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ABSTRACT 

I n  l a t e  1978, a compet i t ive  award f o r  a c o s t  shar ing  program was 
made t o  Isladison County,  Idaho  by t h e  U.S. Depar tment  of Energy, 
t o  s h a r e  i n  a program t o  d e v e l o p  moderate- to- low t e m p e r a t u r e  
g e o t h e r m a l  e n e r g y  f o r  t h e  h e a t i n g  of a l a r g e  j u n i o r  c o l l e g e ,  
b u s i n e s s  b u i l d i n g ,  p u b l i c  s c h o o l s  and o t h e r  l a r g e  b u i l d i n g s  i n  
Rexburg, Idaho. 

I n  t h e  summer  of 1 9 8 0 ,  a 3,943 f t .  deep  w e l l  was d r i l l e d  a t  t h e  
e d g e  o f  R e x b u r g  i n  a r e g i o n  t h a t  h a d  b e e n  p r o b e d  by some 
s h a l l o w e r  t e s t  h o l e s .  T e m p e r a t u r e s  measured n e a r  t h e  4 , 0 0 0  f t  
d e p t h  were f a r  below w h a t  was e x p e c t e d  o r  needed,  and d r i l l i n g  
was abandoned a t  t h a t  dep th .  I n  1 9 8 1  a t t e m p t s  were made t o  
r e s t r i c t  downward c i r c u l a t i o n  i n t o  t h e  well, bu t  t h e  result 's  of 
t h i s  e f f o r t  y i e l d e d  no higher  temperatures.  The well i s  a p r o l i -  
f i c p r o d u c e r  o f  7 0 ° F w a t e r ,  a n d c o u l d b e  u s e d n s  a d o n e s t i c  w a t e r  
we 11 . . 
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1.0 I" 
The County seat  f o r  Madison County, Idaho is t h e  town of Rexburg, 
w i t h  a popula t ion  of 11,559 permanent residents and 7,000 c o l l e g e  
s t u d e n t s  who a t t e n d  R i c k s  C o l l e g e ,  a two-year ( j u n i o r )  p r i v a t e  
c o l l e g e .  The town a t t a i n e d  a cer- 
t a i n  n a t i o n a l  prominence when, on June 5, 1976, it was inundated 
by t h e  f lood  waters from t h e  Teton Dam which .col lapsed,  f looding  
t h e  town w i t h  s i x  f t  of water e x c e p t  f o r  t h e  h i l l  on w h i c h  t h e  
c o l l e g e  is located.  

As a r e s u l t  of r e c o n s t r u c t i o n  e f f o r t s  t o  r e b u i l d  t h e  town and 
s u r r o u n d i n g  a r e a ,  t h e  coun ty  government  e s t a b l i s h e d  a n  Energy 
Commission, t o  h e l p  g u i d e  t h e  a re , a ' s  f u t u r e  c o u r s e  of a c t i o n  i n  
regard t o  e f f e c t i v e  u t i l i z a t i o n  and development of va r ious  types  
of energy.  I n  t h e  s u m m e r  of 1 9 7 8 ,  t h e  Madison County Energy 
Commission made a p p l i c a t i o n  t o  t h e  U.S. Depar tment  of Energy ' s  
Div is ion  of Geothermal Energy for a c o s t  shared f i e l d  experiment 
p r o j e c t  (Project Opportuni ty  Notice,  o r  PON) based upon t h e  known 
g e o t h e r m a l  a n a m o l i e s  a l o n g  t h e  b o u n d a r i e s  of  t h e  Snake  R i v e r  
P l a i n ,  c e r t a i n  temperature anamolies i n  Rexburg C i t y  wel l s  and 
s t i l l  h i g h e r  t e m p e r a t u r e s  i n  Newdale c i t y  wel ls ,  s even  miles  
n o r t h e a s t .  I n  A p r i l  1979, t h e  Depar tment  of Energy made an 
award and s igned  a coopera t ive  agreement w i t h  t h e  Madison County 
Energy Commission, on an approximately equal  c o s t  sha r ing  basis, 
w i t h  t h e  f e d e r a l  government's s h a r e  involved dur ing  most of t h e  
high r isk p o r t i o n  of a t t empt ing  t o  f i n d  t h e  resource.  

T h i s  award was given wi th  t h e  i n t e n t  t h a t  t h e  developed resource  
c o u l d  be used  f o r  t h e  l o c a l  Rogers  Foods p r o c e s s i n g  p l a n t  and 
a l s o  f o r  t h e  s p a c e  h e a t i n g  of  t h e  l o c a l  c o l l e g e ,  c o u n t y  and 
s c h o o l  b u i l d i n g s .  A l so ,  it c o u l d  have been p o s s i b l e  t o  use t h e  
resource for hea t ing  of some of t h e  local residences. 

I t  was p r o j e c t e d  t h a t  a f t e r  t h e  s u c c e s s f u l  d r i l l i n g  of one  deep  
w e l l ,  another  would be f e a s i b l e  f o r  f u r t h e r  development. Since 
t h e  h i g h e s t  t empera ture  recorded was only 72OF i n  t h e  f i r s t  well, 
it was concluded t h a t  there was no usable geothermal resource a t  
d e p t h s  o f  l e s s  t h a n  6000  f t  i n  t h e  v i c i n i t y  o f  t h i s  well. The 
well could be an e x c e l l e n t  r e - i n j e c t i o n  well, however, and t h i s  
s equence  of e v e n t s  had been  s u g g e s t e d  i n  t h e  o r i g i n a l  p r o j e c t  
p l an .  A second  w e l l  was o r i g i n a l l y  proposed.  B e f o r e  t h e  d a t a  
c o u l d  b e  f u l l y  e v a l u a t e d  a n d  a p r o p o s e d  s e c o n d  we l l  s i t e  
selected,  f e d e r a l  budge t  c o n s t r a i n t s  removed t h e  r e m a i n i n g  
budge ted  f u n d s  f o r  t h i s  p r o j e c t .  However, a h i g h  q u a l i t y  
domest ic  water w e l l  e x i s t s  and is  expected t o  be used f o r  f u t u r e  
needs of t h e  c i t y  or .county as t h e  area develops. 

See F i g u r e  1, L o c a t i o n  Map. 

U n l e s s  o t h e r w i s e  n o t e d ,  a l l  f o o t a g e s  i n  t h i s  r e p o r t  a r e  f rom 
ground l e v e l .  
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1.1 pbiect i v e s  

ei The p r i n c i p a l  p r o j e c t  o b j e c t i v e s  were t o  d e m o n s t r a t e  t h e  
f e a s i b i l i t y  of g e o t h e r m a l  e n e r g y  u s e  i n  i n d u s t r y  and s p a c e  
hea t ing  s e r v i n g  as a model t o  encourage in t e re s t  from o t h e r  
i n d u s t r i a l  p rocesso r s  and towns i n  geothermal rescc-ce  areas.  
T h i s  o b j e c t i v e  was t o  be r e a l i z e d  by l o c a t i n g ,  t a p p i n g ,  and 
u t i l i z i n g  t h e  suspected geothermal  resource  f o r  food process- 
ing,  space hea t ing ,  and t h e  hea t ing  of po tab le  water. 

Department of Energy P r o j e c t  Opportunity Notice Program 

The use o f  g e o t h e r m a l  e n e r g y  f o r  d i r e c t  h e a t  p u r p o s e s  by 
t h e  p r i v a t e  s e c t o r  w i th - in  t h e  U n i t e d  S t a t e s  h a s  been  
q u i t e  l i m i t e d  t o  da t e ,  y e t  there  i s  a l a r g e  p o t e n t i a l  
market f o r  t h e r m a l  e n e r g y  i n  s u c h  a r e a s  a s  i n d u s t r i a l  
processing,  ag r ibus iness ,  and space/water hea t ing  of com- 

. mercial and r e s i d e n t i a l  bui ldings.  Technical and economic 
in fo rma t ion  is  needed t o  ass i s t  i n  i d e n t i f y i n g  p rospec t ive  

. d i r e c t  h e a t  users and t o  match t h e i r  e n e r g y  needs t o  
s p e c i f i c  g e o t h e r m a l  r e s e r v o i r s .  ' T e c h n o l o g i c a l  
u n c e r t a i n t i e s  a n d  a s s o c i a t e d  e c o n o m i c  r i s k s  h a v e  
inf luenced  p o t e n t i a l  user pe rcep t ion  of p r o f i t a b i l i t y  t o  
t h e  p o i n t  of  l i m i t i n g  p r i v a t e  i n v e s t m e n t  i n  g e o t h e r m a l  
direct  h e a t  app l i ca t ions .  

I n  September  1977 and A p r i l  1978,  t h e  Depar tment  of  
Energy, Div is ion  of Geothermal Energy (now t h e  Div is ion  of 
Geo the rma l  and Hydropower T e c h n o l o g i e s ) ,  i s s u e d  two 
Program O p p o r t u n i t y  No t i ces .  T h e s e  s o l i c i t a t i o n s  were 
p a r t  of  DOE'S n a t i o n a l . g e o t h e r m a 1  e n e r g y  program p l a n ,  
which had as  its g o a l  t h e  near-term research and develop- 
ment of h y d r o t h e r m a l  r e s o u r c e s  by t h e  p r i v a t e  s e c t o r ,  
Encouragement was given t o  m u n i c i p a l i t i e s  and t h e  p r i v a t e  
sector by DOE o f f e r i n g  t o  s h a r e  a p o r t i o n  of t h e  front-end 
f i n a n c i a l  r i s k  i n  a l i m i t e d  number of f i e l d  e x p e r i m e n t  
projects. After compe t i t i ve  eva lua t ions ,  23 PON p r o j e c t s  
were selected f rom t h e  two .P ro jec t  O p p o r t u n i t y  N o t i c e  
(PON) s o l i c i t a t i o n s .  T h i s  i s  t h e  f i n a l  r e p o r t  f o r  one  of 
t hose  PON p r o j e c t s ,  

1.1.1 

1.1.2 Demonstration P r o j e c t  - 

Demonstration p r o j e c t s  r ece iv ing  f i n a n c i a l  suppor t  under 
t h e  DOE'S PON program m u s t  r e s o l v e  a number of t e c h n i c a l  
and i n s t i t u t i o n a l  problems ranging from resource explora- 
t i o n  t o  r e t r o f i t  and ope ra t ion  of t h e  p l a n t  on geothermal  
energy .  The t e c h n o l o g y  deve loped  i n  these  i n i t i a l  p ro-  
j e c t s i s  b e i n g  made a v a i l a b l e  t o t h e  g e n e r a l  p u b l i c a n d  t o  
s t i m u l a t e  t h e  development of geothermal energy. 
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Industrial application of geothermal energy is a 
relatively new concept, and carries significant potential 
in terms of market size and utilization factor. Utiliza-. 
tion of geothermal energy in a process application, in 
comparison to space heating, has an inherent advantage in 
that it does not depend on climatic conditions, but rather 
on process load energy requirements, The industrial geo- 
thermal system can be used to its full capacity most of 
the time, while space heating is subject to seasonal 
drops, 

Typically, in an industrial application, a lagge load is 
concentrated in a single facility. In contrast, a dis- 
trict heating system uses numerous, scattered, small 
loads. Thus, the energy unit cost of industrial applica- 
tion is lower. 

Specifically, the Madison County Project was initiated to 
demonstrate the feasibility of exploring, testing, and 
developing a potential source of geothermal energy; retro- 
fitting an existing gas and oil fired steam systems; and 
converting the systems to accommodate food processing and 
space heating. To ensure this program's value as a demon- 
stration project for future evaluation and use, all phases 
of project development were closely monitored and 
documented. 

. 

,--_ 
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2.0 $U MMARY 

The Snake River P l a i n  boundary passes through t h e  sou theas t  edge 
of Rexburg, and t h e  s i t e  of R i c k s  College. I t  was i n  t h e  v i c i n i -  
t y  of t h i s  ' f a u l t  t h a t  i t  was decided t o  d r i l l  t h e  deep e x p l o r a -  
t o r y  tes t  w e l l .  

Prior t o  s e l e c t i n g  t h i s  s i te,  it was decided t o  fu r the r  probe t h e  
a r e a  w i t h  two r e l a t i v e l y  i n e x p e n s i v e ,  sma l l  diameter ,  i n t e r -  
mediate-depth t es t  borings. One of these was d r i l l e d  t o  a 1,200 
f t  d e p t h  a t  . t h e  edge of  t h e  p l a i n .  The o t h e r  t o  a 1 ,500  f t  
d e p t h  some three miles from t h e  p l a i n ,  i n  t h e  f o o t h i l l s ,  a t  a n  
e l e v a t i o n  3 0 0 - f t  h i g h e r  
Rexburg Area Geo the rma l  Well L o c a t i o n s .  The f i r s t  of - these  
showed t h e  most p r o m i s i n g  t e m p e r a t u r e  g r a d i e n t ,  and i t  was de- 
c ided t o  d r i l l  t h e  deep well near  t h i s  f i r s t  well. 

T h e  d e e p  well  was t a r g e t e d  f o r  h i t t i n g  t h e  f a u l t  a t  a b o u t  t h e  
3,000 f o o t  d e p t h ,  b u t  t h e  wel l  was d e s i g n e d  t o  go  t o  a s  d e e p  a s  
5,000 f t  i f  n e c e s s a r y .  The d r i l l i n g  budge t  was.set  a t  $450,000 
and t h e  d r i l l i n g  o p e r a t i o n  began on May 2 0 ,  1980. By J u l y , 4 ,  a 
depth of 3,932 f t  had been reached. Pure  water  was t h e  d r i l l i n g  
f l u i d  below t h e  cas ing  (2,300 f t . ) .  

t h a n  t h e  f i r s t  t e s t  well. See F i g u r e  2 ,  

Dur ing  t h e  open h o i e  d r i l l i n g ,  it was i m p o s s i b l e  t o  l i f t  t h e  
d r i l l i n g  c u t t i n g s  because of the numerous permeable strata. C u t -  
t i n g q  would lodge  i n  these  s t r a t a ,  t h e n  f a l l  back i n t o  t h e  h o l e  
a f t e r  c i r c u l a t i o n  by t h e  mud pumps was s t o p  ed. Logging of  t h e  

The water l e v e l  
i n  t h e  w e l l  was nominally 15 f o o t  below t h e  surface. 

I t  was decided t o  u s e  a i r  t o  l i f t  t h e  water l e v e l  and  cause t h e  
well t o  flow, t h u s  removing .some of t h e  co ld  water t h a t  had been 
used as t h e  d r i l l i n g  f l u i d .  Pipe f o r  t h e  a i r  l i f t  was i n s e r t e d  t o  
a d e p t h  of 140 f t  and a i r  i n j e c t e d  i n t o  t h e  w e l l  b o r e  t o  reduce 
t h e  f l u i d  d e n s i t y  of  t h e  t o p  140 f t  of water and cause t h e  w e l l  
t o  f l o w .  A f t e r  three days of pumping a t  about  600 gpm w i t h  a 600 
SCFM compresso r ,  there  was s t i l l  no change  i n  t h e  temperature 
p r o f i l e  i n  t h e  well ,  and i t  was dec ided  t o  t e r m i n a t e  d r i l l i n g .  
A t  t h a t  t ime, 90 p e r c e n t  of  t h e  a l loca t ed  b u d g e t  for t h e  well  had 
been spent. Deeper d r i l l i n g  would have r equ i r ed  cas ing  t h e  well 
t o  g r e a t e r  dep ths  than  the  2,300 f o o t  product ion casing. Use of 
mud t o  h e l p  t o  l i f t  t h e  d r i l l  c u t t i n g s  w o u l d  h a v e  b e e n  
economically i m p r a c t i c a l  because t h e  many fractures and voids  i n  
t h e  r h y o l i t e  and basalte f l o w s  would have caused excess ive  mud 
losses . 

hole  revea led  no tempera tures  higher  than  72 g F. 

Severa l  months a f te r  d i smis s ing  t h e  d r i l l  r i g ,  a tempera ture  log 
showed no changes i n  maximum tempera tures  (72OF), b u t  a f lowmeter 
l o g  revea led  a very s i g n i f i c a n t  downward f low of co ld  water from 
j u s t  below t h e  c a s i n g  a t  2,300 f o o t  t o  t h e  bot tom of t h e  w e l l  
(3,943 f o o t ) .  The f l o w  r a t e  was nomina l ly .  1 0  f o o t  p e r  m i n ,  or 
a b o u t  30 g a l l o n s  p e r  m i n u t e .  T h i s  f l o w  would c o n t i n u e  t o  c o o l  
o f f  t h e  bo t tom of  t h e  well. After  months of  r e v i e w  by v a r i o u s  
p r o j e c t  o f f i c i a l s ,  i n s t a l l a t i o n  of a s o l i d  l i n e r  t o  b lock  t h i s  
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cold water f low was authorized.  

I n  May 1 9 8 1  u s i n g  a workover  r i g ,  the w e l l  was c l e a n e d  o u t ,  
deepened  1 0  f t  t o  3 ,942  f t .  and a l i n e r  was i n s t a l l e d .  However, 
t h e  packer i n  t h e  l i n e r  hanger  f a i l e d  t o  c l o s e ,  a l l o w i n g  c o l d  
water t o  e n t e r  i n s i d e  t h e  hanger  and c o n t i n u e  t o  f l o w  down t h e  
hole .  An a i r  l i f t  f low t e s t ,  i n  J u n e  1981,  produced  a b o u t  250  
gpm w i t h  a 300 scfm a i r  compressor, w i t h  no s i g n i f i c a n t  tempera- 
t u r e  change. I t  was s t i l l  n o t  known i f  any  water was b e i n g  w i t h -  
drawn from t h e  lower p a r t  of well. I t  took s e v e r a l  a t t e m p t s  w i t h  
a cus tom made s e t  of l ead  and r u b b e r  packers t o  s ea l  a round  t h e  
f a i l e d  packer .  Various rubber  and  cement  debre f rom p r i o r  
a t t e m p t s  t o  'seal t h e  f a i l ed  packer had t o  be removed. I n  October 
1981, t h e  l eak  i n  t h e  packer was s u c c e s s f u l l y  sea led ,  however a 
l o g  o f  t h e  wel l  showed an  o b s t r u c t i o n  a t  2 ,300  f t .  An a i r  l i f t  
f low t e s t  was r u n  f o r  one w e e k  w i t h  a 300 scfm compressor. The 
a i r  l i f t  p roduced  1 4 0  gpm and t h e  surface t e m p e r a t u r e s  neve r  
exceeded 70°F. 

I n  November 1981,  a cable  t o o l  r i g  u n s u c c e s s f u l l y  a t tempted t o  
push  t h e  o b s t r u c t i o n  t o  t h e  bot tom of  t h e  wel l  w i t h  a 600  l b  
hammer. O n A p r i l 5 , 1 9 8 2  a r i g  w i t h a h e a v i e r  hammer ,succeeded  
i n  pushing the  o b s t r u c t i o n  t o  t h e  bottom of t h e  well. On October 
6 ,  1 9 8 2  a temperature l o g  was taken .  The l o g  v e r i f i e d  t h a t  t h e  
p a t c h i n g  a s s e m b l y  had s t o p p e d  t h e  l eakage .  T h e  bot tom h o l e  
temperature was 72OF. From April  12  t o  April  16, a 53.5 hour a i r  
l i f t  f low t e s t  w i t h  a 300 scfm a i r  compresso r  produced  300 gpm 
water flow w i t h  a maximum temperature equal t o  t h e  72OF bottom 
hole temperature.  From . t h i s  t e s t i n g ,  it was concluded t h a t  t h e  
f a u l t  t h a t  was p e n e t r a t e d  by t h e  d r i l l i n g  was either a recharge 
f a u l t  f o r  t h e  Snake R i v e r  A q u i f e r ,  o r  t h a t  t h e  m a s s i v e  Snake 
River Aqui f ie r  had s u c c e s s f u l l y  " k i l l e d "  t h e  geothermal p o t e n t i a l  
i n  t h i s  region of t h e  Snake River P l a i n  F a u l t .  I t  was agreed t o  
wait u n t i l  t h e  nex t  s p r i n g  or  summer t o  determine i f  any hea t ing  
was o c c u r r i n g  a t  t h e  bot tom of t h e  well. A t e m p e r a t u r e  l o g  was 
t a k e n  on September 3,  1982,  w h i c h  gave  t h e  same r e su l t s  a s  f i v e  
months earlier. 

2.1 p r o i e a  PeveloD ment 

b-, 

I 

T h i s  p r o j e c t  was o r i g i n a l l y  e n t e r e d  i n t o  j o i n t l y  by Madison 
County,  A m e r  n Po ta to  Company, and t h e  Depar tmen t  of  

. Energy for t h  urpose of demonstrat ing t h e  f e a s i b i l i t y  of 
supplying geo mal energy f o r  food process ing  and d i s t r i c t  
heat ing.  

T h i s  g o a l  was n e v e r  a c h i e v e d  due t o  t h e  f ac t  t h a t  t h e  
p r o d u c t i o n  d r i l l i n g  was t e r m i n a t e d  as  an u n s u c c e s s f u l  
p r o d u c t i o n  w e l l ,  t h e  r e s u l t  of l o w - t e m p e r a t u r e  of t h e  
produced f l u i d s  (less than 72OF). 

7 



. 



2.2 Fconomic R e s u l t  

I The c o s t  of t h e  p r o j e c t  t o  d a t e  h a s  been a p p r o x i m a t e l y  
$895,000, w i th  90% of t h i s  by t h e  U.S. Department of Energy, 
t h e  r e m a i n d e r  by Madison County. Of t h i s  t o t a l ,  67% was 
s p e n t  on t h e  d e e p  well ,  i n c l u d i n g  t h e  r e m e d i a l  work. The 
two i n i t i a l  s l i m  h o l e s ,  t h e  e n v i r o n m e n t a l  r e p o r t ,  and 
resource  assessment  r e p o r t  accounted f o r  25% of t h e  expedi- 
tures. The remainding 8% of t h e  expendi tures  were used f o r  
d i s semina t ion  of information and var ious  r epor t ing  f u n c t i o n s  
t o  t h e  Department of Energy. . 

The o r i g i n a l  es t imate  f o r  t h e  p r o j e c t  was $3,368,285 w i t h  
$1,650,900 ( 4 9 % )  f u r n i s h e d  by t h e  Depar tment  of Energy, and 
$1,717,825 (51%) by t h e  p a r t i c i p a n t s .  DOE'S c o n t r i b u t i o n  was 
p r i m a r i l y  f o r  t h e  resource a s s e s s m e n t  and t h e  f i r s t  two d e e p  
wells. A sma l l  p o r t i o n  of  t h i s  h i g h  r i s k  phase  of t h e  p r o j e c t  
was c o n t r i b u t e d  by Madison County, p r i m a r i l y  f o r  t h e  r e m e d i a l  
work e f f o r t s  on t h e  well. I t  was p ro jec t ed  t h a t  Madison County 
and American P o t a t o  Co. would be  s p e n d i n g  a p p r o x i m a t e l y  $1.7 

d e l i v e r y  and u t i l i z a t i o n  systems, and m i l l i o n  t o  supply t h e  water 
t h e  d i s p o s a l  f a c i l i t i e s .  
those  purposes. 

