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Abstract:
Residential expansion into the Bridger Canyon area of Bozeman, Montana has encountered localized
areas of restricted ground-water availability. In some instances water wells were drilled after houses
were built, but no water was found or wells did not produce sufficient water for the household. Within
the canyon, water quality varies. Some domestic wells encountered hydrogen sulfide and excess
fluoride. Areas where water is available and of good quality include alluvium and some springs at or
near the toes of landslides. Water is not readily available or is of poor quality within thick sequences of
shales of the Livingston Group. Variations in the Livingston Group deposits cause subsequent
variations in ground-water availability and quality. 
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STATEMENT OF PERMISSION TO USE

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

r e q u i r e m e n t s  f o r  a  m a s t e r ' s  d e g r e e  a t  M o n t a n a  S t a t e  U n i v e r s i t y ,  I  

a g r e e  t h a t  t h e  L i b r a r y  s h a l l  m a k e  i t  a v a i l a b l e  t o  b o r r o w e r s  u p d e r  

r u l e s  o f  t h e  L i b r a r y .  B r i e f  q u o t a t i o n s  f r o m  t h i s  t h e s i s  a r e  a l l o w a b l e  

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

s o u r c e  i s  made.

P e r m i s s i o n  f o r  e x t e n s i v e  q u o t a t i o n  f r om  o r  r e p r o d u c t i o n  o f  t h i s  

t h e s i s  may be  g r a n t e d  by my m a j o r  p r o f e s s o r ,  o r  i n  h i s / h e r  a b s e n c e ,  by  

t h e  D i r e c t o r  o f  L i b r a r i e s  when,  i n  t h e  o p i n i o n  o f  e i t h e r ,  t h e  p r o p o s e d  

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

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

w i t h o u t  my w r i t t e n  p e r m i s s i o n .
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ABSTRACT

R e s i d e n t i a l  e x p a n s i o n  i n t o  t h e  B r i d g e r  C a n y o n  a r e a  o f  B o z e m a n ,  
M o n t a n a  h a s  e n c o u n t e r e d  l o c a l i z e d  a r e a s  o f  r e s t r i c t e d  g r o u n d - w a t e r  
a v a i l a b i l i t y .  I n  some i n s t a n c e s  w a t e r  w e l l s  w e re  d r i l l e d  a f t e r  h o u s e s  
w e r e  b u i l t ,  b u t  no w a t e r  was f o u n d  o r  w e l l s  d i d  n o t  p r o d u c e  s u f f i c i e n t  
w a t e r  f o r  t h e  h o u s e h o l d .  W i t h i n  t h e  c a n y o n ,  w a t e r  q u a l i t y  v a r i e s .  
Some d o m e s t i c  w e l l s  e n c o u n t e r e d  h y d r o g e n  s u l f i d e  and e x c e s s  f l u o r i d e .  
A r e a s  w h e r e  w a t e r  i s  a v a i l a b l e  and  o f  good q u a l i t y  i n c l u d e  a l l u v i u m  
a n d  some s p r i n g s  a t  o r  n e a r  t h e  t o e s  o f  l a n d s l i d e s .  W a t e r  i s  n o t  
r e a d i l y  a v a i l a b l e  o r  i s  o f  p o o r  q u a l i t y  w i t h i n  t h i c k  s e q u e n c e s  o f  
s h a l e s  o f  t h e  L i v i n g s t o n  Group.  V a r i a t i o n s  i n  t h e  L i v i n g s t o n  Group 
d e p o s i t s  c a u s e  s u b s e q u e n t  v a r i a t i o n s  i n  g r o u n d - w a t e r  a v a i l a b i l i t y  and  
q u a l i t y .
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INTRODUCTION 

S t a t e m e n t  o f  P r o b l e m

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

w i t h  r e s i d e n t i a l  e x p a n s i o n  n e a r  Bozeman,  M o n tan a  and  g r o w t h  r e l a t e d  t o  

t h e  B r i d g e r  Bowl S k i  a r e a  t o  t h e  n o r t h  ( F i g u r e  I ) .  T h i s  d e v e l o p m e n t  

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

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

w e r e  b u i l t ,  b u t  no w a t e r  was  f o u n d  o r  w e l l s  d i d  n o t  p r o d u c e  s u f f i c i e n t  

d o m e s t i c  w a t e r  s u p p l i e s .  Some w e l l s  o n ce  d e v e l o p e d  f o r  u s e  h a v e  gone 

d r y  o r  b e g a n  t o  pump s a n d  a n d  w e r e  r e n d e r e d  u n f i t  f o r  u s e .  I t  i s  n o t  

u n u s u a l  f o r  hom eowners  i n  t h e  ca n y o n  t o  n e e d  t o  h a v e  two o r  e v e n  t h r e e  

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

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

i s  a l s o  a  p r o b l e m  w i t h  l o c a l i z e d  a r e a s  o f  p o o r  w a t e r  q u a l i t y .  Some 

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

f l u o r i d e .  A l s o ,  some w a t e r  s u p p l i e s  a r e  i r o n - r i c h  an d  c a u s e  s e v e r e  

s t a i n i n g  o f  f i x t u r e s  and an  a d v e r s e  w a t e r  t a s t e .

K n o w led g e  o f  t h e s e  w a t e r  a v a i l a b i l i t y  and q u a l i t y  p r o b l e m s  and 

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

u s e f u l  t o  a I  and owner  p l a n n i n g  t o  d e v e l o p  p r o p e r t y  i n  t h e  canyon  and 

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

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

w h e r e  p r o b l e m  a r e a s  a r e  l o c a t e d .  T h e  q u e s t i o n  w a s  a s s e s s e d  t h r o u g h
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F i g u r e  I .  L o c a t i o n  o f  s t u d y  a r e a  i n d i c a t i n g  a r e a  o f  c u r r e n t  
d e v e l o p m e n t .
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e v a l u a t i o n  o f  known w a t e r  s u p p l i e s ,  e v a l u a t i n g  t h e  g e o l o g i c  f r am ew o rk  

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

map o f  t h e  a r e a  b a s e d  on t h i s  d a t a .  P u b l i s h e d  w a t e r  s t u d i e s  i n v o l v i n g  

t h e  B r i d g e r  Canyon a r e a  a r e  s c a r c e .  B r i d g e r  C ree k ,  w h i c h  i s  t h e  m a i n  

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

f o r  t h e  G a l l a t i n  V a l l e y  ( H a c k e t t  an d  o t h e r s ,  1960)  b u t  no g r o u n d w a t e r  

s t u d i e s  h a v e  b e e n  c o n d u c t e d .  A s u r f a c e  w a t e r  s t u d y  o f  B r i d g e r  C r e e k  

i s  c u r r e n t l y  b e i n g  c o n d u c t e d  by t h e  M o n tan a  D e p a r t m e n t  o f  H e a l t h  and 

E n v i r o n m e n t a l  S c i e n c e s  D i v i s i o n  o f  t h e  W a te r  Q u a l i t y  B u r e a u ,  b u t  no 

d a t a  a r e  a s  y e t  p u b l i s h e d  ( M o n t a n a  D e p a r t m e n t  o f  H e a l t h  a n d  

E n v i r o n m e n t a l  S c i e n c e s ) .

G e n e r a l  S e t t i n g

G e o g r a p h i c  S e t t i n g

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

t h e  f r a m e w o r k  i n  w h i c h  w a t e r  i s  f o u n d .  F i g u r e  I  s h o w s  t h e  a r e a  i n  

w h i c h  p e o p l e  l i v e  and  a r e  d e v e l o p i n g  hojn^s.  The s t u d y  a r e a  b o u n d a r y  

w a s  d e f i n e d  o n  1 9 8 2  U.S.G.S.  o r t h o  p h o t o q u a d s  b y  e n c l o s i n g  a l l  

r e c o g n i z e d  homes on t h e  p h o t o s .  A t  t h i s  t i m e  (1 984 )  no  d e v e l o p m e n t  i s  

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

T h e s e  s l o p e s  a r e  g r e a t e r  t h a n  15 d e g r e e s  a s  m e a s u r e d  o n  t o p o g r a p h i c  

maps an d  a r e  n o t  r e a d i l y  a c c e s s i b l e  t o  d e v e l o p m e n t .

T h e  s t u d y  a r e a  i s  l o c a t e d  b e t w e e n  tw o  N a t i o n a l  O c e a n i c  an d  

A t m o s p h e r i c  A d m i n i s t r a t i o n  (NOAA) c l i m a t o l o g i c a l  d a t p  c o l l e c t i o n  

s i t e s .  C l i m a t e  d a t a  i s  c o l l e c t e d  a t  t h e  b a s e  o f  t h e  B r i d g e t  Bowl S k i  

a r e a .  T h i s  s t a t i o n  i s  a t  a n  e l e v a t i o n  o f  5 9 5 0  f e e t  a n d  r e c o r d s
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a v e r a g e  a n n u a l  p r e c i p i t a t i o n  o f  3 4 . 8 1  i n c h e s .  A v e r a g e  a n n u a l  

t e m p e r a t u r e s  a r e  5 1 . 4 ° F  m ax im u m ,  2 4 . 4 ° F  m i n im u m ,  a n d  3 7 . 9  o v e r a l l  

a v e r a g e  ( N a t i o n a l  O c e a n i c  and  A t m o s p h e r i c  A d m i n i s t r a t i o n ,  1982) .  Much 

o f  t h e  v a l l e y  i s  a t  l o w e r  e l e v a t i o n s  and may e x p e r i e n c e  c l i m a t e  more  

l i k e  t h a t  m e a s u r e d  a t  t h e  M o n t a n a  S t a t e  U n i v e r s i t y  d a t a  c p l  l e c t i o n  

s i t e  a t  B o z e m a n .  T h i s  s t a t i o n  i s  a t  a n  e l e v a t i o n  o f  4 8 5 6  f e e t  a n d  

r e c o r d s  a n  a v e r a g e  a n n u a l  p r e c i p i t a t i o n  o f  1 8 .6 3  i n c h e s .  A v e r a g e  

a n n u a l  t e m p e r a t u r e s  a r e  5 5 . 7  °F m ax im u m ,  3 1 . 6  0F m i n im u m ,  a n d  4 3 . 7  °F 

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

u n d e r  d e v e l o p m e n t  r a n g e  f r o m  5040 f e e t  t o  6250 f e e t .

S t r a t i g r a p h i c  S e t t i n g

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

c o n t r o l  g r o u n d  w a t e r  m o v e m e n t  a n d  s t o r a g e .  T a b l e  I  l i s t s  t h e  

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

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

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

t h e  s t u d y  a r e a  a r e  a l s o  l i s t e d  i n  T a b l e  I  b e c a u s e  d e v e l o p m e n t  may some 

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

g e o l o g i c  map ( P l a t e  I ) .  The r o c k  d e s c r i p t i o n s  a r e  f r o m  R o b e r t s  (1 964 )  

a n d  M c M a n n i s  ( 1 9 5 5 ) .  T h e  o l d e s t  u n i t  i n  t h e  s t u d y  a r e a  i s  t h e  

C r e t a c e o u s  T e l e g r a p h  C r e e k  F o r m a t i o n  ( K t c ) .  No w e l l s  a r e  d e v e l o p e d  i n  

t h i s  f o r m a t i o n  so  s p e c i f i c  d a t a  a r e  n o t  a v a i l a b l e .  H o w e v e p ,  t h e  

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

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

s a n d s t o n e s .  A b o v e  t h i s  u n i t  i s  t h e  E a g l e  S a n d s t o n e  (Kp)  w h i c h  i s



T a b l e  I .  W a te r  a v a i l a b i l i t y  an d  g e n e r a l  a q u i f e r  c h a r a c t e r i s t i c s

UNIT NAME AGE COMPOSITION SPECIFIC
CAPACITY

WATER-BEARING
CHARACTERISTICS

T e l e g r a p h  
C r e e k  Fm.

Upper
C r e t a c e o u s

s i l t s t o n e ,  t h i n -  
b e d d e d  s a n d s t o n e

unknown v a r i a b l e  f r om  
p o o r  t o  good

E a g l e
S a n d s t o n e

Upper
C r e t a c e o u s

s a n d s t o n e ,  some 
s i l t s t o n e  , some 
c o a l

unknown g e n e r a l l y  good

LIVINGSTON GROUP

C o k e d a l e
F o r m a t i o n

Upper
C r e t a c e o u s

s i l t s t o n e ,  some 
s a n d s t o n e ,  some 
c l a y s t o n e ,  some 
b e n t o n i t e ,  m i n o r  
c o a l ,  m i n o r  cong lo -r  
m e r a t e

unknown* v a r i a b l e  f rom  
p o o r  t o  good

M in e r
G reek
F o r m a t i o n

Upper
C r e t a c e o u s

s i l t s t o n e ,  s a n d s t o n e ,  
some b e n t o n i t e ,  l o w e r  

-m ass ive  s a n d s t o n e :  
S u l p h u r  F l a t s ,  San d­
s t o n e  Member

unknown* -good i n  S u l p h u r  
F l a t s  Member, 
v a r i a b l e  i n  
u p p e r  b e d s

B i l l m a n
G r e e k
F o r m a t i o n

Upper
C r e t a c e o u s

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

0 . 1 7  t o  
5 . 8 8

g e n e r a l l y  v e r y  
p o o r

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



T a b l e  I .  ( c o n t i n u e d )

UNIT NAME AGE COMPOSITION SPECIFIC
CAPACITY

WATER-BEARING
CHARACTERISTICS

H o p p e r s
F o r m a t i o n

Upper
C r e a t a c e o u s

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

unknown* g e n e r a l l y  good 
w h e r e  t h i c k n e s s  
i s  a d e q u a t e

F o r t  U n io n  
F o r m a t i o n

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

unknown v a r i a b l e ,  b u t  
g e n e r a l l y  good

T e r r a c e -
A l l u v i u m

Q u a t e r n a r y g r a v e l unknown* v e r y  p o o r

S t r e a m -
A l l u v i u m

Q u a t e r n a r y g r a v e l - 6 . 0 2  t o  
6 . 7 6

v e r y  good

C o l l u v i u m Q u a t e r n a r y m ix e d  c l a y ,  s a n d ,  
g r a v e l ,  b o u l d e r s

unknown* , v e r y  p o o r

L a n d s l i d e s Q u a t e r n a r y m ix e d  c l a y ,  s a n d ,  
b o u l d e r s ,  r o c k  
m a s s e s

2 . 1 9 v a r i a b l e  p o o r  
t o  g o o d  i n  
s p r i n g s  and ponds

^ I n d i c a t e s  t h a t  no w e l l s  w e r e  c o m p l e t e d  i n  t h e s e  u n i t s  a l t h o u g h  some w e r e  b e g u n  i n  - t h e s e .  
O t h e r  unknown s p e c i f i c  c a p a c i t i e s  i n d i c a t e  no known w e l l s  - c o m p le te d  i n  t h e s e  u n i t s .
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composed o f  i n t e r b e d d e d  s a n d s t o n e  a n d  s i l t s t o n e  and  s h o u l d  be  a good 

s o u r c e  o f  w a t e r  w h e r e  t h e  s a n d s t o n e s  a r e  t h i c k e s t .  T h e r e  i s  no  d a t a  

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

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

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

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

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

w i t h i n  t h e  r o c k  u n i t s .  R o b e r t s  ( 1 9 7 2 , p.  C36) d e s c r i b e s  t h e  f o r m a t i o n s  

o f  t h e  L i v i n g s t o n  Group a s  a  " t h i c k  a l t e r n a t i n g  s e r i e s  o f  c o a r s e -  and 

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

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

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

l e v e l . "  T h e  B i l l m a n  C r e e k  F o r m a t i o n  ( K b c )  i s  ^ h e  m o s t  w i d e l y  

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

s e t t i n g  i s  i l l u s t r a t e d  d i a g r a m m a t i c a l  I y  i n  F i g u r e  2 w h i c h  shows r a p i d  

l a t e r a l  v a r i a t i o n s  i n  t h e  r o c k s  fo r m e d  i p  s u c h  an  e n v i r o n m e n t .  N o t i c e  

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

s c a t t e r e d  and i f  m i s s e d  by a w e l l ,  t h i c k  s e q u e n c e s  o f  s h a l e s  w i l l  be  

e n c o u n t e r e d .  S h a l e  t h i c k n e s s  ca n  r e a c h  n e a r l y  2 ,5 0 0  f p q t  i f  a  d r i l l  

s i t e  i s  c h o s e n  w h i c h  e n c o u n t e r s  no s a n d  l e n s e s .  A l t h p u g h  w a t e r  c a n  

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

C r e e k  F o r m a t i o n ,  i t  c a n n o t  m o v e  w e l l  t h r o u g h  a  t i g h t l y  c o m p a c t e d ,  

f i n e - g r a i n e d  s i l t  o r  c l a y  b e t w e e n  t h e  l e n s e s .  W h e r e  t h e r e  a r e  fe w  

p o r e  s p a c e s  i n  t h e  f i n e - g r a i n e d  r o c k ,  t h e r e  c a n n o t  be  much r e t r i e v a b l e  

w a t e r  s t o r e d .  A l s o ,  w h e n  p o r e  s p a c e s  a r e  n o t  w e l l  c o n n e c t e d  w a t e r  

c a n n o t  move t h r o u g h  t h e  r o c k .  As a  r e s u l t ,  s a n d s t o n e  l e n s e s  fo u n d  a t

)
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H O P P E R S  FM.

COULUlV^nMd s V deTERRACE
GRAVEL

CREEK
S TREAM GR A VEl J ^  

rA I y<s O Zzr-

BTLX MAN C REE K F O R M A T ION

F i g u r e  2 .  S c h e m a t i c  d i a g r a m  o f  t h e  s t u d y  a r e a  s h o w i n g  t h i c k  
C r e t a c e o u s - a g e  Bi  I I m a n  C r e e k  F o r m a t i o n  d o m i n a t e d  b y  
f l o o d p l a i n  d e p o s i t s  o v e r l a i n  by Q u a t e r n a r y  a g e  s e d i m e n t s .
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d e p t h  may n o t  b e  r e c h a r g e d  b e c a u s e  t h e  s a n d s  a r e  i s o l a t e d  f r o m  

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

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

B e low  t h e  B i l l m a n  C r e e k  F o r m a t i o n  a r e  t h e  C o k e d a l e  F o r m a t i o n  (Kc) 

and t h e  M i n e r  C r e e k  F o r m a t i o n  (Km) ( T a b l e  I ) .  The ^ o k e d a l e  F o r m a t i o n  

v a r i e s  f r o m  s i l t s t o n e  an d  c l a y s t o n e ,  w h i c h  s h o u l d  be  p o o r  a q u i f e r s ,  t o  

s a n d s t o n e  w h i c h  s h o u l d  be  b e t t e r .  No w e l l s  a r e  a v a i l a b l e  i n  t h i s  a r e a  

t o  t e s t  t h i s  h y p o t h e s i s .  S i m i l a r l y  t h e  M i n e r  C r e e k  F o r m a t i o n  i s  mpch 

l i k e  t h e  C o k e d a l e  F o r m a t i o n  e x c e p t  f o r  t h e  S u l p h u r  F l a t s  Member (Kms) 

w h i c h  i s  a  p o r o u s  s a n d s t o n e  a n d  s h o u l d  y i q l c j i  w a t e r .  B o t h  o f  t h e s e  

l o w e r  f o r m a t i o n s  o f  t h e  L i v i n g s t o n  G ro up  %ack d a t a  f o r  m ore  c o m p l e t e  

d e s c r i p t i o n s .

A bove  t h e  h i g h l y  v a r i a b l e  B i l l m a n  G r e e k  f o r m a t i o n  i s  t h e  H o p p e r s  

F o r m a t i o n  ( F i g u r e  2).  T h i s  r o c k  u n i t  s h o u l d  y i e l d  much wa%er b e c a u s e  

i t  i s  m ad e  up  o f  s a n d s t o n e s  ar id c o n g l o m e r a t e s  wh i , ch  w o u l d  h o l d  a n d  

t r a n s m i t  w a t e r .  The i n t e r m i t t e n t  c l a y s t o n e s  and s i l t s t o n e s  n o t  shown 

i n  F i g u r e  2 s h o u l d  b e  t h e  o n l y  p o o r  w a t e r < - b q a r i n g  z o n e s  w i t h i n  t h e  

f o r m a t i o n .  T h e  e x p e c t e d  w a t e r - b e a r i n g  n a t u r e  o f  t h i s  r o c k  b a s e d  o n  

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

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

a b s o r b s  w a t e r  p o u r e d  o n t o  i t .  The c o n t r a d i c t i o n  b e t w e e n  t h e  e x p e c t e d  

and o b s e r v e d  n a t u r e s  o f  t h e  f o r m a t i o n  i s  p a r a d o x i c a l .  S p e c i f i c  d r i l l  

d a t a  r e l a t i n g  t o  t h i s  p a r a d o x  i s  d i s c u s s e d  l a t q r  ji-ri t h e  t e x t .

The n e x t  f o r m a t i o n  a b o v e  t h e  L i v i n g s t o n  Group i q  t h e  F o r t  Union  

F o r m a t i o n  (TK F).  N o w e l l s  i r i  t h e  s t u d y  a r e a  a r e  c o m p l e t e d  i n  t h i s
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r o c k  u n i t .  H o w e v e r ,  t h e  c o n g l o m e r a t e s  an d  s a n d s t o n e s  o f  t h e  f o r m a t i o n  

s h o u l d  be  go od  w a t e r - b e a r i n g  u n i t s .

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

Some q u a t e r n a r y  d e p o s i t s  a r e  a l s o  a q u i f e r s .  Q u a t e r n a r y  d e p o s i t s  i n  

t h e  s t u d y  a r e a  a r e  e i t h e r  t e r r a c e - a l l u v i u m ,  Sfereamnra I  I u v  iu m ,  

c o l l u v i u m ,  o r  l a n d s l i d e s  ( T a b l e  I ) .  T h e s e  u n i t s  a r e  s h o w n  qn t h e  

g e o m o r p h i c  map ( P l a t e  2 ) .  T h e s e  d e p o s i t s  a r e  d i f f e r e n t i a t e d  on  t h e  

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

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

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

d e p o s i t s  o f  w e l l - r o u n d e d  g r a v e l  c l a s t s .  Thq s t r e a m - a l l u v i u i p  I1S f o u n d  

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

i s  f o u n d  on  g e n t l y - d i p p i n g  s l o p e s  a b o v e  t h e  p r e s e n t  s t r e a m  l e v e l .  As 

d e s c r i b e d  i n  T a b l e  I ,  t h e s e  g r a v e l  d e p o s i t s  p h o u l ^  foe g o o d  w a t e r ­

b e a r i n g  u n i t s ,  b u t  t h i c k n e s s  c o n t r o l s  t h e  e x t e n t  t o  w h i c h  t h i s  i s  

t r u e .  N o t i c e  i n  F i g u r e  2 t h a t  w h e r e  t h e  s t r e a m - a l l u v i u m  IrS t h i n  ( 1 0 -  

20 f e e t )  w a t e r  q u a n t i t i e s  may n o t  b e  a d e q u a t e  f o r  d o m e s t i c  s u p p l i e s .  

The same i s  t r u e  f o r  t e r r a c e - a l l u v i u m  w h i c h  i s  t h i n  apd w e l l - d r a i n e d .  

W h e r e  s t r e a m - a l l u v i u m  i s  t h i c k e r  ( 2 0  t o  60 f e e t )  w a t e r  q u a n t i t i e s  

s h o u l d  be s u f f i c i e n t  f o r  d o m e s t i c  s u p p l i e s .

T o p o g r a p h i c a l l y  a b o v e  t h e  s t r e a m - a l l u v i u m  and on s l o p e s  g r a d i n g  

i n t o  t h e  s t r e a m - a l l u v i u m  i s ,  t h e  c o l l u v i u m .  T h i s  m a t e r i a l  o c c u r s  on 

s t e e p  s l o p e s  a n d  i n  f a n - s h a p e d  d e p o s i t s  a t  t h e  m o u t h s  o f  g u l l i e s .  

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

a n g u l a r  m a t e r i a l  w h i c h  i s  p o o r l y - s o r t e d *  S t r e a m  d e v e l o p m e n t  o n
Ii

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

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

f e e t  t h i c k  i t  c o u l d  y i e l d  o n l y  m i n o r  w a t e r  q u a n t i t i e s  i f  an y .  I t  i s  

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

L a n d s l i d e s  a r e  l i m i t e d  t o  t h e  s l o p q s  o f  G r e e n  M q p n t a i n .  T h e  

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

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

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

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

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

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

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

t h e  l a n d s l i d e  mass  a l o n g  t h e  s u r f a c e  o f  movem en t .  T h e s e  s p r i n g s  can  

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

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

S t r u c t u r a l  S e t t i n g

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

c o n t r o l s  t h e  l o c a t i o n s  an d  o r i e n t a t i o n s  o f  t h e  r o c k s  i n  wh;Lch w a te *  i s  

f o u n d .  The B r i d g e t  Range i s  a t  t h e  e a s t  m a r g i n  o f  t h e  d i s t u r b e d  B e l t  

( W o o d w a r d ,  1 9 8 1 ) .  T h i s  m a r g i n  i s  a  t r a n s i t i o n a l  z o n e  w h e r e  t h r u s t  

f a u l t s  and  f o l d s  m e r g e  w i t h  b a s i n s  and  u p l i f t s  o f  t h e  Rock y  M p u n t a i n  

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

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

f a u l t s ,  b o t h  t h r u s t  f a u l t s  and  n o r m a l  f a u l t s .  The o l d e r  t h r u s t  f a u l t s  

i n  t h e  v a l l e y  a r e  c u r r e n t l y  i n a c t i v e  a n d  a r e  u n l i k e l y  t o  b e
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r e a c t i v a t e d .  H o w e v e r ,  t h e y  may b e  a r e a s  i n  w h i c h  r o c k s  a r e  h i g h l y  

b r o k e n - u p  an d  e i t h e r  e n h a n c e  w a t e r  s t o r a g e  and  movement  b e c a u s e  t h e y  

a r e  c o a r s e  and  f r a c t u r e d  o r  i n h i b i t  w a t e r  movement  an d  s t p r e  l i t t l e  

w a t e r  b e c a u s e  f a u l t  movement  b r o k e  up m a t e r i a l  t o  a f i n e  powder  w h i c h  

f i l l s  p o r e s  a n d  f r a c t u r e s .  T he  t h r u s t  f a u l t s  a r ^  n o t  s e e n  a t  t h e  

s u r f a c e  and no w e l l s  a r e  known t o  i n t e r s e c t  them so no c o n c l u s i o n s  c a n  

b e  drawn a b o u t  t h e i r  w a t e r  a v a i l a b i l i t y .  Younge r  n o r m a l  f a u l t s  i n  t h e  

B r i d g e r  Range may b e  r e a c t i v a t e d ,  b u t  i n  g e n e r a l  a r e  o u t s i d e  t h e  s t u d y  

a r e a .  F o l d  g e o m e t r y  i s  a l s o  i m p o r t a n t  t o  w a t e r  a v a i l a b i l i t y  

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

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

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

s t i l l  p r e d i c t a b l e .

F i g u r e  3 s h o w s  t h e  o v e r a l l  s t r u c t u r a l  s e t t i n g  0 Jf p h e  B r i d g e r  

Range.  D e f o r m a t i o n a l  i n t e n s i t y  d e c r e a s e s  e a s t w a r d .  As pne p r o c e e d s  

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

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

The s t u d y  a r e a  i s  l o c a t e d  a t  t h e  t r a n s i t i o n a l  zone an d  i n c l u d e s  b o t h  

o v e r t u r n e d  f o l d s  an d  t h e  more  u p r i g h t  an d  o p e n  o n e s .  N o t i c e  i n  F i g u r e  

3 t h a t  i n  t h e  s o u t h e a s t  c o r n e r  o f  t h e  map t h e r e  a r e  f e w e r  f a u l t s  a n d  

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

e a s t  o f  c e n t e r  a r e  l e s s  commonly o v e r t u r n e d .  lJThe more  o p e n  f o l d s  w i l l  

a l l o w  g r o u n d w a t e r  movement  t o  be  l e s s  o b s t r u c t e d  by s t r u c t u r e s .

T h e  c r o s s - s e c t i o n s  o n  P l a t e  I  i l l u s t r a t e  t h i s  c h a n g i n g  

o r i e n t a t i o n  o f  s t r u c t u r e s .  E a s t - w e s t  c r o s s - s e c t i o n  A - A 1 i s  l o c a t e d  

n e a r  t h e  c e n t e r  o f  t h e  s t u d y  a r e a .  T h i s  c r o s p - s e c t i o n  shows s t e e p l y

12
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F i g u r e  3 .  G e n e r a l  s t r u c t u r a l  s e t t i n g  o f  t h e  B r i d g e r  R a n g e .  ( A f t e r  
Woodward,  1 9 8 1 . )
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o r i e n t e d  r o c k  u n i t s  i n  a n  o v e r t u r n e d  I i rInb o f  a n  a n t i c ^ l j L n e  b e c o m i n g  

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

o f f s e t  by  a  t h r u s t  f a u l t .  T he  t h r u s t  f a u l t  h a g  r a i s e d  o l d e r  

C r e t a c e o u s  r o c k s  a b o v e  y o u n g e r  C r e t a c e o u s  r o c k s .  T h i s  c r o s s - s e c t i o n  

shows t h e  t h i c k  B i l l m a n  C r e e k  F o r m a t i o n  (Kbp) o f  the- L i v i n g s t o n  Group 

g e n t l y  f o l d e d .  R e s t i n g  a b o v e  t h e  B i  I I m p n  C r e e k  F o r m a t i o n  i s  t h e  

H o p p e r s  F o r m a t i o n  (Kh) , w h i c h  i s  a  p o t e n t i a l  a q u i f e r .

C r o s s - s e c t i o n  B-B'  c r o s s e s  t h e  s t u d y  a r e a  f r o m  t h e  s o u t h w e s t  t o  

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

B i I  Iman C r e e k  an d  H o p p e r s  F o r m a t i o n s .  B e c a u s e  t h o s e  u n i t s  a r e  o n l y  

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

t h e y  w e r e  h o r i z o n t a l .  Th e a b s e n c e  o f  o v e r t u r n e d  f o l d s  p r e v e n t s  

r e p e t i t i o n  o f  r o c k  u n i t s  o r  s t r u c t u r a l  Z p n e e  WbirPb m ^ g h t  r e s t r i c t  

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

zone  r e s t r i c t i o n s  o r  c o n d u i t s  f o r  f l o w .

T h e  g e o l o g i c  map ( P l a t e  I )  d i f f e r s  f ? o m  R1O b e r t p  ( 1 9 6 4 )  i n  a  f e w  

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

s h o w n  o n  t h e  g e o m o r p h i c  map ( P l a t e  2 ) .  M o re  s t r i k e s  a n d  d i p s  a r e  

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

c h a n g e s  o c c u r .  An e x a m p l e  o f  t h i s  c l a r i f i c a t i o n  i s  s e e n  on t h e  w e s t  

s i d e  o f  t h e  v a l l e y  i n  s e c t i o n s  24 an d  25 w h e r e  r a p i d  c h a n g e s  i n  d i p  o f  

t h e  b e d s  s u g g e s t  a  f a u l t  may be  p r e s e n t .  R e c e n t  u p p u b l f s h e d  s e i s m i c  

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

K e l l y ,  1 9 8 4 ) .  I n  s e c t i o n  20 a l o n g  J a c k s o n  C r e e k  Ropd  a f a u l t  i s  

p r e s e n t  i n  a  r o a d  c u t  i n  t h e  B i l l m a n  C r e e k  F o r m a t i o n .
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METHODS 

F i e l d  M eth o d s

D o m e s t i c  a n d  s t o c k  w e l l s  w e r e  i n v e n t o r i e d  t o  d e t e r m i n e , t h e  

h y d r o g e o l o g i c  p r o p e r t i e s  o f  t h e  B r i d g e r  Canyon a q u i f e r s .  P l a t e  3 shows 

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

a r e  a b a n d o n e d  o n l y  t h e i r  d e p t h s  a r e  r e c o r d e d .  One w e l l  was  d r i l l e d  t o  

b e  s u r e  w a t e r  was a v a i l a b l e  on t h e  p r o p e r t y ,  b p t  h a s  n e v e r  b eq n  u s e d ,  

a n d  i s  i n c l u d e d  i n  t h e  a b a n d o n e d  w e l l  l i s t .  A p p e n d ix  A e x p l a i n s  f i e l d  

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

p e r t i n e n t  d a t a  i n c l u d e  w e l l - l o g s  (A p p e n d ! ,  % y n f e r ^ ^ q v e l  s ,  a n d  

s p e c i f i c  c a p a c i t y .  S p e c i f i c  c a p a c i t y  i s  a  q a ^ c u l a t e d  v a l i n e  o b t a i n e d  

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

f e e t  w a t e r  l e v e l  i s  drawndown w i t h  pumping .  The v a l u e  i s  i m p o r t a n t  

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

a q u i f e r .  F o r  e x a m p l e ,  a  h i g h  f l o w  r a t e  w i f h  l i t t l e  d r a w d o w n  ( h i g h  

s p e c i f i c  c a p a c i t y )  i n d i c a t e s  f a s t  f l o w  ;Lntp t h p  wq 1 1  a n d  a  g o o d  

a q u i f e r .  A g o o d  d o m e s t i c  w e l l  w i t h  a  s p e c i f i c  c a p a c i t y  o f  10 w o u l d  

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

o n c e .  V a l u e s  s m a l l e r  t h a n  5 i n d i c a t e  t ha t ;  f e w e r  a p p l i a n c e s  s h o u l d  be 

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

r e f l e c t  t r a n s m i s s i b i l i t i e s  ( W a l t o n ,  1 9 70) .

I n  a d d i t i o n  t o  w e l l  m e a s u r e m e n t s ,  s p r i n g s  a n d  p o n d s  w e r e  

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

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

d i r e c t  s u p p l i e s  f o r  w a t e r i n g  s t o c k .  S p r i n g s  and p o n d s  w e r e  l p c a t e d ,  

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

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

w h i c h  r e f l e c t s  t h e  amount  o f  d i s s o l v e d  sol jLds  i n  t h e  w a b e r .  A p p e n d ix  

B e x p l a i n s  f i e l d  m e t h o d s  u s e d  i n  s p r i n g  and pond m e a s u r e m e n t s  i n  more  

d e t a i l .

One o t h e r  w a t e r  s o u r c e  i n  t h e  s t u d y  a r e a  i s  s t r e a m s .  S t r e a m s  

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

a n d  n o t  r u n o f f .  A l t h o u g h  no k n o w n  c a s e s  o f  d o m e s t i c  ^ a t e r  s u p p l i e s  

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

f r o m  s m a l l e r  t r i b u t a r i e s  i n  t h e  v a l l e y .  Whe^e p p ^ s j l b l e ,  s t r e a m  

d i s c h a r g e  a n d  s p e c i f i c  c o n d u c t a n c e  w e r e  t n e a s u p ^ d .  A p p e n d i x  C 

d e s c r i b e s  f i e l d  m e t h o d s  em ployed  i n  s t r e a m  measurement ;  i n  more  d e t a i l .

S i t e  N u m ber in g  S y s t e m

The s y s t e m  f o r  n u m b e r i n g  w e l  I s ,  s p r i n g s ,  p o n d s , an d  s t r e a m  s i t e s  

i s  s h o w n  i n  F i g u r e  4 .  T h e s e  s i t e s  a r e  n u m b e r e d  a c c o r d i n g  t o  

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

U.S. B u r e a u  o f  Land Management .  A l  I  l o c a t i o n  nu m b ers  c o n s i s t  o f  t e n  

o r  e l e v e n  c h a r a c t e r s .  An e x a m p l e  l o c a t i o n  number  i s  2{37E06ABCD. The 

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

t o  t h e  M o n tan a  Base  L i n e .  I n  t h e  e x a m p l e  t h e  2S i n d ^ c a t g s  To wnsh ip  2 

S o u t h .  T h e  n e x t  tw o  c h a r a c t e r s  i n d i c a t e  t h e  r a n ^ g  a n d  i t s  p o s i t i o n  

r e l a t i v e  t o  t h e  M o n t a n a  P r i n c i p a l  M e r i d i a n .  I n  t h e  e x a m p l e ,  7E
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F i g u r e  4 .  SE 1 / 4  (D) o f  SE 1 / 4  (D) o f  SE 1 / 4  (D) o f  SW 1 / 4  (C)  o f  SEC 
20 ,  T 2 5 ,  R 7 E.  ( A f t e r  W i l k e ,  1 9 8 3 . )
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i n d i c a t e s  Range 7 E a s t .  The n e x t  two c h a r a c t e r s  i n d i c a t e  t h e  s e c t i o n  

w i t h i n  t h e  t o w n s h i p  a n d  r a n g e  i n d i c a t e d .  T he  c h a r a c t e r s  06 i n  t h e  

e x a m p l e  a r e  f o r  S e c t i o n  6 .  T h e  l a s t  f o u r  c h a r a c t e r s  d e s i g n a t e  t h e  

q u a r t e r  s e c t i o n ,  t h e  q u a r t e r - q u a r t e r  s e c t i o n ,  t h e  q u ^ r t e r - q u a r t e r -  

q u a r t e r  s e c t i o n ,  a n d  t h e  q u a r t e r - q u a r t e r T q p a r t e r v q p a r f e r  s e c t i o n .  

S e c t i o n  s u b d i v i s i o n s  a r e  l a b e l l e d  A,B,C,  o r  D i n  a  c o u n t e r - c l o c k w i s e  

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

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

i r r e g u l a r i t i e s  a r e  i n d i c a t e d  b y  a n  a s t e r i s k  ( * )  a t  t h e  e n d  o f  t h e  

l o c a t i o n  nu mber .  The c o n v e n t i o n  u s e d  f o r  Iocq t jL on  w i t h i n  one  o f  t h e s e  

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

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

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

M eth o d s  o f  C h e m i c a l  A n a l y s i s

W a t e r  q u a l i t y  may r e s t r i c t  d e v e l o p m e n t  o f  w a t e f  s u p p l i e s .  W a te r  

s a m p l e s  w e r e  c o l l e c t e d  f r o m  f o u r t e e n  s i t q s  fox  t fye p u r p o s e  o f  

d e t e r m i n i n g  o v e r a l l  g r o u n d w a t e r  q u a l i t y  an d  i d e n t i f y i n g  pny p o s s i b l e  

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

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

l i t h o l o g i c  u n i t s .  ,Ten s i t e s  a r e  w e l l s ,  two a r q  p p f i n g s ,  an d  two a r e  

s t r e a m s  ( P l a t e  3 ) .  T h e  m e t h o d  f o r  c o l l e c t i n g  w a f e r  s a m p l e s  i s  

d e s c r i b e d  i n  A p p e n d i x  D. W a t e r  s a m p l e s  w e r e  a n a l y z e d  b y  t j i e  W a t e r  

A n a l y t i c  Lab a t  t h e  M o n tan a  B u r e a u  o f .  M i n e s  and G e o l o g y  u s i n g  s t a n d a r d  

t e c h n i q u e s  ( T a b l e  2 ) .  T e m p e r a t u r e ,  pH,  a n d  s p e c i f i c  c o n d u c t a n c e  

m e a s u r e m e n t s  w e r e  a l s o  t a k e n  i n  t h e  f i e l d  ( A p p e n d i x  D) .  R e s u l t s  o f



T a b l e  2 .  M e t h o d  o f  l a b o r a t o r y  a n a l y s i s .  A n a l y s e s  p e r f o r m e d  b y  t h e  M o n t a n a  B u r e a u  o f  M i n e s  a n d  
G e o l o g y .  I n f o r m a t i o n  o n  a n a l y t i c a l  m e t h o d s  i s  f r o m  F r a n k  A b e r c r o m b i e ,  d i r e c t o r  o f  
a n a l y t i c a l  l a b o r a t o r y .

CONSTITUENTS METHOD .

C a l c i u m
Magnesium
Sodium
P o t a s s i u m
I r o n
Manga nese
S i l i c a
Aluminum
S i l v e r

B oro n
Cadmium
Chromium
Copper
L i t h i u m
Molybdenum
N i c k e l
Lead
S t r o n t i u m

T i t a n i u m
Vanadium
Z i n c
Z i r c o n i u m

I n d u c t i o n - C o u p l e d  A rg o n  P l a s m a ,  
A to m ic  E m i s s i o n

B i c a r b o n a t e
C a r b o n a t e

P o t e n t i o m e t r i c  T i t r a t i o n

C h l o r i d e
S u l f a t e

N i t r a t e
F l u o r i d e

A n io n  C h r o m a t o g r a p h y  
( D i o n e x )

Lab C o n d u c t i v i t y W h e a t s t o n e  B r i d g e  C o n d u c t i v i t y  
M e t e r -

Lab pH G l a s s  pH e l e c t r o d e - p H  m e t e r

C a l c u l a t e d  D i s s o l v e d  S o l i d s  Computed f r o m  c a t i o n s  and a n i o n s
Sum o f  D i s s o l v e d  S o l i d s  
T o t a l  A l k a l i n i t y
T o t a l  H a r d n e s s  
Sod ium A d s o r p t i o n  R a t i o  
P i p e r  P l o t  P e r c e n t a g e s



t h e  a n a l y s e s  a r e  com par ed  t o  t h e  U.S. E n v i r o n m e n t a l  P r o t e c t i o n  Agency 

P r i m a r y  an d  S e c o n d a r y  d r i n k i n g  w a t e r  s t a n d a r d s  e s t a b l i s h e d  i n  1977 and 

1979 r e s p e c t i v e l y .

20
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RESULTS AND DISCUSSION

W a t e r  A v a i l a b i l i t y

R e s u l t s

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

w e r e  c o l l e c t e d  and  e v a l u a t e d .  D i f f i c u l t i e s  w e r e  s n p o u n t ^ r e d  d u r i n g  

some s p e c i f i c  c a p a c i t y  t e s t s  w h i c h  m a d e  t b e  d a t a  d i f f i c u l t  t o  

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

c a p a c i t i e s  v a l u e s  s h o u l d  b e  c o n s i d e r e d  a p p r o % i q i a C 9« A p p e n d i x  F 

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

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

w i t h  p u m p i n g  a n d  a f t e r  p u m p i n g  c e a s e d .  SaiRp^e g ^ a p b f  A^e s how n  i n  

F i g u r e  5 .  N o t i c e  t h a t  i n  t h e  u p p e r  g r a p h  f h q  w a f e r  l e v e l  f e l l  w i t h  

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

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

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

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

d r a i n  a s  l o n g  a s  w a t e r  i s  b e i n g  d i s c h a r g e d .  ThR| u n e x p e c t e d  r e c o v e r y  

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

d r a i n i n g  o f  t h e  a q u i f e r  b e g a n .  T h e s e  f r a c t u r e s  w q r ^  f o r m e d  a t  t h e  

t i m e  o f  d r i l l i n g  an d  may a l l o w  w a t e r  t o  r u q  t h r o u g h  th em  i p t p  t h e  w e l l  

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

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

m e a s u r i n g  h o u s e h o l d  w a t e r  s u p p l i e s  b e c a u s e  hpmqowners  w a n t  t q  be  f r e e
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D r a w d o w n  I n  F e e t  B e l o w  
S t a t i c  W a t e r  L e v e l

- 4 • 8

-9-6

- 1 4 . 4

-I 9 2

-24.0

R e c o v e r y  T i meTi meP u mp  I n
I n  M i n u t e sI n  M i n u t e s

- 1 . 2

R e c o v e r y  Tl mP u m p i n g  T i me
I n  M i n u t e s

F i g u r e  5 .  Drawdown and r e c o v e r y  c u r v e s  sh o w in g  w a t e r  l e v e l  r e s p o n s e  
t o  p u m p i n g .
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t o  u s e  t h e i r  w a t e r  a t  w i l l .  W e l l  d r i l l e r s  t y p i c a l l y  p e r f o r m  s p e c i f i c  

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

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

i n f o r m a t i o n  o r  a r e  i n c o n s i s t e n t  i n  t h e i r  m e t h o d s .  S p e c i f i c  c a p a c i t y  

v a l u e s  a r e  r e p o r t e d  h e r e  b u t  m u s t  b e  r e c o g n i z e d  a s  a p p r o x i m a t e  ( T a b l e  

3 ) .

W e l l  y i e l d  i s  an  i m p o r t a n t  v a l u e  t o  know b e c a u s e  it; r e v e a l s  how 

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

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

9 g a l l o n s  p e r  m i n u t e  ( T a b l e  3 ) .  A y i e l d  o f  I t o  20 g a l l o n s  p e r  

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

h o m e o w n e r  t o  r u n  m o s t  w a t e r - c o n s u m i n g  a p p l i a n c e s  a t  o n e  t i m e .  F o r  

w e l l  y i e l d s  b e l o w  t h e  a v e r a g e  t h e  u s e  o f  app] ,  i , a n ^ ^ s  n^ay n e e d  t o  b e  

s p a c e d  t o  a l l o w  w a t e r  l e v e l s  t o  r i s e  i n  t h e  welJLs .

A l  I  w e l l  d a t a  w h i c h  p e r t a i n  t o  w a t e r  av a i ,  I a b i i i 1̂ y  a r e  fo u n d  i n  

T a b l e  3 f o r  w e l l s  i n  u s e  a n d  i n  T a b l e  4  f o r  a b a n d o n e d  w e l l s .  W e l l  

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

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

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

m e a s u r e d  w e l l s .

D i s c u s s i o n

T h e  B i l l m a n  C r e e k  F o r m a t i o n  i s  t h e  most; w i d e l y  u p e d  a q u i f e r  

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

t h e  v a l l e y .  M o s t  h o m e s  a r e  b u i l t  o n  i t  b e q a u s p  i t ;  i s  w h e r e  t h e  

g e n t l e s t  s l o p e s  a r e  l o c a t e d .  The f o r m a t i o n  i s  r e c o g n i s e d  i p  d r i l l e r s '



Table 3. Domestic wells measured and in use

LOCATION DATE ME A S U R E D WE L L  DEPTH GEOLOGIC SPECIFIC 
(m o n th /d a y /y e a r)  ( f e e t )  SOURCE CAPACITY**

(g p m /fe e t
drawdown)

1S6E25DABD*
1S6E35DBBC*
1S6C36ADBA*
1S6E36DCBB*
1S6E36DCDC*
1S7EI7AAAD*
1S7E17AACD*
IS7E17AACD*
1S7E17ADBA*
1S7E17ADBB*
1S7E17BDBD*
1S7E17BDDD*
1S7E17CACC*
1S7E17CBBD*
1S7E17CCBA*
1S7E17CCDA*
1S7E20BBCD*
1S7E20CABB*
1S7E21CBCB*
1S7E28ADBC*
1S7E29DCCA*
1S7-E30BAAA*

-1S7E30BADD*
1S7E30BCDA*
1S7E30CADD*
1S7E30CDAB*
1S7E30DAAA*

8 /2 6 /8 3 74 Qal 0 .4 6
8 /2 0 /8 3 88 Qal 5 .1 0
6 /2 3 /8 3 72 Kbc
1 /2 8 /8 4 48 Q al
8 /1 2 /8 3 69 Kbc 0 .3 6
8 /1 8 /8 3 107 Kbc1Qal 0 .4 3
8 /2 9 /8 3 54 Kbc1Qal 2 .8 9
8 /2 5 /8 3 200 Kbc 4 .5 5
8 /2 4 /8 3 65 Kbc 3 .8 8
8 /2 6 /8 3 153 Kbc 0 .5 7
8 /2 0 /8 3 90 Kbc1Q al 0 .8 5
8 /1 8 /8 3 81 Kbc1Q al 0 .3 5
6 /2 5 /8 3 48 Kbc1Q al
8 /2 4 /8 3 120 Kbc 4 .1 7
8 /2 4 /8 3 85 Kbc 1 .2 7
6 /2 5 /8 3 40 K bc1Qal 6 .7 6
8 /1 8 /8 3 39 Kbc1Qal 3 .5 7
8 /2 9 /8 3 55 Kbc1Q al 5 .8 8
8 /1 6 /8 3 200 Kbc1Kh 0-27
1 /2 8 /8 4 148 Kbc.,Qal 0-42
6725/83 -45 Q ls 2 .1 9
6 /2 4 /8 3

"6/24/83
68
65

K bc1Km
-Kbc

1 0 /8 /8 3 125 Kbc
8/24783 . 71 Qal O.’SX)
8 /1 6 /8 3 52 Qal 0-86
8 /2 4 /8 3 -65 Kbc1-Qal , 0745***

ELEVATION 
( f e e t  above 

s ea  l e v e l )

swl- ( f e e t  y ie l d
BELOW gpm

SURFACE)

5270 7 10
5040 42 8
5170 8 8
5040 7
5160 11 8
5540 29 5
5410 31 6
5440 25 5
5420 32 7
5430 31 7
5360 13 9
5270 9 5
5330 11 8
5380 82 5
5320 40 21
5260 3 8
5220 4 5
5300 21 5
5530 108 13
5640 25 12
5500 18 8
5240 55 8
5220 8
5260 53
5180 6 ' 10
5190 9 5
5190 ■8 10



Table 3. (continued)

LOCATION DATE MEASURED WELL DEPTH GEOLOGIC SPECIFIC 
(m onth / d a y /y e a r ) ( f e e t )  SOURCE CAPACITY** ***

(g p m /fe e t
drawdown)

ELEVATION 
( f e e t  above 

sea  l e v e l )

SWL-(FEET YIELD 
BELOW gpm

SURFACE)

1S7E30DDCB* 8 /1 9 /8 3 49 K bcj Q al - 6 .0 2 5160 34 8
1S7E31CADA* 8 /1 2 /8 3 290 K bci Kh 0 .7 0 5275 96 10
1S7E31CDBA* 8 /2 3 /8 3  . 142 K bcj Kh —— 5210 53 4
1S7E31CDCC* 8 /1 1 /8 3 250 Kbcj Kh 0 .2 8 5150 64 7
1S7E31DBAC* 8 /1 2 /8 3 135 Kbc1Kh 0 .8 5 5360 78 15
IS7E31DCBC* 6 /2 4 /8 3 HO K bc1Kh — 53 20 54
1S7E31DDCD* 8 /1 2 /8 3 179 K bc1Kh 0 .1 0 5600 100 7
1S7E33AABA* 8 /1 6 /8 3 72 Kbc 1 .6 2 5720 27 9
1S7E33AACB* 8 /1 6 /8 3 180 Kbc 0 .46 5780 40 7
1S7E33CAAB* 8 /1 9 /8 3 265 K bc1Kh 0 .1 5 6150 84 13
1S7E33CDAD* 8 /1 9 /8 3 41 Kbc 1 .9 8 6250 23 5
IS7E34BBBD* 1 1 /4 /8 3 80 Kbc1Kh 0.21 5700 11 10
1S7E34BBBD* 8 /1 9 /8 3 82 K bc1Kh 1.41 5720 58 8
2S6E01ABBB 6 /2 7 /8 3 X 122 Kbc — 5130 40 12
2S7E06AADC 8 /1 0 /8 3 488 Kbc1Kh —— 6170 298 -
2S7E06ABDA 8 /1 0 /8 3 250 Kbc1Kh 7 .5 0 5500 ■ 68 4
2S7E06ACDB 8 /1 3 /8 3 196 Kbc1Kh 0 .2 2 5580 120 20
2S7E063BAB 8 /1 2 /8 3 74 Kbc 0 .1 7 5210 26 10
'2S7E06BCAD 8 /2 1 /8 3 97 Kbc1Qal 0 .6 8  ' 5270 42 7
3S7E06BCBC 6 /2 7 /8 3 299 Kbc 0 .1 9 5320 158 5
2S7i06CCDC 8 /1 5 /8 3 80 Kbc 1 .1 8 5320 27 12
2S7E06CDAB 8 /3 0 /8 3 -490 Kbc 0 .2 0 -5400 139 10
2S7E12CCBD 8/09783 400 Kbc1Kh — 5100 47 10

A verage 134 1 .4 8 -48 9
^StandarH D ev ia ­

t i o n  " (o n ~ y 1 08 •2.35 " 51 4

hO
Ln

=*means a re a  o f  s e c t io n  'i s  n o t e q u a l to  one s q u a re  m ile
**means - s p e c i f ic  c a p a c i ty  c a l c u la te d - f r o m  maximum drawdown
* * * in d ic a te s  w e l l s  w hich  d id  n o t drawdown w ith  pumping when n e g a t iv e
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T a b l e  4 .  D o m e s t i c  w e l l s  a b a n d o n e d

LOCATION DATE MEASURED 
( m o n t h / d a y / y e a r )

WELL DEPTH 
( f e e t )

1S7E1&CCBA* 8 / 2 4 / 8 3 72
1S7E20ADBB* 6 / 2 3 / 8 3 46
1S7E30DDDB* 8 / 3 1 / 8 3 210
1S7E30DDDB* 8 / 1 9 / 8 3 162
1S7E06BCBC 8 / 2 1 / 8 3 230
1S7E12CEEB$ 8 / 0 9 / 8 3 133

*means  a r e a  o f  s e c t i o n  i s  n o t  e q u a l  t o  o n e  s q u a r e  m i l e  
$ w e l l  n e v e r  d e v e l o p e d  f o r  u s e

w e l l - l o g s  by t h e  v a r y i n g  g r e e n ,  g r a y ,  r e d ,  and p u r p l e  s h a l e s .  I n  t h e  

B i l l m a n  C r e e k  F o r m a t i o n ,  w h i c h  r e a c h e s  2500 f e e t  i n  t h i c k n e s s ,  w e l l s  

r a n g e  i n  d e p t h  f r o m  55 t o  4 9 0  f e e t .  S p e c i f i c  c a p a c i t i e s  r a n g e  f r o m  

0.17 t o  5 .88 g a l l o n s  p e r  m i n u t e  p e r  f o o t  drawdown and  s u g g e s t  v e r y  low 

t r a n s m i s s i b i l i t i e s  ( W a l t o n ,  1 9 70) .  The mean s p e c i f i p  c a p a c i t y  f o r  a l l  

w e l l s  m e a s u r e d  i s  1 .4 8  g pm /f o o t  drawdown w i t h  a  s t a n d a r d  d e v i a t i o n  o f  

2 .35 gpm /f o o t  drawdown.  The B i l l m a n  C r e e k  mean v a l u e  i s  1.42 g p m / f o o t  

drawdown w i t h  a  s t a n d a r d  d e v i a t i o n  o f  2 .42 g pm /f o o t  drawdown.  E i g h t y -  

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

F o r m a t i o n .

