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ABSTRACT 

Data from a seven week p ressu re  i n t e r f e r -  
ence t e s t  i n  t h e  Klamath F a l l s ,  Oregon geother-  
ma l  resource  have been analyzed. 
i n d i c a t e  t h a t  p r o d u c t i v e  w e l l s  a re  f e d  by a 
h i g h l y  permeable f r a c t u r e  network and t h a t  t h e  
less permeable m a t r i x  b l o c k s  c o n t r i b u t e  s i g n i f i -  
c a n t l y  t o  t h e  r e s e r v o i r  s to rage  capac i t y .  
D e t a i l e d  a n a l y s i s  o f  da ta  from two w e l l s  i s  
presented.  Data from b o t h  o f  t h e  w e l l s  y i e l d  a 
r e s e r v o i r  p e r m e a b i l i t y - t h i c k n e s s  ( k h )  o f  
app rox ima te l y  1 .3X106 md-f t  and a s t o r a t i v i t y  
( $ c t h )  o f  6.8X10-3 f t / p s i .  The parameters 
( A  and w ) ,  which a r e  determined by t h e  d i s t r i b u -  
t i o n  o f  p e r m e a b i l i t y  and s t o r a t i v i t y  between 
t h e  m a t r i x  and f r a c t u r e s ,  v a r y  by more t h a n  an 
o r d e r  o f  magnitude. A s e n s i t i v i t y  s tudy 
shows t h a t  f o r  these w e l l s ,  t h e  p ressu re  
t r a n s i e n t s  a re  n o t  ve ry  s e n s i t i v e  t o  t h e  
d i s t r i b u t i o n  o f  p e r m e a b i l i t y  and s t o r a t i v i t y  
between t h e  f r a c t u r e s  and m a t r i x  b locks .  No 
h y d r o l o g i c  boundar ies were de tec ted  d u r i n g  t h e  
t e s t .  T h i s  i n d i c a t e s  t h a t  t h e  f a u l t  which 
s u p p l i e s  h o t  water t o  t h e  sha l l ow  hydrothermal  
system does n o t  behave acco rd ing  t o  t h e  
c l a s s i c a l  model o f  e i t h e r  a b a r r i e r  or  cons tan t  
p o t e n t i a l  boundary. 

The d a t a  

IhTHODUCTION 

The C i t y  o f  Klamath F a l l s ,  Oregon ( s e e  
l o c a t i o n  map i n  F i g u r e  1 )  i s  u n d e r l a i n  by a l ow  
t o  moderate temperature ( < I  10°C) geothermal 
resource.  A l though l o c a t e d  i n  c l o s e  p r o x i m i t y  
t o  t h e  Cascade Range, t h e  geothermal  system i s  
more t y p i c a l  o f  t h e  f a u l t - c h a r g e d  r e s e r v o i r s  o f  
t h e  B a s i n  and Range Prov ince  t o  t h e  eas t  
(Sammel, 1980). Presumably, h o t  water upwells 
a long  a major  range f r o n t  f a u l t  and f l o w s  
l a t e r a l l y  i n  t h e  h i g h l y  permeable near  su r face  
rocks .  
complex; r o c k  u n i t s  a re  f r a c t u r e d ,  f a u l t e d  and 
t h e r m a l l y  a l t e r e d  (Peterson and McIntyre,  1970; 
O ' B r i e n  and Benson, 1981). C o r r e l a t i o n  o f  
marker beds between w e l l s  i s  o f t e n  impossib le .  
To date,  ove r  400 sha l l ow  w e l l s  (<400 m) 
have been d r i l l e d  and a r e  c u r r e n t l y  i n  use f o r  
space hea t ing ,  domest ic h o t  water or  s m a l l  
s c a l e  i n d u s t r i a l  p rocess ing  ( O I T ,  1978). 

