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TEST WELL NO. 1 

INTRODUCTION 

A geothermal  tes t  w e l l  w a s  s i t e d  and d r i l l e d  approximately 0 .8  miles 

( 1 . 3  km) e a s t  of Broadwater Hot S p r i n g s ,  n e a r  Helena,  Montana. The s i t e  i s  on 

t h e  p r o p e r t y  of t h e  S t a t e  Nursery,  a long  t h e  n o r t h  s i d e  of Ten Mile Creek. The 

purpose of t h e  d r i l l i n g  w a s  t o  t e s t  a t he rma l  i n f r a r e d  imagery anomaly and t o  

e v a l u a t e  whether  a s o u r c e  of w a r m  water f o r  s p a c e  h e a t i n g  of a series of new 

greenhouses  cou ld  be  developed t o  r e p l a c e  ones d e s t r o y e d  i n  t h e  s p r i n g  1981 

f l o o d i n g  of Ten M i l e  Creek. 

SITING AND LOCATION 

The test  w e l l  w a s  s i t e d  i n  T .  22 N . ,  R. 4 W . ,  s e c t i o n  22 CD. T h i s  

l o c a t i o n  is on a s m a l l  l o w - i n t e n s i t y  the rma l  anomaly appa ren t  on i n f r a r e d  

imagery flown ove r  t h e  Broadwater Hot S p r i n g s  a r e a  i n  September 1977.  I t  is 

a l s o  n e a r  t h e  c o n t a c t  between a l a t e  Cre taceous  g r a n i t e  body and B e l t  sediments  

: (Pro terozoic)  of t h e  Helena Formation. The w e l l  was s i t e d  a t  t h e  i n t e r s e c t i o n  

of t h e  p r o j e c t i o n  of t h i s  c o n t a c t  w i th  t h e  long a x i s  of a s m a l l  c o l l u v i u m - f i l l e d  

~ draw, which probably r e p r e s e n t s  a f a u l t  o r  pronounced j o i n t  p l a n e  c u t t i n g  

through t h e  Precambrian s e c t i o n .  
I 
f h e  i n f r a r e d  anomaly, assuming t h a t  h o t  water c i r c u l a t i o n  is encouraged a long  

t h e  g r a n i t e - l i m e s t o n e  c o n t a c t ,  p a r t i c u l a r l y  n e a r  an i n t e r s e c t i n g  f a u l t .  The 

i n f r a r e d  anomaly w a s  n o t  t h e  l a r g e s t  o r  t h e  most i n t e n s e  i n  t h e  v i c i n i t y ,  bu t  

was t h e  only one which was l o c a t e d  on State  Nursery p r o p e r t y .  

The e x p l o r a t i o n  r a t i o n a l e  w a s  t o  i n v e s t i g a t e  

, 
i 

LOCAL GEOLOGY 

The t e s t  w e l l  s i t e  is l o c a t e d  n e a r  t h e  c e n t e r  of  a gen t ly -d ipp ing  

a r t i c l i n a l s t r u c t u r e  a c r o s s  vh ich  a r e  exposed lower Belt sed imen t s  of t h e  



Precambrian Helena,  Empire, a n d  Spokane Formations,  as mapped a t  a scale 

of 1:48,000 by Knopf (1963) ( F i g u r e  1 ) .  The a n t i c l i n e  is ,  accord ing  t o  

Knopf’s map, i n t r u d e d  by a l a t e  Cre t aceous  g r a n i t e - a d a m e l l i t e  s t o c k  assoc-  

i a t e d  w i t h  a l a t e  s t a g e  of t h e  Boulder B a t h o l i t h .  In t h e  f i e l d ,  a p r e -  

d r i l l i n g  s i te  i n v e s t i g a t i o n  of t h e  g r a n i t e - l i m e s t o n e  c o n t a c t  approximately 