Of course ,  f u n d s  were expended f o r  

4 
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3.0 CON CLUSIONS Am BECOM NENDATIOf ?S 

3.1 Technical  

The deep w e l l  f e l l  f a r  s h o r t  of achieving t h e  d e s i r e d  temper- 
a t u r e s ,  w i t h  o n l y  72OF w a t e r  found n e a r  t h e  bo t tom of  t h e  
well (3,942 ft). Apparently, t h i s  reg ion  of t h e  Snake River 
P l a i n  f a u l t  i s  a r e c h a r g e  zone f o r  w a t e r s  a t  g r e a t e r  d e p t h  
t h a t  a r e  a s sumed  t o  b e  g e o t h e r m a l  a q u i f e r s ,  S p e c i f i c a l l y ,  
t h e  n e a r - s u r f a c e  water is  g o i n g  down t o  d e p t h  r a the r  t h a n  
geothermal  water r i s i n g  along t h e  f a u l t .  

The well d i d  succeed i n  i n t e r c e p t i n g  t h e  f a u l t  a t  t h e  t a r g e t  
d e p t h  o f  a b o u t  3 ,000 f t ,  a n d  t h e  p e r m e a b i l i t y  a n d  
p r o d u c t i v i t y  of  water f o r  t h i s  wel l  a r e  o u t s t a n d i n g .  How 
much d e e p e r  one  would have t o  d r i l l  t o  f i n d  h o t  water and 
case o u t  t h e  downward f l o w i n g  c o o l  water i s  n o t  known, A t  
t h e  time t h e  d r i l l i n g  was te rmina ted ,  it was decided t h a t  a t  
l e a s t  an  a d d i t i o n a l  2000 f t  of d e p t h  ( t o  a t o t a l  d e p t h  of 
6 ,000  f t )  would be n e c e s s a r y  t o  f i n d  w a t e r  t e m p e r a t u r e s  of  
t h e  minimum usable l e v e l  (120OF). 

D r i l l i n g  was t e rmina ted  because of l a c k  of s u f f i c i e n t  budget 
f o r  t h e  f i r s t  wel l  t o  p e r m i t  t h e  i n s t a l l a t i o n  of a second 
product ion s t r i n g .  The cas ing  would have been t h e  only means 
of d r i l l i n g  deeper. Without t h e  cas ing ,  d r i l l  c u t t i n g s  could 
n o t  be  b r o u g h t  t o  t h e  s u r f a c e  because  of l o s t  c i r c u l a t i o n  
zones, which were t empora r i ly  cap tu r ing  t h e  c u t t i n g s  dur ing  
c i r c u l a t i o n ,  then r e l e a s i n g \ t h e s e  c u t t i n g s  i n t o  t h e  ho le  when 
c i r c u l a t i o n  was stopped. When t h e  subject  of adding funds t o  
t h e  budget f o r  t h i s  well was considered,  t h e  poor showings of 
tempera ture  prompted p r o j e c t  management t o  decide t o  save as 
much of  t h e  p r o j e c t  as  p o s s i b l e  f o r  a second w e l l .  The 
Department of Energy agreed t h a t  no f u r t h e r  monies should be 
spen t  on t h e  w e l l .  

N e i t h e r  t h e  u s e  o f  a i r  d r i l l i n g  o r  of  heavy muds’to s t o p  l o s t  
c i r c u l a t i o n  were p r a c t i c a l  and t h e  o n l y  f e a s i b l e  means t o  
p e r m i t  d r i l l i n g  t o  g r e a t e r  d e p t h s  i n  t h i s  h o l e  would have 
been  t h e  i n s t a l l a t i o n  o f  a second  s t r i n g  of p r o d u c t i o n  
c a s i n g ,  p r o b  b l y  7 i n c h  i n  d i a m e t e r  and hung from t h e  2,200 
f t  l e v e l .  I n  r e t r o s p e c t ,  a d e q u a t e  c o n t i n g e n c y  s h o u l d  have  . 
been a l l o t e d  t o  t h e  budget of t h i s  well, T h i s  was needed t o  
a l low f o r  s u c h  p r o b l e m s  a s  t h e  c a s i n g  of t h e  w e l l  t o  e l imi-  
nate t h e  l o s t  c i r cu la t ion  problem which would have pe rmi t t ed  
d r i l l i n g  or exceeding t h e  5,000 f t  t a r g e t  depth. 

3.2 I n s t i t u t i o n  a t  

1. State  bonding requirements  f o r  geothermal wel ls  appear t o  
b e  u n n e c e s s a r y  f o r  g o v e r n m e n t a l  e n t i t i e s ,  s u c h  a s  
c o u n t i e s .  Such p u b l i c  o r g a n i z a t i o n s  a r e  permanent ,  and 

-. 
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are  e s s e n t i a l l y  c h a r t e r e d  by t h e  State  a s  an ex tens ion  of 
s t a t e  government  a u t h o r i t y .  T h e  g e o t h e r m a l  bonding 

V r e q u i r e m e n t s  were s p e c i f i c a l l y  d e s i g n e d  f o r  p r i v a t e  
o rgan iza t ions  whose permanence, presence,  and involvement 
i n  g e o t h e r m a l  a c t i v i t i e s  a t  a p a r t i c u l a r  l o c a t i o n  were 
l i k e l y  t o  be temporary .  The  $10 ,000  bond i s  t o  a s s u r e  
t h a t  t h e  w e l l  w i l l  be p rope r ly  abandoned, i f  t h a t  a c t i o n  
i s  r e q u i r e d .  C e r t a i n l y  t h e  c o u n t y  government  i s  as  
concerned as i s  t h e  s t a t e  government, t h a t  wells are  not  
abandoned without  proper completions. 

Idaho  c o u n t i e s  a r e  s e v e r l y  l i m i t e d  i n  t h e i r  a b i l i t y  t o  
d e v e l o p  c a p i t a l  p r o j e c t s ,  s i n c e  S t a t e  C o n s t i t u t i o n a l  
requirements  dictate  t h a t  coun t i e s  have a debt - f ree  bud- 
g e t .  The o n l y  m i t i g a t i n g  f a c t o r  t o  t h i s  d i l e m n a  r e s t s  
w i t h  a c o u n t y ' s  a b i l i t y  t o  c o n t r a c t  w i t h  t h e  Idaho  
Depar tment  of  water Resources  f o r  a S t a t e  bond issue.  
Such an arrangement is  never guaranteed and could be most 
complex . 

2. 

3 . The State's t e s t i n g  requirements  f o r  blowyout-preventors 
i n s i s t  on t h e  presence of a r e p r e s e n t a t i v e  from t h e  Idaho 
Dept,  of Water Resources  ( I D M R ) .  I n  t h i s  c a s e ,  o n l y  
p e r s o n n e l  i n  Boise were deemed q u a l i f i e d  by t h e  S t a t e ,  
and much time and expense was l o s t  awa i t ing  t h e  a r r i v a l  
of  t h i s  r e p r e s e n t a t i v e .  Even though t h e  S t a t e  was most  
cooperat ive-- in  - t ry ing-  t o  minimize t h e  l o s t  time, it would 
seem t h a t  t h i s  r e q u i r e m e n t  c o u l d  be modif i .ed,  s u c h  a s  
p e r m i t t i n g  t h e  wi tnes s ing  of t h e  tes t  by an independent, 

. q u a l i f i e d  engineer  or  l o c a l  r e p r e s e n t a t i v e  of t h e  IDWR. 

3 . 3  Economic 

Although t h i s  project f a i l e d  t o  produce a useable geothermal 
r e s o u r c e ,  it n e e d s  t o  be r e c o s n i z e d  t h a t  t h e  search f o r - a  
natural  resource  underground i s -a  r i sk ,  and t h a t  unsuccessful  
a t t e m p t s  w i l l  occur. 

I t  i s  n o t  known f o r  ce r t a in  a t  w h a t  d e p t h  or how much 
a d d i t i o n a l  c o s t  would have been r equ i r ed  t o  t a  t h e  ho t  water 

Nor i s  it 
known i f  t h e r e  would have been a more promising d r i l l i n g  s i t e  
n e a r  Rexburg,  one  t h a t  would n o t  have been p l a g u e d  by t h e  
downward flow of cool  water. 

The o r i g i n a l  budgetary p lan  called f o r  two wells, recognizing 
t h a t  a n  u n s u c c e s s f u l  a t t e m p t  a t  a p r o d u c t i o n  wel l  migh t  
resul t  from t h e  f i r s t  d r i l l i n g ,  and y e t  t h i s  well could be a 
u s e f u l  i n j e c t i o n  well. T h e  l a t t e r  i s  indeed  t h e  c a s e ,  f o r  
t h e  w e l l  would m a k e  an i d e a l  i n j e c t i o n  wel l  i n  i t s  p r e s e n t  
c o n d i t i o n ,  r e a d i l y  ab le  t o  a c c e p t  up t o  1 , 0 0 0  g a l l o n s  p e r  
m i n u t e  w i t h  a r e a s o n a b l e  pumping  head .  D r i l l i n g  was 
t e r m i n a t e d  a t  t h e  a d v i c e  of  t h e  d r i l l i n g  e n g i n e e r s  and t h e  

of  t he .des i r ed  t e m p e r a t u r e  ( h o t t e r  t h a n  1 2 0  8 F). 

W 



Madison County program manager, based on f i s c a l  prudence and 
t h e  desire t o  save  as many p r o j e c t  f u n d s  as p o s s i b l e  f o r  t h e  
second well, 

T h i s  w e l l  was, i n  r e t r o s p e c t ,  p e r h a p s  was n o t  p r o p e r l y  
budgeted t o  a l low f o r  adequate contingency condi t ions,  Com- 
p a r e d  t o  t h e  cos t s  of o t h e r  wells t a rge ted  f o r  5,000 f t  
depth,  a $500,000 budget was too  s l i m .  

Though only 50% of t h e  budgeted US Department of Energy c o s t  
share funds had been expended on t h i s  project, budget reduc- 
t i o n s  by t h e  Office of Management and Budget dictated t h a t  no 
f u r t h e r  f u n d s  c o u l d  be s p e n t  on t h i s  p r o j e c t ,  t h u s  e l imi-  
n a t i n g  t h e  chance  t o  p r o c e e d  w i t h  t h e  second  wel l .  Had a 
l a r g e r  d r i l l i n g  budget  been  o r i g i n a l l y  p roposed  f o r  t h e  
f i r s t  w e l l ,  a larger  su rp lus  of a u t h o r i z e d  f u n d s  would have 
remained a t  t h e  time t h e  d e c i s i o n  was made t o  s t o p  d r i l l i n g .  
Subsequen t  d e c i s i o n s  on use of t h e  r e m a i n i n g  budge t  by 
Depar tmen t  of  Energy o f f i c i a l s  m i g h t  have  had a d i f f e r e n t  
outcome, 

As t o  t h e  p r e s e n t  economic outcome of t h e  p r o j e c t  - he  well 
is  a p r o l i f i c  p r o d u c e r  of d r i n k i n g  water, and Could be 
inexpens ive ly  modified t o  t o  produce even more, Thus it has  
v a l u e  i n  t h e  f u t u r e  when t h e  C i t y  of Rexburg n e e d s  an  a d d i -  
t i o n a l  w e l l  f o r  i t s  water sys t em,  A new w a t e r  w e l l  would 
c o s t  t h e  C i t y  a p p r o x i m a t e l y  $ 1 0 0 , 0 0 0  t o  d r i l l .  I t  i s  
c u r r e n t l y  p l a n n e d  t o  l e a v e  t h e  wel l  capped u n t i l  s u c h  time - -  
t h a t  it i s  needed, and t o  
bond s i n c e  the  w i i i  is n o t  

r e q u e s t  t h e  S t a t e  t o  r e l ease  t h e  
considered a geothermal well. 

/- 
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W 4.0 PRO\TECT 

4.1 Task Brea kdown 

The f o l l o w i n g  l i s t s  t h e  v a r i o u s  p h a s e s  and t a s k s  f o r  t h e  
w o r k ,  a l o n g  w i t h  t h e  o r i g i n a l  s c h e d u l e s  f o r  comple t ion .  
Modif ica t ion  of tasks i n  t h e  p r o j e c t  occurred g e n e r a l l y  i n  
Phase  One, w i t h  t h e  d e c i s i o n s  t o  d r i l l  two h e a t - f l o w  t e s t  
wells. A t  t h e  ,completion of Phase Two, P r o j e c t  Management 
Decision Po in t  Two, t h e  dec i s ion  was made t o  t e r m i n a t e  t h e  
project. 

Cri t ical  schedule  elements included t h e  following: 

Phase 0. 

Con t rac t  and  Award N e g o t i a t i o n s  - Requ i red  and ac tua l  
completion d a t e ,  June 30, 1979. 

Phase 1. 

A. Envi ronment  A s s e s s m e n t  and Review - Project complet ion 
August  1 5 ,  1979,  ac tua l  c o m p l e t i o n  d a t e  September  30, 
1979. 

B. A d d i t i o n a l  Leases & Permits  f rom S t a t e  - P r o j e c t e d  
c o m p l e t i o n  August  15, 1979, ac tua l  c o m p l e t i o n  d a t e  
September 30, 1979. 

C. G e o l o g y  a n d  C h e m i s t r y ,  E x i s t i n g  Wells  - P r o j e c t e d  
complet ion May 31, 1979, ac tua l  completion d a t e  June 30, 
1979. 

D. Data A n a l y s i s  & D r i l l i n g  D e c i s i o n ,  I n t e r m e d i a t e  Heat 
Temperature Wells - Projected complet ion August 1 5 ,  1979, 

E. P r o j e c t  Management Decis ion Po in t  No. 1 - Type and depth 
of f i r  st i n t e r m e d i a t e  depth w e l l .  Pro j x t e d  complet ion 
August 15, 1979, actual  completion d a t e ,  Augus t  31, 1979. 

F. D r i l l  I n t e r m e d i a t e  D e  t h  Heat T ? r p e r a t u r e  Wells - 
P r o j e c t e d  c o m p l e t i o n  S e p t e m b e r  30 ,  1 9 7 9 ,  a c t u a l  
completion d a t e  November 30, 1979. 

actual completion d a t e  August 15, 1979. \ 

Phase 2. 

A. Wei1 Des ign  - P r o j e c t e d  c o m p l e t i o n  Oc tobe r  30, 1979, 
a c t u a l  completion d a t e ,  January 31, 1980. 

B. D r i l l e r  S e l e c t i o n  & C o n t r a c t  - P r o j e c t e d  c o m p l e t i o n  
November 30, 1979, a c t u a l  completion d a t e  Apr i l  30, 1980. W 



C. D r i l l  5 ,000 f o o t  Well - P r o j e c t d  c o m p l e t i o n  J u l y  1 5 ,  
1980, a c t u a l  completion d a t e  J u l y  4, 1980 ( I t  should be 
n o t e d  t h a t  d r i l l i n g  t e r m i n a t e d  a t  t h e  3,932 f o o t  l e v e l .  
The wel l  was deepened  t o  3,943 f t .  and f u r t h e r  t e s t i n g  
took  p l a c e  i n  t h e  p e r i o d s  May-July, 1981; September ,  
1981; and A p r i l ,  1982).  

Phase 3. 

Phase 4. 

Phase 5 .  

Phase 6. 

Phase 7.  

Second Well . 
Design of U t i l i z a t i o n  Systems. 

Cons t ruc t ion  of U t i l i z a t i o n  System. 

Opera t iona l  Star t -up.  

THE ABOVE FO.UR PHASES WERE NEVER IMPLEMENTED. 

Report ing and Disseminat ion of  Information - Included 
monthly r e p o r t s  and DOE conferences.  

F i n a l  Report - Pro jec t ed  completion A p r i l  30, 1982, 
A c t u a l  completion d a t e  J u l y  31, 1982 (Dra f t  Repor t ) .  

- *  
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* .  4.2 Draa n i z a t i o n  and Par t l c lDa  n t s  

A t  P r o j e c t  incept ion ,  t h e  p r i n c i p a l  owner-users were &adison 
County and Rogers Foods. The o rgan iza t ion  f i n a l l y  adopted 
f o r  p r o j e c t  accomplishment i s  shown on Table 1, Organizat ion 
and P a r t i c i p a n t s .  

Rosers Foods P a r t l c l D a t i o n  
. .  

The o r i g i n a l  p r o j e c t  (Reference 1 - Madison County Geother- 
mal P r o j e c t  Proposal  Volume 11) proposed t h a t  t h e  teaming 
of Rogers Foods and Madison County would f a c i l i t a t e  geother-  
mal resource  development on Rogers Foods p r o p e r t i e s  no r th  of 
Rexburg. However, geo log ica l  s tud ie s  i n d i c a t e d  t h a t  a l t e r -  
n a t i v e  s i tes  c l o s e r  t o  f a u l t s  z o n e s  and somewhat more 
removed f rom t h e  Snake R i v e r  P l a i n  would p r o b a b l y  h o l d  
g r e a t e r  geothermal  resource  p o t e n t i a l .  

. 

Once t h e  d e c i s i o n  was made t o  e x p l o r e  f o r  g e o t h e r m a l  
resources  o f f  t h e  Rogers Foods proper ty ,  t h e  Company became 
a somewhat more r e l u c t a n t  p a r t i c i p a n t  i n  t h e  p r o j e c t .  
Rogers o f f i c i a l s  were conce rned  t h a t .  i f  t h e  wel ls  were 
l o c a t e d  o f f  t h e i r  p r o p e r t i e s  t h e y  would n o t  have u l t i m a t e  
c o n t r o l  over t h e  c o s t s  of energy d e l i v e r e d  t o  them. 

S h o r t l y  a f t e r  t h e  s t a r t  of t h e  p r o j e c t ,  Rogers Foods was 
purchased  by American P o t a t o  Company. Mee t ings  be tween  

-Mad-ison-County-and American P o t a t o  p r o v i d e d  a p o t e n t i a l  
s o l u t i o n  t o  t h e  problem t h r o u g h  a p roposed  c o n t r a c t u a l  
a g r e e m e n t  be tween  t h e  two p a r t i c i p a n t s .  A l t h o u g h  t h e  . 
c o n t r a c t  was d r a f t e d  and a p p e a r e d  acceptable  t o  b o t h  
p a r t i e s ,  A m e r i c a n  P o t a t o  c h o s e  n o t  t o  c o n c l u d e  t h e  
agreement. 

I n t e r e s t  and p a r t i c i p a t i o n  on t h e  p a r t  of American P o t a t o .  
s i g n i f i c a n t l y  d e c r e a s e d  by December 1, 1 9 7 9 ,  w i t h  t h e  
completion of t h e  two heat t e s t  holes south  of Rexburg. By 
J u n e ,  1980 w i t h  t h e  d r i l l i n g  of  Madison County P r o d u c t i o n  
Well #l, Rogers Foods had ceased t o  func t ion  as  a p a r t n e r  i n  
t h e  project .  W i t h o u t  doub t ,  t h e  American P o t a t o  Company 
p u r c h a s e  of  Rogers Foods and t h e  Accompanying change  of 
company personnel  ass igned  t o  represent Rogers Foods, had a 
c r i t i c a l  impact. Throughout  t h e  l i f e  of t h e  p r o j e c t ,  
Rexburg C i t y  and R i c k s  Col lege were a c t i v e  i n  suppor t ing  t h e  
p r o j e c t .  

- 

Decision. a P r i l l i n q  

S i te  l o c a t i o n  f o r  t h e  two heat t e s t  wells and t h e  product ion 
well  was d e t e r m i n e d  o n l y  a f t e r  ca re fu l  e v a l u a t i o n  of 
a v a i l a b l e  d a t a  and m e e t i n g s  w i t h  t e c h n i c a l  experts.  I n  
A u g u s t ,  1 9 7 9 ,  M a d i s o n  E n e r g y  C o m m i s s i o n  met w i t h  
r e p r e s e n t a t i v e s  of t h e  U.S. Depar tment  of Energy and  i t s  
c o n t r a c t o r  EG&G Idaho ,  Inc., U.S. G e o l o g i c a l  Survey , ,  R i c k s  
C o l l e g e  Geology Depar tment ,  and Energy S e r v i c e s ,  Inc. t o  
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d e t e r m i n e  l o c a t i o n  of t h e  two  h e a t  t e s t  wel ls .  Again, 
f o l l o w i n g  t h e  d r i l l i n g  of t h e  t e s t  wel ls  and t h e  c a r e f u l  
e v a l u a t i o n  o f  d a t a  f rom t h e  ho les ,  Madison County Energy 
C o m m i s s i o n  met w i t h  t h e  same  g r o u p .  A c o n c e n s u s  
recommendation was made t o  t h e  Commission from t h e  group as 
t o  t h e  l o c a t i o n  of  P r o d u c t i o n  Well, M a d i s o n  C o u n t y  
Geothermal No. 1 (MCG-1). 

L, 

I t  s h o u l d  be n o t e d  t h a t  American P o t a t o / R o g e r s  Foods,  
a l though  i n v i t e d  t o  p a r t i c i p a t e  i n  both meetings, was n o t  
represented .  

4.3 c o s t  Breakdawn. 
The p r o j e c t  was j o i n t l y  funded  by Madison County and The 
Depar tmen t  of Energy under  i t s  PON program. Rogers  Foods,  
w h i c h  was p u r c h a s e d  by American P o t a t o  (of AMPCO) as  t h e  
p ro j ec t  began,  c o n t r i b u t e d  $6,700 t o  Phase  0. No o t h e r  
monies  were c o n t r i b u t e d  by o t h e r  o r g a n i z a t i o n s  d u r i n g  t h e  
l i f e  of t h e  project. 

The es t imated t o t a l  p r o j e c t  c o s t  was $3,368,285. Madison 
C o u n t y ' s  s h a r e  o f  t h e  p r o j e c t  c o s t  was t o  h a v e  b e e n  
$1,130,585 and The Department of Energy's commitment was f o r  
$1,650,900 and AMPCO was t o  have provided $586,800 of which 
$3,600 was t o  have been c o n t r i b u t e d  during Phase 1, b u t  was 
never received.  

The major p o r t i o n  of The Depar tment  of Energy 's  c o s t s h a r e  
was t o  take p l a c e  d u r i n g  t h e  e a r l y  p h a s e s  of  t h e  p r o j e c t .  
The Madison County and AMPCO s h a r e s  were t o  be h e a v i e s t  
dur ing  t h e  l a t t e r  phases of t h e  pro jec t .  

Actual project  c o s t s  t o t a l e d  Madison County,  $88,567; 
Department  of Energy,  $797,000;  AMPCO, $3,600.  A p r o j e c t  
breakdown by t a sk  is p r o v i d e d  i n  Table  2 ,  Madison County 
Geotbermal Well Cost  Summary. 
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L, 
TABLE 2 

MADISON COUNTY GEOTHERMAL WELL 

COST SUMMARY 

PHASE 0 Proposal to DOE - 
PHASE 1 Drilling Preparation $ 3,000 

Explorational Test 
Environmental Report 7,500 

Wells- 178,522 
Project Management 14 ,500 

PHASE 2 First Exploratory Well 
Design, bid, selection 4,500 
D r i 11 ing 455 ,600 
Logging 11,000 
Remedial t?ork 32,500 
Testing & Analysis 29,600 
Project Management 12,800 

PHASE 3 to 6 Never Activated -0- 

PHASE 7 Reporting 34,000 

PHASE 8 Public Information 12,900 
.11...1...- 

TOTAL $797 ,000 

$ 8,085 $ 3,600 

1,400 - 

600 
10,522 

1,000 
3,000 
4,000 
42 ,760 
1,000 
10,900 

-0- - 
3 ,000 

_- 
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5.0 

5.1 

5.2 

BESOURCE A SSESSM ENT 

- roiect  Assessment 

The area around Rexburg had s e v e r a l  features t h a t  i n d i c a t e d  
e x c e l l e n t  geothermal  r e s o u r c e  p o t e n t i a l .  Natura l  h o t  
s p r i n g s  i n  t h e  area d i scha rged  water up t o  120°F a t  t h e  
surface. Some i r r i g a t i o n  wells had above normal tempera- 
tures (Le., above 5OoF). F igure  3, Rexburg Area Subsurface 
Temperature. Geochemistry r e p o r t s  p r e d i c t  t empera tures  f o r  
t h e  geothermal  aquifer t h a t  could range from 160°F t o  400°F. 
See T a b l e  3 ,  R e x b u r g  Area Warm S p r i n g s  a n d  Wells. 
Addi t iona l  in format ion  regard ing  Rexburg a r e a  water wells 
c a n  b e  f o u n d  i n  A p p e n d i x  A,  R e x b u r g  Area W a t e r  Well 
P r o f i l e s .  

