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Executive Summary 

T h i s  r e p o r t  is  t h e  f i n a l  p r o d u c t  o f  a d e t a i l e d  r e v i e w  a n d  

q u a n t i t a t i v e  e v a l u a t i o n  o f  e x i s t i n g  d a t a  f o r  t h e  B o i s e  F r o n t  

G e o t h e r m a l  Aquifer.  Upon r e v i e w  of t h e  many p u b l i c a t i o n s ,  a n d  

raw d a t a  f o r  t h e  Boise  geothermal a q u i f e r ,  i t  became c l e a r  t h a t  

a d e q u a t e  d a t a  o n l y  ex i s t s  f o r  a n a l y s i s  o f  c u r r e n t  a n d  p r o p o s e d  

d e v e l o p m e n t  w i t h i n  a l i m i t e d  a r e a .  T h i s  r e g i o n  e x t e n d s  

a p p r o x i m a t e l y  1 .5  mi l e s  s o u t h e a s t  o f  t h e  S t a t e  C a p i t o l  t o  0 . 5  

mile n o r t h w e s t .  Though t h e r e  a r e  g e o t h e r m a l  wells l o c a t e d  a l o n g  

t h e  Boise  F r o n t  o u t s i d e  of t h i s  a r e a ,  t h e  l a c k  o f  p r o d u c t i o n  and  

water  l e v e l  d a t a  p r e c l u d e  a n y  d e t a i l e d  d i s c u s s i o n s  a n d  a n a l y s i s  

of t h e i r  r e l a t i o n s h i p  t o  t h e  c e n t r a l  r e s o u r c e .  A s  a r e s u l t ,  

d i s c u s s i o n  w i l l  c o n c e n t r a t e  on major  u s e r s  s u c h  a s  t h e  C a p i t o l  

Mal l  (CM) B o i s e  G e o t h e r m a l  L t d .  ( B G L ) ,  V e t e r a n s  A d m i n i s t r a t i o n  

(VA) a n d  Boise Warm S p r i n g s  W a t e r  D i s t r i c t  (BWSWD). 

T h e  o b j e c t i v e s  o f  t h i s  s t u d y  a n d  a s u m m a r y  o f  t h e  

conclusions a r e  a s  follows: 

1. Define  the i n t e r - r e l a t i o n s h i p  of t h e  e x i s t i n g  
wells and/or p o r t i o n s  of t h e  geothermal a q u i f e r .  

Well t e s t  i n t e r f e r e n c e  d a t a  a n d  l o n g - t e r m  w a t e r  l e v e l  

m o n i t o r i n g  of i n a c t i v e  wells i n d i c a t e s  t h a t  w e l l s  d r i l l e d  

a l o n g  t h e  B o i s e  F r o n t  F a u l t  c o m m u n i c a t e  r e a d i l y .  T h i s  

i n c l u d e s  BLM, BGL-2, 3 ,  4 ,  BWSWD 1 2 ,  3 ,  K a n t a  a n d  V A - 1 .  
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T e s t i n g  i n d i c a t e s  l e s s  d i r e c t  c o m m u n i c a t i o n  b e t w e e n  t h e  

C a p i t o l  M a l l  we l l s  a n d  wells a l o n g  t h e  f a u l t .  T h i s  i m p l i e s  

a l i m i t e d  d e g r e e  of  c o f n m u n i c a t i o n  b e t w e e n  CM w e l l s  a n d  

BWSWD wel l s .  

Due t o  t h e  a p p a r e n t  m a s k i n g  e f f e c t  of i n j e c t i o n  ( C M - 2  

p r o d u c t i o n  i n t o  CM-1) a n d  t h e  p o s i t i o n  o f  t h e  C M  w e l l s  

(down g r a d i e n t  f r o m  o t h e r  'ma jo r  w e l l s ) ,  there  a p p e a r s  t o  be  

l i t t l e  i m p a c t  of C a p i t o l  M a l l  o p e r a t i o n s  o n  BGL o r  BWSWD 

p r o d u c t i o n  a n d  v i c e  v e r s a .  T h e  l a c k  o f  m o n i t o r i n g  d a t a  

f r o c  w e l l s  l o c a t e d  b e t w e e n  CM w e l l s  a n d  t h e  B o i s e  F r o n t  

Fault p r e v e n t s  more p rec i se  a n a l y s i s .  

I t  is  e v i d e n t  from p r o d u c t i o n  a n d  o b s e r v a t i o n  well d a t a  

t h a t  i n t e r f e r e n c e  o c c u r s  b e t w e e n  B G L  a n d  BWSWD p r o d u c t i o n  

wel ls ,  w h i c h  a f f e c t s  n o t  o n l y  t h o s e  wells, b u t  water  l e v e l s  

a l o n g  t h e  f a u l t  z o n e  i n  g e n e r a l .  There i s  l i t t l e  t h a t  c a n  

be d e t e r m i n e d ,  r e g a r d i n g  t h e  i m p a c t  o f  V A  w e l l s  on t h e  

a q u i f e r  d u e  t o  t h e  l a c k  o f  w e l l  t e s t  d a t a  a n d  b e c a u s e  o f  

t h e  shor t - te rm o p e r a t i n g  h i s t o r y  o f  t h e  V A  s y s t e m .  T h e r e  

a r e  no m e a s u r e a b l e  e f f e c t s  on r e c o r d  which  c o i n c i d e  w i t h  V A  

system s t a r t u p .  Therefore ,  i t  a p p e a r s  t h a t  t h e  i m p a c t  o f  

VA o p e r a t i o n s  ( u p  t o  7/89) is  m i n o r .  
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2. Evaluate the effects of current and proposed 
development on t h e  geothermal a q u i f e r .  

T h e  s t a t i c  w a t e r  l e v e l  o f  t h e  B o i s e  G e o t h e r m a l  

Aquifer  h a s  been d e c l i n i n g  i n  t h e  a r e a  a l o n g  t h e  B o i s e  

F r o n t  F a u l t  s i n c e  1 9 8 3 .  However ,  l e s s  s e v e r e  d e c l i n e s  

a p p e a r  t o  occur o f f  t h e , f a u l t ,  t o  t h e  west. T h e  n a t u r e  o f  

u se ,  e r r a t i c  demand a n d  w i d e l y  v a r y i n g  p r e c i p i t a t i o n  i n  t h e  

1 9 8 0 ' s ,  h a s  h i n d e r e d  a t t e m p t s  a t  c o r r e l a t i n g  p r o d u c t i o n  t o  

g e o t h e r m a l  a q u i f e r  l e v e l  d e c l i n e s  a l o n g  t h e  B o i s e  F r o n t  

F a u l t .  F u r t h e r m o r e ,  e f f e c t  of  s i m u l t a n e o u s  p r o d u c t i o n /  

i n j e c t i o n  o p e r a t i o n s ,  s u c h  a s  C a p i t o l  M a l l ,  a r e  p o o r l y  

u n d e r s t o o d  d u e  t o  t h e  l a c k  of d a t a .  

The Boise  F r o n t  G e o t h e r m a l  A q u i f e r ,  l i k e  a n y  o t h e r  

a q u i f e r ,  i s  r e s p o n d i n g  t o  n e t  p r o d u c t i o n ,  w h i c h  h a s  

i n c r e a s e d  s i n c e  1983 .  T h e  w a t e r  l e v e l  d e c l i n e  s h o u l d  

e s t a b l i s h  a new e q u i l i b r i u m  l e v e l .  T h e  new e q u i l i b r i u m  

water l e v e l  w i l l  b e  lower t h a n  t h a t  w h i c h  o c c u r r e d  b e t w e e n  

1890 a n d  1982 w i t h  BWSWD o p e r a t i n g  a l o n e .  

F u t u r e  water  l e v e l s  i n  o b s e r v a t i o n  w e l l s  a l o n g  t h e  

f a u l t  a r e  e s t i m a t e d  t o  b e  b e t w e e n  2730 f t .  a n d  2 7 1 0  f t .  

( e l e v a t i o n )  f o r  t h e  n e x t  1 0  y e a r s s  a s s u m i n g  p r o d u c t i o n  does  

n o t  i n c r e a s e  f r o m  p r e s e n t '  a m o u n t s .  I f  p r o d u c t i o n  i s  

i n c r e a s e d  by 50$, t h e  w a t e r  l e v e l s  a l o n g  t h e  f a u l t  a r e  

p r e d i c t e d  t o  be  b e t w e e n  2710 f t .  a n d  2680 f t .  e l e v a t i o n .  

These e s t i m a t e s  a r e  b a s e d  on  t h e  a s s u m p t i o n  t h a t  r e c h a r g e  
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r e m a i n s  c o n s t a n t ,  p r o d u c t i o n  i s  r e l a t i v e l y  s t a b l e  f rom y e a r  

t o  y e a r  and  no  a d d i t i o n a l  i n j e c t i o n  w e l l s  a r e  u t i l i z e d .  

T h e r e  i s  s i g n i f i c a n t  u n c e r t a i n t y  i n  e s t i m a t i n g  

t e m p e r a t u r e  e f f e c t s  r e s u l t i n g  f r o m  i n j e c t i o n ,  d u e  t o  t h e  

l a c k  of i n j e c t i o n  m o n i t o r i n g  d a t a .  M i n o r  t e m p e r a t u r e  

e f f e c t s  a r e  p r e d i c t e d  u s i n g  a n  i s o t r o p i c  t e m p e r a t u r e  

r e s p o n s e  model .  H o w e v e r ,  t h e  p o t e n t i ’ a l  f o r  c o o l e r  

i n j e c t a t e  b r e a k t h r o u g h  ( f r o m  V A - 2  a n d / o r  C M - 1  i n t o  C M - 2 )  

e x i s t s  i f  t h e  o r i e n t a t i o n  o f  l a r g e  f r a c t u r e s  a n d / o r  

p r e s s u r e  g r a d i e n t s  a l l o w s  s e l e c t i v e  c r o s s - f l o w  b e t w e e n  

those w e l l s .  

3.  Estimate l o n g e v i t y  of the  geothermal resource. 

The o r i g i n a l  s c o p e  o f  t h i s  s t u d y  i n c l u d e d  a v e r y  

l o n g - t e r m  w a t e r  l e v e l  p r e d i c t i o n  c a l c u l a t i o n  o f  30 o r  m o r e  

y e a r s  t o  e s t i m a t e  t h e  l o n g e v i t y  of t h e  r e s o u r c e .  I t  became 

a p p a r e n t ,  a f t e r  a d e t a i l e d  review and a n a l y s i s  o f  t h e  d a t a ,  

t h a t  p r e d i c t i o n s  o f  t h a t  e x t e n t  c o u l d  n o t  b e  p e r f o r m e d  w i t h  

s u f f i c i e n t  a c c u r a c y .  T h i s  is d u e  t o  t h e  q u a l i t y  o f  t h e  

d a t a ,  t h e  e r r a t i c  p r o d u c t i o n  t o t a l s  i n  r e c e n t  y e a r s ,  a n d  

p o s s i b l e  f l u c t u a t i o n s  i n  r e c h a r g e .  I n s t e a d ,  t h i s  s t u d y  

a t t e m p t  t o  d e f i n e  f a c t o r s  t h a t  c o n t r o l  r e c h a r g e ,  a n d  

i n v e s t i g a t e  v a r i o u s  b o u n d a r y  e f f e c t s  w h i c h  may l e a d  t o  a 

b e t t e r  u n d e r t a n d i n g  o f  w h a t  a d d i t i o n a l  d a t a  i s  r e q u i r e d  
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b e f o r e  l o n g - t e r m  c a l c u l a t i o n s  c a n  b e  p e r f o m e d  w i t h  

r e a s o n a b l e  c e r t a i n t y .  

4. Hake recommendations for an on-going monitoring 
program. 

P r i o r  t o  c o m m e n c e m e n t  o f  t h i s  s t u d y ,  m e a s u r e s  were 

underway t o  i m p r o v e  t h e  f r e q u e n c y  a n d  a c c u r a c y  o f  d a t a  

c o l l e c t i o n  and  t o  u n i f y  t h e  d a t a  b a s e .  M o s t  o f  t h e s e  

m e a s u r e s  h a v e  n o t  been  a c t i v e  l o n g  enough  t o  e v a l u a t e  t h e i r  

r e l i a b i l i t y  o r  e f f e c t i v e n e s s .  T h e  r e s u l t s  o f  t h i s  s t u d y  

h a v e  f o c u s e d  on t h e  n e e d  f o r  a d d i t i o n a l  m o n i t o r i n g  w e l l s  

and  more a c c u r a t e  f l o w r a t e  a n d  t e m p e r a t u r e  m e a s u r e m e n t s .  

The need f o r  l o n g e r  term, c o n s t a n t  r a t e  t e s t i n g  of e x i s t i n g  

and  new we l l s  i s  d i s c u s s e d ,  Such  d a t a  w i l l  a l l o w e d  b e t t e r  

d e f i n i t i o n  o f  a q u i f e r  p a r a m e t e r s  i n t e r - r e l a t i o n s h i p s  

be tween wells and  w a t e r  l e v e l  p r e d i c t i o n s  f o r  f l o w i n g  

wel l s ,  r a t h e r  t h a n  j u s t  o b s e r v a t i o n  wel ls .  

R e c o m m e n d a t i o n s  r e g a r d i n g  g e o p h y s i c a l  m e t h o d s ,  

g e o c h e m i c a l  s a m p l i n g ,  a n d  c h a n g e s  t o  t h e  p r e s e n t  m o n i t o r i n g  

n e t w o r k ,  a r e  a l s o  d e s c r i b e d .  
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I) O V E R V I E W  OF T H E  HYDROTHERWAL SYSPM 

I n  t h e  l a s t  t en  y e a r s ,  t h e r e  h a v e  b e e n  a n u m b e r  o f  s t u d i e s  

c o n c e r n i n g  t h e  g e o l o g y ,  g e o c h e m i s t r y  a n d  h y d r o l o g y  o f  t h e  B o i s e  

F r o n t  G e o t h e r m a l  S y s t e m .  T h e r e  now e x i s t s  c o n s i d e r a b l e  

u n d e r s t a n d i n g  o f  t h e  n a t u r e  o f  t h e  r e s o u r c e  s u c h  t h a t  a 

c o n c e p t u a l  model  h a s  been d e v e l o p e d  w h i c h  i s  r e c o g n i z e d  b y  m o s t  

i n v e s t i g a t o r s .  The f o l l o w i n g  is a summary o f  s i g n i f i c a n t  d a t a  

c o n t r i b u t i n g  t o  t h e  c o n s t r u c t i o n  o f  t h e  model .  

1 G e o l ~ o g y / H Y d r o l o n v  

D e t a i l e d  g e o l o g i c  i n v e s t i g a t i o n s  i n  t h e  r e g i o n  o f  i n t e r e s t  

h a v e  been  c a r r i e d  o u t  ( W a a g  a n d  W o o d  1 9 8 5 ,  1 9 8 7 ;  Wood a n d  

Burnham 1 9 8 3 )  t h r o u g h  g e o l o g i c  mapping  a n d  s t u d y  o f  w e l l  l o g s .  

F i g u r e  1 shows t h e  l o c a t i o n  o f  t h e  s t u d y  a r e a  a n d  F i g u r e  2 shows 

t h e  l o c a t i o n  of  g e o t h e r m a l  wells.  T a b l e  1 l i s ts  t h e  d e p t h s  a n d  

c o m p l e t i o n s  o f  we l l s  w i t h  s u f f i c i e n t  d a t a  t o  be i n c l u d e d  i n  t h i s  

s t u d y .  

The g e o l o g y  o f  t h e  r e g i o n  i s  c h a r a c t e r i z e d  b y  l a y e r e d  

s e d i m e n t s  a n d  v o l c a n i c s  o v e r l y i n g  a g r a n i t i c  b a s e m e n t ,  a t  t h e  

m a r g i n  o f  t h e  I d a h o  b a t h o l i t h .  The l a y e r e d  u n i t s  d i p  g e n t l y  t o  

t h e  s o u t h w e s t  d u e  t o  u p l i f t  of t h e  I d a h o  b a t h o l i t h .  

The l o c a l  s t r u c t u r e  is d o m i n a t e d  by a m a j o r  NW-SE t r e n d i n g  

n o r m a l  f a u l t  d i p p i n g  s t e e p l y  t o  t h e  s o u t h w e s t .  T h i s  r a n g e  f r o n t  

f a u l t  h a s  c a u s e d  o f f se t s  o f  a p p r o x i m a t e l y  800  f t .  i n  t h e  B o i s e  
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Table  1 .  Summary o f  S e l e c t e d  Well C o m p l e t i o n s  

- Well E l e v a t i o n  D e D  t h  ComDlet ion  

BWSWD-1 ( E a s t  1 2765 f t .  400 f t .  160-400 o p e n  

BWSWD-2 ( Wes t 2765 400 160-400 o p e n  

BWSWD-3 2790 600 210-600 o p e n  

Kan t a  2782 1015 635-1015 o p e n  

B o t a n i c a l  
Garden  ( O l d  P e n , )  2780 872 220-862 p e r f .  

Behrman 2740 unknown unknown 

Q u a r r y  V i e w  2728 865 468-865 o p e n  

V A - 1  ( P r o d . )  2763 1666 630-1500 slots 
1500-1666 o p e n  h o l e  

VA-2 ( I n j . )  2720 2312 1300-2300 slots 

ITA-Tes t 271 8 1839 1272-1 472 s l o t s  
1472-1 839 o p e n  

CM-1 (Inj.) 2716 21 52 1750-21 52 open  

CM-2 ( P r o d . )  2709 3030 1260-2550 p e r f .  
2550-3030 o p e n  

BGL-1 2749 2008 857-1 657 perf. 
1657-2008 o p e n  

BGL-2 2749 880 642-880 o p e n  

BGL-3 

BCL-4 

BLM 

B e a r d  

Harris 

2770 

2749 

2743 

1897 680-1 050 p e r f .  
1050-1897 o p e n  

1103 720-1040 p e r f  

1222 610-1222 slots 

2747 1282 

2890 890 

82%-925 screen 
964-1279 p e r f  

548-890 o p e n  
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a r e a .  T h i s  o f f s e t  d i s p l a c e s  l a y e r e d  v o l c a n i c s  s e d i m e n t s  and  t h e  

u n d e r l y i n g  g r a n i t i c  b a s e m e n t  o f  t h e  I d a h o  b a t h o l i t h .  F i g u r e  3 

shows a p o r t i o n  o f  t h e  g e o l o g i c  map f r o m  Wood a n d  B u r n h a m  

( 1 9 8 3 ) .  

Minor  f a u l t s  a r e  s i g n i f i c a n t  i n  t h e  B o i s e  a r e a  i n  t h a t  t h e y  

c o n t r i b u t e  t o  t h e  s t r u c t u r a l  c o m p l e x i t y  o f  t h e  r e g i o n .  T h e  

ex tens ive  f r a c t u r i n g  a l l o w s  t h e  t h e r m a l  f l u i d  t o  f l o w  u p  a n d  

i n t o  t h e  more p e r m e a b l e  l a y e r e d  u n i t s .  T h e  c o m p l e x  s t r u c t u r e  

a l o n g  t h e  f a u l t  z o n e  c a u s e s  h i g h l y  v a r i a b l e  a q u i f e r  p r o p e r t i e s  

t o  b e  e x h i b i t e d  by wel l s  i n  c l o s e  p r o x i m i t y .  I n  g e n e r a l ,  t h e  

hottest a n d  most p r o d u c t i v e  w e l l s ,  s u c h  a s  t h o s e  o f  t h e  B o i s e  

G e o t h e r m a l  L t d .  ( B G L )  a n d  B o i s e  Warm S p r i n g s  Water  D i s t r i c t  

(BWSWD), a r e  d r i l l e d  i n t o  t h e  f a u l t  z o n e  a t  t h e  b a s e  o f  t h e  

f o o t h i l l s  

S u c c e s s f u l  wel ls ,  s u c h  a s  CM-2, c a n  a l s o  be  d r i l l e d  west o f  

t h e  f a u l t  i n t o  t h e  m a i n  g e o t h e r m a l  a q u i f e r ,  a f r a c t u r e d  

p o r p h y r i t i c  r h y o l i t e  o f  t h e  Upper  M i o c e n e ,  I d a v a d a  Group.  Wells 

west o f  t h e  f a u l t  a r e  d r i l l e d  d e e p e r  t h a n  g e o t h e r m a l  w e l l s  i n  

t h e  B o i s e  F r o n t  F a u l t  z o n e  t o  r e a c h  t h e  r h y o l i t e  u n i t .  T h i s  i s  

d u e  t o  a c o m b i n a t i o n  o f  d o w n - f a u l t i n g  a n d  t i l t i n g  ( a p p r o x .  6 

degrees)  t o  t h e  s o u t h w e s t .  

F i g u r e s  4 and  5 show g e n e r a l i z e d  c r o s s - s e c t i o n s  o f  t h e  t w o  

main  g e o t h e r m a l  w e l l  p r o d u c i n g  a r e a s ,  t h e  BWSWD a r e a  a n d  t h e  

CM-VA-BGL a r e a .  The s t r a t i g r a p h y  i s  r o u g h l y  t h e  s a m e  i n  b o t h  
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a r e z s  w i t h  some v a r i a t i o n  i n  t h e  d e p t h  a n d  t h i c k n e s s  of  b e d s .  

T h e  s t r a t i g r a p h i c  s e c t i o n  c o n s i s t s  o f  C r e t a c e o u s  g r a n i t i c  

rocks  of t h e  I d a h o  b a t h o l i t h ,  w h i c h  h a v e  b e e n  e n c o u n t e r e d  i n  

BGL-7 a n d  a t  l e a s t  o n e  o f  t h e  Har r i s  we l l s .  The l a t t e r  h a s  t h e  

h i g h e s t  f l o w i n g  t e m p e r a t u r e  o f  a n y  w e l l  i n  t h e  B o i s e  ( 1 8 0  F )  

a r e a .  T h e  g r a n i t e  i s  n o t  u s u a l l y  t a r g e t e d  f o r  d r i l l i n g  a s  a 

g e o t h e r m a l  water  s o u r c e  s i n c e  i t  i s  b e l i e v e d  t o  h a v e  f e w e r  

f r a c t u r e s  t h a n  t h e  o v e r l y i n g  r h y o l i t e s  a n d  r e q u i r e s  d r i l l i n g  

deeper  t h a n  n e c e s s a r y  t o  p r o d u c e  h o t  w a t e r .  A l o n g  t h e  f a u l t  

z o n e  however ,  t h e  g r a n i t e  c a n  b e  r e l a t i v e l y  s h a l l o w  a n d  may 

e x h i b i t  a h i g h  d e g r e e  of f r a c t u r e  p e r m e a b i l i t y .  

The g r a n i t e  i s  o v e r l a i n  b y  t h e  s i l i c i c  v o l c a n i c  r o c k s  a n d  

s e d i m e n t s  o f  t h e  I d a v a d a  Group .  T h i s  g r o u p  c o n s i s t s  p r i m a r i l y  

o f  two t h i c k  r h y o l i t e  l a y e r s  ( t h e  p r i m a r y  g e o t h e r m a l  a q u i f e r  

u n i t s )  s e p a r a t e d  b y  s e d i m e n t s .  T h e  u p p e r  p o r t i o n  o f  t h e  

s h a l l o w e r  r h y o l i t e  i s  b e l i e v e d  t o  h a v e  t h e  g r e a t e s t  f r a c t u r e  

p e r m e a b i l i t y ,  a s  e v i d e n c e d  by t h e  p r o d u c t i v i t y  of we l l s  c o m p l e t e d  

i n t o  t h a t  z o n e .  S e c o n d a r y  m i n e r a l s  h a v e  b e e n  f o u n d  t o  f i l l  

f r a c t u r e s  w i t h i n  t h i s  u n i t  w h i c h  is l i k e l y  t o  r e d u c e  l o c a l  

p e r m e a b i l i t y .  T h i s  may o f f e r  a p a r t i a l  e x p l a n a t i o n  f o r  t h e  

lower p s o d u c t i v i t y / i n j e c t i v i t y  of wel ls  s u c h  a s ;  CM-1, V A - T e s t  

a n d  VA-2(In j .9  wel ls .  

O v e r l y i n g  t h e  u p p e r  r h y o l i t e  i s  u p  t o  6 0 0  f t .  o f  

v o l c a n i - c l a s t i c  s e d i m e n t s  a n d  b a s a l t i c  t u f f s  w h i c h  a r e  a l s o  
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i n c l u d e d  i n  t h e  I d a v a d a  Group.  These  t u f f s  g e n e r a l l y  h a v e  l o w  

p e r m e a b i l i t y  and  c o n t a i n  a b u n d a n t  c l a y  a l t e r a t i o n  z o n e s .  T h i s  

u n i t  i s  b e l i e v e d  t o  a c t  a s  a c o n f i n i n g  l a y e r  o v e r  t h e  m o r e  

p e r m e a b l e  r h y o l i t e s ,  t h o u g h  some upward l e a k a g e  i n t o  t h i s  u n i t  

f rom f l u i d  a t  g r e a t e r  d e p t h  i s  l i k e l y ,  p a r t i c u l a r l y  i n  t h e  

v i c i n i t y  o f  t h e  main  f a u l t  z o n e .  c 

An u n c o n f o r m i t y  s e p a r a t e s  t h e  I d a v a d a  G r o u p  f r o m  t h e  

o v e r l y i n g  s e d i m e n t s  a n d  b a s a l t s  o f  t h e  I d a h o  G r o u p .  The  I d a h o  

Group h a s  b e e n  d e f i n e d  a s  two u n i t s  (Wood and  Burnham, 1 9 8 3 ) ,  an 

u p p e r  u n i t  o f  d e l t a i c  s a n d  a n d  l o w e r  u n i t  o f  s i l t s  a n d  c l a y s  

w i t h  o c c a s i o n a l  s a n d  a n d  g r a v e l  l a y e r s .  Wel l s  c o m p l e t e d  i n t o  

t h e  l o w e r  u n i t ,  w h i c h  i s  up  t o  800 f t .  t h i c k ,  p r o v i d e  d o m e s t i c  

w a t e r  f o r  B o i s e  a r e a  r e s i d e n t s .  T e m p e r a t u r e s  a n d  f l u i d  

chemis t r ies  o f  we l l s  c o m p l e t e d  n e a r  t h e  b o t t o m  o f  t h e  L o w e r  

I d a h o  u n i t  i n d i c a t e  l e a k a g e  f r o m  t h e  g e o t h e r m a l  a q u i f e r  i s  

o c c u r r i n g .  

A s h a l l o w  g r o u n d w a t e r  system a l s o  e x i s t s  i n  t h e  a r e a  a t  

d e p t h s  o f  100-300 f t .  (Waag a n d  Wood, 1 9 8 7 a ) .  T h i s  a q u i f e r  i s  

e s s e n t i a l l y  i s o l a t e d  f rom t h e  g e o t h e r m a l  s y s  t em,  r e s p o n d i n g  

s e a s o n a l l y  t o  r e c h a r g e  f rom p r e c i p i t a t i o n ,  t h e  B o i s e  River  a n d  

i m p o r t e d  i r r i g a t i o n  w a t e r .  

2) GeoDhvsical Data 

The B o i s e  a r e a  h a s  b e e n  i n c l u d e d  i n  r e g i o n a l  g e o p h y s i c a l  
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surveys c o n d u c t e d  by t h e  USGS, r e s u l t i n g  i n  a e r o m a g n e t i c  a n d  

g r a v i t y  maps and  i n t e r p r e t a t i o n  ( M a y o ,  e t .  a l . ,  1 9 8 4 ) .  T h e  

I d a h o  D e p a r t m e n t  o f  W a t e r  R e s o u r c e s  ( I D W R )  I p u b l i s h e d  h e a t  f l o w  

r e s u l t s  o n  t h e  r e g i o n  ( B r o t t ,  e t .  a l . ,  1 9 7 8 ) .  T h o u g h  o f  

i n t e r e s t  on a r e g i o n a l  s c a l e  r e g a r d i n g  g e o l o g y  a n d  s t r u c t u r e ,  

these  s u r v e y s  d i d  n o t  s i g n i f i c a n t l y  a f f e c t  t h e  a p p r o a c h  t a k e n  t o  

d e v e l o p m e n t  of t h e  geo the rma l  s y s t e m ’ a t  Boise .  S i n c e  g e o t h e r m a l  

d e v e l o p m e n t  t h e r e  h a s  p r o g r e s s e d  b e y o n d  e x p l o r a t i o n ,  t h e  

r e g i o n a l  surveys  d o  n o t  o f f e r  d e t a i l e d  e n o u g h  i n f o r m a t i o n  f o r  

t h e  p u r p o s e s  of  t h i s  s t u d y .  

A l o c a l  seismic r e f l e c t i o n  s u r v e y  d e s c r i b e d  b y  Wood a n d  

Burnham (19831,  is  o f  i n t e r e s t  s i n c e  i t  s h o w s  t h e  m a g n i t u d e  o f  

t h e  r e g i o n a l  d i p  o f  t h e  l a y e r e d  s e d i m e n t s  a n d  v o l c a n i c s  t o  t h e  

s o u t h w e s t .  The s u r v e y  a l s o  s h o w s  t h e  d e p t h  t o  t h e  t o p  of  t h e  

s h a l l o w e s t  v o l c a n i c  u n i t  a n d  c o n f i r m s  t h e  g e n e r a l  t r e n d  o f  

g e o l o g y  a n d  s t r u c t u r e .  K n o w l e d g e  o f  t h e  s t r u c t u r e  a s s i s t s  i n  

t h e  s i t i n g  and  d e s i g n  of w e l l s  f a r t h e r  wes t  o f  t h e  f a u l t  z o n e  

t h a n  CM-2. S i t i n g  o f  w e l l s  i n  t h o s e  a r e a s  i s  p r o b a b l y  o f  

i n t e r e s t  f o r  i n j e c t i o n  p u r p o s e s  only. 

O t h e r  d a t a  of i n t e r e s t  i n c l u d e s  bo reho le  g e o p h y s i c a l  l o g s  of  

g e o t h e r m a l  wells.  F u l l  s u i t e s  of l o g s  a r e  a v a i l a b l e  f o r  a few 

of t h e  wel ls  of i n t e r e s t  t o  t h i s  s t u d y .  Only t e m p e r a t u r e  l o g s  

were a v a i l a b l e  f o r  w e l l s  i n  t h e  BWSWD a r e a .  T a b l e  2 g i v e s  a 

summary  o f  e x i s t i n g  l o g s ,  n o t  a l l  o f  w h i c h  were a v a i l a b l e  f o r  
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review. T h e  m o s t  i m p o r t a n t  f e a t u r e s  o f  t h e  l o g s  i s  t h e  c o n t r a s t  

between t h e  t i g h t e r ,  m o r e  d e n s e ,  b a s a l t s  r e l a t i v e  t o  t h e  

f r a c t u r e d  and  m o r e  p r o d u c t i v e  ( f o r  g e o t h e r m a l  f l u i d )  s i l i c i c  

v o l c a n i c s .  In g e n e r a l ,  b o t h  t h e  b a s a l t i c  t u f f s  a n d  s i l i c i c  

v o l c a n i c s  h a v e  low ( s o n i c  l o g )  v e l o c i t i e s ,  c o r r e s p o n d i n g l y  h i g h  

p o r o s i t y  and  l o w e r  d e n s i t y  ( d e n s i t y  l o g )  t h a n  t h e  b a s a l t  f l o w s .  

The s i l i c i c  v o l c a n i c s  show h i g h e r  r e s i s t i v i t y  a n d  h i g h e r  n a t u r a l  

gamma c o u n t s  t h a n  t h e  t u f f s  and  b a s a l t  f l o w s .  The r h y o l i t e  a l s o  

d i s p l a y s  a r o u g h l y  i s o t h e r m a l  t e m p e r a t u r e  p r o f i l e  i n d i c a t i v e  o f  

h i g h  f r a c t u r e  p e r m e a b i l i t y  and  c o n v e c t i o n  i n  t h e  g e o t h e r m a l  

a q u i f e r .  

The e l e c t r i c  l o g s  f r o m  w e l l s  d r i l l e d  i n t o  l e s s  d i s t u r b e d  

l a y e r e d  r o c k s  ( s u c h  as CM-1 a n d  CM-21, away f rom t h e  f a u l t  z o n e ,  

seem t o  b e  more  c o n d u c i v e  t o  c o r r e l a t i o n  w i t h  l i t h o l o g i c  l o g s  

t h a n  t h o s e  wel l s  c o m p l e t e d  i n t o  t h e  f a u l t  z o n e  ( s u c h  a s  t h e  B G L  

we l l s ) .  T e m p e r a t u r e  l o g s  c a n  b e  m o r e  h e l p f u l  t h a n  t h e  E - l o g s  

f o r  i d e n t i f y i n g  m a j o r  f r a c t u r e  z o n e s  i n  t h e  g e o t h e r m a l  

r e s e r v i o r s ,  a r e  more  c o s t  e f f e c t i v e  a n d  e a s i e r  t o  o b t a i n .  
- . /  v' O f  t h e  l o g s  l i s t e d  i n  T a b l e  2 ,  t h e  t e m p e r a t u r e  l o g s  a r e  t h e  

m o s t  common t o  w e l l s  i n  t h e  B o i s e  a r e a .  These a r e  p r e s e n t e d  i n  

A p p e n d i x  A .  No o t h e r  g e o p h y s i c a l  l o g s  were r e p r o d u c e d  f o r  t h i s  

r e p o r t .  They were n o t  of  a s s i s t a n c e  f o r  t h i s  s t u d y  o t h e r  t h a n  

t h e i r  h i g h l i g h t s  m e n t i o n e d  a b o v e ,  w h i c h  c o n f i r m  t h e  l i t h o l o g i e s .  
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T a b l e  2 

Summary of B o r e h o l e  G e o p h y s i c a l  Logs 

- Well  - Date  Loa 

CM-1 10-3-80 
11 10-4-80 
11 11 

It 11 

11 10-5-80 
t1 11 

11 11 

11 10-3-80 
11 I? 

1t tt 

CM-2 7/28/81 
11 11 

$ 8  vv 
18 11 

I1 11 

BGL-1 4/9/81 
l? 11 

11 I t  

I t  4/10/81 
BGL-2 ~ 2 7 m  

11 lt 

11 1) 

tl I t  

VA-1 ( P r o d . )  
9/9/83 

11 10/11/83 
VA-2 ( I n j . )  

lt 12/4/86 

B EM 8/23/77 
Beard  fl 

H a r r i s  I? 

BWSWD-1 8/28/87 
BWSWD-2 8/24/87 
B WS WD- 3 l? 

11 

I t  I1 

V I  I1 

N a t u r a l  Gamma 
R e s i s t i v i t y  
Neu tron-Gamma 
N a t u r a l  Gamma 
Gamma-Gamma 
Tempera tu re  
A c o u s t i c  V e l o c i t y  
Tempera t u  r e 
Neut ron  
C a l i p e r  
C a l i p e r  
S o n i c  
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S e v e r a l  o f  t h e  l o g s  i n  A p p e n d i x  A were t a k e n  d u r i n g  

n o n - s t a b i l i z e d  c o n d i t i o n s .  T h e y  were e i t h e r  p e r f o r m e d  w i t h  

o t h e r  l o g s  d u r i n g  a b r e a k  i n  d r i l l i n g ,  o r  i n  between p e r i o d s  o f  

pumping.  T h e s e  l o g s  a r e  p r e s e n t e d  f o r  c o m p l e t e n e s s  a n d  w i l l  

c o n t i n u e  t o  be  o f  v a l u e  f o r  c o m p a r i s o n  when  r e p e a t  ( p r e f e r a b l y  

s t a t i c )  s u r v e y s  c a n  b e  p l o t t e d  w i t h  t h e m , a s  t h e y  b e c o m e  

a v a i l a b l e .  I D W R  h a s  been c o n d u c t i n g  t e m p e r a t u r e  s u r v e y s  a s  

o p p o r t u n i t i e s  (pumps  removed f o r  r e p a i r s ,  e t c .  a r i s e .  R e p e a t  

s u r v e y s  o f  s e l e c t e d  w e l l s  ( e . g .  V A - T e s t )  may b e  u s e f u l  f o r  

m o n i t o r i n g  t h e  e f f e c t s  o f  i n j e c t i o n  on t h e  g e o t h e r m a l  a q u i f e r .  

Recommendations a r e  d i s c u s s e d  f u r t h e r  i n  S e c t i o n  V I  o f  t h i s  

r e p o r t .  

3)  Geochemistry 

The g e o c h e m i s t r y  o f  t h e  B o i s e  G e o t h e r m a l  A q u i f e r  f l u i d  i s  

wel l  d o c u m e n t e d ,  b o t h  o n  a r e g i o n a l  s c a l e  ( Y o u n g ,  1 9 8 5  a n d  

M i t c h e l l ,  1 9 8 0 )  and  l o c a l l y  (Mayo, 1 9 8 4  and  Waag & Wood, 1 9 8 7 b ,  

a n d  Young, 1 9 8 8 ) .  T h e s e  s t u d i e s  i n c l u d e  a n a l y s e s  o f  i o n i c  a n d  

i s o t o p i c  c o m p o s i t i o n  o f  s p r i n g  and  wel l  w a t e r s .  O f  p a r t i c u l a r  

i n t e r e s t  t o  t h i s  s t u d y ,  i s  w h e t h e r  t h e  m a j o r  p r o d u c i n g  wel l s  i n  

t h e  B o i s e  a r e a  s h a r e  a common s o u r c e .  

O t h e r  a s p e c t s  o f  g e o c h e m i s t r y ,  s u c h  a s  t h e  r e s u l t s  o f  

g e o t h e r m o m e t e r  c a l c u l a t i o n s  o r  i s o t o p i c  a g e  d a t i n g ,  a l t h o u g h  o f  

i n t e r e s t  on a r e g i o n a l  s c a l e  w i l l  n o t  b e  d i s c u s s e d  a t  l e n g t h  
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here.  Only a l i m i t e d  amoun t  of t h a t  t y p e  o f  d a t a  i s  a v a i l a b l e  

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

a n y  d i s t i n c t i o n  b e t w e e n  w e l l s ,  w h i c h  w o u l d  b e  o f  u s e  f o r  t h i s  

s t u d y .  Age d a t i n g  a n a l y s e s  a n d  geothermometer c a l c u l a t i o n s ,  a r e  

d i s c u s s e d  f u l l y  i n  r e c e n t  p u b l i c a t i o n s  ( M a y o ,  1 9 8 4 ;  Waag a n d  

Wood 1 9 8 7 b ) .  

Boise  g e o t h e r m a l  wel ls  h a v e  n o t  b e e n  s a m p l e d  e x t e n s i v e l y  o r  

r e p e a t e d l y  s u c h  t h a t  a d e f i n i t i v e  c o m p a r i s o n  o f  i o n i c  

c o n c e n t r a t i o n s  o f  we l l s  o r  i d e n t i f i c a t i o n  o f  p r o g r e s s i v e  c h a n g e s  

over  time. S e v e r a l  o f  t h e  p r i n c i p a l  w e l l s  h a v e  p u b l i s h e d  

g e o c h e m i c a l  a n a l y s e s  ( T a b l e  3 ) .  F e w  h a v e  b e e n  s a m p l e d  

r e p e a t e d l y ,  b u t  t h e r e  a r e  s u f f i c i e n t  a n a l y s e s  t o  g roup  t h e  Bo i se  

g e o t h e r m a l  f l u i d s  i n  c o m p a r i s o n  t o  f l u i d s  o f  t h e  I d a h o  b a t h o l i t h  

a n d  o t h e r  S o u t h e r n  I d a h o  g e o t h e r m a l  s y s t e m s  (Waag a n d  Wood,  

1 9 8 7 b ) .  

The  B o i s e  G e o t h e r m a l  w a t e r s  a r e  o f  t h e  s o d i u m  b i c a r b o n a t e  

t y p e ,  with a TDS o f  2OO-3OO mg/l a n d  m o d e r a t e  a l k a l i n i t y  ( p H  

7.5-9.0). Wood (Waag a n d  Wood, 1 9 8 7 b )  s u g g e s t s  t h a t  t h e  i o n i c  

c o n t e n t  ( p a r t i c u l a r l y  f l u o r i d e )  d i s t i n g u i s h e s  B o i s e  g e o t h e r m a l  

f l u i d s  from t h o s e  o f  n e a r b y  geothermal  s y s t e m s  ( F i g u r e s  6,7,8). 