200 f e e t  (65 m) from t h e  test s i t e  w a s  made. C h i l l e d  margins  i n  t h e  gran- 

i t e  and obvious c o n t a c t  metamorphism i n  t h e  sed imen t s  ( v i z . ,  c a l c - s i l i c a t e s  

o r  a r g i l l i c  a l t e r a t i o n  p roduc t s )  were n o t  e v i d e n t  a t  t h e  o u t c r o p .  There- 

f o r e ,  i t  was t e n t a t i v e l y  i n t e r p r e t e d  t h a t  t h e  c o n t a c t  could b e  e i t h e r  of  

f a u l t  o r  i n t r u s i v e  o r i g i n .  

bRILLING SUMMARY 

I 

I The test  w e l l  w a s  spudded w i t h  a churn d r i l l  o p e r a t e d  by t h e  
I 

Montana Department of Highways Core Drill S e c t i o n  on 10/19/31. 

k e l l  c a s i n g  w a s  d r i v e n  through poor ly - so r t ed  c o l l u v i a l  s a n d ,  c l a y ,  and 

cobb les  d e r i v e d  from t h e  rock  o u t c r o p s  immediately ups lope ,  dominated by 

Helena Formation q u a r t z i t e  and l imes tone .  

t h e  w e l l  a t  27 f e e t  (8 .2  m )  below ground s u r f a c e ,  where t h e  c a s i n g  w a s  

s e t  and t h e  c a b l e  t o o l  r i g  moved o f f  t h e  h o l e .  

r i g  w a s  moved o n t o  t h e  h o l e  on 10/21/81 t o  proceed i n t o  bedrock wi th  a 

t u n g s t e n  c a r b i d e  c h i s e l - t o o t h  t r i c o n e  b i t .  However, due t o  i n s u f f i c i e n t  

pull-down p r e s s u r e  on t h e  r i g ,  i t  w a s  unab le  t o  p e n e t r a t e  deepe r  t h a n  33 

f e e t  (10.1 m ) .  A water w e l l  c o n t r a c t o r  (Lindsay D r i l l i n g  of  Clancy,  MT) 

was mobi l i zed  on t h e  h o l e  on 10/26/81 w i t h  a n  Ingersol l -Rand TH-60 a i r  

r o t a r y  r i g .  

280’ (85.3 m) under open h o l e  c o n d i t i o n s .  

6” I.D. 
I 
I 

I 

I 

S o l i d  bedrock was encoun te red  i n  
I 
I 

I 

A S a i l i n g  1500 a i r  r o t a r y  
I 

D r i l l i n g  proceeded r a p i d l y  wi th  an a i r  hammer t o  a dep th  of 

No s i g n i f i c a n t  amount of water was o b t a i n e d  i n  t h e  overburden 
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owni te gabbro, d = 3.02-3.18 

Shonkinite. d=286 
11Sst oiAu+&in  

Cranodiorite porphyry and 
relatedporphyries 

i ET 
Grmodiorito, uadirided 

Cnphophyn?. d = 267-27O 

eorthoclase gabbh  and gabbro. 
undivided 

Muscovite-biotite grdiitlt.. 

d = 2 6 1  

Biotite adarnellite. d = 2.ti.i 

r- 
j Kc 

I 

Unionville Granotlioritc ! 11 = 2 . 3 1  
including its hasic f w i c s  gr:intI- 
gabbro (d=2.85) 

a F i g u r e  1 ( c o n t  . )  . Map l egend from Knopf ( 1 9 6 3 ) .  

Manh Formation 
ArgiLLilci. commonly dcrp-red. maroon. purple.  and 

d r .  wath interbedded quartti& in belts a i  much ai 
500/ert thick, etorr-bedded riLtatpnes. and 1aminit.i 
cocltainiry earu of idt crystal.; J,WO/est thick 

H e h a  Dolomite 
Siliceous doianita. ~ w ~ a t h r i n g ,  and rubordinata 

Collenia biohermr are 
&nat ty  i!f dolomitr 2.76 to F'..fY 

limrrtonr: & . N O  f e d  th i ck  
rrrmmwn 



m a t e r i a l .  A good f low of w a t e r  w a s  o b t a i n e d  from permeable zones i n  t h e  

l imes tone  from 90-120 f e e t  (27-37  m )  and from f r a c t u r e s  a s s o c i a t e d  

w i t h  t h e  g r a n i t e - l i m e s t o n e  c o n t a c t  and w i t h i n  t h e  g r a n i t e  i t s e l f ,  from 

120-150 feet  (36-46 m). Yie ld  by a i r  l i f t  was e s t i m a t e d  by t h e  d r i l l e r  

a t  100-150 g a l l o n s  pe r  minute ,  a l t h o u g h  t h i s  i s  by no means a precise 

v a l u e .  The s p e c i f i c  c a p a c i t y  of each producing zone i s  n o t  known. 