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

a d e q u a t e  w a t e r  s u p p l y  o r  t h e  i n f l u x  o f  " s a n d "  i n t o  t h e  w e l l .  Th e 

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

f o r m a t i o n  o r  l e s s  l i k e l y  f r o m  t h e  b r e a k d o w n  o f  s m a l l  s h a l e  c h i p s .  No 

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

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

S c r e e n s  w o u l d  a c t  a s  f i l t e r s  k e e p i n g  o u t  s a n d - s i z e d  p a r t i c l e s  a n d
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p a c k i n g  a r o u n d  t h e  w e l l  w o u l d  k e e p  w a t e r  f r om  r u n n i n g  down t h e  o u t s i d e  

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

T h e  w a t e r  a v a i l a b i l i t y  o f  a n  a q u i f e r  o r  t h e  l o c a t i o n  o f  w a t e r ­

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

l e v e l s  w i t h i n  t h e  B i l l m a n  C r e e k  F o r m a t i o n  a r e  l a r g e l y  c o n t r o l l e d  by 

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

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

u n p r e d i c t a b l e .  B e c a u s e  i n  l o c a l i z e d  a r e a s  t h e  w a t e r  l e v e l  f o l l o w s  

g e n e r a l  t r e n d s  o f  t o p o g r a p h y  t h e  w a t e r - b e a r i n g  z o n e s  a p p e a r  t o  be  

i n t e r - c o n n e c t e d .  I n  some l o c a t i o n s  a t  t h e  h i g h e s t  e l e v a t i o n s  i t  i s  

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

w e l l s  a t  1S7E33AABA* and  1S7E33AACB* a r e  b o t h  c o m p l e t e d  i n  t h e  B i l l m a n  

C r e e k  F o r m a t i o n ,  w e r e  m e a s u r e d  o n  t h e  sam e d a y , a n d  a r e  60 f e e t  

d i f f e r e n t  i n  e l e v a t i o n  ( T a b l e  3).  The w e l l  s t  t h e  h i g h e r  e l e v a t i o n  

(5780  f e e t )  i s  180 f e e t  d e e p  w i t h  s t a t i c  w a t e r  l e v e l  a t  40 f e e t ,  w h i l e  

t h e  w e l l  a t  t h e  l o w e r  e l e v a t i o n  (5 720  f e e t )  i s  o n l y  72 f e e t  d e e p  w i t h  

s t a t i c  w a t e r  l e v e l  a t  27 f e e t .  B e c a u s e  t h e  s h a l e s  and s a n d s  o f  t h i s  

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

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

l o c a t i o n  i s  n e a r l y  i m p o s s i b l e  b e c a u s e  no t r u e  w a t e r  t a b l e  e x i s t s .

The H o p p e r s  F o r m a t i o n  r e s t s  on  t o p  o f  t h e  B i l l m a n  C r e e k  F o r m a t i o n  

a n d ,  a s  s e e n  on w e l l - l o g s ,  w e l l s  b e g u n  i n  t h e  H o p p e r s  u s u a l l y  c r o s s  

t h e  c o n t a c t  w i t h  t h e  B i l l m a n  C r e e k  b e f o r e  s u f f i c i e n t ;  w a t e r  s u p p l i e s  

a r e  r e a c h e d .  The c o n t a c t  b e t w e e n  t h e  two f o r m a t i o n s  i s  c l e a r l y  s e e n  

on  d r i l l e r s '  w e l l - l o g s  by  t h e  a p p e a r a n c e  o f  t h e  r e d  o r  p u r p l e  s h a l e s  

o f  t h e  B i l l m a n  C r e e k  F o r m a t i o n .  W e l l s  b e g u n  i n  t h e  H o p p e r s  F o r m a t i o n
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a r e  u s u a l l y  c o m p l e t e d  i n  t h e  Bi  I  Iman Creek, F o r m a t i o n .  D e p th s  r a n g e  

f r o m  80 t o  488 f e e t .  The a v e r a g e  d e p t h  o f  s u ch  we I  I p  i s  220 f e e t  w i t h  

a  s t a n d a r d  d e v i a t i o n  o f  1 22 f e e t .  T h r o u g h o u t  t h e  s t u d y  a r e a  t h e  

t h i c k n e s s  o f  t h e  H o p p e r s  r a n g e s  f r o m  z e r o  t o  1500 f e e t  b a s e d  on c r o s s -  

s e c t i o n s  .

The w a t e r - b e a r i n g  p r o p e r t i e s  o f  t h e  H o p p e r s  F o r m a t i o n  s h o u l d  be  

g o o d  d u e  t o  t h e  h i g h  p o r o s i t y  o f  m o s t  o f  t h e  un jL t .  I f  e n o u g h  

t h i c k n e s s  o f  H o p p e r s  F o r m a t i o n  c o u l d  be  d r i l l e d  f o r  w a t e r ,  s u f f i c i e n t  

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

o r d e r  o f  300 f e e t  may b e  n e c e s s a r y  b a s e d  on known w e l l  d e p t h s  p a s s i n g  

t h r o u g h  t h e  H o p p e r s  F o r m a t i o n  t o  r e a c h  w a t e r .  An e s t i m a t e d  300 f e e t  

d r i l l i n g  d e p t h  t o  w a t e r  i s  v e r y  d e e p  f o r  a  u n i t  e x p e c t e d  t o  be  a good 

a q u i f e r .  As  d i s c u s s e d  e a r l i e r ,  t h i s  i s  a  p a r a d o x ; .  A t  t h e  s u r f a c e ,  

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

b e  t h e  c a s e .  E x a m i n a t i o n  o f  t h e  w e l l - l o g s  ( A p p e n d i x  E)  s h o w s  t h a t  

w a t e r  may b e  f o u n d  a t  s h a l l o w e r  d e p t h s ,  b u t  a t  f l o w s  o f  2 t o  3 gpm 

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

t h i c k n e s s  o f  t h i s  u n i t  may s t o r e  more  w a t e r .  H ow ever ,  i f  a t  d e p t h  t h e  

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

p r e v e n t  r e c h a r g e  o f  t h e  u n i t ,  t h e r e  may n o t  be  enough  w a t e r  a v a i l a b l e  

f o r  d o m e s t i c  u s e .

T h e  s l o p e s  o f  G r e e n  M o u n t a i n  c o n t a i n  many s p r i n g s  f l o w i n g  

d i r e c t  I y  f r o m  t h e  H o p p e r s  F o r m a t i o n .  T h i s  s p r i n g  w a t e r  i s  d r a i n i n g  

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

i n f i l t r a t i n g  i n t o  t h e  u n d i s t u r b e d  H o p p e r s  F o r m a t i o n  s u b s t r a t e .  A l s o ,  

s p r i n g s  a r e  f o u n d  w i t h i n  t h e  l a n d s l i d e s  a t  t h e  s c a r p s ,  and  w h e r e  t h e
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H o p p e r s  i s  i n  c o n t a c t  w i t h  t h e  B i l l m a n  C r e e k  F o r m a t i o n  i n  t h e  K e l l y  

C a n y o n  R o a d  a r e a  i n  S e c t i o n  6 o f  T o w n s h i p  2 S o u t h ,  R a n g e  7 e a s t .  

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

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

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

c o n t a m i n a t i o n .

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

A l l u v i u m  d e p t h s  a r e  d e t e r m i n e d  f r o m  d r i l l e r s '  w e l l - l o g s  by  t h e  

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

a l l u v i u m  r a n g e s  f r o m  10 t o  40 f e e t  i n  d e p t h  and  y i e l d s  a d e q u a t e  w a t e r  

f o r  h o m e s  s p a c e d  a t  i n t e r v a l s  o f  0 .1  t o  0 . 2 5  m i l e s .  A t  t h e  s o u t h e r n  

e n d  o f  t h e  s t u d y  a r e a  t h e  a l l u v i u m  t h i c k e n s  t o  a b o u t  60 f e e t  a n d  i s  

a l s o  an  a d e q u a t e  w a t e r  s u p p l y  f o r  d o m e s t i c  u s q  , b e c a p s e  t h e  a l l u v i u m  i s  

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

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

i t .  S t r e a m - a l l u v i u m  c o n t a i n s  t h e  m o s t  e a s i l y  a c c e s s i b l e ;  w a t e r  s u p p l i e s  

w i t h  s p e c i f i c  c a p a c i t i e s  f r o m  - 6 . 0 2  t o  6 . 7 6  w i t h  a n  a v e r a g e  1 . 5 4  

g pm /f o o t  drawdown.  The q e g a t i v e  v a l u e  o f  s p e c i f i c  c a p a c i t y  i n d i c a t e s  

t h a t  no  w a t e r  l e v e l  drawdown o c c u r r e d  w i t h  pumping of; t h e  w e l l ,  t h i s  

i s  a  v e r y  good w e l l .  I f  s p e c i f i c  c a p a c i t i e s  a r e  low  p o s i t i v e  v a l u e s  

(10 g p m / f o o t ) ,  o r  l e s s  t r a n s m i s s i b i l i t i e s  and  p e r m e a b i l i t i e s  a r e  a l s o  

l o w .  H i g h  p o s i t i v e  v a l u e s  ( 1 0  t o  1 0 0 0  g p m / f o o t )  s u g g e s t  h i g h e r  

t r a n s m i s s i b i  I  i t i e s  a n d  p e r m e a b i l i t i e s .  Mos t  m e a s u r e d  w e l l s  i n  t h e  

s t u d y  a r e a  h a v e  low s p e c i f i c  c a p a c i t i e s .

T h e  p e r s o n  o r  g o v e r n m e n t  a g e n c y  c o n s i d e r i n g  g r o u n d - w e t e r  

d e v e l o p m e n t  i n  t h e  s t u d y  a r e a  f o r  d o m e s t i c  o r  s t o c k  u s e  s h o u l d
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c o n s i d e r  a l l  w a t e r  a v a i l a b i l i t y  f a c t o r s .  P l a t e  4  i s  a  c o m p o s i t e  map 

t a k i n g  i n t o  a c c o u n t  t h e  s t r a t i g r a p h y ,  t h e  geomojpphology,  an d  t h e  known 

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

e l e v a t i o n ,  t o p o g r a p h y ,  s p r i n g s  and  p o n d s ,  and  w a t e r - > q u a l i t y .  The w a t e r  

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

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

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

a t  l e a s t  tw o  f a c t o r s .  T h e  w a t e r  a v a i l a b i l i t y  f a c t o r s  o n  t h e  map a r e  

d i v i d e d  i n t o  f i v e  c a t e g o r i e s  d e s i g n a t e d  A, B, C, D, o r  E. W h i l e  e a c h  

l e t t e r  r e p r e s e n t s  a n  e s t i m a t e d  max im um  d r i l l i n g  d e p t h  i t  s h o u l d  be  

r e c o g n i z e d  t h a t  t h e  d e p t h  e s t i m a t e  i s  b a s e d  on known d r i l l i n g  i n  t h e  

a r e a  and  t h a t  some d e e p e r  o r  s h a l l o w e r  w a t e r  may b e  e n c o u n t e r e d .  A r e a s  

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

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

l e s s  t h a n  100 f e e t .  C a t e g o r y  B s h o u l d  r e q u i r e  d r i l l i n g  d e p t h s  l e s s  

t h a n  1 99 f e e t .  A w e l l  d r i l l e d  i n  c a t e g o r y  C may n e e d  t o  be  a s  deep  as

399 f e e t .  The d e e p e s t  known w e l l s  a r e  i n  c a t e g o r y  D w h e r e  w e l l s  o v e r

4 0 0  f e e t  h a v e  b e e n  r e q u i r e d .  C a t e g o r y  E i s  r e s e r v e d  f o r  a r e a s  i n  

w h i c h  k n o w n  a b a n d o n e d  w e l l s  a r e  l o c a t e d .  T h e s e  a r e a s  do n o t  

n e c e s s a r i l y  r e p r e s e n t  l o c a t i o n s  o f  d e e p e s t  w e l l s .  T h e r e  ma.y a l s o  be  

o t h e r  a r e a s  w h e r e  a b a n d o n e d  w e l l s  may o c c u r .

Summary o f  W a t e r  A v a i l a b i l i t y

W a t e r  a v a i l a b i l i t y  i n  t h e  s t u d y  a r e a  i s  d e p e n d e n t  u p o n  t h e  

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

v a r i a t i o n s  i n  w a t e r - y i e l d i n g  c h a r a c t e r i s t i c s  o f  t h e  r o c k s .  W a te r  i s
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f o u n d  i n  t h e  B i l l m a n  C r e e k  F o r m a t i o n  w i t h  v a r i a b l e  s u c c e s s .  T he  

H o p p e r s  F o r m a t i o n  i s  e x p e c t e d  t o  be  a  p o t e n t i a l  I y  good w a t e r - y i e l d i n g  

u n i t ,  b u t  d r i l l i n g  d a t a  c o n t r a d i c t  t h e  e x p e c t a t i o n  £ o r  u n k n o w n  

r e a s o n s .  W e l l s  d r i l l e d  i n  t h e  H o p p e r s  F o r m a t i o n  y i e l d  v e r y  l i t t l e  

w a t e r .  T h i s  may b e  due t o  c e m e n t a t i o n  o f  t h e  r o c k  q r  s i l t s t o n e  z o n e s  

p r e v e n t i n g  r e c h a r g e  an d  t r a n s m i s s i o n  o f  w a t e r .  The Q u a t e r n a r y  s t r e a m -  

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

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

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

a q u i f e r .  A l l  o t h e r  u n i t s  w i t h i n  t h e  s t u d y  a r e a  a r e  n o t  d e v e l o p e d  so  

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

d e f i n e d .  A l a c k  o f  c o r r e l a t i o n  b e t w e e n  e l e v a t i o n  an d  d e p t h  ( r = 0 .6 0 3 9 )  

t o  w a t e r  s u p p o r t s  t h e  h y p o t h e s i s  t h a t  n o  t r u e  w a t e r  t q b l e  e x i s t s  

t h r o u g h o u t  t h e  v a l l e y .  R a t h e r ,  w a t e r  a v a i l a b i l i t y  i s  c o n t r o l l e d  by  

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

Th e g e n e r a l  w a t e r  a v a i l a b i l i t y  s c h e m e  i s  s u m m a r i z e d  b y  t h e  

d i a g r a m m a t i c  c r o s s - s e c t i o n  i n  F i g u r e  6 . W e l l  s i t e  A w o u l d  be  a p o o r  

a v a i l a b i l i t y  s i t e  b e c a u s e  t h e  g r a v e l  v e n e e r  on  t h e  t e r r a c e  i s  so  t h i n  

(10 f e e t  o r  l e s s )  t h a t  i t  d r a i n s  r e a d i l y  and r e m a i n s  d r y .  W e l l  s i t e  B 

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

t h i n  ( l e s s  t h a n  20 f e e t )  an d  may n o t  c o n t a i n  enough  w a t e r  f o r  d o m e s t i c  

u s e .  T he  a l l u v i u m  i s  t h i c k e r  a t  w e l l  s i t e  C a n d  may c o n t a i n  e n o u g h  

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

B i l l m a n  C r e e k  F o r m a t i o n .  At  w e l l  s i t e  D t h e  a l l u v i u m  t h i c k n e s s  i s  t h e  

same as  C, b u t  w o u l d  l i k e l y  d r a i n  i t s  w a t e r  t o  s i t e  C. A t  w e l l  s i t e  E 

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

F i g u r e  6 . S c h e m a t i c  d i a g r a m  o f  t h i c k  f l o o d p l a i n  d e p o s i t s  o f  t h e  
L i v i n g s t o n  G r o u p  i n  t h e i r  s e t t i n g  a t  B r i d g e t  C a n y o n .  
P o s s i b l e  w e l l  s i t e s  a r e  i n d i c a t e d  a t  l o c a t i o n s  A t o  G and 
a r e  d i s c u s s e d  i n  t h e  t e x t  i n  t h e  w a t e r  a v a i l a b i l i t y  
s e c t i o n .  T h e  t h i c k e s t  u n i t  w i t h  g r a v e l  o r  s a n d  l e n s e s  
r e p r e s e n t s  t h e  Bi I Iman C r e e k  F o r m a t i o n .  The s a n d y  u n i t  a t  
G r e p r e s e n t s  t h e  H o p p e r s  F o r m a t i o n ,  b u t  a c t u a l l y  c o n t a i n s  
f i n e - g r a i n e d  z o n e s  n o t  shown . Above t h e  H o p p e r s  F o r m a t i o n  
a t  F i s  a l a n d s l i d e .  W e l l  s i t e  E e n c o u n t e r s  t h i n  c o l l u v i u m  
a t  t h e  s u r f a c e .  W e l l  s i t e s  A t o  D e n c o u n t e r  a l l u v i u m  a t  
t h e  s u r f a c e .  W e l l  s i t e  G i s  i n  t h i c k  H o p p e r s  F o r m a t i o n  and 
s h o u l d  e n c o u n t e r  good w a t e r  s u p p l i e s .
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w a t e r .  T h e  l a n d s l i d e  a t  s i t e  F w o u l d  p r o h i b i t  b u i l d i n g  a t  t h i s  

l o c a t i o n  f o r  s a f e t y  r e a s o n s .  D e v e l o p m e n t  a t  s i t e  G i s  p o t e n t i a l l y  

goo d f o r  w a t e r  a v a i l a b i l i t y  i f  f i n e - g r a i n e d  z o n e s  a r e  n o t  e n c o u n t e r e d .  

A t  a n y  o f  t h e  l o c a t i o n s  w h e r e  w e l l s  p a s s  i n t o  t h e  B i l l m a n  C r e e k  

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

' e n c o u n t e r e d  c l o s e  t o  t h e  s u r f a c e .

W a te r  Q u a l i t y

I n t r o d u c t i o n
t
; When d e v e l o p i n g  w a t e r  s u p p l i e s  f o r  d o m e s t i c  o r  s t o c k  u s e ,  w a t e r
I'
f a v a i l a b i l i t y  i s  o n l y  p a r t  o f  t h e  c o n s i d e r a t i o n .  W a te r  q u a l i t y  i s  a s
i

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

c h e m i c a l s  c a n  c o n s t r a i n  w a t e r  u s e .  W a te r  q u a l i t y  i s  d i s c u s s e d  h e r e  i n  

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

s t a n d a r d s ,  and  p o l l u t a n t s  w i t h  s t a n d a r d s .  T a b l e  5 l i s t s  t h e  l o c a t i o n  

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

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

o r i g i n a l  a n a l y s e s  a r e  f o u n d  i n  A p p e n d i x  G.

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

The U.S. E n v i r o n m e n t a l  P r o t e c t i o n  Agency  (EPA) h a s  s e t  s t a n d a r d s  f o r

d r i n k i n g  w a t e r  (U.S .  E n v i r o n m e n t a l  P r o t e c t i o n  A g e n c y ,  1 9 7 7 ,  1 9 7 9 ) .

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

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

D i f f e r e n t  s t a n d a r d s  e x i s t  f o r  i r r i g a t i o n  and s t o c k  w a t e r .  A summary 

o f  t h e s e  s t a n d a r d s  c a n  be  f o u n d  i n  F r e e z e  and C h e r r y  (1 9 7 9 ) .

I
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T h e r e  i s  c o n s i d e r a b l e  c o n f u s i o n  i n  t h e  l i t e r a t u r e  r e g a r d i n g  t h e
! ;

u s e  o f  t h e  w o r d s  c o n t a m i n a n t  a n d  p o l l u t a n t .  T h e  U.S.  E n v i r o n m e n t a l  

P r o t e c t i o n  A g e n c y  d e f i n e s  a  c o n t a m i n a n t  a s  " any p h y s i c a l ,  c h e m i c a l ,  

b i o l o g i c a l ,  o r  r a d i o l o g i c a l  s u b s t a n c e  o r  m a t t e r  i n  w a t e r "  ( 1 9 7 7 ) .  

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

c o n t a m i n a t e d ,  o t h e r  d e f i n i t i o n s  a r e  m o r e  p r a c t i c a l .  F e t t e r  ( 1 9 8 0 )  

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

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

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

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

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

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

b e  r e f e r r e d  t o  t h e  s t a n d a r d s  d e v e l o p e d  by  t h e  E n v i r o n m e n t a l

T a b l e  5 .  W a te r  C h e m i s t r y .  L o c a t i o n  o f  s a m p l e d  s i t e s .

LOCATION DATE
MEASURED 

( m o n t h / d a y / y e a r )

WELL
DEPTH

( f e e t )

MAJOR
AQUIFER

/

1S6E36ADBA* 6 / 2 3 / 8 3 72 Kbc
1S6E36CDDA* 6 / 3 8 / 8 2 s t r e a m — —

1S7E17CACC* 6 / 2 5 / 8 3 48 Q a l / K b c
1S7E17CCDA* 6 / 2 5 / 8 3 40 QajL/Kbc
1S7E29CBDD* 6 / 2 5 / 8 3 s p r i n g Kh
1S7E29CDDA* 6 / 2 5 / 8 3 45 Qal
1S7E30BAAA* 6 / 2 4 / 8 3 68 Kbc
1S7E30BADD* 6 / 2 4 / 8 3 65 Kbc
1S7E30DABA* 6 / 2 8 / 8 3 s t r e a m — —

1S7E31DCBC* 6 / 2 4 / 8 3 H O Kbc
1S7E31CDBA* 6 / 2 3 / 8 4 142 Kbc
2S6E01ABBB ' 6 / 2 7 / 8 3 112 Kbc
2S7E06ABBB 6 / 2 4 / 8 3 s p r i n g Kh
2S7E06BCBC 6 / 2 7 / 8 3 299 Kbc

*means  a r e a  o f  s e c t i o n  i s  n o t  e q u a l  t o  o n e  s q u a r e  m i l e
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P r o t e c t i o n  A ge ncy  f o r  c o n t a m i n a n t s .  T h r o u g h o u t  t h e  r e s t  o f  t h i s  p a p e r  

t h e  word  s t a n d a r d  w i l l  be  u s e d .

C a l c u l a t e d  W a t e r  Q u a l i t y  P a r a m e t e r s

T o t a l  D i s s o l v e d  S o l i d s . The v a l u e  f o r  t o t a l  d i s s o l v e d  s o l i d s  i s  

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

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

e x p r e s s i o n  a r e  am o u n t s  o f  d i s s o l v e d  g a s s e s ,  s u s p e n d e d  s e d i m e n t s ,  an d  

c o l l o i d s .  H i g h l y  m i n e r a l i z e d  w a t e r  may d e t e r i o r a t e  p l u m b i n g  a n d  

a p p l i a n c e s ,  and  c a u s e  a d v e r s e  t a s t e  e f f e c t s .  The U.S. E n v i r o n m e n t a l  

P r o t e c t i o n  A g e n c y  s t a n d a r d  f o r  t o t a l  d i s s o l v e d  s o l i d s  i s  500  

m i l l i g r a m s  p e r  l i t e r  ( m g / 1 ) .  L a b o r a t o r y  t e s t e d  w a t e r s  i n  t h e  s t u d y  

a r e a  r a n g e  f r o m  1 4 4  t o  69 0  m g / 1  ( T a b l e  6 ) .  A n o t h e r  m e t h o d  o f  

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

c o n d u c t a n c e  as  d i s c u s s e d  b e l o w .

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

t h e  t o t a l  d i s s o l v e d  s o l i d s  i n  t h e  w a t e r  ( F r e e z e  a n d  C h e r r y ,  1 9 7 9 ) .  

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

c o n d u c t a n c e  c a n  b e  w r i t t e n  a s  a n  e q u a t i o n ,  b u t  t h e  e q u a t i o n  v a r i e s  

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

i n  B r i d g e t  C a n y o n  d i s s o l v e d  s o l i d s  e q u a l s  0 . 9 4  ( l a b  s p e c i f i c  

c o n d u c t a n c e )  m i n u s  1 1 ,  ( r = . 9 9 7 ) .  T h e  v a l u e s  r e s u l t i n g  f r o m  t h e  

e q u a t i o n  r a n g e  f r o m  1 53 t o  891 m g / 1  f o r  w e l l s ,  1 5 8  t o  4 6 8  m g / l  f o r  

s t r e a m s ,  1 81 t o  6 1 0  m g / l  f o r  s p r i n g s ,  a n d  242  t o  571 m g / l  f o r  p o n d s .  

Two w e l l s ,  o n e  s p r i n g ,  a n d  o n e  p o n d  h a v e  v a l u e s  e x c e e d i n g  t h e  

s t a n d a r d .  D i s s o l v e d  s o l i d s  v a r y  l i n e a r l y  w i t h  b i c a r b o n a t e  c o n t e n t
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T&ble, 6• CliGinical constituents in sampled waters represented, as calculated values.

SAMPLE
NUMBER

LOCATION DISSOLVED 
SOLIDS- 
SUM OF 

CONSTITUENTS 
mg/1

ALKALINITY
mg/1

HARDNESS 
TOTAL AS 

CaCO3

I 1S6E36ADBA* 2 8 8 . 7 0 1 5 1 . 0 8 1 4 8 . 8 2
2 1S6E36CDDA* 2 8 2 . 4 6 1 6 4 . 6 7 1 6 3 . 3 5
3 1S7E17CAAC* 4 0 3 . 9 3 2 3 0 . 1 4  ' 2 2 3 . 3 8
4 1S7E17CCDA* 4 5 5 . 1 8 2 6 3 . 2 7 2 5 0 . 6 8
5 1S7E29CBDD* 6 1 0 . 4 3 3 3 7 . 9 1 2 9 2 .2 7
6 1S7E29DCCA* 6 9 0 . 2 7 3 8 3 . 2 0 3 0 9 .0 1
7 1S7E30BAAA* 4 1 4 . 3 2 1 9 2 . 9 0 2 1 5 .1 7
8 1S7E30BADD* 4 7 8 . 0 8 2 2 9 .7 3 2 4 5 . 2 4
9 1S7E30DABA* 3 0 5 . 9 0 175 .1 1 1 6 7 . 7 4

10 1S7E31DCBC* 2 7 2 . 8 8 1 4 0 . 2 5 1 2 9 .4 1
11 1S7E31CDBA* 3 0 8 . 4 5 1 4 8 . 1 2 6 0 . 1 4
12 2S6E01ABBB 3 3 3 . 1 6 1 7 3 . 7 1 3 8 . 4 3
13 2S7E06ABBB 4 2 6 . 7 7 2 3 5 . 7 2 2 1 1 .4 9
14 2S7E06BCBC 1 4 4 . 8 2 7 1 . 0 6 8 . 7 4

*means a r e a  o f  s e c t i o n i s  n o t  e q u a l  t o  one s q u a r q  m i Iq

( t o t a l  d i s s o l v e d  s o l i d s  = 1 .3 8  ( b i c a r b o n a t e )  + 41) w i t h  a c o r r e l a t i o n  

c o e f f i c i e n t  o f  0.97 f o r  l a b o r a t o r y  t e s t e d  s a m p l e s .  T h i s  r e l a t i o n s h i p  

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

i n  t h e  L i v i n g s t o n  g r o u p  b e c a u s e  a s  t h e  r o c k s  w e a t h e r  t h e  b i c a r b o n a t e  

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

i n c r e a s e d  t o t a l  d i s s o l v e d  s o l i d s  ( B e r n e r ,  1971) .

T o t a l  A l k a l i n i t y .  T h e  U.S.  E n v i r o n m e n t a l  P r o j e c t i o n  A g e n c y  

d e f i n e s  a l k a l i n i t y  a s  t h e  "sum t o t a l  o f  co m p o n en t s  i n  w a t e r  t h a t  t e n d  

t o  e l e v a t e  t h e  pH o f  t h e  w a t e r  a b o v e  a  v a l u e  o f  a b o u t  4 . 5 " .  

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

b i c a r b o n a t e s ,  p h o s p h a t e s , h y d r o x i d e s ,  a n d  some c a t i o n s  s u c h  a s  

c a l c i u m ,  so d iu m ,  and  b a r i u m .  The.  U.S. E n v i r o n m e n t a l  P r o t e c t i o n  Agency



I

d r i n k i n g  w a t e r  s t a n d a r d  i s  20 m g/1  e x p r e s s e d  a s  CaCO3 . The m e a s u r e  i s  

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

s y s t e m s  a q u a t i c  l i f e  r e q u i r e s  20  m g / 1  o r  m o r e  a l k a l i n i t y .  T he  U.S.  

E n v i r o n m e n t a l  P r o t e c t i o n  A ge ncy  (1 9 7 9 )  r e p o r t s  t h a t  v a l u e s  l o w e r  t h a n  

4 0 0  m g / 1  e x p r e s s e d  a s  CaCO3 a r e  n o t  c o n s i d e r e d  a  p r o b l e m  t o  hum an  

I :  h e a l t h .  A l k a l i n i t y  o f  s a m p l e d  w a t e r s  r a n g e  f r o m  71 t o  383 m g/1  ( T a b l e

6 ).  T h e s e  v a l u e s  do n o t  p r e s e n t  any  h e a l t h  p r o b l e m s .

T o t a l  H a r d n e s s . W a t e r  h a r d n e s s  i s  a  m e a s u r e  o f  t h e  

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

i s  r e p o r t e d  a s  e q u i v a l e n t  c o n c e n t r a t i o n  o f  c a l c i u m  c a r b o n a t e  (CaCOg)* 

W a t e r s  a r e  t y p i c a l l y  c l a s s e d  a s  s o f t  ( 0  t o  75  m g / 1  CaCO3 ) ,  t o  v e r y  

h a r d  (300 o r  m ore  m g / l  CaCOg)* T h e s e  t e r m s  r e f e r  t o  s o a p  r e q u i r e m e n t s
I1

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

I - ,  d e v e l o p  s c a l e  f o r m a t i o n  i n  h o t  w a t e r  h e a t e r s  a n d  b o i l e r s .  S a m p l e d

; w a t e r s  r a n g e  i n  h a r d n e s s  f r o m  8 . 7 4  t o  3 0 9  m g / l  CaCO3 ( t a b l e  6 ) .  T he

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

v e r y  h a r d .  A w a t e r  s o f t e n e r  i s  r e c o m m e n d e d  for; d o m e s t i c  w a t e r  

s u p p l i e s  w i t h  h a r d  w a t e r  t h a t  l e a v e s  s c a l e  on a p p l i a n c e s .  O n l y  when
''

s c a l e  i s  v i s i b l e  on a p p l i a n c e s  i s  t h i s  n e c e s s a r y *  W a t e r  s o f t e n e r s  may 

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

• P i p e r  T r i l i n e a r  P l o t .
(

T h e  P i p e r  ( 1 9 4 4 )  t r i l i n e a r  p l o t  i s  a g r a p h i c a l  m e t h o d  o f
i

d e p i c t i n g  w a t e r  q u a l i t y .  F i g u r e  7 i s  a  p l o t  o f  t h e  w a t e r  s a m p l e d  i n
\ . '

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

r e f e r r e d  t o  F e t t e r  ( 1 9 8 0 ,  p a g e  3 3 6 ) .  T he  i n s e t  i n  t h e  u p p e r  l e f t

37
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PIPER TRIUNEAR PLOT

“ - V “

CATIONS ANIONS

SAMPLE NUMBER LOCATION GEOLOGIC SOURCE DEPTH

I 1S6E36ADBA* Kbc 72
2 1S6E36CDDA* s t r e a m  s i t e —

3 1S7E17CACC* K b c , Qal 48
4 1S7E17CCDA* K b c , Qa l 40
5 1S7E29CBDD* Kh, s p r i n g  s i t e — —

6 1S7E29DCCA* Q l s 45
7 1S7E30BAAA* K b c , Km 68
8 1S7E30BADD* Kbc 65
9 1S7E30DABA* s t r e a m  s i t e — —

10 1S7E31DCBC* K b c , Kh n o
11 1S7E31CDBA* K b c , Kh 142
12 2S6E01ABBB Kbc 122
13 2S7E06ABBB Kh, s p r i n g  s i t e ——

14 2S7E06BCBC Kbc 299

#  w e l l  s i t e  
▲ s p r i n g  s i t e  
0  s t r e a m  s i t e

F i g u r e  7 .  C h e m i c a l  c h a r a c t e r i s t i c s  o f  g r o u n d  a n d  s u r f a c e  w a t e r .  
P e r c e n t a g e s  a r e  i n  m i l l i e q u i v a l e n t s  p e r  l i t e r .
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c o r n e r  shows t h e  c l a s s i f i c a t i o n  o f  w a t e r  t y p e s  by  p l o t t e d  l o c a t i o n  on 

t h e  d i a g r a m .  T h r e e  p o i n t s  (1 1,  12 ,  and 14) a r e  so d iu m —p o t a s s i u m  w a t e r  

t y p e s .  The r e m a i n i n g  e l e v e n  p o i n t s  a r e  c a l c i u m  c a r b o n a t e  y a t e r s .

The o v e r a l l  v o l c a n i c  m i n e r a l  c o n t e n t  o f  L i v i n g s t o n  Group r o c k s  

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

and a n i o n s  t h r o u g h  o x i d a t i o n  and  r e d u c t i o n  r e a c t i p n g .  As g r o u n d w a t e r  

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

m i n e r a l s  some SO^ i s  p r o d u c e d  ( R o b e r t s ,  1972 ,  p.  4 6 - 4 8 ) ,  c a l c i u m  and 

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

g r o u n d w a t e r  movem en t ,  c a l c i u m  d o m i n a t e s  o v e r  sodium.  Where t h e  sod ium 

i s  h i g h e r ,  z o n e s  o f  l e s s  l e a c h i n g  a r e  i n d i c a t e d .  P o i n t s  h i g h e r  i n  

s o d iu m  on t h e  P i p e r  t r i l i n e a r  p l o t  a r e  a l s o  h i g h  i p  H2S,  a  p r o d u c t  o f  

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

M e a s u r e d  W a t e r  Q u a l i t y  P a r a m e t e r s

I n t r o d u c t i o n . W a t e r  q u a l i t y  i s  a l s o  d e p e n d e n t  u p o n  i o n i c  

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

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

E s t h e t i c  q u a l i t i e s  i n c l u d e  t a s t e  and  t e m p e r a t u r e .  C o n s i d e r e d  t o g e t h e r  

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

s t u d y  a r e a .  Most  m e a s u r e d  w a t e r  q u a l i t y  p a r a m e t e r s  i n  t h e  s t u d y  a r e a  

d o  n o t  e x c e e d  t h e  U .S .  E n v i r o n m e n t a l  P r o t e c t i o n  A g e n c y  (EPA) 

s t a n d a r d s .  P a r a m e t e r s  b e l o w  t h e  (EPA) s t a n d a r d s  a r e  c o n s i d e r e d  s a f e  

a n d  a r e  l i s t e d  i n  T a b l e s  7 a n d  8 . O t h e r  p a r a m e t e r s  e x c e e d  EPA 

s t a n d a r d s  and a r e  d i s c u s s e d .  The U.S. E n v i r o n m e n t a l  P r o t e c t i o n  Agency 

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



Table 7 Chemical constituents of sampled waters not exceeding standards (E.P.A. Standard 
is in parenthesis).

SAMPLE
NUMBER

LOCATION SOURCE
mg/1

CALCIUM
mg/1

MAGNESIUM
mg/1

SODIUM SAR POTASSIUM
mg/1

BICARBONATE
m g/1

I 1S6E36ADBA* w e ll 4 4 .6 9 .1 1 1 .9 0 .4 2 .5 1 8 4 .22 1S6E36CDDA* stre am 49 .1 9 .9 7 .7 0 .2 6 .8
3 1S7E17CAAC* w e ll 6 7 .7 1 3 .2 1 1 .5 0 .3 3 .5
4 1S7E17CCDA* w e ll 7 5 .5 15 .1 1 0 .0 0 .2 7 .3 191 A
5 1S7E29CBDD* s p r in g 8 8 .2 1 7 .5 4 2 .5 1 .0 8 .3 412 .06 1S7E29DCCA* w e ll 9 5 .4 1 7 .2 55.1 1 .3 6 .1
7 1S7E30BAAA* w e ll 6 8 .7 1 0 .6 2 2 .6 0 .6 7 .1 911 ?
8 1S7E30BADD* w e ll 7 8 .6 1 1 .9 2 7 .2 0 .7 7 .5
9 1S7E30DABA* s tre a m 5 0 .2 10 .3 8 .9 0 .3 0 .5 911 I

10 1S7E31DCBC* w e ll 3 6 .0  . 9 .6 2 0 .0 0 .7 7 .1 171 A
11 1S7E31CDBA* w e ll 1 9 .8 2 .6 5 7 .4 3 .2 2 .1
12 2S6E01ABBB w e l l 1 4 .4 .6 7 0 .4 4 .9 4 .1
13 2S7E06ABBB s p r in g 6 3 .6 1 2 .8 2 2 .6 0 .6 8 .5 2 8 7 .414 2S7E06BCBC w e ll 3 .5 .1 3 6 .3 — .1 7 2 .0

*means a r e a  o f  s e c t io n  i s n o t e q u a l to  one sq u a re m ile

SAMPLE
NUMBER

LOCATION CARBONATE
mg/1

MANGANESE
mg/1
(5 0 )

SULFATE
mg/1

CHLORIDE
mg/1

(250)

SILICA
mg/1

i 1S6E36ADBA* .0 .001 1 7 .8 .7 1 8 .02 1S6E36CDDA* 5 .3 .015 9 .8 .6 R 8
3 1S7E17CAAC* .0 .20 14 .1 1 .6 10 .14 1S7E17CCDA* .0 .079 1 3 .4 2 .6 I A 7
5 1S7E29CBDD* .0 .001 2 8 .2 4 .9 1 6 .06 1S7E29DCCA* .0 .009 2 6 .0 1 6 .6 1 2 .3
7 1S7E30BAAA* .D .001 56.1 2 .2 17.78 1S7E30BADD* .0 .001 57 .9 4 .0 -15.7
9 1S7E30DABA* .0 .013 1 2 .0 .9 9 .210 1S7E31DCBC* .0 .009 1 1 .3 .6

11 1S7E31CDBA* .0 .2 4 2 2 .6 8 .3 12.1
12 .2S6E01ABBB .0 .005 1 7 .8 3 .8 12 .3
13 2S7E06ABBB .0 .001 1 6 .3 1 .9  ' 21 .1
14 2S7E06BCBC 7 .2 .0 0 4 7 .0 1 .7 1 3 .0

*meane a re a  o f  s e c t io n  i s  n o t e q u a l to  one s q u a re  m ile



Table 8. Chemical constituents of sampled waters not exceeding standards (E.P.A.) Standard)

SAMPLE
NUMBER

LOCATION ALUMINUM
ug/1

SILVER
ug /1
(5 0 )

MOLYBDENUM
ug/1

I 1S6E36ADBA* 30 ---------rjr--------
2 1S6E36CDDA* 160 2
3 1S7E17CAAC* 50 5 9n4 1S7E17CCDA* 30 2 ?n5 1S7E29CBDD* 30 9n6 1S7E29DCCA* 30 2 9n7 1S7E30BAAA* 2
8 1S7E30BADD* 30 2 9n
9 1S7E30DABA* 380 «?n

10 1S7E31DCBC* 50 2 9011 1S7E31CDBA* 30 2 9012 2S6E01ABBB 70 2 9013 2S7E06ABBB 30 2
14 2S7E06BCBC 30 2

20
20

♦means a r e a  o f  s e c t io n  i s  n o t  e q u a l to  one sq u a re  m ile

NICKEL TITANIUM
u g /1  u g / I

IO
10
10
10
10
10
10
10
20
10
10
10
10
10

I
5

10
6 
9

10
3 
5

18
I
I
I
4 
I

VANDIUM ZIRCONIUM 
“ g /1  u g /1

I
I

11
I
I

10
I
I

24
8
I
I
6
3

4
4

12
4
4
4
4
4

28
4
4
4
4
4

SAMPLE
number

LOCATION CADMIUM
u g /1
(1 0 )

CHROMIUM
u g /1
(5 0 )

I 1S6E36ADBA* 2 2
2 1S6E38CDDA* 2
3 1S7BI7CAAC* 6 3
4 1S7E17CCDA* 2
5 1S7E29CBDD* 2
6 1S7E2SDCCA* 2 2
7 1S7E30BAAA* 2
8 1S7E30BADD* 2 2
9 1S7E30DABA* 9 LI

10 1S7E31DCBC* 2
11 1S7E31CDBA* 2 2
12 2S6E01ABBB 2
13 2S7E06ABBB 3 2
14 2S7E06BCBC 2 2

♦means a re a  o f  s e c t io n  is -  n o t  e q u a l to  one s q u a re  m ile

COPPER
ug /1

(100)
27

2
20
14

2
31

8
4

30
6
6
8

18
12

LEAD
u g /1
(5 0 )

40
40
40
40
40

-40
40

-40
7(0
40
40
40
40
40

LITHIUM STRONTIUM ZINC 
u g / !  u g /1  u g /1

(5 0 0 )

2
2
9
2
9

11
3 
2

17
4 

11
3 
9
4

180 3
94 15

190 280
160 470
260 3
290 140
100 3
230 3
HO 8

64 27
40 470
73 98

200 10
11 30
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c h e m i c a l  p r o p e r t y  o f  w a t e r .  I n  t h i s  t e x t ,  p a r a m e t e r s  w h i c h  c o n t r i b u t e  

t o  w a t e r  q u a l i t y  p r o b l e m s  a r e  d i v i d e d  i n t o  two c a t e g o r i e s :  p a r a m e t e r s

w i t h o u t  s t a n d a r d s  a n d  p a r a m e t e r s  w i t h  s t a n d a r d s .  T a b l e  9 l i s t s  

p a r a m e t e r s  w i t h  U.S. E n v i r o n m e n t a l  P r o t e c t i o n  a g e n c y  s t a n d a r d s .  

P a r a m e t e r s  W i t h o u t  S t a n d a r d s

B o r o n . B o r o n  i s  e s s e n t i a l  f o r  p l a n t  g r o w t h  a n d  t h e  U.S.  

E n v i r o n m e n t a l  P r o t e c t i o n  Agency  c r i t e r i o n  f o r  l o n g - t e r m  i r r i g a t i o n  on 

s e n s i t i v e  c r o p s  i s  7 5 0  m i c r o g r a m s  p e r  l i t e r  ( u g / 1 ) .  S a m p l e d  w a t e r s  

r a n g e  f r om  l e s s  t h a n  2 u g / 1  t o  470 u g / 1  ( T a b l e  10) .  Thq l e v e l s  can  be

T a b l e  9 .  S e c o n d a r y  s t a n d a r d s  f o r  d r i n k i n g  w a t e r .  ( f r o m  U.S. 
E n v i r o n m e n t a l  P r o t e c t i o n  A g e n c y ,  1979 )

ION STANDARD
( u n i t s  a s  i p d i c a t q d )

C h l o r i d e 250 mg/1
Copper I  mg/1
I r o n 0 . 3  mg/1
Manga nese 0 . 0 5  m g/1  .
pH 6 . 5  t o  8 . 5
S u l f a t e 250 mg/1
D i s s o l v e d  S o l i d s 500 mg/1
Z i n c 5 mg/1

m g / 1 , m i l l i g r a m s  p e r  l i t e r

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

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

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

s u c h  a s  f l u o r i d e  ( M o e l l e r  an d  o t h e r s ,  1 9 8 0 ,  p .  8 2 6 ) .

H y d r o g e n  S u l f i d e . H y d r o g e n  s u l f i d e  i s  a  s o l u b l e ,  h i g h l y  

p o i s o n o u s  g a s  w h i c h  s m e l l s  c h a r a c t e r i s t i c a l l y  l i k e  r o t t q n  e g g s  (U.S. 

E n v i r o n m e n t a l  P r o t e c t i o n  A g e n c y ,  1 9 7 6 ) .  I n  t h e  s t u d y  a r e a ,  a  few



Table 10. Chemical constituents contributing to water quality but not having drinking water 
standards.

SAMPLE LOCATION BORON HYDROGEN
NUMBER u g /1  SULFIDE

I 1S6E36ADBA* 50 — —

2 1S6E36CDDA* 20 ———

3 1S7E17CAAC* 80
4 1S7E17CCDA* 60 _____

5 1S7E29CBDD* 50 ___

6 1S7E29DCCA* 100 —

7 1S7E30BAAA* 2
8 1S7E30BADD* 60 ____

9 1S7E30DABA* 60 ———

10 1S7E31DCBC* 60 ——

11 1S7E31CDBA* 240 Yes
12 2S6E01ABBB 50 Yes
13 2S7E06ABBB 50
14 2S7E06BCBC 470 Yes

PH WATER
( e m its )____________ TEMPERATURE

L a b o ra to ry  F ie ld  FIELD
- ( 'C )

7 .11  6 .5  9 .0
8 .3 4  7 .7 5  1 0 .5
7 .7 9  6 .5 5  9 .0
7 .7 8  7 .2 5  9 .5
7 .6 2  7 .9  7 .5
7 .6 1  7 .3 5  8 .5
7 .5 7  6 .0  9 .8
7 .5 6  6 .4 5  9 .0
8 .2 9  7 .8 2  1 2 .0
7 .8 3  6 .8 5  9 .5
8 .0 9  7 .7  1 0 .2
8 .1 5  7 .2 5  9 .2
7 .3 4  6 .4  9 .7
9 .1 0  8 .2 5  1 1 .0

LABORATORY 
SPECIFIC 

CONDUCTANCE 
(m icrom hos)/ce ii tim e t e r  

L a b o ra to ry  F ie ld

326 353
311 414
447 523
473 569
659 844
750 900
437 406
542 503
332 431
313 294
344 354
365 418
459 398
167 223

-P-W

*means s e c t io n  i s  n o t e q u a l to  one s q u a re  m ile
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hom eowners  r e p o r t  w a t e r  s u p p l i e s  w h i c h  h a v e  t h i s  c h a r a c t e r i s t i c  s m e l l  

an d  a g r a y i s h  c o l o r  u n t i l  t h e  d i s s o l v e d  g a s  b u b b l e s  away.  H y d ro g en  

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

F o r m a t i o n .  B e c a u s e  t h e  B i  I  I m a n  C r e e k  F o r m a t ; i o n  f o r m e d  a s  a f r e s h ­

w a t e r  d e p o s i t  and  i s  l o c a l l y  h i g h  i n  h y d r o g e n  s u l f i d e  (H2S) ,  d i s s o l v e d  

s u l f a t e  i s  t h e  m o s t  p r o b a b l e  s o u r c e  o f  t h e  g a s  ( B e r n e r ,  1 9 7 1 ) .  

B i o l o g i c a l  a c t i v i t y  i n  t h e  w a t e r  w h i c h  c o n t a i n s  s u J L fa te  w i l l  p r o d u c e  

h y d r o g e n  s u l f i d e  w h e n  t h e r e  i s  n o  o x y g e n  p r e s e n t  ( r e d u c i n g  

c o n d i t i o n s ) .

W a te r  s u p p l i e s  w h i c h  c o n t a i n  t h e  d i s s o l v e d  H2B g a s  a r e  u n p l e a s a n t  

t o  t a s t e  and s m e l l .  As r e p o r t e d  by homeowners  i f  t h e  w a t e r  i s  a l l o w e d  

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

o x i d i z e s ,  and t h e  w a t e r  i s  f r e e  o f  t h e  t a s t e  an d  smp1 1 .

PH. H y d r o g e n  i o n  c o n c e n t r a t i o n  i s  u s u a l l y  e x p r p p p e d  a s  pH a n d  

c o n t r o l s  p i p e  c o r r o s i o n  a n d  m a y  b e  i m p o r t a n t  a s  a  h e a l t h  

c o n s i d e r a t i o n .  PH i s  e x p r e s s e d  a s  t h e  r e c i p r o c a l  v a l u e  o f  t h e  b a s e  

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

An e q u a l  n u m b e r  o f  H+ a n d  OH-  i o n s  i s  i n d i c a t e d  b y  a  pH v a l u e  o f  7 .0  

a n d  i s  f o u n d  i n  p u r e  w a t e r .  W a t e r s  l e s s  t h a n  pH 7 a r e  a c i d .  W a t e r s  

more  t h a n  pH 7 a r e  b a s i c .  The E n v i r o n m e n t a l  P r o t e c t i o n  Agency (1 979 )  

s u g g e s t s  t h a t  pH v a l u e s  r a n g i n g  f r o m  6 . 5  t o  8 ,5  a r e  s a f e  w a t e r s  t o  

d r i n k .  V a l u e s  o u t s i d e  t h i s  r a n g e  may s t i l l  b e  s a f e  t o  d r i n k ,  b u t  

p e r s o n a l  p r e f e r e n c e  o f  t a s t e  may c a u s e  some p e o p l e  t o  r e j e c t  t h e  

w a t e r .

L ab  pH a n d  pH m e a s u r e d  i n  t h e  f i e l d  a r e  d i s s i m i l a r  ( T a b l e  1 0 ) .  

V a l u e s  f o r  l a b o r a t o r y  pH r a n g e  f rom  7.11 t o  9.10 w i t h  o n l y  one v a l u e
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o u t s i d e  t h e  s a f e  w a t e r  r a n g e .  F i e l d  pH v a l u e s  r a n g e  f r o m  6.0 t o  8.25 

w i t h  t h r e e  s i t e s  f a l l i n g  b e l o w  t h e  s a f e  w a t e r  l o w e r  l i m i t  ( T a b l e  9).  

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

f o l l o w i n g  r e l a t i o n s h i p :  f i e l d  pH = 1 . 0 3  ( l a b  pH)-?l ,  ( r = . 7 5 ) .  Some

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

t h e  f i e l d  a n d  t h e  l a b o r a t o r y ,  c a l i b r a t i o n  o f  t h e  pH m e t e r  i n  t h e  

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

t e m p e r a t u r e  a n d  a l k a l i n i t y  ( R a n d  a n d  o t h e r s ,  e d s . ,  I  9 7 6 ) .  T h e r e  c a n  

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

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

c h e m i c a l  c h a n g e  w h i c h  i s  common i s  t h e  d e g a s s i n g  p f  COg* I n  

g r o u n d w a t e r  u n d e r  p r e s s u r e ,  CO2 i s  d i s s o l v e d  ii> t h e  w a t e r .  When, t h e  

w a t e r  i s  no l o n g e r  u n d e r  p r e s s u r e ,  t h e  COg w i l l  e s c a p e .  Tbe r e s u l t  o f  

t h i s  e s c a p e  i s  a n  i n c r e a s e d  pH.

T e m p e r a t u r e .  T e m p e r a t u r e  i s  a n o t h e r  p a r a m e t e r  w h i c h  may i n f l u e n c e  

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

7 t o  19°C.  T h e r e  i s  no s i g n i f i c a n t  d i f f e r e n c e  s t a t i s t i c a l l y  b e t w e e n  

t e m p e r a t u r e s  i n  w e l l s  s p r i n g s ,  s t r e a m s  o r  p o n d s  ( T a b l e s  1 1 ,  1 2 ,  1 3 ,  

a n d  1 4 ) .  T h i s  r e s u l t  i s  s o m e w h a t  s u r p r i s i n g  b e c a u s q  s u r f a c e  w a t e r  

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

warm er .  The l a c k  o f  d i f f e r e n c e  may b e  e x p l a i n e d  i n  a  v a r i e t y  o f  ways .  

T he  t i m e  o f  y e a r  m i g h t  b e  i m p o r t a n t .  B e c a u s e  t h e  w a t e r  t e m p e r a t u r e  

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

h e a t e d .  A l t e r n a t i v e l y ,  t h e  s u r f a c e  w a t e r  may be  s t r p i j t g l y  r e l a t e d  t o  

g r o u n d w a t e r ,  a n d  s o  b e  s i m i l a r  i n  t e m p e r a t u r e .  T h e  a v e r a g e  w a t e r
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T a b l e  11 .  W a t e r  Q u a l i t y  d a t a  f o r  d o m e s t i c  w e l l s .