Assessment 

The d i s t r i b u t i o n  o f  h o t  water i n  t h e  area a p p e a r e d  t o  be 
c o n c e n t r a t e d  ' a l o n g  t h e  ma jo r  l a t e  Cenozoic  l i n e a r  and  
arcuate  f a u l t  zones. Haps s h o w i n g  c o n t o u r e d  r e s e r v o i r  
tempera tures  calculated from t h e  water chemis t ry  a l s o  showed 
a p o s s i b l e  concordance w i t h  major structures. Other i n t e r -  
s ec t ions  of major s t ruc tu res  may have  had g e o t h e r m a l  
p o t e n t i a l ,  d e s p i t e  t h e  l a c  o f  s h a l I o  n d i c a t l o n s  of  h o t  
water. 

The mos t  p r o m i s i n g  area. f o r  g e o t h e r m a l  e x p l o r a t i o n  a n  t h e  
Rexburg bench was determined t o  be where two calderas over- 
l ap ,  r e s u l t i n g  i n  a maximum depth of f i l l  and i n t e r s e c t i n g  
f r a c t u r e  or f a u l t  system. See Figure 4, Geologic Structures 
and F a u l t s  Around Rexburg,  Idaho. 

The n o r t h e a s t  normal f a u l t s  oppos i t e  t h e  Snake River P l a i n  
may have had  s p e c i a l  g e o t h e r m a l  s i g n i f i c a n c e  because t h e y  
i n t e r r u p t e d  p l a i n w a r d  m i g r a t i o n  of ground water and pro-  
vided channelways for  water t o  descend t o  h o t  depths. 

The g e o l o g i c a l  s t ructure  indicated Rexburg was s i t ua t ed  on 
t h e  edge ' o f  ' a  huge ' r i f t  (known.as t h e  Snake River P l a i n )  and 
w i t h i n  t h e  i n f l u e n c e  of  a young complex caldera  feature .  
See F i g u r e  5,  Rexburg Caldera Complex S k e t c h  Map. Loca l  
high angle  normal f a u l t s  were l o c a t e d  i n  t h e  immediate area 
which appeared t o  in f luence  t h e  warm water occurrence. 

I t  was decided t o  i n i t a l l y  probe t h e  area w i t h  a t  least  two 
moderately deep, s m a l l  diameter  t e s t  holes. There were two 
areas considered as l i k e l y  reg ions  t o  probe. .The one was a 
sma l l  g r a b e n  i n t e r s e c t i n g  t h e  Snake R i v e r  P l a i n  f a u l t  a t  
n e a r l y  a r i g h t  a n g l e  n e a r  t h e  extreme e a s t e r n  edge of t h e  
c i t y .  The o t h e r  area of i n t e r e s t  was t h e  bench  a rea  i n  t h e  
r e g i o n  d i r e c t l y  s o u t h  of  t h e  c i t y .  The l a t t e r  a r e a  was 
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e v e n t u a l l y  s e l e c t e d  as  t h e  area t o  probe, p r i m a r i l y  because 
g e o l o g i c a l  ev idence  and i n t e r p r e t a t i o n  i n d i c a t e d  t h a t  t h i s  
area had numerous f a u l t  i n t e r s e c t i o n s  and was more c l o s e l y  
c e n t e r e d  i n  one of t h e  calderas. 

b, 

i P r i o r  t o  s e l e c t i n g  t h e  s i t e  l o c a t i o n  f o r  t h e s e  smal l  d i a -  
meter t e s t  ho le s ,  an e l e c t r o m a g n e t i c  wave d e t e c t o r  tuned  t o  
submarine s i g n a l s  from Sea t t l e  was used t o  scan  t h e  area f o r  
low r e s i s t i v i t y  r e g i o n s  i n d i c a t i v e  of nea r  surface faul ts .  
T h e  i n s t r u m e n t  (known a s  E M - 1 6 )  h a d  a s e n s i t i v i t y  o f  
n o m i n a l l y  500 f t  d e p t h ,  a n d  o b t a i n e d  t h e  r e s u l t s  shown i n  
F i g u r e  6, Geophysical Survey Lines  and Well Locat ions.  

, 

Two modera te ly  deep, small  d i ame te r  e x p l o r a t o r y  wells were 
d r i l l e d  a f te r  rev iewing  t h e  a v a i l a b l e  g e o l o g i c a l  evidence. 
The 1,200 f t  deep (HTW-1) and 1 ,500  f t  deep (HTW-2) explor -  
a t o r y  wells i n d i c a t e d  t h a t  e x t e n s i v e  f r a c t u r i n g  and v o i d s  
e x i s t e d  a n d  w h i c h  p r o v i d e  e x c e l l e n t  p o r o s i t y  and  per- 
m e a b i l i t y .  

5.3 Drill B t e  Selection 

5.3.1 S i t e  Loca t ion  

Based on d a t a  g a t h e r e d  from t h e s e  t w o  s m a l l  d i a m e t e r  - 
e x p l o r a t o r y  wells, it was cons ide red  f e a s i b l e  t o  proceed 
w i t h  a deep d r i l l i n g  geothermal  program near  t h e  s i t e  of  
t h e  HTW-1 w e l l .  Tha t  w e l l  showed a s i g n i f i c a n t  i n c r e a s e  i n  
t e m p e r a t u r e  g r a d i e n t  o v e r  t h e  l a s t  5 0 0  f t  of i t s  d e p t h ,  
w h e r e a s  t h e  HTW-2 w e l l ,  some t h r e e  miles  t o  t h e  s o u t h ,  
i n d i c a t e d  a t e m p e r a t u r e  r e v e r s a l  o v e r  t h e  l a s t  3 0 0  f t  of  
i t s  depth. 

W 

The s i t e  was recommended f o l l o w i n g  a review of a v a i l -  
able d a t a  by . g e o l o g i s t s  and h y d r o l o g i s t s  from t h e  Depart- 
ment  of Energy ,  U.S. G e o l o g i c a l  S u r v e y ,  EG&G Idaho, R i c k s  
Col lege ,  and Energy Se rv ices .  The s i t e  was o f f s e t  approx- 
i m a t e l y  400 f t  west of t h e  s u s p e c t e d  s u r f a c e  trace of t h e  
82OF d i p p i n g  Snake River P l a i n  F a u l t ,  s o  a s  t o  i n t e r s e c t  
t h i s  f a u l t  a t  a dep th  of approx ima te ly  3,000 f t .  

I t  was d e t e r m i n e d  t h a t  t h e  d e e p  wel l  would  b e  a minimum 
d e p t h  o f  3 ,000 f t  w i t h  a t a r g e t  t o t a l  d e p t h  o f  5,000 f t .  
T h i s  was based on t h e  "normal" h igh  t empera tu re  g r a d i e n t  

a t  g e n e r a l l y  e x i s t e d  i n  t h e  a rea  and  i n  
nd i n  t h e  bottom of HTM-1. The l o c a t i o n  

of t h e  wel l  was t a r g e t e d  t o  i n t e r s e c t  t h e  major Snake  
River P l a i n  F a u l t  a t  abou t  t h e  3,000 f t  depth ,  and a minor 
f a u l t  t r e n d i n g  NNW-SSE from t h e  area of t h e  bench s o u t h  of 
Rexburg. A more complete  d i s c u s s i o n  l e a d i n g  t o  t h e  selec- 
t i o n  o f  t h i s  d r i l l  s i t e  i s  c o n t a i n e d  i n  R e f e r e n c e  2 ,  
E v a l u a t i o n  o f  t h e  G e o t h e r m a l  P o t e n t i a l  Around Rexburg ,  
Idaho (DOE ET/27028-3) . 

,- 
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5.3.2 S e l e c t i o n  C r i t e r i a  

The pr imary s e l e c t i o n  c r i t e r i . a  was g e o l o g i c a l ,  based  on  
t h e  e v i d e n c e  o f  f a u l t s  and  of t h e  t e m p e r a t u r e  g r a d i e n t s  
measured i n  t h e  moderately deep exp lo ra to ry  holes. There 
was l i t t l e  q u e s t i o n  a b o u t  t h e  p r e s e n c e  of water i n  these  
f a u l t e d  s y s t e m s ,  b u t  t he re  was c o n c e r n  a b o u t  p o s s i b l e  
overwhelming  i n f l u e n c e  of c o l d  water f l o o d i n g  from t h e  

' S n a k e  R i v e r  P l a i n .  T h i s  was one  of  t h e  r e a s o n s  t h a t  t h e  
graben a r e a  a t  t he  e a s t e r n  edge of Rexburg was not  chosen 
f o r  f u r t h e r  probing by t h e  test  exp lo ra to ry  holes. There 
was obviously concern as t o  why t h e  HTW-2 w e l l  (some three 
miles t o  t h e  south  of t h e  deep d r i l l  ho le  s i t e )  had shown 
s u c h  a d r a m a t i c  r e v e r s a l  i n  t e m p e r a t u r e  o v e r  i t s  bo t tom 
500 f t  of depth. I t  was assumed t h a t  there was co ld  water 
i n t r u s i o n  occurr ing  a t  t h a t  l o c a t i o n  from runoff from t h e  
mountains t o  t h e  southeast .  See F i g u r e  7,  HTW-1 Tempera- 
t u r e  Log and Figure 8, HTW-2 Temperature Log. 

Another  ma jo r  c r i t e r i a  f o r  d r i l l  s i t e  s e l e c t i o n  was t h e  
p r o x i m i t y  of t h e  well  t o  t h e  u l t i m a t e  users i n  Rexburg. 
To pu t  t h e - w e l l  more than about two miles from these users 
w o u l d  r e s u l t  i n  a p i p e l i n e  c o s t  w h i c h  w o u l d  be  
approximately equal  t o  t h e  well cost .  

L, 

5.4 

4 J  

Land o w n e r s h i p  was n o t  a n  issue.  Madison County had t h e  
c o o p e r a t i o n  of most  a l l  l a n d  owners  i n  t h e  l i k e l y  d r i l l  
s i t e  l o c a t i o n  r e g i o n s ,  and had leases  o r  o p t i o n s  f o r  
geothermal leases on some- 3,000 acres of land. 

ssessment . .  EQ& W 1 n q  B 

The d r i l l i n g  of  t h e  d e e p  w e l l  reached a f i n a - 1  dep th  of  o n l y  
3,942 b e f o r e  it was decided t o  t e r m i n a t e  d r i l l i n g  based on 
d i sappo in t ing  showings of temperature. Subsequent measure- 
ments of a l a r g e  volume of water e n t e r i n g  t h e  w e l l  j u s t  below 
t h e  c a s i n g  (a t  about  2,300 f t )  and f lowing  down t h e  w e l l  bore 
l e d  t o  remedial e ' f fo r t s  t o  case o f f  t h i s  f low.  Even a f t e r  
t h i s  e f f o r t  was accomplished, tempera tures  i n  t h e  bottom of 
t h e w e l l w e r e o n l y i n t h e  r a n g e  of 7S°F, f a r  below w h a t  would  
be e x p e c t e d  from t h e  n o r m a l  t e m p e r a t u r e  g r a d i e n t s  i n  t h e  
area, or i n  t h e  Snake River P l a i n  aquifer. 

The o n l y  l o g i c a l  c o n c l u s i o n  drawn t o  da t e  is t h a t  t h i s  por -  
t i o n  of t h e  Snake  R i v e r  p l a i n  f a u l t  is one  where c o l d  n e a r  
surface water i s  t r a v e l i n g  downward, perhaps recharging t h e  
geothermal r e s e r v o i r ( s )  t h a t  m u s t  ex is t  somewhere nearby. I t  
is e x p e c t e d  t h a t  t h i s  may be t h e  c o n d i t i o n  i n  g e n e r a l  a l o n g  
t h i s  p o r t i o n  of  t h e  Snake R i v e r  P l a i n  F a u l t  w i t h i n  a few 
miles of Rexburg, though of course, t h i s  c o n c l u s i o n  is o n l y  
based on inference.  See Figure  9,  Sur face  Waters Rexburg C i t y  
Area, which shows t h e  abundance of surface streams near t h e  
Snake P l a i n  F a u l t  i n  t h e  r e g i o n  of Rexburg. As a r e s u l t  of 
t h e  low temperatures r e s u l t i n g  from t h e  apparent  huge convec- 
t i v e  f l o w s ,  p r o j e c t  e n g i n e e r s  and g e o l o g i s t s  a r e  n o t  of 
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unanimity  i n  propos ing  ( a f t e r  t h e  f a c t )  where a b e t t e r  
d r i l l i n g  l o c a t i o n  would have been. 



c 

Figure 3 Rexburg Area Subsurface Temperatures 
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Table 3 

REXBURG AREA WARM 
SPRINGS AND WELL* 

Distance 
Predicted Reservoir Temperatures 

from surf ace Geothermometer Geothermometer 
Rexburg Temperature Silica ** Na-K-Ca ** 

Green Canyon Hot Springs 

Ashton Warm Springs 

Big Springs 

17 

29 

62 

41°F 

194OF 

54 OF 203OF 149OF 

Lily Pad Lake Springs 49 63OF 95°F 68OF , 

Newdale Well 9 97OF 248 OF 135'F 
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W 
10 1 1 . 4  

TEMPERATURE I N  OC 

1 2 . 7  1 4 . 2  1 5 . 5  1 6 . 9  1 8 . 3  
I 
I 

I I 
1 I 

I 
I 

I 
1 

0 - 

200 - - ,  

--.- 

400 -- 

-- 
600 -- 

800 i 
B w w 
Er 

w 

. MADISON COUNTY 

HTW-1 Temp Log to T o t a l  Depth 

. Water Level a t  50  ft .  

6" Casing to 440 f t .  

T.D.  = 1259 f t .  

1/30/80 

\ 
1 0 o o t  

. . ;  

0 

- 

61 

- 

,122 

z . -  
H 

305 

FIGURE 7, m-1 Tempe;ature TOg 



12.5 15 17.5 20 22.5 25 27.5 

I 

TEMPERATURE IN OF 

32 



. \  '. ." ' p \, 





6.0 FNVIRONM ENTAb XSSUES 
The d r i l l i n g  of  t h e  Madison County g e o t h e r m a l  w e l l  a d d r e s s e d  
s e v e r a l  a reas  r ega rd ing  i t s  e n v i r o n m e n t a l  impact t o  t h e  area,  
Both b i o l o g i c a l  and human a s p e c t s  were c o n s i d e r e d ,  and were 
eva lua ted  i n  Reference 3, Environmental Report f o r  Nadison County 
Geothermal P r o j e c t ,  which was t h e  f i r s t  phase undertaken i n  t h e  
p r o j e c t  . 
The p r i m a r y  e n v i r o n m e n t a l  c o n c e r n  was i n  c o n t a i n i n g  t h e  f l u i d s  
from t h e  p r o d u c i n g  w e l l  u n t i l  t h e  water q u a l i t y  and p r o d u c t i o n  
c a p a b i l i t y  were determined. Once t h e  w e l l  was s u c c e s s f u l  and 
u t i l i z a t i o n  of t h e ' f l u i d s  was planned, there was concern over t h e  
q u e s t i o n  of d i s p o s a l .  I t  was n o t  known i f  i n j e c t i o n  of  t h e  
c o o l e d  f l u i d  would be n e c e s s a r y .  Tha t  d e c i s i o n  was dependen t  
upon t h e  f l u i d  evaluat ion.  No o t h e r  major environmental  problems 
were an t i c ipa t ed .  

. .  6.1 pre - D t i l l i n q  

Environmental degradat ion,  r e s u l t i n g  from se t t i ng -up  and 
d r i l l i n g  t h e  geothermal w e l l ,  was temporary and r e l a t i v e l y  
i n s i g n i f i c a n t  because t h e  d r i l l i n g  was t o  occur on p r e s e n t l y  
unused farm land .  Some of t h e  minor  c o n d i t i o n s  of c o n c e r n  
were as  fol lows.  

F l o r a  and  f a u n a  e x i s t i n g  n e a r  t h e  d r i l l  s i t e  were of t h e  
common v a r i e t y ,  and  hence- no - i r r e p a r a b l e  --damage would 
resul t .  The d r i l l i n g  area c o n s i s t s  of  c u l t i v a t e d  ground 
w h i c h  w i l l  be l e v e l e d  and res tored  t o  p a s t u r e  o r  a g r i c u l -  
t u r a l  c rop  product ion a t  t h e  completion of t h e  pro jec t .  

The d r i l l i n g  s i t e  is  located i n  a s emi - re s iden t i a l  region 
j u s t  o u t s i d e  of t h e  c i t y  l i m i t s .  No t h rea t ened  o r  endangered 
species reside i n  t h e  area. 

deep geothermal  well, no increased  occurrence of microseis- 
mic even t s  should be expected. 

Subsidence is sometimes of concern whenever , l a rge  q u a n t i t i e s  
of f l u i d s  a r e  wi thd rawn  from u n c o n s o l i d a t e d  s e d i m e n t s  o r  
when d e c l i n i n g  r e s e r v o i r  p r e s s u r e s  reduce t h e  o v e r b u r d e n  
s u p p o r t .  However ,  water  l e v e l  d e c l i n e  h a s  n e v e r  b e e n  
detected i n  any  area w i t h i n  t h e  Snake R i v e r  P l a i n ,  and t h e  
abundant supply of recharge water l e d  t o  t h e  conclusion t h a t  
subsidence should never be a problem i n  t h i s  p r o j e c t ,  

Contamination of domest ic  and agr icul tural  water a q u i f e r s  
w i th  geothermal  f l u i d s  or contaminated d r i l l i n g  f l u i d s  was 
n o t  t o  be p e r m i t t e d .  The p r o j e c t  p l a n s  and t h e  d r i l l i n g  
p e r m i t  from t h e  S t a t e  r e q u i r e d  t h a t  t h e  w e l l  'be c a s e d  and 
cemented through t h e  shal low ground water a q u i f e r  t o  reduce 
chances of contamination. 

Due  t o  t h e  r e l a t i v e l y  i n s i g n i f i c a n t  i m p a c t  of  t h e  s ' i n g l e  ! 

W 
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I No long- t e rm impact was a n t i c i p a t e d  on employment l e v e l s ,  
housing, o r  income. Addi t iona l  employment was a v a i l a b l e  t o  
t h e  l o c a l  l abor  market f o r  a s h o r t  p e r i o d  of  t i m e  d u r i n g  
d r i l l i n g .  

The equ ipmen t  on l o c a t i o n  a t  t h e  d r i l l  s i t e  p r e s e n t e d  a 
t e m p o r a r y  u n d e s i r a b l e  a e s t h e t i c  c o n d i t i o n  i n c l u d i n g  an 
increased  no i se  l eve l .  These cond i t ions  were i n s i g n i f i c a n t  
and of a temporary nature.  

The impact o n ' a i r  q u a l i t y  was a n t i c i p a t e d  t o  be minimal and 
probably unde tec t ab le  above t h e  e x i s t i n g  environment. Par- 
t i c l e  c o n c e n t r a t i o n s  were s l i g h t l y  i n c r e a s e d  d u r i n g  s i t e  
p r e p a r a t i o n  work as a resu l t  of wind-blown dus t .  

The e n t i r e  d r i l l i n g  o p e r a t i o n  was s u p e r v i s e d  by q u a l i f i e d  
p e r s o n n e l  and conformed t o  a l l  s t a t e  r e g u l a t i o n s .  S i n c e  a 
u s a b l e  r e s o u r c e  was n o t  e n c o u n t e r e d ,  t h e  h o l e  w i l l :  

1. B e  p l u g g e d  i n  a c c o r d a n c e  w i t h .  I d a h o  
Depar tmen t  of Water Resources  s t a n d , a r d s  f o r  

o r  
2. W i l l  be l e f t  capped and i n  a s t a n d b y  c o n d i t i o n  

a w a i t i n g  e v e n t u a l  u s e  by t h e  C i t y  as a d o m e s t i c  
w e l l  f o r  i ts  water system. 

Upon complet ion or abandonment of t h e  p r o j e c t ,  t h e  r e se rve  
p i t  w i l l  be backf i l l ed .  The d i s t u r b e d  s i t e  w i l l  be graded, 
reseeded and a l l  equipment, structures,  and waste materials 
w i l l  be removed. 

i 

, w e l l  abandonment;  I 

6.2 p o s t - d r i l l  

I Since t h e  complet ion of t h e  d r i l l i n g  opera t ions ,  no a r t e s i a n  
f l o w  has developed. The f l u i d  level is approximately 15 ft 
below t h e  ground s u r f a c e  a t  a temperature of 680F. Water 
chemis t ry  eva lua t ion  i n d i c a t e d  f l u i d s  i n  t h e  w e l l  were of 
equal  q u a l i t y  (as measured by t h e  t o t a l  d i s so lved  s o l i d s  of 
approximately 270 ppm)* of t h a t  water  p r e s e n t l y  being used 
i n  t h e  R e x b u r g . w a t e r  sys t em.  T h e r e f o r e ,  t h e  w e l l  cou ld  
s e r v e  v e r y  wel l  a s  a suppplem'ent t o  t h e  w a t e r  s y s t e m ,  and 
m i g h t  e v e n t u a l l y  be t h e  source  of water  (72OF) f o r  water-to- 
a i r  h e a t  pumps. T h i s  a p p l i c a t i o n  u l d  be t h e  e x t r a c t i o n  of 
geothermal  heat from ground water. 

P r e s e n t l y  t h e  well  head h a s  a 1 0  i n c h ,  3 ,000  l b  f l a n g e  
w i t h  a 1 / 4  i n c h  s t e e l  p l a t e  boltedtoit,and-it willremain 
i n  t h i s  c o n d i t i o n  u n t i l  d i s p o s i t i o n  o f  t h e  w e l l ,  i s  
d e t e r m i n e d  by t h e  C i t y  and t h e  County. 

* Specific conduc t iv i ty  averaged 405 umhos/cm. For comparison 
w i t h  o t h e r  d o m e s t i c / i r r i g a t i o n  wells i n  t h e  a rea ,  See Table 4,  
which  a lso g i v e s  t h e  chemical a n a l y s i s  of t h e  HTW-1 t es t  w e l l  
150 ya rds  from t h e  deep well. 

I 
I -  ................................................................. I ; u  I 
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Madison County has turned the backfilling of the reserve 
pit, site restoration and are a cleanup over to the property 
owner, Mr. Dick Davis. This was done at Mr. Davis's 
request. 

. .  



I 

, 

T - U  4 -  
Water Sample 

Chemical A n a l y s i s  R e s u l t s  

HTW-1 and A r e a  Wells 

HTW-1 
Feb. 27 ,  1980 Area WeJl Averages * 

393 mho/cm 

* Eaeferene: Table 111, Madison County E v a l u a t i o n  of t h e  
Dated A p r i l  Geothermal P o t e n t i a l  Around Rexburg, Idaho. 

30, 1980. 
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INSTXTUTIONALISSUESANDPERMITS 
private  

A t  t h e  beginning of t he  p r o j e c t ,  w h i l e  t h e  environmental  and 
r e s o u r c e  a s s e s s m e n t  s t u d i e s  were uoderway, t h e  a r e a s  of  
c r i t i c a l  i n t e r e s t  were i d e n t i f i e d  and  o p t i o n s  to o b t a i n  a 
g e o t h e r m a l  l ea se  were s i g n e d  w i t h  a number of p r o p e r t y  
owners. Over 3,000 acres were opt ioned i n  t h i s  manner. 