The water-producing zones were s u b j e c t  t o  cav ing  and s l o u g h i n g  

a t  s e v e r a l  l e v e l s  between 110-150 feet (34-46 m). For  t h i s  r e a s o n  t h e  

d r i l l e r  d i d  no t  remove t h e  d r i l l  s t r i n g  from t h e  h o l e  a f t e r  water w a s  en- 

coun te red ;  t o  c o n t i n u e  much deeper  than  280 fee t  (85.3 m )  a s tee l  l i n e r  would 

have had t o  have been set  t o  p reven t  t h e  s lough ing  from endangering t h e  d r i l l  

s t r i n g .  

A t empera tu rc  l o g  ( F i g u r e  2) was run w h i l e  t h e  r i g  was s t i l l  

on t h e  h o l e ,  running t h e  t h e r m i s t o r  down t h e  i n s i d e  of t h e  d r i l l  s t ee l  t o  

p e n e t r a t e  t h e  s loughed zone. The water ranged from 9 .8  -12.8 C from top 

t o  bottom. The t e n  f o o t  spac ing  on t h e  r e a d i n g s  w a s  i n a d e q u a t e  t o  d e i i n e a t e  

water producing zones i n  d e t a i l ,  b u t  does d e s c r i b e  i n  g e n e r a l  t h e  zone from 

120-140' (36-43 m) a s  be ing  a n  a q u i f e r .  Temperature g r a d i e n t s  i n  t h e  bottom 

80 feet  (25 m )  of t h e  h o l e ,  which t h e  d r i l l e r  had i n d i c a t e d  had produced no 

a d d i t i o n a l  w a t e r ,  ranged from 3.3O-16.4OC/km, w i t h  a n  ave rage  of about  9'C/km, 

f a r  less than a 'normal '  conduc t ive  geothermal  g r a d i e n t  of 25 C/km. T h i s  

was i n t e r p r e t e d  t o  i n d i c a t e  t h a t  ( a )  no warm water s o u r c e  (530 C )  w a s  l o c a t e d  

w i t h i n  a few hundred f e e t  of t h e  bottom of t h e  h o l e ,  and (b )  t h e  dep res sed  

g r a d i e n t  a t  t h e  bottom of t h e  w e l l  s u g g e s t s  a n  e x t e n s i v e  c o l d  water r e s e r v o i r ,  

e i t h e r  below o r  around t h e  280 f o o t  (85 rn) d e p t h  of t h e  t es t  w e l l .  For t h i s  

r ea son ,  and due t o  t h e  a d d i t i o n a l  expense of t h e  l i n e r  needed t o  pu r sue  deep- 

en ing  of t h e  w e l l ,  t h e  w e l l  was d r i l l e d  no deepe r  than  280 f e e t  and t h e  r i g  

0 0 

0 

0 



, 

demobi l ized  on 10/?7/81. 

Geophys ica l  l o g s  (gamma, SP, and r e s i s t i v i t y )  were run  on t h e  

h o l e  a f t e r  d r i l l i n g  ( F i g u r e  2 ) .  Water-bear ing f r a c t u r e s  i n  bo th  t h e  l i m e -  

s t o n e  and t h e  g r a n i t e  c a n  b e  recognized  by a c h a r a c t e r i s t i c  h igh  SP- low 

r e s i s t i v i t y  s i g n a t u r e .  Unf rac tu red  d r y  g r a n i t e  is c h a r a c t e r i z e d  by gen- 

e r a l l y  h i g h e r  gamma v a l u e s  and a s l i g h t l y  h i g h e r  f requency  and ampl i tude  

of t r a n s i e n t  n o i s e - l i k e  s p i k e s  i n  t h e  gamma c u r v e ,  p robably  due  t o  gamma 

r a d i a t i o n  from potassium i n  c l o t s  of b i o t i t e .  