LOCATION DATE MEASURED 
( m o n t h / d a y / y e a r )

TEMP 
°C '

SPECIFIC
CONDUCTANCE
( m i c r o m b o s /
c e n t i m e t e r )

CALCULATED
TOTAL

DISSOLVED
SOLIDS

1S6E25DABD* 8 / 2 6 / 8 3 9 342 3 1 0 . 4 8
1S6E35DBBC* 8 / 2 0 / 8 3 8 325 2 9 4 . 5 0
1S6E36ADBA* 6 / 2 3 / 8 3 9 353 2 8 8 . 7 0 * *
1S6E36DC6B* 1 / 2 8 / 8 4 10 480 4 4 0 . 2 0
1S6E36DCDC* 8 / 1 2 / 8 3 18 430 3 9 3 . 2 0
1S7E17AAAD* 8 / 1 8 / 8 3 8 213 1 8 9 . 2 2
1S7E17AACD* 8 / 2 9 / 8 3 9 320 2 8 9 . 8 0
1S7E17AACD* 8 / 2 5 / 8 3 12 318 2 8 7 . 9 2
1S7E17ADBA* 8 / 2 4 / 8 3 9 320 2 8 9 .8 0
1S7E17ADBB* 8 / 2 6 / 8 3 9 342 3 1 0 . 4 8
1S7E17BDBD* 8 / 2 0 / 8 3 10 345 3 1 3 . 3 0
1S7E17BDDD* 8 / 1 8 / 8 3 9 232 2 0 7 . 0 8
1S7E17CAAC* 6 / 2 5 / 8 3 9 523 4 0 3 . 9 3 * *
1S7E17CBBD* 8 / 2 4 / 8 3 12 320 2 8 9 . 8 0
1S7E17CCBA* 8 / 2 4 / 8 3 8 34? 3 1 0 . 4 8
1S7E17CCDA* 6 / 2 5 / 8 3 10 56? 4 5 5 . 1 8 * *
1S7E20BBCD* 8 / 1 8 / 8 3 8 39? 3 5 7 . 4 8
1S7E20CABB* 8 / 2 9 / 8 3 12 520 4 7 7 . 8 0
1S7E21CBCB* 8 / 1 6 / 8 3 12 458 4 1 9 . 5 2
1S7E28ADBC* 1 / 2 8 / 8 4 7 220 1 9 5 . 8 0
1S7E29DCCA* 6 / 2 5 / 8 3 9 900 8 3 5 .0 0
1S7E30BAAA* 6 / 2 4 / 8 3 10 406 4 1 4 .3 2
1S7E30BADD* 6 / 2 4 / 8 3 9 503 4 7 8 . 0 8
1S7E30BCDA* 1 0 / 8 / 8 3 10 960 8 9 1 .4 0
1S7E30CADD* 8 / 2 4 / 8 3 19 390 3 5 5 . 6 0
1S7E30CDAB* 8 / 1 6 / 8 3 9 420 3 8 3 . 8 0
1S7E30DAAA* 8 / 2 4 / 8 3 9 510 4 6 8 .4 0

* i n d i c a t e s  s e c t i o n  n o t  one  s q u a r e  m i l e  i n  a r e a  
* * i n d i c a t e s  l a b o r a t o r y  t e s t e d  sam p le
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T a b l e  1 1 .  ( c o n t i n u e d )

LOCATION DATE MEASURED TEMP SPECIFIC CALCULATED
■ ( m o n t h / d a y / y e a r ) ^ 0C CONDUCTANCE TOTAL

x ( m i c r o m b o s / DISSOLVED
c e n t i m e t e r ) SOLIDS

1S7E30DDCB* 8 / 1 9 / 8 3 11 482 4 4 2 . 0 8
1S7E31CACA* 8 / 1 2 / 8 3 10 175 1 5 3 . 5 0
1S7E31CDBA* 8 / 2 3 / 8 3 10 954 3 0 8 . 4 5 * *
1S7E31CDCC* 8 / 1 1 / 8 3 12 352 3 1 9 . 8 8
1S7E31DBAC* 8 / 1 2 / 8 3 10 . 290 . 2 6 1 . 6 0
1S7E31DCBC* 6 / 2 4 / 8 3 10 294 2 7 2 . 8 8 * *
1S7E31DDCD* 8 / 1 2 / 8 3 19 260 2 3 3 .4 0
1S7E33AABA* 8 / 1 6 / 8 3 9 430 3 9 3 . 2 0
1S7E33AACB* 8 / 1 6 / 8 3 10. 285 2 5 6 .9 0
1S7E33CAAB* 8 / 1 9 / 8 3 7 272 2 4 4 . 6 8
1S7E33CDAD* 8 / 1 9 / 8 3 7 44% 4 0 7 . 3 0
1S7E34BBBD* 1 1 / 4 / 8 3 7 310 2 8 0 . 4 0
1S7E34BBBD* 8 / 1 9 / 8 3 9 490 4 4 9 . 6 0
2S6E01ABBB 6 / 2 7 / 8 3 10 . 418 3 3 3 . 1 6 * *
2S7E06AADC 8 / 1 0 / 8 3 1 4  ' 205 1 8 1 . 7 0
2S7E06ABDA 8 / 1 0 / 8 3 12 34Q 3 0 8 . 6 0
2S7E06ACDB 8 / 1 5 / 8 3 11 270 2 4 2 . 8 0
2S7E06BBAB 8 / 1 2 / 8 3 13 470 4 3 0 . 8 0
2S7E06BCAD 8 / 2 1 / 8 3 11 190 1 6 7 . 6 0
2S7E06BCBC 6 / 2 7 / 8 3 11 223 1 4 4 . 8 2 * *
2S7E06CCDC 8 / 1 5 / 8 3 — —
2S7E06CDAB 8 / 3 0 / 8 3 ---- ----
2S7E12CCBD 8 / 0 9 / 8 3 — —

A v e r a g e 10 383
S t a n d a r d

D e v i a t i o n 3 153



T a b l e  1 2 .  S t r e a m  s i t e s  m e a s u r e d

NAME LOCATION DATE ELEVATION
( c r e e k )  MEASURED ( f e e t )

(m o n th  
d a y / y e a r )

B e a s l e y 1S6E25DADA* 9 / 1 6 / 8 3 5280
B r i d g e r 1S6E36CDDA* 6 / 0 8 / 8 3 5020
Unnamed 1S7E16CCAB* 1 0 / 1 9 / 8 3 5530
S t o n e 1S7E17AAAD* 1 0 / 1 9 / 8 3 5530
B r i d g e r 1S7E20BCCC* 9 / 1 2 / 8 3 5230
S p r i n g 1S7E27CDAA* 9 / 1 2 / 8 3 5720
B r i d g e r 1S7E30DABA* 6 / 2 8 / 8 3 5130
Unnamed 1S7E32CADD* 1 0 / 0 8 / 8 3 5840
Unnamed 1S7E32DACD* 1 0 / 0 8 / 8 3 6230
Unnamed 2S6E1IABDA 1 0 / 0 8 / 8 3 5160
Unnamed 2S6E12BBCA 1 0 / 0 8 / 8 3 5180
Unnamed 2S7E06ACAC 1 0 / 1 2 / 8 3 5550

TEMP FLOW SPECIFIC CALCULATED
( C e l s i u s )  gpm CONDUCTANCE TOTAL

( m i c r o m h o s /  DISSOLVED 
c e n t i m e t e r )  SOLIDS

mg/1

13" 30 320 ~ 2 8 9 . 8 0
11 25035 414 2 8 2 . 4 6 *
}    510 4 6 8 . 4 0
6 28 240 . 2 1 4 . 6 0
I   285 2 5 6 . 9 0
7 14  235 2 0 9 . 9 0

12 15062  431 3 0 5 . 9 0
7 2 325 2 9 4 . 5 0
6 . I  305 2 7 5 . 7 0

13 1 180 1 5 8 . 2 0
8 I  212 1 8 8 . 2 8
8 280 2 5 2 . 2 0

i n d i c a t e s  s e c t i o n s  n o t  e q u a l  t o  one  s q u a r e  m i l e  i n  a r e a
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Table 13

/
Measured spring sites.

LOCATION DATE
MEASURED 
(m o n th / 
d a y /y e a r )

TEMPERATURE
( 0C e lc iu s )

SPECIFIC 
CONDUCTANCE 
(m icro m h o s/ 
c e n t i r a e te r )

CALCULATED
TOTAL

DISSOLVED
SOLIDS
mg/1

FLOW
( g a l lo n s

p e T
m in u te )

ELEVATION
( f e e t )

1S7E29CBDD* 6 /2 5 /8 3 8 844 610 .43** 710
1S7E29DBCD* 9 /0 6 /8 3 9 480 440 .20 ^ 5 5/  /01S7E29DDBA* 9 /1 1 /8 3 9 372 33 8 .6 8
1S7E32DDDD* 1 0 /1 2 /8 3 5 370 3 3 6 .8 0
1S7E33CDAD* 9 /0 6 /8 3 9 410 3 74 .40 0 .52S7E05AABA 1 0 /1 2 /8 3 5 385 35 0 .9 0
2S7E06ABBB 6 /2 4 /8 3 • 10 398 4 26 .77** fl.n
2S7E06ADBD 1 0 /1 2 /8 3 7 205 181 .70 5840

♦ in d i c a t e s  s e c t io n s  no t" e q u a l to  one s q u a re  m ile  i n  a r e a  ' 
♦ ♦ in d ic a te s  l a b o r a to r y  t e s t e d  sam ple

Table 14. Measured pond sites. Dashed values p.f flow represent flow 
too low to measure.

LOCATION DATE
MEASURED
(m o n th /
d a y /y e a r )

TEMPERATURE 
( 0C e lc iu s )

FLOW
gpm

SPECIFIC
CONDUCTANCE
(m icrom hos/
c e n t im e te r )

CALCULATED
TOTAL

DISSOLVED
SOLIDS
mg/1

1 ELEVATION 
( f e e t )

1S6E25DADA* 9 /1 6 /8 3 15 ——— 378 344.32; 526 0
1S7E20CBDA* 9 /0 6 /8 3 10 ——— 270 242 .80 5240
1S7E20DDDC* 9 /0 6 /8 3 9 ——— 285 256 .90 5400
1S7E29CAAB* 9 /1 1 /8 3 18 —— 395 3 6 0 .3 0 5290
1S7E29CBAB* 9 /1 2 /8 3 15 — 487 44 6 .7 8 5215
1S7E29CBBA* 9 /1 2 /8 3 16 —— 460 431 .40 5200
1S7E29CBBA* 9 /1 2 /8 3 13 — — 500 4 5 9 .QO 5230
1S7E29CDCB* 9 /0 6 /8 3 13 0 . 4 442 40 4 .4 8 5360
1S7E29DCCB* 9 /0 6 /8 3 15 ——— 343 3 1 1 .4 2 5460
1S7E30AADD* 9 /1 2 /8 3 17 ——— 620 5 71 .80 5190
1S7E32ADCA* 1 0 /0 8 /8 3 15 — 310 280 .40 6000
1S7E32CDAD* 1 0 /0 8 /8 3 6 — — 360 32 7 .4 0 5900
1S7E32CDDB* 1 0 /0 8 /8 3 4 — 390 3 5 5 .6 0 5920
1S7E32DDCD* 1 0 /0 8 /8 3 5 ——— 370 33 6 .8 0 6300
1S7E33CBCA* 9 /0 6 /8 3 8 — — 310 2 80 .40 6220
2S6E06BACD 1 0 /08 /83 , 7 —— 400 36 5 .0 0 5280

♦ in d i c a t e s  s e c t io n s  n o t e q u a l to  one s q u a re  m ile  in  a r e a  
♦ ♦ in d ic a te s  l a b o r a to r y  t e s t e d  sam ple
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t e m p e r a t u r e  i s  10 d e g r e e s  c e l c i u s .  T h i s  v a l u e  c o m p ar e s  f a v o r a b l y  w i t h  

t h e  e x p e c t e d  t e m p e r a t u r e .  T h e  a i r  t e m p e r a t u r e  a t  B r i d g e r  Bowl  

( e l e v a t i o n  5 9 5 0  f e e t )  i s  3 . 3 °C ( 3 7 . 9 ° F ) .  T h e  t e m p e r a t u r e  a t  B o z e m a n  

i s  6 .5  C ( 4 3 . 7 °F) a t  an  e l e v a t i o n  o f  4856 f e e t .  I f  o n e  a s s u m e s  a  mean 

a i r  t e m p e r a t u r e  f o r  B r i d g e r  Canyon o f  4 . 9 °C ( 4 0 . 8 ° F ) ,  t h e  g r o u n d w a t e r  

t e m p e r a t u r e  i s  a b o u t  5°C a b o v e  t h e  a i r  t e m p e r a t u r e .  T h i s  d i f f e r e n c e  

i s  e x p e c t e d .  A c c o r d i n g  t o  W a l t o n  (1 9 7 0 )  g r o u n d w a t e r  t e m p e r a t u r e s  a t  

d e p t h s  o f  30 t o  60 f e e t  n o r m a l l y  e x c e e d  t h e  m e a n  a n n u a l  a i r  

t e m p e r a t u r e  b y  2 o r  3 d e g r e e s  F a h r e n h e i t .  T h e  g e o t h e r m a l  g r a d i e n t  

i n c r e a s e s  t e m p e r a t u r e s  by  a b o u t  I  °C f o r  e a c h  1 00 f e e t  o f  a d d i t i o n a l  

i d e p t h .

The a v e r a g e  t e m p e r a t u r e s  n o t  w i t h s t a n d i n g ,  t h e r e  arei s e v e r a l  warm 

g r o u n d w a t e r  w e l l s .  The s t a n d a r d  d e v i a t i o n  f o r  a l l ,  wa t ;e r  t e m p e r a t u r e s  

3 . 3 °C. T h e  w a t e r  t e m p e r a t u r e s  a b o v e  1 3 °C a r e  c l e a r l y  m o r e  t h a n  o n e  

s t a n d a r d  d e v i a t i o n  a b o v e  t h e  m e a n  a n d  a r e  c l a s s i f i e d  a s  wa rm .  T he  

w e l l s  w e r e  p u m p ed  a t  5 g a l l o n s  p e r  m i n u t e  b e f o r e  t e m p e r a t u r e s  w e r e  

m e a s u r e d  i n  t h e  f i e l d .  T h u s  t h e  h i g h  t e m p e r a t u r e s  ^ r e  p r o b a b l y  n o t
Ir • # e

r e l a t e d  t o  e q u i l i b r i u m  w i t h  t h e  a t m o s p h e r e .  The w a r m e s t  w a t e r s  a p p e a r  

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

B r i d g i r  Range ( P l a t e  I ) .  F u r t h e r  t e s t i n g  o f  t h i s  r e l a t i o n s h i p  m i g h t  

, d e f i n e  a  zone  o f  low t e m p e r a t u r e  g e o t h e r m a l  p o t e n t i a l .  I f  a f t e r  l o n g

pumpage,  t h e  w e l l s  r e m a i n  warm, some c o n s i d e r a t i o n  m igb^  b e  g i v e n  t o  

s p a c e  h e a t i n g  t h r o u g h  a  h e a t  e x c h a n g e  s y s t e m .  M o r e  w o r k  i s  n e e d e d  

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

i -
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S p e c i f i c  C o n d u c t a n c e « S p e c i f i c  e l e c t r i c a l  c o n d u c t a n c e  i s  t h e  

a b i l i t y  ( m e a s u r e d  i n  m ic ro m hos  p e r  c e n t i m e t e r )  o f  w a t e r  t o  c o n d u c t  a n  

e l e c t r i c a l  c u r r e n t .  S p e c i f i c  c o n d u c t a n c e  i s  t h e  a b i l i t y  o f  a  cube  one 

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

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

i o n s  p r e s e n t  i n  t h e  w a t e r .  M e a s u r e m e n t s  a r e  a d j u s t e d  t o  25°C so t h a t  

v a r i a t i o n s  a r e  due  t o  t h e  d i s s o l v e d  c o n s t i t u e n t s  o n l y .  W a l t o n  (1 970 )  

r e p o r t s  t h a t  a t  2 5 °C, p u r e  w a t e r  h a s  a  s p e c i f i c  c o n d u c t a n c e  o f  0.5 t o  

5 .0  m i c r o m h o s / c e n t i m e t e r  w h i l e  n o r m a l  g r o u n d w a t e r  h g s  a  s p e c i f i c  

c o n d u c t a n c e  o f  30 t o  2 ,0 0 0  m i c r o m h o s / c e n t i m e t e r .  L a b o r a t o r y  s p e c i f i c  

c o n d u c t a n c e s  o n  s a m p l e d  w a t e r s  r a n g e  f f p m  1 6 7  t o . . 7 5 0  

m i c r o m h o s / c e n t i m e t e r  ( T a b l e  9 ) .  F i e l d  v a l u e s  r a p g e  f r p m  1 80 t o  960 

m i c r o m h o s / c e n t i m e t e r  ( T a b l e s  11 t o  14) .  T h e s e , v a l u e s  a%e w i t h i n  t h e  

r a n g e  o f  n o r m a l  g r o u n d w a t e r .  The E n v i r o n m e n t a l  P r o t p c t i p n  Agency d o e s  

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

As d i s c u s s e d  a b o v e  t h e  m a i n  a d v a n t a g e  o f  k n o w i n g  t h e  s p e c i f i c  

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

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

c o n d u c t a n c e  an d  t o t a l  d i s s o l v e d  s o l i d s  i n  B r i d g e t  Canypn i s  so w e l l -  

d e f i n e d ,  a n y  v a l u e s  o f  s p e c i f i c  c o n d u c t a n c e  g r e a t e r  t h a n  550  

m ic ro m h o s / c e n t i m e t e r  w i l l  b e  a b o v e  t h e  s t a n d a r d  f o r  t o t a l  d i s s o l v e d  

s o l i d s .

P a r a m e t e r s  W i th  E x c e e d e d  S t a n d a r d s

N i t r a t e .  The E n v i r o n m e n t a l  P r o t e c t i o n  Agency w a t e r  s t a n d a r d  f o r  

n i t r a t e  i s  10 m i l l i g r a m s  p e r  l i t e r  ( m g / 1 )  a s  n i t r o g e n  ( T a b l e  1 5 ) .
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T h i s  l e v e l ,  i s  e s t a b l i s h e d  d u e  t o  a  n u m b e r  o f  f p t a l  p o i s o n i n g s  o f

T a b l e  1 5 .  P r i m a r y  s t a n d a r d s  f o r  d r i n k i n g  w a t e r .  ( f r o m  U .S .  
E n v i r o n m e n t a l  P r o t e c t i o n  A g e n c y ,  1977)

CONTAMINANT STANDARD
( m i l l i g r a m s  p e r  J i t e r )

Cadmium . 0.010
Chromium 0 . 0 5
Lead 0 . 0 5
N i t r a t e  ( a s  N) 10.00
S i l v e r 0 . 0 5

i n f a n t s  a t  n i t r a t e  l e v e l s  g r e a t e r  t h a n  10 m g / 1 . W i t h i n  t h e  i n f a n t  

b o d y ,  n i t r a t e  i o n  (NO3 ) i s  c o n v e r t e d  t o  n i t r i t e  (NOg) w h i c h  c o n v e r t s  

t h e  b l o o d  p i g m e n t  h e m o g l o b i n  t o  m e t h e m o g I o b i n .  T h i s  c o n v e r s i o n  

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

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

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

( E n v i r o n m e n t a l  P r o t e c t i o n  A g e n c y ,  1 9 7 7 ) .  W a t e r s  s a m p l e d  f o r  t h i s  

s t u d y  h a v e  n i t r a t e  r a n g i n g  f r o m  0 . 0 2  m g / l  t o  1 . 5 5  m g / l  ( T a b l e  1 6 ) .  

W a t e r  u s e r s  a t  l o c a t i o n s  w h e r e  t h e  v a l u e s  e x c e e d  I  m g / l  s h o u l d  

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

c l o s e  t o  t h e  s t a n d a r d ,  h o w e v e r ,  t h a t  t h e y  may be  o f  I i t t J L e  n o t e .  T h es e  

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

F l u o r i d e .  F l u o r i d e  i s  a n o r m a l  c o n s t i t u e n t  o f  a l l  d i e t s  and i s  

a n  e s s e n t i a l  n u t r i e n t  ( E n v i r o n m e n t a l  P r o t e c t i o n  A g e n c y ,  1 9 7 7 ) .  

F l u o r i d e  i n  d r i n k i n g  w a t e r  w i l l  p r e v e n t  d e n t a l  c a r i e s  u n l e s s  p r e s e n t  

i n  e x c e s s i v e  am o u n t s .  E x c e s s i v e  f l u o r i d e  i n  d r i n k i n g  w a t e r  p r o d u c e s  

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



53

T a b l e  1 6 .  C h e m i c a l  c o n s t i t u e n t s  c o n t r i b u t i n g  t o  p o o r  w a t e r  q u a l i t y  
a n d  h a v i n g  d r i n k i n g  w a t e r  s t a n d a r d s .  U.S.  E n v i r o n m e n t a l  
P r o t e c t i o n  A ge ncy  s t a n d a r d s  a r e  f o u n d  i n  p a r e n t h e s e s .

SAMPLE
NUMBER

LOCATION NITRATE
mg/1
( 10 )

FLUORIDE
mg/1
( 2 . 4 )

IRON
mg/1
( 0 . 3 )

I 1S6E36ADBA* 1 . 3 7 .2 . 3 8
t 2 1S6E36CDDA* .03 .2 .21

3 1S7E17CAAC* .71 .2 3 . 5 2
4 1S7E17CCDA* .85 .2 5 . 4 5
5 1S7E29CBDD* . 5 3 .3 .002
6 1S7E29DCCA* .16 .2 1 .20

I  7 1S7E30BAAA* . 7 0 . 4 .016
8 1S7E30BADD* 1 .2 0 .6 .061
9 1S7E30DABA* .02 .2 . 17

10 1S7E31DCBC* 1 . 5 5 .2 .12
11 1S7E31CDBA* .46 1 .2 3 . 0 5

; 12 2S6E01ABBB 1 .12 . 4 .53
13 2S7E06ABBB .27 .3 .002

* 14 2S7E06BCBC .35 3 . 4 .37

*means  a r e a o f  s e c t i o n  i s  n o t e q u a l  t o  one s q u a r e  m i l e

f l u o r i d e  l e v e l s  a r e  d e p e n d e n t  up o n  c l i m a t i c  c o n d i t i o n s  ( E n v i r o n m e n t a l  

P r o t e c t i o n  A g e n c y ,  1 9 7 7 ) .  T h e  E n v i r o n m e n t a l  P r o t e c t i o n  A g e n c y  h a s  

e s t a b l i s h e d  l e v e l s  b a s e d  u p o n  t h e  a n n u a l  a v e r a g e  max imum d a i l y  

t e m p e r a t u r e  ( T a b l e  17).  V a l u e s  o f  f l u o r i d e  f r o m  w a t e r s  s a m p l e d  i n  t h e  

s t u d y  a r e a  r a n g e  f r o m  0 . 2  m g / 1  t o  3 . 4  m g / 1  ( T a b l e  1 6 ) .  A t  a m ean  

maximum a n n u a l  d a i l y  t e m p e r a t u r e  o f  53.55 d e g r e e s  F a h r e n h e i t  f o r  t h e  

C a n y o n ,  tw o  s i t e s  e x c e e d  t h e  U.S.  E n v i r o n m e n t a l  P r o t e c t i o n  A g e n c y  

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

may be  c a u s e  f o r  c o n c e r n  when c h i l d r e n  a r e  d r i n k i n g  t h e  w a t e r ,  b e c a u s e  

t h e i r  t e e t h  may become m o t t l e d .  A d e n t i s t  s h o u l d  b e  c o n s u l t e d  w h e r e  

c o n c e r n  e x i s t s .

I r o n . A t  c o n c e n t r a t i o n s  g r e a t e r  t h a n  0 . 0 5  m g / 1  i r o n  w a t e r  

bec omes  c o l o r e d  an d  b e g i n s  t o  s t a i n  f i x t u r e s .  A p p r o x i m a t e l y  I  mg/1  o f
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T a b l e  1 7 .  P r i m a r y  s t a n d a r d s  f o r  d r i n k i n g  w a t e r  f o r  f l u o r i d e ,  
d e p e n d e n t  upo n  t h e  a n n u a l  a v e r a g e  o f  t h e  maximum d a i l y  a i r  
t e m p e r a t u r e ,  ( f r o m  U.S. E n v i r o n m e n t a l  P r o t e c t i o n  A g e n c y ,

TEMPERATURE 
IN DEGREES 
FAHRENHEIT

TEMPERATURE 
IN DEGREES 

CELSIUS

MAXIMUM RECOMMENDED 
FLUORIDE LEVEL 

( m i l l i g r a m s  p e r  l i t e r )

5 3 . 7  and  b e lo w 1 2 .0  and b e l o w 2 . 4
5 3 . 8  t o  5 8 . 3 1 2 . 1  t o  1 4 . 6 2 .2
5 8 . 4  t o  6 3 . 8 1 4 . 7  t o  1 7 . 4 2 .0
6 3 . 9  t o  7 0 . 6 1 7 . 7  t o  2 1 . 4 1 .8
7 0 . 7  t o  7 9 . 2 2 1 . 5  t o  2 6 . 2 1 .6
7 9 . 3  t o  9 0 . 5 2 6 . 3  t o  3 2 . 5 1 . 4

i r o n  i n  w a t e r  i s  d e t e c t a b l e  a s  a  b i t t e r  t a s t e .  T h e  E n v i r o n m e n t a l  

P r o t e c t i o n  A g e n c y  maximum c o n t a m i n a n t  l e v e l  i s  0 .3  m g / 1  ( T a b l e  1 0 ) .  

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

l e s s  t h a n  0 .002  m g/1  t o  5.45 m g / 1  ( T a b l e  16) .  At  t h e s e  c o n c e n t r a t i o n s  

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

b i t t e r  t a s t e .  Some r e s i d e n t s  r e p o r t e d  p r o b l e m s  w i t h  s t a i n i n g  b u t  n o t  

w i t h  t a s t e .  N orm a l  w e a t h e r i n g  o f  m i n e r a l s  i n  t h e  r o c k s  may b e  c a u s i n g  

o x i d a t i o n  w h i c h  c o n t r i b u t e s  i r o n  t o  t h e  w a t e r .  The m e th o d  f o r  d e a l i n g  

w i t h  the ,  i r o n  s t a i n  i s  t o  u s e  s t r o n g  i r o n  s o l v e n t s  i n  c l e a n i n g .  The 

p r o b l e m  o f  t a s t e  may o n l y  b e  r e s o l v e d  by c o n s u l t i n g  an  e x p e r t  i n  w a t e r  

t r e a t m e n t .

D i s c u s s i o n  o f  W a te r  Q u a l i t y

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

n i t r a t e  no  w a t e r  q u a l i t y  p a r a m e t e r s  d i s t i n g u i s h  t h e  B r i d g e r  C a n y o n  

w a t e r s  as  o b j e c t i o n a b l e .  The P i p e r  T r i l i n e a r  P l o t  shows t h a t  m o s t  o f
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t h e  w a t e r s  s a m p l e d  a r e  c a l c i u m  c a r b o n a t e  w a t e r s .  The t h r e e  e x c e p t i o n s  

a r e  sodium ,  p o t a s s i u m ,  an d  b i c a r b o n a t e  w a t e r s .  A s s o c i a t e d  w i t h  t h e s e  

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

F l u o r i d e  a n d  b o r o n  a r e  e x p e c t e d  t o  o c c u r  t o g e t h e r  b e c a u s e  b o r o n  i s  

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

l i k e  f l u o r i d e .  A P e a r s o n  C o r r e l a t i o n  c o e f f i c i e n t  o f  0 .9561 c a l c u l a t e d  

b y  t h e  m e t h o d s  o f  N i e  a n d  o t h e r s  ( 1 9 7 5 )  b e t w e e n  f l u o r i d e  a n d  b o r o n  

s u p p o r t s  t h i s  e x p e c t a t i o n .  The f l u o r i d e - ^ r i c h  w a t e r s  a r e  a l s o  r i c h  i n  

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

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

B i l l m a n  C r e e k  F o r m a t i o n  an d  a r e  g e n e r a l l y  l o c a t e d  a t  T o w n sh ip  2 S o u th ,  

Range 7 E a s t ,  S e c t i o n  6 , and  T l S ,  R7E, S e c t i o n  31.  The l o w e r  f l u o r i d e  

a n d  b o r o n  w a t e r s  a r e  o x i d i z i n g  w a t e r s  f r o m  b o t h  t h e  B i l l m a n  C r e e k  

F o r m a t i o n  an d  t h e  Q u a t e r n a r y  a l l u v i u m .  Homeowners  r e p o r t  p r o b l e m s  i n  

w a t e r  t a s t e  and  s t a i n i n g  o f  f i x t u r e s  due  t o  i r o n .  I n d i v i d u a l  p r o b l e m s  

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

f rom  t h e  w a t e r .  W h i l e  t h e  p o t e n t i a l  e x i s t s  f o r  p r o b l e m s  w i t h  n i t r a t e  

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

o r  p h y s i c i a n .

T h e r e  may b e  a  r e l a t i o n s h i p  b e t w e e n  w a t e r  c h e m i s t r y  an d  t h e r m a l  

w a t e r .  T h e  U.S.  F i s h  a n d  W i l d l i f e  F i s h  C u l t u r a l  D e v e l o p m e n t  C e n t e r  

(FCDC) w a t e r  s u p p l i e s  l o c a t e d  a t  t h e  mou th  o f  B r i d g e r  Canyon a r e  warm 

w a t e r s .  H y d r o t h e r m a l  I y  a l t e r e d  r o c k  i s  f o u n d  i n  p l a c e  a t  1S6E24DDAB* 

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

i n  t h e  g e o l o g i c  p a s t .  T h e  n e a r b y  B o z e m a n  H o t  S p r i n g s  w a t e r s  w e r e  

a n a l y z e d  i n  1 9 7 9  b y  t h e  U.S.  G e o l o g i c a l  S u r v e y .  T a b l e  1 8  i s  a n



Table 18. Comparison of chemical analyses of water from Bozeman Hot Springs well (from Leonard 
1980) Bridger Canyon sampled waters, and the Fish Cultural Development Center (FCDC)

LOCATION DATE OF SAMPLE FLOW RATE SPECIFIC pH TEMPERATURE HARDNESS
gpm CONDUCTANCE (LAB) DEGREES C AS CaCOo

m ic ro m h o s /c e n t im e te r 3
2S4E1SCCB-Hot S p r s . 1 1 /3 0 /7 9 2.6 588 9 .4 4 6 .0 12
1S7E31CDBA* 6 /2 3 /8 3 4 344 8.1 10.2 60
2S6E01ABBB 6 /2 7 /8 3 12 365 8 .1 5 9 .2 38 .43
2S7E06BCBC 6 /2 7 /8 3 5 167 9 .10 11.0 8 .7 4
mean o f  o th e r s to  6 /2 8 /8 3 8* 374 7 .71 9 .5 214.23
FCDC ( 1S6E34BCCC) 7 /77 warm w a te r s 448 7 .7 21.0 230

c o ld  w a te r s 385 7 .6 8.0 207

♦ w e lls  o n ly

LOCATION CALCIUM
mg/1

MAGNESIUM
mg/1

SODIUM
mg/1

SAR POTASSIUM
mg/1

ALKALINITY
mg/1

SULFATE
mg/1

2S4E13CCB 4 .7 0.1 120 15 1.2 57 120
1S7E31CDBA* 1 9 .8 2.6 5 7 .4 3 . 2 2 ' .1 148 .12 22.6
2S6E01ABBB 1 4 .4 0.6 7 0 .4 4 .9 4 .1 173 .71 1 7 .8
2S7E06BCBC 3 .5 .1 3 6 .3 .1 71 .06 7 .0
mean o f  o th e r s 6 5 .2 1 2 .4 21.8 0 ,6 3 .4 227.63 23 .9
FCDC -  warm '5 4 .8 22 .7 4 .2 6 ——— 1 .4 0 1 7 1 .2 80

co ld 50.1 20.0 1 .4 1 — .77 148 .6 30

* V e lls  o n ly

LOCATION CHLORIDE
mg/1

FLUORIDE
mg/1

SILICA
mg/1

TOTAL DISSOLVED 
SOLIDS 
mg/1

BORON
u g /1

IRON
mg/1

LITHIUM
u g /1

MANGANESE
ug /1

2S4E13CCB 49 2 .9 34 ' 367 .45 240 . 0 .0 2 3 0 .4 2
1S7E31CDBA* 8.3 1.2 12.1 3 0 8 .4 5 240 3 .0 5 11 .2 4
2S6E01ABBB 3 .8 .4 1 2 .3 3 33 .16 50 .53 3 .005
2S7E06BCBC 1 .7 3 .4 1 3 .0 1 44 .82 470 .37 4 .004
mean o f 3 .3 .3 1 3 .8 420.81 54 1.01 6 .4 .03

o th e r s
TS7E34BCCC .1 9 .47 8 263 .7 .025 .0015

.23 .23 3 1 9 2 .9 .025 — .0012

LnON

* v e l l s  o n ly
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a n a l y s i s  o f  w a t e r  f r o m  a  w e l l  l o c a t e d  a t  t h e  h o t  s p r i n g s  a t  2S4E13CCB, 

and a t  t h e  F i s h  C u l t u r a l  D e v e l o p m e n t  C e n t e r  a t  1S6E34BCCC.

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

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

a r e  l o w e r .  O t h e r  c h e m i c a l  p a r a m e t e r s  a r e  s i m i l a r  e x c e p t  f o r  t h e
I,

h i g h e r  h a r d n e s s  a t  t h e  f i s h  h a t c h e r i e s .  T h e  warm  w a t e r  a t  t h e  f i s h  

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

w a rm er  w a t e r s  a t  t h e  h o t  s p r i n g s  and  t h e  f i s h  h a t c h e r i e s  a r e  h i g h e s t  

i n  s u l f a t e .  On a  P i p e r  T r i l i n e a r  P l o t  t h e  Bozeman Ho t  S p r i n g s  w a t e r s  

a r e  p l o t t e d  i n  t h e  same c l a s s i f i c a t i o n  ( s o d iu m ,  p o t a s s i u m )  a s  a r e  t h e  

B r i d g e r  C a n y o n  s a m p l e s  1 1 ,  1 2 ,  a n d  1 4 ,  b u t  a r e  h i g h e r  i n  c h l o r i d e .  

T h e  FCDC w a t e r s  a r e  c l a s s i f i e d  a s  c a l c i u m  w a t e r s .  S o n d e r e g g e r  a n d  

M i l l e r  ( 1 9 8 4 )  r e p o r t  t h a t  a t  T h r e e  F o r k s ,  M o n t a n a  g r o u n d w a t e r  i s  

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

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

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

c o n c e n t r a t i o n  w h i c h  may r e l a t e  t h e  two a r e a s .  A g e o l o g i c a l  c o n n e c t i o n  

may e x i s t  b e t w e e n  T h r e e  F o r k s ,  t h e  B o z e m a n  H o t  S p r i n g s ,  t h e  f i s h

h a t c h e r i e s ,  an d  B r i d g e t  Canyon w h i c h  p r o d u c e s  s i m i l a r  w a t e r  q u a l i t i e s .
I '
' H o w e v e r ,  t h e  w a r m e s t  w a t e r s  i n  t h e  c a n y o n  a r e  n o t  t h e  o n e s  w i t h  t h e

' h i g h e s t  v a l u e s  o f  f l u o r i d e , ,  b o r o n ,  o r  h y d r o g e n  s u l f i d e .  More r e s e a r c h

I i s  n e e d e d  t o  d e t e r m i n e  w h e t h e r  o r  n o t  t h e  w a t e r s  d i s c u s s e d  a r e  i n  anyI;
> w a y  c o n n e c t e d .  S u c h  r e s e a r c h  m i g h t  i n c l u d e  m o r e  d e t a i l e d  c h e m i c a l  

a n a l y s e s .  More  w e l l  t e m p e r a t u r e s  s h o u l d  be  m e a s u r e d  a f t e r  s u b s t a n t i a l  

pumpage h a s  t a k e n  p l a c e .  D e t a i l e d  s t r u c t u r a l  a n a l y s i s ,  c o m p u t e r  image

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

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

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

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

r e p r e s e n t a t i v e  o f  g r o u n d w a t e r .  H a c k e t t  a n d  o t h e r s  ( 1 9 6 0 )  a n a l y z e d  

s u r f a c e  w a t e r  q u a l i t y  f r o m  B r i d g e t  C r e e k  a t  t h e  m o u t h  o f  t h e  c a n y o n  

( 1 S 6 E 3 4 B D ) .  T a b l e  19 c o m p a r e s  t h e  S e p t e m b e r  2 1 ,  1 9 5 1  a n a l y s i s  w i t h  

two s a m p l e s  t a k e n  f r o m  B r i d g e t  C r e e k  on J u n e  28,  1 983 a s  p a r t  o f  t h i s  

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

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

y e a r  w a t e r  was  s a m p l e d .  The 1951 s a m p l e  was  t a k e n  l a t e r  i n  t h e  y e a r  

t h a n  t h e  end  o f  J u n e  s a m p l e s ,  and  r e p r e s e n t s  b a s e  f l o w .  E i t h e r  l i t t l e  

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

t h a t  w a t e r  c h e m i s t r y  a t  b a s e  f low,  an d  h i g h e r  d i s c h a r g e s  i s  t h e  same,  

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

a r e  t h e  same.  I n  e i t h e r  c a s e  t h e  o n l y  s i g n i f i c a n t  d i f f e r e n c e s  a r e  an 

i n c r e a s e  i n  i r o n  and  i n  t e m p e r a t u r e .  The i n c r e a s e d  i r o n  may be  due t o  

a n  a c c u m u l a t e d  i n c r e a s e  i n  o x i d a t i o n  o f  s u r f a c e  o u t c r o p s  s i n c e  1951.  

T he  t e m p e r a t u r e  d i f f e r e n c e s  may b e  d u e  t o  d i f f e r e n c e  i n  m e a s u r i n g  

m e t h o d s  a n d  t i m e s  b e t w e e n  t h e  tw o  s t u d i e s .  T h i s  s u g g e s t s  a n  e r r o r  

w h i c h  c o u l d  be c o r r e c t e d  by  more  m e a s u r e m e n t s .

L
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T a b l e  19 . C h e m i c a l  a n a l y s i s  o f  s u r f a c e  w a t e r  com pared  f r o m  l i t e r a t u r e  
a n d  a n a l y s i s  f r o m  t h i s  s t u d y .  ( S i t e  #1S6E34BD  f r o m  
H a c k e t t ,  e t  a l ,  1960. )

LOCATION DISCHARGE DATE OF COLLECTION TEMPERATURE
CREEK ( c f  s ) ( d e g r e e s  F)

i B r i d g e r 11 9 / 2 1 / 5 1 44 (I0C)
1S6E34BD

B r i d g e r 56 6 / 2 8 / 8 3 52 ( I l 0C)
1S6E36CDDA*

B r i d g e r 34 6 / 2 8 / 8 3 54 (1 2°C )
1S7E30DABA* '

LOCATION SILICA IRON CALCIUM MAGNESIUM SODIUM
mg/1 mg/1 mg/1 mg/1 mg/1

1S6E34BD 9 . 0 . 0 4 57 9 . 2 11
1S6E36CDDA* 8 .8 .21 49 9 . 9 7 . 7
1S7E30DABA* 9 . 2 .17 50 1 0 . 3 8 . 9

i ' ,
LOCATION POTASSIUM BICARBONATE CARBONATE SULFATE CHLORIDE

' mg/1 mg/1 mg/1 mg /1 mg/1

' 1S6E34BD .8 231 ■ 0 15 2.0
1S6E36CDDA* .8 190 5 . 3 9 . 8 .6
1S7E30DABA* • 5 213 0 12 .9

;

, LOCATION FLUORIDE NITRATE BORON DISSOLVED HARDNESS
mg/1 mg/1 mg/1 SOLIDS mg/1

; mg/1

1S6E34BD .2 .5 . 0 3 236 180 -
1S6E36CDDA* .2 .03 .02 282 163
1S7E30DABA* .2 .02 . 0 6 306 168

LOCATION SPECIFIC CONDUCTANCE 
( m ic r o m h o s / c m )

pH

1S6E34BD 379 7 . 5
1S6E36CDDA* 311 8 . 3
1S7E30DABA* 331 8 . 3

*means  s e c t i o n  i s  n o t  e q u a l  t o  o n e  s q u a r e  m i l e
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CONCLUSIONS

B r i d g e r  Canyon i s  d e v e l o p i n g  i n  r e s p o n s e  t p  g r o w t h  a t  t h e  B r i d g e t

, Bowl S k i  a r e a  and r e s i d e n t i a l  e x p a n s i o n  f r o m  Bozeman. P e o p l e  b u i l d i n g  

homes i n  t h i s  a r e a  n e e d  t o  o b t a i n  w a t e r ,  b u t  some a r e a s  i n  t h e  can y o n

p r o d u c e  l i t t l e  g r o u n d w a t e r  a n d / o r  h a v e  w a t e r  q u a l i t y  p r o b l e m s .  W a te r
I;

a v a i l a b i l i t y  and  q u a l i t y  i n  t h e  ca n y o n  a r e  g e o l o g i c a l  I y  c o n t r o l l e d .  

P l a t e  4 s u m m a r i z e s  t h e  g r o u n d  w a t e r  r e s o u r c e s  b a s e d  u p o n  b o t h  w a t e r  

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

map s h o u l d  a l l o w  someone d e v e l o p i n g  g r o u n d w a t e r  r e s o u r c e s  t o  o b t a i n  a 

g e n e r a l  p i c t u r e  o f  g r o u n d w a t e r  a v a i l a b i l i t y  and  q u a l i t y .  T h i s  map was 

d e v e l o p e d  b y  o v e r l a y i n g  d a t a  o n  r o c k  t y p e ,  d r i l l i n g  d e p t h ,  w a t e r  

l e v e l s ,  and w a t e r  q u a l i t y .  W a te r  i s  g e n e r a l l y  a v a i l a b l e  and o f  good 

q u a l i t y  i n  t h e  Q u a t e r n a r y  a l l u v i u m  w h e r e  t h i c k n e s s  i s  a d e q u a t e .  W a te r  

i s  s p o r a d i c a l l y  a v a i l a b l e  i n  t h e  B i l l m a n  C r e e k  F o r m a t i o n  and l o c a l l y  

m ay  b e  o f  p o o r  q u a l i t y  a n d  may r e q u i r e  d r i l l i n g  d e p t h s  o f  a f e w  

h u n d r e d  f e e t .  W h e r e  t h e  H o p p e r s  F o r m a t i o n  i s  a b o u t  3 0 0  f e e t  t h i c k ,  

w a t e r  s h o u l d  be  a v a i l a b l e  f o r  d o m e s t i c  w a t e r  s u p p l i e s  an d  s h o u l d  be  o f  

g o o d  q u a l i t y .  A l t h o u g h  n o  d a t a  e x i s t  f o r  o t h e r  r o c k  u n i t s  i n  t h e

1 a r e a ,  w h e r e  t h e r e  a r e  s a n d s t o n e s  s e v e r a l  f e e t  t h i c k ,  w a t e r  s h o u l d  be  

a v a i l a b l e  i n  t h e  T e l e g r a p h  C r e e k  and  E a g l e  S a n d s t o n e  F o r m a t i o n s .  On 

t h e  map ( P l a t e  4) w a t e r  a v a i l a b i l i t y  i s  d i v i d e d  i n t o  f i v e  c a t e g o r i e s .  

C a t e g o r i e s  A t o  D r e p r e s e n t  i n c r e a s i n g  d e p t h s  t o  w a t e r .  C a t e g o r y  E 

r e p r e s e n t s  known w a t e r  a v a i l a b i l i t y  p r o b l e m s  ( a b a n d o n e d  w e l l s ) .  The 

w a t e r  q u a l i t y  c l a s s i f i c a t i o n  i s  a  s i m p l e  a d d - o n  t o  t h e  A t o  E w a t e r

' a v a i l a b i l i t y  c l a s s i f i c a t i o n .  A number  ( I  o r  2) i s  a d d e d  t o  t h e  l e t t e r

I
5

ii' I
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t o  i n d i c a t e  w a t e r  q u a l i t y .  The num ber  I  i n d i c a t e s  t h a t  no known w a t e r  

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

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

G e n e r a l l y  w a t e r  i n  t h e  a l l u v i u m  w i l l  be  o f  good q u a l i t y  u n l e s s  m an-  

i n d u c e d  p o l l u t a n t s  a r e  i n t r o d u c e d  s u c h  a s  s e e p i n g  s e p t i c  t a n k s .  The 

n u m b e r  2 i n d i c a t e s  t h a t  k n o w n  w a t e r  q u a l i t y  p r o b l e m s  e x i s t  i n  t h e  

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

t h i s  a r e a  w i l l  be  o f  p o o r  q u a l i t y  and  u n f i t  f o r  u s e ,  b u t  w e l l s  d r i l l e d  

i n  t h e s e  a r e a s  may e n c o u n t e r  p r o b l e m s .  P r o b l e m s  i n c l u d e  h i g h  t o t a l  

d i s s o l v e d  s o l i d s ,  f l u o r i d e ,  h y d r o g e n  s u l f i d e  g a s ,  e x c e s s i v e  i r o n ,  and 

p o t e n t i a l  I y  e x c e s s i v e  n i t r a t e .

B e c a u s e  t h e r e  a r e  a r e a s  o f  l i m i t e d  w a t e r  a v a i l a b i l i t y ,  homeowners  

s h o u l d  d e v e l o p  a n  a d e q u a t e  w a t e r  s u p p l y  b e f o r e  a home i s  b u i l t .  I n  

a r e a s  w h e r e  w a t e r  s u p p l i e s  a r e  i n a d e q u a t e  n e i g h b o r s  may b e  a b l e  t o  

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

w e l l s  d r i l l e d  i n t o  Q u a t e r n a r y  a l l u v i u m  o r  t h i c k  H o p p e r s  o r  E a g l e  

S a n d s t o n e  F o r m a t i o n s  f o r  i m p r o v e d  a v a i l a b i l i t y  and q u a l i t y .  T h i s  w a t e r  

w o u l d  b e  p i p e d  t o  e a c h  home f r o m  a  c e n t r a l  w e l l .  S u c h  a n  a p p r o a c h  

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

o n l y  a  s i n g l e  w e l l  w o u l d  be  d r i l l e d  w i t h  w a t e r  l i n e s  t o  e a c h  home and 

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

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

t h a t  w a t e r  b e  t e s t e d  f o r  f l u o r i d e .  I f  l e v e l s  a r e  h i g h e r  t h a n  

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

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

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

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

5
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APPENDIX A

W a te r  L e v e l  M e a s u r e m e n t s

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

l e v e l  and  a  m ark  p o i n t  i s  n o t e d  w h e r e  t h e  t a p e  i n t e r s e c t s  t h e  t o p  o f  

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

n o t e d .  When t h e  t a p e  i s  r e m o v e d  f r o m  t h e  w e l l ,  t h e  w e t - m a r k  

i n d i c a t i n g  w a t e r  l e v e l  i s  n o t e d .

W a te r  l e v e l  i s  d e t e r m i n e d  b y  t h e  f o l l o w i n g  e q u a t i o n :

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

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

Y i e l d

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

m a r k e d  i n  g a l l o n s .  A s i n g l e  w a t e r  s o u r c e  i s  t u r n e d  o n  a t  f u l l  f l o w  

i n t o  t h e  b u c k e t .  A s t o p  w a t c h  i s  u s e d  t o  t i m e  how l o n g  i t  t a k e s  t o  

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

c o n v e r t e d  t o  g a l l o n s  p e r  m i n u t e  by  m u l t i p l y i n g  by 60.

W a t e r  T e m p e r a t u r e

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

t w e n t y  m i n u t e s  o f  f l o w  w i t h  a  T a y l o r  P o c k e t  T h er m o m ete r .

S p e c i f i c  C o n d u c t a n c e

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

Myron L-DS M e t e r ,  M ode l  EP. The m e t e r  was  r i n s e d  a  minimum o f  t h r e e  

t i m e s  i n  t h e  w a t e r  t o  b e  m e a s u r e d  b e f o r e  t a k i n g  a  r e a d i n g .  R e a d i n g s  

a r e  i n  m ic ro m h o s  p e r  c e n t i m e t e r .
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S p e c i f i c  C a p a c i t y

E ac h  w e l l  was pumped a t  5 g a l l o n s  p e r  m i n u t e  f o r  t w e n t y  m i n u t e s  

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

t h e  w e l l  w a s  l e s s  t h a n  5 g a l l o n s  p e r  m i n u t e ,  t h e  w e l l  w a s  pumped  a t  

i t s  max im um y i e l d .  S p e c i f i c  c a p a c i t y  i s  c a l c u l a t e d  b y  d i v i d i n g  

p u m p i n g  r a t e  b y  t h e  d r a w d o w n  i n  f e e t  a t  t h e  e n d  o f  p u m p i n g  o r  t h e  

maximum drawdown b e f o r e  pumping s t o p p e d .

W e l l  Logs

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

f r o m  t h e  M o n tan a  B u r e a u  o f  M ines  an d  G e o l o g y .  The l a s t  d a t e  o f  i s s u e  

o f  t h e  f o r m  w a s  S e p t e m b e r ,  1 9 7 9 .  A c o p y  o f  t h i s  f o r m  (N u m b e r  1 8 2)  i s  

i n c l u d e d  i n  A p p e n d ix  E.
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T e m p e r a t u r e  an d  s p e c i f i c  c o n d u c t a n c e  i n  s p r i n g s  w e r e  m e a s u r e d  by 

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

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

f l o a t i n g  s t i c k  m e t h o d  ( G a r d i n e r  a n d  D a c k o m b e ,  1 9 8 3 ) .  T h e  f l o a t i n g  

s t i c k  m e th o d  i n v o l v e s  f l o a t i n g  a  s m a l l  s t i c k  i n  t h e  s t r e a m  b e t w e e n  two 

p o i n t s  o f  known d i s t a n c e .  The t i m e  i s  r e c o r d e d  f o r  t h e  s t i c k  t o  p a s s  

b e t w e e n  t h e  two p o i n t s  t o  g i v e  a  v e l o c i t y .  A c r o s s - s e c t i o n a l  a r e a  i s  

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

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

APPENDIX B

Flow ( d i s c h a r g e )  = c r o s s - s e c t i o n a l  a r e a  X v e l o c i t y
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APPENDIX C

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

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

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

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

D i s c h a r g e  = a r e a  X v e l o c i t y
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APPENDIX D

W a te r  s a m p l e s  w e r e  c o l l e c t e d  u s i n g  t h e  t e c h n i q u e  o f  t h e  M on tana  

B u r e a u  o f  M i n e s  a n d  G e o l o g y .  A c o p y  o f  t h e i r  i n s t r u c t i o n s  i s  

i n c l u d e d .  I t  i s  d a t e d  M ar ch ,  1 9 8 2 .

MONTANA BUREAU OF MINES AND GEOLOGY 
COLLECTION OF WATER SAMPLES FOR CHEMICAL ANALYSES

To a s s u r e  m e a n i n g f u l  a n a l y t i c a l  d a t a ,  p r o p e r  c o l l e c t i o n  
t e c h n i q u e s  w h i l e  o b t a i n i n g  s a m p l e s  a r e  o f  u t m o s t  i m p o r t a n c e .  
Some c o l l e c t i o n  t e c h n i q u e s  a r e  o u t l i n e d  b e l o w  t h a t  w i l l  
i m p r o v e  t h e  v a l i d i t y  o f  t h e  a n a l y t i c a l  d a t a .  I t  m u s t  be  
k e p t  i n  m i n d  t h e  a n a l y s e s  a r e  o n l y  a s  r e l i a b l e  a s  t h e  
s a m p l e .  F i l l  a l l  b o t t l e s  f u l l  w i t h  no a i r  s p a c e .

Sam p le s  f o r  S t a n d a r d  C h e m i c a l  A n a l y s i s :

A. R i n s e  a  500 ml  b o t t l e  t h r e e  t i m e s  w i t h  50 t o  100 ml  
a m o u n t s  o f  t h e  u n t r e a t e d  s a m p l e  w a t e r .  F i l l  i t  w i t h  
u n t r e a t e d  w a t e r ,  l a b e l  i t  w i t h  y o u r  i d e n t i f i c a t i o n  
i n f o r m a t i o n  and  c i r c l e  t h e  w o r d s  U n t r e a t e d  Raw on t h e  l a b e l .  
T h i s  s a m p l e  w i l l  b e  u s e d  t o  d e t e r m i n e  p H ,  s p e c i f i c  
c o n d u c t a n c e ,  and  a l k a l i n i t y .

B. C l e a n  t h e  f i l t e r i n g  a p p a r a t u s  and c o l l e c t i o n  f l a s k  
b y  f i l t e r i n g  t h r e e  s e p a r a t e  50 t o  1 00  m l  a m o u n t s  o f  
d i s t i l l e d  o r  d e i o n i z e d  w a t e r .  E ach  f i l t r a t e  s h o u l d  be  u s e d  
t o  c o m p l e t e l y  r i n s e  t h e  c o l l e c t i o n  f l a s k .  R e p e a t  t h e  
p r o c e s s  a  s e c o n d  t i m e  w i t h  s a m p l e  w a t e r .  F i l t e r  0 . 5  l i t e r  
o f  s a m p l e  w a t e r  t h r o u g h  a  0 .45u  membrane i n t o  t h e  c o l l e c t i o n  
f l a s k ,  and  u s e  i t  t o  r i n s e  t h e  250 and  500 ml  s a m p l e  b o t t l e s  
t h r e e  t i m e s .  F i l t e r  a n  a d d i t i o n a l  0 . 8  l i t e r  ( n e a r l y  f u l l  
f l a s k )  t h r o u g h  a  new  0 . 4 5 u  m e m b r a n e  f o r  s a m p l e s .  F i l l  t h e  
25 0  m l  b o t t l e ,  a n d  c i r c l e  t h e  w o r d s  F i l t e r e d  O n l y  o n  t h e  
l a b e l .  F i l l  t h e  s e c o n d  b o t t l e  ( 5 0 0  m i s )  3 / 4  f u l l  w i t h  
f i l t r a t e  and  a d d  5 ml  o f  HNO3. F i l l  t h e  s t i l l  empty  p o r t i o n  
o f  t h e  b o t t l e  w i t h  f i l t r a t e ,  an d  c i r c l e  t h e  w o r d s  F i l t e r e d  
an d  A c i d i f i e d  1% HNOg on t h e  l a b e l .

C. S a m p l e s  r e q u i r i n g  d e t e r m i n a t i o n  f o r  t o t a l  d i s s o l v e d  
o r  t o t a l  r e c o v e r a b l e  n u t r i e n t s  ( p h o s p h a t e s - n i t r a t e s )  r e q u i r e  
s p e c i a l  h a n d l i n g  a n d  p r e s e r v a t i v e s .  The MBMG a n a l y t i c a l  
l a b o r a t o r y  s h o u l d  b e  c o n t a c t e d  f o r  i n s t r u c t i o n s  p r i o r  t o  
s am p le  c o l l e c t i o n .
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MONTANA BUREAU OF MINES AND GEOLOGY 
WELL-DATA SHEET

COUNTY . 

LAT. ____

G a l l a t i n

N. LONG..

R--2__ ^  EoM SEC. 35

LFTM __________  N

T RACT DA3D*

TOWN . Bozeman
SUDOIV1SION . BLOCK

owners name------R o b e r t  and  S h e r r i l l  S t e l j g a  address 3093 B r i d g e r  Canvon RH.

------------I - P z e rn a i -1 . --------------------------- -------------- - PHONE NUMBER _ 5 8 7 2 3 6 9 2  _  YEAR

ALT. LAND SURF. AT WELL MSL 
TOTAL DEPTH BELOW LSD 
PUMPING LEVEL BELOW LSD 
STATIC WATER LEVEL* BELOW LSD 
YIELD IN GALLONS1PE R MIN.
h o w  TFSTFn a i r ____

5270 - f t .
_ n .
-n.
- f t .

TIME (HR.)„
IF F, SHUT-IN PRESS. IN PSI ______ ___________ _
GEOLOGICAL SOURCE OF a l l u v i u m

INTERVAL (FT.)

FROM

"0
3

28

CASING DIA. j5 _  In. FROM - 
-----  In. FROM.

c a s in g  t y p e  s t e e l

- ft. TO . 
- f t .  TO .

PERFORATED INTERVAL.

PERFORATION DESC. . 
PUMP SIZE (HP.) _

- f t .  T O .
-  ft. TO .
- fL TO .

-  ft. 
. ft. 
. f t

TYPE .
6 -1 8 -7 9OATE WELL COMPLETED .

HOW D RILLED________________ ______________
BY w h o m  M i I I  m a n  D t t  I T i  ru r i r .  
WELL USE f i n m p f l t i  C

TO

~
28
70

LITHOLOGIC LOG

DESCRIPTION

t o p s o i l 1 and clav~
g r a v e l ____________#
s h a l e  w i th  a l i t t l e  c lay"

SOURCE OF INFOi WELL APPROP. __
DRILLER _X_ OWNER ____  USGS
OTHERS_______

HAS WELL LOCATION BEEN VERIFIED V e S ______
by  w hom  Bonnie Vonrm a g e n c y  MSIJ 
DATE VERIFIED 8 -2 6 -8 1 ______
MEAS. POINT ABOVE LSD 
TOTAL DEPTH BELOW USD 
PUMPING LEVEL BELOW LSD. 
SWL* BELOW LSD 
YIELD IN GPM 
WATER TEMP16C 
SPECIFIC CONO1 «t 25°C
MBMQ FILE NUMBER ______
DNR FILE NUMBER
WELL FORM NUMBER _______
MBMQ WQ LAB. NUMBER____
SYS 2000 NUMBER ___________
OTHERS ____________

1. 8
74
1 5 .8

342

« .
ft.
ft.
ft.

