
WATER ENTRY BELOW STEAM PRODUCTION: 
A CASE HISTORY AT THE GEYSERS 

George Frye 
Burmah O i l  and Gas Company 

Santa Rosa, CA. 95406 

Burmah O i l  and Gas Company has d r i l l e d  over twenty ho les i n  the  south- 
east p o r t i o n  o f  The Geysers steam f i e l d ;  t o  da te  on l y  one has proved non- 
product ive.  Th is  r epo r t  documents a case h i s t o r y  unique t o  E3urmah o f  a 
water e n t r y  below steam product ion.  

H i s t o r y  

A 12-1/4" ho le  was d r i l l e d  t o  3000' and 9-5/8" OD casing was cemented 
t o  the  sur face.  Burmah then d i r e c t i o n a l l y  d r i l l e d  an 8-3/4" ho le  w i t h  a i r  
and encountered minor steam e n t r i e s  a t  5120', 6335 ' ,  and 645;7', as shown on 
F ig .  1 .  No a d d i t i o n a l  steam e n t r i e s  were found below these depths. To ta l  
steam f l o w  measured less  than 20,000 pounds per hour. 

A t  7580' an increase o f  a i r  pressure on the  stand p ipe  from 420 ps ig  t o  
580 ps i g  was noted. The w e l l  s t a r t e d  making 128 b a r r e l s  per hour of water 
having a temperature o f  188-190°F measured a t  t h e  sur face.  
chemical ana l ys i s  o f  t h i s  water i s  l i s t e d  on F ig .  2, Column 11. A i r  d r i l l i n g  
cont inued t o  7665'  w i t h  no decrease i n  water product ion.  D r i i 1 1  p i pe  was 
p u l l e d  ou t  o f  the  ho le  t o  4363'  and a i r  c i r c u l a t e d  f o r  f ou r  hours. The we l l  
produced o n l y  steam, no water.  No temperature o r  pressure survey was run. 
The lack  o f  water a t  4363'  i nd i ca tes  a water pressure o f  les:; than 1355 ps ig .  

The p a r t i a l  

Since t he  ho le  produced a sub-commercial r a t e  o f  steam, Burmah decided 
t o  p lug  the  ho le  and d i r e c t i o n a l l y  r e d r i l l  t he  ho le  i n  a more wes te r l y  loca-  
t i o n .  Steam e n t r i e s  were encountered a t  4259' ,  4362' ,  5480 ' ,  5660' ,  5943 ' ,  
6731 ' ,  6858 ' ,  and 6980' .  F i g .  1 shows t he  l o c a t i o n  o f  these steam e n t r i e s .  
The ho le  produced approximately 120,000 pounds of steam per hour a f t e r  the  
l a s t  steam en t r y .  Again t h e  ho le  produced water,  bu t  a t  a lower r a t e  o f  approx- 
imate ly  80 b a r r e l s  an hour.  The ana l ys i s  o f  t h i s  water i s  shown on Column 2 
on F ig .  2. The water e n t r y  ind ica ted  by t he  increase o f  standpipe a i r  pressure 
was a t  7138 ' .  The ho le  was plugged 
w i t h  43 sacks of cement. The d r i l l  p i pe  s tuck w h i l e  p u l l i n g  ou t  of  the ho le .  
The best  es t imate  o f  the  t op  of the  p lug  i s  6830' measured by t h e  f r ee  p o i n t  
i n d i c a t o r  on t he  s tuck p i pe .  The s tuck d r i l l  p i pe  was p a r t i a l l y  recovered t o  
6062'. 

No pressure o r  temperature survey was run. 

Fur ther  recovery at tempts proved unsuccessful .  

A f t e r  t he  d r i l l i n g  r i g  was released, the  sur face  w e l l  head pressure 
A s t a t i c  pressure and temperature survey stopped s t a b i l i z e d  a t  484 ps ig .  

a t  3515 ' .  The survey i nd i ca ted  e s s e n t i a l l y  sa tu ra ted  steam. A t  a l a t e r  da te  
the w e l l ,  when f i r s t  opened f o r  a f l o w  t e s t ,  produced water along w i t h  steam. 
Column 3 of Fig .  2 l i s t s  t he  p a r t i a l  chemical ana lys is .  Subsequent f lows a t  
h igher  ra tes  produced sa tu ra ted  steam w i t h  no en t ra ined  water.  The i so-  
chronal  t e s t i n g  i nd i ca ted  a f l o w  r a t e  o f  86,000 pounds o f  steam per hour. 
An ana l ys i s  o f  t he  steam condensate produced a t  t h i s  f l o w  r a t e  i s  shown i n  
Column 4 of Fig.  2 .  

