c i p l e  stress). 
Encounter ing a c o n t a c t  metamorphic zone 
and/or felsic i n t r u s i v e  basement a t  depth 
may i n d i c a t e  a l i t h o l o g i c  change s u b s t a n t i a l  
enough t o  no longer  a l low propogat ion of 
permeable f r a c t u r e s .  

Such wells 

.. . 

e n t r i e s  encountered by Aminoil (Frye 1976) 
w h i l e  l a t e r a l l y  d r i l l i n g  may emanate f m m  

GENERAL GEYSERS FIELD TECTONICS 

l a r g e  condensate bodies  on t h e  outermost. McLaughlin (1981, F igures  7 and 8) 
f l a n k s  of a p a r t i c u l a r  anomaly. demonstrates  t h e  probable  r e s u l t s  of exten-  

t i o n a l  f o r c e s  i n  t h e  Geysers F i e l d  area 
Whereas f l a n k  wells possess  lower d e l i v e r a -  agree ing  w e l l  wi th  t h e  s h e a r  s t r a i n  e l l i p -  
b i l i t i e s  are wetter, and probably p e n e t r a t e  s o i d  of Crowell and Ramirez (1979) and t h e  
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v i s i b l e  l ineaments  and topographic  dra inage  
throughout  t h e  f i e l d .  Accordingly so, 
d r i l l i n g  programs should be designed w i t h  
t e c t o n i c s  i n  mind. 

The i d e a  of sub-horizontal  p a r t i n g s  e x i s t i n g  
i n  t h e  steam r e s e r v o i r ( s )  (McLaughlin, 1981, 
F igure  8)  may only  apply t o  t h e  very  shal low 
t o p s  of anomalies such as t h e  Big Geysers 
anomaly where v e r t i c l e  l i t h o s t a t i c  p r e s s u r e s  
are low. However, t h e  c o n t r i b u t o r y  effects 
i n  deeper rese-voi rs  (below 2000 - 3000 
f ee t )  is  probably n i l .  A s  t h e  t i g h t  t o p  of 
t h e  main graywacke is p e n e t r a t e d ,  per- 
m e a b i l i t y  i n  t h e  r e s e r v o i r  s e c t i o n  q u i c k l y  
opens up, t h e  only  conclusion t o  be o f f e r e d  
i s  that f r a c t u r e s  pinch i n  going upward i n t o  
t h e  l i t h o c a p  as i s  suggested by McLaughlin 
(1981, F igure  11) .  Primary h o r i z o n t a l  
ex tens ion  i n  t h e  form of l a r g e  f r a c t u r e s  and 
t e c t o n i c  caverns are c e r t a i n  whi le  secondary 
p e r m e a b i l i t y  i n  t h e  form of h a i r l i n e  f r a c -  
t u r e s  i s  less c e r t a i n  but  must e x i s t .  The 
secondary p e r m e a b i l i t y  may develop a long  
s y n t h e t i c  and a n t i t h e t i c  s h e a r  planes.  
Block f a u l t i n g  seen  i n  c r o s s  s e c t i o n  
(Thomas, 19811, o c c u r r i n g  a long  t h e  s t r i k e s  
of r e c e n t  s h e a r  p l a n e s ,  may a l s o  i n d i c a t e  
enhanced secondary p e r m e a b i l i t y  p a t h l i n e s .  
G u l a t i  e t  a l .  (1978) sugges t  through tri- 
tium i n j e c t i o n  surveys ,  t h a t  i n j e c t e d  f l u i d s  
d i s p e r s e  r a d i a l l y  i n  a Geysers r e s e r v o i r  
from an i n j e c t i o n  poin t .  This  phenomena 
implied t h a t  t h e r e  is la teral  p e r m e a b i l i t y  
a long  more than  one p a t h l i n e .  
t i t a t i v e  recovery  v a l u e s  imply t h a t  per- 
m e a b i l i t i e s  and p a t h l i n e  l e n g t h s / a t t i t u d e s  
vary  i n  d i f f e r e n t  d i r e c t i o n s .  
Kruger (1980) p r e s e n t  evidence t h a t  sugges ts  
p h y s i c a l  p rocesses  ( s t r u c t u r e d  f e a t u r e s )  
c o n t r o l  radon t r a c e r  f low through a Geysers 
F i e l d  r e s e r v o i r .  Geologica l ly  speaking,  t h e  
Geysers r e s e r v o i r ( s )  must t h e r e f o r e  not  be 
homogeneously f r a c t u r e d .  