Once t h e  d e e p  d r i l l i n g  s i t e  had been  selected,  a d r i l l i n g  
s i t e  lease was e n t e r e d  i n t o  w i t h  p rope r ty  owner D i c k  Davis. 

w’ 
Rexburg C i t y  was a s s o c i a t e d  w i t h  the p r o j e c t  and t h u s ,  a 
right-of-way agreement f o r  t h e  d i s t r i b u t i o n  system w i t h  t h e  
C i t y  was unnecessary. The d r i l l i n g  s i t e  was o u t s i d e  of c i t y  
l ’ i m i t s .  

Countv 

Since  Madison County owned rights-of-way corresponding t o  
t h e  County road system, no rights-of-way agreements f o r  the  
d i s t r i b u t i o n  system w i t h i n  t h e  County was necessary. - - .  

S t a t e  
. .  

A p p l i c a t i o n  number 227283 . to  a p p r o p r i a t e  p u b l i c  water was 
approved  November 7 ,  1978. A copy of  t h e  p e r m i t  i s  i n  
Appendix B, Permits .  

Geothermal Appl ica t ion  22-GR-1 was approved by Idaho Depart- 
ment of  Water Resources ,  J u n e  5 ,  1980. A copy o f ’  t h e  
approved  a p p l i c a t i o n  and  approval  l e t t e r  is i n c l u d e d  i n  
Appendix B. Cost of t h e  pe rmi t  was $100. 

Because of t h e  problems encountered i n  downflow of water i n  
t h e  w e l l ,  it became necessary  t o  s u b m i t  an a p p l i c a t i o n  f o r  a 
P e r m i t  t o  a l t e r  a g e o t h e r m a l  w e l l .  T h i s  a p p l i c a t i o n  was 
submi t ted  on February 23, 1981 w i t h  a $100 fee, l i nked  t o  a . 
renewal of t h e  Water Resources Permit. The permit t o  a l t e r  
was granted  t o  perform remedial w o r k  and i n s t a l l  a l i n e r  i n  

Without  d o u b t ,  i n f o r m a l  c o n t a c t s  w i t h  Idaho  Depar tment  of 
Water Resource S t a f f ,  and t h e  providing t o  them of weekly 
p r o g r e s s  r e p o r t s  on t h e  d r i l l i n g ,  enhanced t h e  permi t  
a p p l i c a t i o n  process.  

Madison County provided an escrow, $10,000 savings account,  
i n  l i e u  of t h e  $10,000 bond required by t h e  Idaho Department 
of Water Resources on October 16,  1980. .Reference Appendix 
B, Permits. 

he  well. 

‘4 0 



County o f f i c i a l s  were d isappoin ted  w i t h  S t a t e  bond requi re -  
m e n t s  w h i c h  gave  no r e c o g n i t i o n  of t h e  County 's  s p e c i a l  
r e l a t i o n s h i p  w i t h  t h e  s t a t e  a s  a l e g a l  s u b - e n t i t y .  County 
o f f i c i a l s  perceived t h a t  having such a l e g a l  s t a tus  should 
h a v e  e x e m p t e d  t h e m  from a l e n g t h y ,  cumbersome  a n d  
u n n e c e s s a r y  p r o c e s s  f o r  c o m p l i a n c e  w i t h  bonding  r e q u i r e -  
ments. Ordinary bonding companies, no t  having d e a l t  w i t h  t h e  
County p r e v i o u s l y ,  and n o t  h a v i n g  any o t h e r  b u s i n e s s  ( s u c h  
as i n s u r a n c e  b u s i n e s s )  w i t h  t h e  County were r e l u c t a n t  ( i n  
f a c t  re fused)  t o  bond t h e  County on t h e  wel l ,  f o r  what  i n  
e f f e c t  could be a bond i n  pe rpe tu i ty .  Reference Appendix B, 
P e r m i t s  f o r  a d d i t i o n a l  i n f o r m a t i o n  r e g a r d i n g  issues  and 
permits .  

. .  '. 

. 





W 8.0 PRODUCTION DRILLING Am IA2Ga.N 

8.1 Summarv 

The o r i g i n a l  p lan  was f o r  two wells t o  be d r i l l e d ,  t h e  f i r s t  
one of cons ide rab le  depth (nominal ly  7,000 f t ) ,  d r i l l e d  i n t o  
t h e  h e a r t  of t h e  Snake River P la in ,  approximately two miles 
f rom t h e  edge  o f  t h e  boundary f a u l t .  The  p u r p o s e  was t o  
i n t e r c e p t  h igh  temperatures ,  hopefu l ly  exceeding 300°F, f o r  
u s e  i n  t h e  Rogers Food Co. process ing  p l a n t  no r th  of Rexburg. 
D i s c h a r g e  water f rom t h i s  p l a n t  would be p i p e d  t o  t h e  c i t y  
f o r  u s e  i n  space hea t ing  bu i ld ings  i n  Rexburg. 

Depending upon t h e  r e l a t i v e  success of and  i n f o r m a t i o n  
l e a r n e d  f rom t h i s  w e l l ,  it was t h e n  p l a n n e d  t o  d r i l l  e i t h e r  
an  i n j e c t i o n  w e l l  o r  a n o t h e r  p r o d u c t i o n  w e l l  n e a r e r  t o  t h e  
C i t y ,  p r o b a b l y  near t h e  boundary f a u l t  of  t h e  Snake  R i v e r  
P la in .  

However, between t h e  time t h e  o r i g i n a l  plan was e s t a b l i s h e d  
and t h e  time t o  de te rmine  t h e  s i t e  of t h e  f i r s t  w e l l ,  Rogers 
Food Co. was purchased by t h e  American Po ta to  Co. The l a t t e r  
company f e l t  t h a t  it d i d  n o t  want  t o  p a r t i c i p a t e  i n  any of 
t h e  wells, b u t  would cons-ider p a r t i c i p a t i n g  as a user i n  the  - 
p r o j e c t .  A s  a r e s u l t  o f  th'e p a r t i a l  w i t h d r a w a l  of  American 
P o t a t o  Co. f rom t h e  p r o j e c t ,  t h e  o n l y  g u a r a n t e e d  u s e r s  were 

A second  deve lopmen t  tha t .  caused t h e  d r i l l i n g  p l a n s  on t h e  
Madison County w e l l  t o  be a l t e r e d  was t h e  d r i l l i n g  of one 
m o d e r a t e l y  d e e p  and one  v e r y  d e e p  well by t h e  US Depar tment  
of  Energy i n t o  t h e  Snake R i v e r  P l a i n .  The  m o d e r a t l e y  d e e p  
w e l l  ( 2 , 2 0 0 ' f t )  wa$ d r i l l e d  3-miles n o r t h  ( a t  Sugar Ci ty)  of 
t h e  in tended  s i t e  of t h e  Rogers Food Co. w e l l .  The very deep 
wel l  was d r i l l e d  i n t o  t h e  h e a r t  of t h e  p l a i n ,  5 0  miles t o  t h e  
e a s t  on t h e  I d a h o  N a t i o n a l  E n g i n e e r i n g  S i t e  r e s e r v a t i o n .  
T h i s  l a t t e r  w e l l  was 10,000 f t  deep. Nei ther  w e l l  gave  
encouraging results.  The Sugar C i t y  well found d i sappo in t ing  
t e m p e r a t u r e s ,  and t h e  d e e p  I N E L  w e l l  a p p a r e n t l y  d i d  n o t  
encounter  permeable format ions  a t  depth,  though high tempera- 
tures were found ( i n  excess of 300°F). 

For these r e a s o n s ,  t h e  g e o t h e r m a l  d r i l l i n g  p l a n  a t  Rexburg, 
i n  Madison County, was changed. The f i r s t  well was t o  d r i l l  
i n t o  a f a u l t ,  o r  i n t e r s e c t i o n  of f a u l t s ,  t h a t  would l i k e l y  
produce good p e r m e a b i l i t y  and warm water. The minimum t a r g e t  
tempera ture  was 120°F, and t h e  depth f o r  i n t e r s e c t i o n  of t h e  
f a u l t s  was t a r g e t e d  f o r  about 3,000 f t  so as t o  o b t a i n  t h e s e  
m i n i m u m  t e m p e r a t u r e s .  I f  t h i s  well was successful, appro-  
p r i a t e  c o n s i d e r a t i o n s  would be made c o n c e r n i n g  t h e  second  
well  - i.e., where should it  be d r i l l e d ,  what were its objec- 
t i v e s  ( p r o d u c t i o n ,  i n j e c t i o n ,  e t c ) .  Much would depend on 

t h e  p u b l i c  bu i ld ings  i n  Rexburg. . .  

/- 
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8 t h e  p o s i t i o n  of American Po ta to  Co. a t  t h e  t ime,  .and whether  
o r  n o t  t h e r e  was p r o m i s e  of t e m p e r a t u r e s  i n  t h e  r a n g e  of  
300°+ F. 

Because of  t h e s e  c o n s i d e r a t i o n s ,  t h e  two s m a l l  d i a m e t e r s ,  
i n t e r m e d i a t e - d e p t h  t e s t  h o l e s  were d r i l l e d  i n t o  s u s p e c t e d  
f a u l t  i n t e r s e c t i o n s :  HTW-1, on t h e  Snake River P l a i n  f a u l t ;  
and HTW-2, on t h e  bench ,  3 miles  s o u t h  of  t h e  ma jo r  Snake 
River P l a i n  f a u l t .  The former had a good temperature  gradi-  
e n t  o v e r  t h e  bo t tom 5 0 0  f t ,  b u t  t h e  l a t t e r  had  a r e v e r s a l  i n  
temperature over t h e  bottom 300 f t .  However, these tempera- 
tu re  resul ts  d i d  no t  m a k e  t h e  d e c i s i o n  "clean and easy", f o r  
geologis t swho had s t u d i e d  t h e  f a u l t s  of t h e  a rea .  Don Mabey 
o f  t h e  U S G S  and Glenn Embree of R i c k s  C o l l e g e  p r e f e r r e d  t o  
p r o b e  deep  i n t o  t h e b e n c h a r e a ,  w h i c h w a s  s u s p e c t e d t o b e t h e  
edge  o f  a n  a n c i e n t  c a l d e r a .  T h e - s h a r p ,  and c o n s i d e r a b l e  
t e m p e r a t u r e  r e v e r s a l  f rom 1 , 2 0 0  f t  t o  1 , 5 0 0  f t  d e p t h  i n  t h e  
t e s t  w e l l  on t h e  bench ,  n e v e r t h e l e s s ,  d i c t a t e d  a g a i n s t  
p l ac ing  t h e  deep d r i l l  ho le  i n  or  near t h a t  loca t ion .  

The selected deep d r i l l i n g  s i t e  was w i t h i n  150  yards  of HTW-1 
t a r g e t  t o  i n t e r s e c t  t h e  Snake River P l a i n  f a u l t  a t  a depth of 
3,000 f t  (assuming t h e  f a u l t  d i p s  about  82O), and a l s o  a t  i ts  
i n t e r s e c t i o n  w i t h  a l ess  d i s t i n c t  north-south t r end ing  f a u l t  
e m a n a t i n g  f r o m  t h e  b e n c h  a r e a .  T h e  l a t t e r  f a u l t  was 
i d e n t i f ' i e d  b o t h  w i t h  t h e  EM-16 p a s s i v e  r e s i s t i v i t y  s u r v e y ,  

W 

and from c e r t a i n  g e o l o g i c a l  evidence. . .  

8.2 Q r s a n i z a t  ion  

The Madison County Energy Commission was p r i m a r i l y  responsi-  
b l e  f o r  t h e  program, and de lega ted  engineer ing and d r i l l i n g  
d i r e c t i o n  r e s p o n s i b i l i t y  t o  Energy Services .  The Idaho oper- 
a t i o n s  O f f i c e  of t h e  US Depar tment  of Energy m a i n t a i n e d  
a p p r o v a l  and v e t o  power o v e r  t h e  d r i l l i n g  p o r t i o n  o f  t h e  
p ro jec t .  I n  February 1980, a budget of $465,000 was approved 
f o r  t h e  f i r s t  w e l l ,  t o  be d r i l l e d  t o  i n t e r s e c t  t h e  f a u l t  and 
suspected w a r m  water p r o d u c t i o n  zone a t  3 ,000  f t ,  b u t  w i t h  
maximum d r i l l i n g  target  depth of 5,000 f t  (Le., t h e  d r i l l i n g  
r i g  s e l e c t e d  had t o  have  t h e  c a p a b i l i t y  of d r i l l i n g  t o  t h e  
5 ,000  f t  depth .  

8.3 p r i l l e r  p iddina ,  S e l e c t i o n ,  Contxact 

A b i d  s p e c i f i c a t i o n  was p r e p a r e d  and s e n t  t o  1 3  p o t e n t i a l  
d r i l l i n g  con t r ac to r s .  Only two companies submi t t ed  bids: 
Holman D r i l l i n  
co . 
Following a careful  eva lua t ion  of t h e  b ids ,  CRC Colorado Well 
Se rv ice  Co. was awarded t h e  d r i l l i n g  cont rac t .  The r i g  t h a t  
was used was CRC 875, a Cabot Model 750. 

of Spokane, MA: CRC Colorado Well of Rangely,- 
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Summarv 8.4 P r i l l i n q  . .  

The w e l l  was l o c a t e d  on a p r i v a t e  1 0  acres  of ground,  w i t h  
d r i l l i n g  r i g h t .  and geothermal  r i g h t s  l e a s e d  from Davis Con- 
s t r u c t i o n  Co. The l o c a t i o n  was i n  t h e  NF7 1 / 4 ,  NW-1/4 of Sec- 
t i o n  31, Township 6N, Range 40 E. The e l e v a t i o n  was 4,846 f t  
above sea l e v e l .  The water t a b l e  was a p p r o x i m a t e l y  20 f t  
below t h e  s u r f a c e  i n  t h i s  area. Note: All depths  s t a t e d  i n  
t h i s  r e p o r t  are from ground l eve l .  

u 
b 

The o r i g i n a l  p l an  f o r  w e l l  design was a s  fol lows:  

120 f t  of 20-inch conductor p ipe ,  cemented. 

1,000 f t  of 13-3/8 inch  diameter  s u r f a c e  pipe,  cemented back 
t o  t h e  surface.  

1,600 f t  of 9-5/8 inch diameter  product ion pipe hung from t h e  
900 f t  l e v e l  and cemented t o  bottom a t  2,500 f t .  

8-7/8 inch*d iame te r  open h o l e  from 2,500 f t  t o  t o t a l  depth of 
5,000 f t .  

The actual  cas ing  program was s l i g h t l y  d i f f e r e n t ,  t h e  resu l t  
o f  unexpec ted  p r o b l e m s  c a u s e d  by l o s t  c i r c u l a t i o n ,  heavy 
g r a v e l s  and caving. The f i n a l  conf igu ra t ion  is a s  fol lows:  

110 f t  of  20-inch c o n d u c t o r  p i p e , .  cemented. . '  This-  p i p e  was 
d r i l l e d  a n d  s e t  w k t h  a c a b l e  t o o l  r i g  f r o m  Rocky 

c a s i n g ,  cemented  back t o  t h e  
s u r f a c e .  Though t h e  s u r f a c e  c a s i n g  h o l e  was d r i l l e d  
17-1/2 i n c h  i n  d i a m e t e r  t o  a d e p t h  of  989 f t , t h e  s u r -  
face cas ing  could not  be i n s t a l l e d  f u r t h e r  than 735 ft. 

. .  

- Mountain D r i l l i n g  Co. of Rexburg, Idaho. _. 

735 f t  o f  13-3/8 i n c h  s u r f a c e  

2,289 f t  of 9-5/8 i n c h  product ion cas ing  brought t o  t h e  surface 
and  cemented.  The  c o s t  e f f e c t i v e n e s s  of u s i n g  a l i n e r  
hanger vanished when t h e  depth of t h e  hanger moved u p  t o  
t h e  700 f t  l e v e l ,  

3,942 f t  t o t a l  d e p t h  o f  8-7/8 i n c h  ho le .  The f a u l t  was 
e n c o u n t e r e d  a s  e x p e c t e d  a round 3,000 f t ,  b u t  t h e  t a r g e t  
maximum d e p t h  of  5,000 f t  c o u l d  n o t  be met b e c a u s e  of 
l o s t  c i rcu la t ion ,  

F i g u r e l o ,  D r i l l i n g  A c t i v i t i e s  Chart, shows a g r a p h i c a l  
p r e s e n t a t i o n  of t h e  d a i l y  d r i l l i n g  progress.  

I n  May 1981,  a workover  r i g  was b r o u g h t  i n  t o  i n s t a l l  a 
l i n e r  hange r  and 5-1/2 i n c h  l i n e r  f o r  t h e  p u r p o s e  of  
s e a l i n g  off  flow t h a t  was e n t e r i n g  t h e  well a t  about t h e  
2,300 f t  l e v e l  and f lowing down t h e  hole. The t o p  of t h e  

I 

hanger  was s e t  a t  2 , 2 0 8 - f t  and t h e  5-1/2 i n c h ,  K-55, . 

15.5 l b / f t  s o l i d  l i n e r  (casing)  was hung from 2,215 f t  t o  
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3,540 f t .  The l i n e r  hanger  f a i l e d  t o  c l o s e  and s e a l  t h e  
c e m e n t i n g  p o r t s .  I n  Oc tobe r  1981,  a l e a d  packe r  d o u b l e  
s e a l  was i n s t a l l e d  i n s i d e  t h e  l i n e r  hanger  t o  s e a l  i t  and 
was successful .  However, a n  o b s t r u c t i o n  was s t i l l  
p r e s e n t  a t  t h e  2,300 f t  l e v e l .  I n  November 1981,  a c a b l e  
t o o l  r i g  u n s u c c e s s f u l l y  t r i e d  t o  c l e a r  t h e  wel l .  On 
Apr i l  5, 1982 a c a b l e  t o o l  r i g  wi th  a heavier  hammer was 
a b l e  t o  push  t h e  o b s t r u c t i o n  t o  t h e  bot tom of t h e  w e l l .  
I t  was determined a t  t h i s  time t h a t  t h e  o b s t r u c t i o n  was 
va r ious  rubber and cement debre from’ va r ious  a t t e m p t s  t o  
seal  t h e  packer. See Appendix D, Dai ly  D r i l l i n g  Summary, 
f o r  more d e t a i l e d  information.  

8.4.1 Y e l l  -Head Conf iuura t ioq  

Durins t h e  d r i l l i n g  below t h e  product ion cas ing ,  a s t anda rd  
d o u b l e  ram ( g a t e  ana  p i p e  r y p e s ]  ana  a nyarii u a y  G L U S U L ~  

u n i t ,  a l l  of 3,000 p s i  r a t i n g  were i n s t a l l e d  on t h e  9-5/8 
i n c h  casing. T h i s  was i n s t a l l e d  on t o p  of a s tandard  10- 
inch  diameter  cas ing  head wi th  two 2-inch n ipp le s  wi th  g a t e  
va lves  i n s t a l l e d  below t h e  f l ange  of t h e  head. See Figure 
11, Well Head D r i l l i n g  Configurat ion.  

There was no need f o r  t h e  Blow-Out-Preventer be fo re  reach- 
i n g  t h e  2,300 f t  dep th .  T h a t  d e p t h  was o n l y  800 f t  d e e p e r  
than  t h e  t o t a l  depth of t h e  HTW-1 t e s t  ho le s  150 yds away, 
and t e m p e r a t u r e s  i n  i t  were n o t  even  70°F, and t he re  was no 
a r t e s i a n  flow. However, it was decided t o  not  d r i l l  t o  t h e  
o r i g i n a l  t a r g e t  of  2,500 f t  f o r  t h e  p r o d u c t i o n  c a s i n g ,  
because seve re  l o s t  c i r c u l a t i o n  c r e a t e d  susp ic ion  t h a t  t h e  
f a u l t  ( o r i g i n a l l y  t a r g e t e d  t o  be i n t e r s e c t e d  a t  3,000 f t )  
had a l r eady  been encountered. 

8.4.2 F i n a l  Vela Bead Confiuurat  i o n  

Upon c o m p l e t i o n  of t h e  wel l ,  t h e  b low-ou t -p reven to r  was 
removed. The casing head w a s  on t h e  w e l l ,  and a f l a t  s tee l  
p l a t e  was covering t h e  t o p  of t h e  well, bo l ted  i n t o  place. 
See F igure  1 2 ,  F i n a l  Well Head Configuration. 

i 
8.4.3 prill && 

The d r i l l  r i g  was a Cabot Model 750 w i t h  Cabot 2042 draw- 
works r a t e d  a t  300,000 l b s  capaci ty .  The u n i t  was equipped 
w i t h  two  375 HP e n g i n e s .  The  r o t a r y  t a b l e  had a n  open ing  
27.5 i n c h  i n  d i a m e t e r .  The d r i l l  p i p e  w a s  4.5 i n c h  
d i a m e t e r ,  16.6 l b  p e r  f t .  The  s u b s t r u c t u r e  p l a c e d  t h e  
Kel ly  bushing 1 4  f t  above ground l eve l .  Reference Appendix 
C, D r i l l  Rig  875 Equipment f o r  a summary of t h e  d r i l l i n g  
equipment. 

The u n i t  came e q u i p p e d  w i t h  two  mud pumps, b o t h  Gardner -  
Denver, one 700 HP t h e  o the r  500 HP, models GXP16V71T. 

For t h e  d r i l l i n g  of  t h e  s u r f a c e  and p r o d u c t i o n  c a s i n g  

47 



3 

-10 inch Bag Hydril. 
- -  
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0 inch W e l l  Head 

Ground 2 inch Casing Head 
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- 20 inch Casing 

-L---------- 9-5/8 Casing 
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FIGURE 11, W e l l  Head Dr i l l ing  Configuration 
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1 3 / 8 "  stud bolts 

.f- 

10 inch 3000 
Ib wellkhead 
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c 

F'IGUFE 12, Final  FJell H e a d  Configuration 
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h o l e s ,  b o t h  8 i n c h  and 6-1/4 i n c h  d i a m e t e r  c o l l a r s  were 
used. Only t h e  6-1/4  i n c h  c o l l a r s  were used  f o r  t h e  open 
hole  below 2,300 f t .  

8 . 4 . 4  p r i l l  i n q  EUMs 
A s t a n d a r d  b e n t o n i t e  mud base was u s e d  f o r  t h e  sur face  
hole  (17-1/2 i n c h  diameter  t o  1,006 f t  depth KB). Henceforth, 
t h e  d r i l l i n g  was carried o u t  w i th  pure water, except  f o r  an 
o c c a s i o n a l  "mud sweep:  r u n  a t  t i m e s  when i t  was 
p a r t i c u l a r l y  d i f f i c u l t  t o  b r i n g  t h e  c u t t i n g s  t o  t h e  s u r -  
face,  and j u s t  b e f o r e  i n s t a l l i n g  t h e  p r o d u c t i o n  c a s i n g .  
These sweeps a l s o  conta ined  some l o s t  c i r c u l a t i o n  material. 