The subsur face geology i s  ext remely 

I n  1979 t h e  C i t y  o f  Klamath F a l l s  d r i l l e d  
t h e  f i r s t  o f  two w e l l s  t o  be used t o  supply  h o t  
water  t o  a d i s t r i c t  h e a t i n g  system. On com- 
p l e t i o n  o f  t h e  second w e l l ,  t h e  d i s t r i c t  
h e a t i n g  supply  and d i s t r i b u t i o n  network were 
i n s t a l l e d .  Shor t  term t e s t i n g  o f  b o t h  w e l l s  

i n d i c a t e d  t h a t  t hey  were s u f f i c i e n t l y  p r o d u c t i v e  
t o  p r o v i d e  t h e  750 gpm peak l o a d  requi rement  o f  
t h e  h e a t i n g  system and t h a t  t h e  impact  on 
e x i s t i n g  users would be s m a l l  (Benson e t  a l . ,  
1980; Benson, 1982a; and Benson 1982b). 
Concern over t h e  impact o f  pumping h o t  water 
from t h e  resource  t o  supply  t h e  d i s t r i c t  
h e a t i n g  system r e s u l t e d  i n  t h e  passage o f  an 
o rd inance  t h a t  p r o h i b i t e d  pumping o f  geothermal  
f l u i d  w i t h o u t  r e t u r n i n g  i t  t o  t h e  well from 
which i t  was pumped. A d d i t i o n a l l y ,  concern 
ove r  t h e  l a c k  o f  a s u f f i c i e n t  d a t a  base on t h e  
geothermal  system r e s u l t e d  i n  a comprehensive 
resource  s tudy  t h a t  was funded by t h e  U. S. 
Department o f  Energy. The s tudy,  c o o r d i n a t e d  
b y  t h e  U. S. G e o l o g i c a l  Survey, i n c l u d e d  
geochemical  a n a l y s i s  o f  t h e  r e s e r v o i r  f l u i d s ,  
t r a c e r  s t u d i e s ,  background da ta  m o n i t o r i n g  and 
t h e  seven week i n t e r f e r e n c e  t e s t  t h a t  w i l l  be 
d iscussed here. 

TEST DESCRIPTION 

The i n t e r f e r e n c e  t e s t  c o n s i s t e d  o f  
m o n i t o r i n g  water l e v e l  changes i n  more t h a n  40 
w e l l s  w h i l e  h o t  water was pumped from one well 
f o r  3 weeks and concur ren ty  r e i n j e c t e d  i n t o  
another  w e l l  for  an a d d i t i o n a l  4 weeks. 
Twelve o f  t h e  o b s e r v a t i o n  w e l l s  were i n s t r u -  
mented wi th h i g h  r e s o l u t i o n  downhole i ns t rumen ts  
t h a t  i n c o r p o r a t e  q u a r t z  c r y s t a l  p ressu re  
t ransducers  and t h e r m i s t o r  temperature sensors 
(Solbau e t  al. ,  1981). Data from these twe lve  
w e l l s  were t r a n s m i t t e d  t o  one o f  two c e n t r a l  
l o c a t i o n s  where they  were processed and recorded. 
T h i s  a l l owed  synchronous d a t a  reco rd ing ,  
which r e s u l t e d  i n  t h e  c o l l e c t i o n  o f  ve ry  
accu ra te  e a r l y  t i m e  p ressu re  t r a n s i e n t  data.  
The l o c a t i o n s  o f  these w e l l s  a r e  shown i n  
F i g u r e  2 .  
p r o d u c t i o n  w e l l  (CW-1) and t h e  i n j e c t i o n  w e l l  
(County Musem Well). 
d a t a  f rom t h e  Head and Page w e l l s  (shown i n  
F i g u r e  2 )  w i l l  be d iscussed here.  

A lso shown a r e  t h e  l o c a t i o n s  o f  t h e  

D e t a i l e d  a n a l y s i s  o f  t h e  

D u r i n g  t h e  f i r s t  t h r e e  weeks o f  t h e  t e s t  
w e l l  CW-1 was pumped a t  a r a t e  o f  43.5 kg/s. 
The produced water  was d isposed o f  i n  an 
i r r i g a t i o n  canal .  Dur ing  t h e  l a s t  f o u r  weeks 
o f  t h e  t e s t ,  pumping con t inued  b u t  t h e  water 
was r e i n j e c t e d  i n t o  t h e  County Museun w e l l .  
The back pressure a t  t h e  Museum w e l l  r e s u l t e d  
i n  a s l i g h t l y  l ower  and somewhat v a r i a b l e  
pumping r a t e  ( 4 2  t o  40 kg /s ) .  The pumping 
r a t e  d u r i n g  t h e  t e s t  i s  shown i n  F i g u r e  3. The 
i n j e c t i o n  r a t e  d u r i n g  t h e  l a s t  f o u r  weeks o f  
t h e  t e s t  was i d e n t i c a l  t o  t h e  pumping r a t e .  
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Wel l  D e s c r i p t i o n s  