DATE , 
8 /2 6 /8 1 
8 /2 6 /8 3 
8 /2 6 /8 31 
8 /2 6 /8  3f 
9 /1 6 /8 31 
9 /1 6 /8  3f

r e m a r k s . . pumping l e v e l  t e s t i
60 f t .  a f t e r  I

: I . ■}..

4

33 ■; |- I :

70 f t .  a f t e r  I
h r .  a» 
h r  .3

4g£m
5gpm

• F  -  F L O W I N G

M B M G  F o r m  1 8 2  ( 9 / 7 9 )

\
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MONTANA BUREAU OF MINES AND GEOLOGY 
WELL-DATA SHEET

Gallatin T. ___ Z M o rS  R.. SEC. 35 TRACT D B B C *

Bozeman
SUBDIVISION .

OWNER'S NAME . Jake Mast 6140 Bridger Canyon Rd.

Bozeman, MT 59715 586-6488 1983
RHONE NUMBER______________________  YEAR______________

ALT. LAND SURF. AT WELL MSL 5 0 4 0  **
TOTAL DEPTH BELOW LSD ________8 8
PUMPING LEVEL BELOW LSO ________5 0  ft.
STATIC WATER LEVEL* BELOW LSD ________4 0  . ft
YIELD IN GALLONS PER MIN. ________ ^ 5
HOW TESTED------ b a i l e r  TIME ( H R . ) _ Z _ _
IF F, SHUT-IN PRESS. IN PSI ___________________________
GEOLOGICAL SOURCE OF HgO S l l U V i U I H _______

88 „
In. FROM ft. TO

rAAtNG T V P F  steel
PERFORATED INTFRVAt ft. TO

ft. TO ft.
f t  TO ft.

PERFORATION DESC.__ _______________________ ___
PUMP SI ZE (HP.)________  TY PE____________
DATE WELL COMPLETED N O V  > 1 2 ,  I ^ O O
HOW DRILLED Cable_________________________
b y  w h o m  VanDyken________lic._1__
w e l l  u s e  domestic_______________
SOURCE OF INFOi WELL APPROP. _____
DR!LLER_X_ OWNER ____  USGS____  SCS ____
O THER:_______ ____________________________________

HAS WELL LOCATION BEEN VERIFIED
b y  w h o m  Bonnie Moore a g e n c y  MSU~ 
DATE VERIFIED AlIg > 20, 1983________
MEAS. POINT ABOVE LSD 
TOTAL DEPTH BELOW LSD ^ 
PUMPING LEVEL BELOW LSO 
SWL* BELOW LSD 
YIELD IN GPM
WATER TEMP.-0C _
SPECIFIC COND. at 25<C
MBMQ FILE NUMBER ______
DNR FILE NUMBER _______
WELL FORM NUMBER ______
MBMG WQ LAB. NUMBER____
SYS 2000 NUMBER __________
OTHER: __________________

1.1 DATE
8 /2 0 /8 3
8 /2 0 /8 3
8 /2 0 /8 3
8 /2 0 /8 3

1 0 /8 /8 3
1 0 /8 /8 3

REMARKS:

LITHOLOGIC LOG
INTERVAL (FT.) 1
FROM TO DESCRIPTION

U 63 C la y s -d ry '
63 64 b ro k e n , s h a rp  m ounta in  rod

d ry
64 87 san d y  c la y s ;  l i t t l e  w a te r
87 88 s h a rp  m o u n ta in  b roken

ro c k , w a te r

SK E T C H  M A F

Bridger
Canyon
Rd. mile 5.8 t /

D
• F  ■ F L O W I N G

M B M G  F o r m  1 8 2  ( 9 / 7 9 )
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c o u n t y  G a l l a t i n

N. LONG..

MONTANA BUREAU O f MINES AND GEOLOGY 
VVELL-DATAS^EEr

—-----------------  T* - I -----%%rS R . - ^ — SEC. - 3 6  TRACT HHRR

----------------------- w . U TM _________ N _______________  e ___
t o w n ____Bo ZQ m an SUBDIVISION . OLOCK

owner's NPMr Georg e  C h r i s t i e  

Bozeman, IVfT 59715

5040ALT. LAND SURF. AT WELL MSL
TOTAL DEPTH BELOW LSD ________
PUMPING LEVEL BELOW LSO ________
STATIC WATER LEVEL* BELOW LSD ________
Y|ELD IN GALLONS PER MIN. ________
HOW TESTED------------------------------- TIME (KR.)
IF F, SHUT-IN PRESS. IN PSI .
GEOLOGICAL SOURCE OF I

CASING DIA. .

CASING TYPE .
_ In. FROM.
s t e e l

- ft. TO . 
- I t .  TO .

PERFORATED INTERVAL. __ ft. T O .
__ ft. TO .
__ ft. TO .

PERFORATION OESC. 
PUMP SIZE (HP.) __ TY PE.
d a t e  w e l l  c o m p l e t e d  more th a n  30 v r s .
HOW DRILLED___________________________
BYWHOM .
WELL USE .
SOURCE OF INFO; WELL AFPROP. ___
DRILLER___  OWNER XX USGS_
OTHER.

d o m es t ic  and s t o c k

HAS WELL LOCATION SEEN VERIFIED
by  w hom  Bonnie .vloore a g e n c y  
d a t e  v e r if ie d  J a n .  28 . 1984

MSU

0.1MEAS. POINT ABOVE LSD ____
TOTAL DEPTH BELOW LSD 48
PUMPING LEVEL BELOW LSD_____
SWL* BELOW LSD 7
YIELD IN GPM _____
WATER TEMP °C 1 0
SPECIFIC COND at 25°C 4 8 0
MBMG FILE NUMBER 
DNR FlLC NUMBER
WELL FORM NUMBFR ___________
MBMG WQ LAB NUMBER_________
SYS 2000 N UM BER____________ ]__
OTHER ______

t /2 8 /8 4

1 /2 8 /8 4
1 /2 8 /8 4

-------------------------  a d d r e s s  6800 B r id g e r  Cmnvnn RH.

PHONE NUMBER 586 -2 8 29 ____  YEAR 1 9 8 8 _______

LITHOLOGIC LOG
INTER

FROM

VAL (FT. 

TO

)
DESCRIPTION I

none AVAILABLE
,

i

' <

' ' ~ l

'
I

1 ' 1 " I
I

i  '  I

’ ,

,

I-T T Ji-.

r e m a r k s . we l l  u s ed c o n t i n u o u s l y
________ for~ j  homes and~~stock-
________ ca n n o t  s h u t - o f f  -

t w T

S K E tC H  M A P

B r id g e r  Canyon Rd.

• F  “  F L O W I N G

M B M G  F o r m  1 0 2  l ‘j / 7 9 )

K e l ly  
Canyon Rd.
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MONTANA BUREAU OF MINES AND GEOLOGY 
WELL-DATASHEET

COUNTY G a l l a t i n r. I  XXs R. 6' EcXX SEC. 36

LAT.
o I n

N. LONG.
' O I  M

W. UTM N E

t o w n  Bozeman___________________  s u b d iv is io n __________________________________ _ b l o c k  _____ l o t

o w n e r ’s  n a m e  John  H arkiH

Bozeman. MT 59715

________________ a d d r e s s  7237 B r id g e r  Canyon Rd.

PHONE NUMBER 5 8 ^ ~ ‘ 9 5 7 ^ '  YEAR 1 9 8 3  _______

ALT. LAND SURF. AT WELL MSL 
TOTAL DEPTH BELOV/ LSD 
PUMPING LEVEL BELOW LSD 
STATIC WATER LEVEL* BELOW LSD 
YIELD IN GALLONS PER MIN.
HOW TESTED ^ a - I  l e T

5170

TIME (HR.)„
IF F 1 SHUT-IN PRESS. IN PSI ___
GEOLOGICAL SOURCE OF H3O B illm an

C reek
F o rm a tio n

CASING DlA. I

CASING TYPE 
PERFORATED INTERVAL _
25 f e e t  o f  
th e  p l a s t i c

PERFORATION DESC_____
PUMP SIZE (HP.) _

4  . In. FROM 12 . ft. TO 72
s t e e l  and p l a s t i c

- f t .  T O . 
. f t .  T O . 
.  ft. TO .

26, 1977
_  TY PE__

DATE WELL COMPLETED 0 C * t *
HOW DRILLED C a b l e _____________________ (
b y  w h o m  VanDvken D r i l l i n ^.e. 306
WELL U SE_ d o m estic
SOURCE OF INFOi WELL APPROP. ___
DRILLER X_ OWNER ____  USGS_
OTHER:_____________________________

HAS WELL LOCATION BEEN VERIFIED V 6 g ______
b y  w h o m  B onnie Moore a g e n c y  f ifeU 
DATE VERIFIED -  U HB 23 » 19^3__________
MEAS. POINT ABOVE LSO 
TOTAL DEPTH BELOW LSO 
PUMPING LEVEL BELOW LSD 
SWL* BELOW LSD 
YIELD IN GPM 
WATER TEMP.°C 
SPECIFIC COND. at 2S°C
MBMG FILE NUMBER ______
ONR FILE NUMBER __L^_
WELL FORM NUMBER _____
MBMG WQ LAB NUMBER___
SYS 2000 NUMBER 
OTHER:

1.3

353

6 /2  3/^8 3

6 /2 3 /8 3
6 /2 3 /8 3
6 /2 3 /8 3
6 /2 3 /8 3

LITHOLOGIC LOG
INTERVAL (FT.)

DESCRIPTIONFROM TO

0 4 t o p s o i l
4 10 c la y

10 30 s o f t  s h a le
30 32* h a rd e r  s h a le
32* _ 2 6 _ w a te r 1 s o f t  s h a le
36 40 h a rd  s h a lq
40 30 s o f t d r  s h a le
50 55 h a rd  s h a le ' ' 1
55 6 j s o r t  s h p ie
63 72 h a rd  s h a le

pH;- 6 .5
’ I - I :
-4-^6?-
I- H t ■

SK E T C H  MAR

B r id g e r  Canyon Rd.

p a s t  m ile  m arker 7

- F -  FLOWING
M3MG Form 182 (9/79)

I'
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MONTANA BUREAU OF MINES AND GEOLOGY 
WELL-DATA SHEET

c o u n t y — G a l l a t i n ______________________  t . _ 1 _ X & s  b . fe s e c . 16" t r a c t  DC 130*

•  I ti •  I n
L R T ._____________________  N. LONO.______________________ W. UTM __________ N _̂______  E __________

t o w n ______ Bozeman________  s u b d iv is io n BLOCK _______  LOT

O W N E R 'S  N A M E _

Bozeman

Lawrence C h r i s t i e  

MT 59715
_______________  a d d r e s s  15416 K e lly  Canyon Rd.

R H O N E N U M B E R  5 8 6 - 6 4 3 9 _______  Y E A R  1 9 8 3 ___________

A L T . L A N D  S U R F . A T  W E L L  M SL  5 1 6 0  f t . LITHOLOGIC LOG
T O T A L  D E PT H  B E L O W  I .SD 'f t .

PU M PIN G  L E V E L  BFL OW  I S O  f t .

S T A T IC  W A T E R  L E V E L *  BELO W  L S D  f t .

IN T E R V A L  (FT .)

D E S C R IPT IO NF R O M TO

V IF l O  IN O A l I O N S  P F P  M IN. none a v a i l a b l e  '

MOW T F S T F O  TIM F. fH R .l

!F  F . S H U T -IN  P R E S S . IN PSI

O F O i o o i r . A i  s n i i p r F ofM o  B illm an  G reek
F o rm atio n

F A s iN o  TVPF s t e e l
P E R F O R A T E D  IN T E R V A L  f t .  T O  f t .

f t .  T O  f t .

f t  T O  f t .

P E R F O R A T IO N  O E SC .

PU M P S IZ E  (H P.) T Y P E
. I

D A T E  W E L L  C O M PL E T E D

H OW  D R IL L E D

BY W HOM  L lC .

W EL L U SE

S O U R C E  O F  IN F O i W E L L  A P P R O P .

D R IL L E R  O W N E R  U SQ S SCS

O T H E R -

H A S w e l l  L O C A T IO N  B EEN  V E R IF IE D  yes
R v w H O M  B onnie Moore aofnf.v MSU
O A T F V F P I F I F n  AUfiJ .  1 2 ,  1 9 8 1

M EA S. P O IN T  A B O V E  L S D  1 . 6 6  f t .  D A T E

T O T A L  D E P T H  BELO W  I S D  6 9  f t .  8 / 1 2 / 8 3

PU M PIN G  L E V E L  B E l OW L SD  2 5  f t .  8 / 1 2 / 8 3

S W , .  n r ,  OW  , s n  H  „ .  8 / 1 2 / 8 3

Y l F i n i N G P M  /  8  B / 1 2 / B 3

W A T FR  T F M P .°C  1 8  1 0 / 8 / 8 3

S P E C IF IC  C O N D  a t 2S°C 4 3 0  1 0 / 0 / 0 3

MBMQ F IL E  N U M B ER

D N R  F IL E  N U M B ER

W E L L  FO R M  N U M B ER

MBMQ W Q LA B . N U M B E R SKETCH MAP

id g e r  /  

nyon /

. y Z  K e lly  Canyon Rd.

S Y S 2 0 0 0  N U M B ER ■i I Br
O T H E R :

R E M A R K S,

•

; ■; I v

Q  Ca

3 T
• F  -  F L O W I N G

M B M G  F o r m  1 8 2  1 9 / 7 9 )
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MONTANA BUREAU OF MINES AND GEOLOGY
WELL-DATASHEET

COUNTY _ G a l l a t i n T. I B. 7  F-r&X SEC. 17 MAD*

LAT . N. LONG.
•  I ft

w. UTM N E

t o w n  Bozeman SUBDIVISION BLOCK _______  LOT

OWNER'S NAME G eorge and K a th e r in e  R ice___________ a d d r e s s  11330 B r id g e r  Canyon R

Bozeman.. MT 59715_____________ p h o n e  n u m b e r  586—6^53 y e a r  1953

ALT. LAND SURF. ATWELL MSL 5 5 ^ 0 _______ ft .
TOTAL DEPTH BELOW LSD _______________ ft.
PUMPING LEVEL BELOW LSO ________________ft.
STATIC WATER LEVEL* BELOW LSD ________________fL
YIELD IN GALLONS PER MIN. _____________ ___
HOW TESTED------------------------------  TIME (HR.)________
IF F1 SHUT-IN PRESS. IN PSI ___________________________
G E O L O G IC A L  S O U R C E  O F  M n  a l l U V i U I P

and B illm a n  C reek  F o rm a tio n

CASING DlA. 6 _  In. FROM__________ ft. TO  ft.
___  In. FROM__________ ft. T O _________  ft.

CASING TYPE S t e e l _______________________________
PERFORATED INTERVAI_____________ ft. TO __________ ft.

___________ ft. TO   ft.
___________ ft. T O __________ f t

PERFORATION DESC._________________________________
PUMP SIZE (HP.)________  TY PE___________ :__________
DATE WELL COMPLETED_____________________________
HOW DRILLED__ _____________________________________
BY WHOM _____________________________  L IC ._
WELL USE_____ ______________________________
SOURCE OF INFOc WELL APPROP. _____
DRILLER____ OWNER ____  USGS____  SCS
OTHER:______________________________________

H A S W E L L  L O C A T IO N  B EEN  V E R IF IE D yes
BY WHOM B onnie Moore agency MSU
D A T E  V E R IF IE D  8 /1 8 /8 3 _______ _______

29
5 ~

M EA S. P O IN T  A B O V E L SD  ________

T O T A L  D E P T H  BELO W  LSO I Q ?  

PU M PIN G  L E V E L  BELO W  L S D . ^ l  

SW L* BELO W  LSO 

Y IE L D  IN  GPM 

W A TER  T E M P .°C  

S P E C IF IC  C O N D . at  23°C

MBMG F IL E  N U M B ER  _______

O N R  F IL E  N U M B ER  _______

W E L L  FO R M  N U M B ER  _______

MBMG W Q LA B . N U M B E R ____

SY S 2 0 0 0  N U M B ER  ___________

. ft. 

. f t  

. f t  

. ft.

DATE
8 /1 8 /8 3
8718/83

"5 /15783
5 /1 8 /8 3

" 9 /1 5 /8 3
9 /1 6 /8 3

REMARKS:

LITHOLOGIC LOG
INTERVAL (FT.)

FROM TO DESCRIPTION

none a v a i l a b l e

,

SK E T C H  M A P

w hale on p o s t

w e l l  o f f  
f r o n t  po rch

• F  ■ F L O W I N G

M B M G  F o r m  1 8 2  ( 9 / 7 9 )

1 .8  m i.
Ja c k so n  C reek  Rd
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MONTANA BUREAU OF MINES AND GEOLOGY 
WELL-DATA SHEET

G a l l a t i n T. - J L J W x S

Bozeman

R._Z_E&%% sec._12_

UTM __________ N _____

TRACT AAC D

S U B D IV ISIO N  .

OWNER'S NAME , John  E. D ru m h elle r

Bozeman, MT 59715 R H O N E N U M B E R

a d d r e s s  11284 B r id g e r  Canyon Rd . 

586-6876 V5AR_ 1983

A L T . L A N D  S U R F . A T  W E L L  M5L. _______ 5 ^ 1 0  f t .

T O T A L  O F PT H  R Fl.O W  I SD 5 ^  f t .

PU M PIN G  L E V E L  BELO W  L SO  f t .

S T A T IC  W A T E R  L E V E L * BELO W  L S D  5 ^  f | .

LITHOLOGIC LOG
IN T E R V A L  (FT .)

DESCRIPTION
FRO M TO

o -  ■ 2 t o p s o i l

2 5 2 d i r t y  g r a v e l

IF F . SH U T -IN  P R F S S . IN PSI 5 2 5 4 g r a v e l

F o r m a t  i o n
a l l u v i u m

"  1 ' '

O A T F  WFt.l C O M PL E T E D  O C t .  1 1 »  1 9 6 1
HOW  D R IL L E D

W F L L u s e  d o m e s t i c  a n d  i r r i g a t i o n

SO U R C E  O F  IN F O t W E L L  A P P R O P .

D R IL L E R ____  O W N ER  _____  USGS____  SCS _____
O T H E R : MBMG

H A S W E L L  L O C A T IO N  B E E N  V E R IF IE D  Y G S

M FA S. POINT AROVF LSD " 4 . 5  f t .  D A T E

™ . . R F . n w . F n  3 1  8 / 2 9 / 8 3

S F F C lF ic rn N n  „  , / r  3 2 0  9 / 1 6 / 8 3

W E L L  FO R M  N U M B ER
SK E T C H  M A P

! SYS 2000 NUMBER : x
OTHERS JJd T i ■:

“ ••

’ REMARKS. "

B rid g e r
Canyon / "
Rd. /
p a s t  /
m ile  m arker 11

— I VlOSc1 I l l f I l l

• F  -  F L O W I N G

M B M G  F o r m  1 8 2  1 9 / 7 9 1
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RtoNTANA BUREAU OF MINES AND GEOLOGY
WELL-DATASHEET

T . I  XXs R -7 EflSCvi S F C . 17 T R A C T  ADBA*
*  t  M

I A T . N . L O N G . w. U TM  N E

TOW N Bozeman S U B D IV ISIO N BLOCK _______  LOT

o w n e r ' s  n a m e ________ C la re n c e  S e r fo s s a d d r e s s  11260 B r id g e r  Canyon Rd.

Bozeman, MT 59715 PHONE NUMBER 5 ^ 7 ~ 2 8 7 7  YEAR

A L T . L A N D  S U R F. A T  W E L L  M SL 

T O T A L  D E PT H  BELO W  LSD 

PU M PIN G  L E V E L  BELO W  LSD  

S T A T IC  W A T E R  L E V E L * BELO W  LSD  

Y IE L D  IN G A L L O N S  P E R  M IN .
howTFiTpn b a i l e r
IF  F . S H U T -IN  P R E S S . IN PSI .

5440
200

17*

. « .  

.  f t .  

- f t .  

- f t .

T IM E  (H R .)_

G E O L O G IC A L  S O U R C E  O F  H ^O B illm a n  C reek  
F o rm a tio n _____ .

C A SIN G  D lA . .

C A SIN G  T Y P E  . s t e e l

.  f t .  T O  

. f t .  T O

9 W

P E R F O R A T E D  IN T E R V A L - - f t .  T O .  

. f t .  T O .  

.  f t .  T O  .

P E R F O R A T IO N  D E SC . . 

PU M P S IZ E  (H P .)_______

D A T E  W E L L  C O M PL E T E D  _  

HOW  D R IL L E D  C a b l e

May I ,  1980

S O U R C E  O F  IN F O i W E L L  A P P R O P . ____

D R IL L E R  O W N ER  _____  U S G S _

O T H E R :___________________________________

-  ft. 

. f t .

. f t .

f t .  

. f t .

BYWHOM P o t t s  D r i l l i n g __uc.-JJ2L
well use domes t i c

H A S W E L L  L O C A T IO N  BEEN  V E R IF IE D  Y Q S ____

RvwMnM B onnie Moore agency . MStL
D A T E V E R IF IE D  . Aug. 25 . 1983
M EA S. P O IN T  A B O V E  LSD  

T O T A L  D E PT H  BELO W  LSD1 . 

PU M PIN G  L E V E L  BELO W  L S D . 

SW L* BELO W  LSD  

Y IE L D  IN GPM 

W A TER  TEM P.®C 

S PE C IF IC  C O N D . i t  25°C

MBMG F IL E  N U M B ER  _______

D N R  F IL E  N U M B ER  _______

W E L L  F O R M  N U M B ER  _______

MBMQ WQ LA B . N U M B E R _____

SY S 2 0 0 0  N U M B ER  ___________

O T H E R : ________________________

1 .5
200

12
TTS-

D A T E

S /2 5 /S 3
8 /2 5 /3 3
8/25783
3 /2 5 /3 3
9/16/33
9/ 16/33

R E M A R K S: .

LITHOLOGIC LOO
IN T E R V A L  (FT .)

D E S C R IPT IO N
FR O M TO

u p p e r  p o r t i o n  in fo rm a tio n
n o t a v a i I a b le
lo w er n o r t io n  i s  from
a Reennd d r i l l i n e

so 64 f irm  s h a le s
64 87 s t l c k v  fo rm a tio n
87 120 v e rv  f irm

1 2 0 124 v e rv  h a rd
124 2 0 0 v e ry  h a rd

, . .  .

1

f
A
•

•• *: •

SKETCH MAP
B rid g e r jC anyon Rd.

1 .7  from  Jg ck so n  C reek  Rd.

• F  ■ F L O W I N G .

M B M G  F o r m  1 8 2  ( 9 / 7 9 )



85

MONTANA BUREAU OF MINES AND GEOLOGY
WELL-DATASHEET

county C a l l a t i n TRACT AD3A*
O I M

LAT. PJ LONG. w . UTM N E

t o w n  Bozeman____________ s u b d iv is io n

OWNER'S NAME JlHl T anhof f __________ ADDRESS

____  BLOCK _______  LO T_________

11253 B r id g e r  Canyon RD

Bozeman, MT 59715 PHONE NUMBER 587-2053 YEAR 1983

A L T . L A N D  S U R F . A T W E L L  M SL 

T O T A L  D E PT H  BELO W  LSD 

PU M PIN G  L E V E L  BELO W  LSD  

S T A T IC  W A T E R  L E V E L * BELO W  L SD  

Y IE L D  IN G A L L O N S  PE R  M IN .

5420
~~ 68j~

•punroH O W  T E S T E D -

IF  F , SH U T -IN  P R E S S . IN PSI ___

G E O L O G IC A L  S O U R C E  O F  H3 O .

TIME (HR.)_

.  tt. 

. ft. 
- f t .  
_fL

B iIlm an  c re e k  
F o rm a tio n

CASING DIA- .

CASING TYPE . -WtereT -
- f t .  TO . 
.  ft. TO .

P E R F O R A T E D  I N T E R V A L .
-Jtr . f t .  T O - 

. ft. TO .

“57-

p e r f o r a t io n  dcsc. 2  b y  ^  i n c h e s
PU M P S IZ E  (H P .)__________  T Y P E ________________________

D A T E  W E L L  C O M PL E T E D  N O V  .  1 9  » 1 9 7 4

H OW  D R IL L E D  C able _________ _________________

b y  w h o m  P o t t s  D r i l l i n g  u c .  15Q 
w e l l  u se  d o m estic_________________
S O U R C E  O F  IN F O t W E L L  A P P R O P . ______

D R IL L E R _ X _  O W N ER  _____  U S Q S _____ SC S  ______

O T H E R ._____________________________________________________

ft.
ft.

ft.
ft.
f t

H A S  W E L L  L O C A T IO N  B EEN  V E R IF IE D
b y  w hom  B onnie Moore a g e n c y  MSU 
D A T E  V E R IF IE D  A U £  ■ 2 4 ,  1 9 8 3 ___________

M EA S. P O IN T  A B O V E  LSD  O  • 9

T O T A L  D E P T H  BELO W  LSD  8 5

PU M PIN G  L E V E L  BELOW  LSD 3 2

SW L* BELO W  L SD  3 2

Y IE L D  IN  GPM  7

W A T E R  TEM P.®C 9

S PE C IF IC  C O N D . a t  2S°C ^ 2 0

MBMG F IL E  N U M B E R  _________________

O N R  F IL E  N U M B E R  _________________

W E L L  FO R M  N U M B ER  ________________

MBMG WQ LA B N U M B E R ______________

SY S 2 0 0 0  N U M B E R  _____________________

O T H E R . _________________________________

. ft. 

. ft. 8 /2 4 /8 3
8 /2 4 /8 3
8 /2 4 /8 3
8 /2 4 /8 3
9/16 /83

”9715783

REMARKS;

LITHOLOGIC LOG
INTERVAL (FT.)

DESCRIPTIONFROM TO

0 2 b la c k  to o
2 10 ro c k v  c la v

10 42 v e ry  d i r t y  g r a v e l  and ro c k
42 44 d i r t y  sand  and g r a v e l
44 56 san d  and g r a v e l
46 60 brown c la y ,  sandy
60 68* s h a le

.

1

B rid g e r  
Canyon 
Rd,
p a s t  m ile  
m arker 11 b r i c k  house

•F  •  F L O W I N G

M B M G  F o r m  1 8 2  ( 9 / 7 9 )
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MONTANA BUREAU OF MINES AND GEOLOGY 
WELL-DATASHEET

c o u n t y -------G a l l a t i n  __________________  t . _ L _ f £ & s  r . _ Z _ e o && s e c . 17 t r a c t  ADBB*
•  • »  •  I  H

L A T .  ________________________ N . L O N G . __________________  W. UTM  ____________ N < E ______________

t o w n  B o  z e m a n ___________________  s u b d iv is io n ____________________________________  b l o c k _______ l o t _________

OWNER'S NAME D o u g l a s  a n d  L u e l i a  P o l e t t e  a d d r e s s I U l O  B r i d g e r  C a n y o n  R d .

B o z e m a n ,  MT 59715 p h o n e  n u m b e r  _ 586- 5768_ _  v e a r  1983

/

ALT. LAND SURF. AT WELL MSL 5 ^ 3 0 _______ ft.
TOTAL DEPTH BELOW LSD _______________  ft.
PUMPING LEVEL BELOW LSD ' ________________ft.
STATIC WATER LEVEL* BELOW LSO _______________ ft.
YIELD IN GALLONS PER MIN. _________________
HOW TESTED-------------------------------TIME (HR.)__________
IF F, SHUT-IN PRESS. IN PSI ___________________________
GEOLOGICAL SOURCE OF H.O B j l l m a n _________
________________ Greek______________

F o rm a tio n
CASING DlA. 6 _  In. FROM_______ ft. TO  ft.

___  In. FROM______ ft. TO   ft.
c a s in g  TYPE . s t e e l ________________________________
PERFORATED INTERVAI_____________ ft. T O ___________ft.

___________ ft. TO   ft.
___________ ft. T O ___________ft.

PERFORATION OESC._________________________________
PUMP SIZE (HP.)________  TYPE J _____________________
DATE WELL COMPLETED_____________________________
HOW DRILLED________________________________________
BY WHOM _____________________________  LIC.________
WELL USE__________________________________________
SOURCE OF INFOi WELL APPROP. _____
DRILLER___  OWNER ____  USGS____  SCS _____
OTHER:____________________________________________

HAS WELL LOCATION BEEN VERIFIED ______
•BYWHOMB o n n i e  Moore a g e n c y  MSU
DATE VERIFIED Aug« 26 > 1983_________
MEAS. POINT ABOVE LSD 
TOTAL DEPTH BELOW LSD _ 
PUMPING LEVEL BELOW LSO_ 
SWL* BELOW LSD _
YIELD IN GPM 
WATER TEMP-6C 
SPECIFIC COND. i t  25°C
MBMG FILE NUMBER _______
DNR FILE NUMBER _______
WELL FORM NUMBER _______
MBMG WQ LAB NUMBER____
SYS 2000 NUMBER __________
OTHER, _______________ '

. ft. 

. ft. 

. f t .  

. ft.

DATE
8 /2 6 /8 3
8 /2 6 /8 3
8 /2 6 /8 3
8 /2 6 /8 3
9 /1 6 /8 3
9 /1 6 /8 3

REMARKS:

• F  •  F L O W I N G

M S M G  F o r m  1 8 2  ( 9 / 7 9 )

LITHOLOGIC LOG
INTERVAL (FT.)

FROM TO DESCRIPTION

none a v a ix a o ie

1

;  • •• . . .

t k 7 r .
r  •  t -  •

B r id g e r  
Canyon 
Rd.
1.6  mi 
from 
Jack so n  
Greek 
RD.
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MONTANA BUREAU OF MINES AND GEOLOGY 
WELL-DATA SHEET

c o u n t y  G a l l a t i n
t r a c t . 3DBD*

LAT. . N. LONG.. UTM

TOWN . Bozeman SUBDIVISION . BLOCK

OWNER'S n a m e  _Eyan  & R osa lyn  White___________________  a u d r c s s  10735 B r id g e r  Canyon Rd

_ c / o  Mary Buck, Bozeman. MT S97U nMgM„M. „  587-7268 YEAR 1983

5360ALT. LAND SURF. AT WELL MSL 
TOTAL DEPTH BELOW LSD 
PUMPING LEVEL BELOW LSD 
STATIC WATER LEVEL' BELOW LSD 
YIELD IN GALLONS PER MIN.

b a i l e rHOW TESTED .
IF F, SHUT-IN PRESS. IN PSI 
QEOLOGICA l_.spy RCE O

TIME (HR.)_

rdCBLi5m CaEnOFcrf
n a l lu v iu m  
'eek F o rm a tio n

C A SIN G  D1A. -6_ In . FRO M  0 ft. T P  3^4
------- In . FRO M f t .  T O

C A SIN G  T Y P F  s t e e l
P E R F O R A T E D  IN T E R V A I '

f t .  T O

fL  T O  .. _ f t .
P E R F O R A T IO N  D E S C . .

PU M P S IZ E  (H P .)__________  T Y P E .

D A T E W E L L  C O M PL E T E D  N O V  

HOW  D R IL L E D  ___C a b l e

20, 1964"

b y  w hom  VanuyKen D r i l l i n g,,. 
w e l l usE  d o m e s t ic _____________
S O U R C E  O F  IN F O i W E L L  A P P R O P . ______

O R I L L E R _ X _  O W N ER  _____  U S Q S _____ SC!
O T H E R !

yesHAS WELL LOCATION BEEN VERIFIED
BYWHOM Bonnie Moo re  agency MSU 

Aug. 20, 1983
1 .4

DATE V E R I F I E D ______
MEAS. POINT ABOVE LSD ____
TOTAL DEPTH BELOW LSD 90
PUMPING LEVEL BELOW LSP 18
SWL* BELOW LSD 1 3
YIELD IN GPM  9
w a t e r t e m p . 0c  1 0

SPECIFIC COND. at 25°C
MBMO FILE NUMBER __
DNR FILE NUMBER __
WELL FORM NUMBER __
MBMQ WQ LAB. NUMBER .
SYS 2000 NUMBER ______
OTHER: _ _

.  f t .  

_ TL 
_ f t. 

.  f t .

DATE

3 W 9 /8 /8 3
" 9 /8 /8 3

REMARKS: .

LITHOLOGIC LOG
INTERVAL (FT > :----------------

* FROM TO DESCRIPTION

0 5 tODSOil
5 1 1 clays-dry

' 1 1 1 2 sands-wet
1 2 2 1 claybound gravels and sarwet
2 1 28 fine sandsrwet
28 brown shales-dry
3 0 i 32 fractured rook-water
32 79 hard blue shale-dry
79 90' hard gray shales-dry

.... --------------------- r-r—-----1------------------------------1
J

r  ,

s c a r

• F  -  FL O W IN G

M B M G  F o r m  1 0 2  ( 9 / 7 9 )

p a s t  m i le  ma: or

f r i d g e r  Canyon Rd,

B r id g e r  C reek
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MONTANA BUREAU OF MINES ATjD GEOLOGY 
WELL-DATA SHEET

C O U N T Y  

L A T . _____

G a l l a t i n
R-----7 _  SE?. I ?  TRACT BDDD*

-------  w . UTM __________ N __________ E

TOWN Bozeman
S U B D IV IS IO N  . BLO C K

o w n e r 's  n a m e — John and Rosemary Bashor a d d r e s s  10680 B r id g e r  Canyon Rd

------ Bozemanf MT__59715 __________________ p h o n e  n u m b e r  5 8 6 - 5 7 4 1  VEAR 1983

5270

60

ALT. LAND SURF. AT WELL MSL 
TOTAL DEPTH BELOW LSD 
PUMPING LEVEL BELOW LSD 
STATIC WATER LEVEL* BELOW LSD 
YIELD IN GALLONS PER MIN. 1 5
H ow T FSTFn P u m p /b a i le r  t im e  (h r . )__2_
IF F, SHUT-IN PRESS. IN PSI .

8

GEOLOGICAL SOURCE OF H n a l l U V j U m ______
------ and B il lm an  Ureelc F o rm a tio n

CASING D lA . A .  m . f r o m  0  ft. TO .

-----  In. FROM________ ft. TO
s t e e lCASING TYPE _  

PERFORATED INTERVAL . __ft. T O .
_  ft. TO . 
_  ft. TO .

PERFORATION DESC. . 
PUMP SIZE (HP.) . TYPE .
DATE WELL COMPLETED Aug. 24, 1973
HOW DRILLED C a b l e  __________________________
BY w h o m  P o t t s  D r i l l i n g  , ,r . 15Q~
w e l l  u se  do m est ic
SOURCE OF INFOl WELL APPROP. _____
DRILLER _X_ OWNER ____  USQS____  SCS .
OTHER: _______________________________________

HAS WELL LOCATION BEEN VERIFIED Y S SD A  ̂ /-X  ̂ff yx ̂ x a i ft JT
BYWHOM Bonnie Moore a g e n c y .
DATE VERIFIEn A U g .  18 ( 1983

MSU

MEAS. POINT ABOVE LSD 
TOTAL DEPTH BELOW LSD 
PUMPING LEVEL BELOW LSD. 
SWL* BELOW LSD 
YIELD IN GPM 
WATER TEMP10C 
SPECIFIC CONO at 25°C 
MBMQ FILE NUMBER '
DNR FILE NUMBER ______
WELL FORM NUMBER ______
MBMO WQ LAB. NUMBER____
SYS 2000 NUMBER ___________
OTHER:

1. 2 ft. 
. ft. 
. ft. 
. ft.

REMARKS: .

• F  "  FL O W IN G

M B M G  F p r m  1 8 2  ( 9 / 7 9 )

LITHOLOGIC LOG
INTERVAL (FT.)
FROM TO DESCRIPTION

O 4 t o p s o i l  —
4 12 c l a y  and ro c k s

12 55 s h a l e  .
55 75 s a n d s to n e
75 80 sa n d s to n e

I ------------------1

------------------- ,__________ - !
j-
•

• i •

p a s t  m ile  marker

1 .2  m i le s  from 
Ja c k so n  Greek
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MONTANA BUREAU OF MINES AND GEOLOGY 
WELL-DATASHEET

c o u n t y  ___ G a l l a t i n ________________  r. I  r. _ 2— EoSvC s e c . 1 7 ___  t r a c t  CACC^

LAT. ___________________ _ u. LONG.______________________ W. UTM __________ N _____________  E ____________

town B ozem an  subdivision_____________________________  block______ lot

OWNER'S n a m e  a n d  D ia n a  M a r t in ________________  a d d r e s s  1 0 3 8 4  B r i d g e r  G a n yon  R d .

______B o z em a n , MT_______________________  phone number 5 8 7 " ’2 5 3 5 ____  year____ __________

ALT. LAND SURF. AT WELL MSL 533Q _ __ft.
TOTAL DEPTH BELOV/ LSD _______________ ft.
PUMPING LEVEL BELOW LSD ____________ ft.
STATIC WATER LEVEL' BELOW LSD _______________ f t
YIELD IN GALLONS PER MIN. _________________
HOW TESTED____________________  TIME (HR.)________
IF F, SHUT-IN PRESS. IN PSI ___________________________
GEOLOGICAL SOURCE OF u n  S ' l l U V i u n i ______

and B il lm an^c r e e k  F o rm a tio n

CASING DIA-----6 In. FROM---------------- ft. T O -----------------ft.
___  In. FROM__________ ft. T O __________ ft.

CASING TYPE S t e e l _____________________________
PERFORATED INTERVAI_____________ YL T O __________ ft.

___________ ft. TO   ft.
___________ YL TO   Yt.

PERFORATION OESC__________________________________
PUMP SIZE (HP.)________  TY PE______________________
DATE WELL COMPLETED_____________________________
HOW DRILLED ________________________________________
BY W HOM ___________________________________  L IC ._________
w e l l  u s e  d o m e s t ic ,  g a rd e n ,  lawn
S O U R C E  O F  IN F O i W E L L  A P P R O P . ______

D R IL L E R ____  O W N ER  _____  U S G S _____ S C S  ______

OTHERS ;____________________________________________

HAS WELL LOCATION BEEN VERIFIED V 6 S
b y  w h o m  Bonnie Moore a g e n c y  MSU
d a t e  v e r if ie d  June 2 5« 1983 

I «4 ft.

1 0 . 6

MEAS. POINT ABOVE LSD ________
TOTAL,DEPTH BELOW LSD 4 8 , 2
PUMPING LEVEL BELOW LSO 
SWL* BELOW LSO 
YIELD IN GPM 
WATER TEMP.°C 
SPECIFIC COND at 25°C
MBMQ FILE NUMBER ______
ONR FILE NUMBER ______
WELL FORM NUMBER _____
MBMG WQ LAB. NUMBER___
SYS 2000 NUMBER 
OTHERS

DATE
6 /2 5 /8 3

6 /2 5 /8 3
6 /2 5 /8 3
6 /2 5 /8 3
6 /2 3 /8 3

pH: 6,,55

REMARKS:

LITHOLOGIC LOG
INTERVAL (FT.)

DESCRIPTIONFROM TO

X '

A l
•

m

T •

B r id g e r
Canyon

SK E T C H  M A P

M ile 
m arker X X
10 /XX

• F  -  FL O W IN G

M R M G  F o r m  1 8 2  ( 9 / 7 9 )
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M O N T A N A  B U R E A U  O F  M I N E S  A f J O  G i O L O G Y  

W E L L - D A T A  S H E E T

COUNTY ---- i n  _______________________________  T- I  XXfS R .___ Z_Ee&# SEC. 17 TRACT CBbD*

L A T .---------------------------------N. LONG.___________________ ____ W. UTM _________  N _____________  E ____________

to w n  Bo zeman SUBDIVISION BLO CK _______ LOT

o w n e r ' s n a m e  R o b e r t  Octon Smith

Bozeman, MT 59715

address 10659 B r id g e r  Canyon Rd
-• “ ’

PHONE NUMBER 587-1394 YEAR 1983

ALT. LAND SURF. AT WELL MSL 5380 ft.
TOTAL DEPTH BELOW LSD 120 ft.
PUMPING LEVEL BELOW LSD 80
STATIC WATER LEVEL* BELOW LSD 77 f t
YIELD IN GALLONS PER M.N. 20
HOW TESTED___f r a i l e r ______  TIME
IF F. SHUT-IN PRESS. IN PSI _______ _ _____________
g e o l o g ic a l  s o u r c e  o f  H Q -  /Bo. l im an  CreeK 
_____________________ F o rm a tio n

CASING DIA. —6 In, FROM__Q__ ft. TO----- %Q
—4 In. FROM_10 «- TO _ 120

c a s in g  t y p e  w e l d e d  s t e e l ____________
PERFORATED INTERVAL 80 TO 1^0

_______ ft. TO _____
--- --- ;-- ft. TO ______

PERFORATION DESC_____ 4 I n c h  S l o t S
PUMP SIZE (HP.)_____  TYPE_________
DATE WELL COMPLETED J u ly  7 t 1978 
HOW DRILLED ______________________
BY WHOM ___________________  LIC- 268
w e l l  u s e  d o m e s t i c _________________________
SOURCE OF INFOs WELL APPROP. ___
DRILLER _X_ OWNER ___ USGS__  SCS ___
OTHER:____________________________

f t .

f t .

f t .

f t .

f t .

HAS WELL LOCATION BEEN VERIFIED Y 6 g
BvwKOM Bonnie Moore agency MSU
DATE VERIFIED A U g «  2 4  , 1 9 8 3 ____________

120
MEAS. POINT ABOVE LSD 
TOTAL DEPTH BELOW LSD 
PUMPING LEVEL BELOW LSD ^32 
SWL* BELOW LSD 
YIELD IN GPM ?
WATER TEMP10C ^
SPECIFIC COND a t  25°C 3 ^ 0
MBMG FILE N U M B E R ____________

0.95 DATE
8 /2 4 /8 3
8 / 2 4 / 83
8 / 24/83
8 /2 4 /8 3
9 /1 6 /8 3
9 /1 6 /8 3

DNR FILE NUMBER _  
WELL FORM NUMBER _  
MBMO WQ LAB. NUMBER
SYS 2000 NUMBER _____
O T H E R :_______________

REMARKS:

• F  ■ FL O W IN G

M B M G  F o r n  1 8 2  ( 0 / 7 9 )

LITKOtC-GJC LOG
INTERVAL (FT.)

DESCRIPTIONFROM TO

0 2 t o p s o i l
2 1 5 d i r t  a n d  s h a l e  m i x

1 5 6 5 c l a y  ( p e b b l y ;
6 4 7 6 c l a v .  s o m e  s a n d s t o n e
7 6 8 4 s a n d s t o n e
8 4 1 2 0 l i m e s t o n e  r o o k  !

' i
I
I
I

I

I

i

!
I
I
I

I '  I

I

I

i
I

________________________________________ i

wB r id g e r  Canyon Rd 
1 .2  m i le s  from 
J a c k so n  C reek  Rd.

.3  m i le s  a lo n g  
d r ivew ay
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MONTANA BUREAU OF MINES AND GEOLOGY 
WELL-DATA SHEET

COUNTY C a l l a t i n t . I  J t iC e 17

LAT.
•  I H

AL LONG.
e I n

w . UTM N E

t o w n  Bozeman________________ ___ s u b d iv is io n  ^AlpenRauser___________  b l o c k  ^ o t  9

OWNER'S NAME J e r r y  P e r  k in s ______________________________  a d d r e s s  ^0281 B r ld g e r  Canyon RD»

__ Bozeman, MT________________________________  p h o n e n u m b e h  586-2730 y e a r  1983__________

A L T . L A N D  S U R F. A T  W E L L  M SL  5 3 2 0  f t .

T O T A L  D E PT H  BELO W  LSD __________ 8 5  f t .

PU M PIN G  L E V E L  BELO W  LSD  ___________________f t .

S T A T IC  W A TER  L E V E L * BELO W  L S D  __________ ^ 3  f t .

Y IE L D  IN G A L L O N S  P E R  M IN . ___________ 1 3

HOW  T E S T E D ____b a i l e r ________ T IM E  {H R .) I

IF F, SH U T -IN  P R E S S . IN PSI ______  ________________________

g e o l o g ic a l  s o u r c e  o f  h ^ o __BIJL Iman Creek
___________ - ________________F n r m a T i  o n ______

CASING DIA. 6 m. FROM 0 5
4 In. FROM 5 5 85

CAfiINRTVPF s t e e l  and PVC
PERFORATED INTERVA1. 55 ft. TO 85 ft.

ft. TO ft.
TL TO . ft.

PERFORATION DESC.. 
PUMP SIZE (HP.)______
DATE WELL COMPLETED 
HOW DRILLED O S b l A  
BY WHOM
w e l l  u s e  d o m e s t i c

TY PE______
9 - 2 - 8 2

SOURCE OF INFO, WELL APPROP. ___
DRILLER__ X OWNER ____  USQS.
O TH ER*

HAS WELL LOCATION BEEN VERIFIED Y e s
BY WHOM Bonnie Moore a g e n c y

DATE VERIFIED A U g  » 2 4 ,  1 9 8 3

MSU

MEAS. POINT ABOVE LSD 
TOTAL DEPTH BELOW LSD _ 
PUMPING LEVEL BELOW LSD. 
SWL* BELOW LSO 
YIELD IN GPM 
WATER TEMP16C 
SPECIFIC CONO. at 25°C
MBMQ FILE NUMBER ______
DNR FILE NUMBER ______
WELL FORM NUMBER ______
MBMG WQ LAB NUMBER____
SYS 2000 NUMBER __________
OTHER: ____________________

1.8

"W77~W77

3 4 2

e/zh^aj 
8/24 /83  
8 / 2 4 / 6 j  

"8724783 
"97W B3 
9 /1 6 /8 3

r e m a r k s , abandoned w e l l  10 f e e t  
_________away_____________________

L IT H O L O G IC  LOG

IN T E R V A L  (F T .)

F R O M TO D E S C R IPT IO N

0 15 t o p s o i l
15 40 sandy  c l a y
40 55 sand
55 85 b ro k en  ro c k  and s h e l l

1

SK E T C H  M A P

I *
• I

f r
T . .  .

/ /  0 .7  ml from 
J a c k so n  C reek  Rd.• F  » FL O W IN G

M B M G  F o r m  1 8 2  ( 9 / 7 9 )
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MONTANA BUREAU OF MINES AND GEOLOGY
WELL-DATA SHEET

m i  in t v  G a l l a t i n t . I  X X f R. 2 £ SFC. 12 TRACT G C D A

l-AT. N. LONG. W. UTM N E

town Bozeman SUBDIVISION B LO C K  _________  L O T

OWNER'S NAME . S le n  and V i r g i n i a  Loomis 10380 B r id g e r  Canyon Rd.

Bozeman, MT RHONE NUMBER, 587-7938 1983

ALT. LAND SURF. AT WELL MSL
TOTAL DEPTH BELOW LSD
PUMPING LEVEL BELOW LSD
STATIC WATER LEVEL* BELOW LSD ______ 7 _  M.

ZTn
YIELD IN GALLONS PER MIN. _______ JJL -__ _
HOW TESTED___ P u it lP __________  TIME (HR.) . * ^  _
IF Fs SHUT-IN PRESS. IN PSI _________________!__________
GEOLOGICAL SOURCE OF h  o  a l lu v iu m ______

and f l i l lm an  C reek  F o rm a tio n

5260
42

"W

CASING D1A. —6  In. FROM___0:___ ft. TO ------2 2 ----- ft.
___  In. FROM________ ft. T O __________  ft.

CASING TYPE -SJtjB .6-1_______________________________ _
PERFORATED INTERVAI_____________ TL T O ___________ft.

___________ ft. TO   ft.
___________ IL TO  f t

PERFORATION DESC__________________________________
PUMP SIZE (HP.)________  TY PE______________________
DATE WELL COMPLETED A U g  . 3 0  » 1 9 7 0  ___
h o w  d r il l e d  ch u rn  d r i l l ______
b y  w h o m  Donald C « J o n ss  ic . 1-7 
wellUSE do m est ic  w/ g a r d e n ,  lawn
SOURCE OF INFOt WELL APPROP. _____
DRILLER ,X__ OWNER ____  USQS____ SCS _____
OTHER:______________________________________________

HAS WELL LOCATION BEEN VERIFIED ____
a y  w h o m  Bonnie Moore a g e n c y

DATE VERIFIED J u n e  2 5 «  ^ -9 8 3 _ _
MEAS. POINT ABOVE LSD I  » I  ft.
TOTAL DEPTH BELOW LSD ^ O ,  4  
PUMPING LEVEL BELOW LSO _ 3_*7 __ ft 
SWL* BELOW LSD 
YIELD IN GPM 
WATER TEMP16C 
SPECIFIC CONO et 25°C 
MBMQ FILE NUMBER 
DNR FILE NUMBER 
WELL FORM NUMBER .

2 .9  n.
"8
9T 5~
569

yes
MSU

6 /2 5 /8 3
6/25/83
6 /2 5 /8 3
6 /2 3 /8 3
6 /2 5 /8 3
8 /2 5 /8 3

L IT H O L O G IC  LOG

IN T E R V A L  (FT .)

D E S C R IP T IO N
F R O M TO

0 3 . t o p s o i l  and c l a y
3 ,8 g r a v e l  w i th  c l a y
8 14 g r a v e l  bound i n  p la y

14 35 c l a y
35 42 s h a le

I

,

MBMG WQ LAB. NUMBER _  
SYS 2000 NUMBER _______

f  OTHER: pH I 7 * 25

REMARKS:_______________

: —i • I-
?

i ' t \ r
X

SK E T C H  M A P

B r id g e r
Canyon / / / / ' #
Rd. # / 3 5  mi
m ile  m arker 10 J r /

• F  •  FL O W IN G

M B M G  F o r m  1 B 2  ( 9 / 7 9 )
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MONTANA BUREAU OF MINES AND GEOLOGY 
WELL-DATA SHEET

COUNTY 

LAT. ____

G a l l a t i n t . - L

t o w n  Bozeman

N . L O N G .. __w.

_ Z e

UTM

SE C . . T R A C T .
B B C D *

SU B D IV ISIO N  .
B LO C K

OWNER'S NAME E d w a r d  F  .— R y £ _

Bozeman MT 59715.

- g g o o  B r id g e r  Canyon H D .
_______________ ADDRESS ____ L i ----------------------------------------------- --

586-1356 -----  1983
PHONE NUMBER ------------------- YEAR „

5220
ALT. LAND SURF. AT WELL MSL
TOTAL DEPTH BELOW LSD ------------—
PUMPING LEVEL BELOW LSD -------------- ‘
STATIC WATER LEVEL" BELOW LSD --------- -----
YIELD IN GALLONS PER MIN. “
HOW TESTED------------------------------- TIME

_ _ fL
__ft.
__ ft.
__ TL

IF F1 SHUT-IN PRESS. IN PSI .

OEO, Ln°d M l T m I n 0C ^ e T r F o r m a t i o n

ft.
ft.

________  s t e e l _______________ -—
ft. TO ft.
ft. Tm ft.

fL T O ------------ ft.

INTERVAL (FT?)

UTHOLOOIC LOG

FROM

P E R F O R A T IO N  D ESC . 

PU M P S IZ E  (HP.) T Y P E  .

OATE WELL COMPLETED .
HOW DRILLED ----------------
BY WHOM ------------ -----------
WELL U SE.

. L IC ..

SO U R C E  O F  IN F O : W E L L  A P P R O P . ----------

DRILLER____ OWNER ------- USOS------  SCS .

OTHERi -----------------------------------------------------------

d e s c r ip t io n

"none a v a i l a b l e -

H A S W E L L  L O C A T IO N  B EEN  V E R IF IE D ' -------

Bv whom Bonnie Woorg, agency
D A TE V E R IF IE D  ----- P / 1 8 / HJ r
M E A S -P O IN T  A B O V E L SD  ±  l 2 —

T O T A L  D E P T H  BELO W  LSD  * 7  —

PU M PIN G  L E V E L  BELO W  L S O _ j L

SWL" BELOW LSD  —
YIELD IN GPM — g
WATER TCMP-0C ^ ^
SPECIFIC CONO. it 25 C — 2.

MBMG FILE NUMBER -------------- -
DNR FILE NUMBER --------------
WELL FORM NUMBER --------------
MBMG WQ1 LAB. NUMBER-----------
SYS 2000 NUMBER
OTHER: _______ ____ __________ _

. ft. 

.  ft. 
_ n. 
_ n .

d a t e
8 / 1 8 / 8 3

' 8 / 1 8 / 8 3
8 / 1 8 / 8 3
8 / 1 0 / 8 3
9/16/83
9 / 1 6 / 8 3

SK E T C H  M A P

B r i d g e r  Canyon Rd.

REMARKS: .

J a c k s o n  C reek

• F  ■ FL O W IN G

M B M G  F o r m  1 8 2  1 9 / 7 9 )
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WELL-DATA SHEET

COUNTY G a l l a t i n T. I  X X ,, = 7 TRACT CABti

!A T.
# I H

N. LONG.
e i H

W. UTM N E

Bozeman SUBDIVISION .

o w n e r 's  n a m e  Roger and B e ts y  Cruwys 

Bozeman, .MT

7211 Ja c k so n  C reek  Rd.

PHONE NUMBER 586-1830 1983

A lii. LAND SURF. AT WELL MSL 
TOTAL DEPTH BELOW LSD 
PUMPING LEVEL BELOW LSD 
STATIC WATER LEVEL* BELOW LSD 
YIELD IN GALLONS PER MIN.
unwTFSTpn b a i l e r ____  ?
IF F, SHUT-IN PRESS. IN PSI .

5300
55

GEOLOGICAL SOURCE OF H  O __a  l l U V l U m ______
and B il lm an  C reek  F o rm a tio n

CASING DIA- .

CASING TYPE .

In. FROM- 
. In. FROM.

- f t .  TO . 
.  ft. TO .

PERFORATED INTERVAL. . f t .  T O . 
- f t .  T O . 
. fL TO .