S e v e r a l  earlier i d e a s  by v a r i o u s  a u t h o r s  
concerning permeabi l i ty  p a t h l i n e s  w i t h i n  the 
steam r e s e r v o i r ( s )  are most l i k e l y  obsolete. 
The i d e a  of r e s e r v o i r  fracture p e r m e a b i l i t y  
p a t h l i n e s  f o l l o w i n g  o l d  imbr ica te / subduct ion  
r e l a t e d  t h r u s t  f a u l t s  is poor ly  conceived. 
These f a u l t s  are of mesozoic and t e r t i a r y  
age and are undoubtedly gouge gangue-sealed 
by former ( t e r t i a r y  and q u a t e r n a r y )  miner- 
a l i z a t i o n ,  judging by what is seen i n  
graywacke core  rocks  t h a t  have been a l t e r e d  
by former. events  of hydrothermal metamor- 
phism. Specula t ions  of d ipping  sof t ,  un- 
f r a c t u r e d  graywacke lagers ( s l a b s )  
sandwiched i n  between a l t e r n a t i n g  hard f r a c -  
t u r e d  l a y e r s  are a l s o  unsound. 
age s h e a r  and e x t e n s i o n a 1 , t e c t o n i c s  t ha t  
v e r t i c a l l y  p e n e t r a t e  a l l  graywacke grades  
should be thought  of as t h e  prominent f a c t o r  
i n  r e s e r v o i r  formation.  D r i l l i n g  experien-  
ces show t h a t  steam e n t r i e s  can occur  i n  a l l  
t h r e e  graywacke grades  of former r e g i o n a l  
metamorphism. 

Varying quan- 

Semprini and 

Quaternary  

DRILLING METHODOLOGY 

W h a t  are t h e  real b e n e f i t s  of d i r e c t i o n a l  
d r i l l i n g  i n  t h e  Geysers f i e l d ?  Most wells 
are probably d r i l l e d  d i r e c t i o n a l l y  for two 
r e a s o n s ,  one t o  minimize w e l l  pad l o c a t i o n s  
i n  rought  t e r r a i n  and t h e  o t h e r  to  p e n e t r a t e  
more fracture systems through la teral  
p e n e t r a t i o n .  

M C R ' s  approach i s  t o  d r i l l  a c r o s s  i n f e r r e d  
primary e x t e n s i o n a l  p e r m e a b i l i t y  t r e n d s  
( v e r t i c l e  f r a c t u r e s )  u t i l i z i n g  deep la te ra l  
p e n e t r a t i o n .  Whereas n e a r - v e r t i c l e  exten-  
s i o n a l  f r a c t u r e s  should form perpendicular  
t o  t h e  e x t e n s i o n a l  component (minimum pr in-  
c i p l e  s t r e s s ) ,  d r i l l i n g  should be o r i e n t e d  
p a r a l l e l  t o  t h a t  stress. D r i l l i n g  wells to  
t h e  northwest  or s o u t h e a s t  h a s  been h i g h l y  
s u c c e s s f u l  wi th  t h e  northwest  d i r e c t i o n  pre- 
f e r r e d  because d e v i a t i o n  c o n t r o l  i s  -much 
b e t t e r .  D r i l l i n g  elsewhere u s u a l l y  r e s u l t s  
i n  very  poor wells. 
proceed v e r t i c a l l y ,  w i t h  t h e  steam f i e l d  
o f f e r i n g  good examples of deep v e r t i c l e  
wells completed dry ,  and then  turned i n t o  
p r o l i f i c  producers  when they  were plugged 
back and s i d e t r a c k e d  l a t e r a l l y .  