The p l o t s  show t h e  wide  s c a t t e r  i n  t h e  d a t a  o f  s i n g l e  w e l l s  

( s u c h  a s  CM-Z), w h i c h  p r e v e n t s  a n a l y s i s  o f  a n y  t e l l - t a l e  t r e n d s  

w h i c h  w o u l d  d i s t i n g u i s h  s p e c i f i c  g e o t h e r m a l  f l u i d s  w i t h i n  t h e  

Boise  a r e a .  
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Table 3. Geochemical Data (in mg/l except S i 0 2 )  

Terleling (2) 2-2-1)8 4 3 5  J O  m I Y  7 2  41 60 . 1  ' ,I*,  103 I, c i  004 M U 0  I IO 1 M  -12800 -1670 -1080 

lerleiing (2) 8-18 81 4 2 6  9 $ 7  31 0 8 Jt 41 7 ._ _ _  
Mill6lsad (6) 1-28-88 4 2 6  0 2  110 25 O H  yl /0 LIC . > I  10u I110 I I 1  002 6600 O 7 t r  JWO -1JlW -1740 -6190 

3 2  0 10 M O O  090 2 2 0  - 

Ill "9 10 ..I 100 L l d  1 b 0 0 1  6500 c) 10 4 JO -12000 -1720 -1000 Edwudr (7) 1-26-88 4 7 5  8 9  110 25 

12-3-81 4 7 2  8 3 5  202 10 b.3 4 0  0 1 0  6850 0 1 0  209 _- -- 

1 
-- - _ _  -- -_ , 4 5  u q ,  6500 240 4 4 )  -- _ _  r' I h 5-31-72 47 7 1  142 I 21 10 46 _- 

1 6  0 0 1  8000 110 8 6 0  -13300 -1700 -1050 VA-1 (18) 1-28-88 7 2 0  8 8  130 23 12 64 60 35 100 010 

6 0  0 2 2  6900 0 7 0  660 -13300 -1690 -1200 Koch (17) 1-26-88 39.0 90 97 31 16 38 30 19 244 100 010 16 

cu-a (18) 1-26-88 6 7 6  8 4  130 21 12 55 80 J4 2lAJ 100 _ _  b 1 6  0 1 3  8100 0 8 0  7 2 0  -13300 -1720 -1040 

9-21-81 70.6 7 5 5  19 2 1596 558 _ _  1 3  0 l o  7870 0 59 1080 - -- -- 

-- _ _  0 1 0 10 86100 0 70 0 8 9  -- _ _  ._ 16 3 18 24 56 5 c u - 1  (19) 10-1041 Bs.6 8 4 7  _ _  
BQL-2 (20) 1-27-88 78.0 9 0  130 23 19 14 '90 43 Joe 100 010 4 I 7  0 0 4  8406  140 8 7 0  -13400 -1720 -6140 

8-12-81 74.0 8 3 6  ._ 0 1  0 1 0  8670 129 8 1 0  - 25 9 1691 31 7 

BGL-4 (23) 

BQL3 (24) 

h a r d  (22) 

B W -  1 (29) 

8. b d  (32) 

a. VIOW (33) 

W.S. Mors (34) 

19 59 90 v) -_ 100 010 -_ 1 4  0 1 0  8400 150 820  -1J300 -1720 -980 1-27-88 796 8 8  130 2, 

1-27-88 71.6 8 9  110 23 i n  63 80 30 273 100 010 4 1 6  0 0 6  8200 100 8 1 0  -13200 -1710 -850 

10-21-77 78 8 5  130 21 17 80 0 _ _  _ _  295 _. _ _  14 5 5  0 1 2  8900 1 4 0  310 -- -_ -- 

1-26-88 77.6 8.5 140 22 12 78 90 47 .W3 ,100 -. t 1.8 0.02 86.00 1.80 8.80 -133.00 -17.00 -10 70 

8-10-81 m6 8 15 _ _  21 6 18 13 735 _ _  _ _  3 1  0 10 8280 1.41 603 -- -- _ _  
6-31-72 76 7 3  122 23 24 78 _ _  186 ._ _. 7 0  000 7500 1 3 2  9'30 -- - -- _ _  

1 -- -_ 1.6 0.01 77.00 0.78 6.m -- 11-6-78 59 8.7 115 -- 18 42 5 ~- 217 -_  

5 2 1  0 0 2  8800 0 8 0  690 13000 -1700 -1000 4-5-88 5 0 5  8 9 l e  28 12 18 80 39 l9lt 1 ou 

c 1-28-88 28 6 1 6  77 12 1 2  42 10 140 550 01G ab 1 J 0  0 78 2400 230 2 3 0  -12700 -1680 -14 10 

Springs 

4N-3E-lOBDCBlS 4-29-88 3 5  5 8  18 s i  cu ?2 10 4 !A 1 1b 040 11) 5 3  1 2 0  350 OA O W  12300 -1870 -2000 

4N-3E- l lDOMlS 4-6-88 7 6 8 2  26 313 20 2.3 10 

4 K 3 E 3 5 C C D D l S  3-11-88 10 0 7 2  74 25 20 27 10 1Y la 980 0 10 M j  300 200 8 5 0  4 8 0  3 8 0  12200 - 1 6 1 0 - 1 4 4 0  

I I  5 8  0 6 6  5 2 0  0 5 0  0 8 0  11900 - 1 8 0 0 - 1 6 1 0  20 61 210 ._ 

1 C n . c _ L _ -  ? n  *-n n t .._._-._ --- --._.- - - ~hl~tn_.-hl..,Ln"_lJ."C,l_^E_c _^I_--^_ l-l--- .c-- --a. 



R e p e a t e d  s a m p l i n g  c o u l d  r e d u c e  t h e  a m o u n t  o f  s c a t t e r  s u c h  

t h a t  g e o c h e m i c a l  a n a l y s e s  f r o m  p a r t i c u l a r  z o n e s  o r  l o c a t i o n s  

c o u l d  be d i s t i n g u i s h e d  f rom o t h e r  z o n e s  o r  a r e a s .  

I n  g e n e r a l ,  t h e  B o i s e  wa te r s  s h a r e  common c h a r a c t e r i s t i c s  

d u e  t o  c h e m i c a l  i n t e r a c t i o n  w i t h  r o c k  t y p e s  e n c o u n t e r e d  a s  i t  

f l o w s  t h r o u g h  t h e  main  r h y o l i t e  a q u i f e r ,  a f t e r  d e e p  c i r c u l a t i o n  

i n  t h e  g r a n i t e  b a t h o l i t h .  S a m p l e s  f rom wel l s  l o c a t e d  s o u t h w e s t  

o f  t h e  main  f a u l t  z o n e  i n d i c a t e  a g r e a t e r  d e g r e e  o f  m i x i n g  w i t h  

c o o l  f r e s h  g r o u n d w a t e r .  One m a j o r  o b s t a c l e  i n  d e f i n i n g  s p e c i f i c  

g e o t h e r m a l  well  w a t e r  c h a r a c t e r i s t i c s  i s  t h a t  m a n y  g e o t h e r m a l  

wel l s  i n  t h e  B o i s e  a r e a  a r e  c o m p l e t e d  t h r o u g h  m o r e  t h a n  o n e  

s t r a t i g r a p h i c  u n i t ,  p r e v e n t i n g  f l u i d  samples f r o m  r e p r e s e n t i n g ,  

e x c l u s i v e l y ,  t h e  g e o t h e r m a l  f l u i d  f rom a s p e c i f i c  z o n e .  

I n  s p i t e  o f  t h e  s c a t t e r  i n  t h e  d a t a ,  t h o s e  w e l l s  

i n t e r c e p t i n g  t h e  m a i n  f r a c t u r e  z o n e  a t  t h e  b a s e  o f  t h e  B o i s e  

f o o t h i l l s  g e n e r a l l y  show t h e  h i g h e s t  f l u o r i d e  c o n c e n t r a t i o n  a n d  

t e m p e r a t u r e ,  and  t h e  o l d e s t  r a d i o c a r b o n  d a t e s .  T h i s  i n d i c a t e s  

as  e x p e c t e d ,  a l e s s  d i l u t e  c o m p o s i t i o n  (Wood, 1987b). 

The BWSWD w e l l  s a m p l e s  s h o w  t h e  l e a s t  m i x i n g  a n d  g r e a t e s t  

a g e ,  w h i l e  t h e  BGL wells g i v e  more  d i l u t e  a n d  y o u n g e r  s a m p l e s .  

T h i s  is  n o t  i n d i c a t i v e  o f  t h e  complex  g e o l o g y  which a l l o w s  f r e s h  

w a t e r  l e a k a g e  a n d  m i x i n g  i n  l o c a l i z e d  a r e a s .  H o w e v e r ,  t h i s  

e v i d e n c e  s h e d s  l i t t l e  l i g h t  on t h e  h y d r a u l i c  c o m m u n i c a t i o n  

b e t w e e n  t hese  a r e a s .  The f a c t  t h a t  f l u i d s  f r o m  t h e  t w o  a r e a s  
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a r e  g e o c h e m i c a l l y  s i m i l a r  d o e s  n o t  p r o v e  t h e  w e l l s  a r e  i n  

c o m m u n i c a t i o n .  B u t ,  i t  d o e s  d i s c o u n t  t h e  p o s s i b i l i t y  o f  

s e p a r a t e  s o u r c e  a r e a s ,  w h i c h  c o u l d  i m p l y  l a c k  o f  c o m m u n i c a t i o n .  

The p o t e n t i a l  b e n e f i t s  o f  g r e a t e r  a n d  m o r e  s y s t e m a t i c  

s a m p l i n g  f r e q u e n c y  a s  a m o n i t o r i n g  t o o l  a r e  a p p a r e n t .  M o r e  

d a t a ,  a n d  c o n t i n u e d  a n a l y s i s  s u c h  a s  t h a t  by Wood (Waag a n d  Wood 

198'713) c o u l d  b e  v a l u a b l e  i n  d e f i n i n g  d i f f e r e n c e s  b e t w e e n  

i n d i v i d u a l  wells.  I t  c o u l d  a l s o  a l l o w  d e t e c t i o n  o f  p r o g r e s s i v e  

c h a n g e s  i n  t h e  system w h i c h  may r e s u l t  f rom c o l d  w a t e r  i n f l u x  o r  

i n j e c t i o n  b r e a k t h o u g h ,  p r i o r  t o  t e m p e r a t u r e  c h a n g e s  b e i n g  

d e t e c t e d  i n  p r o d u c i n g  we l l s .  

4)  ConceDtual Model 

The c o n c e p t u a l  mode l  o f  t h e  B o i s e  F r o n t  G e o t h e r m a l  A q u i f e r  

is  n o t  u n l i k e  o t h e r  r a n g e  f r o n t  f a u l t  sy s t ems  i n  t h e  W e s t e r n  

U.S. The f l u i d  p a t h  i s  g e n e r a l l y  b e l i e v e d  t o  b e  a s  s h o w n  i n  

F i g u r e  9 .  M e t e o r i c  w a t e r s  f r o m  t h e  I d a h o  B a t h o l i t h  c i r c u l a t e  

d e e p  i n t o  t h e  g r a n i t e  b a s e m e n t  a n d  a r e  h e a t e d  by  c o n t a c t  w i t h  

r o c k  warmed by r a d i o g e n i c  decay. The t h e r m a l  f l u i d  rises upward  

t h r o u g h  t h e  f a u l t  z o n e  d r i v e n  b y  c o n v e c t i o n  a n d  h y d r o s t a t i c  

h e a d ,  a n d  f l o w s  o u t w a r d  i n t o  t h e  m o r e  p e r m e a b l e  s i l i c i o u s  

v o l c a n i c s .  There a r e  s t r u c t u r a l  c o m p l e x i t i e s  which  a f f e c t  f l o w  

p a t h s  l o c a l l y  i n  t h e  r e g i o n  o f  t h e  main  f a u l t .  Leakage  i n t o  t h e  

s h a l l o w e r ,  less p e r m e a b l e  v o l c a n i c s  a n d  s e d i m e n t s  i s  a l s o  
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b e l i e v e d  t o  o c c u r  b o t h  w i t h i n  t h e  f a u l t  z o n e  and  upward  from t h e  

c o n f i n e d  r h y o l i t e  geothermal  a q u i f e r ,  away from t h e  m a i n  f a u l t  

z o n e .  

The f l u i d  t h e n  flows l a t e r a l l y  west t o  s o u t h w e s t  t o w a r d  t h e  

Boise  r i v e r  w h i l e  r e m a i n i n g  c o n f i n e d  i n  t h e  r h y o l i t e .  

C o n d u c t i v e  h e a t  l o s s  and  m i x i n g  w i t h  c o o l e r  f r e s h  w a t e r  c a u s e s  

t h e  g e o t h e r m a l  f l u i d  t o  coo l  a s  i t  t r a v e l s  away f rom t h e  B o i s e  

F rc ln t  F a u l t .  S u b s u r f a c e  f l o w  i s  l i k e l y  t o  p r o g r e s s  g e n e r a l l y  

w e s t w a r d  t o  t h e  c e n t e r  o f  t h e  v a l l e y .  The  l a c k  o f  g e o t h e r m a l  

we l l  d a t a  t o  t h e  w e s t  l i m i t s  a n a l y s i s  o f  t h e  u l t i m a t e  

d e s t i n a t i o n  o f  t h e  g e o t h e r m a l  f l u i d .  
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11. REVIEW OF PRODUCTION AND WATER LEVEL DATA 

D a t a  a v a i l a b l e  f rom t h e  w e l l s  s h o w n  i n  F i g u r e  2 w e r e  

reviewed f o r  t h i s  s t u d y .  S p e c i f i c a t i o n s  a n d  d r i l l e r s  l o g s  f o r  a 

m a j o r i t y  o f  t h e  wells were c o m p i l e d  by Young e t .  a 1  ( 1 9 8 8 )  ( s e e  

Appendix B ) .  T a b l e  4 g i v e s  t h e  d i s t a n c e s  b e t w e e n  w e l l s .  A 

s e a r c h  was made f o r  o t h e r  g e o t h e r m a l  w e l l s  w i t h i n  a n d  b e y o n d  

t h i s  a r e a  t h r o u g h  I D W R  f i l e s ,  b u t  n o n e  were f o u n d  on  record .  O f  

t h o s e  shown,  a s e l e c t  g r o u p  from t h e  C M - V A - B G L  a r e a  a n d  BWSWD 

a r e a  h a v e  s u f f i c i e n t  water  l e v e l ,  p r o d u c t i o n  a n d  t e s t i n g  d a t a  t o  

b e  included i n  t h i s  a n a l y s i s .  T h e r e  w e r e  i n s u f f i c i e n t  

p r o d u c t i o n  a n d  w a t e r  l e v e l  d a t a  i n  t h e  s o u t h e r n - m o s t  a r e a  ( i n  

t h e  v i c i n i t y  o f  t h e  H a r r i s  wel ls)  a n d  n o r t h e r n - m o s t  a r e a  ( n e a r  

t h e  Edwards  a n d  T e r t e l i n g  w e l l s )  f o r  a n a l y s i s  o f  g e o t h e r m a l  

a q u i f e r  b e h a v i o r  o r  t r e n d s .  A s  a r e s u l t ,  t h e s e  o u t l y i n g  a r e a s  

w i l l  b e  i n c l u d e d  i n  t h e  a n a l y s i s  p r i m a r i l y  by e x t r a p o l a t i o n .  

I )  B W  Well 

T h e  B L M  w e l l  i s  t h e  p r i m a r y  m o n i t o r i n g  w e l l  f o r  t h e  

CM-BGL-VA a r e a  b e c a u s e  of i t s  l o c a t i o n  a n d  l o n g - t e r m  water  l e v e l  

r e c o r d .  The t e s t  r e s u l t s  ( d i s c u s s e d  i n  S e c t i o n  111) i n d i c a t e  

t h i s  w e l l  i s  i n  c o m m u n i c a t i o n  w i t h  t h e  g e o t h e r m a l  a q u i f e r .  

Though i t  is n o t  completed i n t o  t h e  r h y o l i t e  u n i t ,  i t  p r o b a b l y  

i n t e r r u p t s  t h e  m a i n  f a u l t  z o n e .  The BLM we l l  water  l e v e l  record 
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Table 4 

Distances Between Wells (in feet) 

CM-1 CM-2 VA-1 VA-2 VA-Test BLM BGL-I BGL-2 BGL-3 BGL-4 Beard BWSWD-3 BWSWD-I BWSWD-2 Behrman I). View Kanta B.Gard. ......... l..... .. 1 . .  ..... l . . . . .  .. 1.......1...... .1.......1.......1.......1.......1.......1.......1.......1.......1.......1.......1.......1.......1.......1 

CM- 1 

CM-2 

VA-1 (Pro) 

VA-2 ( I n j  ) 

VA-Test 

BLM 

BGL- 1 

BGL-2 

BGL-3 

BGL-4 

Beard 

BWSWD-3 

BWSWD-1 

BWSWD-2 

Behrman 

Q.View 

Kanta 

B.Gard. 

- 

1237 

2290 

2420 

2440 

2240 

3280 

2896 

2800 

3104 

3134 

8490 

9135 

9105 

8550 

8700 

10460 

10950 

2330 

2050 

2060 

3158 

4197 

3818 

3466 

4043 

4118 

9650 

10295 

10265 

9720 

9880 

11670 

12170 

1900 

1940 40 

690 2550 

1680 3600 

1100 3040 

840 2770 

1430 3350 

1450 3390 

7540 9430 

8180 10075 

8160 10045 

7680 9710 

7920 9830 

9700 11620 

10330 12250 

2590 

3640 

3080 

2810 

3390 

3430 

9470 

10115 

10085 

9750 

8870 

11660 

12290 

1000 

673 

600 

978 

1008 

6910 

7580 

7560 

7050 

7270 

9060 

9670 

462 

850 524 

151 318 

130 346 

5820 6370 

6470 7015 

6450 7015 

6020 6580 

6240 6840 

8000 8615 

8670 9250 

836 

866 

6700 

7370 

7370 

6880 

7128 

8900 

9520 

29.5 

6050 

6695 

6695 

6360 

6500 

8295 

8920 

6025 

6670 645 

6670 645 30 

6340 440 750 720 

6480 800 910 890 350 

8275 2200 1675 1675 1990 1800 

8900 3000 2370 2350 2700 2420 675 - 
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i s  shown i n  F i g u r e  10  a s  a c o m p o s i t e  o f  BLM a n d  V A - l ( P r o d )  

r e c o r d s .  The two were c o m b i n e d  b y  Waag (Waag a n d  Wood 1 9 8 7 b )  

b e c a u s e  o f  t h e i r  p a r a l l e l  b e h a v i o r .  T h e  o n l y  a p p a r e n t  

d i f f e r e n c e  b e i n g  t h a t  t h e  VA-1 record  w a s  c o n s i s t a n t l y  0 . 8  f t .  

be low t h a t  o f  t h e  BLM w e l l .  T h e  VA-1 r e c o r d  a c c o u n t s  f o r  t h e  

p e r i o d  from S e p t e m b e r  1 9 8 3  t o  J a n u a r y  1 9 8 6 .  Not s h o w n  on  t h e  

h y d r o g r a p h  is  o l d e r  d a t a  f r o m  t h e  BLM w e l l  f o r ' t h e  p e r i o d ,  

S e p t e m b e r  1976  t o  O c t o b e r  1 9 7 8  (from N e l s o n ,  1 9 8 0 ) .  The w a t e r  

l e v e l  e l e v a t i o n  d u r i n g  t h a t  p e r i o d  was w i t h i n  t h e  s a m e  r a n g e  a s  

f o r  1981-1982 ( i . e .  2754-2764 f t .  e l e v a t i o n )  p r i o r  t o  p r o d u c t i o n  

by m a j o r  u s e r s  i n  the a r e a  (BLM, VA o r  CM s y s t e m s ) .  D a t a  p r i o r  

t o  1 9 8 2 ,  t h o u g h  n o t  c o n t i n u o u s ,  h e l p  t o  e s t a b l i s h  a b a c k g r o u n d  

t r e n d  w i t h  o n l y  t h e  BWSWD wells p r o d u c i n g  i n  l a r g e  v o l u m e s  from 

t h e  g e o t h e r m a l  a q u i f e r .  T h i s  b a c k g r o u n d  t r e n d  h a d  a p p a r e n t l y  

s t a b i l i z e d ,  except f o r  t h e  a n n u a l  10 f t .  f l u c t u a t i o n ,  p r i o r  t o  

t h e  s t a r t - u p  of o t h e r  major g e o t h e r m a l  w a t e r  u s e r s .  

2) Capitol Hall Wells 

The C a p i t o l  M a l l  s y s t e m  c o n s i s t s  o f  t w o  w e l l s  C M - 1  

( I n j e c t i o n )  a n d  CM-2 ( P r o d u c t i o n ) .  D a i l y  f l o w r a t e ,  p r e s s u r e  and  

t e m p e r a t u r e  records  h a v e  b e e n  k e p t  on t hese  we l l s  s i n c e  Oc tobe r  

1 9 8 3  w i t h  p e r i o d i c  records k e p t  d u r i n g  t h e  p e r i o d  from s y s t e m  

s t a r t - u p  i n  November 1982  t o  O c t o b e r  1983 .  
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a )  W a t e r  L e v e l l p r e s s u r e  

There is  s u f f i c i e n t  u n c e r t a i n t y  i n  t h e  q u a l i t y  o f  t h e  d a t a  

s u c h  t h a t  r e c o n s t r u c t i n g  s t a t i c  o r  pumping w a t e r  l eve l s  from t h e  

r eco rds  is  e r ror  p r o n e .  The  d a t a  w a s  n o t  r e c o r d e d  w i t h  t h e  

i n t e n t  t h a t  i t  b e  u s e d  f o r  a q u i f e r  s t u d i e s .  I m p r o v e d  

m e a s u r e m e n t  e q u i p m e n t  i s  t o  b e  i n s t a l l e d  s o m e t i m e  i n  1 9 8 9 .  

S i n c e  s t a r t - u p ,  a c o m p u t e r  l o g g i n g  s y s t e m  h a s  b e e n  u s e d  t o  t r a c k  

s e l e c t e d  o p e r a t i o n s  d a t a .  P e r i o d i c a l l y ,  t h e  c o m p u t e r  p r i n t s  

t h i s  d a t a  f o r  a p e r m a n e n t  record .  

Due t o  t h e  s h e a r  volume of p a p e r  a n d  o c c a s i o n a l  l a c k  o f  

r eco rd  b e c a u s e  o f  system m a l f u n c t i o n ,  t h e  mos t  u s e f u l  d a t a  f o r  

t h i s  s t u d y  a r e  t h e  d a i l y  h a n d w r i t t e n  log s h e e t s .  T h i s  d a t a  i s  

u s u a l l y  t a k e n  a t  a time when t h e  sys tem i s  n e a r  i t s  p e a k  f l o w  

f o r  t h e  d a y  ( i . e .  5-8 a m , ) .  I t  i s  d i f f i c u l t  t o  e x t r a c t  a n  

a v e r a g e  d a i l y  o r  m o n t h l y  r a t e  f r o m  t h e  r e c o r d  o r  p l o t  a 

r e p r e s e n t a t i v e  o r  a v e r a g e  w e l l h e a d  pressure w i t h  c o n f i d e n c e .  I n  

a d d i t i o n ,  p r e s s u r e  r e a d i n g s  o f  t h e r m a l  w e l l s  t h a t  h a v e  b e e n  

r e c e n t l y  pumped o r  i n j e c t e d  i n t o ,  show h i g h e r  t h a n  s t a t i c  w e l l  

h e a d  p re s su res  u n t i l  coo led .  C o o l i n g  t o  a s t a t i c  c o n d i t i o n  c a n  

t a k e  h o u r s  t o  d a y s  d e p e n d i n g  upon t h e  c i r c u m s t a n c e s .  T h u s ,  t h e  

r e c o r d s  c a n n o t  b e  u s e d  d i r e c t l y  f o r  p l o t t i n g  a n d  a n a l y s i s .  

The w e l l  h e a d  p r e s s u r e  o f  C M - 2  i s  p o s i t i v e  e v e n  w h e n  

p u m p i n g ,  excep t  when f l o w i n g  a t  a maximum r a t e  ( a p p r o x i m a t e l y  

7 0 0 - 8 0 0 g p m )  d u r i n g  t h e  p e a k  h e a t i n g '  s e a s o n .  T h i s  ( h i g h  
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f l o w r a t e )  c o n d i t i o n  c a n  l a s t  more t h a n  o n e  m o n t h  d e p e n d i n g  o n  

t h e  s eve r i ty  o f  t h e  w i n t e r .  D u r i n g  a t  l e a s t  o n e  y e a r  ( s i n c e  

1 9 8 3 1 ,  t h e  w e l l  h e a d  p r e s s u r e  ( o r  " c a s i n g  p re s su re f t  a s  i t  i s  

r e f e r r e d  t o  i n  t h e  l o g )  a t  CM-2 r e m a i n e d  p o s i t i v e  y e a r  r o u n d .  

G i v e n  o c c a s i o n a l  p e r i o d s  o f  d o w n - t i m e  a n d  s e a s o n a l  

f l u c t u a t i o n s ,  i t  i s  d i f f i c u l t  t o  d e t e r m i n e  w h e t h e r  t h e  a v e r a g e  

CM-2 w e l l  h e a d  p r e s s u r e  i s  d e c l i n i n g .  E v e n  a n a l y s i s  o f  t h e  

number o f  d a y s  w i t h  water  l e v e l s  below g r o u n d  e l e v a t i o n  d u r i n g  

p e a k  s e a s o n  ( a t  t h e  h i g h e s t  pumping r a t e ) ,  f a i l e d  t o  e s t a b l i s h  a 

t r e n d .  T h e  l o n g e s t  c o n t i n u o u s  below well h e a d  w a t e r  l e v e l s  o n  

r eco rd  occur d u r i n g  the p e r i o d  from 12/86 t o  4/87. None occured 

d u r i n g  t h e  87-88 s e a s o n .  The g r e a t e s t  number o f ,  l e s s  t h a n  z e r o  

w e l l h e a d  p r e s s u r e  ( w a t e r  l e v e l  be low w e l l  h e a d ) ,  d a y s  f o r  CM-2 

occurred d u r i n g  t h e  8 6 - 8 7  h e a t i n g  s e a s o n .  A l a r g e  n u m b e r  o f  

d a y s  of downt ime  ( a n d  n o  records)  i n  w i n t e r  1 9 8 8 - 1 9 8 9  p r e v e n t s  

d a t a  from t h a t  p e r i o d  from b e i n g  u s e d  f o r  c o m p a r i s i o n .  

U n f o r t u n a t e l y ,  t h e  e q u i p m e n t  i n  p l a c e  a t  CM-2 does  n o t  a l l o w  

t h e  w a t e r  l e v e l  t o  be  recorded i n  t h e  w e l l  h e a d  p r e s s u r e  d r o p s  

below z e r o  (wa te r  l e v e l  be low w e l l  h e a d )  w h i c h  c o n t r i b u t e s  t o  

t h e  d i f f i c u l t y  i n  d e t e r m i n i n g  a t r e n d .  A new m e a s u r e m e n t  method 

i s  p l a n n e d  which  s h o u l d  s o l v e  t h i s  p r o b l e m .  

From d a t a  d u r i n g  d r i l l i n g  a n d  t e s t i n g ,  i t  a p p e a r s  t h a t  t h e  

p r e - p r o d u c t i o n ,  s h u t - i n  ( c o l d )  p r e s s u r e  o f  CM-2 w a s  e q u a l  t o  

a p p r o x i m a t e l y  24 f t .  a b o v e  g r o u n d  l e v e l  ( o n  4/7/82). T h i s  d o e s  
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n o t  c o m p a r e  w e l l  t o  a r e c e n t  s t a b i l i z e  m e a s u r e m e n t  o f  

a p p r o x i m a t e l y  15 p s i  ( o r  3 4  f t . )  t a k e n  a f t e r  a d o w n - t i m e  p e r i o d  

of  20 d a y s  i n  S e p t e m b e r / O c t o b e r  1 9 8 8 .  An a c t u a l  p r e s s u r e  

i n c r e a s e  over  t h e  4 1 / 2  y e a r  p e r i o d  i s  n o t  l i k e l y  i n  l i g h t  o f  

t h e  r eco rds  from o t h e r  we l l s .  R a t h e r ,  t h i s  example  s e r v e s  t o  

i l l u s t r a t e  t h e  p r o b l e m s  i n  u s i n g  d a t a  t h a t  h a v e  b e e n  t a k e n  s i n c e  

s t a r t - u p ,  e v e n  a l l o w i n g  f o r  a p o s s i b l e  (1-2 f t . )  e r ro r  c a u s e d  by  

d i f f e r e n c e s  i n  r e f e r e n c e  p o i n t  e l e v a t i o n .  

A c o m p a r i s o n  o f  t h e  maximum p r e s s u r e  r e c o r d e d  i n  t h e  l o g  

s h e e t s  e a c h  year  was a l s o  r e v i e w e d  f o r  p o s s i b l e  t r e n d s .  No 

s i g n i f i c a n t  c h a n g e  i n  t h e  y e a r l y  maximum p r e s s u r e  a t  CM-2 h a s  

b e e n  recorded  s i n c e  t h e  d a i l y  r e c o r d s  were e s t a b l i s h e d ,  u p o n  

s t a r t - u p ,  i n  1 9 8 2 .  T h i s  is  s u p r i s i n g  g i v e n  t h e  d e c l i n e s  s e e n  i n  

o t h e r  B o i s e  a r e a  wel ls .  

P r e s s u r e  d a t a  from t h e  i n j e c t i o n  w e l l  ( C H - 1 )  i s  s u b j e c t  t o  

more v a r i a t i o n  d u r i n g  n o r m a l  o p e r a t i o n s  t h a n  CM-2. No t r e n d  o r  

c o r r e l a t i o n  w i t h  p r e - p r o d u c t i o n  d a t a  c o u l d  b e  d e t e c t e d .  I n  

g e n e r a l ,  d u r i n g  p e r i o d s  of d o w n t i m e ,  t h e  ( s t a t i c )  water  l e v e l  i n  

CM-1 i s  a b o v e  g r o u n d  e l e v a t i o n  o n l y  d u r i n g  A u g u s t  a n d  e a r l y  

September. A summer r e b o u n d ,  a b o v e  g r o u n d  l e v e l ,  o c c u r r e d  i n  

1 9 8 8 ,  b u t  d i d  n o t  occur i n  1987. 

I t  is  u n c l e a r  w h e t h e r  t h e  d a t a  f o r  CM-1 i n d i c a t e s  a w e l l  

h e a d  p r e s s u r e  d e c l i n e  t r e n d .  T h i s  I t t r e n d "  c o u l d  b e  d u e  t o  e r r o r  

i n h e r e n t  i n  t h e  m e a s u r e m e n t  m e t h o d  r a t h e r  t h a n  a c t u a l  a q u i f e r  
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response .  F u t u r e  d a t a  w i l l  a s s i s t  i n  e s t a b l i s h i n g  a t r e n d .  I t  

may b e  t h a t  i n j e c t i o n  o f  c o o l e d  g e o t h e r m a l  w a t e r  ( a t  

a p p r o x i m a t e l y  20-30 F below CM-1 o r i g i n a l  p u m p i n g  t e m p e r a t u r e )  

h a s  c a u s e d  c o o l i n g  i n  t h e  v i c i n i t y  o f  CM-1 a n d  a l o c a l i z e d  

r e d u c t i o n  i n  a q u i f e r  p r e s s u r e .  

b )  P r o d u c t i o n  D a t a  

The f l o w r a t e  h i s t o r y  f o r  CM-2 c a n n o t  e a s i l y  b e  r e c o n s t r u c t e d  

f r o m  t h e  d a t a  s h e e t s .  Y e a r l y  p r o d u c t i o n  t o t a l s  h a v e  b e e n  

p u b l i s h e d  by o t h e r s  (Waag a n d  Wood, 1 9 8 7 )  a n d  ( H i g g i n s o n  a n d  

B a r n e t t ,  1 9 8 7 ) .  T a b l e  5 shows t h e  a n n u a l  p r o d u c t i o n / i n j e c t i o n  

t o t a l s  f o r  t h e  CM s y s t e m  a l o n g  w i t h  a c a l c u l a t e d  a v e r a g e  

f l o w r a t e  b a s e d  on b e s t  es t imates  of s y s t e m  down-time a n d  s h u t - i n  

d a y s  d u r i n g  summer. 

The c a l c u l a t e d  average f l o w r a t e  is p r o b a b l y  more u s e f u l  f o r  

a n a l y s i s  p u r p o s e s  t h a n  f l o w r a t e  from t h e  d a i l y  l o g .  T h e  d a i l y  

l o g  g e n e r a l l y  shows a h i g h e r  t h a n  a v e r a g e  f l o w r a t e  ( f o r  a g i v e n  

d a y )  d u e  t o  t h e  time of d a y  c h o s e n  f o r  r e c o r d i n g  t h e  d a t a .  

C u r r e n t l y ,  t h e  CM flow m e a s u r e m e n t  s y s t e m  d o e s  n o t  r e c o r d  

a r t e s i a n  f l o w .  D u r i n g  summer s h u t - i n  d a y s  o r  d o w n - t i m e ,  a n  

u n r e c o r d e d  a r t e s i a n  f l o w r a t e  o f  20-150 g p m ,  o c c u r s  w h e n  t h e  

pumps a r e  o f f ,  d e p e n d i n g  upon  t h e  s e a s o n  a n d  r e c e n t  p u m p i n g  

h i s t o r y .  T h i s  r a t e  is  much lower t h a n  d u r i n g  a n  a r t e s i a n  f l o w  

t e s t  i n  1981 of 800+ gpm ( A n d e r s o n  a n d  K e l l y ,  1981) .  The 
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Tab le  5 

C a p i t o l  M a l l  P r o d u c t i o n / I n j e c t i o n  

- Y e a r  

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

T o t a l  

N / A  

79.1 x 1 0 6 g a l .  

204.8 I1 

196.4 I1 

188.6 I 8  

N/A I1 

212.6 I' ( 2 )  

106.3 " (2) 

O p e r a t i n g  
Days 

N/A 

300? 

279 

252 

276 

294 

2 5 4  

N/A 

A v e r a g e  
R a t e  (1 )  

N/A 

183 

510 

540 

474 

N/A 

N/A 

N/A 

( 1 )  Assumes pumping 24 h o u r s / d a y  on o p e r a t i n g  d a y s .  

( 2 )  E s t i m a t e d  from Totalized v a l u e  of 3.10 x 10 g a l .  f o r  
t h e  p e r i o d  o f  J a n u a r y  1988 t h r o u g h  J u n e  1989, p r o v i d e d  
by t h e  s t a t e .  

d i f f e r e n c e  may b e  d u e  t o  i n h e r e n t  b a c k  p r e s s u r e  o f  t h e  CM 

system. I n  any c a s e ,  t h i s  u n r e c o r d e d  f low c o u l d  a d d  u p  t o  a t  

l e a s t  864,000 g a l l o n s / m o n t h  ( o r  10 m i l l i o n  g a l . / y r . )  t o  t o t a l  

p r o d u c t i o n  f i g u r e s .  O f  c o u r s e ,  a l l  o f  t h e  w a t e r  i s  r e i n j e c t e d ,  

t h o u g h  a t  a l o w e r  t e m p e r a t u r e .  
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c >  T e m D e r a t u r e  Data 

The d a i l y  p r o d u c t i o n  a n d  i n j e c t i o n  t e m p e r a t u r e s  f o r  CM-1 a n d  

CM-2 were r e v i e w e d .  B o t h  were o b s e r v e d  t o  v a r y  w i t h  f l o w r a t e .  

M e a s u r e m e n t s  o f  p r o d u c e d  water  t e m p e r a t u r e  a s  low a s  115 F were 

r eco rded  f o r  CM-2 w i t h  t h e  pumps o f f .  B u t ,  a s  w i t h  t h e  f l o w r a t e  

a n d  p r e s s u r e  m e a s u r e m e n t s ,  i t  is  d i f f i c u l t  t o  d i s t i n g u i s h ,  f r o m  

t h e  r eco rds ,  i f  t h e  we l l  i s  s h u t - i n  o r  i s  f l o w i n g  a r t e s i a n  when 

t h e  pumps a r e  o f f .  

W i t h  t h e  p r o d u c t i o n  we l l  pump o n ,  t h e  p r o d u c t i o n  t e m p e r a t u r e  

a t  CM-2 h a s  v a r i e d  from 150-160 F.  H i g g i n s o n  a n d  B a r n e t t  (1987) 

p l o t t e d  p e a k  f low t e m p e r a t u r e -  f o r  t h e  m o n t h  o f  J a n u a r y  f o r  t h e  

y e a r s  1984-1987 a n d  s h o w e d  t h a t  p r o d u c t i o n  t e m p e r a t u r e s  were 

d e c l i n i n g  a t  a r a t e  o f  a p p r o x i m a t e l y  1 F p e r  y e a r  f r o m  a 

p r e - p r o d u c t i o n  v a l u e  of  158.5-159 F. T h i s  was s u g g e s t e d  t o  b e  

d u e  t o  i n j e c t i o n  b r e a k t h r o u g h  f r o m  CM-1 . T h o u g h  t h i s  d a t a  

s u g g e s t s  a t r e n d ,  t h e  a c c u r a c y  a n d  c a l i b r a t i o n  o f  t h e  

m e a s u r e m e n t  m a y  a l l o w  a n  e r r o r  o f  ~2 F .  A l s o ,  r e c e n t  

t e m p e r s t u r e  d a t a  d o e s  n o t  show a c o n t i n u i n g  d e c l i n e  t h r o u g h  

J a n u a r y  1988 or  1989. T h e  J a n u a r y  f l o w i n g  t e m p e r a t u r e  h a s  

e s s e n t i a l l y  b e e n  c o n s t a n t  a t  r o u g h l y  155 F s i n c e  1987. 

M e a s u r e m e n t s  i n  F e b r u a r y  1989, a t  p e a k  f l o w ,  s h o w s  a 

recorded v a l u e  of 158 F.  T h i s  m e a s u r e m e n t  may h a v e  b e e n  t a k e n  

w i t h  a n  i n s t r u m e n t  o t h e r  t h a n  t h e  o n e  p r e v i o u s l y  u s e d ,  d u e  t o  

r e c e n t  m a i n t e n a n c e .  T h e s e  r e c e n t  m e a s u r e m e n t s  s h e d  some d o u b t  
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on t h e  a c c u r a c y  o f  p a s t  m e a s u r e m e n t s .  W h e t h e r  s u c h  d e c l i n e s  

occurred o r  a r e  c o n t i n u i n g  i s  u n c e r t a i n ,  p e n d i n g  v e r i f i c a t i o n  of  

m e a s u r e m e n t  l o c a t i o n s  a n d  a c c u r a c y .  

The m a j o r i t y  o f  t h e  d a t a  i n d i c a t e s  t h e  p r o d u c t i o n  

t e m p e r a t u r e s  a r e  h i g h e s t  d u r i n g  p e a k  f low.  It  fo l lows  t h a t  c o l d  

w a t e r  i n f l u x  from coo le r  a q u i f e r s  is n o t  a l i k e l y  c a u s e  o f  

t e m p e r a t u r e  d e c l i n e s .  I f  d e c l i n e s  h a v e  o c c u r r e d ,  t h e  d a t a  t e n d s  

t o  i n d i c a t e  t h a t  i n j e c t i o n  would  b e  t h e  most  l i k e l y  c a u s e .  

The p o s s i b i l i t y  o f  c o l d  w a t e r  b r e a k t h r o u g h  t o  CM-2 from CM-1 

was e x p l o r e d  t h r o u g h  s i m u l a t i o n  b y  P a p a d o p u l o s  a n d  A s s o c i a t e s  

( i n  A n d e r s o n  and  K e l l y ,  1 9 8 1 ) .  The c o n c l u s i o n s  i n  t h a t  r e p o r t  

were t h a t  t h e  p o t e n t i a l  f o r  a p r o d u c t i o n  t e m p e r a t u r e  d e c l i n e  a s  

a r e s u l t  o f  i n j e c t i o n  i n  C M - 1  w a s  l o w ,  b a s e d  o n  t h e i r  

a s s u m p t i o n s  of a q u i f e r  p r o p e r t i e s .  

The p r e v i o u s  d i s c u s s i o n  i n v o l v e d  t h e  g r o d u c t i o n  w e l l  

t e m p e r a t u r e .  T h e  i n j e c t e d  f l u i d  t e m p e r a t u r e  v a r i e s  f rom 

a p p r o x i m a t e l y  1 1 5  F t o  140 F w i t h  a n  a v e r a g e  o f  a p p r o x i m a t e l y  

125 F .  The d a t a  may be  s k e w e d  by t h e  time of d a y  ( e a r l y  m o r n i n g  

h o u r s )  when t h e  d a t a  is  recorded. 

3)  Boise Geothermal Ltd .  (BGL) Wells 

The C i t y  o f  Boise owns t h e  f o u r  (BGL) p r o d u c t i o n  wells  which  

a r e  u s e d  t o  s u p p l y  a h e a t i n g  s y s t e m  s e r v i n g  c e n t r a l  B o i s e .  T h e  

p r o d u c t i o n  wells a r e  a l i g n e d  w i t h  t h e  B o i s e  F r o n t  F a u l t  i n  t h e  
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M i l i t a r y  R e s e r v e  P a r k  a r e a  ( F i g u r e  2 ) .  E a c h  i s  c o m p l e t e d  

somewhat  d i f f e r e n t l y  ( T a b l e  1 )  a n d  a l l  e x c e p t  BCL-1 a r e  g o o d  

p r o d u c e r s .  C o n t i n u o u s  p r o d u c t i o n  b e g a n  i n  October 1983. 

a >  P r o d u c t i o n  D a t a  

BGL-4 i s  u s e d  a s  t h e  p r i m a r y  p r o d u c t i o n  we l l .  I t  p r o d u c e s  

a p p r o x i m a t e l y  750 gpm a t  1 7 4 - 1 7 5  F .  T h i s  c o n t i n u o u s  p u m p i n g  

r a t e  exceeds t h e  c u r r e n t  n e e d s  of t h e  B G L ' s  c u s t o m e r s  f o r  m o s t  

of  t h e  y e a r .  The  excess i s  a u t o m a t i c a l l y  i n j e c t e d  i n t o  BGL-2, 

and is  n o t  r u n  t h r o u g h  t h e  h e a t i n g  sys tem.  D u r i n g  p e r i o d s  o f  

p e a k  demand ( w i n t e r ) ,  t h e  p r i m a r y  p r o d u c e r  has  b e e n  BGL-2 w h i c h  

c a n  p r o d u c e  u p  t o  a p p r o x i m a t e l y  1500 gpm a t  1 7 2  F .  B G L - 3  h a s  

r a r e l y  b e e n  u s e d  except  f o r  b r i e f  p e r i o d s ,  p r i m a r i l y ,  a s  a 

b a c k u p  d u r i n g  BGL-2 down-time o r  m a i n t e n a n c e .  I t  c a n  p r o d u c e  u p  

t o  2000 gpm a t  161 F.  

A t  t imes, b o t h  BGL-2 a n d  BGL-4 have  b e e n  pumped 

s i m u l t a n e o u s l y .  D u r i n g  these  a n d  o t h e r  p e r i o d s  when p r o d u c t i o n  

e x c e e d s  demand ,  e x c e s s  w a t e r  i s  i n j e c t e d  down t h e  a n n u l u s  o f  

BGL-2 ( b e t w e e n  c a s i n g  a n d  pump r i s e r  p i p e ) .  T h i s  i s  t h e  o n l y  

g e o t h e r m a l  w a t e r  i n j e c t e d  by BGL. Once water  e n t e r s  t h e  h e a t i n g  

system p i p i n g ,  i t  i s  n o t  r e - i n j e c t e d .  D i s p o s a l  of t h i s  w a t e r  i s  

by d i s c h a r g e  t o  t h e  Boise R i v e r .  