T o t a l  "mud" used was as follows: 

Bentonite-base g e l  
L ime  
Sodium Hydroxide 
Mica 
Fibre  

8 . 4 . 5  Drill B i t s  

The d r i l l i n g  b i t  record  is  as fol lows:  

17-1/2 i nch  Reed S62J 80 t o  1006 f t -  

12-1/4 i nch  Hughes J33 700 f t  of cement 
1006 t o  1616 f t  

579 sacks 
39 sacks 

4 sacks 
29 sacks 
14  sacks 

12-1/4 inch  Hughes 533  1616 t o  2486 f t  

08-3/4 inch  S e c u r i t y  2486 t o  3209 f t  

08-3/4 inch  S e c u r i t y  3209 t o  3793 

08-3/4 inch  S e c u r i t y  3793 t o  3948 

A l l  depths  are wi th  r e s p e c t  t o  ground level.  

H7SGJ 

M89F 

H89F 

. .  . .  

174 t o t a l  hours,  
d r i l l i n g  a b o u t  
50% of t h e  time 

45 hours 

44 hours 

25 hours I 

28 hours 

1 2  hours 

The S e c u r i t y  M89F b i t s  were t u n g s t e n  carb ide  b i t s .  All o t h e r s  
were m i l l  t o o t h  b i t s ,  



8.5.1 Conductor p ipe  

A 24" diameter h o l e  was c u t  to a d e p t h  of 53 f t ,  u s i n g  a 
cab le  t o o l  r i g ,  d r i v i n g  and  d r i l l i n g  t h e  c a s i n g  s i m u l -  
taneously.  This  placed t h e  bottom of t h e  pipe below water  
l e v e l .  Note: A l l  d e p t h s  r e f e r e n c e d  i n  t h i s  s e c t i o n  a r e  
from ground l e v e l  un le s s  o therwise  s ta ted.  

A 22 inch  diameter hole  was d r i l l e d  w i t h  a cable t o o l  r i g  
f rom t h e  53 f t  d e p t h  t o  125 f t  d e p t h ,  and 20 i n c h  diameter 
c a s i n g  p l a c e d  i n  t h e  h o l e ,  b u t  o n l y  t o  1 1 0  f t  ( a s  f a r  a s  
i t  would go). T h i s  ca s ing  was cemented i n  place. 

, 8.5.2 Surface Casing 
I 
I A 17-1/2 inch  d iameter  ho le  was d r i l l e d  t o  a depth of 989 

f t ,  
s t a b i l i z e r s  ( w h i c h  were l o c a t e d  30 and 90 f t  above t h e  
b i t ) .  A t  a b o u t  t h e  200 f t  l e v e l ,  s i g n i f i c a n t  amounts  of 
g r a v e l  were encoun te red .  A s  t h i s  g r a v e l  was removed t o  

. t h e  surface, it tended t o  jam between t h e  reamers and t h e  
b a s a l t  which had. been d r i l l e d  through nearer  t h e  s u r f  ace. 
When t h e  245 f t  l e v e l  had been d r i l l e d ,  t h e  r e a m e r s  were 
removed. A t  t h a t  d e p t h ,  a 10 c u b i c  y a r d  cement  p l u g  was 

I i n s t a l l e d  i n  an a t t e m p t  t o  s t a b i l i z e  t h e  gravel.  A t o t a l  
of $5,500 of mud w a s - u s e d  i n  a t t e m p t s  t o  s t a b i l i z e  t h e  
g r a v e l s ,  and most of t h i s  was l o s t  i n t o  t h e  basal t  forma- 
t ions.  D r i l l i n g  of t h e  17-1/2 i n c h  hole  te rmina ted  a t  the  
989 f t  l e v e l .  

The 13-3/8 i n c h ,  K55, 68 pound p e r  f t  c a s i n g  was 
i n s t a l l e d .  I n s t a l l a t i o n  c o u l d  n o t  go p a s t  t h e  735 f t  
l e v e l ,  d e s p i t e  e f f o r t s  t o  f l u s h  (wash) t h e  cas ing  i n t o  t h e  
ho le .  Cementing was done w i t h  a 700 c u b i c  f t  of 50/50 Pos 
Mix, f o l l o w e d  by 1 0 5 9  c u b i c  f t  of Class G cemen t .  T h i s  
.was 176% excess (276% of t h e  required amount), t o  alllow 
f o r  t h e  p o s s i b i l i t y  of t h e  cement  g o i n g . a l 1  t h e  way t o  t h e  
bottom of t h e  989 f t  hole. During t h e  cementing procedure, 

~ 

t h e  rubber p l u g  be tween t h e  cemen t  and t h e  d i s p l a c i n g  , 
I wa te r  became s t u c k  i n  t h e  cement head, and t h e  cement set  

u p  i n  t h e  p ipe .  F o r t u n a t e l y ,  t h e  cemen t  " t u r n e d  a round"  1 
j u s t  below t h e  c a s i n g ,  and  came back up t h e  a n n u l u s ,  I 

reaching t h e  225 f t  l e v e l  i n  t h e  annulus. T h i s  t o p  225 f t  
I p o r t i o n  was cemented  from t h e  ground t h r o u g h  a 1 - i n c h  

pipe,  using 11 cubic yards. The cement w i t h i n  t h e  735 f t  
of s u r f a c e  cas ing  had t o  be d r i l l e d  out. 

I u s i n g - a  m i l l - t o o t h  b i t  f o l l o w e d  by a reamer  and two 

I 

1 

, 

I I I 
I 

I 

8.5.3 Product ion Casing 
i 

Below t h e  s u r f a c e  c a s i n g ,  a 12 -1 /4  i n c h  b i t  was used  for i 

i t h e  product ion cas ing  hole. Three s t a b i l i z e r s  were used, 
30 f t  a p a r t  on t h e  d r i l l  s t r i n g .  The  d r i l l i n g  f l u i d  was I 

; h i  1 w a t e r ,  e x c e p t  f o r  a n  o c c a s i o n a l  mud sweep of 7 bags  of 



b e n t o n i t e  t o  one bag of lime. These sweeps were needed t o  
b r i n g  t h e  c u t t i n g s  t o  t h e  s u r f a c e  when t h e  h o l e  became 
heav i ly  laden  w i t h  so l ids .  

The p r o d u c t i o n  c a s i n g  h o l e  was d r i l l e d  t o  2 ,486  f t .  
Then 9-5/8 inch,  K-55, 36 l b s  per f t  ca s ing  was i n s t a l l e d  
t o  t h e  2 ,289  f t , l e v e l ,  t h e  d e e p e s t  t h e  c a s i n g  c o u l d  be  
pushed o r  washed. Cementing was w i t h  1,338 c u b i c  f t  of 
Class G cement, w i th  2% calcium c h l o r i d e  a c c e l e r a t o r  and 
6% c e l l o p h a n e  f l a k e s .  T h i s  amount gave  1 0 0 %  excess 
cement. Nevertheless ,  t h e  cement l e v e l  d i d  not  g e t  above 
t h e  350 f t  l e v e l  i n  t h e  a n n u l u s  be tween  t h e  13-3/8 i n c h  
and 9-5/8 inch casing. 

Blow-Out Preventor  I n s t a l l a t i o n  

A 10-inch, 3000 l b ,  blow-out preventor  u n i t  c o n s i s t i n g  of 
a d o u b l e  g a t e  ( b l i n d  and p i p e  rams)  and  a bag h y d r i l ,  o a s  
i n s t a l l e d .  An e n g i n e e r  f rom t h e  Idaho  Depar tment  of 
Water R e s o u r c e s  was c a l l e d  tp  w i t n e s s  t h e  t e s t  on t h e  
adequacy of t h e  blow-out preventor.  

Below t h e  Production Casing 

A 8-3/4 i n c h  b i t  was u s e d  t o  d r i l l  below t h e  p r o d u c t i o n  
c a s i n g .  No s t a b i l i z e r s  were used.  A shock s u b  was 
i n s t a l l e d  b e t w e e n  t h e  b i t  a n d  1 3 ,  6--1/4 i n c h  d r . i l l  
c o l l a r s .  D r i l l i n g  was s p o r a d i c  when f a u l t  zones  were 
encountered. Occasional r ap id  d r i l l i n g  may have i n d i c a t e d  
t h e  presence of a l a v a  ash s t r a t a ,  though no such evidence 
was e v e r  found i n  t h e  d r i l l  c u t t i n g s .  The  d r i l l i n g  i n  
t h i s  p a r t  of  t h e  h o l e  was w i t h  water ,  e x c e p t  .for an 
o c c a s i o n a l  mud sweep t o  h e l p  remove c u t t i n g s  f rom t h e  
hole. 

A t  a depth of approximately 3,150 f t ,  t h e r e  was consider-  
ab l e  lost c i r c u l a t i o n ,  with no returns, and m a s s i v e  
amounts  of w a t e r  b e i n g  needed f o r  makeup. T h i s  i s  be- 
l i e v e d  t o  i n d i c a t e  t h e  m a s s i v e  Snake R i v e r  P l a i n  f a u l t .  
Though some r e t u r n s  were obta ined  below t h i s  l e v e l ,  makeup 
water had  t o  be added  t h r o u g h o u t  t h e  r ema inde r  of t h e  
d r i l l i n g .  Two l a r g e  " t r a s h "  pumps were used t o  s u p p l y  
water from t h e  nearby canal. 

Beyond t h e  3,700 f t  l e v e l ,  c u t t i n g s  were no t  being effec- 
t i v e l y  removed. A p p a r e n t l y  t h e y  were b e i n g  l i f t e d  p a r t  
way, t h e n  f o l l o w e d  t h e  l o s t  c i r c u l a t i o n  f l o w  i n t o  t h e  
f o r m a t i o n .  When c i r c u l a t i o n  i n  t h e  d r i l l i n g  s t r i n g  was 
s t o p p e d ,  t h e s e  c u t t i n g s  would come o u t  of  t h e  f o r m a t i o n  
cracks and c r e v i c e s ,  and f a l l  back i n  t h e  h o l e  o n t o  t h e  
t o p  of t h e  b i t .  A t  t h e  3 , 9 4 8  f t  d e p t h ,  t h e  d r i l l  p i p e  
became t i g h t l y  s t u c k .  Af te r  f i n a l l y  f r e e i n g  t h e  pipe,  t h e  
d e c i s i o n  was made t o  d i scon t inue  d r i l l i n g ,  and logging and 
f l o w  t e s t  t h e  well. Based on t h o s e  r e s u l t s ,  a d e c i s i o n  
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I c o n c e r n i n g  t h e  c a s i n g  o f  t h e  h o l e  o r  t h i s  d i s c o n t i n u a n c e  
of t h e  d r i l l i n g  would be made. 

u 8.5.6 Liner 

Ten months a f t e r  t h e  CRC Colorado Well Rig 75 (Cabot Model 
750) was r e l e a s e d ,  a s m a l l  workover  r i g  was b r o u g h t  i n  
f rom CRC Co lo rado  Well t o  i n s t a l l  a 5-1/2 i n c h  d i a m e t e r  
l i n e r  (15.5 l b / f t  c a s i n g )  from t h e  bot tom of t h e  produc-  
t i o n  c a s i n g  ( 2 , 2 0 0  f t ,  b u t  t h e  l i n e r  hanger  was p l a c e d  a t  
2,208 f t  t o  a l low f o r  adequate ove r l ap  i n  case t h e  hanger 
s h o u l d  s l i p .  See F i g u r e  13 ,  L i n e r  Hanger Deta i l s .  The 
l i n e r  ( c a s i n g )  s h o e  was s e t  on t h e  f i l l ,  and r a i s e d  10  f t  
b e f o r e b e i n g  s e t  i n p l a c e .  A s m a l l q u a n t i t y o f  cement  was 
t h e n  pumped i n t o  t h e  bot tom of t h e  c a s i n g  and o u t  a round 
i t  t o  anchor  i t  i n  p l a c e  and s e a l  downward f low.  

The bo t tom of  t h e  l i n e r  i s  a t  3,540 f t .  J u s t  below t h e  
l i n e r  i s  a suspec ted  f r a c t u r e  reg ion  wi th  high product ion 
c a p a b i l i t y .  T h i s  area was t h e n  d r i l l e d  o u t  w i t h  a 4-7/8 
i n c h  b i t ,  removing t h e  f i l l  a l l  t h e  way t o  t h e  p r e v i o u s  
t o t a l  d e p t h  of  3,933 f t .  Approx ima te ly  1 0  a . d d i t i o n a 1  f t  
of hard r h y o l i t i c  rock were d r i l l e d  wi th  t h e  f r a g i l e  work- 
over d r i l l  s t r i n g .  T h i s  a d d i t i o n a l  d r i l l i n g  was qu ick ly  
t e rmina ted  because of slow d r i l l i n g  and danger of breaking 
o f f  t h e  d r i l l  s t r i n g .  Some r e t u r n  samples were obta ined  
t o  i d e n t i f y  t h e  rock a t  t h a t  depth .  (Dur img- the  o r i g i n a l  
d r i l l i n g ,  no r e t u r n s  were obta ined  a t  t h a t  depth.) T o t a l  
depth was e s t a b l i s h e d  a t  t h i s  time a t  3,942 f t .  

The l i n e r  hanger  d i d  n o t  s e a l ,  however,  f o r  s u b s e q u e n t  
logging wi th  a f low meter showed n e a r l y  t h e  same downward 
f l o w  i n  t h e  w e l l  as  b e f o r e  t h e  l i n e r  was i n s t a l l e d .  I t  
was known a t  t h e  time t h a t  t h e  hanger was s e t  t h a t  it had 
n o t  c l o s e d  and s e a l e d ,  f o r  a p p a r e n t l y  t h e  s h e a r  p i n s  
which  a l l o w e d  t h e  r u b b e r  p a c k e r  t o  be 'compressed and 
expand r a d i a l l y  t o  f i l l  t h e  hole ,  had not  sheared. 

I n  August  1981  and Oc tobe r  1981,  s i m i l a r  a t t e m p t s  were 
made t o  s e a l  a round  t h e  f a i l e d  packe r  w i t h  two sets of 
l e a d  p a c k e r s ,  i n s e r t e d  and s e t  u s i n g  a c a b l e  t o o l  r i g  
(Rocky Mountain D r i l l i n g  of  Rexburg).  On t h e  second 
a t t empt  t h e  l e a d  packers  d i d  t h e  job  intended, and s e a l e d  
a l l  measureable downflow i n  t h e  well. 

Figure 1 4 ,  Well Casing P r 6 f i l e  shows g r a p h i c a l l y  the  con- 
s t r u c t i o n  of t h e  w e l l .  

- NONE OF THE CASING HAS BEEN PERFORATED I N  THIS WELL. 
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F i g u r e  13 I 

DETAILS OF THE LINER HANGER 
AND PATCH TO REPAIR LEAKING PACKER 

L i n e r  P a t c h  

c 

2208 f t  - 

L i n e r  H a n g e r  

Parts that did  

packer was set. 
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All Levels Referenced to Ground Level 
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8.6 S t i m u l a t  i o n  jlethod 

The w e l l  n e v e r  r e c e i v e d  " s t i m u l a t i o n "  i n  t h e  n o r m a l  s e n s e .  
A i r  was used t o  pump t e s t  t h e  well ,  b u t  t h e  drawdown d i d  n o t  
exceed approx ima te ly  20 f t ,  even when "pumping" a t  a r a t e  of 
600 g a l l o n s  p e r  minute. 

bJ 

8.6.1 Method and Equipment 

The o r i g i n a l  a i r  l i f t ,  w i t h  t h e  d r i l l  r i g  s t i l l  over  t h e  
h o l e ,  was c o n d u c t e d  w i t h  a 900 c fm,  1 2 5  p s i  c o m p r e s s o r ,  
i n j e c t i n g  a i r  a t  t h e  1 5 5  f t  l e v e l  t h r o u g h  a 4.5 i n c h  
d i ame te r  d r i l l  pipe. 

S u b s e q u e n t  a i r  l i f t s ,  a f t e r  t h e  d r i l l  r i g  was o f f  of  t h e  
h o l e ,  u s e d  t h e  same a i r  c o m p r e s s o r  o r  a smal le r  3 0 0  cfm 
un i t .  The pumping was done from t h e  140 f t  l e v e l  through 
a 2 i n c h  p i p e .  

T o t a l  a i r  l i f t  pumping t ime was e x t e n s i v e  t o  be c e r t a i n  
t h a t  a l l  c o l d  d r i l l i n g  water was removed from t h e  well and 
a l l  downward f l o w i n g  water e n t e r i n g  from t h e  2,300 f t  zone 
j u s t  below t h e  c a s i n g ,  was p a r t i a l l y  removed f r o m  t h e  
w e l l  . 
Pumping p e r i o d s  were a s  fo l lows :  . 

J u l y 1  t h r o u g h  J u l y -  4,1980 - a p p r o x i m a . t e l y  -600 gpm 
w i t h  a 850 scfm compressor. 

c 

Apri l  12  through 16,1981 - approximate ly  600 gpm f o r  
a t o t a l  of 55 hours  of pumping. 

A f t e r  i n s t a l l i n g  i n s t a l l a t i o n  of  t h e  l i n e r  i n  Hay 1981. 

J u n e  10,11, 18,  1 9 ,  1982 - 3 1  h o u r s  t o t a 1 , a p p r o x i -  
m a t e l y 2 5 0  g a l l o n s  p e r  m i n u t e  w i t h  a 3 0 0  s c fm 
compressor. 

After f i n a l l y  s e a l i n g  off t h e  f a i l e d  packer:  

October 20 th rough  23, 1982 - a p p r o x i m a t e l y 1 4 0  g a l -  
-1onsper  minute  for  76 hours  w i t h  a 300 scfm com- 
p r e s s o r  . 
April 1 2  through A p r i l  16 ,  1982 - approximately 300 
gpm f o r  62 h r s  w i t h  a 300 scfm compressor. 

The w e l l  was logged a f t e r  most of these a i r  l i f t s  (pump- 
i n g )  and  i n  no case were t e m p e r a t u r e s  a b o v e  72OF f o u n d ,  
e v e n  a t  t h e  bo t tom of  t h e  w e l l .  Near t h e  s u r f a c e ,  t h e  
water temperatures  were a c o n s t a n t  53OF. S t a t i c  w a t e r  
l e v e l s  v a r i e d ,  t h r o u g h o u t  t h e  two y e a r  p e r i o d  t h a t  these  
w e r e m o n i t o r e d ,  f r o m 1 2  t o 1 8  f t b e l o w  g r o u n d l e v e l . T h e s e  u were c o n s i d e r e d  t o  be  n o r m a l  s e a s o n a l  v a r i a t i o n s .  See 
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Appendix F, A i r  L i f t  Tes t ing  f o r  a d d i t i o n a l  information. 

W The only time t h a t  a c t i v i t y  i n  t h e  well  a f f e c t e d  t h e  water  
l e v e l  was when t h e  f a i l e d  packer was f i n a l l y  s e a l e d  o f f  on 
Oc tobe r  1 4 ,  1981.  Then t h e  w a t e r  l e v e l  dropped  approx-  
ima te ly  1 f t .  

i The  r e s u l t s  i n d i c a t e  t h a t  t h e  f o r m a t i o n s  a r e  a p r o l i f i c  
I producer of coo l  water. Production r a t e s  from t h e  bottom 

I h igher  l e v e l s ,  such a s  t h e  extremely h igh  product ive  zone 
I n e a r  t h e  2,300 f t  l e v e l .  T h e  d i f f e r e n c e  i s  b e l i e v e d  t o  be 

l i n e r ,  r a t h e r  than being i n d i c a t i v e  of d i f f e r e n t  prodic- 
t i v i t y  p o t e n t i a l  between these zones. 

I of t h e  l i n e r ( b e 1 o w  3,540 f t )  were a b i t  l e s s  t h a n  from 

I l a r g e l y  t h e  r e s u l t  of  p r e s s u r e  d r o p  i n  t h e  5-1/2 i n c h  
~ 

8.7 Fell Lossinq Su mmarv 

A l l  geophysical  logging a t  t h e  Madison County wells, both 
t h e  s m a l l  d iameter  t e s t  wel l s  and t h e  d e e p  e x p l o r a t o r y  
w e l l ,  was done by Energy S e r v i c e s  a n d  t h e  US G e o l o g i c a l  
Su rvey  ( t h e  g r o u p  a t  t h e  I d a h o  N a t i o n a l  E n g i n e e r i n g  
Laboratory) . 
The USGS had c o n s i d e r a b l e  i n t e r e s t  i n  t h e  deep w e l l ,  
p a r t i c u l a r l y  b e c a u s e  of  t h e  downward f l o w -  bekween t h e  
2,300 and 3,600 f t  de-pths.  The  USGS t e a m . a t  t h e  I N E L  i s  
a s s i g n e d  t h e  r e s p o n s i b i l i t y  o f  i n v e s t i g a t i n g -  ( a n d  
m o n i t o r i n g )  t h e  a q u i f e r ,  p a r t i c u l a r l y  a round t h e  w a s t e  
d i s p o s a l  o p e r a t i o n s  a t  t h e  INEL. Data from t h e  deep w e l l  
near Rexburg gave informat ion  on t h e  v e r t i c a l  movement (or 
tendency f o r  movement) of t h e  water w i t h i n  t h e  aqu i f e r .  

I n t e r p r e t a t i o n  of  t h e  d r i l l  c u t t i n g s  was done by geo lo -  
g i s t s  a t  Energy Services.  and R i c k s  College. Samples were 
col lected  a t  l e a s t  every 30 f t  of d r i l l i n g .  

8.7.1 Logs Run 

Numerous tempera ture  l o g s  were r u n  on t h e  w e l l .  I n  addi- 
t i o n ,  a f l o w  meter log was r u n  once  below t h e  p r o d u c t i o n  
c a s i n g  (2,300 f t  on down) and s e v e r a l  times w i t h i n  t h e  
l i n e r  hanger near t h e  t o p  of t h e  product ion casing. 

I n  a d d i t i o n ,  d r i l l i n g  f l u i d  re turn samples were measured 
f o r  c o n d u c t i v i t y  and cer ta in  key d i s so lved  chemicals. The 
l a t t e r  gave no real  clues about p e r m e a b i l i t y  ( t h e  resu l t  
of water e n t r y  i n t o  t h e  well) because t h e  f l u i d s  i n  t h e  
w e l l  d i f f e r e d  l i t t l e  from t h e  run-off water t h a t  was used  
f o r  t h e  d r i l l i n g  f l u i d s .  

T a b l e  5 i s  a c o m p o s i t e  l i s t  of a l l  of  t h e  t e m p e r a t u r e  l o g s  
r u n  on t h e  w e l l .  These l o g s  a r e  d isp layed  i n  Appendix E. . LJ 
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b, ' TABLE 5 
WELL LOGGING SUMMARY 

Appendix E 
F i g u r e  No 

E01 
E02 
E03 
E04 
E05 
E06 
E07 
EO 8 
E09 
E10* 
Ell* 

E12* 

E13* 
E14* 
E15 

E16 * 

Type Depth Date Comments 
of Log f t .  ( m )  

Temp . 1210 (369)  
Temp . 1210 (369)  
Temp. 2165 (660)  
Temp. 656 (200) 
Temp . 3149 (960)  
Temp . 3332 (1016) 
Temp. 3412 (1040) 
Temp. 2844 (867)  
Temp . 2525 (770)  
Gamma ' 2 3 0 4  (702)  
S e l f  .Pot  ./ 2800 (853)  
R e s i s t i v i t y  

6-22-80 
6-22-80 
6-25-80 
6-26-80 
6-28-80 
6-30-80 
7-30-80 

7-04-80 
7-05-80 
7-13-80 
7-13-80 

Bridged 
Bridged 
Cement + 4 h r  
Cement + l l h r  
Br idged  
Bridged 
Bridged 

B r i d g e d  
Bridged 
Bridged 

. Bridged 

Temp . / 2400 (732)  7-13-80 Bridged ~ 

F l u i d  R e s i s t i v i t y  

Caliper 2846. (867)  7-13-80 ' -  Bridged 
Flowmeter 2800 (853)  7-13-80 Bridged 
Temp . 3950 (1204) 6-02-81 L ine r  set-  
Temp . 3660 (1116) 6-11-81 A f t e r  test  
Gamma 3900 (1189)  . 6-04-81 L ine r  se t  

- . .  

