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ABSTRACT 

A geothermal test w e l l  w a s  d r i l l e d  a t  

Temperatures below 7,100 f e e t  depth  are 
Ontar io ,  Oregon i n  1979, t o  a depth  of 10,054 
f e e t .  
g r e a t e r  than  310°F. Massive b a s a l t s  w e r e  no t  
encountered u n t i l  8,135 f e e t  depth.  The h o l e  
d i d  not  respond t o  i n i t i a l  f low tests. The h o l e  
has  no t  been pumped nor equi l ibr ium temperatures 
measured. 

In t roduc t ion  

Ore-Ida Foods No. 1, a deep geothermal test 
hole ,  w a s  spudded a t  Ontar io ,  Malheur County, 
Oregon on August 19 ,  1979. The ho le  w a s  d r i l l e d  
t o  a t o t a l  depth  of 10,054 f e e t  by November 7 ,  
1979. 
t o  November 27, 1979, a f t e r  which the  r i g  was 
moved from t h e  s i te  and the  ho le  capped wi th  a 
p res su re - t igh t  f l a n g e ,  va lve  and p res su re  re- 
corder .  

Tes t ing  and logging a c t i y i t i e s  continued 

The w e l l  w a s  d r i l l e d  i n  order  t o  develop 
a source of h o t  w a t e r  f o r  t he  Ore-Ida Foods, I n c .  
p rocess ing  p l a n t  a t  Ontario.  
gram w a s  con t r ac t ed  between Ore-Ida Foods and 
t h e  U .  S .  Department of Energy. Ore-Ida Foods 
was se rv iced  by C H 2 M - H i l l  as p r i n c i p a l  consu l t an t ,  
and GeothermEx, Inc . ,  as t echn ica l  consu l t an t  f o r  
exp lo ra t ion .  The Department of Energy was ser- 
viced by EGG-Idaho as program manager. 

A coopera t ive  pro- 

The w e l l  h a s  n o t  been o f f i c i a l l y  observed 

Ni t rogen  s t imu la t ion  tests d id  n o t  
nor t e s t e d  t o  de te rmine  how c lose  i t  came t o  i t s  
ob jec t ives .  
produce f l u i d .  I n f i l l  appeared t o  be r e s t r i c t e d  
t o  less than 15  g a l l o n s  per minute. It i s  re- 
por ted  t h a t  a r t e s i a n  flow of about 1 ga l lon  pe r  
minute a t  about 70°F wi th  a wellhead p res su re  
of about 80 p s i  developed by February 1980. 

The w e l l  h a s  n o t  been pump-tested, a l -  
though water now s t ands  i n  t h e  cas ings  t o  su r face .  
The hole  is  f u l l y  cased and/or l i ned  t o  t o t a l  
depth.  No equi l ibr ium-condi t ion  temperature l o g s  
have been run  t o  t o t a l  depth ,  which would n o t  
only provide temperature informat ion  but  ind ica-  
t i o n s  of f l u i d  e n t r y  as w e l l .  No down hole  pres -  
s u r e  tests have been made. No sp inner  tests have 
been a t tempted .  Therefore ,  t h e  c r i t i ca l  r e s u l t s  
of t he  ho le  are n o t  known. The equi l ibr ium t e m -  
pe ra tu re  g r a d i e n t ,  zones of f l u i d  e n t r y ,  amount 

and kind of formation damage, i f  any, from d r i l -  
l i n g  and t e s t i n g ,  a r e  a l l  con jec tu res .  Determin- 
a t i o n  of the  s u i t a b i l i t y  of t he  w e l l  f o r  st imula- 
t i o n  must await  c a r e f u l  metered flow tests. 