The pumped w e l l ,  CW-1, i s  approx imate ly  
274.3 m deep and i s  cased from t h e  s u r f a c e  t o  a '  
depth o f  109.7 in. 
i n d i c a t e d  t h a t  t h e  r o c k  u n i t s  f rom 109.7 m t o  
274.3 m were o f  l ow  p e r m e a b i l i t y  and produced 
ve ry  l i t t l e  f l u i d .  Subsequent ly,  t h e  w e l l  was 
s l o t t e d  from approx ima te l y  59.4 m t o  73.1 m. 
A s h o r t  t e s t  proved t h i s  i n t e r v a l  t o  be  ve ry  
permeable. ' E s s e n t i a l l y  a l l  o f  t h e  water e n t e r s  
t h e  bo re  between 59.4 m t o  73.1 m. 

I n i t i a l  t e s t i n g  o f  t h e  w e l l  

The i n j e c t i o n  w e l l ,  t h e  County Museum w e l l ,  
was o r i g i n a l l y  d r i l l e d  t o  a dep th  o f  376.4 m. 
S inke r  b a r  runs i n d i c a t e  t h a t  t h e  w e l l b o r e  now 
has approx imate ly  16.7 m o f  f i l l .  The w e l l  i s  
cased from t h e  s u r f a c e  t o  a dep th  o f  137.3 m. 
The remainder o f  t h e  w e l l  i s  open ho le .  A 
sp inne r  survey was r u n  and showed t h a t  two 
i n t e r v a l s  were accep t ing  f l u i d ,  one between 
143 - 159 m and a second between 310 - 329 m. 
Each i n t e r v a l  appears t o  accept  approx imate ly  
50% o f  t h e  i n j e c t e d  f lu id .  The comp le t i on  d a t a  
f rom t h e  o b s e r v a t i o n  w e l l s  and t h e  a c t i v e  w e l l s  
a r e  summarized i n  Table 1. 

I n t e r f e r e n c e  Data 

The i n t e r f e r e n c e  d a t a  f rom t h e  Head and 
Page w e l l s  a r e  shown i n  F i g u r e s  4 and 5. 
o f  t h e  w e l l s  e x h i b i t e d  t h e  same b a s i c  behav io r .  
Pressures (wa te r  l e v e l s )  decreased w h i l e  o n l y  
t h e  pumping w e l l  was a c t i v e .  The drawdown a t  
t h e  Head w e l l  (1.74 p s i )  was l a r g e r  than  a t  t h e  
Page w e l l  (1.1 p s i )  because i t  i s  c l o s e r  t o  t h e  
pumped w e l l .  
l e v e l s  i n  b o t h  w e l l s  rose  r a p i d l y .  Since t h e  
Page w e l l  i s  c l o s e r  t o  t h e  i n j e c t i o n  w e l l  t h a n  
i t  i s  t o  t h e  pumped w e l l ,  t h e  water l e v e l  r o s e  
above i t s  p r e - t e s t  l e v e l .  

E s s e n t i a l l y  a l l  o f  t h e  w e l l s  mon i to red  
d u r i n g  t h e  t e s t  had t h i s  t y p e  o f  response. I n  
g e n e r a l  t h e  l a r g e s t  drawdowns a t t r i b u t e d  t o  
pumping ( 2 4  psi )  occu r red  i n  t h e  w e l l s  c l o s e s t  
t o  t h e  pumped w e l l .  
t r a n s i e n t  responses i n  a l l  o f  t h e  o b s e r v a t i o n  
w e l l s ,  t o  b o t h  i n j e c t i o n  and p roduc t i on ,  
i n d i c a t e s  t h a t  t h e r e  a r e  no h y d r o l o g i c  d iscon-  
t i n u i t i e s  ( b a r r i e r s ,  f a u l t s )  w i t h i n  t h e  r e g i o n  
examined by t h e  mon i to r  w e l l s .  Q u a l i t a t i v e l y ,  
a l l  o f  t h e  w e l l s  behaved i n  a u n i f o r m  manner. 
T h i s  i s  s u p r i s i n g  i n  l i g h t  o f  t h e  comp lex i t y  
and h e t e r o g e n e i t y  o f  b o t h  t h e  l i t h o l o g y  and 
the rma l  regime i n  t h e  Klamath F a l l s  geothermal  
anomaly. 