-89- 



Discussion 

The chemical analyses of t he  two water e n t r i e s  a re  s i m i l a r  bu t  no t  
i d e n t i c a l  even g iven  allowances f o r  sampling and t e s t i n g  e r r o r s .  The samples 
a re  d i s s i m i l a r  enough t o  prec lude the  p o s i t i v e  conclus ion t h a t  they are  the  
same water.  I t  i s  p l a u s i b l e  t h a t  t he  two waters,  though shar ing a common 
o r i g i n ,  a re  located i n  separate f r a c t u r e  systems. Both water e n t r i e s  a r e  
i n  s i  1 i c i ous  a r g i  1 1  i tes.  

The water produced on t h e  f i r s t  t e s t  (Column 3 )  i nd i ca tes  contaminat ion 
from cement (pH and c h l o r i d e )  and a l s o  some evaporat ion o f  the  deep water as  
i n f e r r e d  from the  increased boron concent ra t ion .  
condensate i s  t y p i c a l  o f  steam condensate analyses o f  w e l l s  i n  the  surround- 
ing  area. A phys ica l  chemist ry  ana l ys i s  has no t  been attempted t o  determine 
i f  the  chemical c o n s t i t u t e n t s  o f  the  water and steam are  i n  e q u i l i b r i a .  

The ana l ys i s  o f  the steam 

A review o f  t he  w e l l s  i n  the  surrounding area shows t h i s  w e l l  t o  be 
bounded by commercial p roduc t ion  2100' t o  the  n o r t h ,  4000' t o  the west, 1100' 
t o  the  south and 3700' t o  t he  east .  None o f  these w e l l s  showed any i n d i c a t i o n  
of deep water e n t r i e s .  I t  should be noted, however, t h a t  none o f  these w e l l s  
reached the  equ i va len t  v e r t i c a l  depth o f  the  water e n t r i e s  i n  t h e  o r i g i n a l  
ho le  o r  r e d r i l l  o f  the  sub jec t  w e l l .  Other w e l l s  a t  g rea te r  d is tances  always 
have been d r i l l e d  t o  a t  l e a s t  700 v e r t i c a l  f e e t  below the  deepest water e n t r y .  
The v e r t i c a l  and h o r i z o n t a l  d i f f e r e n c e  between the two water e n t r i e s  o f  407'  
and 540' ,  r espec t i ve l y ,  i n d i c a t e s  a poss ib le  s t r u c t u r a l  r a t h e r  than an hydro- 
l o g i c a l  c o n t r o l  o f  the  water i n  t h i s  l o c a l i z e d  area. Because temperature and 
pressure surveys were no t  conducted w h i l e  the holes were producing water ,  
conclusions about steam-water communication and e q u i l i b r i u m  a r e  d i f f i c u l t .  

Due t o  the  phys ica l  c o n d i t i o n  o f  t he  ho le  (apparent sharp dog l eg  and 
p ipe  l e f t  i n  the ho le ) ,  i t  i s  n o t  poss ib le  t o  p o s i t i v e l y  demonstrate by 
temperature and pressure surveys t h a t  t he  water has been shut o f f  by the 
cement plug. However, i t  i s  c e r t a i n l y  i n f e r r e d  i n d i r e c t l y  by the  q u a l i t y  
of the  steam produced d u r i n g  the  w e l l  t e s t .  The loss o f  steam f low r a t e  
i nd i ca tes  a l s o  t h a t  a t  l e a s t  the  bottom two steam e n t r i e s  were e f f e c t i v e l y  
p 1 ugged . 
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CHEMICAL ANALYSES 

PH 

Spec i f  ic  Conductance 
p m h o s / c m  @ 25OC 

Calc ium,  mg  / 1 

Magnesium,  m g / l  

Ammonia ,  m g  / 1 

Sodium, m g / l  

Iron, m g / l  

Boron,  m g / l  

Po t a s s ium,  m g / l  

Aluminum,  m g / l  

Mercu ry ,  p g / l  

Sulfate,  m g / l  

Chlor ide,  m g / l  

F luor ide ,  m g / l  

Bicarbonate ,  m g / l  

N i t r a t e ,  mg/l 

Silica, mg/l 

Sulfide,  m g / l  

2 

5.3 5 .1  

- 1 - 
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8.4 
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1. 
2. Wate r  en t ry  of r e d r i l l .  
3. 
4. 

Water  en t ry  of o r ig ina l  hole. 

W a t e r  produced on initial we l l  flow. 
S t e a m  condensa te  at 85,000 pounds p e r  hour  flow ra t e .  
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