DRILL CUTTINGS 

Both c a b l e  t o o l  and r o t a r y  c u t t i n g s  were f i n e ,  r ang ing  from 0.1-5 inm 

i n  s i z e ,  w i t h  r a r e l y  a few l a r g e r  c h i p s  mixed i n .  C u t t i n g s  were sampled i n  

t h e  f i e l d  and r e t u r n e d  t o  t h e  l a b ,  where they  were washed t o  remove t h e  

f i n e  Carbonate  f l o u r  which coa ted  many of them, s i e v e d  t o  o b t a i n  t h e  

c o a r s e r  than  100 mesh f r a c t i o n ,  and s p l i t .  One s p l i t  was saved  f o r  s t o r -  

age ,  w h i l e  t h e  o t h e r  w a s  used f o r  mic roscop ic  examinat ion  and ,  f o r  i n t e r v a l s  

f o r  which t h e r e  w a s  s u f f i c i e n t  sample, f o r  c a r b o n a t e  d e t e r m i n a t i o n s .  Carbon- 

a t e s  were de termined  u s i n g  a n  a c i d  d i g e s t i o n - p r e s s u r e  bomb t echn ique ,  using 

t h e  washed s i e v e d  f r a c t i o n .  C u t t i n g s  were p u l v e r i z e d  i n  a Buehler  puck m i i l  

p r i o r  t o  bomb c a r b o n a t e  d e t e r m i n a t i o n ,  t o  a s s u r e  comple te  d i g e s t i o n  of 

c a r b o n a t e s .  

1 

The d r i l l  c u t t i n g s  log (Tab le  1) i n d i c a t e  t h a t  t h e  Helena Formation 

at t h i s  s i t e  is g e n e r a l l y  a weakly c a l c a r e o u s ,  w e l l - c r y s t a l l i z e d  s i l i c e o u s  

l imes tone  o r  c a l c a r e o u s  q u a r t z i t e ,  w i t h  secondary  c a l c i t e  p r e c i p i t a t e d  a long  

t h e  f r a c t u r e  p l a n e s .  The g r a n i t e  i s  of r e l a t i v e l y  homogenous composi t ion :  q u a r t z ,  

b i o t i t e ,  p l a g i o c l a s e ,  and potassium f e l d s p a r ,  i n  most c a s e s  r e l a t i v e l y  Eresh ,  

a l though  t h e  b i o t i t e  i n  some zones h a s  been s t r o n g l y  weathered and o x i d i z e d ,  

s t a i n i n g  t h e  su r round ing  rock  a b r i g h t  Orangp, w i t h  i r o n  hydroxide  weather ing  



produc t s .  The b i o t i t e  i s  f ine -g ra ined  and s u b h e d r a l  t o  e u h e d r a l ,  some- 

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

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

The f i r s t  t race of g r a n i t e  i n  t h e  bedrock  c u t t i n g s  o c c u r s  a t  

110'  

c u t t i n g s  ( l i m e s t o n e  ~ 1 5 % ) .  The n e x t  deepe r  sample (l?O', 36.6 m) showed 

abou t  35% g r a n i t e  c u t t i n g s  b u t  w a s  dominant ly  l i m e s t o n e  f r agmen t s .  The 

n e x t  deepe r  sample ( 1 2 0 - 1 4 0 ' ,  36-43 m)) w a s  a lmos t  e x c l u s i v e l y  g r a n i t e  

c u t t i n g s  a g a i n  ( l i m e s t o n e  <15%), w i t h  a n  amount of c a r b o n a t e  material  t h a t  

cou ld  be  accounted f o r  by con tamina t ion  from t h e  open-hole o r  s lough ing  

p o r t i o n  of t h e  h o l e  above t h e  d r i l l i n g  d e p t h .  I t  seems l i k e l y  t h a t  abou t  