Both 

When i n j e c t i o n  began t h e  water 

The r a p i d  p ressu re  

DATA ANALYSIS 

The f r a c t u r e d  and heterogeneous n a t u r e  o f  
t h e  system and t h e  i n t e r p r e t a t i o n  o f  p r e v i o u s  
s h o r t  term t e s t s  suggested t h a t  a double 
p o r o s i t y  model would b e s t  d e s c r i b e  t h e  p ressu re  
t r a n s i e n t  behav io r  i n  t h e  o b s e r v a t i o n  w e l l s  
(Benson e t  a l . ,  1980; Deruyck e t  a l . ,  1982). 
The l o g - l o g  p l o t s  o f  t h e  drawdown da ta  from 
t h e  Head and Page w e l l s  (shown i n  F i g u r e s  
6 and 7 )  a r e  t y p i c a l  o f  double p o r o s i t y  
r e s e r v o i r s  wi th t r a n s i e n t  i n t e r p o r o s i t y  

f l ow .  The d a t a  were matched t o  t h e  double 
p o r o s i t y  t y p e  curves p u b l i s h e d  by Deruyck e t  
a l . ,  1982. The b e s t  matches a r e  shown i n  each 
ins tance .  The c a l c u l a t e d  p e r m e a b i l i t y - t h i c k n e s s  
p roduc ts ,  t o t a l  s t o r a t i v i t y  and t h e  double 
p o r o s i t y  parameters ( A  and w )  a r e  g i v e n  i n  
Table 2. The parameters h and w a r e  those  
d e f i n e d  by Warren and Root, (1963):  

and 

The k h  and t h e  q c t h  va lues  a r e  i n  good 
agreement wi th one another .  
and w d i f f e r  by more t h a n  t h e  o rde r  o f  magnitude. 

I t  i s  o f  i n t e r e s t  t o  n o t e  t h a t  s e v e r a l  
o t h e r  t y p e  cu rve  matches are p o s s i b l e  wi th t h i s  
data.  
shown i n  F i g u r e  7, i s  a good example. I n  
a d d i t i o n  t o  t h e  double p o r o s i t y  t y p e  cu rve  
match, shown by t h e  s o l i d  l i n e ,  two o t h e r  t y p e  
cu rve  matches a r e  shown. F i t t i n g  t h e  e a r l y  
t i m e  data,  up t o  approx imate ly  t e n  hours,  w i t h  
t h e  conven t iona l  l i n e  source s o l u t i o n  (The is ) ,  
g i v e s  an e x c e l l e n t  match. The kh c a l c u l a t e d  
from th i s  cu rve  i s  approx imate ly  t h r e e  t i m e s  
t h e  va lue  ob ta ined  from t h e  double p o r o s i t y  
t y p e  cu rve  match. Also,  t h e  depar tu re  o f  
t h e  d a t a  from th i s  match a f t e r  app rox ima te l y  
t e n  hours would i n d i c a t e  t h e  presence o f  a 
no- f low boundary. This i l l u s t r a t e s  t h e  dangers 
o f  r u n n i n g  a s h o r t  term t e s t  i n  a heterogeneous 
system, and e x p l a i n s  why i n t e r p r e t a t i o n  
o f  t h e  p r e v i o u s  s h o r t  term t e s t s  ove res t ima ted  
t h e  r e s e r v o i r  p e r m e a b i l i t y  (Benson e t  a l . ,  
1960). 
p o s s i b l e  us ing  t h e  m idd le  and l a t e  t i m e  data.  
The d a t a  from approx ima te l y  5 hou rs  onward can 
be n i c e l y  matched w i t h  t h e  l i n e  source s o l u t i o n  
(The is ) .  Th i s  match i s  a l s o  shown i n  F i g u r e  7. 
A n a l y s i s  based on t h i s  i n t e r p r e t a t i o n  y i e l d s  
app rox ima te l y  t h e  same kh and b u l k  Q c t h  as 
t h e  double p o r o s i t y  t y p e  cu rve  match. 
t h e  drawdowns measured p r i o r  t o  5 hou rs  a r e  
r e l a t i v e l y  s m a l l  ((0.10 p s i )  one m igh t  f e e l  
c o n f i d e n t  i n  such a match by assuming t h e  
ve ry  e a r l y  t i m e  d a t a  were i n a c c u r a t e  or  
un impor tan t .  Us ing t h i s  approach, t h e  c o r r e c t  
va lues  f o r  t h e  b u l k  system p r o p e r t i e s  
a r e  obta ined.  
case and ones con f idence  i n  t h e  a n a l y s i s  
i nc reases  i f  a l l  o f  t h e  d a t a  a r e  considered.  
The double p o r o s i t y  i n t e r p r e t a t i o n  y i e l d s  
an e x c e l l e n t  match throughout  t h e  e n t i r e  
t e s t  pe r iod ,  thus l e n d i n g  credence t o  t h i s  
i n t e r p r e t a t i o n .  