(Between J u l y  a n d  O c t o b e r , l 9 8 1 ,  a number o f  f l o w m e t e r  and  
temperature l o g s  were made i n  t h e  l i m i t e d  area between 2150 
f t  a n d  2300 f t ,  t o  d e t e r m i n e  i f  a t t e m p t s  t o  s ea l  t h e  f a i l e d  
packer had been success fu l . )  

E17 Temp . 3900 (1189)  4-06-82 
Temp. 3946 (1200)  9-03-82 

* These l o g s  were r u n  by t h e  U S  Geo log ica l  Survey logg ing  t r u c k  
from t h e  Idaho  National Eng inee r ing  Labora tory .  

All o t h e r  logs were run by Energy S e r v i c e s .  



8.7.2 Li thology Logs ~ 

D r i l l  c u t t i n g s  were o b t a i n e d  e v e r y  3 0  f t ,  bagged i n t o  
t h ree  s e t s  and l a b e l e d .  T h e s e  were d i s t r i b u t e d ,  by t h e  
e n g i n e e r  (Energy S e r v i c e s ) ,  t o  R i c k s  C o l l e g e ,  and t o  t h e  
U n i v e r s i t y  o f  U t a h  R e s e a r c h  I n s t i t u t e .  Independen t  
a n a l y s e s  o f  t h e s e  c u t t i n g s  were made by D r .  Glen Embree 
of  R i c k s  C o l l e g e  and by Roger S t o k e r  o f  Energy S e r v i c e s .  
A c o m p o s i t e  of t h e i r  i n t e r p r e t a t i o n s  i s  shown i n  F i g u r e  
15, Li thology Log. 

u 

I n  t h e  upper  p o r t i o n  of  t h e  h o l e ,  t h e r e  was much g r a v e l ,  
and c o n s i d e r a b l e  basa l t .  Below t h e  900 f t  l e v e l ,  t h e  
f o r m a t i o n s  were p r i m a r i l y  b a s a l t  w i t h  some l a v a  a s h  o r  
o the r  f i n e  and s o f t  material  appearing i n  t h i n  s t r a t a .  

8.7.3 P o r o s i t y  and Geophysical Logs 

The USGS logging t r u c k  took n a t u r a l  gamma, o v e r a l l  res is t -  
i v i t y ,  f l u i d  r e s i s t i v i t y ,  s e l f - p o t e n t i a l ,  and f low meter 
l o g s .  These a r e  d i s p l a y e d  i n  t h e  18 f i g u r e s  of  Appendix 
E. T h e r e  was an  o c c a s i o n a l  l o c a t i o n  were an  i n d i c a t e d  
change i n  l i t h o l o g y  d i d  no t  concur wi th  t h e  l o g  i n t e r p r e -  
t a t i o n s  from the  d r i l l  c u t t i n g s .  However, t h i s  s i t u a t i o n  
s h o u l d  n o t  be  unexpec ted ,  f o r  t h e r e  was mixing  of t h e  
d r i l l  c u t t i n g s  f rom v a r i o u s  l e v e l s  d u r i q g - m u c h  of t h e  
d r i l l i n g  operation. . 

8.7.4 Temperature 

The numerous tempera ture  l o g s  t h a t  were taken were l a r g e l y  
i n  t h e  hope of r ece iv ing  some clue t h a t  co ld  f l u i d s ,  used 
i n  d r i l l i n g  o r  f l o w i n g  down t h e  h o l e  f rom t h e  2,300 f t  
l e v e l ,  were even tua l ly  being removed and t h a t  geothermal ly  
h e a t e d  water of s i g n i f i c a n t  ' t e m p e r a t u r e s  was on i t s  way 
i n t o  t h e  w e l l  bore .  T h e  a n t i c i p a t e d  s i g n a l s  n e v e r  came, 
however. The  t e m p e r a t u r e  l o g g i n g  t o o l s  of  b o t h  t h e  USGS 
a n d  E n e r g y  S e r v i c e s  h a d  a n  a b s o l u t e  a c c u r a c y  of  
approximately 1°F, b u t  r e l a t i v e  accuracy and s e n s i t i v - i t y  
of 0;02°F. F igu res  d i s p l a y i n g  these temperature  l o g s  are  
i n  Appendix E. 

\ 
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9.0 RESOURCE TESTING 

The t e s t i n g  of t h e  resource was done by a i r  l i f t i n g  t h e  
f l u i d s  from t h e  t o p  of t h e  w e l l .  These tests a r e  descr ibed  
i n  d e t a i l  i n  Sec t ion  8.6, S t i m u l a t i n g  Methods. 

u 

I t  i s  no t  p o s s i b l e  t o  a c c u r a t e l y  deduce a p r o d u c t i v i t y  index  
from t h i s  da t a ,  f o r  a i r  l i f t i n g  does n o t  pe rmi t  t h e  measure- 
ment of  t h e  s t a t i c  water l e v e l  as  one c a n  do i n  a pumping 
operat ion.  However, by qu ick ly  observing t h e  recovery ra te  
a f t e r  pumping ( u s i n g  a i r )  a t  t h e  r a t e  of 6 0 0  g a l l o n s  p e r  
m i n u t e ,  i t  was conc luded  t h a t  drawdown neve r  exceeded  20 
f t .  When t h e  l i ne r  was i n s t a l l e d ,  t h e  p r o d u c t i v i t y  appeared 
t o  d r o p  s l i g h t l y .  However, even  w i t h  t h e  l i n e r  r e q u i r i n g  
t h a t  f l u i d s  be  drawn from below t h e  3,540 f t  l e v e l ,  t h e  w e l l  
is s t i l l  a very  p r o l i f i c  producer of 70' F water. The spec i -  
f i c  p r o d u c t i v i t y  was i n  t h e  r a n g e  of 20 g a l l o n s  p e r  m i n u t e  
p e r  f o o t  o f  drawdown. These r e s u l t s  i m p l y  t h a t  a pump s e t  a t  
a 1 0 0  f t  d e p t h  ( 8 5  f t  below t h e  s t a t i c  w a t e r  l e v e l )  s h o u l d  
be able t o  produce 600 g a l  per  minu te .  

I f  t h e  l i n e r  i s  c u t  o u t  of  t h e  w e l l  and removed, o r  pe r -  
f o r a t e d  a round  t h e  2,300 f t  l e v e l ,  i t  i s  l i k e l y  t h a t  t h e  
w e l l  c o u l d  b e  pumped a t  o v e r  1 , 0 0 0  g a l l o n s  p e r  m i n u t e ,  
b a s i c a l l y  up t o  t h e  l i m i t  of t h e  l a r g e s t  s i z e  of pump t h a t  
could be placed i n s i d e  of t h e  8-7/8 i n c h  diameter  cas ing .  

S e c t i o n  8.6 d e s c r i b e s  t h e  d e t a i l s  o f  t h e  a i r  l i f t i n g  
t e s t i n g ,  and these w i l l  no t  be repeated here. 

Subsequent s e c t i o n s  s p e c i f i e d  f o r  t h e  Department of Energy's 
PON f i n a l  r e p o r t  d e a l  w i th  system design,  c o n s t r u c t i o n  and 
o p e r a t i o n .  S i n c s e  t h e  p r o j e c t  was t e r m i ; n a t a e d  a t  t h e  
c o m p l e t i o n  of  t h e  p r o d u c t i o n  w e l l ,  t h e s e  s e c t i o n s  have no 
a p p l i c a t i o n  t o  t h i s  r e p o r t  and w i l l  n o t  be included. 

- 
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APF%%DIX A 
REXBURG AREA WATER WELL PROFILES 

We1 1 
No. Owner 

1 Myr t l e  Egbert 
,2 Brad Ostermi l le r  
3 Meyers Brothers 
4 Mi les  A l l en  
5 Roland Schaat 
6 B i l l  H o l l i s t  

. 7 D. P. Hathaway 
8 
9 

10 
11 
12 
13 
14 
15 

Buck Hathaway 
City o f  Newdale 
City o f  Newdale 
Don Staker 
Mallace L i t t l e  
Sugar City 
C 1 a i  r Ro b i  ns on 
Val Schwendiman 

16 Cra ig Wood 
17 Don Staker 
18 John H. Smith 
19 John H. Smith 
20 Kim Summers 
21 Parkinson Brothers 
22 Ralph Huskinson 
23 Summers Brothers 
24 Hus k i  nson Brothers 
25 Huskinson Farms 
26 Staker & Wal t e r s  
27 Staker & Walters 
28 L a i r d  Robinson u 

Locat ion 

T7N R40E 23dd 
T7N R40E 23dd 
T7N R40E 23cd 
T7N R41E .27ac 
T7N R40E 33aa 
T7N R40E 36dc 
T7N R41E 32da 
T7N R41E 32dd 
T7N R41E 34dd 
T7N R P l E  34dd 
T7N R41E 35cd 
T7N R41E 35dd 
T6N R40E 4da 
T6N R41E 2bc 
T6N R41E 2ab 
T6N R41E lObb 
T6N R41E 16dd 
T6N R40E 21db 
T6N R40E 21da 
T6N R40E 22da 
T6N R40E 23bb 
T6N R40E 24ba 
T6N R40E 24ab 
T6N R41E 18db 
T6N R41E 19dc 
T6N R41E 22ac 
T6N R41E 22ac 
T6N R41E 23cb 

67' 

We1 1 
Depth 

160 
136 
153 
245 
187 
145 
220 
206 
274 
385 

400 
400 
195 
250 
300 
265 
283 
650 
204 
250 
249 

' 317 
350 
31 2 
222 

- (ft) 

S t a t i c  Reported Max. Down- 
Mater Tempera- ho le  Temp. 
L e i e l  t u r e  Spr in  77 
(ft) (OF) (OF! 

435 * 335 
775 402 
545 440 56 

90 54 
75 54 
70 

181 50 
129 53 
70 54 

136 54 
134 52 
233 97 
300 

285 87 
320 

23 54 
271 96 
300 78 
21 8 
21 0 51 
248 
120 
200 53 
155 52 
294 50 
310 
198 54 
165 53 

50 

90 
81 
70 

53 
75 

53 . 
47 
46 

52 



W 

We1 1 
No. 

29 
30 
31 
32 
33 

35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 

- 

34 

Appendix A 
(CONTINUED) 

Stat ic  Reported Max. Down- 
Tempera- hole Temp. 

DeDth Level ture Spring 77 
We1 1 Water 

0 Owner Locat ion ( k t )  , ( f t )  (OF) 

Wall ace Robi nson T6N R41E 14cc 751 
Wallace Robinson T6N R41E 14dd 915 
City o f  Rexburg f6N R40E 29ccb 305 
Bryon Harris T6N R40E 28bbb 320 
Dick Smith T6N R40E 28cc 450 
Frank Sommers T6N R40E 27cd 475 
Kelly Summers T6N R40E 27ad 342 
Sommers Brothers T6N R40E 26ab 400 
David Beesly T6N R41E 30bd 471 
Bowen and Thomasen T6N R40E 31da 360 
City o f  Rexburg T6N R40E 3ldad 388 
Owen Slaugh T6N R40E 32aa 338 
Somners T6N R40E 35bd 1300 
Myron Lewis T5N R40E 4bbb 442 
JiM H O W  T5N R40E 3db 430 
Jim Howe T5N R40E 3ca 430 
Jens en T5N R40E lbc 750 
Jensen T5N R40E Ibc 700 
Mark Ricks T5N R40E 7cc 125 
Mark Ricks T5N R40E 6dc 220 
Mark Ricks T5N R40E 5bc 320 
Brent Arnold T5N R40E 7dda 106 
Webs ter Brothers T5N R40E 9cc 460 
C l i n t  Hoopes T5N R40E 9bb 420 
Jensen Brothers T5N R40E lldd 562 

George Brown T5N R41E 8ac ~ 863 
T5N R41E 8ad 600 

City of Rexburg T6N R40E 20cc 160 
Cfty of Rexburg T6N R40E 30bd 172 
Cfty o f  Rexburg T6N R40E 29bb 155 
Ross Park1 nson, Jr .  T6N R41E 33cb 930 
Gary Ball T5N R40E 15aa 1180 

Jensen Brothers R40E 12db -1000 

Dick Smith T6N R40E 33cc 450 

68 

480 53 
57 1 
203 56 
285 53 
355 
31 4 
260 54 
300 53 
308 54 
3 28 
324 
299 50 
400 
3 96 54 
380 59 
3 60 59 
440 

86 
140 
260 
17 53 

401 53 
350 52 
350 53 

68 
500 ' -* 53 
366 54 

430 

60 
58 
56 
58 

58 

55 
53 
55 

61 
64 

70 

56 

, 
70 

63 



Appendix A - - 
(CONTINUED) 

We1 1 
No. . Owner Locat ion - 
63 Barn Ward 
64 Greg Wood 
65 Wallace Robinson 
66 Wallace Robinson 
67 Garner Simmons 
68 R. Pocock 
69 H. B. Wi ld ing 
70 Teton City 
71 Dry 
72 Graham 
73 B l a i r  Cook 
74 Darrel  N e v i l l e  
75 Del Raybould 
76 J i m  Howe 
77 Mer r i l ' l  Pincock 
78 David Beasley 
79 City o f  Rexburg 
80 Mark Ricks 
81 Evans 
82 
83 Teton City 
84 Rexburg Go l f  Course 
85 Bla ine Cook 

T7N R42E 32ca 
T6N R41E lOab 
T6N R41E 15ab 
T6N R41E 14db 
T7N R41E 26ac 
T6N R41E 7bc 
T7N R41E 33cc 
T7N R41E 31db 
T6N R41E 7dd 
TIN R40E 12cd 
T5N R40E 4ba 
T6N R40E: 29cd 
T5N R40E 4aa 
T5N R40E 2bb 
T6N R41E lbdc 
T6N R41E 31ab 
T6N R40E 31da 
T5N R40E 8bc 
T6N R40E 16aa 
T6N R41E 27da 
T7N R41E 31da 
T6N R39E 24cd 
T6N R40E '31da 

,~ 

69 

We1 1 Water 

820 
455 
550 
700 
283 
106 
200 
240 
300 
130 
500 
450 
500 
500 
400 
700 
640 
580 

% 50 
620 

% 

500 
280 
300 
580 
230 

114 

320 
300 
340 
380 
260 
630 
620 

500 

Reported Max. Down- 
Tempera- ho le  Temp. 

t u r e  Spr in  77 
(OF) ( O F 7  

97. 
80 
60 
51 
71 
48 
51 
66 
55 
50 
53 
57 
59 
61 
51 
48 
63 
69 
48 
53 



U 
WELL 
NO. - 

4 
9 

10 
11 
15 
16 
20 
22 
23 
25 
33 
34 
35 
36 
41 
43 
44 
45 
48 
49 
51 
53 
55 
61 
63 
64 
65 
66 
67 
68 
69 
70 
71 

Appendix A 
REXBURG AREA WELL TEMPEWTURE DATA ( % ) 

-4720 4560 - -4488 4200 4960 4880 4800 
57.2 

66.4 
56.6 

52.3 
46.0 

45.9 
49.6 
50.2 

45.9 
48.0 

45.0 

53.8 
63.9 
55.4 
53.3 
50.7 
61.5 
63.0 
59.1 
52.5 
69.4 

47.0 
49.6 
43.7 
50.2 
41.4 

.7 

59.0 
68.0 69.3 
58.9 62.2 

75.2 

45.8 48.2 
46.4 46.0 
51.4 51.9 
51.1 59.2 
52.6 57.6 

56.1 
52.2 53.8 
48.7 51.1 
49.5 54.9 
51.4 52.1 
46.1 53.8 
51.8 61 .l 
59.5 64.0 
66.0 70.3 
55.8 
5712 62.8 
62.1 62.7 
69.4 76.1 
62.9 79.3 
59.8 59.9 
52.3 52.2 
70.8 71 .O 

50.5 

56.3 56.5 
50.0 

50.2 52.1 
53.2 55.2 
47.5 55.0 
51.2 54.9 
45.1 48.9 
46.4 - 46.8 
49-4 60.1 

68.9 
48.0 

51 .O 52.7 

90.0 
60.4 80.6 
69.6 
62.7 

46.8. 

59.6 

58.1 
51.9 52.5 52.5 58.0 
55.0 
52.7 
54.4 

64.2 

63.7 68.9 69.5 

82.6. 85.4 94.5 96.8 
79.7 
60.1 
51.4 
71.1 
66.0 

48.0 
56.6 

52.7 
56.2 56.5 
58.6 
58.3 60.8 
50.0 50.9 
46.8 46.9 
60.8 62.8 

47.5 

b, NOTE: Temperature below we1 1 depth approximated by assuming geothermal gradient  
o f  1.5OF/100 ft. added t o  bottom hole temperature. 
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I ' ' STATE OF IDAHO 9') ** 
&!?A@' DEPARTMENT OF WATER RESOURCES 

To Appropriate the Public Wafers of the Stat. of Id4 
(TYPE OR PRINT IN INK) .. 

-. 
b. If water is not cwumad. it wilt b discharged into-.!!@.. _. at a point in-!!!?-, % 

of>€ % of Section 20 1 o w n i h i p . a .   range^-, 6M. 
4. Wuer will bo used for tha fallowing purporer: 

Amount 2 f o r k - p o s e  from-gm. 1 --to a., - (both d a t a  inclusive) 

Amovnt for purpose from to (both dates indu!ive) 

Amount for purpose f rwJan. - , to  Dee- 31 (both da ta  inclurivc) 

w..rQ.JI.t.rrmun) 

. c ** W I r a d e U w ~  

l d * r ~ ~ w m u l  
5. Total quantity to be appropriated: 

J. .-,cubic frat p r  second ~ n d h  

h. are feet per annum. 

J. Oescription of ditch;*. Jlutks, pumps, headgales. r t c . ~ S k i . l -  pU!ULUld &Wtor a deaua re.. 
; 6. P r o p o s e d d w c ~ i n g d s :  . 

2 CFS or Less and P w e s  & I J ~ - ~  return) 
- --- 

- 
h Hetght of storage dam, feet, active reservoir eaprcrly . . acre feet; total reservoir 

capacity awe feet, materials used in rtoraga dam. --- 
. krmd of year dwmg which storage wil l  occur IO . . - ,-, mclusive. 

. e. Propored well dirmerer i s . ~ , i n c h e s ;  proposed'deprh of well is2.996..feci. 

7 J. 1- required for the completion d,.: the works and appkation of the water to the proposed benefutal UK 

lm. om u*. o n 1  

(L Deurwtion of &posed usel: 

e. It water is not for irrigationi &e im 8 b. . 
11) Giva ttm place of we of wHerr,-% of % of Scaion Tcwnship- - 

. .  . _  .L .  . Pangei, . . . o h .  . 
' (71 A m n t  of power to be geocrricd! - hp d e r  . __  ._let of head. 

Q1 ltst number of each kind of livcrtccl M be watered _ _ _ _  . _A_. - - -  

73 
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. Copier of protests ~orwudd by 

Herring held by.-, Oak--. .- 
Recommended for approval denial by&??- ,  

- .  

. c .* ACTlON OFTHEOlRECTOR, OEPARTMENTOF WAfER RESOURCES 

This is IO certify t b t  I hive umined'ApplicJtion for Pcmit to appropriate the public wafers of the %tU Of 

l d j b  22-7283 , and mid application is hereby A P p R m  . 
1. Approval of said rppliiation i s  subject lo the followiq limitations &d conditions: 

c UIWECT TO A l l  PRIOR WATCR RIGHTS.' . 
b: Proof of coorrr~aien of works rnd application of water ~o-beneficir~ use shall be rubmiNed on-&-.- :-=- 

. 

f 
b, 

0 . .  76 ' 

( 7 . 4 4 )  
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CONDfTfONS OF APPROVAL 

0 .  Permit  Nd. 22-7203 : 
Attachment A . .  

C-1 A well 'construct ion,  prospec tus ' sha l l  be submit ted to t h e  Department bctote 
d r i l l i n g  is s t a r t e d .  The prospectus  must describe s p e c i f i c a l l Y  t h e  pro- 
posed c a r i n g  program and well construction i i ic luding cas ing  s ize ,  th ickness .  
l e n g t h  o f  conductor ,  s u r f a c e ,  and product ion pipes;  proposed grout ing  
procedures, safety devices.. valvlng. ,and o t h e r  m a s u r e s  designed t o  con- 
serve and p r o t e c t  the groundwaters. . 

C 4 * - A l l  well l o g s ,  inc luding  l i t h o l o g i c ,  s h a l l  be submit ted t o  t h e  Department. 

C-3 A notice o f  I n t e n t  to d r i l l  s h a l l  be subniitted to  t h i s  Department a t  least 
five (5) working d l y r  pr ior  to t h e  start uf  d r i l l i n g .  

C-4 'Slow-out prevent ion  equipment s h a l l  be i n s t a l l e d  i n  conpl iance wi th  Rules 
and Regulat ions and Minimum: Well Construct ion Standards f o r  Geothernal 
Resources. The equipment s h a l l  be p r e s s u r e  t e s t e d  when i n s t a l l e d  and the 
- Department - .  s h a l l  be n o t i f i e d  f i y e . ( 5 )  days p r i o r  to t h e  test. 

I f  the well- I s  t o  be abandoned, a notice of intent to  abandon s h a l l  be 
submit ted to t h i s  Department a t  least f i v e  ( 5 )  days p r i o r  to beginning 
abandonment procedures. 

A J10,OOO bond indemnif).ing the  S t a t e  o f  Idaho. condi t ioned  upon the per- 
foitaaiice o f  the d u t j c s  requj red  by t h l s  p e n u i t  and t h e  proper  abandonitleiit 
o f  tJtc well, s h a l l  be submit ted to t h i s  OeparUirnt prior to d r i l l i n g .  

- 

. 

C-5 

C-6 

. 
C-7 Prior to the p w d u c t l c n  of any waters, t h l t  Oepartment s h a l l  be n o t i f i e d  

and be given complete Inforifation as to t h e  method of d isposa l  o f  these 
waters. Written approval o# t h e  d isposa l  nettiods must be i ssued  by this.--,' 
Departwent p r ior  to this prbduction. Any d i s p a s a l  o f  t h e s e  waters b -- 
standards and to a p p l i c a b l e  filiny r e q u i t P n r n t s t  
weans (if injection wlls is s u b j e c t  to t h c  ilcwLIiernw1 iti.ioctioii wt! 2- 

1 .  

--- - - - -  - - - .  -.- --- --  --. - -  ... -. - -. 

; 

i 
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Geothermal Application No. e- ‘ ‘* I’ .- Form4OU3.1 - W8 , A p p e a d i x E  

STATE OF IDAHO 1;; I : I ’ I i  

DEPARTMENT OF WATER RESOURCES 
ynq ’ 5  1 “1: .! 

APPLICATION FOR PERMIT 
TO DRILL FOR GEOTHERMAL RESOURCES 

If partnership, jointrcnntn. asrociation, or unincorponted group, attach names and p l a m  of domicile of 
partners or penans If corporation, attach Ilst of corponte offices and their place of domicile. and the 
names and place of domicile of my person owning thirty pertent (30%) or greater interest in the cove  
ration. Also give: 

c Plu# of incorporation and date NA --. -. --.- - -. . 