F u l l  sets of geophys ica l  l ogs  were run i n  
t h e  hole .  Except f o r  i n t e r v a l s  from s u r f a c e  t o  
925 f e e t  depth ,  and 7,952 t o  8,182 f e e t  depth,  
t h e r e  is  complete log  coverage, i nc lud ing  overlap 
i n  an i n t e r v a l  between about  6,800 and 7,160 f e e t ,  
From t h e  temperature l o g s  and maximum reading  
thermometers, an  equi l ibr ium temperature of 347°F 
a t  a depth  of 7,960 f e e t  has been ex t rapola ted  
from modified Horner p l o t s .  This i s  t h e  lowest 
depth ' f rom which s u f f i c i e n t  d a t a  e x i s t s .  
pendent method w a s  used t o  c a l c u l a t e  an  equ i l i -  
brium temperature of 320" k10"F a t  a dep th  of 
7,150 f e e t .  Geochemical geothermometry of well 
f l u i d s  sampled provides  an  average c a t i o n  (Na-K- 
Ca) va lue  of 350°F a t  8,000 f e e t  depth.  

An inde- 

Or ig ina l  Geothermal Prospec t  Concept 

The s e l e c t i o n  of t h e  genera l  s i te  f o r  a 
geothermal tes t  w e l l  program a t  Ontar io ,  Oregon, 
w a s  based on a l a r g e  volume of r eg iona l  and l o c a l  
geo log ica l  and geophys ica l  d a t a  from published 
and unpublished sources .  These d a t a  w e r e  orig- 
i n a l l y  summarized i n  t h e  Ore-Ida Technica l  Pro- 
posa l ,  Volume I, and w e r e  supplemented i n  r epor t s  
by CH2M-Hi l l  and by Gardner and Koenig. 

The Ontario,  Oregon, s i te  i s  loca ted  a t  t h e  
cen te r  of the  western Snake River P l a i n  geomorphic 
province.  The Snake River  P l a i n  province  i s  an 
a r c u a t e  s t r u c t u r a l  and topographic depress ion  
which extends from about 25 m i l e s  (45 lan) north- 
w e s t  of Ontar io ,  eastward and northeastward across  
southern  Idaho, t o  the  v i c i n i t y  of Yellowstone 
Park,  Wyoming. The wes tern  p a r t  of t h e  depress ion  
is  r e f e r r e d  t o  as the  Snake River Basin. The ba- 
s i n  i s  bounded on the  n o r t h  by t h e  mountainous 
reg ion  of c e n t r a l  Idaho inc luding  the  Idaho batho- 
l i t h ,  and on t h e  south  by the  Owyhee u p l i f t .  A t  
i t s  northwest end the  b a s i n  is  terminated aga ins t  
t he  Blue Mountains u p l i f t  of e a s t - c e n t r a l  Oregon. 

The ex i s t ence  of geothermal p o t e n t i a l  i n  
t he  Snake River Basin i s  suggested by t h e  h i s t o r y  
of late Cenozoic volcanism and t e c t o n i c  a c t i v i t y .  
This  gene ra l  evidence is  supported by t h e  occur- 
rence  of thermal waters i n  many l o c a t i o n s ,  includ- 
ing  sp r ings  and shallow water w e l l s  around the 
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b a s i n  margins,  a t  t h e  Bruneau-Grandview ar,ea and 
Givens Hot Spring on t h e  south;  a t  Cow Hollow, t h e  
Owyhee River Canyon and Vale on t h e  northwest;  
and a t  Boise and Weiser on t h e  nor th .  Further  
evidence of a geothermal anomaly occurs  i n  t h e  
r e l a t i v e l y  high geothermal g r a d i e n t s  encountered 
i n  some deep hydrocarbon explora tory  test w e l l s  
d r i l l e d  w i t h i n  t h e  b a s i n ,  inc luding  Chevron's 
Highland Land and Livestock Co. No. 1 and Hal- 
bouty 's  J .  N .  James No. l. 

The Ore-Ida No. 1 w e l l  w a s  t h e  second deep 
geothermal tes t  d r i l l e d  i n  t h e  Western Snake River 
Basin.  The Ontar io  s i t e  w a s  chosen wi th in  t h e  
r e s t r i c t i o n  of a 3-mile r a d i u s  from t h e  p l a n t  
l o c a t i o n ,  r a t h e r  than on t h e  b a s i s  of basin-wide 
s t u d i e s  t o  s e l e c t  a s i t e  having most except iona l  
prospec t  merit. The s i t e  was chosen as one w i t h  
high r i s k ,  loca ted  where r e g i o n a l  hea t  flow and 
o t h e r  geophysical  and geologica l  information sup- 
ported a f i e l d  test of the  geothermal resource.  
S i t e  s e l e c t i o n  w a s  made on t h e  b a s i s  of s e v e r a l  
assumptions about t h e  reg ion .  The assumptions 
are summarized below, with a d iscuss ion  of t h e i r  
v a l i d i t y ,  i n  t h e  l i g h t  of r e s u l t s  from Ore-Ida 
No. 1. 
1. Heat Flow and Temperature g r a d i e n t s .  Regional 