F l o w r a t e  d a t a  is  r e c o r d e d  o n  a ( 7 - d a y )  c i r c u l a r  c h a r t  f o r  

t h e  h e a t i n g  system d e l i v e r y  l i n e  b u t  n o t  f o r  i n d i v i d u a l  we l l s .  

29 



Cummula t ive  d i s c h a r g e  t o  t h e  h e a t i n g  sys t em i s  r e c o r d e d  b y  a 

f l o w  t o t a l i z e r .  

D a t a  on s p e c i f i c  f l o w r a t e s  a n d  t imes o f  d i s c h a r g e  o f  t h e  

pumping  we l l s  c a n n o t  b e  o b t a i n e d .  T o t a l  w e l l  f l o w  versus  f l o w  

to t h e  system is  a u t o m a t i c a l l y  c o n t r o l l e d  a n d  n o t  r e c o r d e d .  An 

o p e r a t i o n s  l o g  c o n t a i n s  d a t a  on which  pump i s  r u n n i n g ,  r a t e  o f  

d i s c h a r g e  t o  t h e  h e a t i n n  system ( n o t  w e l l  p u m p i n g  r a t e ) ,  t o t a l  

f l o w  t o - d a t e  i n t o  t h e  h e a t i n g  s y s t e m ,  f l o w  l i n e  p r e s s u r e  a n d  

o c c a s i o n a l l y  f l o w l i n e  t e m p e r a t u r e .  I t  i s  u p d a t e d  a b o u t  o n c e  a 

day  ( s i m i l a r  t o  t h e  C a p i t o l  M a l l  system r e c o r d ) .  T h i s  d a t a  i s  

n o t  n e c e s s a r i l y  r e c o r d e d  f o r  t h e  p u r p o s e  o f  a q u i f e r  m o n i t o r i n g .  

A new m o n i t o r i n g  system w a s  b e i n g  b r o u g h t  o n  l i n e  a s  o f  

Apri l -May 1989.  I t  w i l l  l o g  t h e  t o t a l  f l o w  i n t o  t h e  h e a t i n g  

system a n d  t h e  p r e s s u r e  ( c o n v e r t e d  t o  w a t e r  l e v e l  e l e v a t i o n )  i n  

t h e  n e a r b y  B e a r d  we l l .  

Though t he re  is  n o  r e c e n t  d a t a  f r o m  t h e  B G L  w e l l s ,  t h e  

s t a t i c  w a t e r  l eve l s  a r e  l i k e l y  t o  f l u c t u a t e  w i t h  b o t h  f l o w r a t e  

and  s e a s o n a l  c h a n g e s ,  a s  t h e y  d o  f o r  o t h e r  B o i s e  a r e a  g e o t h e r m a l  

we l l s .  

The BGL h e a t i n g  s y s t e m  average f l o w r a t e  h a s  v a r i e d  y e a r l y .  

T a b l e  6 shows  t h e  y e a r l y  sys t em c o n s u m p t i o n  ( n o t  a c t u a l  wel l  

f l o w r a t e  w h i c h  i s  n o t  r e c o r d e d )  a n d  c a l c u l a t e d  a v e r a g e  system 

r a t e .  T h e  r a t e  o f  i n j e c t i o n  o f  excess w a t e r  c a n  b e  d e t e r m i n e d  

r o u g h l y  f rom t h e  r a t e d  pump c a p a c i t y ,  l e s s  t h e  h e a t i n g  sys tem 



d i s c h a r g e  r a t e .  There is  n o  r e c o r d  o f  t h e  i n j e c t i o n  f l o w r a t e ,  

when p r o d u c t i o n  exceeds demand. 

T a b l e  6 

C i t y  o f  B o i s e  H e a t i n g  S y s t e m  P r o d u c t i o n  

1 ( B G L  Wells) 

Y e a r  T o t a l  - Days 
A v e r a g e  
System 
F l o w r a t e  

1983 53.76 x 1 0 6 g a l .  92 405 gpm 

1984 153.27 365 292 

129.15 365 246 1985 

1986 199 .oo 320 432 

1987 172.08 365 327 

1988 122.41 365 233 

1989 68.79 ( 1 )  90 530 

( 1 )  Through  March 1989 

BGL h a s  r e c o r d e d  m o n t h l y  ( c o n s u m p t i o n )  t o t a l s  s i n c e  s t a r t u p  

a n d ,  more r e c e n t l y ,  a v e r a g e  m o n t h l y  f l o w  r a t e s .  T h e  a v e r a g e  

m o n t h l y  r a t e  v a r i e s  f rom a maximum of 773 gpm i n  F e b r u a r y  1 9 8 8  

t o  47 gpm i n  J u l y  1988. 



b )  W a t e r  Levels 

T h e r e  a r e  n o  w a t e r  l e v e l  d a t a  f o r  t h e  B G L  w e l l s  s i n c e  

p r o d u c t i o n  b e g a n .  However ,  t h e  BLM m o n i t o r i n g  w e l l  i s  n e a r b y  

( s e e  F i g u r e  1 0  a n d  T a b l e  4 ) .  E a r l y  d a t a  g a t h e r e d  d u r i n g  

d r i l l i n g  a n d  t e s t i n g  o f  BGL and  VA wel ls  i n d i c a t e s  t h e  BGL wells 

were c a p a b l e  o f  f l o w i n g  a r t e s i a n  ( e x c e p t  BGL-3  w h i c h  i s  a t  a 

h i g h e r  e l e v a t i o n ) .  There i s  n o  r e c o r d  o f  a r t e s i a n  f l o w  s i n c e  

s t a r t - u p .  H o w e v e r ,  few i n s t a n c e s  o f  d o w n - t i m e  h a v e  o c c u r r e d  

s i n c e  s t a r t - u p  t o  a l l o w  m e a s u r e m e n t s  o f  s t a t i c  w a t e r  l e v e l s .  

T h u s ,  o n l y  e s t i m a t e s  c a n  be  made o f  BGL wel l  s t a t i c  l e v e l s  f r o m  

r e c e n t  m e a s u r e m e n t s  a t  t h e  BEM wel l .  

M e a s u r e m e n t s  r e c e n t l y  b e g u n  i n  t h e  B e a r d  w e l l  i n d i c a t e  a 

w a t e r  l e v e l  e l e v a t i o n  o f  2705  t o  2707 f t .  (mid-May 1 9 8 9 ) .  T h i s  

i s  a p p r o x i m a t e l y  40 f t .  below g r o u n d  l e v e l  a t  t h e  B e a r d  w e l l .  

T h e s e  m e a s u r e m e n t s  were r e c o r d e d  w i t h  BGL-4 ( 3 0  f t .  a w a y )  

pumping a t  a p p r o x i m a t e l y  750 g p m .  M e a n w h i l e ,  t h e  BLM w a t e r  

l e v e l  was a t  a p p r o x i m a t e l y  2720 f t .  ( e l e v a t i o n ) .  F i g u r e  1 1  

shows a b r i e f  r e c o r d  o f  p r e - p r o d u c t i o n  l e v e l s  a t  B G L - 3  d u r i n g  

1981-1982.  The w a t e r  l e v e l  r e s p o n s e  d u r i n g  v a r i o u s  we l l  t e s t s  

s u g g e s t s  B G L - 3  i s  i n  c o m m u n i c a t i o n  w i t h  o t h e r  BGL a n d  t h e  CM 

wel l s .  The e r r a t i c  t r a c e  is  d u e  t o  n e a r b y  w e l l  t e s t i n g  d u r i n g  

t h e  p e r i o d .  A l s o ,  n o t e  t h e  e x a g g e r a t e d  d e p t h  s c a l e  c o m p a r e d  t o  

t h e  o t h e r  w a t e r  l eve l  p l o t s .  
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c >  T e m p e r a t u r e  

No f l u i d  t e m p e r a t u r e  c h a n g e s  h a v e  b e e n  r e c o r d e d  f o r  a n y  o f  

t h e  BGL w e l l s  s i n c e  s y s t e m  s t a r t - u p  ( O c t o b e r  1 9 8 3 ) .  T h e s e  

pumping t e m p e r a t u r e s  a r e  r e p o r t e d  a s :  

BGL-2 1 7 2  F 
BGL-3 1 7 5  
BGL-4 161 

,*: 

No d e c l i n e s  would be e x p e c t e d  s i n c e  t h e  B G L  w e l l s  a r e  u p  

g r a d i e n t  o f  a l l  o t h e r  p r o d u c t i o n / i n j e c t i o n  wells i n  t h e  a r e a  and  

i n t e r s e c t  t h e  main feeder f a u l t .  R e - i n j e c t i o n  o f  excess  f l u i d  

i n t o  BGL-2 d o e s  n o t  a p p e a r  t o  r e s u l t  i n  a n y  l o c a l i z e d  

t e m p e r a t u r e  d e c l i n e ,  s i n c e  l i t t l e  t e m p e r a t u r e  loss i s  b e l i e v e d  

t o  o c c u r .  However ,  no s t a t i c  o r  f l o w i n g  t e m p e r a t u r e  p r o f i l e s  

h a v e  been  c o n d u c t e d  t o  c o n f i r m  t h i s .  

4 )  VA Hospital Yells 

The V A  wells i n c l u d e  a p r o d u c t i o n  wel l  ( V A - 1 1 ,  a n  i n j e c t i o n  

The well  ( V A - 2 )  and an i n t i t i a l  ' t e s t  i n j e c t i o n  wel l  ( V A - T e s t )  

V A  h e a t i n g  s y s t e m  o p e r a t e s  2 4  h o u r s  a d a y  w i t h  a l l  f l u i d  

p r o d u c e d  a t  VA-1 and  i n j e c t e d  i n t o  V A - 2 .  V A - T e s t  is n o t  u s e d .  

Sys t em s t a r t - u p  w a s  N o v e m b e r  1 1 ,  1 9 8 8 .  W r i t t e n  d a i l y  

r e c o r d s  o f  t o t a l  f l o w ,  p r o d u c t i o n  a n d  i n j e c t i o n  t e m p e r a t u r e ,  

p r o d u c t i o n  w e l l  w a t e r  l e v e l  ( v i a  b u b b l e  t u b e ) ,  a n d  i n j e c t i o n  

p r e s s u r e  ( g u a g e  on f l o w  l i n e )  w e r e  begun i n  March 1989 .  
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a )  P r o d u c t i o n  D a t a  

The p r o d u c t i o n  well pump h a s  t w o  r a t e s ,  a p p r o x i m a t e l y  150 

gpm a n d  o v e r  1000 gprn. The i n j e c t i o n  wel l  c a p a c i t y  h a d  l i m i t e d  

p r o d u c t i o n  t o  a p p r o x i m a t e l y  400 gpm. T h a t  h a s  been i n c r e a s e d  t o  

600 gpm a s  a r e s u l t  o f  a recent  h y d r o - f r a c t u r i n g  p r o j e c t .  From 

t h e  r e c o r d  t o - d a t e ,  i t  s e e m s  t h a t  a r a t e  o f  150 g p m  i s  

s u f f i c i e n t  t o  s a t i s f y  V A  s y s t e m  d e m a n d  f r o m  M a r c h  t h r o u g h  

O c t o b e r .  A r a t e  o f  4 0 0  gpm h a s  b e e n  s u f f i c i e n t  f o r  o t h e r  

p e r i o d s  e x c e p t  d u r i n g  t h e  severest  w e a t h e r  o f  t h e  y e a r .  

A s  o f  A p r i l  21, 1989, 11.422 m i l l i o n  g a l l o n s  o f  g e o t h e r m a l  

w a t e r  were p r o d u c e d  f rom VA-1 and  i n j e c t e d  i n t o  VA-2. A s s u m i n g  

p u r p a g e  24 h o u r s  a day  s ince  November 1 1 ,  1 9 8 8  (161 d a y s ) ,  t h e  

a v e r a g e  r a t e  i s  c a l c u l a t e d  t o  b e  49 gpm. T h i s  is  n o t  c o n s i s t a n t  

w i t h  t h e  150 gpm ( l o w  s p e e d )  p u m p i n g  r a t e ,  i n d i c a t i n g  s o m e  

down-t ime o c c u r r e d  w h i c h  i s  n o t  on r e c o r d .  

b )  W a t e r  Level D a t a  

The VA-1  wel l  was m o n i t o r e d  f o r  p r e s s u r e / w a t e r  l e v e l  f r o m  

November 1 ,  1983 t o  J a n u a r y  20, 1986. T h i s  r e c o r d  h a s  b e e n  

combined  w i t h  t h e  BLM r e c o r d  i n  F i g u r e  10. P r i o r  t o  p r o d u c t i o n  

a t  VA-1, t h e  two wells showed s i m i l a r  r e s p o n s e s ,  t h o u g h  t h e  BLM 

well  w a t e r  l eve l  is  a p p r o x i m a t e l y  0.8 f t .  h i g h e r  i n  e l e v a t i o n  

t h a n  t h e  VA-1 l eve l .  B o t h  BLM a n d  VA-1 wells  a r e  b e l i e v e d  t o  b e  

c o m p l e t e d  i n  t h e  main B o i s e  F r o n t  F a u l t  z o n e  b u t  t h e  BLM w e l l  is  
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comple t ed  i n  t h e  s h a l l o w e r  b a s a l t s  a n d  b a s a l t i c  t u f f s ,  w h e r e a s  

t h e  VA-1 we l l  was completed i n  r h y o l i t e  a t  a g r e a t e r  d e p t h .  The 

p r o d u c t i o n  well  water l e v e l  d a t a  f o r  t h e  same p e r i o d ,  s h o w s  a 

r i s i n g  pumping l e v e l  from mid-March t o  m i d - A p r i l  1 9 8 9 ,  w h i l e  a t  

a r e l a t i v e l y  c o n s t a n t  r a t e .  The water  l e v e l  w h i l e  pumping ,  rose  

from a p p r o x i m a t e l y  52  f t .  d e p t h  (2711 f t .  e l e v a t i o n )  t o  40 f t .  

(2723 f t .  e l e v a t i o n )  o v e r  t h e  o n e  month p e r i o d  of record.  
i: 

I n j e c t i o n  p r e s s u r e  i s  r e c o r d e d  o n c e  d a i l y .  T h e  p r e s s u r e  

a p p e a r s  t o  r i s e  i n  c o n j u n c t i o n  w i t h  t h e  a q u i f e r  l e v e l  r e b o u n d  i n  

t h e  s p r i n g .  T h e  i n j e c t i o n  p r e s s u r e  r o s e  a p p r o x i m a t e l y  4 p s i  

from 36 t o  40 p s i  over  t h e  o n e  month p e r i o d  ( M a r c h - A p r i l ,  1 9 8 9 )  

o f  r e c o r d ,  w h i l e  t h e  f l o w r a t e  a v e r a g e d  a p p r o x i m a t e l y  1 1 0  gpm. 

D u r i n g  n o r m a l  o p e r a t i o n s  t h e  drawdown i n  VA-1 is  r e p o r t e d  t o  b e  

w i t h i n  1-2 f t .  of s t a t i c  w a t e r  l e v e l  a t  t h e  l o w  pump s p e e d  

(100-150 gpm).  No c o n t i n u o u s  m o n i t o r i n g  o f  VA-2 o r  t h e  t e s t  

i n j e c t i o n  we l l  is  p r o p o s e d .  

C o n t i n u o u s  c o m p u t e r i z e d  l o g g i n g  of  VA-1 w a t e r  l e v e l  ( v i a  

b u b b l e  t u b e  a n d  p r e s s u r e  t r a n s d u c e r )  was t o  b e g i n  i n  l a t e  1989. 

c )  T e m p e r a t u r e  Data 

The p r o d u c t i o n  t e m p e r a t u r e  h a s  r e m a i n e d  c o n s t a n t  a t  1 6 3  F. 

I n j e c t i o n  t e m p e r a t u r e s  v a r y  f r o m  1 3 4 F - 1 4 9 F .  The  s t a t i c  

temperature  o f  VA-1 is  p r e s e n t e d  i n  Appendix A .  I t  d i s p l a y s  a n  

i s o t h e r m a l  s e c t i o n ,  c h a r a c t e r i s t i c  o f  a w e l l  i n t e r c e p t i n g  a 
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f r a c t u r e  z o n e  ( s t a r t i n g  a t  8 0 0  f t .  i n  t h i s  c a s e ) .  

5 )  Boise Warm SDrinns Water District (BWSWD) Wells 

T h i s  g r o u p  c o n s i s t s  o f  t h r e e  we l l s .  Two p r o d u c t i o n  w e l l s ,  

BWSWD-1 ( E a s t )  a n d  BWSWD-2 ( W e s t ) ,  b o t h  4 0 0  f t ,  d e e p ,  a n d  a 

m o n i t o r i n g  we l l  (BWSWD-31,  600 f t .  d e e p .  T h e  two p r o d u c t i o n  

wel l s  a r e  l o c a t e d  on t h e  B o i s e  F a u l t  t r a c e  a n d  a r e  s e p a r a t e d  b y  

a d i s t a n c e  o f  30 f t .  BWSWD-3 i s  l o c a t e d  6 4 5  f t .  n o r t h w e s t  a l o n g  

t h e  f a u l t  z o n e  from t h e  p r o d u c t i o n  we l l s .  There i s  n o  i n j e c t i o n  

o f  t h e  w a t e r  BWSWD p r o d u c e s .  I t  i s  d i s p o s e d  o f ,  v i a  t h e  c i t y  

sewer s y s t e m ,  by i n d i v i d u a l  u s e r s .  

a )  P r o d u c t i o n  Data 

P r o d u c t i o n  b e g a n  i n  t h e  e a r l y  1 8 9 0 ' s  a n d ,  f o r  a p p r o x i m a t e l y  

90  y e a r s ,  i t  w a s  t h e  o n l y  m a j o r  p r o d u c e r  f r o m  t h e  B o i s e  

g e o t h e r m a l  a q u i f e r .  The e x i s t i n g  p r o d u c t i o n  wells were d r i l l e d  

i t a  t h e  e a r l y  1900 's .  R e c e n t  r e c o r d s  ( s i n c e  1 9 7 7 )  show t h e y  a r e  

pumped a t  s a t e s  u p  t o  1600 gpm. However ,  s i n c e  1983,  p r o d u c t i o n  

h a s  b e e n  c u r t a i l e d  d u e  t o  s e a s o n a l  l o w e r i n g  of t h e  pumping l e v e l  

t o  t h e  pump i n t a k e  e l e v a t i o n .  The pumps i n  BWSWD-1 a n d  2 were 

lowered from 1 6 0  t o  200 f t .  i n t o  t h e  u n c a s e d  p o r t i o n  o f  t h e  

w e l l  i n  1 9 8 7 .  However ,  t h i s  a c t i o n  d i d  n o t  e x t e n d  t h e  p e r i o d  of 

h i g h  r a t e  pumping a d e q u a t e l y  d u r i n g  p e r i o d s  o f  peak  demand. The 

pumps c a n n o t  b e  lowered f u r t h e r  s i n c e  t h e  m a i n  

3 6  



f r a c t u r e / p r o d u c i n g  i n t e r v a l  i s  a t  a p p r o x i m a t e l y  200 f t .  a n d  t h e  

pump bowls  a r e  a l r e a d y  i n  t h e  u n c a s e d  p o r t i o n  of t h e  we l l .  

BWSWD-2 i s  warmer a n d  u s e d  a s  t h e  p r i m a r y  p r o d u c e r .  Pumping 

l e v e l s  a r e  o b t a i n e d  by b u b b l e  t u b e  i n  BWSWD-1. F i g u r e  1 2  i s  a 

p l o t  of w a t e r  l eve l s  and  f l o w r a t e s  from BWSWD-1 and  2 s ince  1977 

(Waag, 1 9 8 9 ) .  No r e c o r d s  o f  p r o d u c t i o n  p r i o r  t o  1 9 7 7  a r e  

a v a i l a b l e .  

The y e a r l y  p r o d u c t i o n  t o t a l s  a r e  g i v e n  i n  T a b l e  I: 7 .  T h e  

d a t a  a v a i l a b l e  (BWSWD, 1 9 8 9 )  i s  r e p o r t e d  i n  t e rms  o f  t o t a l  

p r o d u c t i o n  over  a h e a t i n g  s e a s o n  yea r .  Though some down-time i s  

likely to have occurred,  i t  was n o t  r e p o r t e d .  

The p r o d u c t i o n  d a t a  i n  T a b l e  7 i n c l u d e s  summer a r t e s i a n  

f l o w s  w h i c h  o c c u r r e d  t h r o u g h  1 9 8 3 .  F l o w r a t e s  v a r y  f rom l e s s  

t h a n  100 gpm t o  o v e r  1600 gpm o v e r  t h e  12 y e a r  p e r i o d  of record.  
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Year  ( 1 )  

77-78 

78-79 

79-80 

80-81 

81-82 

82-83 

83-84 

84-85 

85-86 

86-87 

87-88 

88-89 (2) 

T a b l e  1 

BWSWD P r o d u c t i o n  

T o t a l  

273308 x lo3 g a l .  

304720 

305493 

241053 

275020 

280922 

299043 

276773 

260100 

191279 

190529 

220893 

I? 

11 

11 

I? 

I? 

11 

IV 

n 

W 

11 

I1 

A v e r a g e  - R a t e  

520 gpm 

580 

581 

459 

523 

534 

569 

526 

495 

364 

362 

723 

( 1 )  S e p t .  t o  A u g u s t  h e a t i n g  s e a s o n  

(2) Through  March 1989 



b )  Water Level 

Warm w a t e r  h a d  a l s o  i s s u e d  f r o m  s p r i n g s  i n  t h e  B o i s e  

f o o t h i l l s  p r i o r  t o  g e o t h e r m a l  a q u i f e r  p r o d u c t i o n .  I t  i s  n o t  

c l e a r  when t h e s e  s p r i n g s  ceased t o  f low.  I n  a d d i t i o n ,  o r i g i n a l  

s t a t i c  w a t e r  l e v e l s  i n  e a r l y  w e l l s  o n  t h e  f a u l t  i n  t h e  BWSWD 

a r e a ,  may h a v e  had s t a t i c  water  l e v e l s  60-70 f t .  h i g h e r  t h a n  a t  

p r e s e n t .  

The  r e c e n t  water  l e v e l  r e c o r d  ( h y d r o g r a p h )  af BWSWD-1 a n d  2 

i s  shown i n  F i g u r e  1 2 .  The m o s t  s i g n i f i c a n t  f e a t u r e  o f  F i g u r e  

12 is t h a t ,  since 1983, there  h a s  b e e n  a d e c l i n e  i n  w a t e r  l e v e l  

w h i l e  p r o d u c t i o n  h a s  a l s o  b e e n  d e c l i n i n g .  BWSWD-1 a n d  2 h a v e  

b e e n  r e a c h i n g  a maximum d r a w d o w n  ( t o  t h e  pump b o w l s )  f o r  a 

l o n g e r  p e r i o d  e a c h  y e a r ,  a u t o m a t i c a l l y  c u r t a i l i n g  p r o d u c t i o n .  

T a b l e  8 s h o w s  a n o t h e r  i n d i c a t i o n  of t h e  s t e a d i l y  d e c l i n i n g  water  

l e v e l s  i n  t h e  BWSWD a r e a .  

These phenomena i n d i c a t e  t h a t  r e c e n t  p r o d u c t i o n  b y  B G L  i s  

c a u s i n g  t h e  g e o t h e r m a l  a q u i f e r  t o  s e e k  a n e w  ( d e e p e r )  

e q u i l i b r i u m  l e v e l  t o  b a l a n c e  t o t a l  p r o d u c t i o n .  J u s t  a s  a l e v e l  

was a c h i e v e d  f o r  l o n g - t e r m  BWSWD-1 a n d  2 p r o d u c t i o n  a l o n e ,  w h i c h  

i s  lower t h a n  h i s t o r i c  a c c o u n t s  o f  o r i g i n a l  s t a t i c  l e v e l s ,  s o  a 

new l e v e l  w i l l  b e  r eached  f o r  t h e  s y s t e m .  

On t o p  o f  t h e  e f f e c t  o f  w e l l  p r o d u c t i o n ,  s e a s o n a l  

p r e c i p i t a t i o n  a n d  l o n g e r  term c l i m a t i c  i n f l u e n c e s  a r e  l i k e l y  t o  

a f f e c t  t h e  g e o t h e r m a l  a q u i f e r  r e c h a r g e  a n d  p r e s s u r e .  T h e s e  



i n f l u e n c e s  would  b e  d i f f i c u l t  t o  d i s t i n g u i s h  w i t h o u t  l o n g - t e r m  

w a t e r  l e v e l  r e c o r d s  p r i o r  t o  t h e  s t a r t  o f  p r o d u c t i o n  b y  m a j o r  

u s e r s .  

Tab le  8 

Maximum W a t e r  Level Recovery  i n  BWSWD-1 a n d  2 

1 9 7 8  

1 9 7 9  

1980 

1981 

1982 

1 9 8 3  

1984  

1 9 8 5  

1986  

1 9 8 7  

1 9 8 8  

A r t e s i a n  f l o w  - 6 d a y s  

II 38 11 

It 3 6  

11 50 It 

7 It 
I1  

It 1 4  

W.L. 10 f t .  be low g r o u n d  l e v e l  

15 II It I1 

It 25 t l  1) I t  

NA 

NA 

(from Waag and  Wood, 1 9 8 7 b )  

N o t e :  BWSWD-1 a n d  2 c a n n o t  be s h u t - i n .  The d i s c h a r g e  l i n e  

f o r  b o t h  we l l s  is  a p p r o x i m a t e l y  3 f t .  be low g r o u n d  

l e v e l  ( G . L , =  2764.9 f t .  e l e v a t i o n ) .  

W a t e r  l e v e l  d a t a  f o r  BWSWD-3 h a s  b e e n  r e c o r d e d  s i n c e  1 9 8 2  

(Waag, 1 9 8 9 1 ,  a n d  is  shown i n  F i g u r e  1 3 .  T h i s  wel l  i s  u s e d  f o r  

o b s e r v a t i o n  only. The w a t e r  l eve l  shows  o b v i o u s  p a r a l l e l s  w i t h  
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t h o s e  of  BWSWD-1 a n d  2 ,  6 4 5  f t .  a w a y .  A d e c l i n e  i n  p e a k  

recovery i s  e v i d e n t  a s  is  a s h o r t e r  r e c h a r g e  p e r i o d  a s  s h o w n  b y  

t h e  a r e a  u n d e r  t h e  c u r v e  f o r  each  y e a r l y  c y c l e .  The d e c l i n e  i n  

r e c o v e r y  a v e r a g e s  4.5 f t .  per yea r  s i n c e  1983 ,  a n d  t h e  d e c l i n e  

i n  maximum drawdown a v e r a g e s  1.7 f t .  p e r  y e a r .  T h i s  t r e n d  d o e s  

n o t  show s i g n s  o f  l e v e l i n g  o f f  e v e n  t h o u g h  t o t a l  BWSWD 

p r o d u c t i o n  h a s  d e c r e a s e d  i n  t h e  p e r i o d  f rom t h e  1 9 8 3  t o  1 9 8 4  

s e a s c n  t o  t h e  1987-1988 s e a s o n .  P r o d u c t i o n  w a s  u p  s o m e w h a t -  

d u r i n g  1988-1 989 s e a s o n .  

c >  T e m D e r a t u r e  Data 

No c h a n g e s  i n  f l o w i n g  t e m p e r a t u r e  h a v e  b e e n  o b s e r v e d  s i n c e  

p r o d u c t i o n  b e g a n .  No s t a t i c  t e m p e r a t u r e  l o g s  h a v e  b e e n  d o n e  o n  

BWSWD-1 o r  2. U n t i l  r e c e n t l y ,  t h e y  have  f lowed  a r t e s i a n  i n  l a t e  

summer a n d  f a l l ,  a n d  h a v e  e s s e n t i a l l y  b e e n  i n  c o n s t a n t  u s e  y e a r  

r o u n d  w i t h  t h e  pumps i n  p l a c e .  

The t e m p e r a t u r e s  p r o f i l e s  f o r  BWSWD-1 a n d  2 ( A p p e n d i x  A )  

were t a k e n  j u s t  a f t e r  t h e  pumps  were removed  f o r  s e r v i c i n g  i n  

1987.  A t  t h a t  t ime,  t h e  water c o l u m n  was  d i s t u r b e d  i n  b o t h  

wel ls .  

6 )  Kanta Well 

The K a n t a  well is  l o c a t e d  1675 f t .  s o u t h e a s t  of BWSWD-1 a n d  

2 .  I t  h a s  b e e n  m o n i t o r e d  f o r  s e v e r a l  y e a r s  b y  Boise S t a t e  
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U n i v e r s i t y  ( B S U ) .  I t  i s  d e e p e r  t h a n  t h e  BWSWD w e l l s ,  a n d  i s  

c o m p l e t e d  i n  t h e  r h y o l i t e  g e o t h e r m a l  a q u i f e r  ( T a b l e  1 ) .  T h e  

l o c a t i o n  and  l i t h o l o g y  i n d i c a t e  t h i s  w e l l  i s  west  o f  t h e  m a i n  

f a u l t  z o n e  ( F i g u r e  3 ) .  The water l e v e l  d a t a  i n d i c a t e s  a d e c l i n e  

i n  w a t e r  l e v e l  s i m i l a r  t o  t h e  BWSWD-3 we l l  ( F i g u r e  1 4 )  a n d  i t  is  

a p p e a r s  t h e  K a n t a  well  i s  i n  c o m m u n i c a t i o n  w i t h  BWSWD-1 a n d  2 .  

The Kan ta  wel l  h a s  an a n n u a l  d e c l i n e  ( a v e r a g i n g  4 . 6  f t / y r  d u r i n g  

1984-1989)  i n  p e a k  r e c o v e r y  a n d  maximum drawdown d e c l i n e  o f  6 . 4  

f t / y r .  T h e  K a n t a  well  i s  l i k e l y  t o  b e  i n f l u e n c e d  by p u m p i n g  a t  

t h e  B o t a n i c a l  G a r d e n s  w e l l  ( O l d  P e n .  W e l l )  w h i c h  i s  u s e d  

i n t e r m i t t e n t l y  f o r  i r r i g a g i o n  ( W a a g  a n d  Wood ,  1 9 8 7 ) .  No 

f l o w r a t e  d a t a  i s  a v a i l a b l e  f o r  t h e  B o t a n i c a l  Gardens wel l .  

7) Behrman Well 

T h i s  i s  an o l d  w e l l ,  l o c a t e d  west o f  BWSWD-3 ( F i g u r e  2 ) .  No 

l i t h o l o g y ,  d e p t h ,  o r  c o m p l e t i o n  d a t a  a r e  a v a i l a b l e .  I t  is n o t  

i n  use, but h a s  b e e n  m o n i t o r e d  f o r  w a t e r  l e v e l  by BSU s i n c e  1 9 8 5  

( F i g u r e  1 5 ) .  I t  a p p e a r s ,  f r o m  t h e  w a t e r  l e v e l  d a t a ,  t o  b e  

c o m p l e t e d  i n t o  t h e  f a u l t  z o n e  o r  r h y o l i t e  a q u i f e r ,  s u c h  t h a t  i t  

r e s p o n d s  t o  BWSWD p r o d u c t i o n .  T h e  w a t e r  l e v e l  h a s  b e e n  

d e c l i n i n g  much l i k e  t h e  K a n t a  and  BWSWD-3 wel ls .  

T h e r e  is  a s i g n i f i c a n t  d i f f e r e n c e  i n  wa te r  l e v e l  e l e v a t i o n  

between t h e  Behrman wel l  and  BWSWD-3 wh ich  a r e  o n l y  320 f t .  
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a p a r t .  T h i s  d i f f e r e n c e  ( a p p r o x i m a t e l y  6 2  f t .  i n  Feb.  1 9 8 9 )  h a s  

b e e n  a t t r i b u t e d  b y  Waag ( 1 9 8 7 b )  t o  a s e m i - p e r m e a b l e  b o u n d a r y  

b e t w e e n  t h e  two wel ls .  

T h i s  wel l  b e h a v e s  somewhat a n o m a l o u s l y  i n  o t h e r  w a y s .  I n  

1 9 8 7 ,  t h e  w a t e r  l e v e l  r e c o v e r y  w a s  c o m p a r a t i v e l y  l o w e r  t h a n  

o t h e r  we l l s  s u c h  a s  BLM, BWSWD a n d  K a n t a ,  a n d  t h e  1 9 8 8  r e c o v e r y  

was c o m p a r a t i v e l y  h i g h e r .  T h e s e  d i f f e r e n c e s  may b e  d u e  t o  

p r o d u c t i o n  a t  t h e  Q u a r r y  V i e w  wel l  ( s ee  b e l o w ) ,  a n d  p o s s i b l y  t o  

t h e  Behrman wel l  c o m p l e t i o n ,  w h i c h  i s  u n k n o w n .  P r o d u c t i o n  a t  

Quarry V i e w  w o u l d  l i k e l y  s u p p r e s s  t h e  water  l e v e l  r e b o u n d  i n  t h e  

Behrman w e l l  d u r i n g  t h e  s u m m e r  m o n t h s .  T h e  c o m p l e t i o n  o r  

c o r r o s i o n  of  c a s i n g  may a l l o w  c o m m u n i c a t i o n  w i t h  s h a l l o w e r  

a q u i f e r s .  U n f o r t u n a t e l y ,  t h e  wel l  c o u l d  n o t  be  accessed t h r o u g h  

t h e  we l l  h e a d  f o r  a t e m p e r a t u r e  s u r v e y .  

8)  Qu arry V i e w  Park Yell 

The Q u a r r y  V i e w  P a r k  w e l l  is l o c a t e d  S o u t h w e s t  o f  t h e  

Behrman a n d  BWSWD wells ( F i g u r e  2 ) .  I t ' s  d e p t h  a n d  c o m p l e t i o n  

a r e  g i v e n  i n  T a b l e  1 .  T h i s  wel l  had  b e e n  u s e d  f o r  i r r i g a t i o n  of 

t h e  p a r k  d u r i n g  t h e  summer  m o n t h s ,  t h e r e f o r e ,  i t  h a s  a w a t e r  

l e v e l  record  ( F i g u r e  1 6 )  w i t h  h i g h s  a n d  lows o p p o s i t e  t o  t h a t  of 

g e o t h e r m a l  wel ls  u s e d  f o r  h e a t i n g .  I t  p r o d u c e s  water  u p  t o  1 3 2  

F. 

I n  summer, t h e  wel l  was pumped i n t e r m i t t e n t l y ,  a s  n e e d e d .  
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F i g u r e  1 6  shows t h e  drawdown r e s u l t i n g  f rom g r e a t e r  p r o d u c t i o n  

d u r i n g  t h e  d r o u g h t  yea r  o f  1987-88.  The w e l l  was t a k e n  o u t  o f  

s e r v i c e  f o r  i r r i g a t i o n  a t  t h e  end  o f  t h e  1 9 8 8  s e a s o n .  There a r e  

n o  f l o w r a t e  records f o r  t h i s  wel l  b u t  es t imates  were c a l c u l a t e d  

by Waag ( 1 9 8 7 a )  b a s e d  upon  power c o n s u m p t i o n .  

G i v e n  t h e  t e m p e r a t u r e ,  r e l a t i v e l y  s h a l l o w ’ d e p t h  a n d  

l i t h o l o g y  of t h e  we l l  (Append ix  B), i t  a p p e a r s  t o  b e  c o m p l e t e d  

a b o v e  t h e  main g e o t h e r m a l  a q u i f e r  r h y o l i t e .  T h e  f l u i d  i s  

a p p a r e n t l y  a m i x t u r e  o f  t h e r m a l  w a t e r  a n d  f l u i d  from t h e  d e e p  

f r e sh  water  a q u i f e r  ( T a b l e  3 ) .  As a r e s u l t ,  p u m p i n g  o f  t h e  

Q u a r r y  V i e w  w e l l  may h a v e  h a d  a r e l a t i v e l y  low i m p a c t  o n  t h e  

g e o t h e r m a l  a q u i f e r  a n d  a l e s s e r  d r a w d o w n  e f f e c t  i n  n e a r b y  

m o n i t o r i n g  we l l s .  
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111. REVIEW OF WELL T E S T S  AND PREVIOUS ANALYSES 

There h a v e  been  numerous  t e s t s  o f  B o i s e  a r e a  g e o t h e r m a l  

wells by g o v e r n m e n t  a g e n c i e s  a n d  p r i v a t e  c o n s u l t a n t s .  These  

s t u d i e s  h a v e  f o c u s e d  on t h e  s e l e c t e d  w e l l s  d e s c r i b e d  i n  t h e  

p r e v i o u s  s e c t i o n ,  s p e c i f i c a l l y ,  i n  t h e  C M - B G L - V A  a n d  BWSWD 

a r e a s .  Though wells i n  o u t l y i n g  a r e a s  may h a v e  b e e n  t e s t e d  

p r i v a t e l y ,  n o  s u c h  i n f o r m a t i o n  is  p u b l i c l y  a v a i l a b l e .  

The f o l l o w i n g  i s  a b r i e f  s u m m a r y  o f  e a c h  t e s t  w i t h  

p a r t i c u l a r  a t t e n t i o n  g i v e n  t o  t h o s e  w i t h  t h e  m o s t  a b u n d a n t  a n d  

a c c u r a t e  d a t a .  Three o f  t h e s e  h a v e  b e e n  s e l e c t e d  f o r  f u r t h e r  

a n a l y s i s  u s i n g  t h e  p re s su re  r e s p o n s e  m o d e l  d e v e l o p e d  f o r  this 

s t u d y .  

1) BLU a n d  B e a r d  Wells 

The BLM a n d  B e a r d  Wells were d r i l l e d  i n  1 9 7 6 ,  a l o n g  w i t h  

t h r e e  ( a b a n d o n e d )  t e s t  h o l e s ,  by E G G / I N E L  f o r  e x p l o r a t i o n  o f  t h e  

Boise G e o t h e r m a l  system ( N e l s o n ,  e t  a l ,  1 9 8 0 ) .  These were t h e  

f i r s t  known g e o t h e r m a l  we l l s  i n  t h i s  a r e a ,  a n d  a r e  b e l i e v e d  t o  

b e  t h e  m o s t  e x t e n s i v e l y  t e s t ed  o f  a n y  B o i s e  a r e a  g e o t h e r m a l  

wel ls  u p  t o  t h a t  time. 

T a b l e  9 g i v e s  a summary o f  t h e  w e l l  t e s t s .  A b o r t e d  o r  

i n c o n c l u s i v e  tests a r e  n o t  p r e s e n t e d  i f  there  was no a n a l y s i s  o r  

t h e  f i n d i n g s  were n o t  s i g n i f i c a n t .  
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Well Test and Analysis Summary 

Well Pumped/ Maximum Background 
Ref e r enc e - Flowra t e Drawdown Inf luence? Re s u  1 t s (Pumped/Flowed) Date Ar t e s i an 

(31) Beard 10128-10/29/76 A 100gpm, 26hrs Beard, 2.89psi BWSWD T=6,370 gpd/ft, Flowing 
165°F 

9/13/77 P 250gpm, 16hrs BLM, 0.3psi I 1  T=68,800 gpd/ft I 1  
11 

S=0.000035 
11 101 13- 10/25/ 7 7 A 150gpm, 12days Beard, 5psi 

BLM, 1.5psi T=8000 gpd/ft 11 

Beard T=6000 gpd/ft 
BLM T=91,000 gpd/ft 

S=0.000037 
P 380gpm, 27hrs Beard, 47.4psi I 1  

1/19-1/20/78 
BLM, 1.7psi 

BLM 10/10-10/11/77 P 90gpm, 30 hrs Beard, 49psi I1 
T=600 gpd/ft 

11 114-1/7/78 P 120gpm, 72 hrs BLM, 7lpsi II 
T=20500 gpd/ft 
S=0.000023 11 

11 
11 

.BLM Tz1170 gpd/ft 1 / 10-1/11/78 P 120gpm, 30 hrs BLM, 40psi I t  

Beard, 2psi Beard T=100,100 gpd/ft 
S=O. 00054 

Capitol Mall Wells 

Statehouse Well 1/?/75 P ? 9  24hrs ? (27) 

(2) (3) 

11 
T=25,900 gpd/ft 
Flowing 104°F 

I 1  -- CM- 1 12/8/80 A 

11 12/ 12-121 15/80 P 

205gpm, 1.75h rs -- 

350 to 806gpm CM-1, 356ft 
60 hrs, total 

11 T=5000 gpd/ft I1  

S=0.00005, Flowing 153°F 

12/ 15/80 A I 1  
300gpm CM-1, 22psi Flowing 153°F 11 

I1  



Table 9 (cont.) 