The parameters h 

The l o g - l o g  p l o t  o f  t h e  Page w e l l  data,  

A second t y p e  cu rve  match i s  also 

As 

This however i s  n o t  always t h e  

Pressure t r a n s i e n t  d a t a  d u r i n g  t h e  
i n j e c t i o n  phase o f  t h i s  t e s t  were analyzed by 
assuming t h a t  t h e  pressure t r a n s i e n t s  due t o  
t h e  i n i t i a l  pumping p e r i o d  had reached steady 
s t a t e  and t h e r e f o r e  c o u l d  be i gno red  i n  t h e  
subsequent c a l c u l a t i o n s .  
background n o i s e  ( o t h e r  w e l l  use rs  and seasonal  

I n  l i g h t  o f  t h e  
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water l e v e l  changes), t h i s  assumption does n o t  
appear t o  c r e a t e  any a d d i t i o n a l  amb igu i t y  i n  
t h e  a n a l y s i s .  Dur ing  t h e  i n j e c t i o n  phase, f l o w  
r a t e s  were s l i g h t l y  v a r i a b l e  ( 4 2  - 40 kg/s).  
Th i s  v a r i a t i o n  was a l s o  neg lec ted  i n  t h e  
a n a l y s i s  because water l e v e l  changes due t o  
o t h e r  sources ( b a r o m e t r i c  p ressu re  f l u c t u a t i o n s  
and o t h e r  w e l l  uses) were o f  t h e  same o r d e r  o f  
magnitude as those r e s u l t i n g  f rom t h e  f l o w r a t e  
v a r i a t i o n s  and do n o t  e f f e c t  t h e  o v e r a l l  d a t a  
i n t e r p r e t a t i o n .  

Log- log p l o t s  o f  t h e  p ressu re  b u i l d u p  
d a t a  and t y p e  curve matches a t  t h e  Head and 
Page w e l l s  are shown i n  F i g u r e s  8 and 9 .  The 
matches between t h e  observed da ta  and t h e  
double p o r o s i t y  t y p e  cu rves  a r e  e x c e l l e n t .  
Da ta  f rom t h e  Head w e l l  can a l s o  be f i t  t o  a 
Theis  cu rve  i f  t h e  f i r s t  s e v e r a l  hou rs  o f  t h e  
t e s t s  a r e  neglected.  The r e s u l t s  o f  b o t h  
analyses a re  s i m i l a r  and a r e  g i v e n  i n  Table 2 .  
Data  from t h e  Page w e l l  a r e  b e s t  f i t  t o  a 
double p o r o s i t y  t y p e  cu rve  wi th pseudo-steady 
s t a t e  i n t e r p o r o s i t y  f l ow .  A l l  o f  t h e  o t h e r  
t e s t  d a t a  a r e  more a c c u r a t e l y  desc r ibed  
wi th  a t r a n s i e n t  i n t e r p o r o s i t y  f l o w  model. 
T h i s  i s  p robab ly  t h e  r e s u l t  o f  i t s  be ing  c l o s e r  
t o  t h e  a c t i v e  w e l l ,  which tends t o  exagerate 
t h e  e f f e c t s  o f  t h e  double p o r o s i t y  
system. Once again,  t h e  va lues o f  kh and 
t h e  Q c t h  a r e  i n  good agreement b u t  
va ry  s u b s t a n t i a l l y .  