PERFORATION DESC. . 
PUMP SIZE (HP.).
DATE WELL COMPLETED 5 ~ ^ ~ 8 2

c a b leHOff DRILLED, _________________________________
BYWHOM Van Dvken D r i l l i n flc. 306 
w e l l  u s e  do m est ic__________________
SOURCE OF INFOi WELL APPROP. _____
DRILLER X OWNER ____  USGS____ SCS _____
OTHER:____________________________________________

HAS WELL LOCATION BEEN VERIFIED
b y  w h o m  Bonnie Moore a g e n c y  MSU 
DATE v e r if ie d  " .  8 ~ 2 9 ~ 8 3
MEAS. POINT ABOVE LSD 
TOTAL DEPTH BELOW LSO . 
PUMPING LEVEL BELOW LSD. 
SWL*BELOW LSD 
YIELD IN GPM 
WATERTEMP.6C 
SPECIFIC COND. at ZS0C
MBMQ FILE NUMBER ______
ONR FILE NUMBER ______
WELL FORM NUMBER ______
MBMO WQ LAB. NUMBER____
SYS 2000 NUMBER _________
O T H E R :____________________

177

21 .521.1
8^29/83
8 / 2 9 / 8 3
8 / 2 9 / 8 3
8 / 2 9 / 8 3
9 / 1 6 / 8 3
9 /1 6 /8 3

REMARKS: .

• F  ■ FL O W IN G

M B M G  F o r m  1 8 2  ( 9 / 7 9 )

LITHOLOGIC LOG
INTERVAL (FT.)

DESCRIPTIONFROM TO

0 2 t o p s o i l
2 25 s h a le

25 30 h a rd  s h a l e
30 32 s o f t  s h a l e
32 55 s h a le

,

'

I

•K E T C H  M AP
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c o u n t y  l a l l a t i n T . — l_&%rs R._Z_ EorJvX s e c . 21 t r a c t  CBCB*

N. LONG..

TOWN , Bozeman s u b d iv is io n  Lazy Y BLOCK

OWNER’S NAME John VcKenna 64?4 J a c k so n  C reek  Rd.

Bozeman, MT

ALT. LAND SURF. AT WELL MSL 
TOTAL DEPTH BELOW LSD 
PUMPING LEVEL BELOW LSD 
STATIC WATER LEVEL" BELOW LSD 
YIELD IN GALLONS PER MIN.
HowTESTFn b a i l e r

200
170
120

_ ft. 
_ ft. 
- f t .  
_ f t

TIME (HR.).
IF F1 SHUT-IN PRESS. IN PSI .
GEOLOGICAL SOURCE OF T -T nppA rR

, a n d  B il lm an  C reek
CASING DIA. —  In. FROM

P n r m a t i  n n

__ In. FROM.
s t e e l

- f t .  TO . 
_ ft. TO .

CASING TYPE . 
PERFORATED INTERVAL. - f t .  T O . 

. f t .  TO . 
-  f t  TO .

PERFORATION DESC. 
PUMP SIZE (HP.)
DATE WELL COMPLETED 1 2 - 1 1 - 7 7
HOW DRILLED

H e r o e r t  F o t t s
d o m estic

BY WHOM
WELL USE_____________
SOURCE OF INFO: WELL APPROP. ___
DRILLER X OWNER ____  USGS.
OTHER: ________

15TT

HAS WELL LOCATION BEEN, VERIFIED
BYWHOM Bonnie Moore AGE
DATE VERIFIED t t - 1 6 - 8 3  ______

yes
MSU

1. 8
200

IZTT

MEAS. POINT ABOVE LSD
TOTAL DEPTH BELOW L S D _________
PUMPING LEVEL BELOW LSD 109 » 7 
SWL* BELOW LSD 107.0
YIELD IN GPM 
WATER TEMP.°C 
SPECIFIC CONO. at 25°C
MBMG FILE NUMBER __
DNR FILE NUMBER __
WELL FORM NUMBER __
MBMQ WQ LAB. NUMBER _
SYS 2000 NUMBER ______
OTHER, ,

ft. 
. f t  
. ft. 
. ft.

12'tf W

DATE
8 / 1 6 / 8 3
8 / 1 6 / 8 3
8 / 1 6 / 8 3
8 / 1 6 / 8 3,
9 /1 6 /8 3
9 /1 6 /8 3

PHONE NUMBER. 587-4746 1983

LITHOLOGIC LOO
INTER

FROM

/A L  (FT. 

TO

.

DESCRIPTION

0 2 t o p s o i l
2 t r a c t u r e d  ro c k
Y i4 drown ro c k  ~

14 132 h a rd  b lu e  s h a l e
132 174 s m a l l  f r a c t u r e
174 196 brown sa n d s to n e
196 198 brown sa n d s to n e
198 200 b lu e  s h a le

.
I

r e m a r k s : c l a y  on insd.de o f  w e l l

...} .
L
if .

JZL
•

I r -T - 1 •

SK E T C H  M A P

a t  55 f e e t

• F  -  FL O W IN G

M B M G  F o r m  1 8 2  1 9 / 7 9 )

B ridgery 
Sanyo 
Rd.

w e l l  i s  
betw een 
b o u ld e r s
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c o u n t y  ---------- G a l l a t i n __________ t . I  %&»«•.< r . 7 eoXiC sec. 28 t r a c t  ADBG
e I n o t n

-------------------------------- N. LONG._______________________  W. VTTM __________ N _____________  E ____________

t o w n _____ Bozeman_________________ s u b d iv is io n ______ ;_____________________________  b l o c k  _____ l o t __________

OWNER'S n a m e ______ R ic h a rd  Moats________________  a d d r e s s  5730 J a c k s o n  C reek  Rd.

____Bozeman, MT 59715____________ r h o n e n u m b e r  536-2784 YEAR 1984

ALT. LAND SURF. AT WELL MSL 5640 „
TOTAL DEPTH-BELOW LSD „
PUMPING LEVEL BELOW I SO 143 #♦
STATIC WATER LEVEL" BELOW LSD ^  «.

LITHOLOGIC LOG
INTERVAL (FT.)

DESCRIPTIONFROM TO
YIELD IN GALLONS PER MIN. J 0 I s o i l s
HOW TESTED t a l l e r  T ,u c  ,HR.) 3 1 19 c la y  bound g r a v e ls
IF F. SHUT-IN PRESS. IN PSI 19 69 b lu e  s h a le s
GEOLOGICAL SOURCE OF H n 3 - l l U V l U n i 69 7 0 p in k  s h a l e s ,  w a te r
and H illm an  Cre-Bk F o rm atio n 70 148 g ra y  s h a l e s ,  w a te r  a t  85 to

90 f e e t  and w et a t  148 f e e t
CASING niA. --6 In. FDOM 0 ft TO 148 ft

-- In. FROM ft. TO ft.
casingTYPF w elded s t e e l
PERFORATED INTERVAL 69 ft. TO 70 ft.

85 ft. TO 90 ft.
----1---------- ft. TO ft.

pfrforation n r s T  ^  in c h  S lo tS
PUMP SIZE fHP.I TYPF
DATE WELL COMPLETED S e p t .  2b , 1973
HOW DRILLED C able
b y  whom VanDvken t i c .  I
well use d o m estic
SOURCE OF INFOi WELL APPROP. ___
DRILLER X OWNER ___ USGS__  SCS
OTHER:

HAS WELL LOCATION BEEN VERIFIED Y68
n v whom ^ o n n ie  Moore agfncv MSU ‘
dateVFRtFiFn J a n . 28 , 1984
MEAS. POINT ABOVE LSO 0 .5  ft. DATE
TOTAL DEPTH RFI OW I SO 148 ft. 1 /2 8 /8 4
PUMPING LEVEL BFLOW I-SD ^ 7  ft. I / 2b /b4
SWL* BELOW I SO 25 ft. 1 /2 8 /8 4
VIFIOINGPM 12 1 /2 8 /8 4
WATER TEMP-0C 7 1 /2 8 /8 4
SPECIFIC COND. It 25’c  220
MBMG FILE NUMBER
D N R  F IL E  N U M B E R  __ 

W E L L  FO R M  N U M B E R  __ 

MBMG WQ L A B . N U M B ER

SY S 2 0 0 0  N U M B E R  ______

OTHER) ________________

R E M A R K S :________________

:

•

J____ ________________________I
SK E T C H  M AP

2 .1  m ile s  a lo n g  Ja c k so n  Creek 
Road from B r id g e r  Canyon Road

*

Ja c k so n  
C reek  Rd.

• F  -  FLO W IN G

M B M G  F o r m  1 8 2  ( 9 / 7 9 )
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c o u n t y  G a l l a t i n ______
• • t!

L A T - -------------------------------------- . N . L O N G . .

t o w n  Bozeman

T . - - L EcM t r a c t . DGCAy

SUBDIVISION . BLOCK ___ LOT .

o w n e r ' s  n a m e  R o b e r t  A. Chadwick

Bozeman, m  <Q7l<
------------------------- a d d r e s s  1920 S p r in g  C r.  Dr.

P H O N E  N U M B E R  586-6518 Y E A R _________ 1 9 8 3

A L T . L A N D  S U R F . A T  W EL L M SL 
T O T A L  D E P T H  BELO W  LSD 

PU M PIN G  L E V E L  BELOW  LSD 

S T A T IC  W A T E R  L E V E L * BELO W  LSO  

Y IE L D  IN  G A L L O N S  PER  M IN .
HowTESTFn b a i l e r

5500

T IM E  (H R .) . I F
IF  F 1 S H U T -IN  P R E S S . IN P S I __________________________

g e o l o g i c a l  s o u r c e  o f  M <■> l a n d s l i d e  
---- on Hoppers F o rm atio n______

C A SIN G  D IA . J S _  In. FRO M  0

F R O M  . f t .  r n
C A SIN G  T Y P F s t e e l
P E R F O R A T E D  IN T E R V A l

f t .  T n

f t .  T O ft.

PU M P S IZ E  (H P ,) . T Y P E  .
d a t e  w e l l  c o m p l e t e d  S e  P t  b 1 6 ,  1 9 7 4

HOW  D R IL L E D  C a b l e __________________________________

BY  W HOM _ P O t t S  ‘  ̂ , I r  1 5 C T

w e l l  u s e  d o m e s t i c _____________

SO U R C E  O F  IN F O : W E L L  A P P R O P . ______

D R IL L E R _ X _  o w n e r  _____  U S G S _____ SC S  _____ .
O T H E R t

yesH A S W E L L  L O C A T IO N  BEEN  V E R IF IE D  ,,__________

b y  w h o m  Bonnie Woore a g e n c y  MSU 
d a t e  v e r i f i e d  June 25. 1983______
M EA S. P O IN T  A B O V E L SD  1 . 4  

T O T A L  D E P T H  BELO W  LSD  4 5  

PU M PIN G  L E V E L  BELO W  LSD  2 0  

SW L* B ELO W  L SD  1 8

Y IE L D  IN GPM  8

W A TER  T E M P .°C  

S PE C IF IC  C O N D  a t 25°C

MBMG F IL E  N U M B ER  __

O N R  F IL E  N U M B ER  __

W E L L  FO R M  N U M B ER  __

M BM G WQ LA B . N U M B ER  .

SY S 2 0 0 0  N U M B E R  _______

O T H E R : P H  7 . 3 5

9
~9W

DATE
6 / 2 5 / 8 .  
6 / 2 5 / 8 3  
6 / 2 5 / 8 3  
6 / 2 5 / 8 3  
6 / 2 5 / 8 3  
6 / 2 5 / 8 3

LITHOLOGIC LOG
IN T E R V A L  (F T )

F R O M T O D E S C R IPT IO N

0 4 5 " I  c l a y  -

I J t h

'

R E M A R K S: _

_ q M -

:■
I I" SC I •

B r id g e r / /  P r i v a t e  Lane

" " F i n T i ^  y S a b o l 's

• F  -  FL O W IN G

M B M G  F o r m  1 8 2  ( 9 / 7 9 )
1 .7  m i . ffrom  

K e l ly  Canyon Rd1
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COUNTY _ G a l l a t i n T. I  X X c

LAT.
6 I M

N. LONG.
o t n

w. UTM N

Bozeman

t r a c t  BAAA 

___  E ___________

SUBDIVISION . BLOCK

OWNER'S NAME Don ReichmuTh ADDRESS 622 6 th  Avenue South

Bozeman, 59715 PHONE NUMBER

ALT. LAND SURF. AT WELL MSL 
TOTAL DEPTH BELOW LSD 
PUMPING LEVEL BELOW LSD 
STATIC WATER LEVEL* BELOW LSD 
YIELD IN GALLONS PER MIN.
HOW TESTED PUfTip 
IF F, SHUT-IN PRESS. IN PSI .

5240
68
68

_  ft. 

_ fL

TIME (HR.)_

G E O L O G IC A L  S O U R C E  O F  H o  a l l u v i u m
V"l /-Q fl/T O  A  A  I O  _ _l_ • ___ __and Miner C reek  F o rm atio n  

.may r e a c h  iB i l lm a n  C reek  Fm.
CASING DlA. 6 m. FPCiM 0 n

-5- In. FROM 58 ft. ft

casingTVPF s t e e l  w i th 5" l i n e r
PERFORATED INTFRVAl 58 ' ft.

TO

PERFORATION DESC. l / l 6  X I* in c h e s
PUMP SIZE (HP.) TVPF
DATE WELL COMPLFTFD JUHB 24, 1965
how drilled ch u rn  d r i l l
BfwHOM Donald C . Jones Lie. 17
w e l l  u s e  d o m es t ic
SOURCE OF INFO WELL APPROP. ___
DRILLER X_ OWNER ____  USGS_
OTHER:___i_

HAS WELL LOCATION BEEN VERIFIED
by  w hom  Bonnie IV1Oore a g e n c y  MSU 
d a t e  v e r if ie d  June 24. 1983

3 .0
ZQ

MEAS. POINT ABOVE LSD 
TOTAL DEPTH BELOW LSD
PUMPING LEVEL BELOW LSO_____
SWL* BELOW LSD 55
YIELD IN GPM 8
WATER TEMP16C 10
SPECIFIC CONO. at Zs'c 406
MBMG FILE NUMBER ____________
DNR FILE NUMBER ____________
WELL FORM NUMBER ___________
MBMG WQ LAB. NUMBER .

6/24T/8 3

6 /2 4 /8 3
6 /2 4 /8 3
6 /2 4 /8 3
6 /2 4 /8 3

586-0730 1983

LITHOLOGIC LOG
INTERVAL (FT.

FROM TO DESCRIPTION
I

0 57 c l a v
57 60 san d  and f i n e  g r a v e l
6 0 68 s h a l e

/

I

I----------- : I
I

I
.

! -----------------------------------------------------------I
SYS 2000 NUMBER h ... A  ■
OTHE R pH: 6 . 0 I: o il ,

REMARKS: LL -M 1I -

- F  -  FLO W IN G

M B M G  F o r m  1 8 2  ( 9 / 7 9 )

B r id g e r  Canyon Rd.

2 .2  m i le s  from 
K e l ly  Canyon Rd.
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G a l l a t i n BADD

Bozeman SUBDIVISION .

OWNER'S n a m e  George and D oro thy  R ip le y  

Bozeman, MT 59715

8791 B r id g e r  Canyon Rd.

PHONE NUMBER, 586-6408 1983

ALT. LAND SURF. AT WELL MSL 5220
TOTAL DEPTH BELOW LSD 65
PUMPING LEVEL BELOW LSD
STATIC WATER LEVEL" BELOW LSD 52 ft.
YIELD IN GALLONS PER MIN. 35
HOW TESTED
IF F1 SHUT-IN PRESS. IN P«l
GEOLOGICAL SOURCE OF H-O B il lm a n  C reek

F o rm a tio n

CASING DlA. ^  FROM 0 „ TH 52
In. FROM ft. TO

CASING TVPFS '^ e e -*--’0 P ® n i n  s s  t o  03 f t
PERFORATED INTERVAt ft. TO

ft. TO

PERFORATION DFSC.
PUMP SIZE (HP.) TVPF Danm w a l l j e t
DATE WELL COMPLETFD M&V 2 . 1963
HOW DRILLED
BY WHOM
YVELLusE  d o m e s t ic ,  la w n ,g a rd e n
SOURCE OF INFOi WELL APPROP. _____
DRILLER___  OWNER ____  USQS____  SCS _____
OTHER: DNRC

HAS WELL LOCATION BEEN VERIFIED
BvwHOM Bonnie Moore AGENCY M SU
DATE VERIFIFn J U P B  2 4  , 1983
MEAS. POINT ABOVE I SO ft. DATE
TOTAL DEPTH BELOW LSD ft.
PUMPING LEVEl BFI OW I Sn ft.
SWL* BELOW LSD 8 „. 6 /2 4 /8 3
YIELD IN GPM 
WATER TEMP10C 
SPECIFIC COND. at 25°C
MBMG FILE NUMBER __
DNR FILE NUMBER __
WELL FORM NUMBER __
MBMG WQ LAB. NUMBER . 
SYS 2000 NUMBER

503
6 / 2 4 / 8 3
6 /2 4 /8 3

OTHER: p H  6 , 4 5

r e m a r k s : w e l l  e n c lo s e d  by po rch
s t e p s  1 i n a c c e s s i b l e

• F  "  FL O W IN G

M B M G  F o r m  1 8 2  ( 9 / 7 9 )

LITHOLOGIC LOG
INTERVAL (FT.)

FROM TO DESCRIPTION

0 14 loam
14 30 clay
30 52 sandy clay

. 52 05 sandstone, coarse

.

S K E T C R  MAE

un d er  back Sî eps

B r id g e r  Canyon Rd. 
p a s t  m i le  m arker 8

, p r i v a t e  la n e
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MONTANA BUREAU OF MINES; AND GEOLOGY 
WELL-DATA SHEET

COUNTY------------G a l l a t i n -------------- r . — r. _ Z_ eoSX sec. 30 tract BCPA'
6 1 h o t n

^a t * --------------------- ------------ N. LONQ. _ _________________ __  W. VTM __________ N _____________  E  __________

t o w n _________Bo zeman_____  s u b d i v i s i o n BLOCK . LOT

o w n e r ' s  n a m e  Bruce P a t t e r s o n _______________  a d d r e s s  8653 B r id g e r  Canyon Rd

-  Bozeman, 59715_____________  r h o n e n u m b e r  587-8016 VEAR 1983

ALT. LAND SURF. AT WELL MSL 4260 **

TOTAL DEPTH BELOW LSD 125 ft.
PUMPING LEVEL BELOW LSD __________ ft.
STATIC WATER LEVEL* BELOW LSD ■ 53 ft.
YIELD IN GALLONS PER MIN. ______12
HOW TESTED PUITtT) and (H R.) Is
IF F, SHUT-IN PRESS. IN PSI
GEOLOGICAL SOURCF HF M n B ll lm an

“ C reek
F o rm a tio n

CASING OIA. ^ Irv FROM —2— 4 l
5 In. FROM ft. TO 125

CASING TYPF St©©! and PVC
PERFORATED INTERVAL. 45 ft. TO 125

ft. TO _

PERFORATION DESC. 1/ d  X o m e n  s l o t
PUMP SIZE fHR.) TYPE
DATE WELL COMPLETED Jan . 2 1 . 1978
HOW DRILLED Cable
.by whom y i  11on B. Jones LIC.-1 7
w e l l  u s e  domes t i c _________________________

SOURCE OF INFOi WELL APPROP. ___
DRILLER_X OWNER ___ USQS__  SCS
OTHER:_______________

HAS WELL LOCATION BEEN VERIFIED
by whom Bonnie Moore

yes

DATE VERIFIED »
MEAS. POINT ABOVE LSD 
TOTAL DEPTH BELOW LSD 
PUMPING LEVEL BELOW LSD. 
SWL* BELOW LSD 
YIELD IN GPM 
WATER TEMP16C 
SPECIFIC COND. at 25°C
MBMQ FILE NUMBER ____
DNR FILE NUMBER ____
WELL FORM NUMBER ____
MBMO WQ LAB. NUMBER__
SYS 2000 NUMBER ______
OTHER: _____________

_  AGENCY.
8\  1983

" Msu

960

. tt. 

.  TL 

. ft. 

. ft.

1 0 /6 /8 3 -
1 0 /8 /8 3

r e m a r k s : wel l - h e a d  b u r i e d  40
_________f e e t  beh in d  house

LfTHOLOOtC LOG
INTERVAL (FT.)
FROM TO DESCRIPTION

0 12 t o p s o i l
12 125 s h a l e

,

Pl
r ; ■

SK E T C H  M A P

B r id g e r  Canyon Rd 
P a s t  m i le  marker d

• F  « FLO W IN G

M B M G  F p r m  1 8 2  ( 9 / 7 9 )
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county____ O a l l a t i n _____________________  r .  _ I  r._7 s e c . 30.__ tract CADD*
e  i M •  t  n

LAT.  _____________________ N. LONG.______________________ W. UTM __________ N _____________  E _________ L_

Bozeman S U B D IV ISIO N  .

OWNER’S NAME . Roland Ortm ayer 8191 B r id g e r  Canyon Rd.

Bozeman, MT 59715

5180ALT. LAND SURF. AT WELL MSL 
TOTAL DEPTH BELOW LSD 
PUMPING LEVEL BELOW LSD 
STATIC WATER LEVEL" BELOW LSD 
YIELD IN GALLONS PER MIN.
HOW TESTED___P u m P __________  TIME (HR.)

74

92 T
IF F, SHUT-IN PRESS. IN PSI ___
GEOLOGICAL SOURCE OF H3O _ a l lu v iu m

29
ft. TO 73 ft.

CAShNR TYPE s t e e l
PERFORATED INTERVAL 1 0 ft. TO 73 ft.

ft. TO ft.
ft.

PFR FO R A TinN nFsc. 3 /8  In ch  s l o t s  X 3
PUMP SIZE (HP.) TYPE
DATE WELL COMPLETED A U g  • 28 , 1967

ch u rn  d r i l lHOW DRILLED .
b y  w h o m  Donald Jones
WELL USE. do m est ic
S O U R C E  O F  IN F O i W E L L  A P P R O P . ____

D R IL L E R  X O W N ER  _____  U S G S _

O T H E R :___________________________________

HAS WELL LOCATION BEEN VERIFIED Y g5
b y  w h o m  Bonnie Moore a g e n c y  MSU
DATE VERIF-IEO AUg 2 4 ,  1983
MEAS. POINT ABOVE LSD 
TOTAL DEPTH BELOW LSD 
PUMPING LEVEL BELOW LSD . 
SWL* BELOW LSD 
YIELD IN GPM 
WATER TEMP.6C 
SPECIFIC COND. at 25°C
MBMQ FILE NUMBER __
DNR FILE NUMBER __
WELL FORM NUMBER __
MBMO WQ LAB. NUMBER .
SYS 2000 NUMBER ______
OTHER: _____________'

174TT

390

8/29783
a /2 4 /6 3
8 /2 4 /8 3
8 /2 4 /8 3
1 0 /8 /8 3
1 0 /8 /8 3

REMARKS: .

• F  » FL O W IN G

M B M G  F o r m  1 8 2  ( 9 / 7 9 )

PHONE NUMBER. 586-2741 1983

LITHOLOGIC LOG
INTERVAL (FT.)

DESCRIPTIONFROM TO

0 30 gravel and clay
30 43 clay
43 45 shale
45 73 layered shale and clay
73 74 gray clay

Bridger >  
-Canyon + O 
Rd. 
past 
8 mile 
marker -w
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MONTANA BUREAU OF MINES'AND GEOLOGY 
WELL-DATASHEET

COUNTY --------------- /a l la - f r in__________ T .  !_■ XXrfi R. _ - 7 SEC. 3 0 TRACT CDAB"*

L A T .---------------------- ---------  N. LONG.______________________ W. UTM __________ N _____________  E ___________

t o w n _________Bo zeman s u b d iv is io n BLOCK _______  LOT

OWNER'S NAME R. W il l iam so n a d d r e s s  8131 B r id g e r  Canyon Rd.

Bozeman, MT 59715___________ p h o n e  n u m b e r  587",Q5Q0________  y e a r _____ 1983

ALT. LAND SURF. AT WELL MSL 
TOTAL DEPTH BELOW LSD 
PUMPING LEVEL BELOW LSO 
STATIC WATER LEVEL* BELOW LSD 
YIELD IN GALLONS PER MIN.
HOW TESTED_______

5190

TIME (HR.)_
IF F, SHUT-IN PRESS. IN PSI ___
GEOLOGICAL SOURCE OF H gO.

. f t .  
_ ft. 
- f t .  
- f t

a l l u v i u m

CASING DlA. 6 _  in. FROM__________ ft. TO  ft.
___  In. FROM__________ ft. T O _________  ft.

CASING TYPE.............. ........... ........................................................
PERFORATED INTERVAl______________ ft. T O __________ ft.

___________ ft. TO   ft.
___________ ft. TO  f t

PERFORATION DESC__________________________________
PUMP SIZE (HP.)________  TY PE______________________
DATE WELL COMPLETED_____________________________
HOW DRILLED______ _________________________________
BY WHOM _____________________________  LlC.__
WELL U SE____________________________________
SOURCE OF INFOi WELL APPROP. _____
DRILLER___  OWNER ____  USGS____  SCS
OTHER:__________ ____________________________

HAS WELL LOCATION BEEN VERIFIED V G S
BvwHDM Bonnie Moore AGENCY MS U
DATE V FRIFlFn A UtiC • 16, 1981
MEAS. POINT ABOVE LSD 
TOTAL DEPTH OELOW LSD

0
52

• 9  ft.
ft.

DATE
8 /1 6 /8 3

PUMPING LEVEL BELOW LSD 1 5 ft. 8 /1 6 /8 3
SWL* BELOW LSD 9 ft. 8 /1 6 /8 3
YIELD IN GPM 5 8 /1 6 /8 3
WATER TEMP.°C 9 1 0 /8 /8 3
SPECIFIC COND i t  25°C 420 1 0 /8 /8 3
MBMQ FILE NUMBER ________________________________
DNR FILE N U M B E R ________________________________
WELL FORM NUMBER ________________________________
MBMQ WQ LAB. NUMBER______________________________
SYS 2000 NUMBER ___________________________________
OTHER: ______________________________________________

r e m a r k s : in d o o r  f a u c e t  must ru n
_______to  a c t i v a t e  pump i n  w e n
_________o t h e r  w a te r  i s  from
_________ s t r e a m ____________________

LITHOLOGIC LOG
INTERVAL (FT.)

DESCRIPTIONFROM TO

none a v a i l a b l e

SK E T C H  M AP

B r id g e r  
Canyon Rd. 
p a s t  m ile  
m arker 8

• F  ■ FL O W IN G

M B M G  F o r m  1 6 2  ( 9 / 7 9 )
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' MONTANA BUREAU OF MINES AND GEOLOGY
WELL-DATA SHEET

G a l l a t i n R____ Z - SEC. 30 tract DAAA

LAT. N. LONG. w. UTM N E

Bozeman SUBDIVISION . BLOCK

OWNER'S n a m e  R ic h a rd  and Joyce  G rover 

Bozeman, M T 59715___________

ADDRESS * 7892 B r id g e r  Canyon Rd

PHONE NUMBER. 586-3709 VEAR 1983

ALT. LAND SURF. AT WELL MSL 
TOTAL DEPTH BELOW LSD 
PUMPING LEVEL BELOW LSD 
STATIC WATER LEVEL* BELOW LSO 
YIELD IN GALLONS PER MIN.
HOW TESTED___ P-u m P ____
IF F, SHUT-IN PRESS. IN PSI .

5190 . ft. 
. ft. 
- f t .  
_fL

TIME (H R.).

GEOLOGICAL SOURCE OF H .O  S l l U V lUITl
______ and B il lm an  C reek_____
_______ F o rm a t io n
CASING DJA. . -  r rx~---- ----------  ft. TO - M 4   A.

Z  In. FROM 35 ft. TQ —~ 2 -------  ft.
1 In. FROM .

c a s in g  t y p e  s t e e l  a E T p I a s t i c ___
PERFORATED INTERVAL _____ ft. T O ------

__________ ft. TO _______

PERFORATION DESC_____ j  I n c h  S l o t g
PUMP SIZE (HP.).p- w m r  ^ ia-L- i» -.| 1 ^  ,

DATE WELL COMPLETED J  U l y  I j  1 9 7 P _

h o w  d r il l e d  c a b le
by  w h o m  Jones  W elding 
w e l l  u s e  d o m es t ic_____
SOURCE OF INFO: WELL APPROP. ___
HRILLER X OWNER ____  USDS.
OTHER:__________________ '___________

1983
. ft. 
„ ft. 
.  ft. 
_ ft.

DATE

HAS WELL LOCATION BEEN VERIFIED
by  w h o m  B o n n ie J^ o o re _  a g e n c y ^ u

DATE VERIFIED ^
MEAS. POINT ABOVE LSD 
TOTAL DEPTH BELOW LSD .
PUMPING LEVEL BELOW LSD 
SWL* BELOW LSD 
YIELD IN GPM 
WATER TEMP.°C 
SPECIFIC COND i t  2S°C
MBMQ FILE NUMBER ______
DNR FILE NUMBER ______
WELL FORM NUMBER _____
MBMG WQ LAB. NUMBER___
SYS 2000 NUMBER _________
OTHER: ___________________

1.6

510

LITHOLOGIC LOG
INTERVAL (FT.)

DESCRIPTIONFROM TO

0 10 t o p s o i l
10 25 c l a y
25 28 ■ s a n d s to n e
28 30 c l a y
30 65 r e d  s a n d s to n e

,

t t ^ i s s o u l a  a d d r e s s i 
w e s t  c e n t r a lzujy

M i s s o u l a ,
5 4 j-8 % 8

TVIT-

♦ F  •  FL O W IN G

M B M G  F o r m  1 8 2  ( 9 / 7 9 )
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MONTANA BUREAU OF MINES AND GEOLOGY 
WELL-DATA SHEET

S a l l a t i n T. TRACT I3D C-0*

Bozeman SUBDIVISION .

OWNER'S n a m e  R ic h a rd  and Mickey Rosa

Bozeman, MT 59715

7900 B r id g e r  Canyon Rd,

_  PHONE NUMBER. 586-5215 1983

ALT. LAND SU R F. AT WELL MSL 
TOTAL DEPTH BELOW LSD 
PUMPING LEVEL BELOW LSD 
STATIC WATER LEVEL* BELOW LSD 
YIELD IN GALLONS PER MIN.
h o w  testfd _ b a i l e r

5160

29
i y

_

_ ft. 
_ f t .  
_rt.,

IF F1 SHUT-IN PRESS. IN PSI .
TIME (HR.).

GEOLOGICAL SOURCE OF H^O a l l u v i u m
a l o n g  ~ R r i ( i g a r  C r e A k
and B il lm an  C reek  F o rm a tio n

CASING DIA. —6 in. FROM 0 ft. TO __46
_ In. FROM.steel

- ft. TO . 
.  ft. TO .

CASING TYPE. 
PERFORATED INTERVAL. - f t .  T O . 

. f t .  T O . 

.  ft. TO .
PERFORATION OESC. 8 @ 38 f t ‘« t 4 I n  * S I  3 t S  
PUMP SIZE (HP.) . TYPE .
DATE WELL COMPLETED S 6p t  . 12 , 1979
HOW DRILLED C a b l e  ______________
by whom VanDyken D r i l l i n g  uc. 30 6 "  
w e l l  u se  do m es t ic__________________
SOURCE OF INFOi WELL APPROP. _____
DRILLER X OWNER ____  USGS____  SCS _____
OTHER:______

HAS WELL LOCATION BEEN VERIFIED V e5
B Y  W H O M  Bonnie Moore a g e n c y  ^MSU 
DATE VERIFIED S e n t .  19 ■ 1983

1.1MEAS. POINT ABOVE LSO 
TOTAL DEPTH BELOW LSO ^ 9  
PUMPING LEVEL BELOW LSP 33 
SWL* BELOW LSD 3 ^
YIELD IN GPM °
WATER TEMP.°C 
SPECIFIC COND. et 2S°C
MBMG FILE NUMBER __
DNR FILE NUMBER __
WELL FORM NUMBER __
MBMG WQ LAB. NUMBER .
SYS 2000 NUMBER ______
OTHER: _____

8/ 19/33
8 /1 9 /8 3
8 /1 9 /8 3
8 /1 9 /8 3
1 0 /8 /8 3
10/8/8,3

REMARKS: _
m

LITHOLOGIC LOG
INTERVAL (FT. '
FROM TO DESCRIPTION

0 2 to p  s o i l
2 16 s o f t  s h a l e

16 27 s a n d s to n e - d r y
27 sand  .and c iay b o u n d  g ra v e l
38 san d  & g r a v e l - w a t e r
3 S i 44 OiayOound g r a v e l
W 46 s h a l e

DtS

SK E T C H  M A P

B r id g e r
Canyon
Rd.

•F « FLOWING
MBVG Farm 182 (SVTa)

D  l o g , b a r n ­
s h a p e d  
h o u s e
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MONTANA BUREAU OF MINES AfJD GEOLOGY

m u N T V  G a l l a t i n

WELL-DATASHEET

T. I  JS&S R. 7 . M  .R H 3 1 T R A C T  CAOA*
•  I M

L A T . N  1 n w r i .
e 1 tt

w . UTM N

t o w n  Bozeman SU B D IV ISIO N

o w n e r ' s  n a m e  Dale Nuss A D D R E S S  1 5 0 3 8 K e l ly  Canyon R d .

Bozeman, VT P H O N E  N U M B ER 586-3639 YEAR 1983

ALT. LAND SURF. AT WELL MSL 52? 5 ft.
TOTAL DEPTH BELOW LSD 290 ft.
PUMPING LEVEL BELOW LSD ________________ft.
STATIC WATER LEVEL" BELOW LSD TL
YIELD IN GALLONS PER MIN. _______ ±2____
HOW TESTED----- b a i l e r  TIME (HR.)________
IF F, SHUT-IN PRESS. IN PSI ___________________________
GEOLOGICAL SOURCE OF H .O  H O P p S r S ___________
__________________ F o rm a t io n _______

and B il lm an  C reek
CASING DIA. —  In. FROM - _ ft. TO

- A -  In. FROM__TO
c a s in g  t y p e  s t e e l ____________
PERFORATED INTERVAI_____________ ft. TO

____________ ft. TO
___________ ft. TO

"ZW ft.
ft.

f t
f t

P E R F O R A T IO N  O E S C ._________ ___________________________

PU M P S IZ E  (H P .)__________  T Y P er ______

D A T E  W E L L  C O M PL C T E E r-__J a i l ,  3.«.,r, 1979 . r -
H OW  D R IL L E D  C a b l e _____________________  *
b y  w h o m  H e r b e r t  P o t t s  LIC. 1 5 0  
w e l l  u s e  domes t i c __________________________
S O U R C E  OF IN F O i W E L L  A P P R O P . ______

D R IL L E R  J C -  O W N ER  _____  U S G S _____ SC S  ______
O T H E R :___________

HAS WELL LOCATION BEEN VERIFIED V~eS
BvwHOM Bonnie Moore a g e n c y  MSU
DATE VERIFIED 3 - 1 2 - 8 3
MEAS. POINT ABOVE LSD 
TOTAL DEPTH BELOW LSD 
PUMPING LEVEL BELOW LSD 
SWL* BELOW LSD 
YIELD IN GPM 
WATER TEMP-0C 
SPECIFIC COND. at 25°C
MBMG FILE NUMBER ______
DNR FILE NUMBER ______
WELL F ORM NUMBER ______
MBMG WQ LAB. NUMBER____
SYS 2000 NUMBER __________
OTHER: ____________________

T j T
290

ft.

149.7  I

175

8 / l 2 / 8 3
8 /1 2 /8 3
8 /1 2 /8 3
8 /1 2 /8 3
10 /8 /8 3
1 0 /8 /8 3

REMARKS! _ w a te r  h e ld  i n  r e s e r v o i r
2400-200U g a l l o n s

LITHOLOGIC LOG
INTERVAL (FT.)

FROM TO DESCRIPTION

190 197 r e d  s h a l e ,  r o c k  (h a rd )
197 225 h a rd ,  b l u e - b l a c k  s h a l e
225 230 s o l t e r  b la c k  s h a l e
230 255 s o f t  b lu e - b l a c k  s h a l e
255 290 h a rd ,  r e d  s h a l e

I

“

“ ; V| I""

f  I-  1 '

SK E T C H  M A P

B r id g e r
Canyon
Rd.

K elly  Canyon
Rd.

* F  «  FL O W IN G

M B M Q  F o r m  1 0 2  1 9 / 7 9 )
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c o u n t y  G a.lla .t in

MONTANA BUREAU OF MINES AfVD GEOLOGY 
WELL-DATASHEET

T. --L  KX-S a. ?  F&& S E C . 3 1 T ftA C T  C DBA

t o w n  Bozeman S U B D IV IS IO N  .

OWNER'S NAME_____ R o b e r t  P i p l n l c h

Bozeman, 59715

a l t .  l a n d  s u r f , a t  w e l l  M SL 

T O T A L  D E PT H  BELO W  LSD 

PU M PIN G  L E V E L  BELO W  LSD 

S T A T IC  W A T E R 1 L E V E L *  BELO W  LSO  

Y IE L D  IN  G A L L O N S  P E R  M IN .
h o w  tested — b a i l e r
IF  F , SH U T -IN  P R E S S . IN PSI _  

G E O L O G IC A L  S O U R C E  O F  H_<

5210
140
140

T IM E  (H R .)_

Hoopers
Form at ion

and B il lm an  Greek F o rm a tio n  
6C A SIN G  D IA . y ~  In. FRO M

------  In . FRO M
C A SIN G  T Y P E  S t e e l

-  f t .  T O  .  

.  f t .  T O  .

P E R F O R A T E D  I N T E R V A L . -2__ft. T O .
__________ ft. TO .
---------------- r  TL TO .

PERFORATION DESC. S  I o t S  » Z X 3 in c h e s
PU M P S IZ E  (H P .)__________  T Y P E ______ __________ ____

D A T E  W E L L  C O M PL E T E D  F e b .  1 4 ,  1 9 7 2

h o w  d r i l l e d  ' C h u r n  d r i l l __________________

b y  w h o m  J l o n a l d  T o n e s  u c .  1 7  

w e l l  u s e  d o m e s t i c _______________________________

S O U R C E  O F  IN FO r W E L L  A P P R O P . ______

D R IL L E R __X O W N ER  ____ I  U S G S _____ SC S  _____

O T H E R :_______________________

H A S  W E L L  L O C A T IO N  B EEN  V E R IF IE D  Y e g ________

b y  w h o m  Bonnie Moore a g e n c y  .  

d a t e  v e r i f i e d  June 23 . 1983
MSU

M EA S. P O IN T  A B O V E  LSD 

T O T A L  D E P T H  BELO W  LSO 

PU M PIN G  L E V E L  BELO W  L S O ____

SW L* BELO W  L S O  53
Y IE L D  IN GPM 4

W A TER  T E M P10C I Q

S P E C IF IC  C O N D . a t  25*C 

M BM O F IL E  N U M B ER  _

O N R  F IL E  N U M B ER  

W E L L  FO R M  N U M B ER

1 . 2
142

354

. f t .  D A T E

. f t .  6 /2 3 /8 3  

. f t .  6 /2 3 /8 3  
«. 6 /2 3 /8 3  

6 /2 3 /8 3  
6 /2 3 /8 3  
6 /2 3 /3 3

BLO C K

___________________  a d d r e s s  15034 K e l ly  Canyon R d ,

R H O N E N U M B E R  5 8 6 - » l 6 l 3  Y E A R _________1 ^ 8 3

SY S 2 0 0 0  NU M BER - . . . . .

O T H E R , pH I 7 i 7 ;

R E M A R K S:

I
•r &

L IT H O L O G IC  LOG
IN T E R V A L  (FT .

F R O M T O D E S C R IPT IO N

-0 4 t o o s o i l
4 14 c l a v

14 45 r e d  s h a l e
45 80 g r a y  c l a v  and s h a l e
80 105 r e d  s h a l e  and c l a v

105 140 s hale

-

I

SK E T C H  M A P

B r id g e r  
Canyon 
Rd.

• F  "  FLO W IN G

M D M G  F o r m  1 8 2  ( 9 / 7 9 )

Kelly Canyon Rd.
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c o u n t y  R a I I a ^ T n ___________

LAT ° '  "
L A T ----------------------------------- - N. LONG. .

to w n  Bozeman______

o w n e r 's n a m e  C aro I  G o rd

MONTAPjA BUREAU OF MINES AND GEOLOGY 
WELL-DATA SHEET

T . ----- WorS R-----Z-EoAX SEC. 31 TRACT CDCC*
I H  —

UTM . E .

SUBDIVISION .
BLOCK . . LOT .

Bozeman, MT 59715

ALT. LAND SURF. AT WELL MSL 
TOTAL DEPTH BELOW LSO 
KJMPING LEVEL BELOW LSD 
STATIC WATER LEVEL* BELOW LSD 
YIELD IN GALLONS PER MIN.
h o w  t e s t e d  b a i l e r
IF F, SHUT-IN PRESS. IN PSI __
GEOLOGICAL SOURCE OF H3 O

"and B i l lm a n  C reek  Form atT^n~ ~
CASINO DIA. - 6  in. F R O M -Q _____ n .  T n  4 9

—L  In. FROM 30 »  250
c a s in g  t y p e  we Ided  s t e e l  and p l a s t i c  
PERFORATED IN T E R V A L — ______ « .  T O ________ __

t t .

„  . -----r-----------« •  TO  _ It.
p e r f o r a t i o n o E s c .  s l o t s  e v e r y  6  i n c h e s
PUMP s iz e  (HP.) - -  XSgm  i n  p l a s t i o
DATE WELL COMPLETED 
HOW DRILLED O f l h l  A 
BY WHOM
w e l l  u s e  d o m e s - f r i n _______
SOURCE O F INFOt WELL APPROP.
DRILLER _ X _  OWNER ____  USGS
OTHER-

HAS WELL LOCATION BEEN VERIFIED
b y  w hom  B onnie Moore a g e n c y  
DATE VERIFIED- Aug. 11, 1983
MEAS. POINT ABOVE LSD 
TOTAL DEPTH BELOW LSD 
PUMPING LEVEL BELOW LSD 82 
SWL- BELOW LSO 
YIELD IN GPM 
WATER TEMP.°C 
SPECIFIC CONO. I t 25°C 
MBMQ FILE NUMBER 
DNR FILE NUMBER 
WELL FORM NUMBER __
MBMQ WQ LAB. NUMBER 
SYS 2000 NUMBER 
OTHER:

* F  •  FL O W IN G

M B M G  F o r m  1 0 2  ( 9 / 7 9 )

-------- —__________  a d d r e s s  15030 K e l ly  Canyon Rd,

PHONE NUMBER 5 ^ 7  ~ 9 2  ^ E A R  1 9 8 - 3
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MONTANA BUREAU OF MINES AND GEOLOGY 
WELL-DATA SHEET

COUNTY G a l l a t i n T. I S F r 31

LAT.
•  I M

N. I nwm.
O f H

W. UTM

TOWN B o z e m a n SUBDIVISION BLOCK LOT

o w n e r 's  n a m e  P h i l i p  and Nancy Davis ________ a d d r e s s  15037 K e l ly  Canyon Rd.

---- Bozeman, 1VIT 59715 ________  p h o n e  n u m b e r  596—1311______  y e a r  1983______

ALT. LAND SURF. AT WELL MSL 5360
TOTAL DEPTH BELOW LSD 135
PUMPING LEVEL BELOW LSD 112
STATIC WATER LEVEL" BELOW LSO 77 It.
YIELD IN GALLONS PER MIN.
HowTFSTFn b a i l e r

30

IF F, SHUT-IN PRESS. IN PSI
GEOLOGICAL SOURCE OF H3O Hoppers

F o rm a tio n
and B il lm an  C reek F o rm a t io n

CASING DIA. _6_ In. FROM Q___rt. TO 135 ft.
-iL In. FROM H S  f t .  TO 135 ft.

casing TVPF s t e e l
PERFORATED INTERVAL H 5 ft. t o  135 ft.

ft. TO fL
f t

PERFORATION OESC. iH n C h p l a s t i c
PUMP SIZE (HP.) W/ I/.lfli i n
DATE WELL COMPLETFD J  W l 6 16 , 1980
h o w  D RiLi.Fn c a b le
n v w n n M  VanDyken L ie. 306
w e l l  u s e  dom estic
SOURCE OF INFOi WELL APPROP.
O RILLER-A  OWNER ____  USQS__ _  S C S _____
OTHER:

HAS WELL LOCATION BEEN VERIFIED ____
by  w h o m  Rnrini p. Mnnrm a g e n c y

DATE VERIFIED A U P1 ■ 12, I Q8R
M EA S. P O IN T  A B O V E L SD  2  ■ I  f t .

T O T A L  D E P T H  BELOW  LSO  1 3  5  f t .

PU M PIN G  L E V E L  BELO W  LSD  8 5  ft.

SW L* BELO W  L SO  7 8  f t .

Y IE L D  IN  QPM  1 5

W A TER  T E M P .°C  1 0

S PE C IF IC  C O N D . I t  Z s’c  2 9 0

MBMQ FILE NUMBER

ves
MSH

DATE
8 / 1 2 / 8 3

8 / 1 2 / 8 3

8 A 2 / 8 3
8 / 1 2 7 8 3

1 0 / 8 / 8 3

1 0 / 8 / 8 3

DNR FILE NUMBER
WELL FORM NUMBER _  
MBMO WQ LAB NUMBER
SVS 2000-NUMBER _____
OTHER: _______________

REMARKS:

*F  •  FL O W IN G

M B M G  F o r m  1 3 2  ( 9 / 7 9 )

LITHOLOGIC l o g

INTERVAL (FT.)

FROM TO DESCRIPTION

0 3 t o p s o i l
3 12 s o f t  c l a y

1 2 31 s o f t  r e d  s h a l e  w i th  ha rd
broken -up  s h a l e  I n  p la c e s

31 43 s o f t  g re y  s h a l e  w i th  h a rd
b ro k en -u p  l a y e r s

43 57 med. h a rd  b roken -up  s h a l e
57 77 m e d .•h a rd  s h a l e
77 90 r e d  s h a l e -  sandy  s n a i e - n a r u
90 105 v e ry  h a rd  s h a l e

105 1 1 2 n a rd  s n a i e
112 U 5 v e r y  h a rd  s h a l e

B r id g e r
Canyon

Kelly Canyon Rd.

ence
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MONTANA BUREAU OF MINES AND GEOLOGY 
WELL-DATA SHEET

COUNTY 

LAT_____

G a l l a t i n

N. LONQ-.

T . -----X&rS R._Z_ E<&& S E C . 31 t r a c t_DGBC

___________  W. UTM __________ N _____________  E _

t o w n  Bozenian S U B D IV ISIO N  .

O W N E R 'S  n a m e  Gary and P a t  Brown

Bozeman, MT 59715

15035 K e l ly  Canyon Rd.

R H O N E N U M B E R  5 8 6 - 2 3 1 8  ^ E A R

ALT. LAND SURF. AT WELL MSL 
TOTAL DEPTH BELOW LSD 
PUMPING LEVEL BELOW LSD 
STATIC WATER LEVEL* BELOW LSD 
YIELD IN GALLONS PER MIN.
h o w  t e s t e d _ b a l  I e r
IF F, SHUT-IN PRESS. IN PSI _

4120
HO

T IM E  (H R .)„

G E O L O G IC A L  S O U R C E  O F  H gO Hoppers
F o rm a tio n

and B illT ian  Greek  F o rm a tio n
CASING DlA. -6_ m. FROM___ Q___ ft. TO -.13

-5— In. FROM__
c a s in g  t y p e  s t e e l
PERFORATED INTERVAI_____

- f t .  TO - 
.  ft. TO . HO

_ ft. T O . 
- ft. TO . 
-TL TO .

PERFORATION DESC. . 
PUMP SIZE (HP.) _
D A T E  W E L L  C O M PL E T E D  NOV « 3 , 1980
H OW  D R IL L E D  C a b l e

b y  w h o m --Haggertv D r i l l i n g,c .  353 
w e l l  u s e  d o m estic_________
S O U R C E  O F  IN F O i W E L L  A P P R O P . ____

D R IL L E R  X  O W N E R  _____  U S G S _

O T H E R :_______________________

. ft. 

. ft. 

. f t .  

. ft.

HAS WELL LOCATION BEEN VERIFIED
by  w h o m  Bonnie Moore a g e n c y  
DATE VERIFIED Ju n 6 24, 1983
MEAS. POINT ABOVE LSD 
TOTAL DEPTH BELOW LSO _
PUMPING LEVEL BELOW LSD.
SWL* BELOW LSD 
YIELD IN GPM 
WATER TEMP.°C 
SPECIFIC COND. at ZS^C
MBMQ FILE NUMBER ______
DNR FILE NUMBER ______
WELL FORM NUMBER ______
MBMG WQ LAB. NUMBER____
SYS 2000 NUMBER __________

pH I

yes
{Vis U

W T b /2 4 /8 ]

LITHOLOGIC LOG
INTERVAL (FT.)

FROM TO DESCRIPTION

0 20 c l a y
20 55 c la y  ro c k  mix
55 HO L iv in g s to n  f o r m a t io n

/

OTHER: 6 .84

r e m a r k s . owner w i l l  n o t  p e rm i t  
_________ w e l l  open ing________

* F  -  FL O W IN G

M O M G  F o r m  1 6 2  ( S / 7 9 )



n o

MONTANA BUREAU OF MINES AND GEOLOGY 
WELL-DATA SHEET

G a l l a t i n -LSfws _7_Ejyf

Bozeman

N. LONG. _

SUBDIVISION .T O W N .

o w n e r 's  n a m e  Ron and Judy  B urgess  

Bozeman, MT 5 9 7 1 5

ALT. LAND SURF. AT WELL MSL 
TOTAL DEPTH BELOW LSD 
PUMPING LEVEL BELOW LSO 
STATIC WATER LEVEL* BELOW LSO 
YIELD IN GALLONS PER MIN.

b a i l e r

5600

HOW TESTED-
IF Ft SHUT-IN PRESS. IN PSI ___
GEOLOGICAL SOURCE OF H3O _

TIME (HR.)_

Hoppers
F o rm a tio n

and B il lm an  C reek  F o rm a tio n
CASING DIA. Jb- in. FROM 0 ft. TO — 2 3 —

J-L- In. FROM 0 ft. TO _ 179
c a s in g  t y p e  _  s t e e l  and p l a s t i c
PERFORATED INTERVAL. 160 - f t .  t o  179

. ft. TO ______

. ft. TO .
PERFORATION DESC. l / l 6  i t l C h  S l o t S  
PUMP SIZE (HP.)________  TYPE .
DATE WELL COMPLETED A p r i l  1 2 ,  1 9 6 9
HOW DRILLED C a b l e _____________________
BY WHOM VanDvtcen
w e l l  u s e  d o m estic
SOURCE OF INFOc WELL APPROP. ___
DR IL L ER  X OWNER ____  USGS_
OTHER:__________________

HAS WELL LOCATION BEEN VERIFIED
by whom Bonnie Moore

yes

Aug, 12,
OTzT

100
~T~

DATE VERIFIED
MEAS. POINT ABOVE LSD ______
TOTAL DEPTH BELOW LSD 1 7 9  
PUMPING LEVEL BELOW LSD 1 ^ 5  
SWL* BELOW LSD 
YIELD IN GPM 
Wa t e r t e m p 10C 
SPECIFIC COND. «t 25*c
MBMG FILE NUMBER ______
ONR FILE NUMBER ______
WELL FORM NUMBER ______
MBMO WQ LAB. NUMBER____
SYS 2000 NUMBER _________
OTHER: ____________________

AGENCY
1983

.VltiU

. ft. 

. ft. 

. ft. 

. ft.

260

8/ 12/83
8/ 12/83
8/ 12/83
8 /1 2 /8 3
10/ 12/ 8:
1 0 / 1 2 / 0 ;

t r a c t , 

___  E _

DDC D*

10532 K e l ly  Canyon Rd.

PHONE NUMBER . 587-0917 1983

L IT H O L O G IC  LOG

IN T E R V A L  (FT .)

FRO M TO D E S C R IPT IO N

0 20 b o u ld e rs  and c l a y s
2 0 7 4 d a rk  r e d  s h a l e s  and b o u ld e r
7 4 97 d a rk  r e d  s h a l e s - d r y
9 7 U l d a rk  g re y  s h a l e s - d r y

1 3 1 ' 1 7 8 d a rk  r e d  s h a l e s - d r y
1 7 8 1 7 9 s o f t  s a n d s to n e - w a te r

■i-

SK E T C H  MAP

B r id g e r  
Canyon 
Rd.

t - . 7 m i - |

K e l ly  C anyon-R dX  I
* F  »  FL O W IN G

M B M G  F o r m  1 8 2  ( 9 / 7 9 )



Ill

MONTANA BUREAU OF MINES AND GEOLOGY 
WELL-DATASHEET

COUNTY Gallatin T. —I__l i t t s  B. 7 . F oX  ̂ SEC. 33

Bozeman

N. LONG..

tract AABA* 

___  E ____________

s u b d iv is io n  Aspen Meadow BLOCK

OWNER'S NAME J S I T y  C o f f S y J a c k so n  C reek  Road

Bozeman, ?4T 59715

ALT. LAND SURF. AT WELL MSL 
TOTAL DEPTH BELOW LSD 
PUMPING LEVEL BELOW LSD 
STATIC WATER LEVEL* BELOW LSD 
YIELD IN GALLONS PER MIN.

b a i l e r  •»

5720 - fi. 
_ t t .  

- f t .

HOW TESTED-
IF Fp SHUT-IN PRESS. IN PSI ___
GEOLOGICAL SOURCE OF H-O .

F o rm a tio n______
B il lm a n  C reek

CASING DlA. .

CASING TYPE . s t e e l

- f t .  TO . 
.  ft. TO .

PERFORATED INTERVAL. - f t .  T O . 
. ft. TO . 
.  fL TO .

PERFORATION DESC. . 
PUMP SIZE (HP.)______

May 24, 1978DATE WELL COMPLETED
h o w  d r il l e d  fo rw ard  r o t a r y ______
by  w hom  Hillman DrillingLic. 
w e l l  u s e  do m es t ic__________________
SOURCE OF INFO* WELL APPROP. _____
DRILLER X OWNER ____  USQS____  SCS _____
OTHER:_____________________________________________

HAS WELL LOCATION BEEN VERIFIED ___ J j
by  w hom  Bonnls Moore  a g e n c y  _
DATE VERIFIED - A llf f  • l o  t 1 9 8 3

MSU

MEAS. POINT ABOVE LSD 
TOTAL DEPTH BELOW LSD 
PUMPING LEVEL BELOW LSD. 
SWL* BELOW LSD 
YIELD IN GPM 
WATER TEMP16C 
SPECIFIC CONO. a t 25*C
MBMG FILE NUMBER ______
DNR FILE NUMBER ______
WELL FORM NUMBER ______
MBMG WQ LAB. NUMBER____
SYS 2000 NUMBER _________
OTHER: ____________________

1 .7

430

DATE
8 /1 6 /8 3
8 / 1 6 / 8 3
8/ 16/83
8 /1 6 /6 3
9 /1 6 /8 3
9 /1 6 /6 3

* F  •  FL O W IN G

M B M G  F o r m  1 8 2  ( 9 / 7 9 )

PHONE NUMBER.
587-9494

YEAR 1983

LITHOLOGIC LOG
INTERVAL (FT.)