Well Test and Analysis Summary 

Pumped/ Maximum Background 
Re f e renc e 

Well 
Flowrate Drawdown Influence? Results - Pumped/ Flowed) Date Artesian - 

(3) -- CM- 2 8/5/81 A 300-400 gprn -- BWSWD 
"b r ie f 1 y " 

I 1  9/15-9/18/81 A Step- t es t CM-1, 3.2psi 
115Oi1450gpm,' 7hrs BGL-2,O. 75psi 
820gpm, 60hrs BGL-3 ,O. 93 psi 

BLM, 0.7psi 

BGL Wells 

BGL-2 4/7/82 A 

11 4/8-4/ 15/82 A 

S t ep-t es t BGL-2, 4.lpsi 
400 gpm, lhr BGL-1, O.l+psi 
1000 gpm, lhr BGL-3, 0.62 ft 

BLM, 2.06 ft 

900 gpm, 7days BGL-2, 4.4 psi 
BLM, 6.1 ft 
CM-1, 2.3 psi 
CM-2, 1.7 psi 
BGL-1, 2.3 psi 
BGL-3, 6.7 ft 
BGL-4, 8 ft 
Beard, 2 psi 

10/ 17/83 P 1150 gpm BLM, 3.5 ft 
"several hours" VA-Test, 0.6 ft 

VA-1, 2.1 ft 

BGL-4 4/5/82 A Step-test BGL-4, 6 psi 
165 to 187 gpm BLM, 0.32 psi 

2.5 hrs 

I I  4/26-4/27/82 A Step-test BGL-4, 17 ft 
q n - i o n  _..- 1 ~ -  

T=50,000 to 
100,000 gpd/ft 

S=O.OOl to 0.0001 
Flowing 159°F 

I 1  

BLM T=125,000 gpd/ft 
I 1  S=O. 00015 

S=O.OOl 
Flowing 165.5'F 

BGL-3 T=825,000 gpd/ft (4) 

T=164,000 to 

S=0.00012 t o  0.003 
475,000 gpd/ft 11 

I 1  

11 T=120,000 to 
200,000 gpd/ft 

T=420,000 gpd/ft 
S=0.000026 

I 1  

I 1  Flowing 142°F 

( 5 )  

(4) 

I I  



Well Test and Analysis Summary 

Well 
(Pumped/Flowed) Date 

BGL-4 4128-4129182 

BGL-2 12183-1/84 
and Normal 
RGL-4 Operations 

VA Wells 

VA-l(Prod) 10/11/83 

I1 10/11-10/12/83 

VA-Te s t 11/3/83 

VA-2 (Inj ) 12/ 16-12/ 17/83 

1/8/87 

Pumped/ 
Artesian 

A 

P 

P 

P 

Inject. 
Test 

Maximum Background 
- Flowrate Drawdown Influence? Results Re f e renc e 

160 gpm, 46 hrs BGL-2, 0 . 3  ft 
(4) BGL-3, 0.35 ft BWSWQ T=112,600-820,000 gpd/ft 

CM-1, 0.2 ft S=0.00018-0.00054 

500 gpm,l9days 
and BLM, 15ft l%'SWD T=100,000 gpd/ft 

S = O .  00008 1300 gpm, 17days CM 

S t eg-t es t BWSWD Flowing 161.5"F 

5.5 hrs CM data @ CM,BGL,BLM,VA wells. 
( 5 )  400-1245 gpm VA-1, 78 ft and No useful interference 

18Ogpm, 15hrs 11 Flowing 160°F 11 
-- 

35gpm, lhr I 1  Flowing 106°F 11 
-- 

65gpm, 2hrs -- BWSWD Flowing 142°F 
CM 
BGL 

(25) 

180-580 gpm +47 psi,max. Injectivity estimated to 
112 hr not stabalized 11 be 900 gpm @ 1OOpsi. 11 
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Well Test and Analysis Summary 

Well 
:Pumped 1 Flowed ) Date 

BWSWD Production Wells 

BWSWD 9181-3/82 
1&2 

9/84-9185 

7 185-6186 

Quarry View Park Well 

Quarry 11/4/83 
View 

I 1  2 123 / 84 

2/24/84 

Pumped/ Maximum Background 
Ar t e s ian F1 owra t A Drawdown Influence? Results Reference -- 

(37) 
T=25,000-240,000 gpd/ft -- P 100-1500 gpm BLM, 10 ft. 

(avg. 730 gpm) BWSWD 1&2,14Oft S=0.0005-0.00005 

0-850 gpm See Figures BGL T=3500-25,000 gpd/ft 
(seasonal) 10,12,13. CM Lower T values attributed (36) 

to fracture storage. 

Analysis based on earlier 
(38) 

200-850 gpm See Figures 11 

10,12,13,14,15. calculated values of T. 
(see above) 

P Steptest 
44-265 gpm 
1.5 hours 

P Step t es t 
55-250 gpm 
4 hours 

P 175 gpm 
8 hours 

BWSWD 

CM 
QV, 226 ft BGL 

QV, 195 ft I 1  

QV, 185 ft 11 

T= 2000-3000 gpd/ft. 
Flowing 132OF max. 

Flowing 133°F max. 

Flowing 131°F 



T h e  B e a r d  w e l l  w a s  t e s t e d  f o u r  t imes ,  f rom 1 9 7 6  t o  1 9 7 8 .  

Two t e s t s  were w i t h  a r t e s i a n  flow a n d  two  were p u m p e d .  A t  t h e  

t ime,  t h e  o n l y  o b s e r v a t i o n  w e l l  was t h e  BLM we l l .  M e a s u r e m e n t s  

t a k e n  i n  t h e  pumped w e l l  were e i t h e r  by e l e c t r i c  t a p e  o r  b u b b l e  

t u b e  and  Heise p r e s s u r e  g u a g e .  O b s e r v a t i o n  w e l l  m e a s u r e m e n t s  

were by q u a r t z  p r e s s u r e  t r a n s d u c e r  a t  t h e  w e l l  h e a d .  A t  t h e  

t i m e ,  b o t h  wel l s  h a d  p o s i t i v e  w e l l  h e a d  p r e s s u r e .  P r e s s u r e  

m e a s u r e m e n t s  t a k e n  a t  t h e  f l o w i n g  w e l l  a r e  c o m p l i c a t e d  b y  

t h e r m a l  e f f e c t s  f o r  a r t e s i a n  flow t e s t s  a n d  t o  a l e s s e r  e x t e n t  

pump t e s t s .  T h i s  i s  a p r o b l e m  common t o  a l l  g e o t h e r m a l  f l o w  

tes ts . ,  The f l o w i n g  t e m p e r a t u r e  o f  t h e  f l u i d  was r a r e l y  r e p o r t e d  

f o r  t h e s e  tes ts  o f  t h e  BLM a n d  Beard wel ls .  

The BLM we l l  was pump t e s t e d  three  times i n  1 9 7 7 - 1 9 7 8 ,  w i t h  

t h e  B e a r d  wel l  a s  t h e  o n l y  o b s e r v a t i o n  wel l .  As T a b l e  9 s h o w s ,  

t h e  BLM well  h a d  a lower f l o w  c a p a c i t y .  T h e  r a n g e  o f  a q u i f e r  

p a r a m e t e r s  c a l c u l a t e d  from t h e  p r e s s u r e  d a t a  v a r i e d  

c o n s i d e r a b l y ,  w i t h  t h e  i n t e r f e r e n c e  d a t a  y i e l d i n g  t h e  h i g h e r  

c a l c u l a t e d  p a r a m e t e r s .  T h e  BLM we l l  t e s t  i n t e r f e r e n c e  d a t a  was 

r e p o r t e d  t o  d i s p l a y  a b r e a k  i n  s l o p e ,  i n d i c a t i n g  a p o t e n t i a l  

recharge  b o u n d a r y  ( N e l s o n ,  e t .  a l . ,  1980) .  

The c y c l i c  p r e s s u r e  r e s p o n s e  of t h e  BLM wel l  recorded d u r i n g  

1977-1978  p r o m p t e d  c o n s i d e r a t i o n  o f  a n  i n t e r f e r e n c e  p r e s s u r e  

r e s p o n s e  d u e  t o  BWSWD w e l l  p u m p i n g .  The  f i n d i n g s  ( r e g a r d i n g  

i n t e r f e r e n c e )  were i n c o n c l u s i v e  a n d  N e l s o n  (1980) e v e n  c o n s i d e r s  
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a q u i f e r  l o a d i n g  from i r r i g a t i o n  d u r i n g  s p r i n g  a n d  s u m m e r ,  a s  a 

p o s s i b l e  c a u s e  o f  t h e  f l u c t u a t i o n s .  

2) Capi to l  H a l l  Wells 

The f i r s t  g e o t h e r m a l  w e l l  d r i l l e d  i n  t h e  a r e a  ( T h e  

S t a t e h o u s e  w e l l )  w a s  t e s t e d  i n  1 9 7 5  ( M i n k ,  1 9 7 6 ) .  T h e  

S t a t e h o u s e  wel l  is  l o c a t e d  n e x t  t o  t h e  C a p i t o l  b u i l d i n g ,  a n d  was 

comple ted  from a p p r o x i m a t e l y  8 3 0  t o  1 1 0 0  f t .  I t  was u s e d  f o r  

i r r i g a t i o n  f o r  s o m e  t i m e  b u t  i s  now s h u t - i n ,  t h o u g h  n o t  

a b a n d o n e d .  I t  i s  n o t  c o n s i d e r e d  a s i g n i f i c a n t  w e l l  f o r  t h i s  

r e p o r t  b e c a u s e  t he re  is  n o  o p e r a t i o n a l  o r  m o n i t o r i n g  d a t a  f o r  

i t .  The t e s t  d a t a  is  i n c l u d e d  i n  T a b l e  9 f o r  c o m p l e t e n e s s .  T h e  

we l l  f lowed  a t  a t e m p e r a u r e  of 1 0 4  F. R e s u l t s  i n d i c a t e d  m i x i n g  

w i t h  c o o l e r  s h a l l o w e r  w a t e r  o c c u r r e d  d u e  t o  t h e  r e l a t i v e l y  

m o d e r a t e  d e p t h  of t h e  wel l  c o m p l e t i o n .  

The o t h e r  two C a p i t o l  Ma l l  wel ls  (CM-1 a n d  CM-2) were t e s t e d  

i m m e d i a t e l y  a f t e r  d r i l l i n g .  No i n t e r f e r e n c e  d a t a  w a s  t a k e n  

d u r i n g  t h e  CM-1 t e s t s .  The CM-2 wel l  h a d  n o t  y e t  b e e n  d r i l l e d ,  

b u t  t h e  BLM a n d  Beard wells were p r e s u m a b l y  a v a i l a b l e .  T h e  

a q u i f e r  p a r a m e t e r s  c a l c u l a t e d  f o r  CM-1 ( T a b l e  9) were b a s e d  o n  

m e a s u r e m e n t s  t a k e n  d u r i n g  f l o w  t e s t i n g  o f  CM-2 ( A n d e r s o n  a n d  

K e l l y ,  1981  

A number o f  o b s e r v a t i o n  we l l s  were u s e d  f o r  t h e  l o n g e r  CM-2 

( 6 7  h o u r )  t e s t .  These  t e s t  r e s u l t s  g a v e  a w i d e  r a n g e  o f  a q u i f e r  
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p a r a m e t e r s .  O v e r a l l ,  a t r a n s m i s s i v i t y  o f  6 0 , 0 0 0  g p d / f t .  w a s  

c o n s i d e r e d  t o  be  a c o n s e r v a t i v e  r e g i o n a l  a v e r a g e  ( A n d e r s o n  a n d  

K e l l y ,  1981 1. 

The r e p o r t  by A n d e r s o n  a n d  K e l l y  ( 1 9 8 1  1 i n c l u d e s  n o t  o n l y  

t e s t  a n a l y s i s  o f  CM-1 a n d  CM-2 d a t a  b u t  a l s o  a t h e o r e t i c a l  

p r o d u c t i o n / i n j e c  t i  o n  p r e s s u r e  s i m u l  a t i o n  ( c o n d u c t e d  b y  

P a p a d o p u l o s ,  Assoc.) i n d i c a t i n g  t h e  l i k e l i h o o d  o f  p o s s i b l e  

i n j e c t i o n  b r e a k t h r o u g h  from CM-1 t o  CM-2. The r e s u l t s  were t h a t  

b r e a k t h r o u g h  was n o t  l i k e l y  i f  t h e  a s s u m p t i o n s  of t h e  s i m u l a t i o n  

(Q=320 gpm, T=60,000 g p d / f t ,  G r a d i e n t  = 0 . 0 0 8  f t . / f t .  t o  t h e  

sou thwes t )  were v a l i d .  Thermodynamic e f f e c t s  were n o t  i n p u t  t o  

t h e  s i m u l a t i o n .  

Maximum f l o w i n g  t e m p e r a t u r e s  d u r i n g  t e s t i n g  were m e a s u r e d  a t  

153 F f o r  CM-1 a n d  1 5 9  F f o r  CM-2. 

3 )  BGL Wells 

BGL-2 was f low t e s t ed  twice; o n c e  s h o r t - t e r m  ( 2  h o u r s )  a n d  

once l o n g - t e r m  ( 7  d a y s ) .  A nu'mber of w e l l s  were a v a i l a b l e  f o r  

o b s e r v a t i o n  d u r i n g  t h e  t e s t  ( see  T a b l e  9). The  a n a l y s i s  o f  t h e  

drawdown a n d  i n t e r f e r e n c e  d a t a  y i e l d e d  a w i d e  r a n g e  o f  

c a l c u l a t e d  a q u i f e r  parameters .  The method of  m e a s u r e m e n t  v a r i e d  

b e t w e e n  wells a n d  t h e  r e s u l t s  d e p e n d e d  upon  t h e  wel l  d a t a  b e i n g  

a n a l y z e d  a n d  t h e  method ( s e m i - l o g  o r  t y p e  c u r v e )  u s e d .  Two  

b r e a k s  i n  s l o p e  were i d e n t i f i e d  o n  t h e  s e m i - l o g  p l o t s  f o r  



s e v e r a l  o f  o b s e r v a t i o n  wel l s ,  i n d i c a t i n g  p o t e n t i a l  b o u n d a r i e s .  

BGL was a l s o  m o n i t o r e d  i n  c o n n e c t i o n  w i t h  t h e  VA-1 well  t e s t  

i n  1 9 8 3  ( A n d e r s o n  a n d  K e l l y ,  1 9 8 3 ) .  I n  a d d i t i o n ,  B G L - 2  a n d  

BGL-4 o p e r a t i n g  h i s t o r y  d a t a  w a s  a n a l y z e d  b y  B G I  f o r  t h e  

D e p a r t m e n t  of Ene rgy  i n  1 9 8 5  ( B G I ,  1 9 8 5 ) .  Two b r e a k s  i n  s l o p e  

were i d e n t i f i e d  f o r  a semi- log p l o t  of BLM wel l  d a t a .  A l o g - l o g  

t y p e  c u r v e  a n a l y s i s  was i n c o n c l u s i v e  a n d  a c o m p u t e r  h i s t o r y  

ma tch  g a v e  t h e  p a r a m e t e r s  l i s t e d  i n  T a b l e  9 .  T h e  p r o d u c t i o n  

h i s t o r y  m a t c h  i n d i c a t e d  t h e  a q u i f e r  was n o t  w e l l  s u i t e d  t o  t h e  

u s e  of  a homogeneous r e se rvo i r  model. A f r a c t u r e  t y p e  model  was 

c o n s i d e r e d  t o  b e  more a p p r o p r i a t e  a n d  s u c h  a m o d e l  i s  u s e d  f o r  

t h i s  s t u d y  (See S e c t i o n s  I V  a n d  VI. 

4 )  VA H e l l  T e s t  

O f  t h e  three VA wells ( V A - 1 ,  V A - 2 ,  V A - T e s t ) ,  t h e  VA-1 w e l l  

was most e x t e n s i v e l y  t e s t e d  a n d  was t h e  o n l y  o n e  of  t h e  t h r e e  

t h a t  was pump t e s t ed .  A l l  t h e  wel ls  were s u b j e c t e d  t o  t e s t i n g  

of s o r t s  when t h e y  were c l e a n e d  o u t  u n d e r  c l o s e  o b s e r v a t i o n ,  

a f t e r  d r i l l i n g .  Only a c t u a l  t e s t  d a t a  is  p r e s e n t e d  i n  T a b l e  9 .  

Three of  t h e  t e s t s  c o n s i s t e d  o f  b r i e f  a r t e s i a n  f l o w  w i t h  some 

o b s e r v a t i o n s  b u t  w i t h o u t  much i n t e r f e r e n c e  d a t a  g a t h e r e d  d u e  t o  

t h e  l a c k  of r e s p o n s e  expec ted .  

D u r i n g  t h e  pump t e s t  of VA-1, i n  October 1 9 8 3 ,  

i n s t r u m e n t a t i o n  was s e t  u p  t o  record i n t e r f e r e n c e  m e a s u r e m e n t s  
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o f  CM and  BGL w e l l s ,  a s  wel l  a s ,  t h e  BLM a n d  V A - T e s t  w e l l s .  No 

s i g n i f i c a n t  drawdown ( o v e r  t h e  b a c k g r o u n d  e f f e c t s  o f  BWSWD a n d  

CM o p e r a t i o n s )  was measured i n  a n y  o f  t h e s e  w e l l s  e v e n  t h o u g h  

VA-1  was pumped a t  r a t e s  u p  t o  1 2 4 5  gpm. T h e  t e s t  w a s  q u i t e  

s h o r t  (5-112 h o u r s ) .  

I n  g e n e r a l ,  t h e  i n s t r u m e n t a t i o n  i n  t h e  i n t e r f e r e n c e  w e l l s  

was a c c u r a t e  e n o u g h  t o  de t ec t  a r e s p o n s e  of  l e s s  t h a n  1 / 2  f o o t  

o f  w a t e r  l e v e l  c h a n g e .  Data  from t e s t s  o f  o t h e r  w e l l s  i n  t h e  

a r e a  i n d i c a t e  t h e  t e s t  l e n g t h  s h o u l d  h a v e  been s u f f i c i e n t  t o  

r e g i s t e r  a m e a s u r e a b l e  r e s p o n s e .  I t  i s  u n c l e a r  why n o n e  was 

r eco rded .  No a q u i f e r  p a r a m e t e r s  were  c a l c u l a t e d  f r o m  t h e  

drawdown d a t a  f r o m  p u m p e d  w e l l  ( V A - 1 1 ,  T h e  p u m p e d  f l u i d  

t e m p e r a t u r e  was m e a s u r e d  a t  1 6 1 . 5  F. 

The VA-1 wel l  f lowed a r t e s i a n  o v e r n i g h t  a f t e r  t h e  wel l  t e s t ,  

October 1 9 8 3  a t  a r a t e  o f  a p p r o x i m a t e l y  1 8 0  g p r n .  T h e  

t e m p e r a t u r e  of t h e  flow was m e a s u r e d  a t  1 6 0  F. 

The VA-Test wel l  was n o t  t e s t e d  i n  t h e  c o n v e n t i o n a l  s e n s e ,  

b u t  was d e v e l b p e d  ( a i r - l i f t e d )  e x t e n s i v e l y  ove r  a p e r i o d  o f  a 

few d a y s .  The a i r l i f t  was o c c a s i o n a l l y  h a l t e d  t o  a l l o w  b r i e f  

o b s e r v a t i o n s  o f  a r t e s i a n  f l o w s a t e  a n d  t e m p e r a t u r e .  T h e  we l l  

c o u l d  s u s t a i n  a n  a r t e s i a n  f l o w  o f  35 gpm a t  1 0 6  F .  T h i s  w e l l  

was d r i l l e d  f o r  t e s t  p u r p o s e s  r a t h e r  t h a n  i n t e n d e d  f o r  a c t u a l  

i n j e c t i o n .  

Well VA-2 ( I n j )  was d r i l l e d  a n d  t e s t e d  t h r e e  y e a r s  a f t e r  
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V A - l ( P r o d )  a n d  V A - T e s t .  I t  was a l s o  a l t e r n a t e l y  a i r  l i f t e d  a n d  

f lowed  b r i e f l y  d u r i n g  d e v e l o p m e n t .  The f l o w  was m e a s u r e d  a t  6 5  

gpm a t  1 4 2  F .  No p r e s s u r e  d rawdown o r  i n t e r f e r e n c e  d a t a  w a s  

o b s e r v e d  o r  recorded.  

Well VA-2 was i n j e c t i o n  t e s t e d  on two o c c a s i o n s .  The  f i r s t  

was December 1 2 ,  1 9 8 6  a t  1 6 5  gpm f o r  6 8  m i n u t e s  w i t h  a p r e s s u r e  

b u i l d u p  of  1 6 2  p s i .  T h i s  b r i e f  t e s t  i s  n o t  l i s t e d  i n  T a b l e  9 

s i n c e  t h e  wel l  w a s  f u r t h e r  c l e a n e d  o u t  ( b y  a i r l i f t )  w h i c h  

i m p r o v e d  its c h a r a c t e r i s t i c s .  A s e c o n d  i n j e c t i o n  t e s t  w a s  

per formed J a n u a r y  8 ,  198'7 a t  v a r i o u s  r a t e s  f rom 180 t o  580 gpm 

w i t h  a maximum p r e s s u r e  o f  47 p s i .  The  p r e s s u r e  d u r i n g  t h i s  

t e s t  d i d  n o t  a p p e a r  t o  h a v e  s t a b i l i z e d  d u e  t o  t h e  s h o r t  t e s t  

d u r a t i o n  b u t  a s i g n i f i c a n t  i m p r o v e m e n t  o v e r  t h e  f i r s t  t e s t  is 

i n d i c a t e d .  T h i s  i m p r o v e m e n t  is a t t r i b u t e d  d u e  t o  t h e  a d d i t i o n a l  

c l e a n  o u t  p r o c e d u r e s .  

A n a l y s i s  o f  t h e  s e c o n d  t e s t  r e s u l t s  i n d i c a t e d  t h e  w e l l s '  

i n j e c t i v i t y  was 9 0 0  gprn a t  1 0 0  p s i .  V A  S y s t e m  o p e r a t i o n s  

i n d i c a t e  t h e  p r e s e n t  i n j e c t i v i t y  was 1 6 0  p s i  p r e s s u r e  a t  430 gpm 

be fo re  t h e  r e c e n t l y  c o m p l e t e d  h y d r o - f r a c t u r i n g  j o b  w a s  

comple t ed .  As a r e s u l t  of t h a t  s t i m u l a t i o n  t h e  i n j e c t i v i t y  i s  

now r e p o r t e d  a s  600  gpm a t  1 5 0  p s i  (J. M. Montgomery E n g i n e e r s ,  

1 9 8 9 ) .  
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5 )  BWSWD Yells 

The  two BWSWD p r o d u c t i o n  wells,  BWSWD-1 ( E a s t )  a n d  2 (West) 

were b e l i e v e d  t o  h a v e  been  d r i l l e d  i n  t h e  e a r l y  1 9 0 0 f s .  No wel l  

t e s t  d a t a  was a v a i l a b l e  f o r  t h i s  s t u d y .  H o w e v e r ,  t h e y  were  

a n a l y z e d  r e c e n t l y  on t h e  b a s i s  o f  t h e i r  o p e r a t i n g  ( p r o d u c t i o n  

and  drawdown) h i s t o r y  (Waag and  Wood, 1 9 8 5 ,  1 9 8 7 a ,  1 9 8 7 b ) .  I n  

a d d i t i o n ,  t h e  w a t e r  l e v e l  r e c o r d s  o f  BWSWD-3, K a n t a ,  B e h r r n a n ,  

Q u a r r y  View and BLM w e l l s  were  c o n s i d e r e d  a s  i n t e r f e r e n c e  

( m o n i t o r i n g )  w e l l s .  T h o u g h  t h e y  a r e  n o t  t e s t s  i n  t h e  

c o n v e n t i o n a l  sense ,  t hese  a n a l y s i s  a r e  s u m m a r i z e d  h e r e  a n d  i n  

T a b l e  9 f o r  c o m p l e t e n e s s .  No o t h e r  t e s t  d a t a  o r  a n a l y s e s  a r e  

a v a i l a b l e  f o r  wel l s  i n  t h i s  a r e a .  

The w a t e r  l e v e l  d a t a  was n o t  g i v e n  f o r  a l l  o f  t h e  a n a l y s i s  

p e r i o d s  l i s t e d  i n  T a b l e  9 ( f o r  BWSWD-1 a n d  2 )  b e c a u s e  i t  is 

c y c l i c  and  r e q u i r e s  a somewhat  l e n g t h y  d e s c r i p t i o n  a s  t o  w h i c h  

p o r t i o n s  a r e  a t t r i b u t a b l e  t o  w h i c h  w e l l s .  L i s t i n g  a s i n g l e  

maximum drawdown f o r  e a c h  p e r i o d  would  be somewhat  misleading. 

However ,  t h e  w a t e r  l e v e l  d a t a  i s  s h o w n  i n  t h e  h y d r o g r a p h s  o f  

F i g u r e s  10 t h r o u g h  15. 

T h e  a n a l y s i s  a p p r o a c h  t a k e n  by Waag a n d  Wood ( 1 9 8 5 ,  1 9 8 7 a ,  

1 9 8 7 b ) ,  i s  b o t h  q u a l i t a t i v e  a n d  q u a n t i t a t i v e .  A q u i f e r  

P a r a m e t e r s  were c a l c u l a t e d  f r o m  t h e  p u m p i n g  w e l l  d rawdown a n d  

o b s e r v a t i o n  w e l l  w a t e r  l e v e l  d a t a .  A l s o ,  a r a n g e  p a r a m e t e r s  

were c a l c u l a t e d  f rom t e s t s  o f  o t h e r  Boise a r e a  wells. 
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6)  Quarry V i e w  Vel1 

As m e n t i o n e d  p r e v i o u s l y ,  t h i s  w e l l  w a s  u s e d  f o r  p a r k  

i r r i g a t i o n ,  a n d  c o m p l e t e d  i n t o  s o m e w h a t  s h a l l o w e r  l i t h o l o g i c  

u n i t s  t h a n  m o s t  B o i s e  a r e a  g e o t h e r m a l  wel ls .  I t  is u n c l e a r  w h a t  

f r a c t i o n  o f  i t s  t o t a l  f l o w  i t  i s  d r a w i n g  f r o m  t h e  g e o t h e r m a l  

a q u i f e r  and w h a t  f r a c t i o n  i s  c o m i n g  f r o m  s h a l l o w e r  c o o l e r  

a q u i f e r s .  

I t  was pumped a t  a r e p o r t e d  132 F t e m p e r a t u r e  ( A n d e r s o n  a n d  

K e l l y ,  1 9 8 4 )  when t e s t e d  ( T a b l e  9). Drawdowns of up t o  100 f t .  

were m e a s u r e d  ( m e a s u r e m e n t s  a t  Q u a r r y  V i e w  a r e  t a k e n  j u s t  a f t e r  

pumps s h u t  o f f ) .  The c a l c u l a t e d  t r a n s m i s s i v i t y  was 1000 g p d / f t .  

No o t h e r  t e s t s  a r e  be l i eved  t o  have  been p e r f o r m e d .  

B e c a u s e  i t s  o p e r a t i o n  c y c l e  (summer)  i s  o p p o s i t e  f r o m  t h a t  

o f  o t h e r  g e o t h e r m a l  wel ls  i n  t h e  a r e a ,  i t  is  n o t  c l e a r  f r o m  t h e  

w a t e r  l e v e l  d a t a  ( F i g u r e  1 6 )  how nearby  we l l s  r e s p o n d  t o  i t  a n d  

v i c e ' - v e r s a .  
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IV. PRESSURE RESPONSE HODELIWC 

P r e s s u r e  r e s p o n s e  m o d e l i n g  f o r  t h e  B o i s e  g e o t h e r m a l  a q u i f e r  

i n v o l v e d  s i m u l a t i o n  o f  t h e  a q u i f e r  r e s p o n s e  t o ,  1 )  r e c e n t  

pumping ( 1 9 8 0 - 1 9 8 9 ) ,  2) c o n t i n u e d  u s e  a t  t h e  p r e s e n t  l e v e l  f o r  

t h e  y e a r s  1 9 9 0 - 2 0 0 0  a n d  3 )  p o t e n t i a l  e f f e c t s  o f  e x p a n d e d  

d e v e l o p m e n t  f o r  t h e  y e a r s  1 9 9 0 - 2 0 0 0 .  T h e  c a l c u l a t i o n s  w e r e  

p e r f o r m e d  u s i n g  BGI's PC p r o g r a m  M R M W  ( M u l t i - R a t e  M u l t i - W e l l )  . 
A d e s c r i p t i o n  o f  t h e  p r o g r a m s  u s e d  f o r  t h i s  s t u d y  a r e  i n c l u d e d  

b e l o w .  

C o m p u t e r  s i m u l a t i o n  was  r e q u i r e d  d u e  t o  t h e  n u m b e r  o f  

f l o w i n g  wells a n d  c h a n g i n g  f l o w r a t e s .  P r e v i o u s  a t t e m p t s  t c  

i n t e r p r e t  t e s t  a n d  p r o d u c t i o n  d a t a  b y  v a r i o u s  i n v e s t i g a t o r s ,  

u s i n g  s t a n d a r d  g r a p h i c a l  t e c h n i q u e s ,  h a v e  b e e n  i n c o n c l u s i v e ,  

y i e l d i n g  a w i d e  r a n g e  o f  a q u i f e r  p a r a m e t e r s .  P r e v i o u s  a n a l y s i s  

d i f f i c u l t i e s  a r e  b e l i e v e d  t o  be  d u e  p r i m a r i l y  t o  t h e  f a c t  t h a t  

t h e  Bo i se  G e o t h e r m a l  A q u i f e r  s h o u l d  b e  a n a l y z e d  a s  a f r a c t u r e  

c o n t r o l l e d  s y s t e m  a n d  n o t  a h o m o g e n e o u s  i s o t r o p i c  s y s t e m ,  

A n a l y z i n g  t h e  a q u i f e r  u s i n g  a homogeneous  i s o t r o p i c  ( o r  T h e i s )  

a p p r o a c h  r e s u l t s  i n  o v e r l y  l a r g e  v a l u e s  f o r  t r a n s m i s s i v i t y  (T) 

t o  be  c a l c u l a t e d  ( s e e  T a b l e  9). T h i s  is b e c a u s e  these  v a l u e s  of  

t r a n s m i s s i v i t y  (TI a n d  s t o r a t i v i t y  (S) a t t e m p t  t o  c o m p e n s a t e  f o r  

t h e  h i g h  c o n d u c t i v i t y  o f  t h e  f r a c t u r e s .  R a t h e r ,  t h e  T a n d  S 

parameters  s h o u l d  a p p l y  o n l y  t o  t h e  f o r m a t i o n  m a t r i x  a n d  s h o u l d  

b e  i n c o r p o r a t e d  i n t o  a f r a c t u r e  model. 
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B G I  h a s  d e v e l o p e d  a f r a c t u r e  f l o w  m o d e l  f o r  t h e  B o i s e  

system. The  l e v e l  o f  c o m p l e x i t y  o f  s u c h  a model  i s  g r e a t e r  t h a n  

i s o t r o p i c ,  l i n e  s o u r c e  ( T h e i s )  m o d e l s  d u e  t o  t h e  l a r g e r  n u m b e r  

o f  p a r a m e t e r s  n e e d e d  t o  d e f i n e  a f r a c t u r e d  r e s e r v o i r  ( s u c h  a s ;  

f r a c t u r e  l e n g t h ,  f r a c t u r e  a p e r t u r e ,  f r a c t u r e  s t o r a g e ,  r e l a t i v e  

l o c a t i o n  o f  f r a c t u r e  c e n t e r ,  f r a c t u r e  o r i e n t a t i o n ,  e t c . ) .  Due  

t o  t h e  number o f  unknown p a r a m e t e r s ,  t h e  model  was f i r s t  u s e d  t o  

a n a l y z e  i n d i v i d u a l  w e l l  t e s t  d a t a .  T h i s  a p p r o a c h  a l l o w e d  

d e f i n i t i o n  o f  a q u i f e r  p a r a m e t e r s  w i t h  a n  i n d i v i d u a l  w e l l  

f l o w i n g ,  a t  an a p p r o x i m a t e l y  c o n s t a n t  r a t e .  T h i s  i n f o r m a t i o n  

was t h e n  u s e d  t o  h i s t o r y  m a t c h  t h e  a q u i f e r  r e s p o n s e  t o  

s i m u l t a n e o u s  p r o d u c t i o n  by t h e  m a j o r  users  ( i . e .  CM, B G L ,  BWSWD 

a n d  V A )  f rom 1980  t o  1 9 8 9 .  I f  i n d i v i d u a l  wel l  t e s t  d a t a  had  n o t  

been  a v a i l a b l e ,  t h e  number  o f  unknown p a r a m e t e r s ,  t o g e t h e r  w i t h  

t h e  extremely v a r i a b l e  and  imprecise o p e r a t i o n a l  f l o w r a t e  d a t a ,  

would  h a v e  made  a u n i q u e  h i s t o r y  m a t c h  d i f f i c u l t  t o  a c h i e v e .  

The s t e p w i s e  a p p r o a c h  t a k e n ,  h e l p e d  d e f i n e  a q u i f e r  p a r a m e t e r s  

i n d i v i d u a l l y .  However ,  a number  o f  f a c t o r s  r e m a i n  unknown d u e  

t o  t h e  l a c k  o f  d a t a  f r o m  l o n g - t e r m  w e l l  t e s t  o r  l o n g - t e r m  

( c o n s t a n t  f l o w r a t e )  p r o d u c t i o n  h i s  t o r y  o f  o n e  o r  m o r e  m a j o r  

p r o d u c t i o n  wel l s .  

1 )  Descr ip t ion  of t h e  Mathematical Hodel 

The c a l c u l a t i o n  m e t h o d s  e m p l o y e d  i n  t h e  p r o g r a m  M R M W  
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( M u l t i - R a t e ,  M u l t i - W e l l )  t o  m o d e l  a f r a c t u r e  f e d  r e s e r v o i r  

r equ i r ed  s u b s t a n t i a l  e f f o r t  t o  d e v e l o p  a n d  a r e  p r o p r i e t a r y .  

M R M W  u s e s  l i n e a r  s u p e r p o s t i o n  o f  t h e  l i n e - s o u r c e  s o l u t i o n  f o r  

r a d i a l  f l o w  t o  o r  f r o m  a wel l  t h a t  p e n e t r a t e s  a h o m o g e n e o u s  

l i q u i d  r e s e r v o i r  o r  a q u i f e r  o f  c o n s t a n t  h e i g h t .  Through  t h e  u s e  

o f  image  w e l l s ,  c o n s t a n t  p re s su re  a n d  no - f low b o u n d a r i e s  c a n  b e  

m o d e l e d .  . 
The p r o g r a m  c o n s i s t s  o f  5 m o d u l e s  t h a t  m u s t  b e  " c h a i n e d t t  

t o g e t h e r  d u e  t o  t h e  l i m i t e d  memory a v a i l a b l e  i n  PC's ( i n  t h e  

p a s t ) .  T h e  m a i n  c a l c u l a t i o n  m o d u l e  h a s  n u m e r o u s  s u b r o u t i n e s  

r equ i r ed  f o r  t h e  c a l c u l a t i o n  o f  t h e  s p e c i a l  f u n c t i o n s  t h a t  

c o m p r i s e  t h e  s o l u t i o n s  o f  t h e  d i f f e r e n t  m o d e l  o p t i o n s .  T h e  

f r a c t u r e  s o l u t i o n  is  an  i t e r a t i v e  p r o c e s s .  The  e q u a t i o n s  a n d  

a l g o r i t h m  a r e  complex  a n d  a r e  p a r t l y  p r o p r i e t a r y  and  w i l l  n o t  b e  

g i v e n  i n  d e t a i l .  The a q u i f e r  p r e s s u r e s  ( h e a d )  a r e  o b t a i n e d  b y  

l i n e a r  s u p e r p o s i t i o n  o f  s o l u t i o n s  ( a  f o r m  o f  c o n v o l u t i o n  

i n t e r g r a t i o n ) .  B o t h  t h e  l i n e  s o u r c e  ( T h e i s )  a n d  f r a c t u r e  

solutions a r e  commonly u s e d  f o r  f l o w i n g  w e l l s  b u t  r e q u i r e d  

a d a p t a t i o n  f o r  o b s e r v a t i o n  wells.  

The  f r a c t u r e  m o d e l  i s  b a s e d  o n  p u b l i s h e d  r e s e a r c h  

( G r i n g a r t e n  a n d  W i t h e r s p o o n  197'2; Cinco-Ley a n d  S a m a n i e g o  1 9 7 7 ,  

1 9 8 1 ,  1 9 8 4 ;  H a n l y  a n d  B a n d y o p a d h y a y ,  1 9 7 9 1 ,  a n d  h a s  b e e n  

m o d i f i e d  t o  i n c l u d e  t h e  e f f e c t s  o f  w e l l f l o w  b o t h  o u t s i d e  t h e  

f r a c t u r e ,  i n s i d e  t h e  f r a c t u r e ,  a n d  a f l o w i n g  w e l l  o n  t h e  
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f r a c t u r e .  

The p rogram c a l c u l a t e s  t h e  t r a n s i e n t  p r e s s u r e  d r a w d o w n s  

a n d / o r  b u i l d u p s  a t  s p e c i f i e d  l o c a t i o n s  i n  a n  u n d e r g r o u n d  

s i n g l e - p h a s e  l i q u i d  r e s e r v o i r  o r  a q u i f e r .  T h e  d r a w d o w n s  o r  

b u i l d u p s  o r  a n y  c o m b i n a t i o n  o f  d r a w d o w n s  a n d  b u i l d u p s  c a n  b e  

c a l c u l a t e d  from w e l l f l o w  o c c u r r i n g  i n  s p e c i f i e d  w e l l s .  T h e  

f l o w r a t e s  i n  e a c h  o f  t h e  w e l l s  c a n  b e  s p e c i f i e d  w i t h  a n y  

c o m b i n a t i o n  of p r o d u c t i o n  o r  i n j e c t i o n .  M R M W  c a n  be  u s e d  ( a )  t o  

a n a l y z e  s i n g l e  we l l  drawdowns o r  b u i l d u p s ,  s t e p - r a t e  t e s t s  , o r  

v a r i a b l e  r a t e  t es t s ,  ( b )  t o  g e n e r a t e  p a t t e r n s  o f  w e l l s  a n d  t o  

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

l o n g - t e r m  b e h a v i o r  o f  s i n g l e - p h a s e  r e s e r v o i r ,  ( c )  t o  e s t i m a t e  

drawdowns a t  i n t e r f e r e n c e  w e l l s  f o r  p r o p e r  m a t c h  u p  o f  t e s t  

i n s t r u m e n t a t i o n ,  ( d )  t o  e n a b l e  p a r a m e t r i c  s t u d i e s  o f  r e s e r v o i r  

f o r m a t i o n  v a r i a b l e s ,  a n d  ( e )  t o  compare m u l t i - w e l l ,  m u l t i - r a t e  

we l l  t e s t s  d a t a  w i t h  model c a l c u l a t i o n s .  The c a l c u l a t e d  r e s u l t s  

c a n  b e  p l o t t e d  w i t h  a c t u a l  w e l l  t e s t  d a t a  p o i n t s  t o  d e t e r m i n e  

t h e  b e s t  f i t  of  t h e  f o r m a t i o n  p a r a m e t e r s .  A l i n e a r ,  s e m i - l o g  o r  

l o g - l o g  o u t p u t  c a n  b e  s p e c i f i e d .  

Boise  wel l  t e s t  d a t a  d i s p l a y s  t h e  c h a r a c t e r i s t i c s  o f  a 

f r a c t u r e  f e d  r e s e r v o i r .  T h i s  i s  m o s t  a p p a r e n t  when d rawdown 

v e r s u s  time i s  p l o t t e d  o n  a l o g - l o g  s c a l e .  The  p r e s s u r e  ( o r  

w a t e r  l e v e l )  d a t a  o f  o b s e r v a t i o n  wells i n  f r a c t u r e d  r e s e r v o i r s  

b e h a v e s  a t  v e r y  e a r l y  t i m e  b y  d i s p l a y i n g  f r a c t u r e  s t o r a g e  
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c o n t r o l  on a I l U n i t  S l o p e f t  ( s l o p e  o f  o n e  l o g  c y c l e  t o  o n e  l o g  

c y c l e )  t r e n d ,  f o l l o w e d  by b i - l i n e a r  f l o w .  B i - l i n e a r  f l o w  i s  s o  

c a l l e d  b e c a u s e  two f o r m s  o f  l i n e a r  f l o w  o c c u r  s i m u l t a n e o u s l y ,  i n  

t h e  f r a c t u r e  and  i n  t h e  f o r m a t i o n  ( F i g u r e  1 7 ) .  B i - l i n e a r  f l o w  

i s  c h a r a c t e r i z e d  by a " Q u a r t e r  S l o p e t 1  ( o n e  l o g  c y c l e  o f  drawdown 

o r  b u i l d - u p  f o r  e v e r y  f o u r  l o g  c y c l e s  o f  t ime) .  A " H a l f  S l o p e ,  

L i n e a r  f l o w " ,  s e c t i o n  f o l l o w s  t h e  " Q u a r t e r  S l o p e "  s e c t i o n  u n t i l  

v e r y  l a t e  t i m e .  A t  v e r y  l a t e  t i m e ,  f r a c t u r e  s t o r a g e  a n d  

c o n d u c t i v i t y  a r e  no l o n g e r  t h e  f a c t o r s  c o n t r o l l i n g  f l u i d  f l o w  

and t h e  m a t r i x  p a r a m e t e r s  (T and S) t e c o m e  d o m i n a n t .  H e r e  t h e  

drawdown c u r v e  f l a t t e n s  o u t  t o  s t e a d y  s t a t e  much l i k e  a p r e s s u r e  

d r a w d o w n  c u r v e  o f  a n o n - f r a c t u r e d  s y s t e m  ( C i n c o - L e y  a n d  

S a m a n i e g o ,  1 9 8 1 ,  1 9 8 4 )  ( F i g u r e  17)  e 

I n  c a s e s  w h e r e  a q u i f e r  pumping i s  c y c l i c ,  ( i . e .  s e a s o n a l )  i t  

i s  d i f f i c u l t  t o  d e t e r m i n e  when t h e s e  c h a r a c t e r i s t i c  f l o w  p e r i o d s  

o c c u r  s i n c e  t h e  l o n g - t e r m  d a t a  c a n n o t  b e  p l o t t e d  on a log-log 

s c a l e  due to f l o w r a t e  c h a n g e s .  For the B o i s e  a q u i f e r ,  t h e  e a r l y  

BLM-VA d a t a  from 1976-1978 and  1981-1982 s u g g e s t s  a s t e a d y  s t a t e  

had been r e a c h e d  ( w i t h  only BWSWD a s  t h e  m a j o r  u s e r )  u p  u n t i l  

1982-1983 .  T h i s  i s  due  t o  t h e  r e l a t i v e l y  c o n s i s t e n t  r e t u r n  t o  

t h e  same r e c o v e r y  l e v e l .  Water  l e v e l  f l u c t u a t i o n s  o f  1 0  f t .  i n  

t h e  BLM w e l l  e a c h  y e a r  a r e  b e l i e v e d  t o  b e  d u e  p r i m a r i l y  t o  BWSWD 

p u m p i n g ,  and a p p e a r e d  t o  r e c o v e r  a n u a l l y  t o  2 7 6 0  t o  2 7 6 5  f t .  

e l e v a t i o n .  
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I f  t h e  B o i s e  g e o t h e r m a l  s y s t e m  w e r e  b o u n d e d  i n  a n y  

s i g n i f i c a n t  s ense ,  a c o n t i n o u s  w a t e r  l e v e l  d e c l i n e  w o u l d  h a v e  

been e v i d e n t  i n  t h e  1 9 7 6 - 1 9 8 2  d a t a  ( g i v e n  t h e  r e l a t i v e l y  

c o n s i s t a n t  y e a r l y  p r o d u c t i o n  by BWSWD) f o r  BLM, r a t h e r  t h a n  t h e  

o b s e r v e d  s t e a d y  s t a t e .  F u r t h e r ,  i f  r e c h a r g e  a v a i l a b l e  t o  t h e  

a q u i f e r  were a p p r o x i m a t e l y  e q u a l  t o  BWSWD p r o d u c t i o n  p r i o r  t o  

1 9 8 2 ,  t h e n  t h e  o r i g i n a l  s t a t i c  l e v e l  w o u l d  n e v e r  h a v e  d e c l i n e d  

( a p p r o x i m a t e l y  70 f t .  by h i s t o r i c  a c c o u n t s )  s i n c e  t h e  1 8 9 0 , s .  