and w 

As can be seen from Table 2 ,  t h e  parameters 
k h  and q c t h  a l l  i n  good agreement. 
o t h e r  hand, 
o r d e r  o f  magnitude. 
o f  t h e  v a r i a t i o n  o f  t hese  parameters,  a sens i -  
t i v i t y  s tudy was conducted t o  determine t h e i r  
uniqueness. The d a t a  were re-analyzed u s i n g  
t h e  method desc r ibed  by L a i  e t  a l . ,  (1983).  
They have developed a semi -ana ly t i c  s o l u t i o n  
f o r  a n a l y z i n g  p ressu re  t r a n s i e n t s  i n  double 
p o r o s i t y  r e s e r v o i r s  wi th b l o c k - l i k e  geometry 
and t r a n s i e n t  i n t e r p o r o s i t y  f low.  A semi- log 
p l o t  o f  t h e  da ta  match ob ta ined  from t h e  
a n a l y s i s  o f  t h e  drawdown at t h e  Page w e l l  is 
shown i n  F i g u r e  IO. The same values f o r  kh and 
$ c t h  were obta ined.  
X = 1.05X10-6 and w = 4x10-3 were c a l c u l a t e d .  
These va lues  d i f f e r  by more t h a n  an o rde r  o f  
magnitude from t h e  va lues  ob ta ined  w i t h  t h e  
l o g - l o g  t y p e  cu rve  match. A lso shown i n  F i g u r e  
10 a r e  t h e  drawdowns c a l c u l a t e d  u s i n g  s e v e r a l  
o t h e r  va lues  o f  X and w ( v a r y i n g  by more t h a n  2 
o r d e r s  o f  magnitude).  I t  can be seen t h a t  f o r  
a l l  p r a c t i c a l  purposes these cu rves  a re  almost 
i n d i s t i n g u i s h a b l e .  The i m p l i c a t i o n  i s  t h a t  f o r  
o b s e r v a t i o n  w e l l s  f a r  from t h e  a c t i v e  w e l l ,  i n  
a h i g h  p e r m e a b i l i t y  r e s e r v o i r ,  t h e  da ta  a n a l y s i s  
may n o t  u n i q u e l y  determine t h e  parameters X and w. 

On t h e  
and w b o t h  va ry  by more t h a n  an 

To assess t h e  s i g n i f i c a n c e  

However, va lues  o f  

SUMMARY 

A n a l y s i s  o f  t h e  d a t a  f rom a 7 week i n t e r -  
f e rence  t e s t  show t h a t  a l l  o f  t h e  sha l l ow  
geothermal  w e l l s  i n  t h e  Klamath F a l l s  geothermal 
resource  p e n e t r a t e  a s i n g l e  con t inuous  a q u i f e r .  
L o c a l  h e t e r o g e n e i t i e s  ( r o c k  t y p e  and temper- 
a t u r e )  do n o t  appear t o  s i g n i f i c a n t l y  a f f e c t  
t h e  h y d r o l o g i c  behav io r  o f  t h e  system. 