DESCRIPTIONFROM TO

0 20 c l a y
20 60 I b lu e  s h a l e
60 72 r e d  s h a l e

I

'■■■
...I . jX.

LI3 3 - 1 —I ' •
r • I • I  :

SK E T C H  M AP

Ja c k so n  C reek  Rd.
3 m i . ---------------- ?

from B r id g e r
Canyon Rd. □ '  

serf
A

Aspen
Meadow

.25  mi



MONTANA BUREAU OF MINES AND GEOLOGY 
WELL-DATASHEET

c o u n t y  G a l l a t i n T . __ L X X r S R—Z_iXXw TRACT AAC 3*

LAT. N. LONQ. W. UTM N E

t o w n ______ Bozeman________________ s u b d iv is io n  Aspen Meadows_______ __ b l o c k _______ l o t

o w n e r 's  n a m e _____James and Sue Brown a d d r e s s  4738 .Meadow Lane

Bozeman, MT 59715 RHONE NUMBER 5 8 7 - 3 0 9 2 YEAR 1 9 8 3

Al.T.LANO SURF. ATWELL MSL 5780 ft. LITHOLOGIC LOG
TOTAL DEPTH BELOW I.SD 180 ft.
M1MPINO I FVFI AFI OW I SO 160 ft.
STATIC WATER LEVEL* BELOW LSD 2 4  ft.

INTERVAL (FT.)
DESCRIPTIONFROM TO

O 50 c l a v
50 90 s h a l e - b l u e

IF F. SHUT-IN PRESS. IN PSI 90 95 r e d  s h a l e
95 160 b lu e  s h a l e  .

* F o rm a tio n 160 170 r e d  s h a l e
170 175 b lu e  c l a y
175 180 b lu e  s h a l e

ft. TO ft.
ft. TO ft.

PtJMP SI7F /HP.> TYPF
OATF WELL COMPLETED JlinB 27*1978 I
howoBiLLEo fo rw ard  r o t a r y

w e l l  u s e  d o m estic
SOURCE OF INFO: WELL APPROP.
DRl LLER OWNER USOS SCS
OTHER:

HAS WELL LOCATION BEEN VERIFIED y®S
AV whom Bonnie Moore a g e n c y  MSU
OATF V FRIFlFn AUS . l6  * 1983
MFA.S. POINT AROVF LAO 1«6 ft. DATE

SWL- BELOW LSD ft. 8 / i b / b j }

WATER TEMP-0C 10 9 /1 8 /8 3
SPECIFIC COND. at 2S°C 2 8 5  9 / 1 8 / 8 3
MBMQ FILE NUMBER <
DNR FILE NUMBER
WELL FORM NUMBER
MBMQ WQ LAB. NUMBER
SYS 2000 NUMBER _____
OTHER: _______________

REMARKS _____________

SK E T C H  M AP

Ja c k so n  C reek  RcL ,3 
B r id g e r  Canyon RD.

Aspen

mi from

Meadows

* F  ■ FL O W IN G

M B M G  F o r m  1 8 2  ( 9 / 7 9 )
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MONTANA BUREAU OF MINES AND GEOLOGY 
WELL-DATASHEET

G a l l a t i n T . _ _ l _ % X s R.^L-e<*# TPACT CAABfL

Bozeman SUBDIVISION . Aspen Meadows

OWNER'S NAME W arren D. B e l l c o u r 4774 .Aspen Lane

Bozeman, MT 59715 PHONE NUMBER. 587-5652 .1983

ALT. LAND SURF. AT WELL MSL 
TOTAL DEPTH BELOW LSD 
PUMPING LEVEL BELOW LSD 
STATIC WATER LEVEL* BELOW LSD

6150
265
260

_ f t .  

_ f L

YIELD iN g a l l o n s  p e r  m in .
a i r

t
HOW TESTED.
IF F1 SHUT-IN PRESS. IN PSI .

T IM E  (H R .) -

QEOLOGtCAL SOURCE OF H -O -H O P P .^ F S ------------------
__________________  Formation- v

anH -RilIman G reek  F o rm a tio n
CASING DIA- In. FROM 0  ft. TO  7J5 ft.

___  In. FROM________ ft. T O ---------------  ft.
c a s in g  t y p e  s t e e l -------------------------------
PERFORATED INTERVAL . _ ft. T O . 

_ ft. TO . 
.  ft. TO .

PERFORATION DESC. . 
PUMP SIZE (H P)______ TYPE .
DATE WELL COMPLETED J-U H g  26_l 97,9 
HOW d r il l e d  fo rw ard  r o t a r y
pv wmomHi  l im an  P r  3. I l i n g _l ic . —3.9 1 -

.  u s e  do m es t ic  _____________WELL
SOURCE OF INFOc WELL APPROP. ___
DRILLER j£__ OWNER ____  USGS_
OTHER:____________________________

yesHAS WELL LOCATION BEEN VERIFIED
by  w h o m  Bonnie Moore a g e n c y  MSU.. 

Aug. 1 9 . 1983d a t e  v e r if ie d  ,
MEAS. POINT ABOVE LSD 
TOTAL DEPTH BELOW uSD 
PUMPING LEVEL BELOW LSD 
SWL* BELOW LSD 
YIELD IN GPM 
WATER TEMP.°C 
SPECIFIC CONO. at 25°C
MBMQ FILE NUMBER ______
DNR FILE NUMBER _____
WELL FORM NUMBER _____
MBMO WQ LAB NUMBER___
SYS 2000 NUMBER _________
OTHEfti _______________

1 .9
265
117

IT

ft. 
. ft. 
. « .  
. ft.

272

RFMARKSt .

« F  •  FL O W IN G

M H M G  F o r m  1 8 2  ( 0 / 7 9 )

LITHOLOGIC LOG
INTERVAL (FT.)

DESCRIPTION
FROM TO

0 2 t o p s o i l
2 74 s h a l e  and s a n d s to n e  l a y e r s

74 85 h a rd  s a n d s to n e
85 165 c l a y  v a r i e s  s o i t  to  h a r d -

d i f f e r e n t  c o l o r s , changed
r a p i d l y

165 183 s o f t  s a n d s to n e
183 188 s a n d s to n e - a  l i t t l e  n a r a e r
188 2U1 —s o f t  s a n d s to n e - a lm o s t  c l a y -

l i k e
201 265 s h a l e - c l a y

I

B r id g e r  
1 RdV 3 mi

Jack so n  Creek, Rd
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MONTANA BUREAU OF MINES AND GEOLOGY 
WELL-DATA SHEET

COUNTY G a l l a t i n T. I = 7 r M  spr.. 33 TRACT V DAD*

LAT.
e t m

N. LONG. w. UTM N E

town___Bozeman S U B D IV ISIO N  .

OWNER'S NAME . R o b e r t  and Mary Jacobs

Bozeman, MT. 59715

ADDRESS 4762 Aspen Lane

P H O N E  N U M B E R  .
586-5780 YEAR. 1983

ALT. LAND SURF. AT WELL MSL 
TOTAL DEPTH BELOW LSD 
PUMPING LEVEL BELOW LSD 
STATIC WATER LEVEL* BELOW LSD 
YIELD IN GALLONS PER MIN.
how tested_____ b a i l e r

6250

TIME <HR.)_
IF F, SHUT-IN PRESS. IN PSI _
GEOLOGICAL SOURCE OF H3Orm Hnrmers Formation

l a n d s l i d e

‘ and B il lm an  C reek  F o r m a t ion
CASING OIA. 6— In. FROM__Q-ln. FROM - 

_ In. FROM _
s t e e l

- ft. TO . .1.Q3 .
. ft. TO _____

C A SIN G  T Y P E  .  

P E R F O R A T E D  IN T E R V A L . 39 F -ft. TO- 
. ft. TO .

PERFORATION DESC. . 
PUMP SIZE (HP.) a

i  in c h  s l o t s

D A T E  W E L L  C O M PL E T E D  _ 

HOW  D R IL L E D  C a b l e

O ct.  2 .  1980

by whom VanDyken D ri  I  I i n g tc. 3P 6_ 
well use do m es t ic__________________
SOURCE OF INFOt WELL APPROP. ___
DRILLER_X_ OWNER ___ USOS__ , SCS ___
OTHER:__________________________ ___

HAS WELL LOCATION BEEN VERIFIED Y 8 g
BvwHOM Bonnie Moore a g e n c y  
DATE VERIFIED AU% . 19 t 1983

mSU

MEAS. POINT ABOVE LSD 
TOTAL DEPTH BELOW LSD 4 1  
PUMPING LEVEL BELOW L-SO 2 5  
SWL* BELOW LSD 2 3
YIELD IN GPM ___5.
WATER TEMP-0C 
SPECIFIC COND. at 25°C
MBMG FILE NUMBER __
DNR FILE NUMBER __
WELL FORM NUMBER __
MBMG WQ LAB NUMBER.
SYS 2000 NUMBER ______
OTHER: ________________

1. 2

445

REMARKSt * w e l l  p lu g g ed  from 41 
____ to  183 f e e t _________________

• F  ■ FL O W IN G

M B M G  F o r m  1 8 2  ( 9 / 7 9 )

DATE
8 /1 9 /8 3
8 /1 9 /8 3
8 /1 9 /8 3
8 /1 9 /8 3
9 /1 6 /8 3
9 /1 6 /8 3

it

LITHOLOGIC LOG
INTERVAL (FT.)

DESCRIPTIONFROM TO
U IU to p  s o i l

10 29 h a rd  b ro k en -u p  s h a l e  & c l a y
29 31 h a rd  ro c k
31 39 s o f t  s h a l e  & c l a y
39 41 h a rd  b ro k en -u p  s h a l e

30 gpm w a t e r - d i r t y
41 43 sandy  s h a le - so m e  h a rd  sn a i
43 56 s o f t  g re y  s h a l e
56 59. h a rd  g re y  s h a l e
59 ?B med h a rd  g re y  s n a i e
70 titi h a rd  g re y  s n a i e
Oti 95 Droken-up h a rd  s h a l e
95 103 med h a rd  s h a l e

L03 106 s o f t  s t i c k y  s h a l e
L06 123 h a rd  s h a l e
L23 125 med h a rd  g re y  s n a i e
L25 129 h a rd  s h a l e - g r e y
129 183 med s h a l e - g r e y

SKETCH MAf
B r id g e ^
C an y ® _____3 mirr J a c k s o n  C reek  Rd.
Rd^/" Ik sp e n  Meadows

n r1 .1  m i le s
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MONTANA BUREAU OF MINES AND GEOLOGY 
WELL-DATA SHEET

G a l l a t i n T. ___l _ l $ 5 s  R- 7  SEC. 3 4 TRACT BBBD

Bozeman

N. LONQ..

SUBDIVISION .

OWNER’S NAME R♦ J .  Johnson 4646 Ja c k so n  C reek  RcL

Bozeman, MT 59715 PHONE NUMBER

ALT. LAND SURF. AT WELL MSL 
TOTAL DEPTH BELOW LSD 
PUMPING LEVEL BELOW LSD 
STATIC WATER LEVEL* BELOW LSO 
YIELD IN GALLONS PER MIN.

b a i l e r

5700

HOW TESTED.
IF F, SHUT-IN PRESS. IN PSI .
GEOLOGICAL SOURCE OF H3O.

TIME (HR.)_

Hoppers
F o rm a tio n

and B il lm an  C reek  F o rm a tio n
CASING DIA. in. FROM - 

^  . In. FROM.
. f t .  T O . 
. f t .  TO -

CASING TYPE 
PERFORATED INTERVAL

w elded s t e e l  and p l a s t i c 
55 ft. t o __________ft.
________ ft. TO __________  TL

PERFORATION OESC. . 
PUMP SIZE (HP.).

5 5 fe e t
TYPE .

LIC._

DATE WELL COMPLETED J U n 6  12, 197&
HOW DRILLED C a b l e ________________________
BvwHOM Jones_________
w e l l  u se  do m est ic________
SOURCE OF INFOi WELL APPROP. ___
DRILLER X OWNER ____  USQS_
OTHER:_____________________________

HAS WELL LOCATION BEEN VERIFIED
by  whom Ponni e Moore agency MSU 

Nov. 4 r I QH3________DATE VERIFIED .
MEAS. POINT ABOVE LSD 
TOTAL DEPTH BELOW USD . 
PUMPING LEVEL EELOW LSD 
SWL* BELOW LSD 
YIELD IN GPM 
WATER TEMP.°C 
SPECIFIC COND. at 25°C
MBMQ FILE NUMBER ______
DNR FILE NUMBER ______
WELL FORM NUMBER ______
MBMG WQ LAB. NUMBER____
SYS 2000 NUMBER _________
OTHER: ____________________

310

DATE
1 1 /4 /3 3
1 1 /4 /8 3
1 1 /4 /8 3
1 1 /4 /8 3
1 1 /4 /8 3
1 1 /4 /8 3

H9S s m e l l

587-0556 1983

LITHOLOGIC LOG
INTERVAL (FT.)

DESCRIPTIONFROM TO

0 15 t o p s o i l
13 21 brown c la y
21 80 s h a l e

v

I
!

SI 4r • 1

B r id g e r  
Canyon 
Rd

SK E T C H  M A P

,, J a c k so n  C reek  
3 .2  m i le s

b lu e  house

• F  -  FL O W IN G

M B M G  F o r m  1 8 2  ( 9 / 7 9 )
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MONTANA BUREAU OF MINES AJJD GEOLOGY
WELL-DATA ShEET

COUNTY _ C a l l a t l n t. i  a x . R 7 . M  w  34

LAT. N. LONG. w. UTM N

BBBD*

t o w n  Bozeman,____________________  s u b d iv is io n

o w n e r 's  n a m e  Jan e  Va n A ls ty n e______ ADDRESS

_____  BLOCK _______  L O T________

4424 J a c k s o n  Creek Rd.

Bozeman, MT 59715 PHONE NUMBER 586-5751 YEAR 1983 "

ALT. LAND SURF. AT WELL MSL 5720 __ ft.
TOTAL DEPTH BELOW LSD  82 _ ft.
PUMPING LEVEL BELOW LSD  82 It.
STATIC WATER LEVEL* BELOW LSD _______ 6 0  IL
YIELD IN GALLONS PER MIN. ________1 2 ______
HOW TESTED__P U M P ___________  TIME fHR.) _ _2
IF F, SHUT -IN PRESS. IN PSI ___________________________
GEOLOGICAL SOURCE OF M ft H O P P G r S ___________
____________________ F o rm a t io n _____

and B il lm an  C reek  F o rm a tio n
CASING OIA. _6_ In. FROM __2____ ft. TO __________ ft.

___  In. FROM________ ft. T O __________  ft.
c a s in g  t y p e  welded s t e e l ____________
PERFORATED INTERVAI____________ft. TO ___________ ft.

___________ ft. TO _!_______  ft.
___________ ft. TO   ft.

PERFORATION DESC__________________________________
PUMP SIZE (HP.)________  TY PE______________________
DATE WELL COMPLETED S e p t .  22, 1973
HOW DRILLED C a b l e __________________________
9 v w h o m  Tones____________ uc. 17
w e l l  u s e  do m est ic_________________
SOURCE OF INFOi WELL APPROP. _____
DR1LLER_X_ OWNER ____  USGS____ SCS _____
OTHER:____________________________________________

HAS WELL LOCATION BEEf^ VERIFIED
BYWHOM Bonnie '/Ioore a g e n c y  

Aug. 19»1983

yes
MSTT

DATE VERIFIED ,
MEAS. POINT ABOVE LSD 
TOTAL DEPTH BELOW LSD 
PUMPING LEVEL BELOW LSD. 
SWL* BELOVS i_SD 
YIELD IN GPM
WATER TEMP-0C - .
SPECIFIC COND. At 25°C
MBMG FILE NUMBER ______
DNR FILE NUMBER ______
WELL FORM NUMBER ______
MBMO WQ LAB NUMBER____
SYS 2000 NUM BER_________
OTHER: ____________________

1 .7

490

DATE
8 /1 9 /8 3  
8 /1 9 /8 3  
8 /1 9 /8 3  
b / 19/83 

"9715781 
9/15783

REMARKS:

LITHOLOGIC LOG
INTERVAL (FT.)

DESCRIPTIONFROM TO

i

,

'I
I
I.

SK E T C H  M A P

Ja c k so n  Creek Rd.
■>------------

ARnen Meadows'} /

•F -  FLOWING
MBMG Form 182 {9/705
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MONTANA BUREAU OF MINES AND GEOLOGY 
WELL-DATA SHEET

COUNTY—a a l l a t i n  --------------------- T-_2 R- ^ f && sec. I  t r a c t  ABiaB

La t '  ---------------------------------  N. UONQ-______________________ W- UTM __________ N _____________  E ____________

t o w n  — Bozeman___________________  s u b d iv is io n ____________________________________  b l o c k ________l o t _________

o w n e r 's  n a m e  Rod and More BrunniRn________________  a d d r e s s  15507 K e l ly  Canyon Rd.

.Bozeman,_MT 59715 ___________ p h o n e  n u m b e r  5^7~2823 y e a r  1953

ALT. L A N D  S U R F .  A T W E L L  M S L  5 1 3 0 L IT H O L O G IC  LOG
T O T A L  D E P T H  B E L O W  LSD 1 2 2  «_

PU M PI N G  L E V E L  RFI OW I S n  1 2 2  *+

S T A T IC  W A T E R  L E V E L *  B EL O W  L S D  4 - 0  f t.

I N T E R V A L  (FT.)

FR O M T O D E S C R I PT I O N

Y I E L D  IN G A L L O N S  P E R  MIN . 1 0 O 4 t o p s o i l

HO W T F S T F n  h e l l e r  T i h f  IH R. I  I 4 6 4 c l a y

IF  F . S H U T -I N  P R E S S .  IN PSI 6 4 1 2 2 s h a l e

G E O L O G I C A L  S O U R C F  O F  H n .  B l l l m a n
'  C r e e k

F o r m a t i o n

CA SIN O  n i A  6 In C D O U  O ff, T O  3 5  «

. . In.  F R O M  ft .  T O  ft .
CA SINO T V P F  s t e e l

P E R F O R A T E D  I N T E R V A L  ft .  T O  ft .

f t .  T O  ft . .

f L  T O  f t
P E R F O R A T I O N  O FSC . l / l 6  X  I  I n c h  S l o t S

PUM P S IZ E  (H P.) T Y P F

D A T E  W E L L  C O M P L E T E D  J l l l y  1 4  ,  1 9 6 4

h o w  D R iL L F n  c h u r n  d r i l l

b y  w h o m  M i l t o n  E .  J o n e s  n o .  1 7

w e l l  u s e  d o m e s t i c

S O U R C E  O F  IN FO :  W E L L  A P P R O P .  ______

DR l L L E R  .X   O W N E R  _____  U S Q S _____ SCS

OTHERS

H A S  W E L L  L O C A T I O N  BE E N  V E R I F I E D  Y ® 3

--------------------------------------------- -------------------------------------------- 1
I

r y w h o m  B o n n i e  V o o r e  M iS U

O A T f V F R iF iF n  J u n e  2 7  t  1 9 8 3

MEA S.  P O I N T  AB O V E  L S D  f t .  D A T F I
T O T A L  D E P T H  R EL OW  I S D  f t .

PU M PI N G  L E V E L  B E L O W  L S D  ft. I

SWL* B E L O W  LS D ft .

y i e l d  i n  o p M  1 2  6 / 2 7 / 8 3

W A T E R  T E M P - 0C 1 0  6 / 2 7 / 8 3

S PE C IF IC  CO N D . *t 23°C 4 l 8  6 / 2 7 / 8 3

MBMQ F I L E  N U M B E R

D N R  F I L E  N U M B E R

W E L L  F O R M  NU M B ER

MBMG W O  LAB . N U M B E R B r id g e r  danyon R d f

K e l ly  Canyon

SYS  2 0 0 0  NU M B ER •i - f -

O T H E R i  PH I 7-25

KFMARKs. w e l l  i s  c o n ro le te lv  b u r ie d
1Ij I-
W

beh ind  back  porch

• F  -  F L O W I N G  #

.3 mi P e = = T -
from S  5 
B r id g e r  
Canyon Rd.

M B M G  F o r m  1 8 2  ! * 0 9 )
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MONTANA BUREAU OF MINES AND GEOLOGY 
WELL-DATASHEET

c o u n t y  . Pr a  I  T a  1 .1 n

Bozeman

T. -2-----X&S R ._ 6  P SE C . 12 TRACT CCBD

-----------------  W. UTM __________ N _____________  e __________

o w n e r 's  n a m e  Bruce Rea

S U B D IV IS IO N  . BLOCK

A D D R E S S 2255 Saw m ill  Rd,

Bozeman, MT
P H O N E  N U M B E R

A L T . L A N D  S U R F . A T W E L L  M SL 

T O T A L  D E PT H  BELO W  LSD 

PU M PIN G  L E V E L  BELO W  LSD  

S T A T IC  W A T E R  L E V E L * BEL OW  L SO  

Y IE L D  IN  G A L L O N S  P E R  M IN .

5100
400
400
HO

_ n.
—•ft.

HOW  T E S T E D . T IM E  ( H R .) .
IF  F , S H U T -IN  P R E S S . IN PSI __________ J ___________________

G E O L O G IC A L  S O U R C E  O F  n  o  H O P P e r S __________
_________________ F o rm a tio n

and B il lm an  C reek  F o rm a tio n
C A SIN G  DIA------6  In. F R O M __

-4i In . F R O M __^
c a s i n g  t y p e  s t e e l  to
P E R F O R A T E D  IN T E R V A L .

-  f t .  T O  

_ f t .  T O 400_

140 • f t .  T O .  

f t .  T O  .

400

P E R F O R A T IO N  D ESC . . 

PU M P S IZ E  (H P .)_______

? in c h
T Y P E  .

MSU

D A T E W E L L  C O M PL E T E D  O C t  ,  I ?  ,  1 9 8 1

h o w  d r i l l e d  fo rw ard  r o t a r y _____
b y  w h o m  HiTlnan  P r i l l i n g  L , c .  25H~ 
w e l l  u s e  d o m e s t i c / a to c k  ______
S O U R C E  O F  IN F O i W E L L  A P P R O P . ______

D R IL L E R ____  O W N ER  _____  U S Q S _____ SCS ______

O T H E R :

HAS WELL LOCATION BEEN VERIFIED Y O S
BY WHOM B o n n i e  M o o re  a g e n c y

DATE VERIFIED 8 -9 -81______
MEAS. POINT ABOVE LSD 2 . 7  ft.
TOTAL DEPTH BELOW LSD 4 0 0  fL
PUMPING LEVEL BELOW I SO 7 7  « I  ft.
SWL* BELOW LSD 4 6 , 9  ft.
YIELD IN GPM 9 , 7
WATER TEMP16C __________
SPECIFIC COND. at 25°C __________
MBMG FILE NUMBER ______ ___ __________
DNR FILE NUMBER ___ _________________
WELL FORM NUMBER ______________ ______
MBMG WQ LAB NUMBER__________________
SYS 2000 NUMBER _________________________
OTHER.

8 /9 /3 3
8 /9 /8 3

""879783

587-4753 1983

L IT H O L O G IC  LOG
IN T E R V A L  (FT .

FRO M T O D E S C R IPT IO N

0 50 1 h a rd  s h a le
50 400 h a rd  b lue  s h a l e

w a te r  a t  lb u  r e e t
d ry  a t  400 f e e t

remarK-î i c rooked  h o le  (word of

‘ I '
-T h

Ki . .

mouth;

SK E T C H  M AP

K e l ly  Canyon Rd. Saw m ill  Rd.

»F -  FL O W IN G

M B U G  F o r m  1 3 2  ( 9 / 7 9 )

down
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MONTANA BUREAU OF MINES AND GEOLOGY 
WELL-DATA SHEET

county G a l l a t i n T. 2 «. 7 kM  sec. 6 TRACT AAUC

LAT. • N. LONG. w. UTM N E

Bozeman SUBDIVISION .

o w n e r 's  n a m e  Tim McKubbxns

Bozeman, MT 59715

ALT. LAND SURF. AT WELL MSL 
TOTAL DEPTH BELOW LSD 
PUMPING LEVEL BELOW LSD 
STATIC WATER LEVEL* BELOW LSD 
YIELD IN GALLONS PER MIN.
HOW TESTED_______ ^ J jT -

6170
488

200

„ it . 
_ ft. 
i  ft.

TIME (HR.)„
IF F, SHUT-IN PRESS. IN P S I___
GEOLOGICAL SOURCE OF HgO- Hoooers

F o rm a tio n
and B il lm an  C reek  F o rm a t io n

. 6 — In. FROM—Q.CASING DIA. J

CASING TYPE
__  In. FROM _
s t e e l

ft. TO _________ ft.
ft. T O _________  ft.

PERFORATED INTERVAL. . f t .  T O . 
. f t .  T O . 
.  ft. TO .

PERFORATION OESC. . 
PUMP SIZE (HP.)______

Aug., 1979DATE WELL COMPLETED _
h o w  d r il l e d  fo rw ard  r o t a r y _____
b y  w h o m  H illm an  D r i l l i n g  u c .  
w e l l  u sE d o m e  s t i c ___________________
SOURCE OF INFOi WELL APPROP. _____
DRILLER_X OWNER X USQS____ SCS _____
OTHERi_________________________ ____

HAS WELL LOCATION BEEN VERIFIED J  ^
HvwHOM Bonnie Moore agency.
DATE VERIFIED AUg » IQ » 1983____

0 . 2  _ ft.

MSU

MEAS. POINT ABOVE LSD 
TOTAL DEPTH BELOW LSD 
PUMPING LEVEL BELOW LSD 
SWL* BELOW LSD 
YIELD IN GPM 
WATER TEMP.8C 
SPECIFIC CONO. «t 25°C
MBMQ FILE NUMBER ______
DNR FILE NUMBER ______
WELL FORM NUMBER _____
MBMO WQ L-AB. NUMBER___
SYS 2000 NUMBER _________
OTHERi ___________________

REMARKS! . w a te r  l e v e l  below ta p e  
l e n g t h - 2 9 7 .7____________

• F  "  F L O W I N G

M B M u  F o r m  1 8 2  1 9 / 7 9 )

PHONE NUMBER

address 15047 K e l ly  Canyon Rd.

587-9443 year ' 1983

LITHOLOGIC LOG
INTERVAL (FT.)

DESCRIPTIONFROM TO

O 36 s a n d s to n e  and c l a y
?6 42 sa n d s to n e
42 70 c la y
70 HO Sandy-s  H t s  t o n e - n a rd
HO 130 c l a y  and s h a l e - b l u e  ■
130 147 s a n d s to n e - h a r d
14? 153 c l a y - g r e y
153 194 g ra y  s a n d s to n e  w i th  c la y
194 226 b r i t t l e  s a n d s to n e  and clayj
226 350 g ra y  s a n d s to n e  and c l a y
350 3 6 2 r e d  s a n d s to n e  -  ha rd
362 367 r e d  c la y
367 375 b lu e  sands,tone  and. c l a y
375 396 r e d  s a n d s to n e  and c l a y
396 407 b lu e  s h a l e  w i th  c l a y  trace]
407 412 b lu e  c l a y  w i th  a l i t t l e  r d
412 417 g ra y  s h a l e - b n t t i e r  d u l l s 4

f i n e
417 422 r e d  s h a l e  w i th  c la y - w e t
422 488 g ra y  s h a l e - h a r d

t h i s  w e l l  was o r i g i n a l l y
d r i l l e d  to  600 f e e t ,  th e
low er ioart c a v e d - in  and
was l e f t  c lo s e d  by th e
d r i l l e r  I

2.7 mi fromBridger Canyon Rd.

p a rk in g
l o t

.5 mi 
from 
g a te  to  
house
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MONTANA BUREAU OF MINES AND GEOLOGY 
WELL-DATASHEET

c o u n t y  O a l l a t i n
•  I M

LAT. _____________________  ,

N._Z_EJWC TRACT ABDA 

___ E __ ________

TOWN _ Bozeman
SUBDIVISION .

OWNER'S NAME W ill iam  and Je a n  T e r ry 15040- K elly-  Canyon Rd,

Bozeman, MT 59715
PHONE NUMBER 587-0975 1983

ALT. LAND SURF. AT WELL MSL 
TOTAL DEPTH BELOW LSD 
PUMPING LEVEL BELOW LSD 
STATIC WATER LEVEL* BELOW LSD 
YIELD IN GALLONS PER MIN.
ho w  t e s t e d  b a i l e r

5500
250

"240™
140

TIME (H R.).
IF F, SHUT-IN PRESS. IN P S I_______________________ __
GEOLOGICAL SOURCE OF H .O  H o p p e r s
____________ F o rm a tio n

and B il lm an  C reek  F o rm atio n
CASING DlA. — 5 m. FROM —0 ft. TO 250, In. FROM - 

. In. FROM. . ft. TO .
c a s in g  t y p e  s t e e l  and p l a s t i c
PERFORATED INTERVAL _

PERFORATION OESC. . 
PUMP SIZE (HP.).

s l o t s

. f t .  T O . 

. f t .  T O . 
- f t  TO .

_ f t. 
. ft. 
.  ft.

DATE WELL COMPLETED S e p t ,  1 7 »  1 9 7 b
HOW DRILLED . C a b l e
by  w hom  VanDyken 
w e l l  u s e  d o m estic
SOURCE OF INFOi WELL APPROP.
DRILLER OWNER ____  USi
OTHER: ‘

yesHAS WELL LOCATION BEEN VERIFIED ____
BYWHOM Bonnie Moore a g e n c y

DATE VERIFIED A U g «  10, 1983
MSU

MEAS. POINT ABOVE LSO 
TOTAL DEPTH BELOW LSD 
PUMPING LEVEL BELOW LSD. 
SWL* BELOW LSD 
YIELD IN GPM 
WATER TEMP-6C 
SPECIFIC COND. at 25°C
MBMG FILE NUMBER ______
DNR FILE NUMBER ______
WELL FORM NUMBER ______

176
2 W . n.

. ft. 

. ft. 

. ft.

340

8 /l0^83
8/ 10/83
B /IO/83
17W 8"3
10/12/8;
10/12/8;

LITHOLOGIC LOG
INTER'

FROM

/A L (FT. 

TO DESCRIPTION

0 4 t o p s o i l
8 35 c l a y

35 45 r e d  c l a y
45 4y h a rd  r e d  s h a l e
47 ,59 s o f t e r  r e d  s h a l e
59 65 h a rd  r e d  s h a l e
65 YO v e r y  h a rd  re d  s h a l e
70 95 s o f t  r e d  sha ie -2gpm  s> yu I"
95 123 g re y  s n a i e

123 125 r e d  san ay  s h a l e
125 g ra y  s n a i e

142 s h a l e  ------
14% , 1/2 t i g h t  sand  ---------
172 177 c l a y  and sand
177 226 r e d  s h a l e  5§pm ^  197 f t .
226 250 g re y  s h a l e  7gpm -j? 222 f t .

SYS 2000 NUMBER -

OTHER. * "VI

REMARKS: *
!•
r

B r id g e r  
Canyon 
Rd.

SK E T C H  MAP

K e l ly  Canyiiybn

F
- F  -  F L O W I N G

M B M G  F o r m  1 8 2  1 9 / 7 9 )

1.7 mi.
from
Bridger
.Canyon Rd.
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MONTANA BUREAU OF MINES AND GEOLOGY 
WELL-DATA SHEET

c o u n t y  S a l l a t i n _____________  T. 2
•  1 h e * tt

L A T . _________________________ N . L O N G ._________________________ __  W .

R . 7  ■ E o j t f  S E C . ________  TRACT D B

UTM  ___________  N  ________________  6  ____________

t o w n  Bozeman___________ _ s u b d iv is io n

o w n e r 's  n a m e  ^ m i l y  S to n in g to n _____

Bozeman, MT 59715
ADDRESS

_____  BLOCK _______  UOT_________

15042 K e l ly  Canyon Rd.

PHONE NUMBER 587-1713 YEAR 1983

ALT.LAND SURF.AT WELL MSI 5580 « .
TOTAL DEPTH BELOW L l̂D 2 10 « .
PUMPING LEVEL BFLOW I S n  202 „
STATIC WATER LEVEL* BELOW LSD 130

LITHOLOGIC LOG
INTERVAL (FT.)

FROM I TO DESCRIPTION

YIELD IN GALLONS PER MIN. 5 0 2 t o p s o i l
h o w  TPSTFn b a i l e r  -n..F iHr .i I 2 132 s o f t  brown s h a l e
IF F. SHUT-IN PRESS. IN PSI 32 183 h a rd  s h a l e
GEOLOGICAL SOURCF HF H ^n MH0TDperS 83 90 some s o r t e r  s h a l e , l i t t l e

 ̂ f o r m a t io n I w a te r
and B i l lm a n  C reek  F o rm a tio n 90 112 s o f t  s h a l e

CASING DIA. ^  |n> FROM 0  ft. TO 210 H 112 121 sh a le -so m e  h a r d e r
In. FROM ft. TO ff. 121 125 h a rd  s h a l e

CASING TYPF S t S S l T25 BR s o f t e r  s h a l e
PERFORATED INTERVAL 170 (t. TO 210 ft. 140 155 h a rd  s h a l e

ft- TO ft. 153 L68 v e r y  h a rd  s h a l e
ft. TO ft. 168 183' h a rd  s n a i e

PERFORATION HFSC. l / l 6  Inch  S Io tS 184 L9l v e r y  h a rd  s n a i e , w a te r
PUMP SIZE fHP.) TYPE 191 210 medium n a r a  s n a i e
DATE WELL COMPl.FTFO J l l ly  3 • 1979
HOW DRILLED Cable
b y  w h o m  VanDyken i m . 306
w e l l  u s e  do m es t ic
SOURCE OF INFO: WELL APPROP.
DRILLER X OWNER ____  USOS SCS
OTHER:

HAS WELL LOCATION BEEN VERIFIED V 65
by  w h o m  Bonnie Moore a c r w c v
DATE VERIFIFn A U g  , jL 5 . 1983
MEAS. POINT ABOVE LSD 1 .1  ft. DATE
TOTAL DEPTH BFI.OW I Sn 1^8 ft. 8 /1 5 /8 3
PUMPING LEVEL BFL OW I S n  142 It. 8 /1  5/83
SWL* BELOW LSD 120 ft. 8 /1 5 /8 3
Y IFLniN G PM  20 8 /1 5 /8 3
WATER TEM P.V H  1 0 /1 2 /8 ;
SPECIFIC COND et 25°C 270 1 0 /1 2 /8 ;
MBMQ FILE NUMBER
DNR FILE NUMBER
WELL FORM NUMBER
MSMO WQ LAB. NUMBER
SYS 2000 NUMBER _____
OTHER: ________________

REMARKS:_____________

• F  •  F L O W I N G

M B M G  F o r m  1 6 2  ( 9 / 7 9 )

■ '• I : ! :
•
i “■ f t t
: • - 1;

SH C TC H  M A P

B r id g e r  
Canyo
Kd.^ " K e l l y  Canyon Rd

W  i

2.0 miles
from
Bridger
Canyon Rd..



122

M O N T A N A  B U R E A U  O F  M I N E S  A N D  G E O L O G Y

WELL-DATASHEET

COUNTY _ T a l l a t i n T- 2 XJnrC

LAT.
0

N. LONG.
»  I  M

W. UTM N E

t o w n  Bozeman__________________  s u b d iv is io n ____________________________________  b l o c k _______ l o t _________

OWNER'S n a m e  S ta n  Bambauer___________________  a d d r e s s  1 5 0 ^  K e l ly  Canyon Rd.

Bozeman, MT______________________ p h o n e  n u m b e r  587-5069 y e a r  1983__________

ALT. LAND SURF. AT WELL MSL 5210 ft.
TOTAL DEPTH BELOW LSD _______... ... ft.
PUMPING LEVEL BELOW LSD  1 5 ______ ft.
STATIC WATER LEVEL* BELOW LSD ______ 2 8 ______ ft.
YIELD IN GALLONS PER MIN. ______ 20_______
HOW TESTED__ b a i l e r _______  TIME
IF F. SHUT-IN PRESS. IN PSI _ _____________________
g e o l o g ic a l  s o u r c e  o f  m_q  Bi l im an  C reek  
____________________ F o rm a tio n _____

0 25
10 70

r A C I N R  TYPF s t e e l
PERFORATED INTERVAL ft. TO ft.

ft. TO ft.
ft. TO ft.

PERFORATION DESC.______________________________
PUMP SIZE (HP.)________  TY PE___________________
DATE WELL COMPLETED 8~31~79________
HOW DRILLED C a b l e _______________________
b y  w hom  H ag g er ty  D r i l l in e L ic. 3 53 
w e l l  u s e  dom estic________________
SOURCE OF INFOt WELL APPROP. _____
DRILLER X OWNER ____  USQS____  SCS ____
OTHER:__________

HAS WELL LOCATION BEEN VERIFIED
by  w hom  Bonnie iVoore a g e

DATE VERIFIED 8 - 1 2 - 8 3 ________

yes
.VSU

MEAS. POINT ABOVE LSD 
TOTAL DEPTH BELOW LSD 
PUMPING LEVEL BELOW LSD. 
SWL* BELOW LSO 
YIELD IN GPM 
WATER TEMP10C 
SPECIFIC COND at 25°C
MBMG FILE NUMBER ______
DNR FILE NUMBER ______
WELL FORM NUMBER ______
MBMG WQ LAB. NUMBER____
SYS 2000 NUMBER _________
OTHER: ____________________

1 .2 5
7 4 .2

J J J t
2 5 .7
10
13___
470

DATE,
8 / 1 2 / 8 3 
8 /1 2 /8 3  
8 /1 2 /8 3  
8 / 1 2 /8 3  

1 0 /  8 /8 3  
10/TgB 3

REMARKS- . o r i g i n a l l y  d r i l l e d  f o r
A u th o r i t y  B u i ld e r s

LITHOLOGIC LOG
INTERVAL (FT.)

DESCRIPTIONFROM TO

0 7 overDurden
7 12 c o n s o l i d a t e d ^ s h a l e  w/ s s /

12 29 s h a le
29 70 s h a l e  w i th  s a n d s to n e

•-'•ss means s a n d s to n e

,

I

B r id g e r  Canvon Rd

K e l ly  Canyon

• F  -  F L O W I N G

M B M G  F o r m  1 8 2  ( 9 / 7 9 )
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MONTANA BUREAU OF MINES AND GEOLOGY 
WELL-DATA SHEET

COUNTY G a l l a t i n J L e M

Bozeman

N. LONG..

TRACT. 

___  E __

BCAD

SUBDIVISION . BLOCK

OWNER'S NAME Iadd and Bonnie Rutherford
Bozeman, Y1T 59715

__ LOT .

14541 Kelly Canyon Rd,

__ 52ZO_ALT. LAND SURF. AT WELL MSL
TOTAL DEPTH BELOW LSD _______
PUMPING LEVEL BELOW LSD _________
STATIC WATER LEVEL* BELOW LSD _________
YIELD IN GALLONS PER MIN. __________
HOW TESTED----------- ---- ------ ------- . TIME (H R.),
IF  F , SH U T -IN  P R E S S . IN P S I ____________ _________________

G E O L O G IC A L  S O U R C E  O F  H O  a l l u v i u m
—and Bi l im an  Qreek F o rm a tio n

CASING DlA. -0_  in. f r o m

-----  In. FROM ft. TO
CASING TYPF R t A A l
PERFORATED INTFRVAI ft. TO

ft. TO
fL TO fL

PERFORATION DESC. . 
PUMP SIZE (HP.)______
DATE WELL COMPLETED .
HOW DRILLED__________
BY WHOM _______________
WELL USE

SOURCE OF INFOt WELL APPROP. _____
DRILLER------ OWNER ____  USGS____  SCS
OTHER:

H A S W E L L  L O C A T IO N  B E E N  V E R IF IE D  y e S

B V W H O M i l o n n i e  Moore a g e n c y  tVSU 
d a t e  V E R IF IE D  Aug. 21. 1983
MEAS POINT ABOVE LSD 
TOTAL DEPTH BELOW LSD 
PUMPING LEVEL BELOW LSO 
SWL* BELOW LSO 
YIELD IN GPM 
WATER TEMPt0C 
SPECIFIC CONO. «t 2s’c 
MBMQ FILE NUMBER 
DNR FILE NUMBER 
WELL FORM NUMBER

1.63

7
" IT "*

ft. 
fL 
ft. 
ft. .

PHONE NUMBER 587-9053
YEAR 1983

• LlTHOLOOlC LOO
INTERVAL (FT )

* FROM TO DESCRIPTION

none a v a i l a b l e

SYS 2000 NUMBER
OTHER: A-f"

*: I • I •
REMARKS: I *

JK E T C H  W A f

K e lly
Canyon
Rd.

* F  ■ F L O W I N G

M B M G  F o r m  1 8 2  ( 9 / 7 9 )
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MONTANA BUREAU OF MINES AND GEOLOGY 
WELL-DATASHEET

COUNTY 

LAT. ____

O a l l a t i n T. ----i-X & S  R----2__ SEC. 6 TRACT BCBC

N. LONO..

TOWN . Bozeman SUBDIVISION . BLOCK

OWNER'S n a m e  Henry VanderVos 14543 K e l ly  Canyon Rd.

Bozeman, MT
___  RHONE NUMBER. 5 8 7 - 1 3 0 ? YEAR 1983

ALT. LAND SU R F. AT WELL MSL 4120
TOTAL DEPTH BELOW LSD 200
PUMPING LEVEL BELOW LSD 274
STATIC WATER LEVEL* BELOW LSD 180 ft.
YIELD IN GALLONS PER MIN. 4
HOW TESTED  A ir  TIMEfHR.) 2
IF F, SHUT-IN PRESS IN PSI ______ ____________________ _
g e o l o g ic a l  s o u r c e  o f  H ^o B i l i m a n  C reek : 
_________________ _______________ F n r m a t i  o n ______

CASING DIA. —8 m. FROM •

In. FROM
CASING TYPF S t e e l
PERFORATED INTERVAI 220 f

n
«  Tm u

PERFORATION DFSC. 4 X 6 s l o t s
PUMP SIZE (HP.)________  TY PE______________ _______
d a t e  w e l l  c o m p l e t e d  November 3» 1971
HOW DRILLED R o t a T Y ___________________________
b y  w h o m  VanDyken____________ l ic ._1_______
w e l l  u s e  do m est ic__________________
SOURCE OF INFO: WELL APPROP. _____
DRILLER _X OWNER ____  USGS____  SCS _____
OTHER*____________________

HAS WELL LOCATION BEEN VERIFIED Y S S
by  w hom  Bonnie Moore AGPN rv MSU
DATEVFRlFlFnJune 2? . 1983
MEAS. POINT ABOVE LSD 
TOTAL DEPTH BELOW LSD

i  • 1 ft.
29 9 6727/83

PUMPING LEVEL BELOW LSD 1H5 „ 6 /2 7 /8 3
SWL* BELOW LSD 8 / 2 7 /8 3
YIELD IN GPM 5 6 / 2 7 /6 3
WATER TEMP:°C I i 6 / 2 7 / 8 3

SPECIFIC COND. 4t 2S°C 
MBMQ FILE N U M R F R

223 3 /2 7 /8 3

DNR FILE NUMBER _  
WELL FORM NUMBER _  
MBMO WQ LAB NUMBER
SYS 2000 NUMBER _____
OTHER: p H : 8 . 2 5

REMARKS: ______________

• F  •  F L O W I N G

M B V G  F o r m  1 6 2  ( 9 / 7 9 )

LITHOLOGIC LOG
INTERN

FROM

/A L (FT. 

TO DESCRIPTION

0 6 c la y s
6 9 h a rd  b la c k  ro c k
9 h a rd  re d  s h a l e s

33 6 7 h a rd  e;ray s h a l e
■ 67 85 h a rd  r e d  s h a l e s

84 89 h a rd  s r a y  s h a l e s
89 220 Hard and s o f t  l e n s e s

g ra y  and re d  s h a l e s
' 220 221 h a rd  g ra y  sha le -3gpm  w a te r

221 280 r e d  h a rd  sh a le s -2 g p m  w a te r
a t  200

280 299 I t .  g re e n  q u a r t z i t e  r o c k -
d ry

I

I- I Canyon
—O -T-H o  j

K e lly  Canyon Rd,

.8  mi

r
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MONTANA BUREAU OF MINES AND GEOLOGY 
WELLDATASHEET

G a l l a t i n
t r a c t . CCDC

t o w n  Bozeman SUBDIVISION . BLOCK

OWNER'S NAME A« F« G Q I S

Bozeman, MT 59715

________________  a d d r e s s  13^70 K e l ly  Canyon Rd.

P H O N E  N U M B E R  586-2878 Y E A R  1983

ALT. LAND SU R F. AT WELL MSL 
TOTAL DEPTH BELOW LSD 
PUMPING LEVEL BELOW LSD 
STATIC WATER LEVEL* BELOW LSD 
YIELD IN GALLONS PER MIN.

b a i l e r

5320

80

HOW TESTED- TIME (HR.)_
IF F1 SHUT-IN PRESS. IN PSI ___
GEOLOGICAL SOURCE OF H^O _ B il lm a n  c r eek 

Form at ion

CASING DIA. - 6 -  in. FPnM  ~ 5 . 8
___  In. FROM________

CASING TYPE S t e e l ____________

ft. TO . 
ft. TO .

80

PERFORATED INTERVAL. ft. TO 7 5  ft.
ft. TO _________  ft.
ft.. TO  ________  ft.

PERFORATION DESC. a X 4 InCh SlO tS
PUMP SIZE (HP.) _
DATE WELL COMPLETED DSC » 3 » 19^4
h o w  d r il l e d  ch u rn  d r i l l ________
b y  w h o m  M.5. Jones______ u c . ____]
w e l l  u s e  do m est ic
S O U R C E  O F  IN F O i W E L L  A P P R O P . ____

D R IL L E R  X O W N ER  _____  U S G S _

O T H E R . ________________

HAS WELL LOCATION BEEN VERIFIED ___ Y 6 3
BYWHOM Bonnie  Moore AGENCY
DATE VERIFIED A U g T  1 5  » 1 9 ^ 3

MSU

MEAS. POINT ABOVE LSD 
TOTAL DEPTH BELOW LSD 
PUMPING LEVEL BELOW LSD 
SWL* BELOW LSD 
YIELD IN GPM 
WATER TEMP.°C 
SPECIFIC CONO At 25°C
MBMG FILE NUMBER ______
DNR FILE NUMBER ______
WELL FORM NUMBER ______
MBMG WQ LAB. NUMBER____
SYS 2000 NUMBER _________
OTHERS _______________

- 5 .8
80

___31_
27

DATE
8 /1 5 /8 3
8 /1 5 /8 3
8 /1 5 /8 3
8/ I 5/83

REMARKS: w p T1 located in well 
________house below ground

• F  »  F L O W I N G

M B M G  F o r m  1 8 2  ( 9 / 7 9 )

LITHOLOGIC LOG
INTERVAL (FT.

FROM TO DESCRIPTION

0 1 t c m s o i l
1 21 c l a y
21 80 s h a le

I

.

'
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M O N T A N A  B U R E A U  O F  M I N E S  A N D  G E O L O G Y  

W E L L - D A T A  S H E E T

G a l l a t i n T« ----R--------------------------- 7- _ SEC. 6  TRACT C D A d

Bozeman

N. LONG..

SUBDIVISION .

OWNER'S n a m e  John  and H a r r i e t t  Tamminga 

Bozeman, MT 5 9 7 1 5

14176 K e l ly  Canyon Rd.

RHONE NUMBER 5 8 6 - 1 8 6 4 1 9 8 3

A L T . L A N D  S U R F. A T W E L L  M SL 5 4 0 0 ft.
T O T A L  D E PT H  BELO W  LSD 4 9 0

PU M PIN G  L E V E L  BELO W  LSD 4 1 0

S T A T IC  W A TER  L E V E L * BELO W  L SD  1 2 0 ft.
Y IE L D  IN G A L L O N S  PER  M IN .
h o w t f s t f d  b a i l e r

12
LI

IF F. S H U T -IN  P R E S S . IN PSI

G E O L O G IC A L  S O U R C E  O F  H O JEillm an
f lT P A lr
F o rm a tio n

C A SIN G  D lA. $L- In. FRO M  0

In. FRO M

CA SIN G  TYPf- s t e e l
P E R F O R A T E D  IN T E R V A I 4 2  5 ft. TD 4 8  5

c a s in g  t o r c h ^ O »t. t o  4 3  5

P E R F O R A T IO N  D ESC .

PUM P S IZ E  (H P.) 3  T V P F s u b m e rs ib le
D A T E W E L L  C O M PL E T E D  OCt , 9 .  1 9 7 8

HOW  D R IL L E D  Cable
by  w h o m  H e r b e r t  P o t t s
w e l l  u s e  d o m es t ic  and s t o c k
SO U R C E  O F  IN F O i W E L L A P P R O P . ______

D R IL L E R  X_ O W N ER  _____  U S G S _____ SCS ______

O T H E R :

H A S W E L L  L O C A T IO N  B EEN  V E R IF IE D  Y 6 8
B Y W H O M  B o n n i e  M o o r e  A G E " C V  m s u  

D A T E V E R I F I E D  AUg . 30 , 1983_________
MEA S.  P O I N T  A B O V E  L S D  2 ,1  D A T E

T O T A L  D E P T H  B EL O W  LS D  490 f t .  8 /3 0 /3 3
PUMPING LEVEL BELOW LSD 1 8 4  ft 8 / 3 0 / 6 3
SWL* B E L O W  LS O 139 f t ,  8 /3 0 /8 3
Y I E L D  IN GPM 10 ~ 8 /3  0/83
W A T E R  T E M O 10C ____________ ___________________

S PEC IF IC  C O N D  at  2 5 ° C ____________ ___________________

MBMG F I L E  N U M B E R  _____________________ ________________

O N R  F I L E  N U M B E R ______________________________________

W E L L  F O R M  N U M B E R  ______________________ ________________

MBMG WQ LAB. N U M B E R ____________________________ _______

SY S 2 0 0 0  N U M B E R ___________________________________________

O T H E R :  _______________________________________________________

R E M A R K S : __ _________________________________________________

* F  «  F L O W I N G
M t i M G  F o r m  1 8 2  ( 9 / 7 9 )
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MONTANA BUREAU OF MINES AND GEOLOGY 
WELL-DATASHEET

COUNTY - G a l l a t i n T. I  X l c R. 7 r -X X  e r r . 1 7  TRACT C C S A *

LAT.
O I M

N. LONG.
•  I H

W. UTM N - E

to w n  Bozeman SUBDIVISION BLOCK _______  LOT

o w n e r 's  n a m e  J e r r y  P e rk in s ADDRESS 10281 B r id g e r  Canyon R.

Bozeman, MT 59715 PHONE n u m b e r
5 8 6 - 2 7 3 0 YEAR 1983

ALT. LAND SURF AT WELL MSL ________ ft.
TOTAL DEPTH BELOW LSD ‘ ^ ________ ft.
PUMPING LEVEL BELOW LSD ________________ft.
STATIC WATER LEVEL* BCLOW LSD _______________ fL
YIELD IN GALLONS PER MIN. ________________ _
HOW TESTED------------------------------- TIME (HR.)
IF F, SHUT-IN PRESS. IN PSI ___________________
GEOLOGICAL SOURCE OF H O B il lm an C reek

Fnrmati on- th f ’ouah Miner
C reek  F o rm a tio n

CASING TYPF S t e e l
PERFORATED INTERVAL ft. TO ft.

ft TO ft.
P E R F O R A T IO N  D E S C .________________________________________

PU M P S IZ E  (H P .)__________  T Y P E __________________________

D A T E  W E L L  C O M P L E T E D ___________________________________

HOW  D R I L L E D ________________________________________________

BY W H O M ___________________________________ L IC ._____________

W EL L U S E _____________________________________________________

SO U R C E  O F  IN F O t W E L L  A P P R O P . _______

D R IL L E R ____  O W N ER  _____  U S Q S _____ SC S  ______

O T H E R :________________________________________________________

H A S W E L L  L O C A T IO N  B EEN  V E R IF IE D  ___________
B Y W H O M  B o n n i e  M o o r e  a g e n c y  M S U

D A T E V E R IF IE D  A l l g  .  2 4 "  ,  1 9 8 3 _______________

M EA S. P O IN T  A B O V E L S D  I  > ^  f t .  D A T E

T O T A L  D E P T H  BELOW  L SD  7  2  f t .  8 / 2 4 / 8 3

PU M PIN G  L E V E L  BELO W  L S D ____________ f t .  _

SW L+ BELO W  LSD  3 7  f t .  8 / 2 4 / 8 3

Y IE L D  IN GPM  ____________  _____

W A TER  T E M P .0C ____________  _____________

S PE C IF IC  C O N O  At 25°C ' ____________  _____________

MBMQ F IL E  N U M B E R  ______________________________________

D N R  F IL E  N U M B ER  ______________________________________

W E L L  F O R M  N U M B E R  ______________________________________

MBMQ WQ LA B . N U M B ER  ____________________________________

SY S 2 0 0 0  N U M B E R  ___________________________________________

O T H E R : _____________

r e m a r k s : ____  A B A N D O N E D  A N D ____________

________NEW WET,L  D R I L L E D __________________

____________ TEN ?EET A W A Y . B U T ______________

_____________ D E E P E R ________________________________________

LITHOLOGIC LOG
IN T E R V A L  (FT .)

F R O M T O D E S C R IPT IO N

O 15 t o p s o i l
1 5 4 0 sandy  c l a y
4 0 55 sand
5 5 7 2 broken ro c k  and s n e i i

SK E T C H  M A P

B r id g e r

H  O.7mi/Tackson

C anyo ln  Rd.

C reek  Rd.

♦F  «  F L O W I N G

M B M G  F o r m  1 8 2  ( 9 / 7 9 )
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MONTANA BUREAU OF MINES AND GEOLOGY 
WELL-DATASHEET

C O U N T Y C-a I  l a t  in T . I t r a c t  ADba*

L A T .
I  M

N . L O N G . W . U TM  N E

t o w n  Bozeman SU B D IV ISIO N B L O C K  _________  LO T

OWNER'S n a m e  J^ne  Newhall a d d r e s s  7120 J a c k so n  Creek Rd'.