U n f o r t u n a t e l y ,  t h e r e  i s  no  known r e c o r d  o f  t h e  f l o w  r a t e  o r  

p r e s s u r e  d e c l i n e  f r o m  1 8 9 0  t o  1 9 8 2 .  T h i s  w o u l d  h a v e  been o f  

g r e a t  v a l u e  t o  t h i s  s t u d y .  E s t i m a t e s  o f  p a s t  p r o d u c t i o n  may b e  

a v a i l a b l e  f r o m  t h o s e  f a m i l i a r  w i t h  l o c a l  w a t e r  l o r e .  D i l i g e n t  

r e s e a r c h  i n t o  t h e  g r o w t h  o f  t h e  BWSWD system and p r o b a b l e  demand 

f rom 1890 t o  1 9 8 0 ,  was o u t s i d e  t h e  s c o p e  of t h i s  s t u d y ,  b u t  may 

be a w o r t h w h i l e  t o p i c  f o r  f u t u r e  s t u d i e s .  F o r  t h i s  s t u d y ,  p a s t  

f l o w r a t e s  were assumed t o  e q u a l  t h e  a v e r a g e  p u m p i n g ,  b y  BWSWD, 

f o r  t h e  p e r i o d  1977-1 983 .  

I n  t h e  model  u s e d  f o r  t h e  f o l l o w i n g  c a l c u l a t i o n s , '  t h e  B o i s e  

F r o n t  F a u l t  i s  r e p r e s e n t e d  a s  a s e r i e s  o f  l a r g e  c o n n e c t i n g  

f r a c t u r e s  t a p p e d  by t h e  m a j o r  w e l l s  B G L ,  BWSWD a n d  V A .  T h e  

C a p i t o l  M a l l  w e l l s  a r e  a l s o  b e l i e v e d  t o  t a p  f r a c t u r e s  t h o u g h  

p e r h a p s  n o t  a s  l a r g e  as t h o s e  a l o n g  t h e  B o i s e  F r o n t  F a u l t .  A 

r e c h a r g e  a r e a  is  assumed t o  b e  l o c a t e d  t o  t h e  e a s t ,  p a r a l l e l  t o  

t h e  B o i s e  F r o n t  F a u l t ,  t o  r e p r e s e n t  a r e c h a r g e  b o u n d a r y  ( F i g u r e  
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3 7 ) .  A d i s c h a r g e  a r e a  is  l o c a t e d  f a r  t o  t h e  w e s t  t o  r e p r e s e n t  

d i s c h a r g e  t h r o u g h  t h e  g e o t h e r m a l  a q u i f e r  t o w a r d  t h e  v a l l e y .  

T h i s  model  ( F i g u r e  3 7 )  i s  n o t  c o n c e p t u a l l y  d i f f e r e n t  f r o m  

t h a t  s h o w n  i n  F i g u r e  9 a n d  i s  common t o  B a s i n  a n d  R a n g e  

g e o t h e r m a l  systems. No new d a t a  h a s  a l l o w e d  a n y  c h a n g e  i n  t h e  

model  shown i n  F i g u r e  9 o r  improved  upon i t .  

I t  was n e c e s s a r y  t o  s i m p l i f y  s o m e  f e a t u r e s  o f  t h e  l o c a l  

g e o l o g y  a n d  h y d r o l o g y ,  e i t h e r  d u e  t o  t h e  l a c k  o f  d a t a ,  o r  f o r  

a d a p t a t i o n  t o  c o m p u t e r  s i m u l a t i o n .  The p r i m a r y  s i m p l i f i c a t i o n s  

a r e ;  1 )  t h e  g e o m e t r y  o f  t h e  r e c h a r g e  a n d  d i s c h a r g e  a r e a  r e l a t i v e  

t o  t h e  f a u l t .  2 )  a s t r a i g h t  f a u l t  o r  f r a c t u r e  z o n e ,  r e p r e s e n t i n g  

t h e  g e o t h e r m a l  a n o m a l y ,  o f  a p p r o x i m a t e l y  4 0 , 0 0 0  f t .  i n  l e n g t h  

3 )  a t a b l u l a r  a q u i f e r  o f  c o n s t a n t  e l e v a t i o n  a n d  t h i c k n e s s  ( i f  

shown i n  c r o s s - s e c t i o n )  4 )  n o  p r e s s u r e  b o u n d a r i e s  ( i m p e r m e a b l e  

p a r t i a l  o r  f u l l  pressure s u p p o r t )  t o  t h e  n o r t h w e s t  o r  s o u t h e a s t .  

The l a t t e r  a s s u m p t i o n  was made a f t e r  numerous  a t t e m p t s  t o  m o d e l  

t h e  s y s t e m  ( u s i n g  b o t h  w e l l  tes ts  and  h i s t o r y  m a t c h  d a t a )  with 

b o u n d a r i e s  o f  v a r i o u s  t y p e s  a n d  d i s t a n c e s  i n  e a c h  o f  t h o s e  

a r e a s .  

T h e  r e c h a r g e  b o u n d a r y  t o  t h e  e a s t  a n d  a d i s c h a r g e  b o u n d a r y  

t o  t h e  west s i m u l a t e  t h e  e f f e c t i v e  flow t h r o u g h  t h e  system. T h e  

word e f f e c t i v e  i s  e m p h a s i z e d  s ince ,  f o r  t h i s  g e o t h e r m a l  a q u i f e r ,  

and  many o t h e r s  l i k e  i t ,  t h e  a c t u a l  f l o w  t h r o u g h  t h e  s y s t e m  

c a n n o t  b e  m e a s u r e d .  M o d e l i n g  e f f o r t s  r e l y  o n  t h e  r e l a t i v e  
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amount  o f  t h r o u g h - f l o w  w h i c h  a f f e c t s  t h e  system a s  i n d i c a t e d  b y  

t h e  m o n i t o r i n g  w e l l  water l e v e l  d a t a .  I t  i s  l i k e l y  t h a t  much 

more r e c h a r g e  e n t e r s  t h e  system t h a n  t h e  e f f e c t i v e  t h r o u g h - p u t  

v a l u e  u s e d .  B u t ,  b e c a u s e  s u b s u r f a c e  r e c h a r g e  a n d  d i s c h a r g e  

c h a r a c t e r i s t i c s  a r e  p o o r l y  u n d e r s t o o d  ( e . g .  a l o n g  a u n d e t e r m i n e d  

l e n g t h  o f  f a u l t ,  i n t o  a n  u n k n o w n  a n d  v a r i a b l e  t h i c k n e s s  o f  

m a t e r i a l  a t  u n k n o w n  r a t e s ) ,  e f f e c t i v e  t h r o u g h - p u t  i s  

a p p r o x i m a t e d .  

The  f a c t o r s  t h a t  c o n t r o l  r e c h a r g e  a n d  w h e t h e r  r e c h a r g e  

v a r i e s  w i t h  s e a s o n  o r  y e a r  t o  y e a r  w i l l  b e  d i f f i c u l t  t o  

i n t e r p r e t  d u e  t o  t h e  l a c k  of ( p r e - p r o d u c t i o n )  b a c k g r o u n d  w a t e r  

l e v e l  d a t a .  The re  a p p e a r s  t o  b e  a v a g u e  c o r r e l a t i o n  b e t w e e n  

water  l e v e l  a n d  r e c e n t  l o c a l  p r e c i p i t a t i o n  ( F i g u r e s  21 a n d  251, 

h o w e v e r ,  s i g n i f i c a n t  l l c u l t u r a l  n o i s e "  p r e v e n t s  d i r e c t  

c o r r e l a t i o n .  I t  i s  l i k e l y  t h a t  c o l d  water on t h e  f r i n g e s  o f  a n d  

i n  c o l d  water z o n e s  above ,  t h e  g e o t h e r m a l  a q u i f e r ,  p r o v i d e  some 

p r e s s u r e  s u p p o r t  t o  t h e  system. T h i s  r e l a t i o n s h i p  w i l l  a f f e c t  

r e c h a r g e  e s t i m a t e s .  

The g e o c h e m i c a l  d a t a  i n d i c a t e s  t h e  f l u i d s  h a v e  a n c i e n t  

o r i g i n s ,  b u t  i t  i s  l i k e l y  t h a t  t h e  p r e s s u r e  h e a d  d r i v i n g  t h e  

system h a s  c o n t e m p o r a r y  o r i g i n s ,  j u d g i n g  f rom t h e  w a t e r  l e v e l  

d a t a .  I n  g e n e r a l ,  p r e s s u r e  t e n d s  t o  d i s s i p a t e  r a p i d l y ,  whereas,  

a n c i e n t  w a t e r s  c a n  c i r c u l a t e  a t  d e p t h  f o r  e x t e n d e d  p e r i o d s .  
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2) Well Test Hatchinn - Model Confirmation 

I n  o r d e r  t o  o b t a i n  a q u i f e r  p a r a m e t e r s  f o r  l a t e r  u s e  i n  t h e  

l o n g - t e r m  c a l c u l a t i o n s ,  t w o  w e l l  t e s t s  a n d  o n e  s h o r t - t e r m  

h i s t o r y  ma tch  were  s e l e c t e d  f o r  a n a l y s i s .  T h e  s p e c i f i c  t e s t s  

and h i s t o r y  ma tch  w e r e  c h o s e n  o u t  o f  many a v a i l a b l e  ( s e e  T a b l e  

9 )  on t h e  b a s i s  o f  t h e  d a t a  q u a l i t y  a n d  p e r i o d  i n  w h i c h  t h e y  

o c c u r r e d .  T h e  p e r i o d  o f  i n t e r e s t  was p r i o r  t o  O c t o b e r  1982  when 

BWSWD was t h e  o n l y  m a j o r  user o f  t h e  a q u i f e r  s u f f i c i e n t  t o  c a u s e  

b a c k g r o u n d  e f f e c t s .  U n d e r  t h e s e  ( r e l a t i v e l y )  c o n t r o l l e d  

c o n d i t i o n s ,  t h e  pressure r e s p o n s e  o f  e a c h  m o n i t o r i n g  w e l l  can  b e  

more e a s i l y  a t t r i b u t e d  t o  t h e  s i n g l e  f l o w i n g  wel l  b e i n g  t e s t e d .  

T h i s  a l l o w s  more p r e c i s e  a n a l y s i s  o f  t h e  m o d e l ' s  p e r f o r m a n c e  and 

r e s e r v o i r  p a r a m e t e r s .  These  t e s t  d a t a ,  i n  p a r t i c u l a r ,  w e r e  

s e l e c t e d  i n  o r d e r  t o  s t u d y  t h e  d r a w d o w n  e f f e c t s  i n  v a r i o u s  

r e g i o n s  o f  t h e  a q u i f e r ,  s p e c i f i c a l l y  i n  t h e  C M ,  BGL-VA and  BWSWD 

a r e a s .  

The c a s e s  s e l e c t e d  were: 

a )  BGL-2 T e s t ,  4 / 8 / 8 2  - 4 / 1 5 / 8 2  
b )  CM-2 T e s t ,  9 / 1 5 / 8 1  - 9 / 1 8 / 8 1  
c >  BWSWD-1 and 2 ,  H i s t o r y  Match ,  9 /81  - 8 / 8 2  

a >  BGL-2 T e s t  A n a l y s i s  ( 4 / 8 / 8 2  - 4 / 1 5 / 8 2 )  

T h i s  BGL-2 t e s t  is p r o b a b l y  t h e  b e s t  o f  a l l  t h e  w e l l  t e s t s  

f o r  B o i s e  due  t o  t h e  r e l a t i v e l y  c o n s t a n t  h i g h  f l o w r a t e ,  m i n i m u m  

of d i s t u r b a n c e  t o  t h e  a q u i f e r  p r i o r  t o  t h e  t e s t ,  n u m b e r  o f  

m o n i t o r i n g  w e l l s  b o t h  on and o f f  t h e  f r a c t u r e ,  a c c u r a c y  o f  t h e  
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m o n i t o r i n g  wel l  d a t a  and  t e s t  l e n g t h .  A l o n g e r  t e s t  w o u l d  h a v e  

a l l o w e d  a n a l y s i s  o f  t h e  l a t e  t r a n s i e n t  b e h a v i o r ;  s p e c i f i c a l l y ,  

how l o n g  l i n e a r  f l o w  c o n t i n u e s  a n d  w h e n  i t  c h a n g e s  t o  

p s e u d o - r a d i a l  f l o w  ( F i g u r e  1 7 ) .  

The t e s t  d a t a  f o r  t h e  t h r e e  m o n i t o r i n g  wells w i t h  b e s t  d a t a  

a r e  p l o t t e d  i n  F i g u r e  1 8  on l o g - l o g  and  l i n e a r  s c a l e s  ( a s  d a t a  

p o i n t s )  and  i n c l u d e  t h e  c a l c u l a t e d  m a t c h e s  ( a s  l i n e s ) .  The  d a t a  

and  c a l c u l a t e d  ma tch  f o r  t h e  two o b s e r v a t i o n  w e l l s  on t h e  m a i n  

f r a c t u r e  ( B G L - 4  and BLM) d i s p l a y  t h e  q u a r t e r  a n d  h a l f  s l o p e  

s e c t i o n s .  F o r  t h e  m o n i t o r i n g  well  o f f  t h e  f r a c t u r e  (CM-1) o n l y  

h a l f  s l o p e  b e h a v i o r  is d i s p l a y e d .  

The l i n e a r  p l o t  ( F i g u r e  18b)  shows t h e  m a g n i t u d e  a n d  s l o p e  

o f  t h e  c a l c u l a t e d  m a t c h  t o  b e  q u i t e  g o o d .  T h e  p a r a m e t e r s  u s e d  

f o r  t h i s  m a t c h  ( s a m e  i n  l i n e a r  and  l o g - l o g  p l o t s )  are:  

T = 5750  g p d / f t .  

S = 3 ~ 1 0 ' ~  

Lf = 40,000 f t .  

D kf b = 11 ( 1 < 0 < 1 0 0 )  
k X f  

FCD - 

where: = F r a c t u r e  L e n g t h  L f  

k f  

Fc, = F r a c t u r e  s t o r a g e  c o e f f i c i e n t  

= F r a c t u r e  p e r m e a b i l i t y  

b = f r a c t u r e  a p e r t u r e  

k = m a t r i x  p e r m e a b i l i t y  

X f  = F r a c t u r e  h a l f  l e n g t h  



The  terms of  F,-D a r e  unknown f o r  t h e  Boise  a r e a  f r a c t u r e s  s o  

t h a t  i t s  v a l u e  i s  c h o s e n  s i m u l t a n e o u s l y  w i t h  T & S t o  g i v e  a 

u n i q u e  s o l u t i o n .  T h e  m o s t  i m p o r t a n t  f e a t u r e  a l l o w i n g  t h e  

s o l u t i o n  t o  b e  u n i q u e  i s  t h e  t r a n s i t i o n  ( i n  t h e  a c t u a l  d a t a )  

f rom 1 / 4  t o  112 s l o p e .  A w i d e  r a n g e  o f  T ,  S a n d  FCD were  

a t t e m p t e d ,  t o  a c h i e v e  a c a l c u l a t e d  m a t c h  o f  t h e  d a t a ,  b u t  a l w a y s  

r e s u l t e d  i n  a r e t u r n  t o  t h e  above  v a l u e s .  

In c o n t r a s t ,  t h e  d o t t e d  l i n e  o f  b o t h  p l o t s  is  t h e  T h e i s  ( o r  

l i n e  s o u r c e )  s o l u t i o n  f o r  BGL-4 w i t h  t h e  same d a t a ,  a c h i e v e d  

w i t h :  

T = "15,000 g p d / f t .  
s = 0.0001 

The p u r p o s e  was t o  a t t e m p t  t o  f i t  t h e  maximum drawdown f o r  

t h e  t e s t , b u t  c l e a r l y  t h e  s h a p e  i s  n o t  c o n s i s t e n t  w i t h  t h e  a c t u a l  

d a t a .  A l t e r i n g  T a n d  S c o u l d  move t h e  d o t t e d  ( T h e i s )  f i t  down 

s o  t h a t  i t  c r o s s e s  t h r o u g h  t h e  d a t a .  H o w e v e r ,  e v e n  l a r g e  

c h a n g e s  i n  T a n d  S c a n n o t  s i g n i f i c a n t l y  a l t e r  t h e  s h a p e  o f  t h e  

T h e i s  c u r v e  f i t ,  a n d  t h e  d a t a  c l e a r l y  s h o w s  t h e  d r a w d o w n  i n  

BGL-4 was n o t  l e v e l i n g  o f f  t o  s t e a d y  s t a t e  a t  t h e  e n d  of  t h e  

t e s t , a s  t h e  T h e i s  c u r v e  p r e d i c t s .  

T h i s  e x a m p l e  s h o w s  how p r e v i o u s  a n a l y s e s  a r r i v e d  a t  

a b n o r m a l l y  h i g h  v a l u e s  f o r  T a n d  S (see T a b l e  9) u s i n g  g r a p h i c a l  

t e c h n i q u e s .  The p a r a m e t e r s  T a n d  S a r e  i n t e n d e d  t o  r e p r e s e n t  

t h e  f o r m a t i o n  p r o p e r t i e s  n o t  i n c l u d i n g  f r a c t u r e  c o n d u c t i v i t y .  

U s i n g  h i g h  v a l u e s  f o r  T a n d  S w i l l  n o t  a l l o w  c o r r e c t  d r a w d o w n s  
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t o  be  c a l c u l a t e d  f o r  l o n g - t e r m  s i m u l a t i o n  b e c a u s e  t h e y  p r e d i c t  a 

s t e a d y  s t a t e  would  o c c u r  much s o o n e r  t h a n  i t  a c t u a l l y  d o e s  f o r  

t h e  B o i s e  g e o t h e r m a l  a q u i f e r  and  would  n o t  match a c t u a l  d a t a .  

I t  w a s  a s e v e r e  s e t b a c k  t o  t h i s  a n a l y s i s  n o t  t o  h a v e  

l o n g - t e r m  t e s t  d a t a  w h i c h  w o u l d  a l l o w  a f u l l  a n a l y s i s  o f  a 

s i n g l e ,  c o n s t a n t  r a t e  t e s t  t h r o u g h  t o  a s t e a d y  s t a t e  c o n d i t i . o n .  

The  t h e o r y  p r e d i c t s  a t r a n s i t i o n  f rom t h e  h a l f  s l o p e  t o  a l i n e  

s o u r c e  a t  l a r g e  v a l u e s  o f  d i m e n s i o n l e s s  time ( F i g u r e  1 7 ) .  When, 

and i f ,  t h i s  t r a n s i t i o n  o c c u r s  i n  t h e  B o i s e  a q u i f e r  i s  n o t  c l e a r  

d u e  t o  l a c k  o f  c o n s t a n t  r a t e  t e s t  d a t a .  I t  i s  a p p a r e n t  t h a t  t h e  

a q u i f e r  a c h i e v e d  a s t e a d y  s t a t e  w i t h  r e s p e c t  t o  BWSWD p u m p i n g  

u n t i l  new wells b e g a n  pumping i n  1 9 8 2  a n d  1 9 8 3 .  

b )  CM-2 Test ( 9 / 1 5 / 8 1  - 9 / 1 8 / 8 1 )  

The CM-2 t e s t  was o n l y  t h ree  d a y s  l o n g ,  b u t  was t h e  l o n g e s t  

a v a i l a b l e  t e s t  o f  e i t h e r  CM w e l l  w i t h  i n t e r f e r e n c e  w e l l  d a t a .  

T h i s  t e s t  was t h e  b e s t  a v a i l a b l e  t o  show a q u i f e r  r e s p o n s e  t o  a 

well  f l o w i n g ,  a t  a s i g n i f i c a n t  d i s t a n c e  f r o m  t h e  B o i s e  f r o n t  

f a u l t  z o n e .  I t  was hoped  t h a t  t h i s  f l o w  t e s t  d a t a  w o u l d  s h o w  

t h e  r e l a t i o n s h i p  o f  a f l o w i n g  wel l  i n  t h e  m a t r i x  t o  o n e  (BGL-2)  

on t h e  main f a u l t .  

U n f o r t u n a t e l y ,  n o  m e a n i n g f u l  p r e s s u r e  d a t a  c o u l d  b e  

c o l l e c t e d  f rom t h e  f l o w i n g  w e l l  (CM-2) t o  s h o w  t h e  p r o d u c t i o n  

wel l  drawdown w i t h  time. W e l l h e a d  p r e s s u r e  i s  d i f f i c u l t  t o  
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i n t e r p r e t  f o r  g e o t h e r m a l  wells ( f l o w i n g  a r t e s i a n )  d u e  t o  t h e r m a l  

e f f e c t s  i n  t h e  w e l l b o r e  d u r i n g  t h e  e a r l y  p o r t i o n  o f  t h e  t e s t .  

O n l y  downho le  pressure can g i v e  a t r u e  m e a s u r e  o f  d rawdown i n  

s u c h  c a s e s .  However ,  s i n c e  t h e  wel l  was f l o w e d  a r t e s i a n  d u r i n g  

t h e  t e s t ,  d rawdown w o u l d  n o t  h a v e  b e e n  m o r e  t h a n  t h e  i n i t i a l  

s t a t i c  h e a d  (when h o t )  a b o v e  t h e  d i s c h a r g e  l i n e  ( a p p r o x i m a t e l y  

50 f t .  i n  t h e  c a s e  o f  CM-2 i n  9 / 8 1 ) .  

A l i n e a r  p l o t  o f  t h e  d a t a  ( d e r i v e d  from Ander son  and  K e l l y ,  

1 9 8 1 )  i s  shown i n  F i g u r e  1 9 a  a l o n g  w i t h  t h e  c a l c u l a t e d  m a t c h  o f  

t h e  d a t a .  O n l y  t h e  CM-1 d a t a  i s  wel l  d e f i n e d  e n o u g h  t o  m a t c h .  

T h e  B G L  o b s e r v a t i o n  w e l l s  o n  t h e  f a u l t  a l l  s h o w  s i m i l a r  

r e s p o n s e s  ( o n l y  o n e  is  p l o t t e d  here  f o r  c l a r i t y ) .  T h e  r e s p o n s e  

on t h e  main  f a u l t ,  d u e  t o  CM-2 f l o w i n g ,  i s  m u c h  l o w e r  t h a n  i f  

t h e  o b s e r v a t i o n  we l l s  on t h e  f a u l t  were i n  an i s o t r o p i c  a q u i f e r .  

I t  a p p e a r s  t h a t  f r a c t u r e  s t o r a g e  ( a l o n g  t h e  B o i s e  F r o n t  F a u l t )  

is  i n f l u e n c i n g  t h e  drawdown a l o n g  t h e  f a u l t  a t  t h e  e a r l y  t imes .  

No b e h a v i o r  o t h e r  t h a n  f r a c t u r e  s t o r a g e  is  o b s e r v e d  on t h e  f a u l t  

d u e  t o  t h e  s h o r t  t e s t  d u r a t i o n .  The  log-log p l o t  i s  s h o w n  i n  

F i g u r e  l g b ,  t h o u g h  n o t  enough  o b s e r v a t i o n  w e l l  d a t a  p o i n t s  a r e  

a v a i l a b l e  t o  d e s c r i b e  s p e c i f i c  d e t a i l s  o f  f r a c t u r e  b e h a v i o r .  

I n  o r d e r  t o  ma tch  t h e  d a t a  shown i n  F i g u r e  1 9 ,  a n d  g i v e n  t h e  

known h i g h  p r o d u c t i v i t y  o f  C M - 2  r e l a t i v e  t o  CM-1, i t  w a s  

n e c e s s a r y  t o  a s s u m e  t h a t  CM-2 i n t e r s e c t e d  a m o d e r a t e l y  l a r g e  

f r a c t u r e  o r  f r a c t u r e  n e t w o r k .  U n f o r t u n a t e l y ,  t he re  a r e  n o  w e l l  
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l o g s  ( s u c h  a s  f l o w i n g  P r e s s u r e ,  T e m p e r a t u r e ,  S p i n n e r  ( P / T / S )  

l o g s )  w h i c h  c a n  b e  u s e d  t o  d e t e r m i n e  w h e t h e r  CM-2 p r o d u c e s  from 

a few l a r g e  f r a c t u r e  f e e d z o n e s  o r  t h r o u g h o u t  t h e  t h i c k n e s s  o f  

r y h o l i t e  a q u i f e r  p e n e t r a t e d .  

To a l l o w  a r e a s o n a b l y  low drawdown f o r  CM-2 a n d  CM-1 d u r i n g  

t h e  t h r e e  d a y  t e s t ,  a f r a c t u r e  o f  1 5 , 0 0 0  f t .  w a s  a s s u m e d  t o  

i n t e r s e c t  CM-2.  F u r t h e r ,  b e c a u s e  t h e  d rawdown o f  o b s e r v a t i o n  

(BGL) w e l l s  on t h e  f a u l t  a r e  l o w  i n  p r o p o r t i o n  t o  C M - 1 ,  a 

c o n s t a n t  p ressure  b o u n d a r y  i s  i n c o r p o r a t e d  i n  t h e  a n a l y s i s  a l o n g  

t h e  main f a u l t .  A s t e a d y  s t a t e  h a d  n o t  b e e n  r eached  a t  t h e  e n d  

o f  t h e  t e s t , s o  a m a t h e m a t i c a l  e x p r e s s i o n  f o r  t h e  b o u n d a r y  i s  

d i f f i c u l t  t o  o b t a i n  from t h i s  d a t a ,  p a r t i c u l a r l y  s i n c e  t h e r e  

n o  e v i d e n c e  of  a b o u n d a r y  i n  CM-1 m o n i t o r i n g  d a t a .  

i s  

The m a t c h  i n  F i g u r e  1 9  f o r  CM-1 a n d  BGL-3 is  a c h i e v e d  u s i n g  

a f r a c t u r e  on CM-2 a n d  a p a r t i a l  r e c h a r g e  p r e s s u r e  s u p p o r t  

b o u n d a r y .  The  a s s u m p t i o n  o f  p a r t i a l  s u p p o r t  ( i n  r e l a t i o n  t o  

100% s u p p o r t )  i s  d u e  t o  t h e r e  b e i n g  some m e a s u r a b l e  d rawdown 

a l o n g  t h e  f a u l t .  T h i s  drawdown a p p e a r s  t o  b e  f r a c t u r e  s t o r a g e  

on  t h e  l o g - l o g  p l o t  ( B G L - 3 ) .  The p a r t i a l  p r e s s u r e  s u p p o r t  u s e d  

f o r  t h e  match of  t h i s  t e s t  is e q u a l  t o  5 0 %  o f  p r o d u c t i o n  a t  

CM-2 e 
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T h e  p a r a m e t e r s  i n  t h i s  c a s e  were: 

T = 5750 g p d / f t .  

s = 3 x 10-5 

FCD = 11 

L, = 8,000 f t .  

c )  BWSWD-1 a n d  2 H i s t o r v  Match ( 9 / 8 7 - 8 2 )  

Test  d a t a  f o r  t h e s e  we l l s  was n o t  a v a i l a b l e .  I n s t e a d ,  a o n e  

y e a r  p e r i o d  o f  o p e r a t i o n a l  d a t a  w a s  u s e d  i n  t h e  a b s e n c e  of 

b e t t e r  d a t a .  T h i s  s e t  o f  d a t a  was  c h o s e n  b e c a u s e  i t  i s  t h e  

l e a s t  d i s t u r b e d  d a t a  ( i . e .  p r i o r  t o  CM s t a r t u p  i n  1 9 8 2 )  

a v a i l a b l e  f o r  i s o l a t i n g  t h e  e f f e c t s  of p r o d u c t i o n  of  BWSWD wells 

a l o n e .  D u r i n g  t h e  p e r i o d  c o n s i d e r e d  here  ( 9 / 8 1 - 8 / 8 2 ) ,  t h e r e  was 

( a t  f i r s t )  o n l y  o n e  m o n i t o r i n g  well  i n  u s e  (BLM).  M o n i t o r i n g  a t  

BWSWD-3 we l l  was n o t  begun  u n t i l  A p r i l  1 9 8 2 ,  h a l f w a y  i n t o  t h i s  

l l t e s t f r  p e r i o d .  The o b s e r v a t i o n  well  d a t a  p l o t t e d  on F i g u r e  20 

i s  from BWSWD-1 a n d  2 ,  BLM a n d  BWSWD-3. T h e  d rawdown p o r t i o n  

shown i n  F i g u r e  20 f o r  BWSWD-3 is e s t i m a t e d  f r o m  t h e  l a t e  1 9 8 2  

a n d  e a r l y  1 9 8 3  d a t a .  A l a t e r  p e r i o d  c o u l d  n o t  be u s e d  b e c a u s e  

o f  i n c r e a s e d  pumping a c t i v i t y  i n  1 9 8 3 ,  d u e  t o  B G L  s t a r t - u p .  

T h i s  e s t i m a t e d  drawdown is  likely t o  be a c c u r a t e  t o  w i t h i n  2 f t .  

i n  75 ft. ( -3%)  d u e  t o  t h e  v e r y  c o n s i s t e n t  r e s p o n s e  o f  BWSWD-3 

e a c h  y e a r .  

I t  is  p o s s i b l e  t h a t  t h e  BWSWD-3 d a t a  f o r  t h e  l a t e - 1 9 8 2  
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e a r l y - 1 9 8 3  p e r i o d  is  i n f l u e n c e d  by t h e  s t a r t u p  o f  t h e  CM we 

However ,  t h e  d i s t a n c e  t o  CM-1 a n d  CM-2, w h i c h  b e g a n  p r o d u c t i o n  

i n  l a t e  1 9 8 2 ,  a n d  t h e  f a c t  t h a t  s i m u l t a n e o u s  i n j e c t i o n  o c c u r r e d ,  

v i r t u a l l y  c a n c e l l e d  any p o t e n t i a l  r e s p o n s e  i n  BWS'WD-3 w h i c h  

c o u l d  h a v e  s i g n i f i c a n t l y  a l t e r e d  t h e  d a t a .  

Though t h i s  d a t a  may n o t  b e  a c c u r a t e  e n o u g h  f o r  a p r e c i s e  

a n a l y s i s ,  i t  d o e s  show t h e  e f fec t iveness  o f  t h e  model  t o  p r e d i c t  

t h e  drawdown on t h e  f r a c t u r e  a t  g r e a t  d i s t a n c e s  w i t h  a v a r y i n g  

f l o w r a t e .  O f  p a r t i c u l a r  i m p o r t a n c e  i s  t h e  f i t  o f  BLM d rawdown 

w i t h  t h e  v a r y i n g  f l o w r a t e s  a t  BWSWD 1 & 2 u s i n g  s i m i l a r  

p a r a m e t e r s  t o  t h e  o t h e r  two tests.  

The c a l c u l a t e d  m a t c h  o f  t h e  d a t a  i s  a l s o  shown on F i g u r e  2 0 .  

T h e  p a r a m e t e r s  u s e d  t o  g e t  a b e s t  f i t  t o  t h e  d a t a  were: 

T = 5750  g p d / f t  

s = 3 x 
F,, = 1 0  

L f  = 1 7 , 0 0 0  f t .  

T h i s  d a t a  a l s o  shows t h e  d i f f e r e n c e  between t h e  c a l c u l a t e d  and  

a c t u a l  m a g n i t u d e  o f  t h e  drawdown i n  BWSWD-3. The l a r g e r  a c t u a l  

drawdown i n  BWSWD-3 is  n o t  m a t c h e d  b y  t h e  m o d e l  b e c a u s e  t h e  

model  is b a s e d  on d r a w d o w n - d i s t a n c e  r e l a t i o n s h i p s  o f  a l l  t h e  

B o i s e  a r e a  wells. The model  c a n n o t  a l l o w  f o r  s p e c i a l  l o c a l i z e d  

e f f e c t s  w i t h i n  a s i n g l e  f r a c t u r e  s u c h  a s  t h a t  w h i c h  o c c u r s  i n  

t h e  f r a c t u r e  i n t e s e c t e d  by BWSWD-1, 2 ,  and  3. C l e a r l y ,  i t  i s  a 
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Ph nomenon l o c a l  t t h e  f r a c t u r e  i n t o  w h i c h  BWSWD-1, 2 and  3 a r e  

completed a n d  n o t  a r e g i o n a l  e f f e c t ,  s u c h  a s  a lower  T o r  S. 

T h i s  i s  b e c a u s e  o f  t h e  long- te rm d a t a  from t h e  BLM, B e h r m a n  a n d  

K a n t a  we l l s  ( F i g u r e  211, which  i n d i c a t e  BWSWD-3 is  a n  e x c e p t i o n .  

A l s o ,  n o t e  t h a t  a s i m i l i a r  e f f e c t  ( l a r g e  drawdown n e a r  p r o d u c i n g  

we l l s  on t h e  f a u l t )  i s  n o t  o b s e r v e d  i n  t h e  BLM w e l l  r e l a t i v e  t o  

BGL-2 p r o d u c t i o n .  

T h i s  phenomena of  a l a r g e  drawdown i n  BWSWD-3, r e l a t i v e  t o  

o t h e r  w e l l s ,  i n  r e s p o n s e  t o  BWSWD 1 a n d  2 pumping i s  be l i eved  t o  

b e  d u e  t o  t h e  c o n d u c t i v i t y  o f  t h e  f r a c t u r e  i n t o  w h i c h  a l l  t h r e e  

BWSWD w e l l s  a r e  comple ted .  T h e  f r a c t u r e  i n  t h i s  r e g i o n  a p p e a r s  

t o  h a v e  a h i g h  c o n d u c t i v i t y ,  a l l o w i n g  t h e  drawdown i n  BWSWD-3 t o  

be s i m i l a r  t o  t h a t  of BWSWD 1 a n d  2 ;  u n l i k e  o t h e r  w e l l s  i n  t h e  

Bo i se  a r e a  w h i c h  d i s p l a y  a m u c h  m o r e  f i n i t e  c o n d u c t i v i t y  

b e h a v i o r .  

I n  t h e  l i t e r a t u r e  ( E a r l o u g h e r ,  1 9 7 7 1 ,  a f r a c t u r e  o f  

I f i n f i n i t e f t  c o n d u c t i v i t y  a l l o w s  a m o n i t o r i n g  w e l l  t o  d i s p l a y  t h e  

same a m o u n t  o f  drawdown a s  t h e  f l o w i n g  w e l l .  F r a c t u r e s  o f  

f i n i t e  c o n d u c t i v i t y  r e q u i r e  a n  a d d i t i o n a l  c o e f f i c i e n t  (FcD 1 t o  

d e s c r i b e  how drawdown v a r i e s  a l o n g  t h e  f r a c t u r e .  I n  p r a c t i c e ,  

i t  i s  d i f f i c u l t  t o  a l l o w  t h e  f r a c t u r e  c o n d u c t i v i t y  c o e f f i c i e n t  

t o  v a r y  a l o n g  i t s  l e n g t h .  T h e  m o d e l  u s e d  h e r e  a l l o w s  e a c h  

s e p a r a t e  f r a c t u r e  t o  h a v e  a d i f f e r e n t  F ~ D  b u t  i t  c a n n o t  b e  

v a r i e d  a l o n g  i ts  l e n g t h .  F u r t h e r ,  t he re  is  n o t  y e t  e n o u g h  d a t a  

70 



’ >  

t o  p r e c i s e l y  d e f i n e  f r a c t u r e s  t a p p e d  by wel ls  i n  t h e  Boise a r e a .  
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3 )  History Hatchinn (1981 - 1989) 

A h i s t o r y  m a t c h  o f  t h e  d a t a  from 1981 t o  1 9 8 9  was p e r f o r m e d  

u s i n g  a l l  t h e  a v a i l a b l e  p r e s s u r e  a n d  f l o w r a t e  d a t a .  T h e  p e r i o d  

was c h o s e n  t o  b e g i n  i n  1 9 8 1  s i n c e  r e l a t i v e l y  c o n t i n u o u s  d a t a  

f rom BWSWD and  BLM were a v a i l a b l e  s i n c e  t h a t  t ime. 

S i g n i f i c a n t l y ,  t h i s  d a t e  is p r i o r  t o  t h e  b e g i n n i n g  o f  a d d i t i o n a l  

p r o d u c t i o n  from t h e  Boise  g e o t h e r m a l  a q u i f e r  b y  m a j o r  u s e r s  

e x c e p t  BWSWD. 

T h e  a E a l y s i s  p e r i o d  f o r  h i s t o r y  m a t c h i n g  was 1 9 8 1 - 1 9 8 9 ,  b u t  

e a r l y  ( 1 9 7 6 - 1 9 7 8 )  B L M  d a t a  w a s  t a k e n  i n t o  a c c o u n t  f o r  

e s t a b l i s h i n g  b a s e l i n e  c o n d i t i o n s  T h e  l a c k  o f  e a r l y  f l o w r a t e  

d a t a ,  p a r t i c u l a r l y  a t  t h e  s t a r t u p  o f  t h e  C a p i t o l  M a l l  a n d  V A  

systems make a p r e c i s e  m a t c h  o f  t h e  d a t a  d i f f i c u l t  t o  a c h i e v e .  

Fo r  t h e  s i m u l a t i o n ,  f l o w r a t e  i n p u t  d a t a  w a s  a v e r a g e d  eve ry  two  

m o n t h s ,  d u e  t o  f l o w r a t e  d a t a  q u a l i t y  a n d  c o m p u t e r  memory 

l i m i t a t i o n s .  

To m a t c h  t h e  f l u c t u a t i n g  y e a r l y  c y c l e  o f  a q u i f e r  p r e s s u r e ,  

i t  w o u l d  h a v e  b e e n  p r e f e r a b l e  t o  use d a i l y ,  o r  a t  l e a s t  w e e k l y ,  

f l o w r a t e  i n p u t  d a t a .  H o w e v e r ,  t h i s  w o u l d  a m o u n t  t o  o v e r  1 0 0 0  

f l o w r a t e  e n t r i e s  f o r  t h e  9 - y e a r  h i s t o r y  m a t c h .  

Good q u a l i t y  f l o w r a t e  d a t a  was t h e  g r e a t e s t  s i n g l e  f a c t o r  

l i m i t i n g  t h e  c o n f i d e n c e  i n  t h e  i n p u t  d a t a  f o r  t h e  h i s t o r y  ma tch .  

However, we r e a l i z e  t h i s  d a t a  is  n o t  e a s i l y  o b t a i n e d ,  r e q u i r i n g  

e i t h e r  more manpower o r  c o s t l y  e q u i p m e n t .  
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A t  t h e  BGL w e l l s ,  t h e  f l o w r a t e  d a t a  i s  now r e c o r d e d  by  a 

computer  l o g g e r  a n d  a f l o w  t o t a l i z e r .  T h i s  d a t a  now c a n  b e  more 

e a s i l y  h a n d l e d .  Even so, t h e  c i r c u m s t a n c e s  a r e  l e s s  t h a n  i d e a l ,  

s i n c e  t h e  r e c o r d e d  v a l u e  is  t h a t  b e i n g  d i s c h a r g e d  t o  c u s t o m e r s ,  

n o t  a c t u a l  p r o d u c t i o n  a n d  i n j e c t i o n  ( o f  t h e  e x c e s s ) .  

F u r t h e r m o r e ,  i t  i s  u n c e r t a i n  w h e t h e r  t h e  n e t  f l o w  w i l l  y i e l d  

a c c u r a t e  s i m u l a t i o n  r e s u l t s  s i n c e  t h e  excess  i s  i n j e c t e d  i n t o  

a n o t h e r  BGL we l l  ( u s u a l l y  BGL-2). No t e s t  i s  known t o  h a v e  b e e n  

p e r f o r m e d  w i t h  t h i s  p r o d u c t i o n - i n j e c t i o n  d o u b l e t  b u t  t h e  e f f e c t  

is  as sumed  t o  b e  n e g l i g i b l e ,  o n  t h e  b a s i s  o f  t h e  p r e v i o u s l y  

d e s c r i b e d  BGL-2 Tes t  a n d  i n  t h e  a b s e n c e  of ( d o u b l e t  t e s t )  d a t a .  