The responses o f  i n d i v i d u a l  w e l l s  t o  pumping 
and/or r e i n j e c t i o n  a r e  c o n s i s t e n t  wi th t h i s  
obse rva t i on .  D e t a i l e d  analyses o f  t h e  da ta  
f rom two o f  t h e  o b s e r v a t i o n  w e l l s  show t h a t  t h e  
a q u i f e r  behaves as a double p o r o s i t y  medium. 
The f r a c t u r e s  and h i g h  p e r m e a b i l i t y  s t r a t a  
p r o v i d e  pathways a long which t h e  f l u i d  moves 
e a s i l y .  
s t o r e  t h e  b u l k  o f  t h e  h o t  geothermal  water.  
h y d r o l o g i c  boundar ies t o  t h e  geothermal  system 
were apparent i n  t h e  i n t e r f e r e n c e  data.  
However, t h e  e f f e c t s  o f  t h e  o t h e r  use rs  
and t h e  seasonal  r i s e  i n  water  l e v e l  may have 
masked t h e  e f f e c t s  o f  a boundary i n  t h e  very 
l a t e  t i m e  data.  I t  can be es t ima ted  t h a t  
t h e r e  a re  no h y d r o l o g i c  boundar ies wi th in a 1 
m i l e  r a d i u s  o f  t h e  pumped w e l l .  Th i s  sheds a 
new l i g h t  on t h e  h y d r o l o g i c  p r o p e r t i e s  o f  t h e  
f a u l t  t h a t  i s  known t o  t r a n s e c t  t h e  area and 
i s  t h e  p o s t u l a t e d  source o f  t h e  near  s u r f a c e  
h o t  water.  The f a u l t  does n o t  behave accord ing 
t o  t h e  c l a s s i c a l  models f o r  e i t h e r  a b a r r i e r  or  
cons tan t  p o t e n t i a l  boundary. I ns tead ,  i t  i s  
e s s e n t i a l l y  i n v i s i b l e  t o  h y d r o l o g i c  t e s t i n g .  
Severa l  hypo thes i s  can e x p l a i n  t h i s  obse rva t i on .  
F i r s t ,  t h e  h o t  water may upwe l l  ove r  a broad 
r e g i o n  r a t h e r  t h a n  a long a s i n g l e  f a u l t  zone 
t h a t  would be de tec ted  h y d r o l o g i c a l l y .  Second, 
t h e  f a u l t  p e r m e a b i l i t y  may be  on t h e  same o rde r  
o f  magnitude as t h e  p e r m e a b i l i t y  o f  t h e  near  
s u r f a c e  a q u i f e r s  and hence, i n d i s t i n g u i s h a b l e .  
T h i r d ,  a s i n g l e  f a u l t  may p r o v i d e  t h e  c o n d u i t  f o r  
u p w e l l i n g  from g r e a t  dep th  b u t  as t h e  f a u l t  
approaches t h e  su r face ,  t h e  w i d t h  o f  t h e  f r a c -  
t u r e d  zone inc reases  which c r e a t e s  a d i f f u s e  
u p w e l l i n g  r e g i o n  i n  t h e  near  su r face .  Wi thout  
more i n f o r m a t i o n  i t  i s  n o t  p o s s i b l e  t o  determine 
which one o f  these p o s s i b i l i t i e s  ( o r  o t h e r s )  i s  
t h e  c o r r e c t  one. 

The l e s s  permeable m a t r i x  b l o c k s  
No 

COMMENTS 

A n a l y s i s  o f  t h i s  i n t e r f e r e n c e  d a t a  p o i n t s  
o u t  some o f  t h e  l i m i t a t i o n s  o f  and p r o v i d e s  
g u i d e l i n e s  f o r  i n t e r f e r e n c e  t e s t i n g  and d a t a  
a n a l y s i s  i n  h i g h l y  heterogeneous systems. 
These are summarized as f o l l o w s .  

1 )  Shor t  t e rm t e s t s  can l e a d  t o  o v e r e s t i m a t i o n  
o f  r e s e r v o i r  p e r m e a b i l i t y .  

A n a l y s i s  o f  moderate t o  l a t e  t i m e  d a t a  w i t h  
t h e  l i n e  source s o l u t i o n  may y i e l d  t h e  
c o r r e c t  b u l k  va lues  o f  kh and $cth. 

Da ta  from a t e s t  o f  proper  d u r a t i o n  and 
o b t a i n e d  w i t h  s u f f i c i e n t l y  s e n s i t i v e  
i n s t r u m e n t a t i o n  can be analyzed u s i n g  a 
double p o r o s i t y  model t o  e v a l u a t e  k h  and 
$ c t h  w i t h  a h i g h  l e v e l  o f  conf idence.  