Some may argue that  w e l l s  can be fanned o u t  
i n  any d i r e c t i o n ,  becoming adequate  produ- 
cers, t h u s  c o n t r a d i c t i n g  t h e  approach 
suggested here .  This  may be f a c t u a l  i n  rare 
i s o l a t e d  areas where t e c t o n i c s  f o r c e s  
d e v i a t e  from the  normal or i n  the  c o r e  areas 
of t h e  f i e l d ' s  anomalies  where f r a c t u r i n g  is 
more pervas ive  and permeable. However, t h e  
e x t e n s i o n a l  component phi losophy i s  st i l l  
considered t o  be t h e  most a p p r o p r i a t e  w i t h i n  
t h e  steam f i e l d .  

When is  t h e  t i m e  t o  set product ion c a s i n g  
and proceed t o  a i r  dr i l l  i n t o  t h e  r e s e r v o i r ?  
F i r s t ,  t h e  t o p  of t h e  main graywacke must be 
i d e n t i f i e d .  Then, evidence of t h e  conden- 
s a t i o n  zone along w i t h  d r i l l i n g  mud tem- 
p e r a t u r e s  and bottoms up mud temperatures  
must be u t i l i z e d  i n  dec id ing  where t o  set 
product ion  cas ing .  
temperature  logging  is not  a c t u a l l y  
r e q u i r e d .  

D r i l l i n g  should never  

The use of e l a b o r a t e  

CONCLUDING REMARKS -- 

Aside from M C B ' s  c u r r e n t  area of i n t e r e s t  
two o t h e r  wells (F igure  1 )  were d r i l l e d  i n  
o t h e r  parts of t h e  Geysers area. 
were subsequent ly  plugged and abandoned and 
the leases r e l e a s e d  after vary ing  and 
i n t e r e s t i n g  results. Newfield 1-33 was 
d r i l l e d  f r o m  t h e  e a s t e r n  s i d e  of t h e  
Collayomi F a u l t  Zone, through t h e  f a u l t  and 
massive o p h i o l i t e ,  then  i n t o  r e s e r v o i r  rocks  
c o n s i s t i n g  of a s i l i c i f i e d  melange type. 
This  w e l l  pene t ra ted  t o  8985 feet and pro- 
duced about  30,000 L b J H r  of steam, t h u s  
r e v e a l i n g  t h a t  some v e s t i g e  of t h e  steam 
r e s e r v o i r  e x i s t s  a l l  t h e  way over t o  t h e  

Both wells 
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f a u l t  zone. T e l l y e r  1-24 was d r i l l e d  to 
12,194 f e e t  i n  deep massive graywackes and 
encountered numerous water, steam, and gas 
e n t r i e s  bu t  was unable  t o  s u s t a i n  any (degree 
of product ion.  

Condensed steam w i l l  be r e i n j e c t e d  a t  1-ates 
up t o  750 g a l l o n s  per minute through one 
wel l  placed deep i n t o  t h e  r e s e r v o i r .  
Deplet ion w e l l s  will be d r i l l e d  from 
e x i s t i n g  pads as steam d e c l i n e s  warrant;. 
Approximately 1,100,000 Lbs/Hr of steara will 
be i n i t i a l l y  a v a i l a b l e  t o  t h e  powerplarit i n  
o r d e r  t o  combat i n i t i a l  d e c l i n e s .  
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Figure 2. Generalized lithologic section and 
mineralogical zoning of a typical Francisco lease 
well, showing permeable traits. 
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Figure 3. 
Geysers r e m i r ( s ) .  
variances in  steam (prcbably condensate also) chemistry throughcut the system. 
The presence of a basal boilinq brine is questionable. changes in permeability 
my relate to differing structurdl stresses/strains across any field anamly. 
aLis is twcdmms ' i d .  As the frinqe of the cell is approached, the effects 
of a massive cmdensatim zme and the eventual end of the reservoir are shown. 

Illustratim defining a conceptual view across the l a te rd  dip of 
A huqe breccia chinmey is developed in the core w i t h  
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