Only f l o w r a t e  d a t a  f rom t h e  m a j o r  u s e r s  i s  c o n s i d e r e d  f o r  

t h e  H i s t o r y  Match c a l c u l a t i o n s  s i n c e  t h e r e  w a s  n o n e  a v a i l a b l e  

f r o m  t h e  o t h e r  ( p r i v a t e )  u s e r s .  A t t e m p t i n g  t o  e s t i m a t e  

f l o w r a t e s  a n d  pumping p e r i o d s  f o r  s m a l l  p r i v a t e  g e o t h e r m a l  w e l l  

users p r o b a b l y  w o u l d  o n l y  h a v e  i n t r o d u c e d  e r r o r  i n t o  t h e  

c a l c u l a t i o n s .  N o n e  o f  t h e s e  u s e r s  a r e  r e p o r t e d  t o  pump a 

s i g n i f i c a n t  amoun t  a n d  u s u a l l y  o n l y  i n  t h e  summer  m o n t h s .  Due 

t o  t h e  d i s t a n c e  o f  m o s t  o f  t h e s e  p r i v a t e  u s e r s  w e l l s  f r o m  

c e n t r a l  Boise ,  i t  is  u n l i k e l y  t h e y  h a v e  a s i g n i f i c a n t  i m p a c t  on  

t h e  r e s o u r c e  o r  t h e  wells i n c l u d e d  i n  t h i s  s t u d y .  

Most p r i v a t e  g e o t h e r m a l  wel ls  a r e  b e l i v e d  t o  p r o d u c e  m i x e d  

( g e o t h e r m a l  a n d  f r e s h )  w a t e r  d u e  t o  t h e i r  s h a l l o w e r  w e l l  

c o m p l e t i o n s .  F u r t h e r ,  l i t t l e  o r  n o  h i s t o r i c  water  l e v e l  d a t a  is  
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a v a i l a b l e  (Young,  e t .  a l .  1 9 8 8 ) .  More t h a n  o n e  y e a r  o f  a c c u r a t e  

f l o w r a t e  a n d  w a t e r  l e v e l  d a t a  w o u l d  b e  r e q u i r e d  f o r  w e l l s  i n  

o u t l y i n g  a r e a s  i n  o r d e r  t o  i n c l u d e  t h e m  i n  a n y  a n a l y s i s  o r  

h i s t o r y  m a t c h .  W i t h o u t  s u c h  d a t a  i t  is  d i f f i c u l t  t o  p r e d i c t  t h e  

r e l a t i o n s h i p  o f  t h o s e  we l l s  t o  t h o s e  o f  t h e  m a j o r  users  (BWSWD, 

C M ,  V A ,  BGL) i n  B o i s e .  

B e c a u s e  o f  t h e  o v e r a l l  q u a l i t y  ( o r  l a c k )  o f  f l o w r a t e  d a t a  

a n d  w a t e r  l e v e l  m e a s u r e m e n t s  i n  f l o w i n g  w e l l s ,  a n d  t h e i r  e r r a t i c  

p u m p i n g  s c h e d u l e s  i t  is d i f f i c u l t  t o  m a t c h  p u m p i n g  w e l l  d a t a  

w i t h  c a l c u l a t e d  v a l u e s  u s i n g  t h e  m o d e l .  E v e n  w i t h  p r e c i s e  

o p e r a t i o n a l  f l o w r a t e  d a t a  a n d  d o w n h o l e  p r e s s u r e  m e a s u r e m e n t s ,  

good m a t c h e s  would  be  d i f f i c u l t  t o  a c h i e v e  w i t h o u t  r e l i a b l e  s t e p  

r a t e  t e s t  d a t a .  Such  t e s t s  would  a l l o w  a n a l y s i s  o f  s k i n  f a c t o r s  

a n d  o t h e r  w e l l b o r e  e f f e c t s  a t  d i f f e r e n t  r a t e s .  I n  t h e  a b s e n c e  

o f  good f l o w i n g / p u m p i n g  wel l  d a t a ,  t h i s  s t u d y  w i l l  f o c u s  on  t h e  

a q u i f e r  w i d e  r e s p o n s e  a s  seen i n  t h e  h i g h  q u a l i t y  o b s e r v a t i o n  

we l l  d a t a  f rom t h e  BLM, BWSWD-3, K a n t a  w e l l s .  The  w a t e r  level 

d a t a  f o r  t h e  B e h r m a n  w e l l  is also g o o d ,  b u t  i t  b e g i n s  l a t e r .  

The we l l  c o m p l e t i o n  f o r  t h e  Behrman we l l ,  i t s  d e p t h  a n d  e x t e n t  

o f  c o m m u n i c a t i o n  w i t h  s h a l l o w  c o l d  g r o u n d w a t e r  w a t e r  a q u i f e r  i s  

unknown. F i g u r e  21 and  22 show p l o t s  of t h e  h i g h  a n d  l o w  w a t e r  

l e v e l  v a l u e s  f o r  e a c h  o f  t hese  wel ls ,  

The d a t a  f o r  F i g u r e s  21 a n d  22 were d e r i v e d  f r o m  F i g u r e s  

10-15 a n d  s e r v e  t o  s h o w  t h e  g e n e r a l  t r e n d  i n  t h e  a q u i f e r  
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p r e s s u r e  and  i s  t h e  m o s t  u s e f u l  f o r m a t  f o r  s h o w i n g  t h e  

c a l c u l a t e d  h i s t o r y  m a t c h  r e s u l t s .  I t  i s  c l e a r  from F i g u r e  21 , 
g i v e n  a l l  t h e  d a t a  t o - d a t e ,  t h a t  t h e  two r e g i o n s  (BLM-VA-BGL and  

BWSWD) b e h a v e  a s  i f  c o n n e c t e d  t o  o n e  a q u i f e r .  Note  t h a t  t h e  

d i f f e r e n c e ,  o r  s p r e a d ,  b e t w e e n  a g i v e n  y e a r ' s  h i g h  and  low v a l u e  

h a s  i n c r e a s e d  from 10 f t .  w i t h  o n l y  BWSWD f l o w i n g ,  t o  1 5 - 2 0  f t .  

s i n c e  1 9 8 3  w i t h  more we l l s  i n  u s e .  O f  p a r t i c u l a r  i n t e r e s t ,  i s  

t h e  r e s e r v o i r  recovery i n  t h e  summer of  1 9 8 9  a n d  t h e  s u b s e q u e n t  

maximum drawdown i n  e a r l y  1990  ( n o t  a v a i l a b l e  f rom a l l  we l l s  f o r  

t h i s  s t u d y ,  b u t  c a n  e a s i l y  b e  p l o t t e d  on F i g u r e  2 1 ) .  T h i s  w i l l  

show w h e t h e r  t h e  s y s t e m  is b e g i n n i n g  t o  s t a b l i z e  a f t e r  a n  a b o v e  

a v e r a g e  r a i n f a l l  y e a r  ( 1 9 8 8 - 1 9 8 9 )  i n  s p i t e  o f  h e a v y  w i n t e r  

pumping from t h e  g e o t h e r m a l  a q u i f e r .  

Note t h a t  d a t a  c o l l e c t i o n  d i d  n o t  b e g i n  i n  t h e  same y e a r  

f o r  e a c h  w e l l .  U n f o r t u n a t e l y ,  t h e  p r e - 1 9 8 3  d a t a  i s  n o t  

a v a i l a b l e  f o r  most wel ls ,  l e a v i n g  t h e  p r e - 1 9 8 3  wa te r  l e v e l s  t o  

be  u n d e f i n e d  i n  most a r e a s .  The p r e - 1 9 8 3  v a l u e  i s  i m p o r t a n t  t o  

t h e  h i s t o r y  m a t c h  c a l c u l a t i o n  a n d  was e s t ima ted  where n e c e s s a r y  

b a s e d  on e a r l y  CM-2 a n d  BLM we l l  d a t a .  

The d a t a  f o r  CM-2 p r e s e n t s  a s p e c i a l  p r o b l e m  s i n c e  i t  i s  

recorded a s  p r e s s u r e  a t  t h e  well  h e a d  w h i c h  c a n  l e a d  t o  v a r i o u s  

i n t e r p r e t a t i o n s  i n  w a t e r  l e v e l  d u e  t o  t h e r m a l  e f f e c t s .  I f  b o t h  

s t a t i c  a n d  f l o w i n g  t e m p e r a t u r e  p r o f i l e s  a r e  a v a i l a b l e ,  i t  i s  

p o s s i b l e  t o  c a l c u l a t e  water  l e v e l  based  o n  down h o l e  p r e s s u r e .  
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However ,  s i n c e  n e i t h e r  t h e  p r o f i l e s  o r  d o w n h o l e  p r e s s u r e  a r e  

a v a i l a b l e ,  i t  i s  d i f f i c u l t  t o  c o r r e l a t e  t f h o t f f  we l l  h e a d  p r e s s u r e  

t o  c o l d  s t a t i c  o r  h o t  w a t e r  l e v e l .  T h e  w e l l  h e a d  p r e s s u r e  i s  

d e p e n d e n t  upon t h e  t e m p e r a t u r e  ( d e n s i t y )  i n  t h e  co lumn o f  f l u i d .  

The h o t  ( f l o w i n g )  p r e s s u r e  i s  n o t  e a s i l y  r e f e r e n c e d  t o  t h e  

o r i g i n a l  s t a t i c  c o l d  p r e s s u r e  r e p o r t e d  b y  A n d e r s o n  a n d  K e l l y  

( 1 9 8 1 ) .  I t  i s  e s t i m a t e d  t h a t  t h e  h o t  s t a t i c  co lumn i s  a b o u t  20 

f t .  h i g h e r  t h a n  t h e  c o l d  co lumn f o r  t h i s  w e l l .  I t  i s  e a s i e r  t o  

c o m p a r e  t h e  r e c e n t  h o t  w a t e r  l e v e l  o r  p r e s s u r e  m e a s u r e m e n t s  t o  

o n e  a n o t h e r  b u t  n o t  t o  t h e  p r e - p r o d u c t i o n  s t a t i c  ( c o l d )  l e v e l .  

F i g u r e  23  shows t h e  p r e s s u r e  d a t a ,  c o n v e r t e d  t o  h o t  c o l u m n  

w z t e r  l e v e l  e l e v a t i o n s  f o r  t h e  y e a r l y  h i g h  p r e s s u r e / w a t e r  l e v e l  

d u r i n g  t h e  summer of e a c h  y e a r .  Note t h a t  a l e s s e r  d e c l i n e  i s  

s e e n  h e r e  t h a n  i n  F i g u r e s  29 a n d  2 2 .  No l o w  ( w i n t e r )  w a t e r  

l e v e l  d a t a  a r e  shown b e c a u s e  o f  t h e  m e t h o d  o f  m e a s u r e m e n t  ( s o o n  

t o  b e  i m p r o v e d ) .  



a )  I n o u t  D a t a  and  AssumDtions  

The  h i s t o r y  m a t c h  c a l c u l a t i o n s  were p e r f o r m e d  i n  two p h a s e s ;  

1 )  E s t a b l i s h i n g  a b a c k g r o u n d  c o n d i t i o n  t o  a p p r o x i m a t e  p r e - 1 9 8 0  

a q u i f e r  r e s p o n s e  t o  BWSWD ( a n d  p r e d e c e s s o r s )  p r o d u c t i o n  a n d  2 )  

U s i n g  a c t u a l  f l o w r a t e  d a t a  f o r  t h e  p e r i o d  1 9 7 8  t o  1 9 8 9 ,  a v e r a g e d  

o v e r  two month i n t e r v a l s ,  t o  c a l c u l a t e  a h i s t o r y  m a t c h .  F i g u r e  

24 shows t h e  y e a r l y  ( n e t )  p r o d u c t i o n  f r o m  t h e  a q u i f e r .  O n e  

m a j o r  a s s u m p t i o n  i s  t h a t  t h e  f l o w r a t e s  r e p o r t e d  by v a r i o u s  users  

a r e  a c c u r a t e  t o  w i t h i n  1 0 % .  T h e  p u r p o s e  o f  u s i n g  d e t a i l e d  

f l o w r a t e s  was t o  ma tch  t o  max imum a n d  m i n i m u m  w a t e r  l e v e l s  

r e c o r d e d  i n  k e y  o b s e r v a t i o n  w e l l s  f r o m  1 9 8 0  t o  e a r l y  1 9 8 9  

( F i g u r e  2 1 ) .  

F o r  t h i s  s t u d y ,  an  a v e r a g e  r e c h a r g e - d i s c h a r g e  d e f i c i t  o f  

-3200 gpm a l l o w e d  t h e  a p p r o p r i a t e  long-term drawdowns n e e d e d  t o  

ma tch  t h e  o b s e r v a t i o n  well  d a t a .  A g r e a t e r  t h a n  a v e r a g e  d e f i c i t  

was r e q u i r e d  t o  m a t c h  t h e  d a t a  i n  s o m e  y e a r s  w h i c h  c o i n c i d e d  

r o u g h l y  w i t h  l o w e r  t h a n  a v e r a g e  a n n u a l  r a i n f a l l .  T h i s  p o i n t s  

t o w a r d ,  b u t  d o e s  n o t  c o n c l u s i v e l y  p r o v e ,  t h e  i n f l u e n c e  o f  

r a i n f a l l  on g e o t h e r m a l  a q u i f e r  pressure.  

O t h e r  i n p u t  i n c l u d e d  t h e  T a n d  S v a l u e s  a n d  f r a c t u r e  

p a r a m e t e r s  d e r i v e d  f r o m  t h e  w e l l  t e s t s .  B e c a u s e  o f  t h e  

r e l a t i v e l y  s h o r t  d u r a t i o n  o f  t h e  w e l l  t e s t s  a n d  v a r i a b l e  d a t a  

q u a l i t y ,  t h e  f r a c t u r e  p a r a m e t e r s  were s u b j e c t  t o  s l i g h t  c h a n g e s  

b a s e d  on t h e  h i s t o r y  m a t c h  r e su l t s .  
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b) R e s u l t s  

Over  o n e  h u n d r e d  m o d e l  c a l c u l a t i o n  r u n s  were made.  T h e  

d i f f e r e n t  s c e n a r i o s  f o c u s e d  o n  f r a c t u r e  l e n g t h  a n d  t r e n d ,  

e f f e c t i v e  r echa rge  r a t e s ,  b o u n d a r i e s ,  w e l l  f l o w r a t e  s e n s i t i v i t y ,  

and  m a t r i x  p a r a m e t e r  ( T  & S >  s t u d i e s .  T h e s e  w e r e  u s e d  t o  

d e t e r m i n e  wha t  c o m b i n a t i o n  of  f a c t o r s  w o u l d  a l l o w  t h e  t e s t  d a t a ,  

e a r l y  ( p r e - 1 9 8 2 )  m o n i t o r i n g  d a t a  w i t h  BWSWD f l o w i n g  a l o n e ,  a n d  

r e c e n t  ( p o s t - 1 9 8 3 )  d e c l i n e s  t o  b e  f i t t e d  w i t h  o n e  model. 

T h i s  was f o u n d  t o  b e  very d i f f i c u l t  w i t h  t h e  d a t a  t o - d a t e ,  

p r i m a r i l y  d u e  t o  t h e  v a r y i n g  a n n u a l  f l o w r a t e s  a n d  t h e  f a c t  t h a t  

n o  t e s t  d a t a "  i s  a v a i l a b l e  t o  d e s c r i b e  t h e  d r a w d o w n - d i s t a n c e  

r e l a t i o n s h i p  a t  l a t e  times. F i g u r e  21 i n d i c a t e s  a v e r y  u n i f o r m  

a q u i f e r  drawdown. However ,  b a s e d  on t h e  w e l l  t e s t s ,  one w o u l d  

e x p e c t  a g r e a t e r  drawdown a t  B E M  a n d  l e s s e r  e f f e c t  a t  K a n t a  

a f t e r  BGL came o n - l i n e .  I n s t e a d ,  b o t h  a r e a s  a r e  a f f e c t e d  

s i m i l a r l y .  T h i s  a p p a r e n t  d i s c r e p a n c y  i n  s h o r t - t e r m  t e s t  

drawdown- d i s t a n  c e r e  1 a t i  o n s  h i p s  1 o n  g - t e r m  a q u  i f e r  

r e s p o n s e  c o u l d  be  a n s w e r e d  by a l o n g - t e r m  c o n s t a n t  r a t e  t e s t .  

v e r s u  s 

F o r  t h i s  s t u d y ,  v a r i o u s  c o m b i n a t i o n s  o f  t h e  f o l l o w i n g  

s c e n a r i o s  were c o n s i d e r e d  i n  o rde r  t o  h i s t o r y  match t h e  d a t a .  
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- I s o t r o p i c  a q u i f e r .  

- V a r y i n g  T & S. 

- V a r y i n g  f r a c t u r e  l e n g t h s  of e a c h  w e l l  
p r o d u c i n g  f rom f r a c t u r e s .  

- A p p r o x i m a t i n g  r e c h a r g e  s h o r t - f a l l .  

- B o u n d a r i e s ,  v a r y i n g  i n  number  and  o r i e n t a t i o n .  

- C o n t i n u o u s  d e c l i n e  on l o g - l o g  1 / 2  s l o p e .  

- E f f e c t s  of y e a r l y  a v e r a g e  r a i n f a l l .  

- R e c h a r g e  - D i s c h a r g e  R a t i o s  

Numerous c a s e s  i n v o l v i n g  n o - f l o w  b o u n d a r i e s  i n  v a r i o u s  

g e o m e t r i e s  f a i l e d  t o  p r o d u c e  a r e a s o n a b l e  m a t c h .  W i t h  a c l o s e d  

system t h e  o v e r a l l  drawdowns were t o o  l a r g e  t o  m a t c h  t h e  w e l l  

t e s t  d a t a  o r  t h e  h i s t o r y  m a t c h  d a t a .  Even  a seven day  f l o w  t e s t  

( s u c h  a s  BGL-2 i n  1 9 8 2 )  w o u l d  s h o w  t h e  e f f e c t s  o f  a b o u n d a r y  

s e v e r a l  miles away. No t e s t  d a t a  i n d i c a t e s  s u c h  a b o u n d a r y  o r  

b o u n d a r i e s  e x i s t .  

Most  s c e n a r i o s  were r u n  w i t h  t h e  h i s t o r y  m a t c h  i n p u t  a n d  

t h e n  c h e c k e d  u s i n g  t h e  i n d i v i d u a l  w e l l  t e s t  d a t a  ( d i s c u s s e d  

e a r l i e r ) .  The s c e n a r i o  o r  model  was r e j e c t e d  i f  t h e  c a l c u l a t e d  

r e s u l t s  d i d  n o t  m a t c h  t h e  r e c e n t  h i s t o r y  d a t a  ( F i g u r e s  2 1 ,  2 2  

and  2 3 )  and  t h e  i n d i v i d u a l  well  t e s t  d a t a .  

A s  p r e v i o u s l y  m e n t i o n e d ,  t h e  r e s u l t s  f o c u s e d  on t h e  f i t  o f  

b o t h  BLM and  K a n t a  o b s e r v a t i o n  w e l l  d a t a  s i n c e  t h e y  had  t h e  b e s t  

q u a l i t y  d a t a  a n d  t h e  l o n g e s t  m o n i t o r i n g  p e r i o d .  T h e  h i s t o r y  
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match  t o  t h e  BLM d a t a  is  s h o w n  i n  F i g u r e  2 6  a n d  t h e  m a t c h  f o r  

Kan ta  i s  shown i n  F i g u r e  2 7 .  T h e  d a t a  f o r  t h e s e  p l o t s  a r e  

d e r i v e d  f rom F i g u r e  2 1 .  

No te  t h a t  a good ma tch  t o  BLM h i s t o r i c a l  d a t a  ( 1 9 8 1  - 1 9 8 9 )  

c a n  be f o u n d ,  b u t  t h e  same  i n p u t  d o e s  n o t  r e s u l t  i n  a s  g o o d  a 

ma tch  a t  t h e  K a n t a  we l l .  The p r i m a r y  d i f f i c u l t y  w i t h  m a t c h i n g  

t h e  u n i f o r m ,  a q u i f e r  w i d e ,  o v e r a l l  drawdown is  t h e  l a c k  o f  d a t a  

w i t h  which  t o  d e f i n e  d r a w d o w n - d i s  t a n c e  r e l a t i o n s h i p s  w h i c h  

a c c o u n t  f o r  b o t h  l o n g - t e r m  w a t e r  l e v e l  m o n i t o r i n g  d a t a  a n d  

s h o r t - t e r m  we l l  t e s t  d a t a .  However ,  t h e  use of a f r a c t u r e  mode l  

a l l o w s  a much more  even d i s t r i b u t i o n  o f  p r e s s u r e  d r o p  t h a n  a n  

i s o t r o p i c  ( o r  T h e i s )  s o l u t i o n .  

Pumping w e l l s  were d i f f i c u l t  t o  m a t c h  i n  t h e  a b s e n c e  o f  

d a t a  t o  d e f i n e  w e l l b o r e  e f f e c t s .  However ,  an  e f f o r t  was made t o  

m a t c h  t h e  e x i s t i n g  d a t a .  

The m a t c h  f o r  BWSWD-1 i s  s h o w n  i n  F i g u r e  2 8 .  The maximum 

drawdown r e m a i n e d  c o n s t a n t  d u e  t o  t h e  d e p t h  o f  t h e  pump b o w l s ,  

b u t  t h e  p l o t  d o e s  n o t  r e f l e c t  t h e  l e n g t h  o f  t ime t h e  maximum 

drawdown was a c h i e v e d  e a c h  y e a r  ( see  F i g u r e  1 2 ) .  The  m o d e l ,  o f  

c o u r s e ,  i s  u n a w a r e  o f  t h e  pump b o w l  s e t t i n g  a n d  p r e d i c t s  

drawdowns b a s e d  o n l y  o n  f l o w r a t e  a n d  a q u i f e r  p a r a m e t e r s ,  

W e l l b o r e  e f f e c t s  ( s k i n ,  n o n - D a r c y  f l o w ,  e t c . )  p r o b a b l y  p l a y  a 

s i g n i f i c a n t  r o l e  i n  t h e  b e h a v i o r  o f  BWSWD p u m p i n g  w e l l s .  T h e  

f i t  shown i n  F i g u r e  28 and  t h a t  o f  BWSWD-3 ( see  b e l o w )  c o u l d  b e  
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i m p r o v e d  i f  s t e p - r a t e  w e l l  t e s t  d a t a  were a v a i l a b l e  f o r  BWSWD-1 

a n d  2 .  

The pump was l o w e r e d  6 0  f t .  i n  1 9 8 8  t o  o b t a i n  g r e a t e r  

c a p a c i t y ,  b u t  l i t t l e  i m p r o v e m e n t  i n  p r o d u c t i v i t y  was o b s e r v e d ,  

p r o b a b l y  d u e  t o  t h e  i n c r e a s e d  i n f l u e n c e  o f  w e l l b o r e  e f f e c t s  a t  

h i g h  - f l o w r a t e s .  

The  m a t c h  of  CM-2 i s  shown i n  F i g u r e  2 9 .  L i m i t e d  s u c c e s s  

i n  m a t c h i n g  t h e  d a t a  was o b t a i n e d  on t h e  b a s i s  of c u r r e n t  d a t a .  

T h e  r e s u l t s  a r e  somewhat  i n c o n c l u s i v e  i n  t h e  a b s e n c e  o f  downho le  

p r e s s u r e  d a t a  d u r i n g  t e s t i n g  a n d  n o r m a l  o p e r a t i o n s .  

The m a t c h  of BWSWD-3 i s  shown i n  F i g u r e  30. The d i f f i c i i l t y  

w i t h  m a t c h i n g  t h e  maximum drawdown was d i s c u s s e d  e a r l i e r  ( s e e  

P a r t  IV.2.c.)  a n d  may b e  improved  when t h e  p r o g r a m  i s  m o d i f i e d  

t o  a l l o w  a v a r i a b l e  f r a c t u r e  c o e f f i c i e n t  w i t h i n  a g i v e n  

f r a c t u r e .  M e a n w h i l e ,  t h e  r e c o v e r y  ( u p p e r )  c u r v e  i s  m a t c h e d  

q u i t e  we l l .  I t  i s  a b e t t e r  i n d i c a t o r  o f  a q u i f e r  t r e n d s  s i n c e  i t  

i s  l e s s  s u s c e p t i b l e  t o  l o c a l i z e d  p u m p i n g  e f f e c t s  from BWSWD-1 

a n d  2.  

A n o t h e r  i n t e r e s t i n g  f e a t u r e  o f  F i g u r e  3 0 ,  i s  t h e  d e c l i n e  

shown i n  BWSWD-3, from p e a k  recovery 1 9 8 2  t o  1 9 8 3 ,  e v e n  t h o u g h  

BGL p r o d u c t i o n  h a d  n o t  y e t  b e g u n ,  BLM a n d  BWSWD-1 d a t a  do n o t  

show t h i s  d e c l i n e ,  b u t  i t  may i n d i c a t e  t h e  p o t e n t i a l  f o r  

f a c t o r s ,  o t h e r  t h a n  well pumping ,  t o  i n f l u e n c e  a q u i f e r  p r e s s u r e .  
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The c a l c u l a t e d  r e s u l t s  d i s c u s s e d  a b o v e  f o r  t h e  e x i s t i n g  

h i s t o r y  ma tch  d a t a  were o b t a i n e d  w i t h  t h e  f o l l o w i n g  p a r a m e t e r s :  

T = 5750 g p d / f t  

s = 3 x ft/ft 

E s t i m a t e d  f r a c t u r e  l e n g t h s  of  p r o d u c i n g  we l l s :  . 

BGL-4 
BWSWD-1 & 2 
CM-1 
CM-2 
VA-1 
VA-2 

Approx. 
11 

I? 

11 

11 

I t  

8 2  

6,300 f t  
8,500 
8,000 
8 ,000  
6,300 
6 , 300 



c >  C o n c l u s i o n  and  D i s c u s s i o n  o f  I n t e r - r e l a t i o n s h i p  
Between Wells 

I n  g e n e r a l ,  t h e  m o d e l  a p p e a r s  t o  m i r r o r  a q u i f e r  b e h a v i o r  

t h o u g h  f l o w i n g  w e l l  b e h a v i o r  is more d i f f i c u l t  t o  m a t c h  w i t h o u t  

b e t t e r  f l o w i n g  w e l l  t e s t  d a t a .  A t  t h i s  p o i n t ,  some c o n c l u s i o n s  

c a n  b e  d r s w n  w i t h  r e spec t  t o  t h e  i n t e r - r e l a t i o n s h i p  b e t w e e n  

w e l l s .  

A f i n i t e  c o n d u c t i v i t y  f r a c t u r e  z o n e  i s  b e l i e v e d  t o  f e e d  a 

f r a c t u r e d  r h y o l i t e  f o r m a t i o n  of  m o d e r a t e  t r a n s m i s s i v i t y .  D u e  t o  

t h e  c o n d u c t i v i t y  a l o n g  t h e  f r a c t u r e ,  t h e  we l l s  c o m p l e t e d  i n t o  i t  

communica te  r e a d i l y  ( e .g .  BWSWD 1 ,  2 ,  3, BLM, BGL 2, 3, 4, V A - 1  

& 2 e t c . ) .  S i n c e  t h e  c o n d u c t i v i t y  i s  f i n i t e ,  t h e  e f f e c t s  o f  o n e  

wel l  on a n o t h e r  a r e  r e l a t i v e l y  m i n o r  even  a t  h i g h  f l o w  r a t e s ,  

e x c e p t  i n  t h e  c a s e  o f  BWSWD-3 w h i l e  p u m p i n g  BWSWD 1 o r  2. 

Whether  VA-1 and VA-2 b e h a v e  a s  i f  c o m p l e t e d  i n  t h e  f r a c t u r e  o r  

i n  t h e  m a t r i x  f o r m a t i o n  i s  u n c l e a r  f r o m  t h e  l i m i t e d  t e s t  a n d  

h i s t o r i c a l  d a t a  t o - d a t e  ( u p  t o  6 / 8 9 ) .  B u t  VA-1, a t  l e a s t ,  i s  

very l i k e l y  t o  'be i n  c o m m u n i c a t i o n  w i t h  w e l l s  a l o n g  t h e  

f r a c t u r e .  

F r o m  t h e  w e l l  t e s t  o f  CM-2 ,  we h a v e  s e e n  t h a t  i t  

c o m m u n i c a t e s  w i t h  BLM a n d  BGL-3 a n d ,  by a s s o c i a t i o n ,  m u s t  a l s o  

communica te  w i t h  o t h e r  w e l l s  i n  t h e  f a u l t  z o n e .  The s a m e  is 

l i k e l y  t o  b e  t r u e  o f  CM-1. Though n o  CM-1 t e s t  d a t a  p r o v e s  t h i s  

except  i n d i r e c t l y  by t h e  CM-2 t e s t  d a t a .  
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I n  t h e  a b s e n c e  o f  l o n g - t e r m ,  h i g h  r a t e ,  i n d i v i d u a l  w e l l  

t e s t s  i t  is  d i f f i c u l t  t o  p r e c i s e l y  g a u g e  t h e  e f f e c t  o f  s p e c i f i c  

p r o d u c t i o n  wel ls  on o t h e r  p r o d u c t i o n  w e l l s  w h i l e  b o t h  pump 

s i m u l t a n e o u s l y .  C l e a r l y ,  some wells h a v e  s i g n i f i c a n t  w e l l b o r e  

e f f e c t s ,  c o m p l e t i o n  p r o b l e m s ,  o r  . a re  l o c a t e d  i n  z o n e s  w i t h  a 

g r e a t e r  o r  l e s s e r  f r a c t u r e  c o n d u c t i v i t y ,  p e r h a p s  d u e  t o  t h e  

r e l a t i v e  degree o f  f r a c t u r e  v e i n  f i l l i n g  i n  s e l e c t e d  a r e a s .  

I n  g e n e r a l ,  t h e  wells b e h a v e  a s  e x p e c t e d  g i v e n  t h e  p r e s e n t  

c o n c e p t u a l  and  m a t h m a t i c a l  m o d e l .  T h e  b a s i s  f o r  e a c h  w e l l s  

p r e s s u r e  r e s p o n s e  i s  i t s  p r o x i m i t y  t o  t h e  ma in  f r a c t u r e  a n d  n e t  

p r o d u c t i o n  on t h e  f r a c t u r e .  The e f f e c t  of t h e  CM p r o d u c t i o n  and  

i n j e c t i o n  d o u b l e t  on o t h e r  w e l l s ,  i n  t e r m s  o f  p r e s s u r e ,  i s  

p r o b a b l y  n e g l i g i b l e  d u e  t o  t h e i r  d i s t a n c e  from t h e  f r a c t u r e  a n d  

o t h e r  wells a n d  i n j e c t i o n  of a l l  f l u i d  p r o d u c e d .  

I t  is t o o  e a r l y  i n  t h e  o p e r a t i n g  h i s t o r y  o f  t h e  V A  s y s t e m ,  

w i t h  o n l y  l i m i t e d  h i s t o r i c a l  d a t a  ( u p  t o  J u n e  1989) t o  determine 

i t s  e f f e c t .  None o f  t h e  o b s e r v a t i o n  w e l l  d a t a  s h o w e d  a n y  

r e s p o n s e  d i r e c t l y  a t t r i b u t a b l e  t o  t h e  s t a r t - u p  of VA wel l s .  The 

t e s t  of  VA-1  a l s o  d i d  n o t  c r e a t e  a m e a s u r e a b l e  r e s p o n s e  i n  

n e a r b y  wel ls  ( A n d e r s o n  a n d  K e l l y ,  1983). The f l o w r a t e  d a t a  upon 

s t a r t u p  is n o t  a v a i l a b l e ,  t h e r e f o r e  i t  is d i f f i c u l t  t o  c a l c u l a t e  

a p o t e n t i a l  r e s p o n s e .  P r o d u c t i o n  a t  VA-1 seems t o  h a v e  c a u s e d  

l i t t l e  drawdown i n  t h a t  we l l .  No m e a s u r e m e n t s  were t a k e n  i n  t h e  

VA-1 Test  i n j e c t i o n  w e l l  j u s t  b e f o r e  o r  a f t e r  s y s t e m  s t a r t u p  
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which  c o u l d  g i v e  some i n d i c a t i o n  o f  i t s  i m p a c t .  I t  a p p e a r s ,  

f rom t h e  d a i l y  b u b b l e  t u b e  r e a d i n g s  f r o m  M a r c h  t o  J u n e  1 9 8 9 ,  

t h a t  t h e  pumping w a t e r  l e v e l  e l e v a t i o n  a t  VA-1 i s  t h e  s a m e  a s  

t h e  w a t e r  l e v e l  i n  t h e  BLM wel l .  

4 )  Ana lys i s  of Continued Production . 
I 

a )  C o n t i n u e d  P r o d u c t i o n  a t  C u r r e n t  Levels 

F o r  t h i s  c a l c u l a t i o n  t h e  s a m e  p a r a m e t e r s  were u s e d  a s  f o r  

t h e  h i s t o r y  m a t c h .  T h e  f l o w i n g  w e l l s  i n c l u d e d  i n  t h e  

c a l c u l a t i o n  were a l s o  t h e  same a s  f o r  t h e  h i s t o r y  match (BWSWD 1 

& 2 ,  BGL-4, C M - 1 ,  CM-2, VA-1, VA-2) .  A v e r a g e  f l o w r a t e s  w e r e  

assumed f o r  e a c h ,  b a s e d  on a v a i l a b l e  d a t a .  S i x  f l o w r a t e s  p e r  

y e a r  were u s e d  f o r  e a c h  w e l l  t o  a c h i e v e  a c y c l i c  p r e s s u r e  

r e s p o n s e .  A v e r a g e  e f f e c t i v e  r e c h a r g e  va lues  were a l s o  u s e d .  

The mode l  was u s e d  t o  c a l c u l a t e  drawdowns f o r  t h e  p e r i o d  o f  

1990 t o  2000.  G i v e n  t h e  p r e s e n t  d a t a  f o r  t h e  s y s t e m  a n d  t h e  

c u r r e n t  t r a n s i t i o n a l  n a t u r e  o f  t h e  b u l k  o f  t h e  d a t a  b a s e ,  t h e  

c a l c u l a t i o n s  were n o t  p r o j e c t e d  beyond 10  y e a r s .  Among t h e  more  

d i f f i c u l t  a s s u m p t i o n s  w a s  t h a t  BWSWD p r o d u c t i o n  w i l l  b e  

m a i n t a i n e d  a t  f o r m e r  ( 1  9 7 7 - 1  9 8 3 )  l e v e l s .  T h i s  w a s  a s s u m e d  

b e c a u s e  o f  t h e  d i f f i c u l t y  i n  p r o j e c t i n g  a v a i l a b l e  f l o w r a t e s  f o r  

t h e  p r e s e n t  BWSWD we l l s  g i v e n  t h e  l a c k  o f  t e s t  d a t a .  S i n c e  even 

p r e s e n t  demand is  n o t  a l w a y s  met,  p r o d u c t i o n  f r o m  o t h e r  w e l l s  

may b e  u s e d  t o  meet f u t u r e  demand. The d a i l y  pumping demand  i s  
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d i f f i c u l t  t o  p r e d i c t  b u t  i t  is  p o s s i b l e  t h a t  w i t h  a c a r e f u l  

pumping s c h e d u l e  t h a t  p r e - 1 9 8 2  p r o d u c t i o n  c o u l d  o c c u r .  

A n t i c i p a t i n g  demand o r  s i t i n g  a l t e r n a t i v e  p r o d u c t i o n  w e l l  

l o c a t i o n s  was o u t s i d e  t h e  scope of t h i s  s t u d y .  

Due t o  t h e  s e v e r a l  f a c t o r s  ( n u m b e r  o f  w e l l s  i n  u s e ,  

s e v e r i t y  of w i n t e r s ,  r a i n f a l l  o r  o t h e r  r e c h a r g e  e f f e c t s ) ,  n o  

a s s u m p t i o n s  were made r e g a r d i n g  t h e  a b i l i t y  o f  wells t o  c o n t i n u e  

o r  i n c r e a s e  p r o d u c t i o n .  A t  p r e s e n t ,  t h e  a q u i f e r  c a n  p r o v i d e  

g e o t h e r m a l  f l u i d  a t  r e q u i r e d  r a t e s  a s  l o n g  a s  a n  a p p r o p r i a t e  

we l l  ( d e p t h  a n d  d e s i g n )  i s  u s e d .  

The a v e r a g e  m o n t h l y  f l o w r a t e s  u s e d  f o r  t h e  p e r i o d  1 9 9 0 - 2 0 0 0  

a r e  shown be low.  

- N-D 

8 1 2  gpm 

444 

450 

300 

The n e t  f low from t h e  a q u i f e r - i s  a s sumed  t o  be a p p r o x i m a t e l y  

450  m i l l i o n  g a l l o n s  p e r  y e a r  u n d e r  t h i s  s c e n a r i o .  T h i s  i s  

somewhat  a b o v e  t h e  a v e r a g e  o f  t h e  last few y e a r s  ( F i g u r e  2 5 )  

because i t  a s s u m e s  a l l  u s e r s  ( i n c l u d i n g  B W S W D )  c a n  s a t i s f y  

demand 

The  r e s u l t s  were c a l c u l a t e d  f o r  t h e  BLM a n d  K a n t a  w e l l s  
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w h i c h  have t h e  b e s t  a n d  l o n g e s t  t e r m  d a t a  f o r  t h e  t w o  m a i n  

p r o d u c i n g  a r e a s  t o - d a t e .  The r e s u l t s  f o r  t h e  f l o w i n g  w e l l s  a r e  

n o t  shown,  s i n c e ,  a s  e x p l a i n e d  a b o v e ,  t h e  f l o w i n g  w e l l  t e s t  a n d  

o p e r a t i o n a l  d a t a  is n o t  s u f f i c i e n t  t o  make l o n g - t e r m  a s s u m p t i o n s  

r e g a r d i n g  w e l l b o r e  e f f e c t s  a n d  t h e r m a l  e f f e c t s  w h i c h  d o m i n a t e  

t h e  d r a w d o w n  a n d  b u i l d u p  b e h a v i o r  o f  t h o s e  w e l l s .  M o r e  

a s s u m p t i o n s  were r e q u i r e d  ( d u e  t o  l a c k  o f  d a t a )  f o r  f l o w i n g  

we l l s  t h a n  f o r  o b s e r v a t i o n  w e l l s .  T h e  d a t a  a n d  p r o j e c t e d  

drawdowns f o r  BLM a n d  K a n t a  a r e  m o r e  i n d i c a t i v e  o f  a c t u a l  

a q u i f e r  r e s p o n s e  t h a n  f l o w i n g  we l l s .  

As shown i n  F i g u r e s  31 & 32,  t h e  r a t e  of a q u i f e r  drawdown i s  

c a l c u l a t e d  t o  d e c r e a s e  ( l e v e l  o f f )  a t  l a t e r  t i m e  d u e  t h e  

a s s u m p t i o n  t h a t  f l o w r a t e s  w i l l  n o t  i n c r e a s e  a n d  r e c h a r g e  w i l l  

r e m a i n  c o n s t a n t .  How r e c h a r g e  is  c o n t r o l l e d ,  a n d  w h e t h e r  i t  i s  

c h a n g i n g ,  c a n n o t  b e  d e t e r m i n e d  f r o m  t h e  d a t a  t o - d a t e ,  b u t  i t  

c l e a r l y  d o m i n a t e s  t h e  a q u i f e r  r e s p o n s e .  A much g r e a t e r  d e c l i n e  

c o u l d  b e  expec ted  w i t h o u t  c o n s t a n t  r e c h a r g e .  

b )  C o n t i n u e d  P r o d u c t i o n  w i t h  A d d i t i o n a l  I n j e c t i o n  

A c a l c u l a t i o n  w a s  p e r f o r m e d  t o  a s s e s s  t h e  i m p a c t  o f  

i n j e c t i o n  of a l l  B G L  p r o d u c e d  f l u i d  a t  a l o c a t i o n  n e a r  BGL's 

d i s c h a r g e  p o i n t  a t  t h e  Bo i se  R ive r .  T h e  l o c a t i o n  i s  s h o w n  o n  

F i g u r e  37  a n d  i s  a p p r o x i m a t e l y  8 5 0 0  f t .  w e s t  o f  t h e  B G L  

p r o d u c t i o n  wel ls .  



T h i s  h y p o t h e t i c a l  i n j e c t i o n  w e l l  s i t e  ( B G L - I )  i s  n o t  a 

s u g g e s t e d  i n j e c t i o n  s i t e  o r  b a s e d  on s i t e  s p e c i f i c  s t u d i e s .  I t  

i s  u s e d  f o r  a n a l y s i s  p u r p o s e s  a s s u m i n g  g e o l o g i c  c o n d i t i o n s  a r e  

s i m i l a r  t o  t h e  CM-2 well  r e g i o n ,  t h o u g h  t h e  g e o t h e r m a l  a q u i f e r  

r h y o l i t e  is  p r o a b l y  s o m e w h a t  d e e p e r  t h a n  a t  CM-2 d u e  t o  f a u l t  

o f f s e t s  a n d / o r  m i n o r  w e s t e r l y  d i p .  The  s i m u l a t i o n s  i n v o l v i n g  

t h i s  i n j e c t i o n  s i t e  a r e  f o r  c o m p a r i s i o n  t o  c a s e s  w i t h o u t  

a d d i t i o n a l  i n j e c t i o n .  S i t e  s e l e c t i o n  f o r  i n j e c t i o n  was n o t  t h e  

p r i m a r y  f o c u s  of  t h i s  s t u d y .  T h i s  s e l e c t i o n  was b a s e d  p r i m a r i l y  

on p r o x i m i t y  t o  t h e  BGL o u t f l o w  p i p e l i n e .  A c t u a l  w e l l  s i t i n g ,  

f o r  t h i s  o r  a n y  o t h e r  p r o j e c t ,  w o u l d  b e  p r e c e d e d  b y  s i t e  

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

a p p l i c a t i o n  e 

The i n p u t  d a t a  f o r  t h i s  c a s e  i s  i d e n t i c a l  t o  t h e  p r e v i o u s  

c a l c u l a t i o n  e x c e p t  t h a t  B G L  s y s t e m  f low i s  i n j e c t e d  i n t o  t h e  

h y p o t h e t i c a l  well  ( B G L - I ) .  The f l o w r a t e  of i n j e c t i o n  is as sumed  

t o  be i d e n t i c a l  t o  p r o d u c t i o n  ( s e e  T a b l e  S O ) .  I n j e c t i o n  i s  

as sumed  t o  b e g i n  on  J a n u a r y  1 , 1 9 9 0 ,  f o r  t h e  p u r p o s e  of  t h i s  

s t u d y .  