hea t  f low s t u d i e s  i n d i c a t e  t h a t  the  Ontar io  
area i s  i n  a zone averaging 2.5 hea t  flow 
u n i t s  (100 mWm2). Calcu la t ions  of hea t  f low 
based on t h e  Ore-Ida d a t a  genera l ly  confirm 
t h e  o r i g i n a l  precepts .  The corresponding geo- 
thermal g r a d i e n t  ranges from about 5"F/100 f t  
(90°C/km) near  s u r f a c e  i n  c l a g s  and s i l t s t o n e s  
t o  about 3.5"F/100 f t  (60"C/km) i n  deeper 
p a r t s  of t h e  hole ,  i n  a l t e r e d  volcanic  rocks.  
The predic ted  temperature of 320°F a t  7,000 
f e e t  depth by Gardner and Koenig was unusual ly  
accura te .  

2. Reservoir  rocks--Depth and Subsurface Distri- 
but ion .  It has  been considered by some geo- 
l o g i s t s  t h a t  Miocene b a s a l t  u n i t s ,  equiva len t  
t o  t h e  Columbia River Group o r  Owyhee Basalt, 
are t h e  most l i k e l y  p o t e n t i a l  r e s e r v o i r  u n i t s  
f o r  geothermal f l u i d s  i n  t h e  subsurface sec- 
t i o n .  This  assumption appeared p l a u s i b l e  be- 
cause of t h e  widespread d i s t r i b u t i o n  of ba- 
salts outcropping on both s i d e s  of t h e  Snake 
River Basin and t h e  occurrence of consider-  
a b l e  amounts of b a s a l t s  i n  a few deep wells. 
Within t h e  western Snake River Basin,  only 10  
of 35 deep w e l l s  have penet ra ted  s u f f i c i e n t l y  
deep t o  encounter s i g n i f i c a n t  amounts of ba- 
sa l t .  Eight  of t h e s e  t e s t e d  p o t e n t i a l  hydro- 
carbon-bearing sandstones,  r a t h e r  than water- 
flow p o t e n t i a l  from b a s a l t s .  Thus, formation 
tests of b a s a l t  i n t e r v a l s  are a v a i l a b l e  only 
from t h e  Ore-Ida No. 1 w e l l .  A few i n s t a n c e s  
of l o s t  c i r c u l a t i o n  have been repor ted  from 
w e l l s  whi le  d r i l l i n g  i n  b a s a l t ,  but  these  are 
inadequate  informat ion  p o i n t s  t o  d e f i n e  t h e  
r e s e r v o i r  p o t e n t i a l  of s p e c i f i c  deep formation 
o b j e c t i v e s .  Thus, a r e g i o n a l  b a s a l t  r e s e r v o i r  
( o r  r e s e r v o i r s )  has  not  y e t  been i d e n t i f i e d  
from t h e  d a t a  now a v a i l a b l e .  The d e l i n e a t i o n  
of r e s e r v o i r  o b j e c t i v e s  should be t h e  most 
important  f a c t o r  i n  f u r t h e r  s t u d i e s  i n  t h i s  

3. 

reg ion .  Hydrothermal a l t e r a t i o n  of b a s a l t s  
nay severe ly  reduce o r i g i n a l  permeabi l i ty  i n  
brecc ia  zones and f r a c t u r e s .  
by Gardner and Koenig t h a t  permeabi l i ty ,  ex- 
c e p t  i n  major r e c e n t  f a u l t s ,  might be too  low 
t o  provide a r e s e r v o i r  wi th  adequate flow. 
This  i s  not  y e t  resolved a t  Ore-Ida No. 1. 
W e  cannot say whether w e  i n t e r c e p t e d  a major 
f a u l t .  