Bozeman, MT 59715 PHONE NUMBER 587-0213 Y E A R 1983

ALT. LAND SURF. ATWELL MSL 
TOTAL DEPTH BELOW LSD 
PUMPING LEVEL BELOW LSD 
STATIC WATER LEVEL* BELOW LSD 
YIELD IN GALLONS PER MIN.
HOW T E S T E D ___________  T

5450
~tFo
42
8 .5

IF  F , S H U T -IN  P R E S S . IN PSI . 

G E O L O G IC A L  S O U R C E  O F  H gO
d A v s l n p e d  o v e r  B i l l m a n  
C r e e k  F o r m a t i o n ___________

CASING DlA.

C A SIN G  T Y PE  .

_ In. FROM.
s t e e l

PERFORATED INTERVAL _

. ft. TO . 

. ft. TO „

. f t .  T O . 

. f t .  T O . 

. ft. TO .

. f t .  

. ft. 

. f t .  

.TL

co l lu v iu m

. ft.

. n.

. ft.
ft. 

. ft.
P E R F O R A T IO N  D E SC ______________________________________

PU M P S IZ E  (H P .)__________  T Y P E  ________________________

D A T E W E L L  C O M PL E T E D  A pFll  22 . 1970
h o w  d r i l l e d  ch u rn  d r i l l " _________
b y  w h o m  Donald Tones__________ u c .  17
w e l l  u s e  d o m es t ic  and s to c k ______
S O U R C E  O F  IN F O i W E L L  A P P R O P . ______

D R IL L E R  J C -  O W N ER  _____  U S G S _____ SC S  ______

O T H E R :_____________________________________________________

HAS WELL LOCATION BEEN VERIFIED . yes
BY WHOM .
DATE VERIFIED .
MEAS. POINT ABOVE LSD 
TOTAL DEPTH BELOW LSD _ 
PUMPING LEVEL BELOW LSO_ 
SWL* BELOW LSD 
YIELD IN GPM 
WATER TEMP16C 
SPECIFIC COND *t 2S6C
MBMQ FILE NUMBER ______
DNR FILE NUMBER ______
WELL FORM NUMBER ______
MBMG WQ LAB NUMBER ____
SYS 2000 NUMBER __________
OTHER: ____________________

!VlooreAGFNCV MSU
June 23. 1981

1 . 2  n .
_______ f t
________ft.
_______ ft.

DATE ,
6 / 2 3 / 8 3
6 / 2 3 / 3 3
6 / 2 3 / 3 3

ABANDONED

L IT H O L O G IC  LOG

IN T E R V A L  (FT .)

D E S C R IPT IO NFRO M TO

0 26 c la v
26 27 s h a l e  san d  i n  c l a y
27 42& c la y
4 2 i 46 s h a l e  g r a v e l

i

1 "

:

B rid g e r / /  
C anyon / 
Rd.

SK E T C H  M A P

0 .3  mi. 
Ja c k so n

c a t t l e  guard

C reek  Rd.

• F  -  F L O W I N G

M B M G  F p r m  1 8 2  1 9 / 7 9 )
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MONTANA BUREAU OF MINES AND GEOLOGY 
WELL-DATA SHEET

c o u n t y ---------------Gallatin________  t . I XX,,
® » M o t n

LAT. --------------------------------  N. LONG.__________________ w.

—? — SEC. ■ 3 Q TftACT DDDB*

UTM _________  N __________  E ___________

t o w n  Bozeman SUBDIVISION BLOCK _______  LOT

OWNER’S n a m e  R ic h a rd  and Mickey Rosa_________  a d d r e s s  7900 B r id g e r  Canyon Rd

Bozemant MT 59715 RHONE NUMBER 5 8 6 - 5 2 1 5 YEAR 1983

ALT. LAND SURF ATWELL MSI 5220 ft
TOTAL DEPTH BELOW L_SD 163 **
PUMPING LEVEL BELOW I SD *
STATIC WATER LEVEL" BELOW LSD 7 5 ft.

LITHOLOGIC LOG
INTERVAL (FT.)

FROM TO DESCRIPTION

YIELD IN GALLONS PER MIN. 0 . 5 O 2 t o p s o i l
HOW TESTED b a i l e r  T l.Jp (HR.I 2 45 s h a l e
IF F. SHUT-IN PRESS. IN PSI 4 5 5 0 h a rd  g ra y  s h a l e
g e o l o g ic a l s o u H C F o f H n  B iIjlman Creek 5 0 68 f i r m  s n a i e - t r a c e  o r  w a te r

P n rm a tinn 68 69 g r a y  c o l o r  s h a l e
69 67 h a rd  p u r p l e  s n a r e

CASING niA . 6 In COITU 0  ft, TO l6 2  ft 87 91 r u s t  c o l o r  s n a i e
-----  In. FROM ft. TO ft. 91 9b p u r p le  s n a i e

CASING TVPF ' s t e e l 96 96 h a rd  g ra y  a h a l e - t r .  o f  watei
PERFORATED INTERVAL ft. TO ft 98 112 f i r m  p u r p le  s h a l e

ft. TO ft. 112 116 s o f t  s h a le
ft. TO ft. 116 143 f i r m  p u r p l e  s h a l e

PERFORATION DFSC. 143 145 g ra y  s h a l e
PUMP SIZE fHP.I TVPF 145 163 p u r p le  s h a l e
DATE WELL COMPLETED S-Bpt . 24 , 1979
HOW DRILLED Cable
b y  w hom  YanDyken , i r .
w e l l  u s e  Domestic
SOURCE OF INFO: WELL APPROP. _____
DRILLER___  OWNER ____  USGS____  SCS
OTHER:

HAS WELL LOCATION BEEN VERIFIED y S S
b y  w hom  Bonnie Moore a g f n o v  MSU
DATE VERIFIED " A U E .  19. 1983
MEAS. POINT ABOVE LSO . I  • 7  ft. DAT^
TOTAL DEPTH BELOW I SO lCZ ft. 8 /  IV/ 8  j
PUMPING LEVEL BFi OW I SD ft.
SWL* BELOW LSD 26 rt. 8 /1 9 /8 3
YIELD IN GPM
WATER TEMP-1C
SPECIFIC CONO- Jt 25°C
MBMG FILE NUMAFR
DNR FILE NUMBFR
WELL FORM NUMBFR
M B M O  W Q  l _ A B  N U M B E R  SKETCH  MAP

T
l h

lo g  house X v W L
" F  -  F L O W I N G

M B M G  F o r m  1 8 2  1 9 / 7 9 1
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MONTANA BUREAU OF MINES AND GEOLOGY 
WELL-DATASHEET

COUNTY 3 a l l a t i n t . I  X J U

UTM

C r .  3 0 TRACT DDDB*

LAT.
6 I M

N. I ONn.
e I n

W.

TOWN Bozeman SUBDIVISION BLOCK LOT

OWNER'S NAME P e t e r  F re n c h  and C a ro l  Borden a d d r e s s  7 3 9 0  B r id g e r  Canyon Rd.

Bozeman, MT 59715 PHONE NUMBER 5 3 6 * 1 2 7 1 _______  YEAR 1 9 3 3

ALT. LAND SURF. AT WELL MSL _________ft .
TOTAL DEPTH BELOW LSD '
PUMPING LEVEL BELOW LSD ■ _________ ft.
STATIC WATER LEVEL" BELOW LSD ^ 5 _________fL
YIELD IN GALLONS PER MIN. ^  _________
HOW TESTED------------ ------------------- TIME (HR.)________
IF F, SHUT-IN PRESS. IN PSI ___________________________
GEOLOGICAL SOURCE OF H O B l l l m a n __________
___________C reek  F o rm atio n ________

In. FROM It. TO
CASING TYPE S t e e l
PERFORATED INTERVAL

ft. TO ft.
P E R F O R A T IO N  O E S C ._____ __________________________________

PU M P S IZ E  (H P .)__________  T Y P E  __________________________

D A T E  W E L L  C O M P L E T E D ___________________________________

H OW  D R I L L E D ' ________________________________________

BY W HOM ___________________________________L IC ._____________

W E L L  U S E _________________

S O U R C E  O F  IN F O i W E L L  A P P R O P . ______

D R IL L E R ____  O W N ER  _____  U S G S _____ SCS ______

O T H E R : ________ __________ _____________________________________

H A S W EL L LO C A T IO N  B EEN  V E R IF IE D  Y 6 3 _________

BY W HOM  B  o  o n  I G  M o o r e  a g e n c y  M S  U  

D A T E V E R IF IE D  A U g  ,  3 1 »  1 9 8 3 ________________

M EA S. P O IN T  A B O V E  L SD  2 , 0 3  f t .  D A T E

T O T A L  D E P T H  BELO W  LSD  2 1 0  f , .

PU M PIN G  L E V E L  BELO W  L S D ____________ f t . 8 / 3 1 / 8 3

SW L* BELO W  L SD  2 1  8 / 3 ^ 1 / 8 3

Y IE L D  IN  GPM ____________  _____________

W A TER  T E M P .°C  ____________  _____________

S P E C IF IC  C O N D . at 25°C ____________  _____________

M BM Q F IL E  N U M B E R  _______________________________________

D N R  F IL E  N U M B ER  ______________________________________

W E L L  F O R M  N U M B ER  ___ ___________________________________

MBMQ W Q LAB. N U M B E R  ____________________________________

S Y S 2 0 0 0  N U M B ER  ___________________________________________

O T H E R :

R E M A R K S :_______ABANDONED______________

*F » FLOWING
M B M G  F o r m  1 8 2 ,  ( 9 / 7 9 )

' LITHOLOGIC LOG
INTERVAL (FT.)

DESCRIPTIONFROM

to p s o i l "

o v e rb u rd en
H o io ra a o  s n a i e  ( d r i l l e r
m is i d e n ^ r t i e d  F o rm a tio n ;

•• } • I •
B r id g e r  
Canyon , 
Rd. X _

Q -  r e d  b a rn
b a rn

7 .9  mi

x
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MONTANA BUREAU OF MINES AND GEOLOGY 
WELL-DATA SHEET

COUNTY 

LAT_____

G a l l a t i n ___________  t .  _ 2 J W o r s

O I M #

- ____________  N. L pN O ._________ _ W.

t o w n ______ Bozeman________  s u b d i v i s i o n __________

OWNER'S n a m e  R ic h a rd  0 ,  Dean (new? B i ly e u ? )

Bozeman, ?vit 59715 PHONE NUMBER

6 SEC. 12 TRACT CDDB

UTM _________  N _____________  E __________

ADDRESS

___  BLOCK ________ LOT

1804 ViT, Babcock

587-3748 YEAR 1983

ALT. LAND SURF. AT WELL MSL 5 1 5 0  ft
TOTAL DEPTH BELOW LSD  1 3 3  ft.
PUMPING LEVEL BELOW LSD  1 2 3  H
STATIC WATER LEVEL* BELOW LSD _______ 1 2  fL
YIELD IN GALLONS PER MIN. _________ 2 ______
HOW TESTED— B a i l e r _______  TIME ( H R .) _ _ _ 2 _
IF F. SHUT-IN PRESS. IN PSI _____ _____________________
GEOLOGICAL SOURCE O r H-O HOppOr S___________
_____ _____________ 2 F o rm a tio n

and B il lm an  C reek  F o rm atio n
CASING DIA. ^ O 20

ft.
CASING TYPE w elded s t e e l
PERFORATED INTERVAL 20 m

ft.
ft. TO _ ft.

PERFORATION OESC. & l n c h  S lO ~ tS  
PUMP SIZE (HP.)________  TY PE_________
DATE WELL COMPLETED J u l y  25» 1978
HOW DRILLED______C a b le _________________________
BY WHOM _____________________________  LIC. 268
well use d o m e s t i c ____________________
SOURCE OF INFOi WELL APPROP. _____
DRILLER X _ OWNER ____  USGS____  SCS _____
OTHER:_____________ ___________________ -_____________

HAS WELL LOCATION DEEN VERIFIED Y ® 5 _______
by whom B onn ie  Moore agency MSU 
DATE VERIFIED AlIg , 9 t  1983__________
MEAS. POINT ABOVE LSD I  '  ^  ft. DATE
TOTAL DEPTH BELOW LSD 133 ft. ° /9 /8 3
PUMPING LEVEL BELOW LSP ft. ____________
SWL* BELOW LSD 14 ft. 8 /9 /8 3
YIELD IN GPM __________  _ _ _ _ _ _ _
WATER TEMP-0C __________  ___________
SPECIFIC CONO. at 25°C __________  ___________
MBMG FILE NUMBER ________________________
DNR FILE NUMBER _________________________ ______
WELL FORM NUMBER _____________________________ __
MBMG WQ LAD NUMBER______________________________
SYS 2000 NUMBER ___________________________________
OTHER: ___________ ____ _____________________________

remarks: n o t  d e v e lo p e d  w i t h  pump -

LITHOLOGIC LOG
INTERVAL (FT. I
FROM TO DESCRIPTION

6 4 t o p s o i l
4 33 lo o s e  s h a l e  and d i r t  mix
33 133 b la c k  s h a l e

J

ZTb m i-♦ K e l ly  c Wnyon Kcr
d o w n h i l lK e l ly  Creek

. . . ••

X ••

• F  ■ F L O W I N G

M H M G  F o r m  1 8 2  ( 9 / 7 9 )
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MONTANA BUREAU OF MINES AND GEOLOGY 
WELL-DATASHEET

COUNTY ---------- _________________________________ T- 2  tiXs R- 7 EoX& SEC. _______  TRACT 3C3G
O l H  e  I H  1

LA T.--------------------------------- N. LONG._____________________ _ W. LTTM __________ N _____________  E ____________

t o w n  B o z e m a n _______________ _ s u b d iv is io n ____________________________________  b l o c k _______ l o t _________

OWNER'S n a m e  L a d d  a n d  B o n n i e  R u t h e r f o r d _______  a d d r e s s  1 4 5 4 1  K e l l y  C a n y o n  R D .

B o z e m a n ,  MT 5 9 7 1 5 _________________ phone number 5 8 7 - 9 0 5 3  year  1 9 8 3

ALT. LAND SURF. AT WELL MSL 
TOTAL DEPTH BELOW LSD 
PUMPING LEVEL BELOW LSD 
STATIC WATER LEVEL* BELOW LSD 
YIELD IN GALLONS PER MIN.
HOW TESTED__________________
IF F, SHUT-IN PRESS. IN PSI ___
GEOLOGICAL SOURCE OF H^O _

-5350~ t w

TIME (HR.)_

B ii lm a n  C reek  
F o rm a tio n

CASING DlA. -6 _  In. FROM__________ ft. TO  ft.
___  In. FROM__________ ft. TO   ft.

c a s in g  t y p e  s t e e l ____________________
PERFORATED INTERVAI______________ ft. T O ___________ ft.

____________ ft. TO   ft.
___________ ft. TO   ft.

PERFORATION OESC.__ ______________________________
PUMP SIZE (HP.)________ TY PE________________________
DATE WELL COMPLETED_____________________________
HOW DRILLED ________________________________________
BY WHOM _____________________________  LIC.________
WELL U SE__________________________________________
SOURCE OF INFOi WELL APPROP. _____
DRILLER___  OWNER ____  USGS-____ SCS _____
OTHER:_____________________________________________

HAS WELL LOCATION BEEN VERIFIED Y 6 g
by whom Bonnie ^loore agency MSU~~
DATE VERIFIED AUg» 21 , 19Q3___________
MEAS. POINT ABOVE LSD 1*5 ft. DATE
TOTAL DEPTH BELOW LSD 19 5 ft. _________
PUMPING LEVEL,BELOW LSP ft. __________
SWL* BELOW LSD P O  ft. __________
YIELD IN GPM __________  _________
WATER TEMP.0C __________  _________
SPECIFIC COND at 25°C __________  _________
MBMG FILE NUMBER ______________________________
DNR FILE NUMBER ______________________________
WELL FORM NUMBER ______________________________
MBMG WQ LAB NUMBER _____________________________
SYS 2000 NUMBER __________________________________
OTHER: __________________ _________________________

REMARKS. ABANDONED

LITHOLOGIC LOG
INTERVAL (FT.)

FROM TO DESCRIPTION

none a v a i l a b l e ,  '

I

E I

SK E T C H  MA *

B r id g e r
Canyon K e l ly  Canyon Rd 

3 mi.

\0 .5  mi.

• F  ■ F L O W I N G

M B M G  F p r m  1 b 2  ( 9 / 7 9 )
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APPENDIX F

DRAWDOWN AND RECOVERY CURVES



L o c a t i o n  1S7E20CABB*

D r a w d o w n  I n  F e e t  B e l o w  
S t a t i c  W a t e r  L e v e l

a m p i n g  T i me R e c o v
i n M l n u t i n  M i n u t e s



135

Location 1S7E21CBCB*

Dr a wd o wn  I n  F e e t  B e l o w  
S t a t i c  Wa t e r  L e v e l

8 • 0

- 1 2 . 0

16.0

2 0 - 0

Pump I n g Ti me R e c o v e r y I  I me
I n Ml n u t e s I n  Ml n u
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Location 2S%E12CCBD

Dr a wd o wn  I n  F e e t  B e l o w  
S t a t i c  Wa t e r  L e v e l

- 1 2 . 8

- 1 9 - 2

-25.6

■32.0

R e c o v e r y  Ti me
In M i n u t e s In M i n u t e s
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Location 1S7E33CDAD*

D r a w d o w n  I n  F e e t  B e l o w  
S t a t i c  Wa t e r  L e v e l

-I -4

- 2-8

P u m p i n g  Ti me r y Ti me
In M i n u t e s Ml  n u t e s
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MLocation 1S7E^BDDD*

Dr a wd o wn  I n  F e e t  B e l o w  
S t a t i c  Wat e r  Le v e l

-3-2

- 6 . 4

-9-6

- 12-8

-16-0

P u m p i n g  Ti me R e c o v e r y  Ti me
I n  M i n u t e s I n  M i n u t e s
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Location 1S7E30DDCB*

D r a w d o w n  I n  F e e t  B e l o w  
S t a t i c  W a t e r  L e v e l

T I meR e c o v e r yP u mp  I n g
I n  M i n u t e sI n  M i n u t e s
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Location 1S7E17CCBA*

Dr a wd o wn  I n  F e e t  B e l o w  
S t a t i c  Wa t e r  L e v e l

- 1 .6

P u m p i n g  Ti R e c o v e r y  Tl
In M i n u t e s In  M l n u t
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Location 1S7E30DAAA*

Dr a wd o wn  I n  F e e t  B e l o w  
S t a t i c  Wa t e r  L e v e l

-2-4

-4.8

- 9 6

- 1 2 - 0

P u m p i n g  Ti m R e c o v e r y  Ti me  
I n  M i n u t e sI n  M i n u t e s



L o c a t i o n  2S7E06BCBC

D r a w d o w n  I n  F e e t  B e l o w
S t a t i c  W a t e r  L e v e l

- 5 6

- 1 1 - 2

-22-4

R e c o v e r y  Ti meP u m p i n g  Ti me
I n  M i n u t e sI n  M i n u t e s
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Location 2S7E06BBAB

Dr a wd o wn  I n  F e e t  B e l o w  
S t a t i c  Wa t e r  L e v e l

- 1 . 8

-  6 • 6

R e c o v e r y  Ti meP u m p i n g  Ti me
I n  M i n u t e sIn  M i n u t e s



L o c a t i o n  1S6E35DBBC*

Drawdown In F e e t  Be l o w
S t a t i c  Wat er  L e v e l

- 1 . 2

Rump In g R e c o v e r y
I n  M i n In M l n uu t e s
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Location 1S7E31CDCC*

Dr a wd o wn  I n  F e e t  B e i o w  
S t a t i c  Wa t e r  L e v e l

-5.0

• 1 0 - 0

- 20 . 0

R e c o v e r y  Ti meP u m p i n g  Ti me
I n  M i n u t e sI n  M i n u t e s



146

Location 2S7E06CCDC

Dr a wd o wn  I n  F e e t  B e l o w  
S t a t i c  Wa t e r  L e v e l

-1.5

- 2 5

-3-5

-4.5

P u m p i n g  Ti me R e c o v e r y  Ti me
I n  M i n u t e s I n  M i n u t e s
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Location 2S7E06ACDB

Dr a wd o wn  I n  F e e t  B e l o w  
S t a t i c  Wa t e r  L e v e l

-4-8

- 9 6

-14-4

-19-2

-24.0

R e c o v e r y  Ti meP u m p i n g  Ti me
In  M i n u t e sI n  M i n u t e s



L o c a t i o n  1S7E31DDCD*

D r a w d o w n  I n  F e e t  B e i o w
S t a t i c  W a t e r  L e v e l

40-0

- 20 - 0

-40-0

-60-0

P u m p i n g  Ti me R e c o v e r y  Ti me
I n M i n u t e s I n  M l n u t
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Location 1S7E28ADBC*

D r a w d o w n  I n  F e e t  B e l o w  
S t a t i c  Wa t e r  L e v e l

1 2 - 0

R e c o v e r y  Ti meP u m p i n g  Ti me
I n  M i n u t e sIn  M i n u t e s
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Location 1S7E17CBBD*

Drawdown In F e e t  Be l o w  
S t a t i c  Wat e r  Le v e l

- 1 . 2

Ti meR e c o v e r yP u m p i n g
In Mi nut e sIn Min u t e s
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Location 2S7E06CDAB

D r a w d o w n  I n  F e e t  B e l o w  
S t a t i c  Wa t e r  L e v e l

-5-6

-16-8

-22-4

-28-O

R e c o v e r y  T I meP u m p i n g  Ti me
In M i n u t e sI n  M i n u t e s
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Location 1S7E17CCBA*

D r a w d o w n  I n  F e e t  B e l o w  
S t a t i c  Wa t e r  L e v e l

■1. 0

u m p I n g R e c o v
i n  MI u t e s
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Location 1S7E17CCDA*

D r a w d o w n  I n  F e e t  B e l o w  
S t a t i c  Wa t e r  L e v e l

Ti meR e c o v e r yTi me
In  M i n u t e sI n  M i n u t e s



I
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Location 1S7E17ADBB*

D r a w d o w n  I n  F e e t  B e l o w  
S t a t i c  Wa t e r  L e v e l

- 2 . 0

- 6 . 0

- 8 . 0

- 1 0 . 0

R e c o v e r y  Ti meu m p I n  g
I n  M i n u t e si n  M i n u t e s



L o c a t i o n  1S7E33AABA*

Dr a wd o wn  I n  F e e t  B e l o w  
S t a t i c  Wa t e r  L e v e l

- I  - 9

u m p l n g  Ti me r y Ti me
I n M i n u t e s In M i n u t e s
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Location 1S7E30CADD*

Dr a wd o wn  I n  F e e t  B e i o w  
S t a t i c  Wa t e r  L e v e l

-5 • O

1 0 . 0

v e r y
Mi n uIn M i n u t e s
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Location 1S7E17AACD*

Dr a wd o wn  I n F e e t  B e l o w  
S t a t i c  Wa t e r  L e v e l

P u m p I n
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Location 1S7E17ADBA*

Dr a wd o wn  I n  F e e t  B e l o w  
S t a t i c  Wa t e r  L e v e l

- I  -2

+ i I ' I- 1 6

Pump In g Ti me R e c o v e r y
In M  I n u t e s In  M l n u
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Location 1S7E20BBCD*

Dr a wd o wn  I n  F e e t  B e l o w  
S t a t i c  Wa t e r  L e v e l

- 1. 2

- 1 . 5

R e c o v e r y  Ti me
I n  M i n u t e sI n  M i n u t e s
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Location 1S7E17AAAD*

D r a w d o w n  I n  F e e t  B e l o w  
S t a t i c  Wa t e r  L e v e l

- 4 8

-9-6

- 1 2 . 0

R e c o v e r y  Ti me
I n M l n u t



Location 2S7E06BCAD

Dr a wd o wn  I n  F e e t  B e l o w  
S t a t i c  Wa t e r  L e v e l

P u m p i n g  Ti me R e c o v e r y  T I m
In M i n u t e s I n  M i n u t e s
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Location 1S7E17BDBD*

D r a w d o w n  I n  F e e t  B e l o w  
S t a t i c  Wa t e r  L e v e l

-4.8

6 0

R e c o v e r y
Ml  n u t e s M l n u



I
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Location 1S7E34BBBD*

Dr a wd o wn  I n  F e e t  B e l o w  
S t a t i c  Wa t e r  L e v e l

18.0

• 9 . 0

- • 18. 0

-27.0

R e c o v e r y
I n  Ml n I n Ml n u



I
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Location 1S7E29DCCA*

Dr a wd o wn  I n  F e e t  B e l o w  
S t a t i c  Wa t e r  L e v e l

- 1 . 0

- 1 - 4

- 1 9

- 2 4

Pump I n g Re c o v e r y
In M i n In  M i n uu t e s
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Location 1S7E17AACD*

Dr a wd o wn  I n  F e e t  B e l o w  
S t a t i c  Wa t e r  L e v e l

-) - 2

R e c o v e r y  T Imu m p i n g  !
in  M i n u t e sI n  M i n u t e s
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Location 1S7E30CDAB*

Dr a wd o wn  I n  F e e t  B e l o w  
S t a t i c  Wa t e r  L e v e l

-1-5

-4.5

-6 • 0

R e c o v e r y  Ti meP u m p i n g  Ti m
I n  M i n u t e sIn M i n u t e s
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Location 1S6E36DCDC*

D r a w d o w n  I n  F e e t  B e l o w  
S t a t i c  Wa t e r  L e v e l

- 6  • 4

-9-6

- 12. 8

16.0

P u m p i n g  T R e c o v e r y  Ti me
In  M i n u t e s In M i n u t e s



1 6 8

Location 1S7E33AACB*

Dr a wd o wn  I n  F e e t  B e l o w  
S t a t i c  Wa t e r  L e v e l

-2 • 4

- 4 8

- 9 • 6

- 12 . 0

P u m p i n g  Ti me R e c o v e r y  Ti me
In M i n u t e s In M i n u t e s
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Location 1S7E31DBAC*

Dr a wd o wn  I n  F e e t  B e l o w  
S t a t i c  Wa t e r  L e v e l

-3.5

-5.0

-6-5

R e c o v e r y  Ti me
In M i n u t e s In  M i n u t
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Location 1S7E34BBBD*

Dr a wd o wn  I n  F e e t  B e l o w  
S t a t i c  Wa t e r  L e v e l

- I  .0

- 2 0

-3.0

-4-0

P u m p i n g  Ti me R e c o v e r y Ti me
M i n u t e s Ml n u



171

Location 1S6E25DABD*

Dr a wd o wn  I n  F e e t  B e l o w  
S t a t i c  Wa t e r  L e v e l

1 0 . 0

-5.0

- 1 0 - 0

P u m p i n g  Ti me R e c o v e r y  Ti me
I n  M i n u t e s In  M i n u t e s
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Location 1S7E33CAAB*

Dr a wd o wn  I n  F e e t  B e l o w  
S t a t i c  Wa t e r  L e v e l

- 1 4 - 4

-21 -6

-28-8

P u m p i n g  T Im R e c o v e r y  Ti m 
I n  M i n u t e sI n  M i n u t



APPENDIX G

CHEMICAL ANALYTICAL RESULTS
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M O N T A N A  B U R E A U  O F  M I N E S  AMD G F O E O G Y  
B U T T E j MONTANA' 0 9 7 0 1  ( 4 0 6 ) 4 9 6 - 4 1 0 1

S T A  I E
L A T I T U D E - L O N G I T U D E  

UTM C O O R D I N A T E S  
T O P O G R A P H I C  M A P  
GEOI O G I C  S O U R C E  
D R A I N A G E  B A S I N  

A G E N C Y  + S A M P L E R  
B O T I l E  N U M B E R  
D A I E  SAMPl EU 
T I M E  S A M P L E D  

L A B  T A N A L Y S T  
D A T E  A N A L Y Z E D  

S A M P L E  H A N D L I N G  
M E T H O D  S A M P L E D  

W A T E R  USE

W A T E R  Q U A L I T Y  A N A L Y S I S  
L A B  NO, M Q O O C l

M O N T A N A
4 5 D 4 2 ' 5 6 ' N  1 1 0 D 0 3 ' 0 9 ‘U 
Z N  E
B O Z E M A N  P A S S  I C  
? J IHPRSfc *
AH
M B M G X B K M  
O H A D W I C  
2 0 - J U M - 8 3  
1 0 : 0 0  H O U R S  
H B M G X F N A  
1 0 - S E P - 8 3
P U M P E D  
D O M E S T I C

C O U N T Y  
SITE L O C A T I O N  

r , M B M G  S I T E
D' S T A T I O N  ID
X X S A M P L E  S O U R C E

L A N D  S U R F A C E  A L T I T U D E  
S U S T A I N E D  Y I E L D  

Y I E L D  M E A S  M L T H O D  
T O T A L  D E P T H  OF WELL 

SWL A B O U E C - )  OR BI I OW OS 
C A S I N G  D I A M E T E R  

C A S I N G  TYPE 
C O M P L E T I O N  T Y P E  

PERFOR A T I O N ,  I N T E R V A L

G A L L A T I N
O l S  0 7 E  09 D CCA
4 0 4 D 0 6 1 1 0 0 3 0 9 0 1  
W E L L
0 5 6 0 .  FT I 10

45. FT (M) 
1 8 . 2 0  FT (M) 

6 IN (M)
S T E E L
0 2 X

S B ^ V S rI M  *cof^l t u i n g s t o n ^g r o u f ,
C A L C I U M  (CA) 
M A G N E S I U M  (MG)
S O D I U M  
P O T A S S I U M  
I RON Ii
M A N G A N E S E  .(MN) 
S I L I C A  (SI02)

1M G Z L

m

M E Q Z L
4 . 7 6  B I C A R B O N A T E  
1.41 C A R B O N A T E  

’ 2 . 4 0  C H L O R I D E
0 . 0 0  SLIl F A T E  
0 . 0 6  N I T R A T E  

, 0 . 0 0  F L U O R I D E
Ci LI n C  D  LI A  T C

(HC03) 
(C03) 
(CL) 

(S04 > 
(AS N >

P H O S P H A T E  T O T  (AS^P)

M G Z L
466..0
1 6 . 6
2 6 . 0

.16

M E G Z L
7.64
0 .47
0.54
0 . 01 ,
0 . 0 1

T O T A L  C A T I O N S  8 . 6 4  T O T A L  A N T O N S
S T A N D A R D  D E V I A T I O N  OF A N I O N - C A T I O N  B A L A N C E  (SIGMA)

•8.67
0 . 1 3

C A L C U L A T E D  D I S S O L V E D  S O L I D S  4 5 3 . 8 3

F I E L D ^ C N B U C T V Y  j ^ M I C R O M H O S  I S S : = ?
LAS. C N D U C I V Y r  M I C R O M H O S  7 5 0 . 3

L A B O R A T O R Y  PH ?:61

FIELD T l S r ^ * '  C
A L U M I N U M  I D I S S  ( U G Z L - A L )  
SII V E R 1 D I S S t U G Z L  AS AG) 
B O R O N j D I S S  (U G Z L  AS B ) 
C A D M I U M jD I S S C U G Z L  AS CD) 
C H R O M I U M j  D I S S  ( U G Z L - C R )  
C O P P E R  j.DI SS ( U G Z L  AS CU) 
L I T H I U M jD I S S I U G Z L  A S  LI) 
M O L Y B D E N U M j D I S S ( U G Z L - M O )

<30.

i o o :

I

T O T A L  H A R D N E S S  AS C A C 0 3

i n t i  ^ il R I i1Tt Yy aA 1 c a c g I

S O D I U M  A D S O R P T I O N  R A T I O
P A R A M E T F R  

F I E L D  TEMP. W A T E R
N I C K E L  j D-ISS ( U G Z L  AS N O  
L E A D j D I S S d J G Z L  AS PB) 
S T R D N I ] U M j D I S S  ( U G Z L - S R )  
T I T A N I U M  DISC U G Z L  AS TI) 
V A N A D I U M jD I S S C U G Z L  AS V) 
Z I N C  j D I S S  (U G Z L  AS ZN,) 
Z I R C O N I U M  D I S t U O Z L  AS ZR

3 0 9 . 0 1
3 8 2 . 2 0

6 . 2 7
0 . 6 7
1.36

V A L U E  
8 . 5  E

<1 O . 
'40. 
290.

s4 .

r e m a r k s : R U S T Y
N E E D  W E L L  LOG IT IS R E G I S T E R E D  X

A T F D j (R) - R E P O R T F D . T 
B I O L O G I C A L L Y  A V A I L A B L E .

QW
O T H E R  A V A I L A B L E  D A T A  
O T H E R  F I L E  N U M B E R S :

H I C R O G R A M S  P E R  L I T E R j  MEQ Z L  
" (M) " M E A S U R E D .  (E) =

TOT = T O T A L .

WA
Y

OW O T H E R

P R O J E C T  
L A S T  E D I T  D A T E  

P R O C E S S I N G  P R O G R A M
17-0CT-
F 1 7 3 0 F

■83 
V 3 (0 9 Z 1 Z S 3 )

c o s t :
b y :

p r i n t e d : TP XBCS 
1 6 - F E B - 8 4

n o t e :

P E R C E N T  M F Q Z L  (FOR P I P E R  P L O T )
' CA MG NA K CL S04 H C 0 3  C03 
5 5 . 5  1 6 . 5  2 8 . 0  0.0 5.4 6 . 3  8 8 . 3  0.0

CORRESPONDENCEj PLEASE REFER TO LAB NUMBER: 8300551



59F75!NE?4^?49Ĝ ? 0 GI

" g ™

G E N C Y  + S A M P L E R  M R M C K B N M

W A T E R  Q U A L I T Y  A N A L Y S I S  
L A B  NO. 8 3 0 0 5 4 5

GEOI O G I C  
B R A I L

j y f l
MEl H O B  S A M P L E D  P U M P E D

W A T E R  U S E  D O M E S T I C

SWl

C O U N T Y
3- W S I T E  L O C A T I O N  

M B M G  S I T E  
S T A T I O N  ID 

* S A M P L E  S O U R C E  
L A N D  S U R F A C E  Al T I T U B E  

S U S T A I N E D  Y I E L D

« i s 5r  r a v f H
C A S I N G  D I A M E T E R  

C A S I N G  T Y P E  
^ r. C O M P L E T I O N  T Y P E  
P E R F O R A T I O N  INTERVAl

G A L L A T I N
O I S  0 7 E  30 B A D D

4 5 4 3 3 1 1 1 0 5 4 3 2 0 1
W E L L
5440. FT I 50

STs10*
52 TO 6 5  FT (R)

S A M P L I N G  S I T E  R I P L E Y  *
G E O L O G I C  S O U R C E  B I L L M A N  C R E F N  F O R M A T I O N  (OF L I V I N G S T O N  C R O U P )

C A L C I U M  (CA) 
M A G N E S I U M  (MG)
S O D I U M  
P O T A S S I U M  IRON \p t  ̂
!MANGANESE (MN) 
S I L I C A  (SI 02)

(NA)

^ eI

M G / L
7 8 . 6
2 7  17

,5
♦ 06 J

T O T A L  C A T I O N S

M E Q / L
3 . 9 2  B I C A R B O N A T E  
0 . 9 8  C A R B O N A T E  
1 . 2 0  C H L O R I D F  
0 . 0 1  S U L F A T E  
0 . 0 0  N I T R A T E  

F L U O R I D E  
P H O S P H A T E  TC

6 . 1 2

(HC03) 
(003) 
(CL) 

(S 0 4 ) 
(AS N ) (F) 
( A S P )

T O T A L  A N I O N S

M G / L
280.1

,5 .1  
1 . 0 2  ♦ 6

S T A N D A R D  D E V I A T I O N  O F  A N I O N - C A T I O N  B A L A N C E  (SIGMA)

M E Q / L
4 . 5 9
0 . 1 1U21
0 , 0 7
0 . 0 3

6 . 0 1

“M W
, , F I E L D  PH

L A B O R A T O R Y  PH

- 0 . 5 6
3 3 5 . 9 6  
4 7 8 . 0 8  
503. 
5 4 2 . 1  

6 . 1 5  
7 . 5 6

P A R A M E T E R  
F I E L D  TEMP. A I R

a m #
r e m a r k s : v e r y  c l e a r

WELl IS E N C L O S E D  
S T E P S  *

V A L U E  
30. C

<30.(2.
60.

SS:
<2:<20.

f K p ' y f f i ? ?  3  s i s !

P A R A M E T E R  
F I E L D  T E M P .  W A T E R

lB ^ B ĝ s" F%Vn

g S i E i i f i i y / V p ; !

2 4 5 . 2 4
2 2 9 . 7 3

6 . 9 3
0 . 3 2
0 . 7 7

V A L U E  
9.0 C

10.
<40.
230.

I ;

B A C K  P O R C H  S T E P S  A N D  I N A C C E S S I B L E  W I T H O U T  R E M O V I N G

^ f ' L A N A T I O N :  M G / L  = M I L L I G R A M S  P E R  L I T E R ,  U G / LT, MyFEET. ... _ .... ..
T O T A L  R E C O V E R A B L E ,

METER^CR? ^ ^ SM̂ l u y ; ^ R<E?^/L
TOT = T O T A L .

QW WAYSiSig SIff-SiilE gg?8 .
, p r o j e c t :

P R O r E S S I N G ° P R O G R A M :  F 1 7 3 0 P V 3  (0 9 / 1 / 8 3 )

OW PU

c o s t :

P R I N T E D :
P E R C E N T  M E Q / L  (FOR P I P E R  P L O T )  

CA M G  NA K CL. S04 H C 0 3

O T H E R

TP * T P  
1 6 - F E B - 84

64.1 16.0 19.7 0.2 1.9 2 5 7 4  77
NOTE.' IN CORRESPONDENCE, PLEASE REFER TO LAB NUMBER:

C030.0
S 3 Q 0 5 4 5
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B S S o S u

LATUTHr c5bRDl8tel 11I dm '
■ ??flSfi!J.PABS 15:

BOTTL E 'NUMBER 
DALE SAMPLED

SAMPLE HANDLING METHOD SAMPLED WATER USK

. 2 U R M C K *
AH
M B M G & B R M
V A N D E R V

L H O U R S  
M B M G X F N A  
0 D - S E P - B 3

D O M E S T I C

SWL

5 8 ' W s 1 t f M B M g a J P 1̂ ^-^SL 0 7 E N 06 B C B C

ECE COftpEgfJgg J? f l o 4 P L
P E R F O R A T I O N  I N T E R V A L  ?:iO TO 2 8 2  FT (R)

rc5f51'!;lNG,SITE V A N D E R V O S  *
G E O L O G I C  S O U R C E  B I L L M A N  C R E E K  F O R M A T I O N  (OF L I V I N G S T O N  G R O U P )

C A L C I U M  (CA) 
M A G N E S I U M  (MG) 
S O D I U M  (NA) 
P O T A S S I U M  (N) 
I R O N  (FE) 
M A N G A N E S F  (MN) 
S I L I C A  (SI 02)

T O T A L  C A T I O N S

M G / L

?:33 6 . 3
M 7

I 3 : r

M E Q / L
0 . 1 7
1 .58
0 . 0 2

B I C A R B O N A T E  
C A R B O N A T E  
C H L O R I D E  
S U L F A T E  
N I T R A T E

(S04)
dido FLUORIDE <AS(F)

PHOSPHATE TOT (AS P)

M G / L M E Q / L

1 .77 T O T A L  A N I O N S
, S T A N D A R D  D E V I A T I O N  OF A N I O N - C A T I O N  B A L A N C E  (SIGMA) 

C A L C U L A T E D  D I S S O L V E D  SOL IDS

F :M N B 5 g fv Y ^ !% s:g g j
L A B  C N D U C T V Y r  M I C R O M H O S  

FIKI D PH 
L A B O R A T O R Y  PH

I
1 .18 
0.24 
0 .05 
0 , 1 5  
0 . 0 2  
0 . 1 8

1 .82
0.33

1 0 8 . 2 9
1^ ;8 2
1 6 7 . 3

8 . 2 5
9 . 1 0

F I E L D  S k W V i I *

A L U M I N U M r  D I S S  (UG/L-AI ) 
S I L V E R r  D I S S ( U G / L  AS AG) ' 
B O R O N r D I S S  ( U G / L  AS B ) 
C A D M I U M r D I S S t U G / l  AS CD) 
C H R O M I U M r  D I S S  (UG/I.-CR)

V A L U E  
2 9 . 0  C

<30<2
4 7 0

I
4<20

T O T A L  H A R D N E S S  AS C A C 0 3

SI WEB
L A N G L I F R ^ S A T U R A T I O N  I N D E X  

S O D I U M  A D S O R P T I O N  R A T I O
P A R A M E T E R  

F I E L D  TEMP. W A T E R
NICKF.LrDISS ( U G/L AS NI) 
LEAD,DISS(UC./I AS PB)

Z I R C O N I U M ^ D I S (U G / L ^ A S ^ Z R

8 . 7 4  
7 1 i 06
9.11

- 0 . 0 0

V A L U E
1 1 . 0

<10.
<40.

L1:
30.'
<4.

R E M A R K S :  H 2 S  GASr W A T E R  G R A Y  TO C L E A R  X

M ^ S J ^ E N ^ E R  mL 1I lT ^ r a F? W A I T E R ,  U G / L

I? ot^ aJ ? ^ oJ5JaLl?e^ ^ [ ^ le! r

O T H E R  A V A I L A B L E  D A T A  
O T H E R  F I L E  N U M B E R S :

T O T A I ^ E C O V E R A B l E ? '
'2ICR? ^ â mF ^ û ? r; fFe8/ l

IOT = T O T A L .

QW WA S2 WI OW PW

p r o j e c t :
„ L A S T  E D I T  D A T F : 

P R O C E S S I N G  P R O G R A M :
0 4 - 0 C T - 8 3
F 1 7 3 0 P  V 3 (09 / 1 / 8 3 )

COST:
b y :

p r i n t e d :

O T H E R

TP X B C S  
1 6 - F E B - 8 4

P E R C E N T  M E Q / L  (FOR P I P E R  P L OT)
1 0 %  0 %  9 0 %  0.5 3 %  # %  % %

N O T E i IN C O R R E S P O N D E N C E ,
R e a o  d

C03
14.9

PLEASE REFER TO LAB NUMBER: 8300556
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M O N T A N A  B U R F A U  O F  M I N E S  A M D  G E O L O G Y  
BUTTE.r M O N T A N A  5 9 7 0 1  ( 4 0 6 ) 4 9 6 - 4 1 0 1 W A T E R  Q U A L I T Y  ANALYSIS. 

L A B  NO. B 3 G 0 5 4 7
S T A T E

L A T I T U D E - L O N G I T U D E  
U T M  C O O R D [ N A T E S  
T O P O G R A P H I C  MAP 
G E O L O G I C  S O U R C E  
D R A I N A G E  B A S I N  

A G E N C Y  I S A M P L E R  
B O T T L E  N U M B E R  
D A T E  S A M P L E D  
TIMF S A M P L E D  

L A B  + A N A L Y S T  
D A T E  ANAL Y Z E D

W A T E R  USE

MONl ANA 
4 5 D 4 4 '51 *N 1 1 0 D 5 3 ' 3 5 ■ W

N E
B O Z E M A N  P A S S  10 
110AI. VM*AH
M R M G X B K M  
M A R T I N  
2 G - J U N - S 3  
1 0 : 3 0  H O U R S  
M B M O X F N A  
1 5 - S E P - 8 3
P U M P E D  
D O M E S T I C

C O U N T Y  
S I T E  L O C A T I O N  

M B M G  S I T E  
S T A T I O N  ID 

* C S A M P L E  S O U R C E
L A N D  S U R F A C E  A L T I T U D E  

S U S T A I N E D  Y I E L D  
Y I E L D  M F A S  M E T H O D  

T O T A L  D E P T H  OF W E L L  
SWL A B O U E C - )  OR P F I O W  CS 

C A S I N G  D I A M E T E R  
C A S I N G  T Y P E

P E R F o g M TfSUS£E

G A L L A T I N
O L S  07F„ 17 C ACC

4 5 4 4 5 1 1 1 0 5 3 3 5 0 1
W E L L
531 8 .  ..FT I 10

1 8 . 2  FT (M) 

S T E E L

S A M P L I N G  S I T E  M A R T I N  *
G E O L O G I C  S O U R C E  A L L U V I U M  ( Q U A T E R N A R Y )

C A L C I U M  (CA) 
M A G N E S I U M  (MG) 
S O D I U M  (NA) 
P O T A S S I U M  (K) 
I R O N  (FE) 
M A N G A N E S E  (MN) 
S I L I C A  (S I 0 2 )

T O T A L  C A T I O N S

M G / L
6 7 . 7
1 3.2
1 1 . 5

.5
3 . 5 2.20

1 0 . 1

MEQ/l
3 . 3 8  B I C A R B O N A T E  
1 .09 C A R B O N A T E  
0 . 5 0  C H L O R I D E  
0 .01 S U L F A T E  
0 . 1 9  N I T R A T E  
0.01 F L U O R I D E

P H O S P H A T E  TOT
5 . 1 7

(HC03) 
( C O 3 ) 
(CL) 

(S 0 4 ) 
(AS N ) 

(F) 
(AS p)

T O T A L  A N I O N S

M G / L
2 8 0 . 6.0

1 . 6
14.1

.71.2

M F Q / L
4.60

0 . 0 5
0 . 2 9
0 . 0 5
0 . 0 1

5 . 0 0
S T A N D A R D  D E V I A T I O N  O F  A N I O N - C A T I O N  B A L A N C E  (SIGMA)

CALCULATED DISSOLVED SOLIDS
FIELD^CNDUCTVY?^MICROMHOS LAB CNDUCTVYf MICROMHOS FIELD PH LABORATORY PH

- 0 . 9 7
2 6 1 . 5 6
383': ?=
4 1 7 . 0

6 . 5 5
7 . 7 9

P A R A M E T E R  
F I E L D  T E MP. AIR
A L U M I N U M .  D I S S  ( U G / L - A L ) 
S I L V E R .  D I S S  (LIG/L A S  AG) 
B O R O N . D I S S  ( U G/L AS B ) 
C A D M I U M , D I S S d I G / L  AS CD) 
C H R O M I U M ,  D I S S  ( U G / L - C R )  
C O P P E R , D I E S  ( U G/L AS CU) 
L I T H I U M , D I S S ( U G / L  AS LI) 
M O L Y B D E N U M , D I S S ( U G Z L - M O )

VAl UF 
2 2 . 0  C

50.

s o !

20.
(20 !

S O D I U M  A D S O R P T I O N  R A T I O
P A R A M E T E R  

F I E L D  T F HP. W A T E R
NICKEL , D TSS (UG/L AS NI) 
L E A D ,D I S S (U G / L  AS PB) 
S T R O N T I U M , D I G S  (UG / L - S R )  
T I T A N I U M  D I S ( U G / L  A S  TI) 
V A N A D I U M , D I S S ( U G / L  AS V) 
Z I N C ,  D I S S  (UG/L AS ZN) 
Z I R C O N I U M  B I S (U G / L  AS ZR

2 2 3 . 3 8
2 3 0 . 1 4

6 .82
0 , 4 8
0 . 3 3

' VALUE 
9.0 C

<10.
<40.
190.
U:

■ 280.12.

r e m a r k s : R U S T Y
W E L L  IN F R O N T  Y A R D  * N E F D  WFLL L O G  X 

LABl RU S A M P L E  D E C R E A S I N G  IN A L K A L I N I T Y  *

B I O  .= B I O L O G I C A L L Y  A V A I L A B L E .

O T H E R  A V A I L A B L E  D A T A  ^
O T H E R  F I L E  N U M B E R S :

L A S T  E D I T D D A TEt 3 1 - O C T - 8 3  
P R O C E S S I N G  P R O G R A M !  F I 7 3 0 P  V 3

OW PU

COS T :
b y :

( 0 9 / 1 / 8 3 )  p r i n t e d :
P E R C E N T  M E Q / L  (FOR P I P E R  P L O T )

CA MG NA K CL. 804 H C 0 3
6 / . 9  2 L .8 10.1 0 . 3  0.9 5 . 9  9 3 . 1

O T H E R

TP X B C S  
1 6 - F F R - 8 4

C030.0
NOTE T IN CORRESPONDENCE, 'PLEASE RF.FER TO LAB NUMBER: 8300547

f
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M O N T A N A  B U R E A U  OF M I N E S  A N D  G E O L O G Y  
B U T T E #  M O N T A N A  59703 ( 4 0 6 ) 4 9 6 - 4 3  01

UATFR Q U A L I T Y  A N A L Y S I S  
L A B  NO, 8 3 Q 0 5 5 5

S T A T E
L A T I T U B E - L O N G  I T UDF 

U T M  C O O R D I N A T E S  
T O P O G R A P H I C  MAP 
G E O L O G I C  S O U R C E  
D R A I N A G E  B A S I N  

A G E N C Y  + S A M P L E R  
B O T T l E  N U M B E R  
D A T E  S A M P L E D  
T I M E  S A M P L E D  

L A B  + A N A L Y S T  
D A T E  A N A L Y Z E D  

S A M P L E  H A N D L I N G  
M E T H O D  S A M P L E D  

W A T E R  U S E

M O N T A N A
4 5 D 4 4 ' 4 1 ' N  1 I 0 D 5 3 ' 4 4 ' W  
Z N  E
B O Z E M A N  P A S S  15'
11 OAI VM*AH
MBMGStBKM
L O O M I S
D G - J U N - S S
0 6 : 3 0  H O U R S
MBMG.KFNA
0 7 - S E P - 8 3
P U M P F D
D O M E S T I C

SWL

C O U N T Y  
S I T F  L O C A T I O N  

M B M G  S I T E  
S T A T I O N  ID 

H S A M P L E  S O U R C E  
L A N D  S U R F A C E  A L T I T U D E  

S U S T A I N E D  Y I E L D  
Y I E L D  M E A S  M E T H O D  

T O T A L  D E P T H  OF W E L L  
A B O V E (-) OR B E L O W  GS 

C A S I N G  D I A M E T E R  
C A S I N G  T Y P E  

C O M P L E T I O N  T Y P E  
P E R F O R A T I O N  I N T E R V A L

G A L L A T I N
O l S  O Z E  17 C CDB
4544411.10534401
W E L L
5 2 8 0 .  Fl _ 10

RFPORTEDhpM 
4 0 . 4  FT (M)

6 I n 9 ( M ) 1 <m>
S T E E L01*

S A M P L I N G  S I T E  L O O M I S  *
G E O L O G I C  S O U R C E  A L L U V I U M  ( Q U A T E R N A R Y )

C A L C I U M  (CA) 
M A G N E S I U M  (MG) 
S O D I U M  
P O T A S S I U M  
I R O N  
M A N G A N E S E  (MN)

( TOP I

(NA)

All
S I L I C A  (SI02)

MG/I
7 5 . 5
15.1
1 0 . 0

.3
5 . 4 5
.079

1 0.7

M E Q / L
3 . 7 7  B I C A R B O N A T E  
1 . 2 4  C A R B O N A T E  
0 . 4 4  C H L O R I D E  
0.01 S U L F A T E  
0 . 2 9  N I T R A T E  
0 . 0 0  F L U O R I D E

(H C 0 3 ) 
(C03) 
(CL) 

(S 0 4 ) 
(AS N ) 

(F)
P H O S P H A T E  T O T  (AS P)

MG/L
321.

2:2
13.4

.85.2

M E Q / L
5 .26

0 . 0 7
0.28
0 . 0 6
0 . 0 1

T O TAL C A T I O N S  5 . 7 5  T O T A L  A N I O N S
S T A N D A R D  D E V I A T I O N  O F  A N I O N - C A T I O N  B A L A N C E  (SIGMA)

5 . 6 8
- 0 . 3 4

C A L C U L A T E D  D I S S O L V E D  S O L I D S  
S U M  OF B I SS. C O N S T I T U E N T  

F I E L D  C N D U C T V Y ,  M I C R O M H O S  
L A B  C N D U C T V Y ,  M I C R O M H O S  

F I E L D  PH 
L A B O R A T O R Y  PH,

P A R A M E T E R  
F I E L D  TEM P .  AIR
ALUMINUM,, H I S S  (U G / L - A L )  
S I L V E R ,  D I S S (U G/L AS AG) 
B O R O N , D I S S  ( U G/L AS B ) 
C A D M I U M , D I S S d I G / L  AS CD) 
C H R O M I U M ,  D I S S  ( U G / L - C R )  
C O P P E R , D I S S  (UG/L A S  CU) 
L I T H I U M , H I S S ( U G / L  AS LI) 
M O L Y B D E N U M , D I S S ( U G Z L - M G )

2 9 2 . 3 1  
155 . 1 8  
569. 
4 7 3.3 

7 . 2 5  
7 . 7 8

V A L U E  
2 0 , 5  C

<30

I
<20

TOTAL H A R D N E S S  AS C A C 0 3  
T O T A L  A L K A L I N I T Y  AS C A C 0 3  
F I E L D  A L K A L I N I T Y  AS C A C 0 3  

R Y 7 N A R  S T A B I L I T Y  I N D E X  
L A N G L I E R  S A T U R A T I O N  I N D E X  

S O D I U M  A D S O R P T I O N  R A T I O
P A R A M E T E R  

F I E L D  TEMP. W A T E R
N I C K E L , D I S S  (UG/L. AS NT) 
L E A D ,D I S S (U G / L  AS PB) 
S T R O N T I U M , F U S S  ( U G / L -SR) 
T I T A N I U M  B I S (UG/L AS Tl) 
V A N A D I U M , D I S S ( U G / L  A S  V) 
Z I N C ,  B I S S  (UG/L AS ZN) 
Z I R C O N I U M  D I S (U G / L  AS ZR

2 5 0 . 6 8263.27263

V A L U E  
9.5 C

(10.
'40.
160.

470 :
<4 .

r e m a r k s : v e r y  r u s t y  *
W E L L  IN F R O N T  Y A R D

l a b : v a l u e s  f o r  f e  o f  9 . 9 2  
l a b : P A R T I C U L A T E S  *

! ^ ^ J ^ . : fn?!/ lper F' E R
E S T I M A T E D ,  (R) - R E P O R T E D .  TR 

B I O L O G I C A L L Y  A V A I L A B L E .

A N D  Z N  O F . 63 M G / L  ON 2 / 9 / 8 4  S U G G E S T  FA C O N T A I N S  

LITE R ,  U G / L

BIO

O T H E R
O T H E R

A V A I L A B L E  D A T A  
F I L E  N U M B E R S :

QW WA

- K>
F E E T ,  MT -= M E T E R S  

T O TAL R E C O V E R A B L E .