The r e s u l t s  a r e  p l o t t e d  on F i g u r e s  31 a n d  32 f o r  t h e  BLM and  

K a n t a  w e l l s .  As expected, i n j e c t i o n  a t  a d i s t a n c e  o f  8500 f t .  

from t h e  f a u l t ,  does  n o t  c a u s e  s i g n i f i c a n t  p r e s s u r e  s u p p o r t  t o  

t h e  a q u i f e r  i n  t h e  a r e a  ( a l o n g  t h e  Boise  F r o n t  F a u l t )  where t h e  

major p r o d u c i n g  wel ls  a r e  loca t ed .  The h y p o t h e t i c a l  i n j e c t i o n  
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is  c a l c u l a t e d  t o  r e d u c e  t h e  o v e r a l l  drawdown of  t h e  a q u i f e r  b y  

a p p r o x i m a t e l y  t e n  f e e t .  

5) Analys i s  Increased Future Production 

a )  I n c r e a s e d  F u t u r e  P r o d u c t i o n  w i t h o u t  I n - i e c t i o n  

F o r  t h e  p u r p o s e s  o f  t h i s  s t u d y ,  i t  was a s s u m e d  t h a t  a 50% 

i n c r e a s e  i n  p r o d u c t i o n  w o u l d  o c c u r  f o r  a l l  t h e  p r i m ' a r y  

g e o t h e r m a l  a q u i f e r  u s e r s  (BWSWD, C M ,  V A ,  B G L ) .  T h e  f l o w r a t e s  

f o r  e a c h  u s e r  were as sumed  t o  b e  t h o s e  of  T a b l e  10  m u l t i p l i e d  by 

1.5.  Whether  t h e s e  a s s u m e d  r a t e s  a r e  p r a c t i c a l ,  f e a s i b l e ,  o r  

d e s i r a b l e  was n o t  t h e  f o c u s  o f  t h i s  s t u d y .  O f  p r i m a r y  i n t e r e s t  

i s  t h e  o v e r a l l  e f f e c t  of i n c r e a s e d  p r o d u c t i o n  on t h e  g e o t h e r m a l  

a q u i f e r .  - 

The  r e s u l t s ,  f o r  BLM a n d  K a n t a  o b s e r v a t i o n  wel l s ,  a r e  s h o w n  

i n  F i g u r e s  33 a n d  3 4 .  I n c r e a s i n g  p r o d u c t i o n  b y  5 0 %  i s  

c a l c u l a t e d  t o  i n c r e a s e  drawdown by a p p r o x i m a t e l y  30 f t .  i n  t h e  

w i n t e r  a n d  1 6  f t .  i n  t h e  summer a f t e r  1 0  y e a r s  a s s u m i n g  a l l  

f a c t o r s ,  i n c l u d i n g  r e c h a r g e ,  r e m a i n  t h e  c o n s t a n t .  

b )  I n c r e a s e d  P r o d u c t i o n  w i t h  1 n . i e c t i o n  

The  h y p o t h e t i c a l  i n j e c t i o n  w e l l  ( B G L - I ) ,  u s e d  i n  t h e  

c a l c u l a t i o n s  d i s c u s s e d  i n  P a r t  4 b ,  was a l s o  u s e d  i n  t h i s  case  of  

i n c r e a s e d  p r o d u c t i o n  w i t h  i n j e c t i o n .  F l o w r a t e s  f o r  a l l  w e l l s ,  

i n c l u d i n g  t h e  i n j e c t i o n  wel l  were i n c r e a s e d  50% a s  a b o v e .  

The r e s u l t  of i n j e c t i o n  i n  t h i s  c a s e  i s  t o  decrease  drawdown 

i n  t h e  a q u i f e r  by a p p r o x i m a t e l y  1 2  f t .  i n  t h e  BLM a n d  K a n t a  
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a r e a s  ( F i g u r e s  33 and  3 4 )  compared t o  t h e  p r e v i o u s  c a s e .  A g a i n ,  

a s  i n  P a r t  4 b ,  i n j e c t i o n  n e a r  Boise R i v e r  does  n o t  s i g n i f i c a n t l y  

a f f e c t  drawdown near  t h e  Boise  F r o n t  F a u l t .  

6)  Conclusions on Future Drawdown Calculations 

A number o f  a s s u m p t i o n s  h a v e  b e e n  made r e g a r d i n g  r e c h a r g e  

and  wel l  f l o w r a t e s .  These  a s s u m p t i o n s  h a v e  b e e n  d i s c u s s e d  a n d  

s h o u l d  be c o n s i d e r e d  when i n t e r p r e t i n g  r e s u l t s .  The s c a r c i t y  o f  

d a t a ,  i n  some r e s p e c t s ,  make s u c h  a s s u m p t i o n s  d i f f i c u l t  ( s e e  

S e c t i o n  11). 

The c a l c u l a t i o n s  i n d i c a t e  t h a t  i f  n o  i n c r e a s e  i n  p r o d u c t i o n  

from t h e  a q u i f e r  o c c u r s  a n d  r e c h a r g e  is  c o n s t a n t ,  a r e l a t i v e l y  

s t a b l e  new e q u i l i b r i u m  r e c o v e r y  l e v e l  w i l l  b e  e s t a b l i s h e d  n e a r  

2730 f t .  ( e l e v a t i o n ) .  I f  i n j e c t i o n  b y  BGL o c c u r s  n e a r  BGE's 

o u t - f l o w  l i n e  t h e n  drawdown w i l l  be l e s s  by  5-10 f t .  d e p e n d i n g  

upon s e a s o n .  

The e f f e c t  o f  i n c r e a s i n g  p r o d u c t i o n  b y  5 0 %  f o r  a l l  w e l l s  

(BWSWD, CM, VA, BGL) is  c a l c u l a t e d  t o  d r a w  t h e  system down a n  

a d d i t i o n a l  30 f t .  

I t  is e v i d e n t  t h a t  c o n t i n u e d  f l o w r a t e  a n d  w a t e r  l e v e l  d a t a  

a r e  n e c e s s a r y  t o  r e f i n e  l o n g - t e r m  p r e d i c t i o n  c a l c u l a t i o n s .  

I m p r o v e d  a s s u m p t i o n s  r e g a r d i n g  s u b s u r f a c e  r e c h a r g e  a n d  d i s c h a r g e  

may be p o s s i b l e  a f t e r  t h e  a q u i f e r  d r a w d o w n  a p p r o a c h e s  a n e w  

s t e a d y  s t a t e .  More p r e c i s e  f l o w r a t e  a n d  d r a w d o w n  d a t a  f o r  



i n d i v i d u a l  wel l s  is n e c e s s a r y  f o r  a b e t t e r  u n d e r s t a n d i n g  o f  t h e  

n a t u r e  of  t h e  r e c h a r g e .  The b u l k  of t h e  d a t a  a v a i l a b l e  i s  o f  a 

t r a n s i e n t  n a t u r e  w h i c h  i s  o f  l i m i t e d  u s e  f o r  l o n g - t e r m  

c a l c u l a t i o n s .  

V. TEMPERATURE RESPONSE MODELLING 

1)  D e s c r i D t i o n  of the Model 

The t e m p e r a t u r e  r e s p o n s e  m o d e l l i n g  was d o n e  w i t h  t h e  a i d  o f  

B G I ' s  TBLOCKS p r o g r a m .  TBLOCKS i s  a two d i m e n s i o n a l ,  f i n i t e  

d i f f e r e n c e ,  t h e r m a l  r e s e r v o i r  s i m u l a t o r  t h a t  c a n  b e  u s e d  t o  

p e r f o r m  p a r a m e t r i c  s t u d i e s ,  a n a l y s i s  o f  r e s e r v o i r  t h e r m a l  

h i s t o r y  ( e v o l u t i o n ) ,  a n a l y s i s  of p r o d u c t i o n / i n  j e c t i o n  e f f e c t s ,  

a n d  s i n g l e  wel l  t h e r m a l  b e h a v i o r .  The p r o g r a m  a l l o w s  h e a t  a n d  

mass  b o u n d a r y  c o n d i t i o n s  t o  be s i m u l a t e d  v e r y  e a s i l y .  C a p r o c k ,  

b a s e m e n t ,  b o u n d a r i e s ,  s p r i n g  f low,  a n d  f a u l t s  c a n  b e  m o d e l l e d .  

T h e  p r o g r a m  i s  l i m i t e d  i n  t h e  n u m b e r  o f  b l o c k s  ( d i s c r e t e  

v o l u m e s )  t h a t  c a n  b e  model led d u e  t o  P C  m e m o r y  l i m i t a t i o n s .  

Those l i m i t a t i o n s  were n o t  c r i t i c a l  t o  t h i s  s t u d y .  

TBLOCKS u s e s  a f i n i t e  d i f f e r e n c e  m e t h o d  ( R i c h t m y e r  a n d  

M o r t o n ,  1977) t h a t  i s  u n i q u e .  T h e  c o n s e r v a t i o n  o f  m a s s  a n d  

e n e r g y  g i v e  e q u a t i o n s  t h a t  c a n  b e  s o l v e d  u s i n g  t h e  f i n i t e  

d i f f e r e n c e  t e c h n i q u e s  d e s c r i b e d  i n  t h e  r e f e r e n c e s .  T h e  

s i m u l a t o r  u s e s  a p r o p r i e t a r y  form of t h e s e  p a r t i a l  d i f f e r e n t i a l  

e q u a t i o n s  t h a t  is  s i m i l a r  t o  t h e  I n t e g r a t e d  F i n i t e  D i f f e r e n c e  

Method (IFDM) d e v e l o p e d  a t  t h e  U n i v e r s i t y  o f  C a l i f o r n i a  a t  
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B e r k e l e y  ( P e a c e m a n ,  1 9 7 7 ;  Kasamyer and  S c h r o e d e r ,  1 9 7 6 ) .  

The p r o g r a m ,  T B L O C K S ,  uses  a s i m p l i f i e d  f o r m  o f  t h e  IFDM 

e q u a t i o n s  t o  p r o v i d e  a g e o m e t r y - i n d e p e n d e n t  s o l u t i o n  o f  a q u i f e r  

b l o c k s  j o i n e d  a t  a s i n g l e  i n t e r f a c e  t h r o u g h  which  f l u i d  c a n  f l o w  

i n  any d i r e c t i o n .  The  r e s u l t  is t h e  s o l u t i o n  f o r  c o n v e c t i v e  

e f f e c t s  o f  p r o d u c t i o n ,  i n j e c t i o n ,  u p w e l l i n g ,  i n f l o w ,  d i s c h a r g e ,  

e t c .  The method u s e s  boundary  c o n d i t i o n s  t h a t  a r e  s u p p l i e d  by 

t h e  u s e r  a s  common p a r a m e t e r s ,  s u c h  a s  v e l o c i t y  o f  t h e  i n f l o w  

a n d  o u t f l o w ,  and t e m p e r a t u r e s  o f  f l u i d  f l o w i n g  i n t o  a n d  o u t  o f  

t h e  r e s e r v o i r  o r  a q u i f e r .  

T y p i c a l  a p p l i c a t i o n s  o f  TBLOCKS i n c l u d e  r e s o u r c e  e v o l u t i o n ,  

e f f e c t s  o f  p r o d u c t i o n  and i n j e c t i o n  on r e s e r v o i r s  a n d  s u r f a c e  

f e a t u r e s  ( s p r i n g s ,  e t c . )  and t h e  t h e r m a l  b e h a v i o r  o f  one  wel l  o r  

a g r o u p  o f  w e l l s  d u r i n g  p r o d u c t i o n  a n d / o r  i n j e c t i o n .  

I t  c a l c u l a t e s  a v e r a g e  r e s e r v o i r  t e m p e r a t u r e  c h a n g e s  b a s e d  

on: 

1 )  R e s e r v o i r  volume 
2) P o r o s i t y  
31 Rock t h e r m a l  p r o p e r t i e s  
4 )  N a t u r a l  r e c h a r g e  and d i s c h a r g e  
59 P r o d u c t i o n  and i n j e c t i o n  r a t e s  and 

t e m p e r a  tures.  

The p r i m a r y  c o n s i d e r a t i o n  f o r  a n a l y s i s  o f  t e m p e r a t u r e  

e f f e c t s  is t h e  p o t e n t i a l  f o r  c o o l i n g  t h e  r e s e r v o i r  p a r t i c u l a r l y  

n e a r  p r o d u c t i o n  w e l l s ,  T h e r e  were t w o  d i f f e r e n t  m e t h o d s  

c o n s i d e r e d  f o r  a n a l y s i s  o f  t h e  p o t e n t i a l  f o r  t h e s e  e f f e c t s  t o  
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o c c u r  i n  t h e  B o i s e  G e o t h e r m a l  Aquifer.  One i s  a b l o c k  m o d e l  o f  

t h e  r e s e r v o i r ,  w i t h  b l o c k s  s i z e d  and s h a p e d  t o  r e p r e s e n t  b a s i c  

r e s e r v o i r  g e o m e t r y .  Such  a model  i s  shown i n  F i g u r e  3 5 a ,  w h e r e  

t h e  f a u l t  c a n  b e  r e p r e s e n t e d  b y  a l o n g  n a r r o w  e l e m e n t  w i t h  a 

v a r i a b l e  o r  c o n s t a n t  r e c h a r g e  r a t e  and t e m p e r a t u r e .  

T h i s  t y p e  o f  m o d e l  i s  u s e f u l  i f  t h e  a p p r o x i m a t e  r e c h a r g e  

r a t e  c a n  be  e s t i m a t e d  from l o n g - t e r m  b a c k g r o u n d  and s p r i n g  f l o w  

d a t a  a n d  p r o d u c t i o n / i n j e c t i o n  o c c u r  i n  a r e l a t i v e l y  l i m i t e d  a r e a  

o r  i n  a r e g u l a r  p a t t e r n  g e o m e t r i c  well  s p a c i n g .  A l s o  c r i t i c a l  

t o  t h e  t y p e  o f  model  u s e d , i s  some e s t i m a t e  o f  t h e  a q u i f e r  vclume 

s w e p t  b y  a g i v e n  r e c h a r g e  r a t e .  Some of  t h e s e  c r i t e r i a  c o u l d  

n o t  be  met f o r  a n a l y s i s  o f  t h e  B o i s e  g e o t h e r m a l  a q u i f e r .  

A t t e m p t s  t o  e s t i m a t e  these  i n p u t  r e s u l t e d  i n  a v e r y  s m a l l  

c a l c u l a t e d  d e c l i n e  i n  a v e r a g e  r e s e r v o i r  t e m p e r a t u r e  b e c a u s e  a 

v e r y  l a r g e  volume had t o  b e  u s e d  t o  i n c o r p o r a t e  a l l  t h e  w e l l s  i n  

t h e  s y s t e m  ( B G L ,  V A ,  CM and h y p o t h e t i c a l  BGL i n j e c t i o n  w e l l  n e a r  

t h e  B o i s e  River) .  A number o f  s m a l l e r  b l o c k s  c o u l d  n o t  b e  u s e d  

t o  r e p r e s e n t  t h e  same r e s e r v o i r  s i n c e  t h e r e  i s  n o  e v i d e n c e  o f  

p h y s i c a l  o r  t h e r m a l  b o u n d a r i e s  o r  o t h e r  s t r u c t u r a l  c o n t r o l s  t o  

j u s t i f y  s u c h  d i v i s i o n .  

An a l t e r n a t i v e  method was c h o s e n  t o  c a l c u l a t e  t h e  c o o l i n g  of 

t h e  r e s e r v o i r  a r o u n d  e x i s t i n g  o r  p r o p o s e d  i n j e c t i o n  w e l l s .  

F i g u r e  35b shows a s i m p l e  s c h e m a t i c  o f  t h e  m e t h o d  u s e d .  When 

a n a l y z e d  a s  a c y l i n d e r  w i t h  c o n c e n t r i c  s h e l l s ,  a n  a c c u r a t e  
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a n a l y s i s  o f  p r o g r e s s i v e  t e m p e r a t u r e  c h a n g e s  c a n  b e  m a d e  f o r  

i n d i v i d u a l  i n j e c t i o n  w e l l s ,  p a r t i c u l a r l y  when t h e y  a r e  w i d e l y  o r  

i r r e g u l a r l y  s p a c e d ,  a s  i n  Boise.  

The c a l c u l a t i o n s  a s s u m e  a u n i f o r m  v e r t i c a l  f r o n t  o f  c o n s t a n t  

t h i c k n e s s ,  w h i c h  is  a n  a p p r o x i m a t i o n  s i n c e  b o t h  g r a v i t y  a n d  

d i s p e r s i o n  w i l l  a f f e c t  t h e  i n j e c t i o n  p l u m e ,  c a u s i n g  i t  t o  l o s e  

i t s  t a b u l a r  form u n l e s s  c o n f i n e d .  The TBLOCKS p r o g r a m  d o e s  n o t  

a c c o u n t  f o r  t h e  e f f e c t s  o f  p r e s s u r e  w h i c h  may i n d u c e  d i s t o r t i o n  

o f  t h e  f r o n t  d u e  t o  p re fe r r ed  f l o w  p a t h s  o r  a s t r o n g  h y d r a u l i c  

g r a d i e n t .  However ,  b o u n d a r y  c o n d i t i o n s  c a n  b e  d e f i n e d  t o  a l l o w  

f o r  t h e s e  phenomena g i v e n  t h e  known p r e s s u r e  r e s p o n s e .  

2) History Hatch 

The d a t a  from B o i s e  ( s ee  S e c t i o n  I I . 2 . c .  a b o v e ) ,  t h u s  f a r ,  

i n d i c a t e s  t h a t  t h e  p r o d u c t i o n  t e m p e r a t u r e  a t  t h e  f a u l t  z o n e  h a s  

a n d  w i l l  r e m a i n  c o n s t a n t .  T h i s  c o n c l u s i o n  is  d e r i v e d  from d a t a  

s h e e t s  from geothermal  well  o p e r a t o r s  a n d  c o m p a r i s o n s  w i t h  e a r l y  

test d a t a  f o r  t h o s e  w e l l s  ( A n d e r s o n  a n d  K e l l y ,  1 9 8 2 ,  1 9 8 3 ) .  As 

y e t ,  t he re  i s  n o  i n d i c a t i o n  t h a t  t h e r m a 1 , b o u n d a r i e s  ( e . g .  c o l d  

g r o u n d w a t e r )  w i l l  a f f e c t  t h e  t e m p e r a t u r e  o f  t h e  f a u l t  z o n e  

s o u r c e  of t h e  f l u i d .  The BWSWD w e l l s  h a v e  c a u s e d  s i g n i f i c a n t  

drawdown t o  t h e  system s i n c e  t h e  1 8 9 0 t s ,  a p p a r e n t l y  w i t h o u t  

d r a w i n g  co ld  water i n t o  t h e  s y s t e m .  However ,  i t  is  c o n c e i v a b l e  

t h a t  very l a r g e  drawdowns c o u l d  i n d u c e  c o o l e r '  w a t e r  i n f l u x  b u t  
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s u c h  drawdowns w o u l d  p r o b a b l y  h a v e  t o  be  much g r e a t e r  t h a n  a t  

p r e s e n t .  The  o n l y  t e m p e r a t u r e  c h a n g e s  t o  be c o n s i d e r e d  i n  t h i s  

s t u d y  w i l l  b e  d u e  t o  i n j e c t i o n  of cooled  f l u i d .  

C u r r e n t l y ,  there  i s  l i t t l e  t e m p e r a t u r e  d a t a  t o  r e f e r  t o  o r  

u s e  f o r  h i s t o r y  m a t c h  p u r p o s e s  wh ich  may g i v e  c l u e s  a s  t o  f u t u r e  

b e h a v i o r .  The C a p i t o l  Mal l  s y s t e m  h a s  t h e  o n l y  i n j e c t i o n  w e l l  

( C M - 1 1 ,  and  t h e  o n l y  p r o d u c t i o n  w e l l ,  o p e r a t i n g  f o r  s u f f i c i e n t  

t ime  t o  b e  a f f e c t e d  ( C M - 2 ) .  CM-2 h a s  s h o w n  a n  a p p a r e n t  

p r o d u c t i o n  t e m p e r a t u r e  d e c l i n e  o f  a p p r o x i m a t e l y  7 F s i n c e  t h e  

1 9 8 2  sys tem s t a r t u p .  I n  g e n e r a l ,  t h e  f l o w i n g  t e m p e r a t u r e  o f  

CM-2 v a r i e s  w i t h  f low r a t e .  T h e  h i g h e s t  t e m p e r a t u r e s  were  

measured a t  t h e  h i g h e s t  f l o w r a t e s .  B u t ,  a t  a l l  r a t e s  t h e  

d e c l i n e  h a s  b e e n  a p p r o x i m a t e l y  t h e  same a c c o r d i n g  t o  t h e  d a t a  

t h u s  f a r .  

Based on t h e  a n a l y s i s  b y . P a p a d o p u l o s  Assoc ia tes  ( i n  A n d e r s o n  

a n d  K e l l y ,  1 9 8 1 )  t h e  i n j e c t i o n  p lume  from CM-1 c o u l d  i n t e r s e c t  

CM-2 d u r i n g  p e r i o d s  a t  w h i c h  f l o w  i s  a b o v e  a v e r a g e .  T h i s  i s  

c o n s i s t e n t  w i t h  t h e  d a t a ,  except  t h a t  a c o n t i n u e d  o r  i n c r e a s e d  

t e m p e r a t u r e  d e c l i n e  wou ld  b e  e x p e c t e d  w i t h  t i m e  a s  more r o c k ,  

c lo se r  t o  t h e  p r o d u c i n g  wells, i s  cooled by i n j e c t i o n .  However,  

t h e  p r o d u c t i o n  d a t a  shows lower t o t a l  p r o d u c t i o n  f rom 1 9 8 8  a n d  

1 9 8 9  t h a n  p r e v i o u s  y e a r s  w h i c h  may h a v e  p r e v e n t e d  more o f  t h e  

i n j e c t e d  f l u i d  from r e a c h i n g  CM-2. 

T h e  P a p a d o p u l o s  a n a l y s i s  was  b a s e d  o n  a h o m o g e n e o u s  

9 5  



i s o t r o p i c  a q u i f e r  w i t h  T = 6 0 , 0 0 0  g p d / f t . ,  Q=320 gpm a v g .  a n d  a 

g r a d i e n t  o f  0.08 f t . / f t .  (S 5 5  W). T h e  a q u i f e r  t h i c k n e s s  

a s sumed  f o r  t h a t  c a l c u l a t i o n  i s  n o t  g i v e n .  T h i s  m e t h o d  is  b a s e d  

on p r e s s u r e ,  n o t  t e m p e r a t u r e .  Therefore ,  i t  does n o t  p r o v i d e  a n  

e s t i m a t e  o f  t e m p e r a t u r e  d e c l i n e  i n  t h e  p r o d u c t i o n  w e l l  o r  t h e  

a q u i f e r  t h i c k n e s s  a f f e c t e d .  S u c h  a d e c l i n e  c o u l d  b e  c a l c u l a t e d  

w h i c h  c o u l d  i n c l u d e  t h e  e f f e c t  of r e h e a t i n g  and  m i x i n g  f l u i d  i n  

t h e  f o r m a t i o n .  T h i s  a n a l y s i s  is  performed f o r  t h e  V A  i n j e c t i o n  

w e l l  ( A n d e r s o n  and  K e l l y ,  1 9 8 3 ) .  

F o r  t h i s  s t u d y ,  t h e  program TBLOCKS w a s  u s e d  t o  c a l c u l a t e  

t e m p e r a t u r e  d e c l i n e s  c a u s e d  b y  i n j e c t i o n .  T h e  m o d e l  

a p p r o x i m a t e s  a w o r s t  c a s e  s c e n a r i o  r e g a r d i n g  b r e a k t h r o u g h  t o  

CM-2 b e c a u s e  t h e  h y d r a u l i c  g r a d i e n t  i s  n o t  i n c o r p o r a t e d .  T h e  

g r a d i e n t  w o u l d  b e  expec ted  t o  d e f l e c t  f l u i d  ( i n j e c t e d  i n t o  CM-1) 

away from CM-2. 

T h e  a q u i f e r  t h i c k n e s s  a n d  p o r o s i t y  a r e  i m p o r t a n t  i n  

c a l c u l a t i n g  t h e  p r o g r e s s i o n  of c o o l e d  f l u i d  b y  t h i s  m e t h o d .  

These p r o p e r t i e s  a r e  d i f f i c u l t  t o  m e a s u r e  a n d  a r e  n o t  g e n e r a l l y  

known f o r  t h e  B o i s e  a q u i f e r .  An e f f e c t i v e  a q u i f e r  t h i c k n e s s  o f  

500 f t .  was a s sumed  b a s e d  on  t h e  CM-I w e l l  c o m p l e t i o n .  A r !  

a v e r a g e  p o r o s i t y  of 10% w a s  c o n s i d e r e d  a r e a s o n a b l e  e s t ima te  f o r  

t h i s  h i g h l y  f r a c t u r e d  v o l c a n i c  rock.  

The  r e g i o n  a r o u n d  CM-1 was a s sumed  t o  r e p r e s e n t  a c y l i n d e r  

w i t h  c o n c e n t r i c  s h e l l s  ( s e e  F i g u r e s  3 5 b  a n d  36). F i v e  



c o n c e n t r i c  c y l i n d e r s  o f  250 f t .  w i d t h  were u s e d ,  u p  t o  a r a d i u s  

of  1250 f t .  w h i c h  i s  t h e  a p p r o x i m a t e  d i s t a n c e  f rom CM-1 t o  CM-2. 

The  i n p u t  d a t a  f o r  t h i s  c a l c u l a t i o n  was a s  f o l l o w s :  

a )  5 b l o c k s ,  c o n c e n t r i c  c y l i n d e r s  250 f t .  w i d e ,  
e x t e n d i n g  f rom CM-1 t o  CM-2 ( F i g u r e  36 ) .  

b) P o r o s i t y  = 10% 

c )  Rock D e n s i t y  = 2600 kg/m 

d )  Rock H e a t  C a p a c i t y  = 1000 J/kg-K 

e )  I n j e c t i o n / F l o w r a t e  = 500 gpm @ 51.7 C (125 F )  

f )  I n j e c t i o n  = 500 gpm (30.3 k g / s )  

h )  I n i t i a l  t e m p e r a t u r e  of g e o t h e r m a l  a q u i f e r  
70.5 C ( 1 5 9  F) 

i )  E f f e c t i v e  a q u i f e r  t h i c k n e s s  = 500 f t .  

Nei ther  CM-1 o r  C M - 2  h a v e  s t a b i l i z e d  t e m p e r a t u r e  p r o f i l e s  

a v a i l a b l e  f rom w h i c h  t o  o b t a i n  a c c u r a t e  i n i t i a l  t e m p e r a t u r e  d a t a  

f o r  t h e  p r o d u c t i o n  z o n e .  The o r i g i n a l  f l o w i n g  t e m p e r a t u r e  f o r  

CM-2 was c h o s e n  a s  t h i s  v a l u e .  A l s o ,  t h e  d e p t h  a n d  e f f e c t i v e  

t h i c k n e s s  o f  t h e  p r o d u c t i o n / i n j e c t i o n  z o n e  i s  n o t  known.  T h e  

c a l c u l a t i o n  was r u n  f o r  s i x  y e a r s  t o  s i m u l a t e  t h e  a v e r a g e  

p r o d u c t i o n / i n j e c t i o n  f rom 1983 t h r o u g h  1988.  The r e s u l t s  a r e  

shown i n  t h e  t a b l e  be low.  B l o c k  f i v e  (1000-1250 f t .  f r o m  CM-1) 

c o n t a i n s  CM-2 ( F i g u r e  36). 
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Well CH-1 
D i s t a n c e  

- Year  

1982 

1983 
1984 

1985 

1986 

1987 

1988 

0-250 ' 
158.9 F 

145.2 

137.1 

132.3 

129.4 

127.6 

126.5 

250-500 ' 
158.9 F 

157.5 

154.6 

151.2 

147.7 

144.5 

141.6 

500-750 ' 
158.9 F 

158.7 
158.4 

157.6 

156.7 

155.5 

154.0 

750-1000' 

158.9 F 

158.9 

158.7 

158.5 

158.4 

158.0 

154.4 

1000-1 250 ' 
158.9F 

158.9 

158.7 

158.7 

158.5 

158.4 

158.2 

The r e s u l t s  i n d i c a t e  t h e  t e m p e r a t u r e  o f  w a t e r  p r o d u c e d  f rom CM-2 

would d r o p  o n l y  1 F o v e r  t h e  s i x  y e a r  p e r i o d  r a t h e r  t h a n  t h e  5 F 

shown by  t h e  c o l l e c t e d  d a t a  ( s e e  S e c t i o n  IIe2., a b o v e ) .  T h e  

c a l c u l a t e d  v a l u e  would b e  even l e s s  t h a n  1 F i f  t h e  e f f e c t s  o f  

an e a s t - w e s t  h y d r a u l i c  g r a d i e n t  were i n c o r p o r a t e d  i n  t h i s  m o d e l .  

The g r a d i e n t  would c a u s e  m o s t  o f  t h e  i n j e c t a t e  t o  b e  s w e p t  

t o w a r d  t h e  s o u t h w e s t  away from CM-2. 

These c a l c u l a t i o n s  i n d i c a t e  t h a t  e i t h e r :  1 )  T h e  c o o l e r  

i n j e c t i o n  f l u i d  d o e s  n o t  move o u t w a r d  f r o m  CM-1 a s  a u n i f o r m  

f r o n t  o r  2) t h e  e f f e c t i v e  a q u i f e r  t h i c k n e s s  i s  l e s s  t h a n  500  

f t .  o r  3 )  p r e f e r r e d  f l o w  p a t h s  a l l o w  t h e  c o o l e d  f l u i d  t o  r e a c h  

CM-2 s o o n e r  t h a n  p r e d i c t e d  o r  4) t h e  f l o w i n g  t e m p e r a t u r e  

m e a s u r e m e n t s  f o r  CM-2 may n o t  be a c c u r a t e  ( s e e  S e c t i o n  II.2., 

a b o v e ) .  W h e t h e r  t h e  l a t t e r  is  l i k e l y ,  would  b e  known by t h o s e  



more f a r i i l i a r  w i t h  m a i n t e n a n c e  a n d  c a l i b r a t i o n  o f  t h e  

m e a s u r e m e n t  e q u i p m e n t  a t  CM-2. The m e a s u r e m e n t s  c a n  b e  e a s i l y  

v e r i f i e d  by o c c a s i o n a l  s p o t  c h e c k s  w i t h  a n  a c c u r a t e  h a n d  h e l d  

device.  I f  t h e  e f f e c t  ( d e c r e a s i n g  t e m p e r a t u r e )  is  r e a l ,  t h e n  i t  

is l i k e l y  t h a t  some b r e a k t h r o u g h  of  i n j e c t e d  water  from CM-1 h a s  

occu r red ,  d u e  t o  a n i s o t r o p y  c a u s e d  by t h e  p r e s e n c e  of f r a c t u r e s .  

P e r i o d i c  f l o w i n g  t e m p e r a t u r e  p r o f i l e s  o f  CM-2 wou ld  b e  o f  g r e a t  

v a l u e  i n  d e t e r m i n i n g  i f  t h e  m e a s u r e d  d e c l i n e s  a r e  r e a l  a n d ,  i f  

s o ,  t h e  d e p t h  o f  e n t r y  o f  cooled  f l u i d .  

G iven  t h e  r e l a t i v e  l o c a t i o n s  a n d  c o m p l e t i o n s  o f  CM-1 a n d  

CM-2 and  t h e  P a p a d o p u l o s  c a l c u l a t i o n s ,  t h e r e  i s  p o t e n t i a l  f o r  

b r e a k t h r o u g h  a l o n g  p r e f e r r e d  f l o w  p a t h s  ( N W - S E  o r i e n t e d  

f r a c t u r e s ) .  However ,  t h e  d a t a  i s  i n c o n c l u s i v e  i n  t h a t  t h e  

m e a s u r e d  d e c l i n e  b e g a n  t o  o c c u r  i n  1 9 8 3 - 1 9 8 4  s o o n  a f t e r  

o p e r a t i o n s  began a n d  h a s  n o t  a c c e l e r a t e d  ( o r  c h a n g e d  s l o p e )  a s  

o n e  m i g h t  expect .  

The  r e g i o n  of t h e  flow p a t h  s h o u l d  become c o o l e r  w i t h  t i m e ,  

a l l o w i n g  more cooled  f l u i d  t o  r e a c h  CM-2. B u t ,  t h e  f l o w i n g  

t e m p e r a t u r e  d a t a  shows t h e  d e c l i n e  h a s  l e v e l e d  o f f  t o  153-154 F 

o v e r  t h e  l a s t  t w o  y e a r s .  T h i s  i s  n o t  c o n s i s t e n t  w i t h  

t h e r m o d y n a m i c  processes  a n d  i t  may be  t h a t  a n o t h e r  e f f e c t  ( s u c h  

a s ,  p r e c i p i t a t i o n  c l o g g i n g  of flow p a t h s  a n d / o r  c o o l e r  s h a l l o w  

g r o u n d w a t e r  i n v a s i o n ,  r a t h e r  t h a n  b r e a k t h r o u g h )  is r e s p o n s i b l e .  

W i t h o u t  v e r i f i c a t i o n  o f  f l o w i n g  t e m p e r a t u r e  a n d  d o w n h o l e  



t e m p e r a t u r e  p r o f i l e s ,  f u r t h e r  i n t e r p r e t a t i o n  o f  t h e  CM-2 f l o w i n g  

t e m p e r a t u r e  h i s t o r y  would  b e  s p e c u l a t i o n .  

3 )  Continued Production Hithout Addit ional  I n j e c t i o n  

T h i s  c a l c u l a t i o n  i n v o l v e s  t h e  same s c e n a r i o  a s  w a s  u s e d  f o r  

t h e  p re s su re  drawdown c a l c u a l t i o n s .  

The  c a l c u l a t i o n  was p e r f o r m e d  i n  t h e  same m a n n e r  a s  t h e  

H i s t o r y  Match .  T h e  i m p a c t  o f  i n j e c t i o n  was  e s t i m a t e d  f o r  2 0  

y e a r s  w i t h  d i s t a n c e s  u p  t o  1 2 5 0  f t .  d i v i d e d  i n t o  f i v e  b l o c k s  

( F i g u r e  36). Resul t s  were c a l c u l a t e d  f o r  t h e  t w o  i n j e c t i o n  

we l l s  w i t h  t h e  f o l l o w i n g  a v e r a g e  i n j e c t i o n  r a t e s  a n d  

t e m p e r a t u r e s :  

CM-1 = 500 gpm @ 1 2 5  F 
VA-2 = 220 gpm e 130 F 

The  r o c k  p r o p e r t i e s  were a s s u m e d  t o  b e  t h e  s a m e  a s  f o r  t h e  

h i s t o r y  m a t c h  i n  t h e  a b s e n c e  o f  s i t e  s p e c i f i c  d a t a .  The i n i t i a l  

a q u i f e r  t e m p e r a t u r e  v a l u e s  f o r  CM-1  a r e  t h o s e  c a l c u l a t e d  f r o m  

t h e  h i s t o r y  m a t c h  f o r  1988 .  T h e  i n i t i a l  t e m p e r a t u r e  a r o u n d  V A - 2  

was assumed t o  b e  161 F t h o u g h  t h e  f l o w i n g  temperature  f o r  VA-2 

was 141  F d u r i n g  t e s t i n g .  The h i g h e r  t e m p e r a t u r e  w a s  u s e d  f o r  

t h e  c a l c u l a t i o n  d u e  t o  t h e  l o w  f l o w r a t e  d u r i n g  t e s t i n g  a n d  

p o s s i b l e  c o l d  w a t e r  l e a k a g e  i n t o  t h e  w e l l b o r e  a s  a r e s u l t  o f  t h e  

c o m p l e t i o n .  Due t o  i ts  p r o x i m i t y  t o  t h e  f a u l t ,  t h e  h i g h e r  

t e m p e r a t u r e  i s  l i k e l y  t o  r e p r e s e n t  t h a t  r e g i o n .  H o w e v e r ,  n o  
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s t a t i c  o r  f l o w i n g  t e m p e r a t u r e  p r o f i l e s  a r e  a v a i l a b l e  f o r  

v e r i f i c a t i o n  o f  VA-2 i n i t i a l  c o n d i t i o n s .  

The r e su l t s  o f  t h e  c a l c u l a t i o n s  a r e  g i v e n  below. Y e a r  z e r o  

is 1989.  

- Year  

0 

5 

0 

15  

20 

- Year  

0 

5 

10 

15 

20 

0-250 ' 
126  F 

125 

125 

125 

125 

0-250 

161 F 

141 

1 3 4  

132 

131 

Well CH-1 

D i s t a n c e  

250-500 ' 500-750 ' 
1 4 2  F 1 5 4  F 

132 146 

128 139 

126 133 

125 130 

Well VA-2 

D i s t a n c e  

250-500 ' 500-750 ' 
161 F 161  F 

157 161 

150 159 

144 156 

140 153 

750-1 000 ' 1000-1 250 ' 
158 F 158 F 

155 157 

150 155 

1 4 4  152 

140 150 

750-1 000 ' 1000-1 250 ' 
161 F 161 F 

161 161 

161 161 

160 161 

159 160 
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The r e g i o n  a r o u n d  CM-2 i s  c a l c u l a t e d  t o  d e c l i n e  f r o m  i t s  

o r i g i n a l  158 F t o  150 F a f t e r  20 y e a r s ,  d u e  t o  i n j e c t i o n  i n  

CM-1. No s i g n i f i c a n t  c h a n g e  t o  o t h e r  w e l l s  i s  p r e d i c t e d  t o  

r e s u l t  f rom i n j e c t i o n  i n t o  VA-2 d u e  t o  i t s  l o w  f l o w r a t e  a n d  

d i s t a n c e  from o t h e r  w e l l s .  However,  d u e  t o  i ts p r o x i m i t y  t o  t h e  

f a u l t ,  i n j e c t i o n  i n  VA-2 c o u l d  c a u s e  a r e v e r s a l  o f  t h e  a q u i f e r  

g r a d i e n t  l o c a l l y  and a l l o w  c o o l e d  i n j e c t i o n  f l u i d  t o  e n t e r  t h e  

f a u l t  z o n e .  The e f f e c t  i s . d i f f i c u l t  t o  p r e d i c t  b u t  i t  i s  

u n l i k e l y  t h a t  t h i s  f l o w  c o u l d  t r a v e l  f a r  f r o m  VA-2, e x c e p t  i n  

t h e  c a s e  o f  l a r g e  c o n n e c t i n g  f r a c t u r e s ,  s o  a s  t o  p o s e  a t h r e a t  

t o  t h e  n e a r e s t  p r o d b c t i o n  wel l ,  ( i . e .  VA-1). 

A more l i k e l y  s c e n a r i o  i s  t h a t  t h e  n a t u r a l  g r a d i e n t ,  

e s t i m a t e d  a t  0 . 0 7 - 0 . 0 8  f t . / f t .  w o u l d  s w e e p  c o o l e d  i n j e c t i o n  

f l u i d  t oward  t h e  s o u t h w e s t  t o w a r d  CM-2. T h i s  e f f e c t  c a n n o t  b e  

s i m u l a t e d  i n  t h e  TBLOCKS c a l c u l a t i o n .  H o w e v e r ,  a p r e s s u r e  

s i m u l a t i o n  i n c l u d i n g  t h e  g r a d i e n t ,  was p e r f o r m e d  by P a p a d o p u l o s  

A s s o c i a t e s  (Anderson  and K e l l y ,  1983) t o  d e t e r m i n e  i f  a c o o l e d  

plume f rom VA-2 would i n t e r s e c t  C M - 2 .  

The P a p a d o p u l o s  c a l c u l a t i o n s  were r u n  f o r  e i g h t  s c e n a r i o s  o f  

a q u i f e r  c o n d i t i o n s .  Average  f l o w r a t e s  were e s t i m a t e d  f o r  VA-2 

(320 gpm) and  CM-2 (510 g p m ) .  T h e  r e s u l t s  i n d i c a t e  t h a t ,  f o r  

t h e  s c e n a r i o s  u n d e r  w h i c h  i n t e r a c t i o n  t a k e s  p l a c e ,  t h e  d e c l i n e  

i n  CM-2 f l o w i n g  t e m p e r a t u r e  would b e  l e s s  t h a n  5 F.  
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T h e  r e s u l t s  o f  b o t h  B G I  a n d  P a p a d o p u l o s  m e t h o d s  i n d i c a t e  

t h a t ,  u n d e r  c e r t a i n  a q u i f e r  c o n d i t i o n s ,  t h e  t e m p e r a t u r e  o f  C M - 2  

p r o d u c t i o n  c o u l d  d e c l i n e  b u t  s u c h  a d e c l i n e  w o u l d  b e  g r a d u a l .  

F u r t h e r ,  t h e  p o t e n t i a l  f o r  i n t e r f e r e n c e  c o u l d  be m o n i t o r e d  w i t h  

two m o n i t o r i n g  we l l s  p l a c e d  b e t w e e n  CM-2 a n d  V A - 2  a n d  CM-1 a n d  

CM-2 ( s e e  r e c o m m e n d a t i o n s ) .  M o n i t o r i n g  d a t a  from t h e s e  p r o p o s e d  

we l l s  c o u l d  a l l o w  m i t i g a t i o n  m e a s u r e s  t o  b e  i n i t i a t e d  b e f o r e  

s i g n i f i c a n t  e f f e c t s  t o  p r o d u c t i o n  t e m p e r a t u r e  o c c u r .  