S igni f icance  of S t r u c t u r e  i n  Loca l iz ing  
Prospects .  The most important  assumptions 
about t h e  r o l e  of f a u l t i n g  i n  geothermal 
prospect ing are t h a t  f r a c t u r e  s y s t e m s  asso- 
c i a t e d  wi th  f a u l t  zones enhance poros i ty  i n  
b r i t t l e  rocks ,  and t h a t  t h e  f a u l t  systems 
provide condui t s  f o r  thermal waters, from 
which waters may d i s p e r s e  i n t o  o ther  a q u i f e r s .  
This  assumption i s  supported by the  assoc ia-  
t i o n  of important  thermal  anomalies wi th  
f a u l t  zones around t h e  Snake River bas in  as 
w e l l  as t o  t h e  south i n  many areas of t h e  
Basin and Range Province.  

It was suggested 

Dri l - l ing has  not  y e t  encountered o r  i d e n t i -  
f i e d  s p e c i f i c  s t r u c t u r a l  o b j e c t i v e s .  
f i c a t i o n  of important i n t r a - b a s i n  f a u l t  zones 
appears  t o  be an important f a c t o r  i n  l o c a t i n g  
sites f o r  f u t u r e  geothermal tests. Consequently, 
surveys t o  a t tempt  t o  l o c a t e  f a u l t  zones are 
given high p r i o r i t y  i n  recommendations f o r  f u t u r e  
work. 

The i d e n t i -  

Recommendations are submitted here in  t o  sug- 
g e s t  ways t o  improve t h e  q u a l i t y  of information 
a v a i l a b l e  f o r  aeothermal w e l l  s i t i n g  and reduce 
t h e  
the  

1. 

2 

3 
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explora t ion  r i s k s  f o r  f u t u r e  hoies  d r i l l e d  i n  
western Snake River P l a i n .  

Temperature Gradient  and Heat Flow Studies .  
Temperature g r a d i e n t  ho les  should be s i t e d  and 
d r i l l e d  t o  a p p r o p r i a t e  depths  a f t e r  g r a v i t y  
and se i smic  surveys t o  i n v e s t i g a t e  s t r u c t u r a l  
and p o s s i b l e  g r a d i e n t  anomalies i n  t h e  areas 
considered promising f o r  deep t e s t s .  Gradient  
ho les  should be scheduled t o  depths  of a t  
least  2,000 f e e t  i n  order  t o  p e n e t r a t e  near- 
s u r f a c e  e f f e c t s .  

Reservoir  Rock Depth and Subsurface Dis t r ibu-  
t i o n .  The d e f i n i t i o n  of t h e  d i s t r i b u t i o n  of 
p o t e n t i a l  r e s e r v o i r  rocks  r e q u i r e s  t h a t  a n  
a c c u r a t e  base f o r  subsurface c o r r e l a t i o n s  
e x i s t s .  Severa l  c o r r e l a t i o n  t o o l s  a r e  a v a i l -  
a b l e ,  inc luding  convent ional  l i t h o l o g y ,  rock  
chemistry and rad iometr ic  ages ,  and sophis- 
t i c a t e d  geophysical  l o g  and test d a t a  analy- 
ses. 

S t r u c t u r a l  D e f i n i t i o n .  The a v a i l a b l e  s t r u c -  
t u r a l  d a t a  from wells and geophysical  surveys 
are inadequate  f o r  a d e t a i l e d  s tudy of f a u l t s .  
Acquis i t ion  of new d a t a  should be accomplished 
by g r a v i t y  and seismograph surveys.  Gravi ty  
and seismograph surveys should be designed 
p a r t i c u l a r l y  t o  tes t  a probable  f a u l t  system 
between Parma, Idaho and Malheur But te ,  Ore- 
gon. It is along t h a t  t rend  t h a t  a bas in  
bounding or  major in t ra -bas in  f a u l t  system 
capable  of enhancing permeabi l i ty  i s  most 
l i k e l y  t o  be found. 