I t  may n o t  be p o s s i b l e  t o  u n i q u e l y  determine 
v a l u e s  f o r  t h e  double p o r o s i t y  parameters 
(A and w) i n  h i g h l y  permeable r e s e r v o i r s  
and/or o b s e r v a t i o n  w e l l s  f a r  f rom t h e  
f l o w i n g  w e l l  

2 )  

3)  

4)  

A l l  o f  these obse rva t i ons  a r e  c o n s i s t e n t  w i t h  
t h e o r e t i c a l  r e s u l t s .  However, t h e  l i m i t a t i o n s  
o f  a n a l y s i s  methods a r e  n o t  always apparent  by 
examina t ion  o f  mathemat ica l  s o l u t i o n s .  
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A n a l y s i s  o f  t h i s  d a t a  demonstrates t h a t  even 
w i t h  a ve ry  h i g h  q u a l i t y  d a t a  se t ,  t h e r e  a r e  
l i m i t a t i o n s  t o  t h e  amount o f  i n f o r m a t i o n  that 
can be obta ined.  A d d i t i o n a l  i n t e r p r e t a t i o n  
r e q u i r e s  input from o t h e r  d i s c i p l i n e s  such 
as w e l l  l o g g i n g / o r  and d e t a i l e d  l i t h o l o g i c  
eva lua t i on .  
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Table 1. We l l  Complet ion Data 

D is tance  t o  
Wel l  Depth E l e v a t i o n *  Cased Depth D is tance  t o *  Museum We l l  

(m)  ( m )  (m) CW-1 ( m )  ( m )  

cw-1 274.3 1272 109.7** - 

County 
Museum 376.4 1252 137.3 838 

Head 76.2 1278 18.3 320 

Page 141.7 1256 45.4 671 

838 

- 
640 

259 

* D is tances  and e l e v a t i o n s  a r e  approximate.  

S l o t t e d  from 59.4 -73.1 m. ** 
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Table 2. Well  Test Data Ana lys i s  Resu l t s  

Observat ion A c t i v e  
Well  Well kh(md-ft) $ch( f t / p s i )  A w 

Head cw-1 1.29X1 O6 9.6XIO-3 6.8X10-9 0.01 

Page cw-1 1 .38X1 O6 4.3x1W3 I . ax1 0-7 0 . 3  

Head Museun 1 .23X106 5.7xlO-3 5.1 X I  0-7 0.3 

Page Museum 1 .41X106 7.7xl 0-3 2.4x1 0-7 0.06 

122.00' 121.45' I2I.30' 
\ I I 

F i g u r e  1. Loca t ion  map o f  Klamath F a l l s ,  OR. 

:r---------f City Well - 1 Pumping Rote 

I , I , I I , )  

IO I5 20 25 30 35 40 45 
Time(davs1 

mUII-11. 
F i g u r e  3. Pumping and i n j e c t i o n  r a t e  d u r i n g  

t h e  i n t e r f e r e n c e  t e s t .  
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2 500 1OWft , 

F i g u r e  2. Well l o c a t i o n  map. 

U O ( I r I , , r  , , I ,  1 1 2  

I*od Well lnterlerarce Data 
4350 I 

5 
- 5  p 
-6  

4om - 7  

0 5 a a 2 0 2 5 u , 3 5 4 0 4 5 5 0 5 5 w ~  

Tlme (days) 
ULD114(. 

F i g u r e  4. Head w e l l  i n t e r f e r e n c e  data. 
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F i g u r e  5. Page w e l l  i n t e r f e r e n c e  data.  
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F i g u r e  7. Log- log p l o t  and t y p e  cu rve  
match o f  t h e  Page w e l l  drawdown 
data.  
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F i g u r e  9 .  Log- log p l o t  and t y p e  cu rve  
match o f  t h e  Page w e l l  b u i l d u p  
data.  

AI (hpunl 

...YI-*.a 

F i g u r e  6 .  Log- log p l o t  and t y p e  cu rve  
match t h e  Head w e l l  drawdown data.  
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F i g u r e  8. Log- log p l o t  and t y p e  cu rve  
match o f  t h e  Head w e l l  b u i l d u p  
data.  

I Ihn) 
1.0 

F i g u r e  IO. Semi-log p l o t  and a n a l y s i s  o f  t h e  
Page w e l l  b u i l d u p  data.  
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