Nei ther  o f  t h e  m e t h o d s  a d d r e s s e s  t h e  p o s s i b i l i t y  o f  V A - 2  

i n j e c t a t e  e n t e r i n g  t h e  f a u l t  z o n e  a s  d i s c u s s e d  a b o v e  s i n c e  t h a t  

p o s s i b i l i t y  wou ld  be  v e r y  d i f f i c u l t  t o  m o d e l  w i t h  t h e  d a t a  

a v a i l a b l e  t o - d a t e .  

4.  Continued Production wi th  Addit ional  In- iect ion 

The d i f f e r e n c e  b e t w e e n  t h i s  s c e n a r i o  a n d  t h e  p r e v i o u s  

c a l c u l a t i o n s  i s  t h e  a d d i t i o n  o f  a h y p o t h e t i c a l  B G L  i n j e c t i o n  

well .  The cho ice  o f  t h e  i n j e c t i o n  w e l l  s i t e  is  e x p l a i n e d  a b o v e  

( S e c t i o n  I V .  4 . b )  and  t h e  s i t e  was c h o s e n  p r i m a r i l y  f o r  m o d e l i n g  

p u r p o s e s .  

The l o c a t i o n  of t h i s  h y p o t h e t i c a l  w e l l  ( n a m e d  BGL-I) i s  

shown on F i g u r e  3 6 .  I t  w o u l d  b e  a p p r o x i m a t e l y  4 0 0 0  f t .  from 

CM-2 (down g r a d i e n t )  a n d  w o u l d  r e c e i v e  t h e  t o t a l  B G L  h e a t i n g  

system w a s t e  f low ( e s t i m a t e d  t o  a v e r a g e  325 gpm a t  110 F). 

The r e s u l t s  o f  t h e  TBLOCKS c a l c u l a t i o n s  a r e  s h o w n  b e l o w .  



T h e  i n i t i a l  t e m p e r a t u r e  o f  t h e  a q u i f e r  i n  t h a t  r e g i o n  is  assumed 

t o  b e  1 4 0  F .  

B G L - I  

D i s t a n c e  

1000 1 1250 

140 F 140 F 

- Y e a r  250 '  500'  750'  

1990 140 F 140 F 140  F 

1995 1 1 6  132 139 140 140 

2000 111 124 135 1 3 9  140 

2005 110 118 130 1 3 7  139 

2010 110 1 1 4  126  135 138 

These r e s u l t s  i n d i c a t e  t h e r e  would  be n o  t h r e a t  t o  t h e  n e a r e s t  

p r o d u c t i o n  wel l  (CM-2) a s  a r e su l t  o f  i n j e c t i o n  i n  t h e  a r e a  o f  

t h e  B G L - I  w e l l .  C o l d  w a t e r  b r e a k t h r o u g h  i s  e v e n  l e s s  l i k e l y  

g i v e n  t h e  g r o u n d w a t e r  g r a d i e n t  w h i c h  w o u l d  t e n d  t o  t r a n s p o r t  

i n j e c t e d  f l u i d  t o  t h e  s o u t h w e s t .  

I n  a d d i t i o n ,  t h e  r e s u l t s  o f  t h e  p r e v i o u s  TBLOCKS c a l c u l a t i o n  

a n a l y s i s  a p p l y  r e g a r d i n g  t h e  i n t e r a c t i o n  o f  V A - 2 ,  CM-2 a n d  CM-1 

s i n c e  t h o s e  f l o w r a t e s  a r e  assumed t o  b e  i d e n t i c a l  i n  t h i s  c a s e .  

The i n j e c t i o n  a t  BCL- I  i s  n o t  l i k e l y  t o  i n t e r f e r e  w i t h  t h e  

p r e s s u r e  g r a d i e n t  i n  v i c i n i t y  o f  t h e  CM wells o r  t h e  f a u l t .  

5 )  Increased Production Without Addi t iona l  I n j e c t i o n  

The s c e n a r i o  o f  f u t u r e  i n c r e a s e d  p r o d u c t i o n  were c o n s i d e r e d  

t o  b e  t h e  same  a s  f o r  t h e  p r e s s u r e  r e p o n s e  c a l c u l a t i o n s .  I t  
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i n v o l v e d  an i n c r e a s e d  f l o w r a t e  o f  50% o v e r  t h e  a v e r a g e  r a t e  f o r  

e a c h  w e l l .  As f o r  t h e  p r e v i o u s  T B L O C K S  c a l c u l a t i o n s ,  o n l y  

i n j e c t i o n  i s  c o n s i d e r e d  t o  p o t e n t i a l l y  a f f e c t  t h e  t e m p e r a t u r e  o f  

t h e  a q u i f e r  and p r o d u c t i o n  f l u i d  t e m p e r a t u r e .  I f  a v e r a g e  

p r o d u c t i o n  r a t e s  a r e  i n c r e a s e d  50% t h e  f o l l o w i n g  t e m p e r a t u r e  

d e c l i n e s  n e a r  i n j e c t i o n  w e l l s  a r e  c a l c u l a t e d .  

Year 0-250 ' - 
1990 126 F 

1995 125 

2000 125 

2005 125 

2010 125 

cn-1 
D i s t a n c e  

250-500 ' 500-750 ' 750-1 000 ' 1000-1 250 ' 
142 F 154 F 158 F 158 F 

1 2 9  142 152 156 

126 133 1 4 5  152 

125 129 138 1 4 8  

125 127 133 1 4 3  

The a d d i t i o n a l  50% f l o w  r e s u l t s  i n  a n  a d d i t i o n a l  1 3  F d r o p  

compared t o  t h e  a v e r a g e  (no i n c r e a s e d )  f l o w  r a t e  c a s e  o r  a 2 1  F 

d r o p  from o r i g i n a l  c o n c l u s i o n s .  F o r  VA-2 t h e  r e su l t s  a r e :  
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VA-2 

D i s t a n c e  

- Year 0-250 ' 250-500 500-750 ' 750-1 000 ' 1000-1 250 ' 
1990 161 F 161 F 161 F 161 F 161 F 

1995 137  153 160 160 161 

2000 132 144 156 159 161 

2005 131 139 151 158 160 

2010 131 135 147 156 159 

6 )  Increased Production wi th  Addit ional  I n j e c t i o n  

I f  i t  i s  assumed t h a t  a new i n j e c t i o n  we l l  w i l l  b e  d r i l l e d  

t o  accomodate  BGL flow a s  d e s c r i b e d  a b o v e ,  t h e n  t h e  f o l l o w i n g  

t e m p e r a t u r e  d e c l i n e s  i n  i t  would b e  expected f o r  a 5 0 %  f l o w r a t e  

i n c r e a s e .  

BGL-I 

D i s t a n c e  

- Year 0-250 250-500 ' 500-750 ' 150-1  000 ' 1000-1 250 ' 
1990 140 F 140 F 140 F 140 F 140 F 

1995 114 128 137  139 140 

2000 110 118 130 137 139 

2005 110 113 124 133 138 

2090 110 111 119 129 136 
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A l l  i n p u t  d a t a  e x c e p t  f l o w r a t e s  a r e  t h e  same a s  t h e  p r e v i o u s  

BGL-I c a s e .  A g a i n ,  much of t h e  i n p u t  d a t a  i s  e s t i m a t e d  d u e  t o  

t h e  l a c k  of  d a t a  on t h e  a q u i f e r  from t h a t  r e g i o n .  

7) C o n c l u s i o n s  for T e m D e r a t U r e  R e S D O n S e  H o d e l i n g  

These  c a l c u l a t i o n s  g i v e  a r o u g h  i d e a  o f  t h e  e f f e c t  o f  

i n j e c t i o n  on t h e  s u r r o u n d i n g  a q u i f e r .  However ,  t h e r e  a r e  a 

number of  a s s u m p t i o n s  ( s ee  a b o v e )  w h i c h  s i g n i f i c a n t l y  a f f e c t  t h e  

r e s u l t s .  A d d i t i o n a l  d a t a  o n  a q u i f e r  t h e r m a l  p r o p e r t i e s ,  

p o r o s i t y  a n d  e t c .  a r e  n e e d e d  to e n a b l e  more p rec i se  p r e d i c t i o n s .  

Also,  t h e  g r e a t e s t  o b s t a c l e  t o  s u c h  m o d e l i n g  i s  t h e  e f f e c t  o f  

t h e  f r a c t u r e  n e t w o r k  i n  t h e  a q u i f e r  a n d  i t s  i n f l u e n c e  o n  t h e  

p a t h  t a k e n  by i n j e c t e d  f l u i d .  F o r  t h i s  p u r p o s e ,  t r a c e r  t e s t s  

a r e  recommended. Tracer t e s t i n g  c o u l d  b e  u n d e r t a k e n  w i t h  a 

minimum o f  d i s t u r b a n c e  t o  n o r m a l  o p e r a t i o n s .  I t  i s  a l s o  

recommended f o r  any  new i n j e . c t i o n  wel ls .  

Under  t h e  geo log ic  a n d  h y d r o l o g i c  c o n d i t i o n s  a s sumed  f o r  t h e  

a r e a  of  t h e  h y p o t h e t i c a l  BCL i n j e c t i o n  wel l  u s e d  f o r  t h i s  s t u d y ,  

n o  s i g n i f i c a n t  t h r e a t  of c o o l i n g  of e x i s t i n g  g e o t h e r m a l  wells is  

l i k e l y .  Those a s s u m p t i o n s  may a l l o w  r e l a t i v e l y  o p t i m i s t i c  

r e s u l t s ,  p a r t i c u l a r l y  i f  p o r o s i t y  is  lower t h a n  1 0 % .  H o w e v e r ,  

t h e  g r o u n d w a t e r  g r a d i e n t  ( r o u g h l y  e a s t  t o  w e s t )  a n d  d e n s i t y  

e f f e c t s  ( t h a t  wou ld  a l l o w  c o o l e d  i n j e c t a t e  t o  s i n k  d e e p e r  t h a n  

i t  is  i n j e c t e d ) .  T h o s e  f a c t o r s  may c o m p e n s a t e  f o r  a n y  e r r o r  i n  
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t h e  a s s u m p t i o n s  b e c a u s e  i n j e c t a t e  would  b e  p r e v e n t e d  f r o m  moving 

e a s t  toward  any  p r o d u c t i o n  wel l .  

The r e s u l t s  of t h i s  s t u d y  a n d  a p r e v i o u s  s t u d y ,  d e s c r i b e d  

a b o v e  ( A n d e r s o n  a n d  K e l l y ,  1983) i n d i c a t e  t h a t ,  a t  h i g h e r  

( w i n t e r )  f l ow r a t e s  o f  t h e  VA a n d  CM w e l l s ,  t h e r e  i s  p o t e n t i a l  

f o r  b r e a k t h r o u g h  of  i n j e c t a t e  from V A - 2  a n d  CM-1 t o  C M - 2 .  T h i s  

p o t e n t i a l  e x i s t s  if p o r o s i t i e s  a r e  m u c h  l o w e r  t h a n  t h e  1 0 %  

assumed  f o r  t h i s  s t u d y  a n d / o r  a l a r g e  f r a c t u r e  c o n n e c t i o n  e x i s t s  

b e t w e e n  V A - 2  and  CM-2 o r  CM-1 and  CM-2.  
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V I .  RECOHHENDATIONS FOR DATA COLLECTION 

1)  Well Pressure/Water Level Data 

I n  t h e  p a s t ,  t h e  f r e q u e n c y  o f  w a t e r  l e v e l  d a t a  c o l l e c t i o n  

h a s  v a r i e d .  L i t t l e  u s e f u l  d a t a ,  p a r t i c u l a r l y  i n t e r f e r e n c e  

m e a s u r e m e n t s ,  h a v e  b e e n  t a k e n  i n  a r e a s  away from t h e  Boise F r o n t  

F a u l t  i n  t h e  CM well  a r e a .  I t  h a s  b e e n  d i f f i c u l t  t o  e s t a b l i s h  

t h e  b a s e l i n e  water  l e v e l  ( p r i o r  t o  CM s t a r t - u p  i n  1 9 8 2 )  a n d  

p r e s e n t  s t a t i c  l e v e l s  f o r  many w e l l s  a n d  a r e a s .  T h e  B L M - V A  

m o n i t o r i n g  d a t a  h a s  s e r v e d  a s  t h e  o n l y  c o n t i n u o u s  s o u r c e  of d a t a  

f o r  t h e  e n t i r e  BGL-CM-VA r e g i o n .  

More r e c e n t l y ,  m o n i t o r i n g  of v a r i o u s  wel l s  i n  t h e  BWSWD a r e a  

( K a n t a ,  Behrman,  e t c . )  h a s  a l l o w e d  a r e c o r d  o f  w a t e r  l e v e l  

d e c l i n e s  i n  t h a t  a r e a .  However ,  some were n o t  begun  u n t i l  a f t e r  

CM a n d  BGL s t a r t - u p .  Also,  t h o u g h  c o n t i n u o u s  m o n i t o r i n g  b e g a n  

t o  t h e  n o r t h  ( M i l s t e a d  a n d  Gamble  w e l l s  e t c . )  i n  1 9 8 8 ,  t h i s  

s h o r t - t e r m  d a t a  h a s  b e e n  o f  l i t t l e  v a l u e  f o r  t h i s  s t u d y ,  

p a r t i c u l a r l y  w i t h o u t  f l o w r a t e  d a t a .  

I t  i s ,  o f  c o u r s e ,  t o o  l a t e  t o  c o m p e n s a t e  f o r  t h e  l a c k  o f  

b a c k g r o u n d  d a t a ,  p a r t i c u l a r l y  f o r  t h e  BWSWD a n d  CM w e l l s .  

F o r t u n a t e l y ,  t h e r e  a r e  p l a n s  f o r  a l a r g e r  a n d  more u n i f i e d  water 

l e v e l /  p r e s s u r e  m o n i t o r i n g  n e t w o r k .  C o n t i n u o u s  c o m p u t e r  l o g g i n g  

s y s t e m s  f o r  m e a s u r i n g  p r e s s u r e  a r e  p l a n n e d  o r  h a v e  r e c e n t l y  b e e n  

i n s t a l l e d  i n ;  1 )  Two p r i v a t e  wells t o  t h e  n o r t h  ( T e r t e l i n g )  2 )  

CM-2 3) VA-1 ( P r o d u c t i o n )  a n d  4 )  The Beard wel l .  



T h e s e  s h o u l d  a i d  t h e  a c c u r a c y  o f  f u r t h e r  m o d e l i n g  e f f o r t s  

c o n s i d e r a b l y ,  p a r t i c u l a r l y  s i n c e  l i t t l e  p r e s s u r e / w a t e r  l e v e l  

d a t a  had  been  a v a i l a b l e  o u t s i d e  t h e  m a i n  f a u l t  z o n e .  T h e  

improved  d a t a  f r o m  CM-2 s h o u l d  s i g n i f i c a n t l y  a f f e c t  t h e  l e v e l  o f  

u n d e r s t a n d i n g  o f  t h e  a q u i f e r ,  away f rom t h e  m a i n  f r a c t u r e  z o n e  

( B o i s e  F r o n t  F a u l t ) .  

O n l y  a few weeks o f  m o n i t o r i n g  d a t a  f rom t h e  B e a r d  w e l l  was  

a v a i l a b l e  a t  t h e  t i m e  o f  t h i s  w r i t i n g  a n d  i t  i s  d i f f i c u l t  t o  

e v a l u a t e  t h e  c o n t r i b u t i o n  o f  t h e  n e w  s y s t e m  o r  r e c o m m e n d  

a d d i t i o n a l  d a t a  c o l l e c t i o n ,  i f  n e c e s s a r y .  However ,  even i f  good 

q u a l i t y  d a t a  is  o b t a i n e d  f rom these  new i n s t a l l a t i o n s ,  t h e r e  a r e  

some v o i d s  t o  f i l l .  

F o u r  o r  more s l i m  h o l e  o b s e r v a t i o n  w e l l s  w o u l d  a l l o w  m o r e  

e f f e c t i v e  m o d e l i n g  o f  b o t h  w a t e r  l e v e l  a n d  t e m p e r a t u r e  d a t a .  

The w a t e r  l e v e l  d a t a  i n  t h e  p r o p o s e d  o b s e r v a t i o n  w e l l s  c a n  b e  

t a k e n  by e i t h e r  m e c h a n i c a l  w a t e r  l e v e l  r e c o r d e r  o r  a c o m p u t e r  

d a t a  l o g g e r ,  i f  i t  p r o v e s  r e l i a b l e  and  e x p e d i e n t .  

Recommended l o c a t i o n s  a r e  a s  f o l l o w s :  1 )  B e t w e e n  C M - 1  a n d  

CM-2 t o  m o n i t o r  p r e s s u r e  a n d  t e m p e r a t u r e  e f f e c t s ,  i f  a n y ,  

r e s u l t i n g  f r o m  i n t e r f e r e n c e .  2 )  B e t w e e n  CM-2 a n d  t h e  m a i n  

f a u l t ,  a p p r o x i m a t e l y  i n  t h e  c e n t e r  o f  a t r i a n g l e  d e f i n e d  b y  

CM-2, VA-2 a n d  BLM. 3 )  Between CM-1 a n d  BWSWD-3 o f f  t h e  m a i n  

f a u l t .  4) I n  t h e  f a u l t  z o n e  between VA-2 a n d  t h e  Edwards  w e l l .  

5) Between CM-2 a n d  any  new BCL i n j e c t i o n  well i f  near  t h e  B o i s e  
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River ( a s  a s sumed  f o r  t h i s  s t u d y ) .  

Water l e v e l  a n d  t e m p e r a t u r e  m o n i t o r i n g  o f  t h e  V A - T e s t  w e l l ,  

c o u l d  b e  v e r y  u s e f u l  i n  d e t e r m i n i n g  t h e  e f f e c t  o f  i n j e c t i o n  

t he re .  A l s o ,  c o n t i n u o u s  m o n i t o r i n g  t h e  o l d  S t a t e h o u s e  w e l l  

w o u l d  p r o v i d e  some i n t e r f e r e n c e  m e a s u r e m e n t s  f o r  t h a t  a r e a  

i m m e d i a t e l y  w i t h o u t  h a v i n g  t o  d r i l l  a new w e l l .  H o w e v e r ,  t h e  

c o n d i t i o n  of t h i s  o l d  w e l l ,  a n d  w h e t h e r  i t  c o m m u n i c a t e s  w i t h  

o t h e r  wells,  i s  n o t  known. 

The p u r p o s e  f o r  recommending a d d i t i o n a l  m o n i t o r i n g  w e l l s  i s  

t o  b e  b e t t e r  a b l e  t o  u n d e r s t a n d  t h e  p r o p e r t i e s  of  t h e  a q u i f e r  

( e s p e c i a l l y  o u t s i d e  t h e  f a u l t  z o n e ) ,  t h e  p a t h  a n d  d e g r e e .  o f  

c o m m u n i c a t i o n  b e t w e e n  t h e  v a r i o u s  a r e a s  a n d  t h e  e f f e c t s  o f  

i n j e c t i o n .  The  r e l a t i o n s h i p  of wells i n s i d e  t h e  f a u l t  z o n e  t o  

t h o s e  o u t s i d e  h a s  n o t  b e e n  s u f f i c i e n t l y  e x p l o r e d  t h r o u g h  

t e s t i n g ,  p a r t i c u l a r l y  w i t h  r ega rd  t o  i n j e c t i o n .  

The degree  o f  c o m m u n i c a t i o n  b e t w e e n  t h e  G e o t h e r m a l  A q u i f e r  

i n  t h e  Boise  c i t y  a r e a  a n d  t h e  E d w a r d s ,  M i l s t e a d ,  T e r t e l i n g  

wells a r e a  is  a l s o  unknown d u e  t o  t h e  a b s e n c e  of d a t a .  The USGS 

h a s  r e c e n t l y  b e g u n  m o n i t o r i n g  wel ls  i n  t h a t  a r e a .  T h e y  show a 

p r e s s u r e  drawdown o c c u r i n g  d u e  t o  p u m p i n g  i r r i g a t i o n  i n  t h e  

summer, w i t h  a r e b o u n d  i n  t h e  w i n t e r .  T h i s  r e s p o n s e  i n d i c a t e s  

t h e  pumping c y c l e  i n  t h a t  a r e a  i s  o p p o s i t e  t o  c e n t r a l  B o i s e  

g e o t h e r m a l  wel ls .  F l o w r a t e  d a t a  i s  n e e d e d  t o  a c c o m p a n y  t h e  

w a t e r  l e v e l  d a t a  so t h a t  i t  c a n  b e  a n a l y z e d .  So f a r  t he re  is  n o  
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d a t a  a v a i l a b l e  w h i c h  c a n  b e  u s e d  t o  l i n k  pumping i n  t h e  n o r t h e r n  

a r e a  t o  t h e  g e o t h e r m a l  a q u i f e r  i n  c e n t r a l  B o i s e .  C o n v e r s e l y ,  

t h e r e  i s  n o  r e c o r d  o f  t h e  e f f e c t s  o f  l o n g - t e r m  g e o t h e r m a l  

p r o d u c t i o n  by BWSWD, CM, BGL o r  V A  i n  t h e  n o r t h e r n  a r e a .  

P r e s s u r e  m e a s u r e m e n t s  i n  p r o d u c t i o n  w e l l s  h a v e  n o t  b e e n  

s u f f i c i e n t  t o  a l l o w  m o d e l i n g  o f  t h e  e f f e c t  on c o n t i n u e d  o r  

i n c r e a s e d  p r o d u c t i o n .  T h i s  i s  t rue  of b o t h  t e s t  d a t a  a n d  d a t a  

from n o r m a l  o p e r a t i o n s .  

As p r e v i o u s l y  d i s c u s s e d ,  t h e r m a l  e f f e c t s  m a k e  w e l l  h e a d  

m e a s u r e m e n t s  o f  g e o t h e r m a l  we l l s  d i f f i c u l t  t o  i n t e r p r e t .  F o r  

t h i s  r e a s o n ,  t h e r e  i s  n o  w e l l  t e s t  i n  w h i c h  f l o w i n g  w e l l  

p r e s s u r e  c o u l d  b e  u s e d  t o  d i s t i n g u i s h  w e l l b o r e  e f f e c t s  f r o m  

a q u i f e r  e f f e c t s .  Even i f  d a t a  c o l l e c t i o n  i n  p r o d u c t i o n  w e l l s  

d u r i n g  n o r m a l  o p e r a t i o n s  is  improved ,  i t  may n o t  b e  s u f f i c i e n t .  

T h e  d a t a  r e q u i r e d  m u s t  come f r o m  c o n t r o l l e d  t e s t i n g .  S u c h  

t e s t i n g  m u s t  i n c l u d e  p r e c i s e  d o w n h o l e  p r e s s u r e  a t  v a r i o u s  

s t a b i l i z e d  f l o w  r a t e s . ,  Pump t e s t s  a r e  p r e f e r r e d  o v e r  a r t e s i a n  

flow t e s t  wherever p o s s i b l e .  

2) TemDeratUre Data 

The t e m p e r a t u r e  d a t a  i s  f a i r l y  s p a r s e ,  c o n s i s t i n g  o f  

recorded  t e m p e r a t u r e s  o f  f l o w i n g  w e l l s ,  s t a t i c  a n d  n o n - s t a t i c  

t e m p e r a t u r e  p r o f i l e s .  The we l l  h e a d  t e m p e r a t u r e  d a t a  t a k e n  

d u r i n g  n o r m a l  o p e r a t i o n s  of CM-2 is s u s p e c t  ( s e e  d i s c u s s i o n  i n  
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S e c t i o n  11 .2 .  c . ) .  C a l i b r a t i o n  o f  t h e  i n s t a l l e d  t h e r m o m e t e r  and  

s p o t  c h e c k s  w i t h  a n  a c c u r a t e ,  c a l i b r a t e d  d e v i c e  s h o u l d  b e  

p e r f o r m e d  a t  r e g u l a r  i n t e r v a l s  y e a r  r o u n d .  

The e f f e c t s  o f  i n j e c t i o n  s h o u l d  be  b e t t e r  m o n i t o r e d  by means 

o f  p e r i o d i c  t e m p e r a t u r e  s u r v e y s  i n  f l o w i n g  a n d  o b s e r v a t i o n  

w e l l s .  The recommended o b s e r v a t i o n  w e l l  l o c a t i o n s  ( s e e  a b o v e )  

were  c h o s e n  f o r  t h e  d u a l  p u r p o s e  o f  t e m p e r a t u r e  and  w a t e r  l e v e l  

m o n i t o r i n g .  The  VA-Test  w e l l  i s  i d e a l l y  s i t u a t e d  f o r  b o t h  

p u r p o s e s  s i n c e  t h e  p o t e n t i a l  f o r  b r e a k t h r o u g h  o f  i n j e c t i o n  ( f r o m  

VA-2) t o  t h e  f a u l t  c o u l d  p o s e  a t h r e a t  t o  o t h e r  p r o d u c t i o n  

w e l l s .  

T e m p e r a t u r e  e f f e c t s  s h o u l d  n o t  b e  a p r o b l e m  i n  t h e  

E d w a r d s - M i l s t e a d  a r e a  s i n c e  no i n j e c t i o n  t a k e s  p , l a c e  t h e r e  b u t  

p e r i o d i c  s t a t i c  t e m p e r a t u r e  s u r v e y s  o f  o n e  o r  t w o  w e l l s  i n  t h e  

a r e a  would c o n t r i b u t e  t o  a b e t t e r  u n d e r s t a n d i n g  o f  t h e  system. 

S i n c e  no i n j e c t i o n  t a k e s  p l a c e  o r  i s  p l a n n e d  f o r  t h e  BWSWD 

a r e a ,  p e r i o d i c  o r  c o n t i n u o u s  t e m p e r a t u r e  d a t a  would be  o f  l i t t l e  

v a l u e .  Any e f f e c t s  o f  i n j e c t i o n  by wells i n  t h e  BGL-CM-VA a r e a  

moving t o w a r d  t h e  BWSWD a r e a  c o u l d  b e  m o n i t o r e d  b y  a n  

o b s e r v a t i o n  w e l l  d e s c r i b e d  a b o v e .  

P e r i o d i c  t e m p e r a t u r e  s u r v e y s  i n  t h e  o l d  S t a t e h o u s e  w e l l  a r e  

recommended. 



3 )  Lonn-Term F l o w  Test 

As p r e v i o u s l y  m e n t i o n e d ,  l o n g - t e r m  i n d i v i d u a l  (1 -2  m o n t h s )  

c o n s t a n t  r a t e  wel l  t e s t  d a t a  w o u l d  h a v e  g r e a t l y  a s s i s t e d  t h i s  

s t u d y .  I n  s p i t e  o f  t h e  m a n y  p r a c t i c a l  c o n s t r a i n t s ,  i t  i s  

s t r o n g l y  recommended t h a t  s u c h  t e s t s  b e  p e r f o r m e d  o n  m a j o r  

pumping wells ( e . g .  BGL-2 o r  3 ,  4, CM-2, BWSWD 1 o r  2) a n d  a n y  

new w e l l s  d r i l l e d .  P r e f e r a b l y ,  a l l  o t h e r  w e l l s  e x c e p t  t h e  one 

t e s t e d  s h o u l d  be  s h u t  i n .  T h i s  may b e  f e a s i b l e  f o r  BGL o r  BWSWD 

i n  high summer w i t h  f l o w  from t h e  t e s t  well  s u p p l y i n g  t h e  n e e d s  

of b o t h  systems. T e s t i n g  CM-2 a l o n e  p r e s e n t s  more d i f f i c u l t  

p r a c t i c a l  p r o b l e m s ,  b u t  i t  may b e  p o s s i b l e  t o  t e s t  CM-2 a t  a 

h i g h  r a t e  i n  summer w i t h  e i t h e r  BWSWD or  BGL wells r u n n i n g  a t  a 

l o w ,  c a r e f u l l y  m e a s u r e d ,  c o n s t a n t  r a t e .  A l l  a v a i l a b l e  

o b s e r v a t i o n  w e l l s  s h o u l d  b e  m o n i t o r e d  d u r i n g  t h e s e  t e s t s .  

T h e  d a t a  f r o m  t h e s e  t e s t s  w o u l d  a s s i s t  i n  d e f i n i n g  

r e s e r v o i r  p a r a m e t e r s ,  l o n g - t e r m  f r a c t u r e  f l o w  b e h a v i o r  a n d  

w e l l b o r e  e f f e c t s  o f  t h e  w e l l s  t e s t e d .  T h e  w e l l b o r e  p a r a m e t e r s  

a r e  n e c e s s a r y  t o  d i s t i n g u i s h  b e t w e e n  a q u i f e r  e f f e c t s  a n d  

w e l l b o r e  e f f e c t s .  Most  f r a c t u r e  mode l s  r e l y  o n  f l o w i n g  wel l  

drawdown d a t a  which  m u s t  h a v e  w e l l b o r e  e f f e c t s  r e m o v e d  f o r  

p r o p e r  a n a l y s i s  o f  f r a c t u r e  f low b e h a v i o r .  
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4 )  GeoDhysical S t u d i e s  

O t h e r  t h a n  t h e  t e m p e r a t u r e  s u r v e y s  d i s c u s s e d  a b o v e ,  t h e r e  is  

n o  p r e s s i n g  n e e d  f o r  a n y  s p e c i f i c  g e o p h y s i c a l  s t u d i e s .  A q u i f e r  

d e v e l o p m e n t  i s  b e y o n d  t h e  e x p l o r a t i o n  p h a s e  a n d  i n t o  t h e  

r e sevo i r  m a n a g e m e n t  p h a s e .  A l s o ,  t h e r e  i s  p r o b a b l y  t o o  much 

c u l t u r a l  a c t i v i t y  i n  Boise f o r  most s u r f a c e  g e o p h y s i c a l  me thods .  

A seismic r e f l e c t i o n  w o u l d  h a v e  b e e n  h e l p f u l  f o r  d e t e r m i n i n g  

w h e t h e r  s i g n i f i c a n t  o f f s e t s ,  w h i c h  may a f f e c t  g r o u n d w a t e r  f l o w ,  

a r e  p r e s e n t  i n  t h e  v a l l e y  b e t w e e n  t h e  Boise F r o n t  F a u l t  a n d  t h e  

Boise  River.  Borehole  g e o p h y s i c s  c o u l d  be e x a m i n e d  a s  a m e t h o d  

f o r  mapp ing  l a r g e  f r a c t u r e s  b u t  i s  n o r m a l l y  q u i t e  c o s t l y .  

A good s u i t e  of g e o p h y s i c a l  l o g s  ( i n c l u d i n g  r e s i s t i v i t y ,  

n a t u r . a l  gamma, a n d  c a l i p e r )  a r e  a l w a y s  recommended a n d  s h o u l d  be  

p e r f o r m e d  on any  new we l l s .  A t e m p e r a t u r e  l o g  s h o u l d  b e  d o n e  on 

new we l l s  a s  s o o n  a s  t h e y  h a v e  s t a b i l i z e d  a f t e r  d r i l l i n g .  

5 )  Flowrate Data 

One of  t h e  g r e a t e s t  o b s t a c l e s  t o  c r e a t i n g  a mode l  f o r  t h e  

Boise  G e o t h e r m a l  A q u i f e r  is t h e  f l o w r a t e  d a t a .  T h e  m o s t  

s i g n i f i c a n t  p r o b l e m  i s  t h a t  f l o w r a t e s  a r e  n o t  m e a s u r e d  o r  

recorded o v e r  a r e a s o n a b l e  a v e r a g e  p e r i o d  b u t  a r e  u s u a l l y  

d e t e r m i n e d  from a s i n g l e  d a i l y  r e a d i n g .  T h i s  r e a d i n g  is  u s u a l l y  

t a k e n  i n  t h e  m o r n i n g .  The  d a t a  i n v a r i a b l y  r e f l e c t s  a h i g h e r  

f l o w r a t e  t h a n  wou ld  be c o n s i d e r e d  a v e r a g e  f o r  t h e  day .  I d e a l l y ,  



a n  a v e r a g e  f o r  t h e  d a y  s h o u l d  b e  c a l c u l a t e d  f rom a n  a c c u r a t e  

t o t a l  f low d e v i c e  r e a d  o n c e  d a i l y .  

Also i m p o r t a n t  t o  s u c h  c a l c u l a t i o n s  i s  a p r e c i s e  r e c o r d  o f  

any  system down t ime.  S p e c i f i c a l l y ,  when i t  b e g a n  a n d  e n d e d  

a n d ,  i f  p o s s i b l e ,  any  s t a t i c  wel l  water l e v e l  m e a s u r e m e n t s  o r  

p r e s s u r e  m e a s u r e m e n t s  o b t a i n e d  w h i l e  down. I t  i s  a l s o  i m p o r t a n t  

t o  record  w h e t h e r  a we l l  was s h u t - i n  or  a l lowed  t o  f l o w  a r t e s i a n  

d u r i n g  t h e  (down)  p e r i o d .  

F i n a l l y ,  t h e  m e a s u r e m e n t  i n s t r u m e n t s  t h e m s e l v e s ,  s u c h  a s  

f l o w  t o t a l i z e r s  s h o u l d  b e  c a l i b r a t e d  p e r i o d i c a l l y  ( y e a r l y  ? )  e 

I f  t h e y  cannot be a d j u s t e d  o r  r e p l a c e d ,  e s t i m a t e s  o f  t h e i r  

a c c u r a c y  s h o u l d  b e  d e t e r m i n e d .  Any wel l  f l o w ,  w h e t h e r  pumped o r  

a r t e s i a n ,  i s  i m p o r t a n t .  I f  a well  f l o w s  a r t e s i a n  a t  a l o w  r a t e  

( w h i c h  may be below f l o w  m e a s u r e m e n t  a c c u r a c y )  b u t  does  s o  f o r  a 

month o r  more i n  s u m m e r ,  i t  c o u l d  s e r i o u s l y  a f f e c t  t h e  

c a l c u l a t i o n  

An ( i n l i n e )  b a c k u p  f l o w  m e a s u r e m e n t  dev ice  wou ld  be  v a l u a b l e  

f o r  e m e r g e n c i e s  a n d  s p o t  checks of t h e  p r i m a r y  i n s t r u m e n t .  

6)  Changes to Present Monitorinn Network 

The p r e s e n t  m o n i t o r i n g  n e t w o r k  c o n s i s t s  o f  c o n t i n u o u s  w a t e r  

l e v e l  r e c o r d e r s  a n d  p e r i o d i c  p r e s s u r e  o r  w a t e r  l e v e l  

m e a s u r e m e n t s  i n  f l o w i n g  wel ls .  B e c a u s e  o f  t h e  l a c k  o f  d a t a  i n  

many a r e a s  a n d  t h e  p r e s e n t  t r a n s i t i o n  t o  n e w  m e t h o d s  a n d  
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i n c r e a s e d  d a t a  c o l l e c t i o n ,  i t  is  d i f f i c u l t  t o  recommend r e d u c i n g  

any  p r e s e n t  e f f o r t .  I f  any  r e d u c t i o n s  c o u l d  b e  made, t h e y  wou ld  

b e  i n  t h e  a r e a  of t h e  BWSWD wel ls .  

The BWSWD a r e a  is l i k e l y  t o  b e  more complex s t r u c t u r a l l y  

t h a n  o t h e r  a r e a s  a l o n g  t h e  f a u l t  as e v i d e n c e d  by  f a u l t '  m a p p i n g .  

However ,  t h e  m o n i t o r i n g  w e l l  r e s p o n s e  h a s  b e e n  r e m a r k a b l y  

u n i f o r m .  I t  p r o b a b l y  is  n o t  n e c e s s a r y  t o  c o n t i n u o u s l y  m o n i t o r  

t h e  Behrman o r  Q u a r r y  View w e l l s .  L a c k  o f  w e l l  c o m p l e t i o n  

i n f o r m a t i o n  a n d  c o n d i t i o n  of t h e  Behrman well  make 

i n t e r p r e t a t i o n  o f  i t ;  r e s p o n s e  s p e c u l a t i v e .  A s t a t i c  

t e m p e r a t u r e  p r o f i l e  o f  t h e  Behrman w e l l  a n d  K a n t a  w e l l  w o u l d  be  

of  i n  t e r e s  t. 

A l s o ,  s i n c e  t h e r e  i s  n o  f u r t h e r  d e v e l o p m e n t  p l a n n e d  f o r  

t h i s  (BWSWD) a r e a ,  t h e  g e n e r a l  w a t e r  l e v e l  t r e n d  a n d  b a c k g r o u n d  

h a v e  b e e n  e s t a b l i s h e d .  One w a t e r - l e v e l  m o n i t o r i n g  w e l l  g i v e s  

good c o n t r o l  f o r  t h e  r e g i o n .  

No o t h e r  r e d u c t i o n  i n  m o n i t o r i n g  c a n  b e  recommended a t  t h i s  

time. 

7) Geochemical SamDling 

R e g u l a r  g e o c h e m i c a l  s a m p l i n g  o f  g e o t h e r m a l  w e l l s  i s  

recommended.  I t  wou ld  b e  i d e a l  i f  t h e  program begun  by t h e  USGS 

(Young,  e t  a l ,  1 9 8 6 )  c o u l d  b e  c o n t i n u e d  o n  a y e a r l y  b a s i s ,  a t  

l e a s t  f o r  major  pumping wel ls .  T h i s  wou ld  a l l o w  c o n t i n u i t y  i n  



m e t h o d s  and  a n a l y s i s  w h i c h  is  c r i t i c a l  t o  i d e n t i f i c a t i o n  o f  

m i n o r  g e o c h e m i c a l  t r e n d s .  C h a n g e s  i n  w a t e r  c h e m i s t r y ,  f o r  a 

g i v e n  w e l l  . ( p a r t i c u l a r l y  CM-21, c o u l d  p r o v i d e  e v i d e n c e  o f  c o l d  

w a t e r  i n v a s i o n  p r i o r  t o  m e a s u r e a b l e  t e m p e r a t u r e  e f f e c t s .  T h e  

same i s  t r u e  o f  w e l l s  a l o n g  t h e  B o i s e  F r o n t  F a u l t .  W a t e r  

chemis t ry  c h a n g e s  a l o n g  t h e  f a u l t  may i n d i c a t e  i n t r u s i o n  b y  

o t h e r  w a t e r s  o u t s i d e  t h e  g e o t h e r m a l  a q u i f e r  a s  a r e s u l t  o f  

i n c r e a s e d  drawdown. 

T r a c e r  t e s t i n g  o f  i n j e c t i o n  wells is  a l s o  recommended. T h i s  

would tzlke some o f  t h e  g u e s s  work  o u t  e s t i m a t i n g  t h e  p o t e n t i a l  

f o r ,  and  e f f e c t s  o f ,  c o o l  w a t e r  b r e a k t h r o u g h  i n t o  CM-2. 
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(from Young, 1988) 

Figure 1. Location of study area in Idaho. 
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Figure 2. Location of geothermal wells. 
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Figure 4. Geologic cross-section through the Capitol Mall and BGL Wells. 
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(Modified from Waag and Wood,1987b) 
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Figure 8. Plot of fluoride-ion concentration vs. chloride-ion 
concentration for selected waters of Idaho and 
Boise area wells. 
(modified after Waag and Wood, 1987b) 



~ . fracture zones in granite 

Figure 9. Conceptual model of the geothermal 
groundvater circulation system through f r a c t u r e d  
granite to the discharge area along the foothills fault 
z o n e  of Boise and into the permeable rhyolite aquifers 
beneath the north-eastern part of the city. (Adopted 
from Wood and Burnham, 1987) 
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Composed of data from both BLM and VA-1 wells 
which exibited parallel behavior prior to VA 
system start-up. 

Figure 10. Hydrograph of the BLM well. 
(after Waag and Wood,1987 and Waag,1989) 
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Hydrograph of BWSWD-1, 

(Flowrate data included) 

After Waag and Wood, 1987. 



1982 

. 

1983 1984 

Figure 13. Hydrograph of BWSWD-3. 
(after Waag, 1989) 
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Figure 14. Hydrograph of the Kanta well. 
(after Waag, 1989) 
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Figure 16.  Hydrograph of the Quarry View well. 
(after Waag, 1989)  
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Figure 20. Data and calculated match for the BWSWD-162 history match 
"test" f o r  one year of normal operation. 
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Figure 21. Observation well water level data taken from water 
level recorder measurments and plotted as high and 
low values for each year. 
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Figure 22. High and low water level data in BWSWD-1. 
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Figure 2 4 .  BWSWD and BGL annual geothermal production. 
(after Waag,1987) 



BOISE RAINFALL 

YEAR 

Figure 25. Boise area precipitation and historical average. 
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Figure 26. BLM data (points) and history match (lines). 
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Figure 27. Kanta well data (points) and history match (lines). 
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Figure 28. BWSWD-1 data (points) and history match (lines). 
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Figure 29. CM-2 data (points) and history match(1ines). 
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Figure 30. BWSWD-3 data (points) and calculated history match(1ines). 
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Figure 31. BLM well data and calculated drawdown from year 1990 to 
2000. Assuming no additional production. Dotted line 
is the calculated values assuming BGL injection occurs. 
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Figure 32. Kanta well data and calculated drawdown from year 1990 
to 2000. Assuming no additional production. Dotted 
line is with BGL injection. 
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Figure 33. BLM calculated drawdown assuming 50% additional production. 
Dotted line is with BGL injection. 
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Figure 3 4 .  Kanta well calculated drawdown assuming 50% additional 
production. Dotted line is with BGL injection. 
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Figure  36.  Schematic i l l u s t r a t i o n  of i n j e c t e d  f l u i d  d i s t r i b u t i o n  around 
i n j e c t i o n  w e l l s ,  i n c l u d i n g  t h e  r e l a t i v e  l o c a t i o n  of a 
h y p o t h e t i c a l  BGL i n j e c t i o n  w e l l  (BGL-I). 
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Appendix A 

Available Well Temperature Profiles 
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(unpublished data from IDW.) 
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(unpublished data from IDWR) 
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Appendix B 

I n d i v i d u a l  Well Data from Young et .  a l . ,  1988 



Appendix C 

Available Well Completions/Lithologies 



BLM Well 

- 7.111 casing 
sei at 186 m 

Datum 

-CcrnentecI 

(from Nelson, 1980) 
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(Anderson and Kelly,1983) 
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(from K e l l y ,  1987) 
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