* ---- _-_ . 
-- --. .- . b. Principal place of business , MADISON COUNTY 

-- ..-. ----.----- _.-. --. - . .- - . 

d. I t  applicant making application as an agent far another perron, corporation or entity? I f  so, state 
name, address. and interest of your principal. 

---- - .- . .- . 
- 

. .  -.---- . .  

--.--- - . 

2. Location of proposed well 

e. OcsigMdon of agent residing in the State of Idaho 

Nw #W-2 %,Section 31 ,Township bw , R a n g e  A ~ I F  ,B.M. 

Well number or wen name Madison Geothermal t l  

3. , Typeofwell: pt Exploration 00 Production 0 Injection 

4. Welt construction: 

Oescribc specifically or attach informat;‘on pertinent to the proposed casing program. and &I1 construc- 
tion including asin4 site, thickness, length of conductor, surface a d  production pipes: proposed grouting 
proceduw, safety devices, VabJhQ, and other measures desianed to conserve and protect the geothermal - - 

E&--- 20 b c h  conductor Dipe to av~ro-  ad Omund waterof tha ?- 



U 
5. If the prop& well is for explorutian or production, oxploin the means by which you expect to contain 

and control the resource. (Use additional sheets if neCesWrV.1 __ -.  __ __._ _.__ ._ __ - __- 
W e l l  is adjacent  to t e s t  hole to 1,200 fee t ,  dri l led in October, 1979. 

e..- ----- --- .-. . . . _-_- - --.--- .- - -....--.- 
Bottom hole temperature is about  70°F, with encouraging gradient. .-.-.- 
Propose- to d r i U  open hole until dr i l l ing  returns are in excess of 

1OO.F or raehsured temperature in hole exceeds 120'F, at which time 

a .standard (IfOlb) gate valve w i l l  be FnstaUed. 

.-- . ..- . .---. ----- 
- . " _  . - ~ - .  --- .---...---- - 

--e- -.- -.-- 
f f  re=~. excee& l20.*I o r  measured temperature exceed 160°F, a - -e-- -- 
"stTippeP (hydxil bag packer o r  other device of equivalent function) _--. -..-- - - ----- 
w&++,-&-&stalled. X f  Qoilfncr water temperature a re  encountered L 

f U .  hY&&UG!a!UUCWi%Aed BOP (blind r-ea - 

- 
3 

6. What i s  the character and composition of the material you expect to derive from the well? Include 
ammeters such as phase. estimated temperatures, etc. 

i%t _. water .. ..-- only - -*- is sought. . Fluid  w i l l  'be used in liqgi_d_phase, even 

Part ia l ly-  explored. -.  Results at+chgd wi+h-og&er_ data and reference 
mitexihl. 

7. 15 this .~l~,licatbn a part of (I program for exploration or development of an alrGdy explored QeOthermd 

material: - 
13. VJ1t,,t ir.tlie estimated cost of the colut~ction of the well and related uses? Provide a validated financial 

stamrcnt davn'ny the applicant has ruffiient financial resources to complete the project See # 12 

If ihe proposed development will involve the use of water for purpm other than geothennal uas. has the 
applicant applied for a permit to appropriate water as protaibed in Chapter 2, fide 42, Idaho Code? - 9. 

Yes ,  P e r m i t  # 22-7283, granted in July,1978. A change in location of 
d;iversiohpofatis.beingrequesf~-firaftacfmrmi. 

AppliCan$ En'gineer s Experience (Energy Services , fnc. , subsidiary 
of Fortgren-Perkins Engineering, principals,  D r .  'Jay Kunze, P.E., 

wells. ?.Boise Front wells ("Beard and Blot w e l l s " )  . 3. Utah Roses 

geothermal w e l l .  5.  Newcastle, Ifi 500 foot,  20O.F Water. 

- 
10. List it1 detail the applicant's previous experience in geothermal resource development 

*- ----"-.- .- I 

RQa!!rt!.2lGet.P,G..andRav_.W,). 1. Raft - 
9 , 0S)L fnaf Y?GU et-EanhY,JZU,-BLtdbfdal e fc??b.SfeLe*son) 200.F 

1 1. Wlrat does the q.pticmr intend to do with waste products, brine or water from the well? 

. &@$gct_ i f , . n - ~ - o ~ _ r d ~ ~ t e _ ~ 1 i t y  to dispose of on surface. - 
I 

12. Idaho law requires that a band be filed with the Department indemnifying the State of Idaho, conditional 
u r n  the perfmiance of tbc dude3 required by the Ida110 Geothermal Resources Act and the proper 
abandonment of ariv well covered by permit of not less than S10,oOO per well, the actual amount set as (I 
condition cf the permit ldentifv the comwnv that will underwrite your bond and provide confirmation 

. ~ 

! 
that they will i w e  such bond upon payment of the neceffary fees. 

. 

V * I- ~ n a g ~ ~ g  -0:. .%e- Madison .__.- - --. . .- County -- -- Government will -- be the f i s c a l l y  
I 

responsible party, working under U.S. DOE contract # FC07-79 ET 27028. 
Estimate $300,000 to  3 , 0 0 0 ' ,  $430,000 t o  5,000*.  

- 
Signature for application - 

79 
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That he (she) is the applicant in the above matter: that he (she) has read the foregoing application and 

Subscribed rnd Sworn to before me this' _.l?l3hday of __  . ._ ._March .__. . 

knows the contents thereof, and the facts therein contain+ are tme as I vcdy believe. 

- . , 19 8 0  . 

- Notary J&J&& Public for Idaho 

Residence: R!%?529?- -fD _. ___. - _  - 
10-8-82 Cammission expires: - . _ _ _ _ _  . - _. - 

F ---.-- % _ _  - . . -. -I-7 .r 
. --A=--?-- - m-lt: .. ?-. . , . . . - -  

ACTION OF THE DIRECTOR, DEPARTMENT OF WATER RESOURCES 
\ 

This aplia,tion has becn reviewed in accordance with fide 42, Chapt5r 40, Idaho C d e  and is Iinmhy 

APPROVED 

SUBJECT TO CONDITIONS ON ACCOMPANYING LETTER. 

, subject ta the  following limitations and conditions. 

I 

I 

l 

i '  . . . .  1 
,I ,DO ,; ' L  

Data 

Cur alonf this line cut a/on&ty&liffff 
aa-1.s Cuta/o%3e%mrm 1 7 1  -1 A. I, - I .I I m I 1  I t I r I - 1 - 1  0 1 . 1  I I I I I m I 

- 
'NO T E E  0 F TENT TO DRJLL 

/ 

fhlr portion of the permit must be returned to the Department of Water Rtsourtes a t  l e a n  fiw (5) 
working.dayr prior to the commenammt of drilliw operations 

Name of applicant M , d v i &  * f . t I t 2 - f -  FMTi)cC.*Y CAundam 

Location of w e 1 l : ' U  'k u ' k .  Section .? f , lownrhip ,u~, Range .yo€ , B.M. 

. .. 

Waitmtmtw fidmi -mu/= I , 

Oatedrilling will begin LAC 7 _.__. , mee. 

L L@ 2-/qat7 

I 
I 

bate 

I 
1 

I B  
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A p P e n a h  B 
STATE OF IDAHO 

DEPARTMENT OF WATER R E S O U R C E S  

Gcoihcrmol Applicxtion No. 22-7283 

APPL1CATION FOR PERMIT 
TO ALTER A GEOTHERMAL WELL 

..- ___  * 1981.. _RexbursL - - -. . , I ~ I ; J ~ ~  February. 23 
~ 1 ~ $ 1 1 l 1 )  may1 (Year) 

95 Y. cto Iicrcliy give notice of intent io deepen or other- 

.lowid in NY __. % m- %, Section 31 , 

Township 6N ,Range LO-'. - . B.M.,  Madison - ___ County. 

1. Present csndition of the well: 

a. Totat depth 3993-. . . . , 

b. Complete casing record, including plugs. liners, ctc. 1 3  3/8" Surface Casing to 735'  
* 

9' 5/8' ProductaC_as&g, . fo  2,289' (G.L.) Conductor Pipe to 20" - ._ - . - .- 
-...-- . .. . -- diameter i n s t a l l e d  ----- -.. to .- 1 1 5 ' .  

. . z  

( 1 0 0  f t  overlap1,aCd spot a cement plug a t  bottom(3,600' ) .  O r i l l - o u t  . . -  ..... ....._.. -.a_.- - 
50 to 100' further. 

8 1  
,19 -. 1 

(Month) IOoyI- IYeatl 
Address Coyako>se, Rexburq, I D  83440 Operator -!!?dison COLntl!. Energy Conpn. 

N? :-;-.765 
IIAPISON- COUNTY WARRANT 

X E X B U I 6 .  I O A H O  :: : . .  ,.a:':l *-. : 'L!': * ' - .. '- ! ) !'t, \ . J  ; ; {a%> -I.,. 
g 100.00 . . . : * .  .. . 

PAY 

m mi r 7 Date 2/27/81 smEs J L  
OLOU 

COUEm AUOKi' 

Department o f  Water Resources 
150 Shoup Avenue 
Idaho falls, Idaho 83401 I I 



Appendix E 
Idaho F i r s t  Notional Rank .To: 

(Bank o r  Savings and Izn Association) 

Address:, 77 E n s t  bin. R~ xbure. 1d;iho 

FOR VAWE RECEIVED, I Jayne R. Crccn, Uadison CountyTre86fi~bby 
udgn, ret w c r  and plcdge t o  tho  Dircctdr# Idaho Dcpartment of Water 
Resources as a cash bond, o r  cash J c p o s i t  thc sum of SlO,OOO,OO in J Savings 

xx &&iZi&&* 3 E t Z f  w t u r i w  Hsdison date iovemoer County AI Arm 
being 

pledge is given in lieu of Surety OonJ i n  securing a l icense t o  d r i l l  P 
c1 

g-tirc-1 
ment and pledge- shall remain i n  f u l l  force and effect u n t i l  t h e  same h u  been 
released by the Director. Idaho Oepartmcnt of Water Resources. 

(*) under  Section 42-238 of  the Idaho Code, and said assign- . 

Ihe titerest paid on the 10 000 (U hctcby a s s i p c d  and plcdgcd sha l l  be 
paid t o  account holder 
thts ' u t i g m e n t  and pleage being only f o r  the pr inc ipa l  amount. 

&ison 'County 

Dated a t  axburg, Idaho, this day of Ocfober 
1 8 8 0  . .  L 

- .. 

, 

: State of Idaho 
County O f - *  Nadfron 

.penun.ally apptsrcd before mc die  s ignc r  of the above instrumcnt. who duly 
acknowledged to me that he executed the s a c .  

, 19 80 , onthis /& day of October,  . 

rfy c d s t i a n  cxpilrs: 

r L  , / w 4  a/d LTE E- - (T i t l e )  
1 2  ),,a&, St>b I ,..( A , + L  

has on deposi t  ~10,000.0o which has b c n  a s s i g n 2  to t h c  Di;ector, Idaho Deptrt- 
e n +  of Nater R C S O ~ K ~ S  which s h a l l  rcmain i n  forcc and effect u n t i l  relcased 
by the Director, Idaho Dcpartmcnt of Water Iksourccs. . t 

1 IS Stat; of Idaho 
. county of  

before me: 
Acknowledged on diis /L day OP , October # 19 80 , 

. .  
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Appendix C 

DRILL RIG C75 EQUIPMENT 
kB 

Cabot 750 Series with 112' - 300,0008 Pemco Derrick, Powered by 2-8V71T 
Detroi t  Engines (700HP). Mounted on s i x  axle  car r ie r .  Self-propelled. 

D R B t J W O ~ . . . . . . . . . . . . . . . . . . . . . . . . . .  Cabot 2042 

SUBSTRUCTURE ...................... 12' High (clear)  400,00a/  

ROTARY TABLE ...................... Oilwell 27%'' 

SWIVEL ............................ Brewster - 6-5 X 220 ton 

KELLY ............................. 40' X 4%" Square 

KELLYCOCK ......................... TIW 3,000# 

PUMP #l ........................... Gardner-Denver GP-G X P 16V71T (700HP) 
#2 ........................... Gardner-Denver GP-G X P 16V71 (500HP) 

MUD TANKS ......................... Stee l  (2) 500 Bbl t o t a l  s torage 

SHAKER ............................ Swaco Double 

DESANDER ........................... Swaco 8 Cone 
- 

MUD M I X I N G  SYSTEM 81 ............-.. 6 X 8 Mission Magnum Centrifugal with 
6V53 GMC 

4V71 GMC 
#2 .............. 5 X 6 Mission Magnum Centrifugal with 

BLOCKS ............................ Ideco 4 Sheave 160 ton 

GENERATORS #l 40 ICW with 471 GMC 
#2 ..................... 35 KW with 453 GMC 

- ..................... 
DRILL PIPE ........................ 4%" Ful l  Hole Grade "E" 16.60# 

- 
DRILL COLZARS ..................... 16 - 6 k X  2% 

WATER STORAGE ..................... 500 Bbl 

FUEL STORAGE ...................... 2,000 Gallons 

BOP'S ............................. 10" 3000 with pipe and CSO rams 

CLOSING UNIT ...................... ValvCon 40 Gallon 

TONGS ............................. B J  Type "B'I 

R I G  875 CONTINUED ON NEXT PAGE 
k, 
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R I G  #75 CONTINUED: Appendix C 

5 VALVE CHOKE MANUFOLD WITH POSITIVE AND ADJUSTABLE CHOKE 

BOILER OR HOT AIR HEATER Ip NEEDED 

ALLIED EQUIPMENT: Catwalk, pipe racks, dog house , change house, t ra i l er  house, 
wind breaks, recorder, d r i f t  indicator, ree l  and measuring l ine ,  safety valve, 
and handling tools for d r i l l  pipe and d r i l l  co l lars .  

&., 
k 
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APPENDIX D 

DAILY D R I L L I N G  SUMMARY 

MADISON COUNTY GEOTHERMAL WELL 81 

U 

June I, 1980 Set conductor p ipe  t o  110 f t  (Kingston D r i l l i n g )  

June 2, 

J u n e  5 ,  

June 6 

June 7 

June 8 

June 9 

June 10  

June 11 

June 12 

J u n e  13 .~ 

J u n e  14 

Rig mob i l i za t ion  t o  Rexburg (CRC Colorado Well 
C o o )  

Began d r i l l i n g  mouse and r a t  h o l e s .  S e v e r e  l o s t  
c i r c u l a t i o n  a r e a s  developed. Water supply system 
breakdown. 

1 0  p.m., completed'mouse and r a t e  ho le s  

A t  2 a.m., b e g a n  d r i l l i n g  o u t  of  t h e  2 0  i n c h  
surface sea l .  Pipe wi th  17 1/2 inch b i t  a t  125 ' f t  
l e v e l  KB (110 f t  ground l e v e l ) .  ( A l l  f u t u r e  depth 
r e fe rences  are  from KB.) KB = Kelly Bushing 

A t  4 a.m., D r i l l e d  t o  245 f t ;  No r e t u r n s ;  Had 
d i f f i c u l t y  g e t t i n g  t h e  t o o l  o u t  of t h e  hole .  
S t a r t e d  c e m e n t i n g  e n t i r e  h o l e  a t  4 p.m. and 
completed t h e  cementing a t  8 p.m. The cement had 
not set-up a t  midnight. 

Began d r i l l i n g  o u t  cemen t  a t  1 a.m., cemen t  had 
no t  set-up. Delayed d r i l l i n g  u n t i l  6 a.m. 

Pea g r a v e l  encountered a t  t h e  300 f t  l eve l .  
Removed 17 1/2 i n c h  reamer from behind 17 1/2 
inch  b i t .  

C o n s i d e r a b l e  d i f f i c u l t y  was encountered c l ean ing  
t h e  pea  g r a v e l  o u t  of  t h e  h o l e ,  No r e t u r n s .  Very 
f r a c t u r e d  formation. Presumed t o  be b a s a l t .  

Reached 600 f t .  l e v e l .  

The d r i l l  b i t  hung up i n  t h e  h o l e  a t  t h e  730 f t  
l e v e l .  Ran quick mud sweep t o  free b i t .  

Reached 1 0 0 6  f t  w i t h  17 1/2 i n c h  b i t  a t  8:45 a.m. 
S p o t t y  r e t u r n s .  Ran mud sweep  t o  c o n d i t i o n  h o l e  
and l o s t '  r e t u r n s .  Began t r i p p i n g  o u t  t o  case a t  
1 0 0 0  f t .  Began c a s i n g  a t  12:15 p.m. C a s i n g  h i t  
o b s t r u c t i o n  a t  a b o u t  730 f t  a t  2 p.m. Washed 
c a s i n g  i n t o  t h e  750 f t  l e v e l  by 5 p.m. Could g e t  
it no f u r t h e r ,  and dec ided  t o  cement  a t  t h a t  
p o i n t .  Began c e m e n t i n g  a t  8:45 p.m. w i t h  1,750 cu 
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f t  t o t a l ;  f i r s t  7 0 0  cu.ft . ,  a 50/50 pos  m i x ,  t h e n  
f o l l o w e d  by 1050 .CU. f t .  c l a s s  G. All cement i n  
p i p e  a t  1O:OO p.m. P l u g  w o u l d n ' t  d r o p  a n d  
c o u l d n ' t  d i s p l a c e  r e m a i n i n g  cement o u t  of p ipe .  
Abandoned o p e r a t i o n  a t  m i d n i g h t ,  T h e r e  was 813 
cu.  f t .  i n s i d e  1 3  3/8 c a s i n g ,  and p resumab ly  585 
cu .  f t .  i n  t h e  d r i l l e d  s p a c e  o u t s i d e  of c a s i n g .  
T h e  r e m a i n i n g  350 CU. f t .  i s  excess f o r  vo ids .  
Obtained no r e t u r n s  a t  t h e  su r face .  

June 15  Waited on cement. Nippled up and s ta r ted  i n  hole  
a t  7 p.m. D r i l l i n g  s t a r t e d  a t  143 f o o t  l e v e l .  

June  16 

J u n e  17 

J u n e  18 

June 19 

A t  9:30 a.m. D r i l l e d  t o  423 f e e t .  A t  11:40 a.m. 
t h e  p e n e t r a t i o n  r a t e  was approximately 30 fee t /hr .  

. D r i l l e d  t o  613 f e e t ,  t r i p p e d  o u t  and p u t  t h e  
c o l l a r s  i n .  T h i s  was c o m p l e t e d  a t  6 p.m. A t  
1O:OO p.m. t h e  b i t  plugged.  T r i p p e d  f i v e  d o u b l e  
s t a n d s  and c l e a r e d  t h e  b i t .  Continued d r i l l i n g .  

A t  8:15 a.m. The b i t  p l u g g e d  when m a k i n g  a 
c o n n e c t i o n .  T r i p p e d  o u t  t o  c lear  c r o s s - o v e r  s u b  
and 6.25 i n c h  washed o u t  co l l a r .  The  s u b  was 
r e p l a c e d  and c o l l a r  l a y e d  down. B o t h  mud  pumps 
were causing t rouble .  A t  7:30 p.m. t h e  pumps were 
r e p a i r e d .  D r i l l i n g  c o n t i n u e d  a t  8:30 a t  t h e  of  
1,132 f o o t  l eve l .  Tripped t o  i n s t a l l  f l o a t  and s u b  
t o  e l i m i n a t e  b i t  plugging. 

Continuous d r i l l i n g  w i t h  shutdowns t o  s e r v i c e  t h e  
r i g  and pumps. Tripped ou t  a t  1,616 feet. The b i t  
was t h e n  changed. The f l o a t  was p lugged  w i t h  t h e  
v i s / f u n n e l .  A f t e r  t h e  f o r m a t i o n  changed,  t h e  
p e n e t r a t i o n  r a t e  was very slow. 

C o n t i n u e d  d r i l l ' i n g  f r o m .  1 7 0 0  t o  1 8 8 9  f e e t .  
F o r m a t i o n  c o n s i s t e d  o f  r h y o l i t e  a n d  q u a r t z .  
The p e n e t r a t i o n  r a t e  was very  slow because t h e  #2 
mud pump was down. The h o l e  c o u l d  n o t  be  c l e a n e d .  
Mixed 1 0 - b a g - p i l l  (10  bags  B e n t o n i t e  and one bag 
lime) t o  r u n  sweep and clean t h e  hole. 

June 20 Continued d r i l l i n g  from 2,010 t o  2,165 f e e t  w i th  a 
1 2  1/4 i n c h  b i t .  The d r i l l i n g  r a t e  was v e r y  s low,  
due  t o  P2 mud pump b e i n g  o u t  of s e r v i c e  (re- 
welded) .  . Cont inued  d r i l l i n g  w i t h  C 1  pump b u t  
c o u l d n ' t  c l ean  ho le .  A t  1O:OO porn., p e n e t r a t i o n  
r a t e  zero,  b i t  s t i c k i n g  i n  ho le ,  Nixed 10-bags- 

- p i l l  t o  r u n  sweep and see i f  p e n e t r a t i o n  r a t e  
changes. No change, t r i p p e d  and changed two j e t s  
t o  $12.  
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J u n e  2 1  T r i p  i n  c o m p l e t e  a t  2:30 a.m. w i t h  180 f e e t  of 
f i l l .  D r i l l i n g  a t  w i t h  90 rpm and 1 0 , 0 0 0  l b s .  
More weight doesn’t  h e l p  p e n e t r a t i o n  ra te  even a t  
low speed.  N e w  pump d e l i v e r e d  a t  3:OO p.m., and 
i n s t a l l e d  a t  8:30 p.m. T r i e d  v a r i o u s  d r i l l i n g  
rates. Decided best  ra te  t o  be 12,000 l b s ,  and 40 
rpm which i s  12 f e e t  p e r  hour. 

h o l e ,  O u t  o f  h o l e  a t  4:30 p.m. a n d  b e g a n  t o  
temperature  log. Could not  g e t  through b r idge  a t  
1 , 2 1 0  f e e t .  Began t o  t r i p  a t  7 : O O  p.m. Broke 
t h r o u g h  b r i d g e  w i t h  35 ,000  l b .  ( 1 , 2 1 0  f e e t ) .  
Encoun te red  4 0 0  f e e t  of f i l l  a t  bo t tom of hole .  
#1 mud pump b u l l  w h e e l  h a s  a l l  spokes  broken. 
Pump i n o p e r a b l e .  Shut  d r i l l i n g  o p e r a t i o n  down 
a t  1O:OO p.m. A w a i t i n g  a r r i v a l  of r e p l a c e m e n t  
mud pump, P u l l e d  t o o l s  up i n s i d e  1 3  f o o t  3/8 
inch  casing. 

f 

J u n e  22 Reached 2,486 f e e t  a t  1:OO p.m. Began t r i p  o u t  o f .  

J u n e  23 N o  a c t i v i t y  w h i l e  wai t ing  f o r  mud pump. 

June 24 . No a c t i v i t y  mud pump a r r i v e d  a t  3:OO p.m. 

June 25 The mud pump was i n s t a l l e d  and d r i l l i n g  s t a r t e d  
aga in  a t  3:20 p.m. 50 bags of g e l  were ordered t o  
c o n d i t i o n  t h e  h o l e  i n  p r e p a r a t i o n  for r u n n i n g  
c a s i n g ,  A t  4 : 1 1  porn., t h e  f i r s t  sweep was pumped 

. i n  t h e  ho le .  A t  6:OO p.m. s t a r t e d  t r i p p i n g  o u t  
of  t h e  h o l e  for t e m p e r a t u r e  l o g g i n g  and t o  r u n  
casing. A t  9:00 p.m. logging t o o l  h i t  a b r idge  a t  
1,210 f e e t .  The cas ing  was i n  t h e  hole a t  1:30 t o  
a d e p t h  of 2,304 f e e t .  