WI OW PW AT

M T C R O G R A M S  P E R  L I T E R ;  MEG/I 
(M) = M E A S U R E D ,  (F) = 

TOl - T O T A L .

P R O J E C T !  
L A S T  E D I T  DATE: 

P R O C E S S I N G  P R O G R A M :
IA-FE B- 
F 1 7 3 0 P 3A ( 0 9 / 1 / 8 3 )

c o s t :
PRINT Eli:

P E R C E N T  M E Q / L  
CA MG NA

’ O . q
(FOR P I P F R  P L OT)
K CL S04 H C 0 3  

0.1 1.3 5 . 0  9 3 . 7

O T H E R

TP * B C S  
1 6 - F E B - 3 4

69.1 22.8 8.0
NOTE! IN CORRESPONDENCE, PLEASE REFER TO L AE NUMBER:

C030.0
B 3 Q 0 5 5 5
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S T A T E  M O N T A N A
L A T I T U D E - L O N G I T L i n F  4 5 D 4 2 ' 0 6 ' N  11 01154'30" W 

U T M  C O O R D I N A T E S  Z N  E
T O P O G R A P H I C  M A P  B O Z E M A N  P A S S  15'
G E O L O G I C  S O U R C E  2 1 J H P R S *  *
D R A I N A G E  B A S I N  AH 

A G E N C Y  + S A M P L E R  MBHGtfBKM 
B O T T L E  N U M B E R  B R O U N  
D A I E  S A M P L E D  2 4 - J U N - S 3  
T I M E  S A M P L E D  1 2 : 3 0  H O U R S  

L A B  + A N A L Y S T  MBMGtfFNA

W A T E R  Q U A L I T Y  ANALYSIS' 
L A B  NO. 8 3 0 0 5 4 8

C O U N T Y  
S I T F  L O C A T I O N  

M B M G  SI IE 
S T A T I O N  ID 

tf S A M P L E  S O U R C E  
L A N D  S U R F A C E  Al T I T U H E  

S U S T A I N E D  Y I E L D  
Y I E L D  M E A S  M E T H O D  

T O T A L  D E P  I H OF W E L L  
S W L  A B O V E (-) OR B E L O W  SS 

C A S I N G  D I A M E T E R  
C A S I N G  T Y P E  

C O M P L E T I O N  T Y P E  
P E R F O R A T I O N  IN IFKVAL

D A T E  A N A L Y Z E D  I 5 - S E P - 8 3  
S A M P L E  H A N D L I N G  
M E T H O D  S A M P L E D

W A T E R  U S E  D O M E S T I C
S A M P L I N G  S I T E  B R O U N  tf t

G E O L O G I C  S O U R C E  H O P P E R S  F O R M A T I O N  (OF I I V I N G S T O N  G R O U P )

G A L L A T I N
O i S  O Z E  31 C D A D
B R O U N
4 5 4 2 0 * 1 1 0 5 4 3 0 0 1
W E L L
5280. PT ( 10

r e p o r t e d GFM
■ H O .  FT (R) 

54. PT (R) 
6 IN (M)

S P P E L
Oltf

C A L C I U M  (CA.) 
M A G N E S I U M  (MG) 
S O D I U M  (NA) 
P O T A S S I U M  (K) 
I R O N  (FE) 
M A N G A N E S E  (MN) 
S I L I C A  (SI02)

M G Z L
3 6 . 0

=Sig
< .' l2
.009

2 2 . 5

M E Q / L
1 . 8 0  B I C A R B O N A T E  
0 , 7 9  C A R B O N A T E  
0 . 8 7  C H L O R I D E  

S U L F A T E  
0 .01 N I T R A T E  
0 . 0 0  F L U O R I D E

(HC03)

(SCM)
( A S , N )

M G / L
m

iii
P H O S P H A T E  T O T  (AS P)

OO
6
3
I 5

M E Q / L
2 . 8 0
0.02
0 . 2 4
0 . 1 1
0 . 0 1

T O T A L  C A T I O N S  3 . 4 6  T O T A L  A N I O N S
S T A N D A R D  D E V I A T I O N  OF A N I O N - C A T I O N  B A I A N C E  (SIGMA)

3 . 1 8
- I  * 8 6

C A L C U L A T E D  D I S S O L V E D  S O L I D S  
S U M  OF BISS.

F I E L D  C N D U C  I
L A B  C N D U C T V Y ,  M I C R O M H O S  

F I E L D  PH 
L A B O R A T O R Y  RH

. SSULVt Ll  S U L l U S  
IS. C O N S T I T U E N T  
I IVY. M I C R O M H O S

1 8 4 . 1 2
2 7 2 . 8 8
294.
3 1 2 . 6

6 . 8 5
7 . 8 3

P A R A M E T E R  
F I E L D  TEMP. AIR
A L U M I N U M ,  D I S S  ( U G Z L - A L )  
S I L V E R ,  D I S S  (UOZL VlS AG) 
B O R O N , D I S S  (UG / L  AS B ) 
C A D M I U M , D I S S ( U G / L  A S  CD) 
C H R O M I U M ,  D I S S  ( U G Z L - C R )  
C O P P E R , D I S S  (LIGZl AS CU) 
L I T H I U M , n i S S ( U G Z I  AS LI) 
M O L Y B D E N U M , D I ES ( U G Z L - M O )

V A L U E
29.

50

il<2<2
6

420

T O T A L  H A R D N E S S  AS C A C 0 3  129.41
TOTAL A L K A I I N l T Y  AS C A C 0 3  1 4 0 . 2 5
F I E L D  A L K A L I N I T Y  AS C A C 0 3

R Y Z N A R  S T A B I L I T Y  I N D E X  7.76
L A N G L I E R  S A T U R A T I O N  I N D E X  0.03

SODIUM' A D S O R P T I O N  R A T I O  0.77
P A R A M E T E R  V A L U E

F I E L D  T E M P .  W A T E R  %.5 C
N I C K t I , D I S S  (UG/L A S  NI) 410.
L E A D ,  D 158(01,ZL AS PB) <40.
S T R O N T I U M , D I E S  ( U G Z L - S R )  64.
T I T A N I U M  D I S d I C Z L  A S  Tl) <1.
V A N A D I U M , D I S S t U G Z L  AS V) 8.
Z I N C r  D I S S  (UC./L AS ZN) 27.
Z I R C O N I U M  D I S d J G Z L  AS ZR <4.

R E M A R K S !  V E R Y  C L E A R
O W N P R  R E F U S E D  O P E N I N G  OF Wt LL B U T  A L L O W E D  S A M P L I N G  tf 

LAB: R U  S A M P L E  D E C R E A S I N G  IN A L K A L I N I T Y  tf

E X P L A N A T I O N :  M G Z L  =■ M I L L I G R A M S  P E R  L I T E R ,  UGZL = M l C R O G R A M S  P F R  L I T E R ,  M E Q / L
M l L L I E Q U I V P L F N T S  P E R  L I T E R , FT 
E S T I M A T E D ,  (R) = R E P O R T E D .  TR 
B I O  = B I O L O G I C A L L Y  A V A I L A B L E .

O T H E R  A V A I L A B L E  D A T A  
O T H E R  F I L E  N U M B E R S :

P R O J E C T !  
L A S T  E D I T  DATE: 

P R O C E S S I N G  P R O G R A M :

QW WA
Y

F E ET, MT ^ M E T E R S .  
TOTAI R E C O V E R A B L E .

OW PW

1 7 - 0 C T - 8 3  
F 1 7 3 0 P  V 3 ( 0 9 / 1 / 8 3 )

P E R C E N T  M E Q / L  (FOR P I P E R  Pl OT) 
CA MG NA K CL S 0 4  H C 0 3

T l^  = M E A S U R E D ,  
TOIAL .

COS T :
BY:

p r i n t e d :

N O TE:
5 2 . 0  2 2 . 9  2 5 . 2  0.0 0 . 6  7 . 7  9 1 . 7

IN C O R R E S P O N D E N C E ,  P L E A S E  R E F E R  T O  L A B  N U M B E R :

O T H E R

TP tfBCS 
J 6 - F E B - 8 4

C03
0 . 0

8 3 Q 0 5 4 8

I
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MOiiTilNA B U R E A U  O F  M I N E S  AIIB G E O L O G Y  
B U T  I E , M O N T A N A  5 9 7 0 1  ( 4 0 6 ) 4 9 6 - : ] Ol

S T A T E
L A T I T U B E - L O N G I T U BE

W A T E R  Q U A L I T Y  A N A L Y S I S  
L A B  NO. 8 3 Q 0 5 4 9

MAP
S O U R C E  

D R A I N A G E  B A S I N  
S A M P L E RA G E N C

M O N T A N A  
4 5 0 4 2 ' 0 9  
7- N 
B O Z E M A N  P A S S  
2 U H P R S *
AH
H R M G K R K M  
P T P I N J C  
2 3 - J U N - 8 3  
1 4 : 0 0  H O U R S  
M R M G K F N A  
I 5 - S F P - R 3

E15'
U T M  C O O R D I N A T E S  
T O P O G R A P H I C  
G E O L O G I C  sni 

R A I N A  
N C Y  +
BOTTL E N U M B E R  
BA TE S A M P L E D  
T I M E  S A M P L E D  

L A B  + A N A L Y S T  
D A T E  A N A L Y Z E D  

S A M P L E  HANOI ING 
M E T H O D  S A M P L E D  P U M P E D

WATER U S E  D O M E S T I C
S A M P L I N G  S I T E  P I P I N T C H  *

G E O L O G I C  S O U R C E  H O P P E R S  F O R M A T I O N  (OF L I V I N G S T O N  GRO U P )

C O U N T Y
'3S"W S I T E  L O C A T I O N  

M B M G  S ITE 
S T A T I O N  ID 

* S A M P L E  S O U R C E  
L A N D  S U R F A C E  Al T I T U D E  

S U S T A I N E D  Y I E L D  
Y I E I D  M F A S  M E T H O D  

T O T A L  D E P T H  OF W ELL 
SWL A B O V E : -) OR B E L O W  GS 

C A S I N G  D I A M E T E R  
C A S I N G  T YPE 

C O M P L E T I O N  T Y P E  
P E R F O R A T I O N  I N T E R V A L

G A L L A T I N  
O l S  0 7 E  31 C DBA 
4 5 4 2 0 9 1 1 0 5 4 3 8 0 1  

10Û o . FT <
IS. G P M  

R E P O R T E D
142. FT (M) 
5 2 . 9  FT (M)

6 IN 
S T E E L  
0 1 * 0 3
42 TO 135 FT (R)

C A L C I U M  
M A G N E S I U M  
S O D I U M  
P O T A S S I U M  LRON
M A N G A N E S E  
S I L I C A  (SI 02)

(CA)

!Kg;

(MN) IIOA )

M G / L  M F Q / L
1 9 . S 0 . 9 9  B I C A R B O N A T E
2 . 6  0 .21 C A R B O N A T E

5 7 . 4  2 . 5 0  C H L O R I D E
.1 0 . 0 0  S U L F A T E

3 . 0 5  0 . 1 6  N I T R A T E
.24 0 .01 F L U O R I D E

12.1 P H O S P H A T E  TOT

3 . 8 7  T O T A LTOTAI C A T I O N S

S T A N D A R D  D E V I A T I O N  OF A N I O N - C A T I O N  B A L A N C E  (SIGMA)

M G / L M E Q / L
(H C 0 3 ) 
(C03)

1 8 0 . 6
.0

2 . 9 6
(CL) 8.3 0.23

(S 0 4 ) 2 2 , 6 0 .47
(AS N ) .46 0 .03

(F) 1.2 0.06
(AS P)

A N I O N S 3 .76
- 0 . 7 0

CALCUl A T E D  D I S S O L V E D  S O L I D S  2 1 6 . 8 2

F I E L D ^ C N D U C  I V Y ^ M  I C R O M H O S  ^  =
L A B  C N D U C T V Y , M I C R O M H O S  3 4 4 . 4

FIEI D PH • 7.7
L A B O R A T O R Y  PH 8 . 0 9

P A R A M E T E R  
F I E L D  T E MP. AIR
A L U M I N U M ,  D I S S  ( U G / L - A L )  
S I L V E R ,  D I S S ( U G / L  AS AG) 
B O R O N , D I S S  ( U G/L AS B ) 
C A D M I U M ,  DISS(UG/1- AS CD) 
C H R O M I U M ,  D I S S  ( U G / L - C R )  
C O P P E R , D I E S  (UG/L AS CU) 
L I T H I U M , : i I S S ( U G / L  AS LI) 
M O L Y B D E N U M , D I S S ( U G / L - M O )

V A L U E75. A25 + 0 C

4SS

I

T O T A L  H A R D N E S S  A S ' C A C 0 3  
T O T A L  A L K A L I N I T Y  AS C A C 0 3  
F I E L D  A L K A L I N I T Y  AS C A C 0 3  

R Y Z N A R  S T A B I L I T Y  INDEX 
L A N G L I E R  S A T U R A T I O N  I N D E X  

S O D I U M  A D S O R P T I O N  R A T I O
P A R A M E T E R  

F I E L D  TEMP. W A T E R
N I C K E L , D I S S  (UG/L AS NI) 
L E A D ,D I S S (UG/L AS PR) 
S T R O N T I U M , D I S S  (U G / L - S R )  
T I T A N I U M  D I S (UG/L AS TI) 
V A N A D I U M , D I S S (UG/L AS V) 
Z I NC, D J S S  (UG/L AS ZN) 
Z I R C O N I U M  D J S (UG/L AS ZR

6 0 . 1 4
1 4 8 . 1 2

7 . 9 8

V A L U E  
1 0 . 2  C

< 1 0 ,
,<40,
‘ 40.

<1 .
<1 . 

470.
<4 ►

r e m a r k s : c l e a r

LAB: R U ^ S A M P L E  i S'i S y T "  " E ^ T

?F)EE/L

O T H E R  A V A I L A B L E  D A T A  
O T H E R  F I L E  N U M B E R S :

QW WA 
Y

S 2  UI OW PU AT O T H E R

P R O J E C T !  
L A S T  E D I T  DATE: 

P R O C E S S I N G  p r o g r a m :
I 7 - 0 C T - 8 3 coIV- TP K B C S
F 1 7 3 0 P  V3 (0 9 / 1 / 8 3 ) P R I N T E D : 16-FE-B- 84

P E R C E N T  M E Q / L  (FOR P I P E R  P L O T )
CA MG NA K CL S04 H C 0 3 C03

2 6 . 7 3.8 6 7 . 5 0.1 6.1 1 2 . 8  8 0 . 3 0.0
NOTE.’ IN CORRESPONDENCE, PLEASE REFER TO LAB NUMBER! S3Q0549



M O N T A N A  B U R E A U  O F  M I N E S  A N D  G E O L O G Y  
B U T T E , M O N T A N A  5 9 701 ( 4 0 6 ) 4 9 6 - 4 1 0 ]

S T A  TE
L A T I T U B E - L O N G I T U B E  

U T M  C O O R D I N A T E S  
T O P O G R A P H I C  M A P  
G E O L O G I C  S O U R C E  
D R A I N A G E  B A S I N  

A G E N C Y  + S A M P L E R  
B O T I L E  N U M B E R  
D A T E  SAMPI EU 
T I M E  S A M P L E D  

L A B  f A N A L Y S T  
D A T E  A N A L Y Z E D  

S A M P L E  H A N D L I N G  
M E T H O D  S A M P L E D  

W A T E R  U S E

M O N T A N A
4 5 D 4 y . 5 6 ' N  1101155
B O Z E M A N  P A S S  13' 
2 M B M C R *  *
M B M G K B N M  
B R U N E R  
27-.JUN-83 
1 0 : 3 0  H O U R S  
M B M G K F N A  
0 6 - S F P - S 3
P U M P E D  
D O M E S T I C

W A T E R  Q U A L I T Y  A N A L Y S I S  
L A B  NO. 8300553'

COUNTY. G A L L A T I N
34 W ■ S I T E  L O C A T I O N  ,025 0 6 E  Ol A R B B  

M B M G  S I T E
K SAM^lgBR^ g^"110333401

LAND s y S ^ ^ N ? b T« ^ ED r'1 30‘ ' FT
Y I E I D  MfcAS M E T H O D  

T O T A L  D E P T H  OF W ELL 
SWL A B O V E (-) OR B E L O W  CS 

C A S I N G  D I A M E T E R  
C A S I N G  T YPE 

C O M P L E T I O N  T YPE 
P E R F O R A T I O N  I N T E R V A L

1 2 2 .
40 . 

6 IN

S A M P L I N G  S I T E  B R U N E R  *
GEOt O G I C  S O U R C E  B I L L M A N  C R E E K  F O R M A T I O N  (OF L I V I N G S T O N  C R O U P )

M F O / L  *
0 . 7 2  
0 . 0 5  
3 . 0 6

C A L C I U M  
M A G N E S I U M  
S O D I U M  
P O T A S S I U M  
IRON
M A N G A N E S E  ....
S I L I C A  (S I 0 2 )

(CA)
(MG)
(NA)
( F E ) 
(MN)
T D ' M

M G / L
14.4. 6
7 0 . 4

' " . 5 Z
,005

12.3
T O T A L  C A T I O N S

BICARBONATfc (HC03)
C A R B O N A T E  (C03)
CHI O R I D E  • (CL)

„ „  S U L F A T E  (S04)
0 i 0 0  F L U O R I D E  < A S (F)

P H O S P H A T E  T O T  (AS P)
3 . 8 6  T O T A L  A N I O N S

M G / L  
211.8 

. 0  
3.8 

1 7.8 
1 . 1 2  
. 4

M E Q / L
3 . 4 7

' 0 . 1 1  
0 .37 
0 .08 
0 . 0 2

4.05
S T A N D A R D  D E V I A T I O N  OF A N I O N - C A T I O N  B A L A N C E (SICMA) 1.17

C A L C U L A T E D  D I S S O L V E D  S O L I D S  
S U M  OF D I S S . C O N S T I T U E N T  

F I E L D  C N D U C T V Y ,  M I C R O M H O S  
L A B  C N D U C T V Y ,  M I C R O M H O S  

FIEI D PH 
L A B O R A T O R Y  PH

P A R A M E T E R  
F I E L D  T E MP. AIR

A L U M I N U M ,  D ISS (IIG/L-AL) 
S I L V E R ,  D I S S (UG/L A S  AG) 
BORON',D I S S  ( U G/L AS B )r A r , M 7 i ™ . r , T S S ( U G / L  r I

D I S S  ( U G / L - C R )  
‘ (UG/L A S  CU)

C A D M I U M , D I S S ( U G / L  A S  CD) 
C H R O M I U M ,  D I S S  (UG/I 
C O P P E R ,  D I S S  (UG/L Al 
L I T H I U M , D I S S ( U G / L  AS LI) 
M O L Y B D E N U M , D I S S ( U G / L -MO)

2 2 5 . 6 9  
3 3 3 . 1 6  
418. 
3 6 4 . 7  

7 . 2 5  
8 . 1 5

V A L U E  
17.5 C

I<2 0 .

T O T A L  H A R D N E S S  AS C A C 0 3  
T O T A L  A L K A I I N l T Y  AS C A C 0 3  
F I E L D  A L K A L I  NI IY AS C A C 0 3  

R Y Z N A R  S T A B I L I T Y  I N D E X  
L A N G L I E R  S A T U R A T I O N  I N D E X  

S O D I U M  A D S O R P T I O N  R A T I O
P A R A M E T E R  

F I E L D  T F M P . W A T E R

N I C K E L , D I S S  (UG/L AS NI) 
L E A D , D I S S (UG / L  AS PB) 
S T R O N T I U M , D I S S  ( U G / L - S R )  
T I T A N I U M  D I S a i C / L  A S  Tl) 
V A N A D I U M , D I 3 S ( U G / L  A S  V) 
Z I N C ,  D I S S  (UG/L AS ZN) 
Z I R C O N I U M  D I S (U G / L  AS ZR

3 8 , 4 3
1 7 3 . 7 1

8 . 0 5
0 . 0 5
4 . 9 4

V A L U E  
9 . 2  C

xtO.
U!

, l i :

REMARK'S! V E R Y  Cl E A R

LAB, K ^ A ^ T ^ L ^ ^  s i ^  * .
UG/I- 1 M I C R O C R A M S  P E R  L I T E R ,  M E Q / L

E I W I S ? ' -F'
B I O  - B I O L O G I C A L L Y  A V A I L A B L E

F E E T
TOTAL

O T H E R  A V A I L A B L E  D A T A  
O T H E R  F I L E  N U M B E R S :

PROJL CT: 
L A S T  E D I T  DATE;-1CCCTMn c.r.Tinq . .

QW WA
Y

R E C O V E R A B L E ^ '

OW

P R O C E S S I N G  P R O G R A
0 1 - 0 C T - 8 3  
F 1 7 3 0 P  V3

P E R C E N T  M E Q / L  
CA MG NA K 18,3 1.380.0 0.0

(FOR P I P E R  P L OT) 
CL S04 H C 0 3  .7 9.j 97.9

NOTE! IN CORRESPONDENCE,

(M) 
TOT -

M E A S U R E D ,
T O T A L .

,(E)

cosT:by:(09/1/83) printed:

OTHfcR

TP K B C S  
1 6 - F E B - 8 4

2.7 9.4 37.9
PLEASE RFFER TO LAB NUMBER:

C030.0
8300553
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S57g1tNE?482?4?!2!i?§I
L A T I T U D E - L O N G I T U r i F  

U T M  C O O R D I N A T E S  
T O P O G R A P H I C  MAP 
G E O L O G I C  S O U R C E  
D R A I N A G E  B A S I N  

A G E N C Y  + S A M P L E R  
B O T H  E N U M B E R  
B A T E  S A M P L E D

U A B i1+ A N A L Y S T
SAMPLE figafetfgg 
METHOD SAMPLED WATER USE

M O N T A N A
AfiTMG ’ 04 ‘ N J 1 0 D 5 3 ' 3 8 * W

? ? ? 5 S s y . P A 8 s  l s :O I J H P R S *

M R M G K B N M  
S A B O L  
O S - J U N - 8 3
M b A g I f n a u r s  s u l
0 0 - S E P - 8 3
G R A B
D O M E S T I C  A N D  S T O C K

*

C O U N T Y  G A L L A T I N  
M B M G ^ I T E  0 1 5  0 7 F  2 9 1 C R D D

-  s i i E l i
C A S I N G  D I A M E T E R  

C A S I N G  T Y P E

PER FO R ^^'h^i^M E

geologicnI ourcI gsighl ISgSSfiSK ?S!Lei8?858$B§ Sroup,
C A L C I U M  
M A G N E S I U M  
S O D I U M  
P O T A S S I U M  
I R O N

(CA)
(MG)(NA)
( ^

MG/1
88.
17.42

2 O S 
.3 

< . 0 0 2  
< . 0 0 1  

1 6.0

MECi/L
4 . 4 0  B I C A R B O N A T E  (HC03)
1:33 B a r
0.01 S U L F A T E  (804)

S iS S ifc  -«=«F"i
P H O S P H A T E  T O T  (AS p) 

7 * 7 0  T O T A L  A N I O N S

M A N G A N E S E  (MN)
S I L I C A  (SI 02)

T O T A L  C A T I O N S

S T A N D A R D  D E V I A T I O N  O F  A N I O N - C A T I O N  B A L A N C E  (SIGMA)

MG/L
412.. O

4 . 9
2 8 . 2

.53

.3

HF G/L 
6 .75

0.14
0 .590. S30 . 0 2

7 .53

CAFf|SSKs5!?o!?“5fsIsHgs!
- 0 . 7 7

L A B  C N D U C  I VY M I C R O M H O S  
F I E L D  PH 

L A B O R A T O R Y  PH

4 0 1 . 3 9  
6 1 0 . 4 3  
844 . 
6 5 8 . 7

;:%2
FIELD T ^ n i ^  
ALUMINUM, BISS (UG/L-AL)
! H i S i 1S isSiSfcfcS=,?=.g m #MOLYBDENUM,DISS(UG/L-MO)

VALUE
6 , 5  C

<30,

*
92 :

,.2 0 .

51116111
P A R A M E T E R  

F I E L D  T E MP. WAT E R
NICKEI , D T S S  OIG/L AS NI) 
L E A B , D I S S ( U G / L  AS PB)
flS8»;iB"i?i?§6)Sfci-?S!
S S ffil'B iS ’ W V S * ? ’
Z I R C O N I U M  D I S (U G / L  AS ZR

2 9 2 . 2 7
3 3 7 . 9 1

6.43'
2:5:

VALUE 
- 7 . 5  ,C
< 1 0 .
< 40.
260.

<?:
<3.
<4 .

r e m a r k s : v e r y  c l e a r
SPRING IS ENCLOSED BY CONCRETE WITH ACCESS HOLE *

II5 I^ BT̂ 0 ^ A L L ? Fiv0PirLEAnBLEyR =>«™L' R E C O V E ^lr T̂ T

l a s t  E D T T 0 D a t f : 
P R O C E S S I N G  P R O G R A M :

BLE , 
QW WA OW PW

0 4 - 0 C T - S 3  
F 1 7 3 0 P  V 3 ( 0 9 /1/83)

c o s t :
b y :

PRINTED:

TOTAL. 

OTHER

TP K BCS 
I 6 - E E B - 8 4

P E R C E N T  M F G / L  (FOR P I P E R  P L OT)

=7% ie ? ; =i% o.? C03
0 . 0

NOTr: IN CORRESPONDENCE, PLEASE REFER TO LAB NUMBER: 8300554
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W A T E R  Q U A L I T Y  A N A L Y S I S  
L A B  NO. S 3 Q 0 5 L 2

L A T I T U D E - L O N G I T U D E  
U T M  C O O R D I N A T E S  
T O P O G R A P H I C  M A P  
G E O L O G I C  S O U R C E  
D R A I N A G E  B A S I N  

A G E N C Y  + S A M P L E R  
B O T T L E  N U M B E R  
BA TE S A M P L E D  
T I M E  S A M P L E D  

L A B  + A N A L Y S T  
D A T E  A N A L Y Z E D  

S A M P L E  H A N D L I N G  
M E T H O D  S A M P L E D  

W A T E R  USE

M O N T A N A
4 5 D 4 3 ' 4 0 ' N  1 1 O D 5  4 ' 3 2 1W
B O Z E M A N  P A S S  15' 
2 1 1 B M C K *  *
AH
M B M G K B N M  
RE I C H M U  
2 1 - J U N - 8 3  
0 9 : 4 5  H O U R S  
M B M G K F N A  
0 2 - S E P - S 3

D O M E S T I C

SWL

C O U N T Y  
SITE L O C A T I O N  

M B M G  S I T E  
S T A T I O N  ID 

* S A M P L E  S O U R C E  
L A N D  S U R F A C E  Al TtTUDE 

S U S T A I N E D  Y I E L D  
YIFI D M E A S  M E T H O D  

T O T A L  D E P T H  OF W ELL 
A B O V E (-) OR B E L O W  CS 

C A S I N G  D I A M E T E R  
C A S I N G  T YPE 

C O M P L E T I O N  T YPE 
P E R F O R A T I O N  I N T E R V A L

G A L L A T I N
O l S  O Z E  30 R A A A

4 5 4 3 4 0 1 1 0 5 4 3 2 0 1
W E L L
523 0 .  FT < 10

6 5 . 0  FT (M)
6=3*W

STEEL- 02 *  ■
58 TO 68 FT (R)

S A M P L I N G  S I T E  RE I C H M U T H
G E O L O G I C  S O U R C E  B I L L M A N  C R E E N . F O R M A T I O N  (OF L I V I N G S T O N  C R O U P )

C A L C I U M  (CA) 
M A G N E S I U M  (MG) 
S O D I U M  (NA)
P O T A S S I U M  (K) 
I R O N  (FE)
M A N G A N E S E  (MN) 

( SI 02)S I L I C A

M G / L
6 8 . 7
1 0 . 6
2 2 , 6» I

.016

M F Q / L
3 . 4 3
0 . 8 7
0 . 9 8
0 . 0 0
0 . 0 0

B I C A R B O N A T E  
C A R B O N A T E  
CHL O R I D E  
S U L F A T E  
N I T R A T E  
F L U O R I D E

(HC03) 
(003) 
(CL ) 

(S04) 
(AS N ) 

(F)
P H O S P H A T E  I O T  (AS P)

M G / L
7 3 5 . 2.0

2 . 2
56.1

.70

.4

M E Q / L
3 .85

0 . 0 6
1.17
0 . 0 5
0 . 0 2

T O T A L  C A T I O N S  5 . 2 9  T O T A L  A N I O N S
S T A N D A R D  D E V I A T I O N  OF A N I O N - C A T I O N  B A L A N C E  (SIGMA)

5 .16

C A L C U L A T E D  D I S S O L V E D  S O L I D S  
S U M  OF D I S S . ' C O N S T I T U t N I

- 0 . 7 2

F I E L D  C N D U C I V Y ,  M I C R O M H O S  
L A B  C N D U C T V Y . K I C R O M H n 9 

FIEI D
M I C R O M H O S  
FIEI D PH 

L A B O R A T O R Y  PH

C A C 0 3  
I. A I, O 3 r.Anm

P A R A M E T E R  
F I E L D  T E M P .  AIR-
A L U M I N U M ,  D I S S  (UG/I.-AL) 
SIL V E R ,  D I S S i U G / L  AS AG) 
B O R O N , D I E S  ( U G / L  AS B ) 
C A D M I U M , , D I S S ( U G / L  AS CD) 
C H R O M I U M ,  D I S S  (UG/L.-CR) 
C O P P E R , D I S S  (UG / L  AS CU) 
L I T H I U M , D I S S ( U G / L  AS LI) 
M O L Y B D E N U M , D I S S ( U G / L - M O )

2 9 4 . 9 8  T O T A L  H A R D N E S S  AS

52:”  H itk  StK tiS iR  SI mm 
"  iS il i

7 . 5 7  S O D I U M  A B S O R P T I O N  R A T I O
V A L U E  P A R A M E T E R
2 1 . 2  C F I E L D  T E M P .  W A TER

N I C K E L , D I S S  (UG/L A S  NI) 
L E A D , D I S S  ( UC/I AS PR) 
S T R O N T I U M , D I S S  (U G / L - S R )

VANADIUM, DISS (Uok^AS^V)
. %aS6NM§SD%'%/f=A^R

<2.

I
s 2 0 .

2 1 5 . 1 7
1 9 2 . 9 0

7 . 1 9
0 . 1 9
0 . 6 7

V A L U E  
9.8 C

< 1 0 .
<40.
1 0 0 .

<!:
<4.

R E M A R K S :  C L E A R  * F I L T E R  C L E A N  *
W E H  S E T  IN R E T A I N I N G  WALL AT B A C K  OF H O U S E  * R E T A I N I N G  WALL 3

CM) 
TOT -

MEASURED,
TOT A L .

QU WA
YO T H F R  A V A I L A B L E  D A T A  

O T H E R  F I L E  N U M B E R S :

p r o j e c t :
L A S T  E D I T  D A T E :  1 7 - N 0 V - 8 3

P R O C E S S I N G  P R O G R A M :  F 1 7 3 0 P  V3

OW o t h e r -

c o s t :
b y :

( 0 9 / 1 / 8 3 )  p r i n t e d :
TP * B C S  
1 6 - F E B - S 4

P E R C E N T , M E Q / L  ( FOR P I P E R  P L OT)
64?$ 16?S 1,72 0.5 1%

NOTE! IN CORRESPONDENCE, PLEASE REFER TO LAB NUMBER: 83Q0552
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W A T E R  Q U A L I T Y  A N A L Y S I S  
L A B  NO. BSGOni.O

S T A T E
L AT I TUBE-LOiJGI T U B E  

U T M  C O O R D I N A T E S  
T O P O G R A P H I C  M A P  
G E O L O G I C  S O U R C E  
D R A I N A G E  B A S I N  

A G E N C Y  + S A M P L E R  
B O T T L E  N U M B E R

L A B  + A N A L Y S T  
B A T E  A N A L Y Z E D  

S A M P L E  HANDI ING 
M E T H O D  S A M P L E D  

W A T E R  USE

M O N T A N A
£ 5 D 4 2 ' 3 4 ’N 1 1 0 B 5 5 '13 ‘ W 
B O Z E M A N  P A S S  15'
2 1 1 B M C R *
AH
M P M G S B K M
H A R K I N
23-.JUM-S3
1 2 : 0 0  H O U R S
M B M G K F N A
0 6 - S E P - B 3
P U M P E D
D O M E S T I C

SWL

C O U N T Y  
S I T E  I O C A T I O N  

M B M G  S I T E  
S T A T I O N  ID 

S S A M P L E  S O U R C E  
L A N D  S U R F A C E  Al T I T U D F  

S U S T A I N E D  Y I E L D  
Y I E I D  M P A S  M E T H O D  

T O T A L  D E P T H  OF W E L L  
A B O V E (-) OR B E L O W  GS 

C A S I N G  D I A M E T E R  
C A S I N G  T Y P E  

C O M P L E T I O N  T Y P E  
P E R F O R A T I O N  I N T E R V A L

G A L L A T I N

4 5 4 2 3 4 1 1 0 5 5 1 3 0 1  
jDlBO,, FT < 10

S T E E L
0 1 * 0 3
32 TO 33 Fl (R)

S A M P L I N G  S I T E  H A R K T N  *
G E O L O G I C  S O U R C E  B U l  M A N  C R E E K  F O R M A T I O N  (OF L I V I N G S T O N  GROU P )

C A L C I U M  (CA) 
M A G N E S I U M  (MG) 
S O D I U M  (NA) 
P O T A S S I U M  (K) 
I R O N  (FE) 
M A N G A N E S E  (MN) 
S I L I C A  (S I 0 2 )

M G / L
4 4 , 6
9.1

1 1.9
.5
.38

< . 0 0 1
1 8.0

M E Q / L  
2 . 2 3  
0 . 7 5

B I C A R B O N A T E  
0 . / 5  C A R B O N A T E  
0 . 5 2  C H L O R I D E  
0 .01 S U L F A T E  
0 . 0 2  N I T R A T E  

F L U O R I D E  
P H O S P H A T E  TOT

(H C 0 3 ) 
(C03) 
(CL) 

(S04) 
(AS N) 

(F) 
(AS P)

T O T A L  C A T I O N S  3 . 5 3  T O T A L  A N I O N S
S T A N D A R D  D E V I A T I O N  OF A N I O N - C A T I O N  B A l A N C E  (SIGMA)

C A L C U L A T E D  D I S S O L V E D  SOI IDS 
S U M  OF D I G S .  C O N S T I T U E N T  

F I E L D  C N D U C T V Y , M I C R O M H O S  
L A B  C N D U C T V Y ,  M I C R O M H O S  

F I E L D  PH 
L A B O R A T O R Y  PH

M G Z L M E QZL
1 8 4 . 2 3 . 0 2

.0

.7 0 . 0 2
1 7.8 0 . 3 7
1 . 3 7 0 . 1 0
.2 ' 0.01

3 . 5 2
- 0 . 0 5

195,29 T O T A L  H A R D N E S S  AS C A C 0 3 1 4 8 . 8 2
2 8 8 , 7 3  
.$53 ,

TOTAI Al KAl I N I T Y  AS 
F I E L D  A L K A L I N I T Y  AS

C A C 0 3
C A C 0 3

151. 0 8
3 2 6,1 R Y Z N A R  S T A B I L I T Y I N D E X 8.236,5 L A N G L I E R  S A T U R A T I O N I N D E X - 0 . 5 6

0.427.13 S O D I U M  A B S O R P T I O N R A T I O
P A R A M E T E R  

F I E L D  T E MP. AIR

A L U M I N U M ,  O I S S  ( U G Z L - A L )  
S I L V E R ,  D I S S (U G Z L  AS AG) 
B O R O N , D I S S  (U G Z L  AS B ) 
C A D M I U M , D I S S ( U G Z L  AS CD) 
C H R O M I U M ,  D I S S  ( U G Z L - C R )  
C O P P E R ,  D I S S  (LIGZL AS CU) 
L I T H I U M , D I S S t U G Z L  AS LI) 
M O L Y B D E N U M , BI S S ( U G Z L - M O )

V A L U E  
2 5 . 0  C

< 3 0
<2

I
<20

P A R A M E T E R  
F I E L D  T E MP. W A T E R

N I C K E L , D I S S  (U G Z L  AS NI) 
L E A D , D I S S  ( UGZL. AS PB) 
S T R O N r i U M , D I S S  (UG Z L - S R )  
T I T A N I U M  D I S t U G Z L  AS TI) 
V A N A D I U M , I M S S t U G Z L  AS V) 
Z I NC, D I S S  (UCZL AS ZN) 
Z I R C O N I U M  D I S t U G Z L  AS ZR

V A L U E
9.0I:
I

R E M A R K S :  C L E A R
WELL AT 
n r p  r  -

B A C K  D O OR! 25 F E E T  OF P E R F O R A T E D  P L A S T I C  L I N E R  IN W E L L  S E X A C T
D E P T H S  NO T N O T E D  ON L O G  *

L AB: FU CA 4 5 . 8  M G Z L  G I V E S  3 . 5 9  M EC! C A T I O N S  F O R  -.41 S I G M A  *

M i l l i e q u i v e l e n -TSz P e r  l i t e r ? ™ " ?  ^ f e e t ^ m i “ G m e t e r s  
!?5I^ ! 5 lOI^A L-L?™ FaV e: R - T0TrtL ^CVERABLE.

O T H E R  A V A I L A B L E  D A T A  
O T H E R  F I L E  N U M B E R S :

QW WA
Y

S2 WI OW PU

M I C R O G R A M S  P E R  L I T E R ,  M E Q Z L  
(M) - M E A S U R E D ,  (E) = 

T O T  - TOTA L .

O T H E R

p r o j e c t :
L A S T  E D I T  DATE!

P R O C E S S I N G  p r o g r a m : F 1 7 3 0 P  V3 ( 0 9 7 1 7 8 3  > P R I N T E D
3 1 - 0 C T - 8 3

c o s t :
IXi TP * B C S  

1 6 - F E B - 8 4
P E R C E N T  M E Q Z L  (FOR P I P E R  P L O T )

CA MG NA K CL S 0 4  H C 0 3  C03
6 3 , 5  2 1 , 4  1 4 . 8  0.4 0 . 6  1 0 . 9  8 8 . 6  0.0

NOTE! IN CORRESPONDENCE, PLEASE REFER TO LAB NUMBER: B3G0550
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MCiiTAMA EUFFftIJ OF M l N F R  AIiH C E O L C C Y  
BUTi EfMOII FANft 0 9 7 0 1  I 4CA )-19A--11 Ol

U A T F R  G U f t U T Y  A N A L Y S I S  
LAB Nil. 33005-13

S T AlF M O N  I ANA
4 5 D - 1 V  1 9 ’M IlOtiUS 
7 Il ,E
BQTEiIAM P A S S  15'

L A T I  TUDF-LOIIGI TIJDF.
U T M  COCRTiINATES 
T O P O G R A P H I C  MAP 
G E O l O G I C  S O U R C E  *
B R A I M A G E  B A S I N  AH 

A G E N C Y  + SAIIPl ER M B M G H B K M  
B O T T L E  N U M B E R  B R I O G E l  
D A T F  S A M P L E D  2 8 - J U N - 8 3  
T I M E  S A M P L E D  1 0 1 3 0  H O U R S  

L A B  + A N A l Y S T  M B M G K F N A  
D A T E  A N A L Y Z E D  02 S E P - 8 3  

S A M P L E  H A N D L I N G  
M E T H O D  S A M P L E D

W A T E R  USE I R R I G A T I O N

C O U N T Y  
W S ITE L O C A T I O N  

M B M C  S ITE 
S T A T I O N  ID 

K SAMPl E S O U R C E  
I A N D  S U R F A C E  A L T I T U D E  

W A T E R  F L O W  RATE 
F L O W  N E A S  M E T H O D  

S T A F F  C A G E  
S T R E A M  S T A G E  

D E P T H  TO S A M P L E  
T O T A L  D E P I H  OF W A T E R  

S T R E A M  W I D T H

CALl Al TM
O l S  O A E  36 CDDA

S I R F A M
5020, FT < 10 

5 5 . 6  CFS 
C U R R E N T  M E T E R
F A L L I N G

0.6 El (M) 
1.1 FT (M) 

37, FT (M)

S A M P L I N G  S I T E  L O W E R  B R I D G E R  CR AT K E L L Y  C A N Y O N  RH B R I D G E  
D R A I N A G E  B A S I N  G A L L A T I N  R I V E R

C A L C I U M  (CA) 
M A G N E S I U M  (MG) 
S O D I U M  (NA) 
P O T A S S I U M  (K) 
I RON (FE) 
M A N G A N E S E  (MN) 
S I L I C A  ( S ) 02)

T O T A L  C A T I O N S

MG/I.
49.1

7:7
ill
.015

8 . 8

S T A N D A R D  D E V I A T I O N  OF A N I O N - C A T I O N  B A L A N C E

M E Q / L
2.-15 B I C A R B O N A T E  (HC03)
0 .81 C A R B O N A T E  (C03)

' 0 . 3 3  C H L O R I D E  (CL)
0 , 0 2  S U L F A T E  (804)
0 . 0 1  N I T R A T E  (AS N-)
0 . 0 0  F L U O R I D E  (F)

P H O S P H A I E TOT (AS P)
3.6,5 TOTAL A N I O N S

(SIGMA)

MG/L
190'.

,5. 3
68
03
2

CALCULATED DISSOLVED SOLIDS SUM OF HISS. CONS IITUENT 
FIELD CNDUCTVYf MICROMHOS 
,LAB CNDUCTVYf MICROMHOS 

FIELD FH LABORATORY PH

1 8 6 . 0 5  
2 8 2 . 4 6  
414 .
3 J I . 5 

7 .75 
8 . 3 4

P A R A M E T E R  
F I E l D  T E M F , AIR
A L U M I N U M  f H I S S  ( U G / L - A L )  
S I L V E R ;  D I S S (U G / L  AS AG) 
B O R O N f  H I S S  ( U G/L AS E ) 
C A D M I U M . D I S S d I G / L  AS. CD) 
F H R n n T M M .  T l T R B  ( M R / l - r P )
U H i i n  A b n  ,  i t  J c . H  I 11 I r / L  H i .  b  
C H R O M I U M ,  D I S S  ( U G / L - C  
C O P P E R f D I S S  (UC/L AS C 
L I T H I U M , I i I S 3 ( U G / L  AS L 
- 6 D E N U M , D I S S ( " "MOLY i i i

(U G / L - M O )

V A L U E  
14,0 C

160 
' 2

<?§

I

TOTAI H A R D N E S S  AS C A C 0 3  
T O T A L  A L K A L I N I T Y  AS C A C 0 3  
F I E L D  A L K A L I N I T Y  AS C A C 0 3  

R Y Z N A R  S T A B I L I T Y  I N D E X  
L A N G L J t R  S A T U R A T I O N  I N D E X  

S O D I U M  A D S O R P T I O N  R A T I O
P A R A M E T E R  

F I E L D  T E MP. W A T E R
NICKELfDISS (UG/L AS N O  
LEAD,DISS(UG/L AS PB)UMfDISS (UG/L-SR)S l R O N l  IUMfJiiii 1 
T I T A N I U M  D J S ( U G / L  AS 
V A N A D I U M f D I SS CU0 / L 
Z I N C ,  H I S S  (UG/L AS ZN) 
Z I R C O N I U M  D I S (UG/L. A S  ZR

T O
SCUG/l. AS V I

M E Q / L
3.11
0.18
0 . 0 2
0 . 2 0
0 . 0 0
0 . 0 1

3.52
-O *68

1 6 3 . 3 5
1 6 1 . 6 7

6.84
0.75
0.26

VAl UE 
1 0.5 C

• n o ,
<40.

945 :
Cl »

R E M A R K S :  C L E A R

E X P L A N A T I O N :  M G / L  - M I L L I G R A M S  PER I ITER, UG/L
MILLIEQUIVFLENTS PER LITER, FT ESTIMATED, (R) = REPORTED. TR 
BIO = BIOLOGICALLY AVAILABLE.

LAS I E D 1IT0 DArE:
p r o c e s s i n g  p r o g r a m :

QW WA

F E ET, M T  = M E T E R S .  
TOlAl R E C O V E R A B L E .

IIW

M I C R O C R A M S  P F R  L I ! F R ,  MEQ / L

04-01)1-33
F 1 7 3 0 P  V 3 ( 0 9 / 1 / 8 3 )

PERCFMI MFQ/L (FOR PIPER PLOT) CA MG NA K IL S04 HC03
6 7 . 7  2 2 , 5  9 , 3  0.6 0.5 5 . 8  83.7

(M) TOT = M E A S U R E D ,  (E) 
T O T A L .

PRIK°|X|

O T H L R

TP * B C S  3 A - F E B - S 4

CO 3 
5.0

NOTE: IN CORRESPONDENCE, PLEASE KFFLR TO LAP HUMBER: S3G0043



S 8?T £M 858U n W i
STft TE

L ATITUDE-1.O N G I T U D E  
U T M  C O O R D I N A T E S  
T O P O G R A P H I C  MAP 
G E O L O G I C  S O U R C E  
D R A I N A G E  P A S I N  

A G E N C Y  + S A M P L E R  
B O T T L E  N U M B E R  
D A I E  S A M P L H i  
T I M E  S A M P L E D  

L A B  + A N A L Y S T  
D A T E  A N A L Y Z E D  

S A M P L E  HANDI ING 
M E T H O D  S A M P L E D  

W A T E R  USE

MONl ANA45IU3'JO1N J J ODSA 'OT1U 
BOZEMAN PASS 10'
AH
M R M G i B K M
B R I D G E D
2 S - J U N - 3 3
J 3 : 2 0  H O U R S
M E M G i F N A
0 2 - S E P - S 3
G R A B
I R R I G A T I O N

„ TTr. C O U N T Y  G A L L A T I N  
S I T E  L O C A T I O N  O J S  OZf S O Y D A B A  

N B M G  S I T E

* S A M ^ g l M
LAmi !̂oater^eloŴratI . “ IS : ,  ^ S '  10

F L O W  M F A S  MF T H O U  L U R R E N l  M F T F R  
S T A F F  G A G E

T FA'-LI%G, pT (M)
T° TAL rî STREAM SSSFt5 oL-5 Fl W

S A M P L I N G  S I T E B R I O G E R C R F E K  Al
D R A I N A G E B A S I N G A L L A T I N R I V E R

MG/L MF.G/I
C A L C I U M (CA) 5 0 . 2 2 , 5 0
M A G N E S I U M (MG) 10,3 0 . 8 5S O D I U M (NA) 8,9 0 , 3 9P O T A S S I U M (K) .5 0,01I R O N (FE) ♦ 17 0.01M A N G A N E S E (MN) ,013 0 . 0 0
S I L I C A  (SI 02) 9 , 2
- T O T A L  C A T I O N S 3 , 7 6
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GEOLOGIC BEDROCK MAP OF BRIDGER CANYON, BOZEMAN, MONTANA PLATE I

EXPLANATION

F O R T  U N I O N  F O R M A T I O N
MIXED CONGLOMERATE,  
S A N D S T ON E , A N D  SI LTSTONE  
P R E - C R E T A C E O U S  CLAS TS  
IN CONGLOMERATES

H O P P E R S  F O R M A T I O N  
ANDESI TI C S A NDS T ONE  
I NTERBEDDED WITH CLAYS TONE  
AND SI LTSTONE,  BASAL  
YELLOWI S H- GRAY MASSI VE  
C R O S S - B E D D E D  S ANDS T ONE f

BI LLMAN c r e e k  f o r m a t i o n

VARYING GRAY,  RED AND 
PURPLE CLAYS TONE  
I NTERBEDDED WITH 
S ANDS T ONE ,  SI LTS TONF,
AND MINOR CONGLOMERATE  
ZONES OF F R E S H- WA T E R  
MOLLUSKS AND DINOSAUR BONES,

MI NER C R E E K  F O R M A T I O N  
ANDESI TI C S I LTS TONE AND 
S ANDS T ONE  WITH TUFF AND 
BENTONI TE IN LOWER PARTS  
CONTAI NS PLANT F OS S I L S  
AND DI NOSAUR BONES
K M S , S U L P H U R  F L A T S
S A N D S T O N E  ME MB E R  MASSI VE
YELLO Wl S H - G R A T MOTTLED S ANDS TONE

C O K E D  ALE F O R MA T I O N
ANDESITIC SI LTSTONE,  SANDSTONE,
MINOR CONGLOMERATE,  TUFF,
BENTONI TE,  AND COAL,
CARBONACEOUS  LOWER PART,
LOCALLY CONGLOMERATIC S ANDS TONE.  
CONTAI NS FOSSIL PLANTS,
DINOSAUR BONES,  AND
F R E S H - WATER MOLLUSK S A

E A G L E  S A N D S T O N E  F O R MA T I O N  
SANDSTONE AND SI LTSTONE WITH 
I NTERCALATED COAL AND SHALE  
IN UPPER PART,  MASSI VE  
C R O S S - B E D D E D  S ANDS TONE WITH 
MINOR COAL,  SI LTS TONE,  AND 
SHALE IN LOWER PART

T E L E G R A P H  C R E E K  F O R M A T I O N
SI LTSTONE WITH THI N- BEDDED S ANDS TONE,  
WITH CALCAREOUS CONCRETI ONS

X

X

A '

=ONTACT

FAULT
U, UPTHROWN SIDE 
D, DOWNTHROWN SIDE 

I NF E RR E D  FAULT

THRUST FAULT,
S A W T E E T H  ON U P P E R  PLATE  
D O T T E D  WHERE I NF E RRE D

ANTICLINE,  DASHED WHERE 
APPROXI MATELY LOCATED  
A R R O WS  IN DI RE CT I ON OF P LUNGE

3 Y N C LI N E , DASHED WHERE 
APPROXIMATELY LOCATED

STRIKE AND DIP OF BEDS

STRIKE AND DIP OF OVERTURNED BEDS

ZONE OF HYDROTHERMAL ALTERATION

FORM LINE

THRUST FAULT

LINE OF C R O S S - S E C T I O N

MILE

KILOMETER

MODI F I E D FROM R O B E R T S ,  1 9 6 4

BONNIE K.MOORE 1984

5 0 0 0

Kb c

C o -2_,



PLATE 2

GEOMORPHIC MAP OF BRIDGER CANYON, BOZEMAN, MONTANA

EXPLANATION
S EE PLATE 4 FOR WA T E R  

A V A I L A B I L I T Y

Q U A T E R N A R Y  S T R E A M - AL LUVI UM
WELL- SORTED ROUNDED 
GRAVELS AT LEVEL OF 
PRESENT STREAMS

Q U A T E R N A R Y  C O L L U V I U M  
UNSORTED POORLY - S ORT E D,  
ANGULAR DEBRIS AT LEAS T 3
FEET THICK ON SLOPES GRADING 
TO STREAMS

Q U A T E R N A R Y  C U T - T E R R A C E  
GENTLY SLOPING SURFACE 
TRUNCATING BEDROCK

Q U A T E R N A R Y  G R A V E L - V E N E E R E D  T E R R A C E  
GRAVEL- VENEERED , GENTLY 
SLOPING SURFACE TRUNCATING BEDROCK

Q U A T E R N A R Y  L A N D S L I D E
UNSORTED BLOCKS OF BEDROCK 
AND SOIL,  LOBATE SHAPE

B E D R O C K

GREEN MOUNTAIN
SLUMP SCARP

SCALE 1:24000

MILE

KILOMETERMA G N E T I C

N O R T H

T R U E
N O R T H

MODI F I ED FROM R O B E R T S ,  1 9 6 4

BONNIE K.MOORE 1S84

/v j 7#f
(Lop. SI



PLATE 3
MEASURED SITE LOCATION MAP OF BRIDGER CANYON , BOZEMAN, MONTANA

EXPLANATION

MiLE

•  M E A S U R E D  WELL  

°  A B A N D O N E D  WELL  

A ME A S U R E D  S P RI NG

A S P RI NG NOT M E A S U R E D  

■ ME A S U R E D  S T R E A M  SI TE

&  m e a s u r e d  p o n d

12 S A M P L E D  S I T E

S A MP L E  NUdM1bc EaR ^  ° D A D " '

Kb e DEP TH TO S T A T I C  WA T E R  L E V E L / S O U R C E  

S EE TEXT FOR D E TAI L S

AREA WHERE SUPPLEMENTAL MEASUREMENTS TAKEN
DATA I NCL UDE D WITH ALL O T H E R S  IN TEXT

A /3 7 ?  
m  78!
<!<* P ' o L



PLATE 4

GROUNDWATER RESOURCE MAP OF BRIDGER CANYON, BOZEMAN, MONTANA
THIS MAP IS A GENERALI ZED EVALUATI ON OF WATER AVAILABILITY AND WATER Q U A LIT \  BOUNDARI ES  ARE APPROXI MATE

B A S E D  UPON G E O M O R P H O L O G Y  AND WELL M E A S U R E M E N T S  OF DEPTH AND QUALI TY

EXPLANATION

FAIR CHANCE OF FI NDI NG WATER

AT DRILLING D E P T HS  OF:

INDICATED BY THE FIRST LETTER:

A 1 /A 1 0 1  TO I 9 9  FEET

2 0 0  TO 3 9 9  FEET

4 0 0  OR MORE FEET

INDI CATES KNOWN WATER 
AVAILABILITY PROBLEMS  
SUCH AS ABANDONED WELLS

CONTACT
B E T WE E N  WAT ER  
R E S O U R C E  T YP E S

A R E A  N O T
s t u d i e d

GREEN MOUNTAIN

SCALE 1:24000

MILE

S rZ / MA GN E T I CTRUE
N O R T H N O R T H

1

2 /

BONNIE K. MOORE 1984

IN S E C ON D  ' O SITI ON 
I NDI CATES NO KNOWN  
WATER QUALITY PROBLEMS

D O E S  NOT S U G G E S T  THAT NO 
QUALI TY P R O B L E M S  WILL BE 
E N C O U N T E R E D

IN S ECOND POSI TI ON
I NDI CATES KNOWN WATER 
QUALITY PROBLEMS  
SUCH AS HYDROGEN SULFIDE 
GAS.  EXCESSI VE F L U U HI D E , 
IRON STAI NI NG. OR EXCES S I VE  
NITRATE , A N D / O R  HI GH 
T O T A L  D I S S O L V E D  S O L I D S

S E C T I O N  C O R N E R S

S ECTI ON NUMBERS

Q~c>/0'
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