June 26- Began w a i t i n g  on cement t r a c k s  a t  2 : O O  a.m. The 
cement  t r u c k s  a r r i v e d  a t  4:30 a.m. and s t a r t e d  
pumping a t  5:lO a.m. F i n i s h e d  a t  7:05 a.m. 238 
b a r r e l s  were used dur ing  t h e  cementing operat ion.  
Water was o b t a i n e d  i n  t h e  r e t u r n s  b u t  no cement.  
The cement was tagged between t h e  13-3/8 inch  and 
20 i n c h  cas ing  a t  225 f e e t  GL. The cement between 
9-5/8 and 13-3/8 i n c h  was tagged 350 f e e t  KB. The 
water l e v e l  i n  t h e  annulus between 13-3/8 inch  and 
20 inch  was 23 f e e t .  Cement was pumped through 
t h e 1 - 1 / 2  i n c h p i p e  i n b e t w e e n  t h e  13-3/8 i n c h  and 
20 i n c h  c a s i n g  u n t i l  t h e ’ c e m e n t  was a t  GL. T h i s  
was c o m p l e t e d  a t  8:.30 p.m. The  20 i n c h ,  13-3/8, 
and 9-5/8 i n c h  c a s i n g  was c u t  o f f  t o  n i p p l e  up and 
i n s t a l l  t h e  BOP ( B l o w  o u t  preventer ) .  Temperature 
logged  from 1 1 : O O  p.m. t o  1:OO a.m., and from 6 : O O  
t o  7:OO a.m. 
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J u n e  27 Frank Sherman from t h e  s t a t e  w i t n e s s e d  t h e  EOP 
p r e s s u r e  t es t .  T h e r e  was 810 p s i  on t h e  b l i n d  
rams f o r  1 hour and 8 5 0  p s i  on t h e  p i p e  rams f o r  
30 minutes. The t e s t  was te rmina ted  a t  1O:OO a.m. 
D r i l l e d  o u t  f l o a t  and s h o e s  a t  1:OO p.m. Only 3 5  
f e e t  t o  40 f e e t  of cement was e n c o u n t e r e d  a t  t h e  
bot tom of t h e  c a s i n g ,  The re  was n o t  much f i l l  
when t h e  cement was d r i l l e d  through.  D r i l l e d  t o  
2 ,805  feet .  

June 28 

J u n e  

June 

J u l y  

J u l y  

29 

C o n t i n u e d  d r i l l i n g  and l o s t  c i r c u l a t i o n  a t  3 ,148  
f e e t  w i t h  no r e t u r n s .  F i v e  f e e t  f a u l t  z o n e  
encoun te red .  Reached 3,209 f e e t ,  b u t  b r i d g e d  
immediately between 3,150 and 3,100 feet. Lost one 
t r a s h  pump on  t h e  c a n a l  a n d  t h e  s e c o n d  pump 
c o u l d n ' t  keep  up w i t h  l o s t  c i r c u l a t i o n .  Began 
t r i p p i n g  o u t  of t h e  h o l e  a t  7:35. T r i p p i n g  was 
completed two hours l a te r .  Ran a t empera ture  log  
u n t i l  11:30 p.m. Tempera tu re  p robe  h i t  a b r i d g e  
a t  3 ,150  feet .  T r i p p e d  back i n  h o l e  a t  11:30 p.m. 

On t h e  way back i n ,  h i t  a l i g h t  br idge  about 3,150 
f ee t .  S t i l l  no r e t u r n s ,  20 fee t  of l i g h t  f i l l  was 
e n c o u n t e r e d  a t  t h e  bo t tom of t h e  hole .  A t  
8:50 a.m. d r i l l e d  t o  3,369 fee t .  A t  8:OO a.m. 
t h e  t o t a l  depth d r i l l e d  was 3,350 feet. Problems 
w i t h  t h e  t r a s h  pump and b i t  s t i c k i n g  i n  t h e  hole .  
P u l l e d  up fou r  double s t ands ,  (240 feet)  f o r  trash 
pump repa i r s .  B a c k  on bottom a t  11:50 a.m. br idge 
a t  3,155 encountered. Continued d r i l l i n g  w i t h  no 
returns. Some fill encountered i n  bottom on each 
connect ion  . 

30 Cont inued  d r i l l i n g  w i t h  no r e t u r n s ,  a t  10:30 
a.m. t r i p p e d  o u t  t o  check b i t  and r u n  t e m p e r a t u r e  
log. A t  3:30 porn., t r i p p e d  back i n  and cont inued 
d r i l l i n g ;  s t i l l  no re turns .  A t  7:OO p.m, s t a r t e d  
t o  s t i c k  i n  t h e  hole .  T h r e e  hundred  f e e t  of p i p e  
was t r i p p e d  o u t  and c i rculated t o  c l e a n  hole. 

0 1  Reached d e p t h  of  3,948 f t  (KB) or 3 ,932  f t  (G.L.) 
T r i p p e d  o u t  of t h e  h o l e  d u e  t o  s t i c k i n g  i n  t h e  
hole .  A b a i l e r  was r u n  t o  3,700 f e e t  t o  r e t r i e v e  
c u t t i n g s  and then  a d e v i a t i o n  survey w a s  run. The 
d e v i a t i o n  was one degree, An a i r  l i f t  was s ta r ted  
a t  1:20 p.m., a t  a f l o w  r a t e  of  7 0 0  GPM. 

02 T h e a i r  l i f t  c o n t i n u e d  u n t i l  noon a t  a b o u t  6 0 0  
GPM. The d r i l l  p i p e  was t r i p p e d  out t o  l o g  t h e  
wel l .  Af t e r  t h e  l o g  was r u n ,  t r i p p e d  i n  t o  . c lean  
o u t  p o s s i b l e  br idges.  
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J u l y  03 

J u l y  04  

S t a r t e d  a i r  l i f t  a g a i n  a t  2:40 p.m. and c o n t i n u e d  
a i r l i f t  a l l  day. 

Con t inued  a i r  l i f t  u n t i l  8 : O O  a.m., t h e n  t r i p p e d  
o u t  t o  r u n  t e m p e r a t u r e  log .  T e m p e r a t u r e s  d i d  n o t  
exceed 71°F (22OC). 

From J u l y  1 t o  J u l y  4 ,  t h e  a i r  l i f t  was r u n  4 0  
-hour s .  The a i r  l i f t  r emoved  a p p r o x i m a t e l y  
1 ,600 ,000  g a l l o n s .  Each t i m e  t h e  a i r  l i f t  was 
s t o p p e d  t h e  w a t e r  l e v e l  was measured a t - t h e  30 
f o o t  l e v e l ,  I t  i s  e s t ima ted  t h a t  no more t h a n  
1,250,000 g a l l o n s  of c o l d  c a n a l - w a t e r  d r i l l i n g  
f l u i d s  had been pumped i n t o  t h e  w e l l  d u r i n g  t h e  
d r i l l i n g  operat ion.  

T r i p p e d  back i n  t o  c lean  h o l e  and found 2 5 0  f e e t  
of f i l l .  The d e c i s i o n  was made t h a t  it was f u t i l e  
t o  a t t e m p t  t o  remove t h i s  f i l l ,  and imposed a 
s i g n i f i c a h t  danger of s t i c k i n g  t h e  d r i l l  p ipe  i n t o  
t h e  h o l e ,  D.O.E. o f f i c i a l s  were c o n s u l t e d  and it 
was decided t o  release t h e  r ig .  
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DRILLING REPORT FOR 
E'IADISON COUNTY GEOTHERVIL WELL 

REMEDIAL WORK - MAY, 1981 

May 5 ,  Tuesday,  1981  - A r r i v e d  on l o c a t i o n  w i t h  water pump a t  
2:30 p.m. A l o a d  of  d r i l l  p i p e  was t h e  o n l y  equipmenton 
loca t ion  (6.5 l b / f t ,  t o o  l i g h t  t o  use f o r  d r i l l i n g ) .  
Note: A l l  dep ths  are  re ferenced  from ground l e v e l .  

May 6, Wednesday, 1981 - A t  1 1 : O O  a.m. a new l o a d  of d r i l l  p i p e  
a r r i v e d  and was unloaded. Tripped i n t o  t h e  hole  w i t h  8- 
3/4 i n c h  b i t ,  H i t  a sma l l  b r i d g e d  area a t  2,824.6 f t  
which  was pushed t h r o u g h  w i t h  t h e  w e i g h t  of t h e  d r i l l  
s t r i n g .  A t  3,265 f t ,  h i t  a s o l i d  b r i d g e  and hooked u p  
power s w i v e l  f o r  d r i l l i n g .  Continued d r i l l i n g  u n t i l  5:30 
porn., g a i n i n g  a p p r o x i m a t e l y  10  f t .  SDFN a t  5:30 p.m. no 
r e t u r n s  so pu l l ed  back up i n t o  cased hole. 

T r ipped  o u t  of t h e  h o l e ,  t h e  
b i t  was c h a t t e r i n g ,  one cone was locking  up. Changed b i t  
and , t r i p p e d  back in. Mixed mud and c i r c u l a t e d .  D r i l l i n g  
was v e r y  h a r d ,  p e n e t r a t i o n  was v e r y  slow and it was 
assumed t h e  d r i l l i n g  was on ledge  and p e n e t r a t i o n  was very  
slow a t  times, and f a s t  a t  o the r  times. D r i l l e d  t o  3,511 
f t  by 5:30 p,m. No r e t u r n s ,  p u l l e d  back up i n t o  c a s e d  

May 8 ,  F r i d a y ,  1981  - Mixed mud and t r i p p e d  i n t o  t h e  h o l e  t o  
cont inue  d r i l l i n g .  A t  8:15 a.m. anchor arm on power tongs 
b r o k e ,  r e s u l t ' i n g  i n  i n j u r y  of two p e o p l e . a n d  h o s p i t a l  
t reatment .  One man t r e a t e d  and r e l e a s e d  f o r  c u t  near eye 
and t h e  o t h e r ,  Farnsworth kept  overn ight  - seve re  lacera- 
t i o n  on c h e s t ,  The r i g  was down f o r  4 h o u r s  f o r  r e p a i r s .  
Through s h o r t  handed, c o n t i n u e d  t o  c l e a n  hole .  S t a r t e d  
r u n n i n g  c a s i n g  a t  5:30 p.m. and  comp1ete.d a t  8:OO p.m. 
Hanger s e t  and h e l d  a t  2,208 f t ,  c a s i n g  bot tom a t  3,540 
f t .  Set down heavy t o  set  packer. SDFN. 

May 7,  Thursday ,  1981  - 8:OO p.m. 

- - ho le  SDFN. - .  _. . - -. - - 

May 

bs 

9 ,  Saturday,  1981 - C r e w  a r r i v e d  a t  7:OO a.m. a long wi th  t h e  
Blane Hendricks cement pumping u n i t .  Four ya rds  of washed 
sand and 9 bags cement/yd were mixed and d e l i v e r e d  a t  7:35 

' p.m. Pumping began- a t  8:50 p.m. A f t e r  a d e l a y  t o  mate 
h o s e s  f rom t h e  pumping u n i t  t o  t h e  cemen t  head. A f t e r  
pumping about  3 t o  3-1/2 yards ,  t h e  u n i t  p ressured  up and 
t h e  cement would n o t  move. The re  s h o u l d  have been,  a t  
t h a t  t i m e ,  a b o u t  2.1 y a r d s  i n  t h e  d r i l l  p i p e  and a b o u t  1 
y a r d  i n  t h e  c a s i n g .  The c e m e n t  t r u c k  l e f t  a t  9:30 a.m., 
and  i t  was n o t  u n t i l  2:30 p.m. t h a t  a l l  of t h e  d r i l l  p i p e  
was o u t  of  t h e  h o l e  and t h e  cement c l e a n e d  out .  The 
cement was n o t  ordered wi th  an a c c e l e r a t o r  ( f o r t u n a t e l y )  , 
and t h e  l a s t  5 s ec t ions  of  d r i l l  p i p e  had t o  be  blown o u t  
w i t h  up t o  3500 p s i g  of  w a t e r  p r e s s u r e .  I t  was found t h a t  
t h e  t o p  p l u g  was jammed h a l f  way t h r o u g h  t h e  f i r s t  p i e c e  

,-. 
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of d r i l l  p i p e ,  and t h a t  s e v e r a l  l a r g e  p i e c e s  of g r a v e l  
were jammed i n  t h e  bot tom p l u g  ( i n  t h e  l i n e r  p a c k e r ) .  
S e v e r a l  p l a c e s  a l o n g  t h e  d r i l l  p i p e  had s e c t i o n s  of v e r y  
dry,  compacted, and n e a r l y  set-up cement. 'There was very ., 
ser ious  t r o u b l e  w i t h  t h e  au tomat ic  s l i p s ,  causing about  3 
hours of de l ay  i n  coming ou t  from t h e  hole. 

T h e  i n j u r e d  Mark F a r n e s w o r t h  was r e l e a s e d  f rom t h e  
h o s p i t a l  and flown home on t h e  CRC plane.  

May 11,Monday, 1981 - C r e w  a r r i v e d  on l o c a t i o n  a t  1O:OO a.m. 
Repair ing a i r  s l i p s ,  power swive l ,  and cas ing  tongs from 
t h e  a c c i d e n t  on F r iday .  The crew b r o u g h t  new p a r t s  back  
wi th  them t h i s  morning on t h e  plane. A t  1:30 p.m. t r i p p e d  

' b a c k i n h o l e w i t h 4 - 3 / 4  i n c h  b i t  t a g g e d  c e m e n t a t 3 , 4 0 0  f t  
i n  casing. 

May 12,Tuesday,  1981 - D r i l l e d  o u t  cement  t o  d e p t h  of 3 , 6 0 0  f t ,  
poor  cemen t  job.  T r i p p e d  o u t  of t h e  h o l e  -to do r e m e d i a l  
cement  j o b ,  t h e n  t r i p p e d  i n  h o l e  t o  pump cement a t  3,550 
f t .  4 : O O  p.m. 
Tripped o u t  of ho le  t o  put  b i t  on and w a i t  on cement. 

( 4  y a r d s  of sand  and cement, 9 bag/yd m i x )  

May 13,Wednesday, 1981 - T r i p p e d  i n  h o l e  and t agged  cement.  
D r i l l e d  down t o  3,350 f t ,  no r e t u r n s .  Determined packe r  
had n o t  s e a l e d  a t  t h e  l i n e r  hanger .  D i s c u s s e d  problem 
w i t h  Baker p e o p l e  s e v e r a l  t imes t o  t r y  t o  d e t e r m i n e  
so lu t ion .  They recommended p u t t i n g  weight on t h e  top,  t o  
see i f  shear  p i n s  could be broken, a l lowing  t h e  packer t o  
seal  under t h e  weight . 
T r i p p e d  o u t  h o l e  and p u t  o l d  8-3/4 i n c h  b i t  back on t o  be  

* used  t o  b e a t  on t h e  packe r  i n  an a t t e m p t  t o  s e a l  it. A l l  
a t tempts  were u n s u c c e s s f u l ,  abandoned e f f o r t  a f t e r  r e -  
p e a t e d  hammering c a u s e d  c o n c e r n  t h a t  t h e  l i n e r  hange r  
might break. 

May 14 ,Thursday ,  1981 - T r i p p e d  o u t  of h o l e ,  and t h e  B a k e r l i n e  
s e r v i c e  hand was on l o c a t i o n  w i t h  d i s p l a c e m e n t  p l u g  t o  
s e a l .  o f f  5-1/2 inch cas ing  i n  p repa ra t ion  f o r  cementing t o  
seal t h e  packer and l iner  hanger. Pumped 1 yard of cement 
t o  plug t h e  l iner  hanger and packer. Waited on cement for 

h o l e  wi th  water  bu t  t h e  ho le  would no t  hold 
water which i n d i c a t e d  cement had n o t  worked. Tripped i n  
hole t o  t a g  cement, no cement could be found. 

Tripped ou t  of hole and removed b i t .  
h o l e  w i t h  open end of  d r i l l  p i p e  i n  p r e p a r a t i o n  f o r  
pumping cement SDFN. 

Then t r i p p e d  back i n  . 
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May 1 5 , F r i d a y ,  1981  - Cement t r u c k  and pump were on l o c a t i o n  a t  
7:15 a.m. Pumped 2 y a r d s  o f  cement  and c o m p l e t e d  a t  8:15 
a.m. F i l l e d  t h e  h o l e  w i t h  water a f t e r  t r i p p i n g  o u t  o f  
ho le  wi th  d r i l l  p ipe.  

i n  h o l e  w i t h  8-3/4 
i n c h  b i t  t o  d r i l l  down t o  t o p  o f  l i n e r  hanger  and packer .  
D r i l l e d  o u t  cement  t o  w i t h i n  25 f t  of t h e  t o p  of t h e  l i n e r  
hanger and packer. 

C i r c u l a t i n g  i n  ho le  t o  clean o u t  d r i l l e d  cement. Tripped 
out  of hole ,  t o  pu t  4-3/4 i n c h  b i t . o n  t o  d r i l l  through t h e  
l i n e r  hanger  and p a c k e r ,  t r i p p e d  i n  h o l e  and w a i t e d  on 
cement. 

Nay 1 6 , S a t u r d a y ,  1981 - D r i l l e d  cement p l u g  o u t  of p a c k e r  and 
s t a r t e d  t o  t r i p  s t a n d s  i n  t o  cement plug a t  bottom. 

1 S t u c k  i n  ho le  a t  2,021 f t .  Hooked up c i r c u l a t i n g  head and 
b u i l t  p r e s s u r e  u p  t o  3,000 p s i  w i th  35,000 lb pul l .  Af te r  
it was f r eed ,  began t o  c i r c u l a t e  f o r  1 h r  a t  300 ps i .  Ran 
s t a n d  of p i p e  t o  t a g  cement 3,376 f t  and d r i l l  r a t e  30 
f t / h r .  SDFN a t  5:OO p.m. and TD of  3,436 f t .  

I May 18,Elonday, 1981 - Continued- d r i l l i n g  cement plug o u t  of 5-1/2 
I i nch  casing. Power swive l  hose broke. Repaired hose and 
I s t a r t e d  d r i l l i n g .  S t i f f  arm on power  s w i v e l  b e n t .  

Repaired arm and d r i l l e d  down t o  3,948,(bottom of previous ~ 

hole). D r i l l i n g  ra te  was slow beyond t h i s  point .  D r i l l e d  
t o  3,958 f t ,  c o l l e c t e d  s a m p l e s  and p u l l e d  back i n t o  
casing.  SDFN. 

May 19,Tuesday, 1981 - Tripped i n  ho le  and tagged 50 f t  of f i l l .  
Cont inued  d r i l l i n g  and c i r c u l a t i n g  t o  c l e a n  h p l e  u n t i l  
11:OO a.m. Shut down t o  see how much f i l l  we would have 
i n  hole .  Tagged f i l l  a t  1 0  f t  o f f  t h e  bot tom a t  1 : O O  p.m. 
I t  was decided t h a t  we would no t  be a b l e  t o  l i f t  any more 
f i l l  o u t  of t h e  h o l e  w i t h  o u t  u s i n g  mud. Did n o t  want  t o  
p u t  mud i n  t h e  h o l e  so t r i p p e d  o u t  of t h e  h o l e  t o  laydown 
d r i l l  p ipe  and r e l e a s e d  t h e  r i g .  

Rigged down and r e l e a s e d  t h e  r i  

c$ 

I 
1 

May l S , F r i d a y ,  1981  - c o n t i n u e d  - T r i p p e d  

I 

I 

, 

I 

i 
I 

i 

i 
I 
I 
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Figure E3 

MADISON COUNTY 
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FL ure E6 
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Figure E8 
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Appendix F A Fongren-Perkins Engineering Subsidiary 
Energy Engineering and Development 

Idaho Fatls. Jdaho 83401 
Ailport Plaza X2 1084 North Skyline Drive 

(208) 529-3061 

MADISON COUNTY GEOTHERMAL WELL 

FINAL AIRLIFT TESTING 

Week of April 12-16, 1982 

Well is cased to 3,540 ft. 

April 12 - Initial water level 12 ft. from surface. 
\ 

Started airlift at 10:40 a.m. with pipe set at 140 ft and 
a 300 scfm canpressor.' 

Temperature Flow Estimate Comments 

10:40 a.m. 53OF 200 gpm 
11:oo 6 1°F 200 gpm -Some dirt in water 
11:20 62OF 200 gpm Water color turned black 
12:30 67OF 300 gpm Water color cleared 

2:40 68OF 300 gpm 
4:30 68OF 300 gpm Test terminated (shutdown) 

Total volume pumped during this 
turnover of the well is 13.times. 

Total well volume = 9,227 gallons. 
day = 120,000 gallons.. Number of 

April 13 

Started airlift at 1O:lS a.m. L. 

Time - Temperature Flow Estimate Comments 

10:15 a.m. 60°F 300 gpm 
11:40 66OF 300 gpm 
12:oo 68OF 300 gpm 

Total well volume = 9,227 gallons. 
Total volume pumped this day = 126,000 gallons 
Number of turnover of well is 13.65 times 

I 

4:30 68OF 300 gpm Shutdown 
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MADISON COUNTY GEOTHERMAL WELL 

AIRLIFT TESTING 
Appendix F (continued) 

AJX~~ 1% 

Air lift started at 1O:OO a.m. 

(continuous airlift through April 16) 

Time - Temperature Flow Estimate Comments 

1O:OO a.m. 
12:oo 
5:30 p.m. 
8 : O O  

12:oo 

April 1. 

1:00 a.m. 
1o:oo 
12:oo 
2:OO p.m. 
4 : O O  
6:OO 

1o:oo 
12:oo 

April 16 

l:oo a.m. 
1:30 
2:oo 
2:30 
3:OO 
4 : O O  
5 : O O  
7:OO 

' 9:oo 
12 : 00 

2:oo 
2:30 

. 1:00 p.m. 

60°F 
68OF 
680F 
6 8OF 
6 8OF 

68OF 
70°F 
700F 
70°F 
7 O°F 
7 O°F 
7 OOF 
7 O°F 

7 1°F 
7 1°F 

300 gpm 
300 gpm 
300 gpm 
300 gpm 
300 gpm 

300 gpm 
I 

I 

I 

I 

I 

I 

I 

300 gpm 
I 

Fluctuates up to 72OF 

1 .  

I 

I 

I 

72OF 
7 1OF 
71°F 
70°F 
70°F 1 

7 O°F 
7 O°F 
700F 
7 O°F 
70°F 

1 

I 

I 

I 

I 

7 O°F I Shutdown 

Total well volume = 9,227 gallons 
Total volume pumped during 5215 hours = 945,000 gallons 
Number of turnovers of the well are 102.4 Tks. 
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MADISON COUNTY. GEOTHERMAL WELL 

AIRLIFT TESTING 

Appendix F (continued) 

Maximum temperature seen = 72OF 
Minimum temperature seen = 53OF 
Maximum flow rate = 300 gprn ! * 2 5 % )  
Minimum flow rate (initially) = 2 0 0  gpm (f30%) 
.Total gallons removed = 1#'1918000 gallons 
Total number of well turnovers = 129.07 

PH of water was 6.8 
Conductivity was 420 mhos/cm (corresponds to 2 7 5  ppm or 

The flow rates are estimates, based on deduced velocities 
from the 6-inch pipe and the estimated fraction of water in 
the discharge air to water stream. 

Drawdown could not be estimated during the airlift. Based 
upon the relative discharges for various amounts of air, it 
appears that the well's.specific capacity is between 5 and 
10 gpm/ft of drawdown. 

(f25%) 

mg/liter TD !f ) 

, 

(9.34) 
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