8 fee t  (2 .4  m) of g r a n i t e  w a s  d r i l l e d  through a t  110-118 f e e t  (33.5-36.0 m> 

then  a b o u t  6 €eet (1.8 m )  of l imes tone ,  and f i n a l l y  back i n t o  g r a n i t e  from 

123 f e e t  (37 .5  m) to  t o t a l  d e p t h  ( s e e  geophys ica l  l o g s ,  F i g u r e  2 ) .  T h i s  

(33.5 m). T h i s  sample i s  composed a lmos t  e x c l u s i v e l y  of g r a n i t e  

makes a f a u l t  b l o c k  h y p o t h e s i s  f o r  t h e  igneous  sed imen ta ry  c o n t a c t  seem 

u n l i k e l y ;  t h e  c o n t a c t  is probably  of i n t r u s i v e  o r i g i n  d e s p i t e  t h e  a p p a r e n t  

l a c k  of  c h i l l e d  margins  i n  ou tc rop .  

INTERPRETATION AND SUMMARY 

The tes t  w e l l  s i t e  w a s  p icked  t o  i n v e s t i g a t e  a thermal  imagery 

anomaly l o c a t e d  n e a r  a suspec ted  f a u l t .  The w e l l  w a s  d r i l l e d  t o  280 f e e t  

(85 m) t o t a l  dep th ,  w i t h  no s u c c e s s  i n  o b t a i n i n g  h o t  o r  even warm water. 

The thermal  anomaly h a s  been  confirmed t o  b e  s p u r i o u s  w i t h  r e g a r d  t o  t h e  

p re sence  of u n d e r l y i n g  w a r m  o r  h o t  ground water, o r  t o  t h e  e x i s t e n c e  of 

anomalously h igh  s u b s u r f a c e  h e a t  f l o w .  30 c o l d  water w a s  encountered  a t  

sha l low dep th  (<80 f e e t )  t h a t  cou ld  have c o n t r i b u t e d  t o  t h e  anomaly. hbun- 

d a n t  c o l d  water ( 1 2 O C )  w a s  encountered  a t  100-150 f e e t  (30-46 m) d e p t h ;  t h i s  



water  may be  a s s o c i a t e d  wi th  t h e  i n t r u s i v e  c o n t a c t  zone between t h e  l a t e  

Cre taceous  g r a n i t e  and t h e  Helena Formation sed imen t s  p e n e t r a t e d  by t h e  

w e l l .  There i s  no i n d i c a t i o n  from t h e  t e s t  w e l l  d a t a  t h a t  t h i s  w e l l  i s  

connected i n  any way wi th  t h e  h o t  water system a t  Broadwater Hot S p r i n g s ,  

o r  t h a t  deeper  d r i l l i n g  a t  t h i s  s i t e  would t a p  i n t o  t h i s  system. 

REFERENCE CITED: 

Knopf, A . ,  1963. Geology o f  t h e  Nor the rn  P a r t  of t h e  Boulder 
B a t h y l i t h  and Adjacent  a r e a ,  Montana. U.S. Geolog ica l  Survey Misc. Geologic  
I n v e s t i g a t i o n s ,  Map 1-381. 
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T a b l e  1. Sample L i t h o l o g i c  Log: S t a t e  Xursery Test  No. 1 

DEPTH 

15-20 

20-25 

25-28 ' 

28-32 

30-40 ' 

40-50 ' 

50-60 ' 

60-70 ' 

70-80' 

CUTTINGS 
DESCRIPTION 

VISUAL ESTLWTES WEIGHT 2 
OF CONSTITUENTS CARBONATE 

Disaggrega ted  q u a r t z ,  f ragments  q u a r t z  40% 

minor g r a n i t e  f ragments  - q u a r t z i t i c  l i m e s t o n e  15 --- 
of  q u a r t z i t e  and q u a r t z i t e  Is., q u a r t z i t e  25 

g r a n i t e  f ragments  10 
w h i t e  o p a l l i n e  s i l i c a  10 

Quar t z ;  q u a r t z i t i c  f r agmen t s ;  q u a r t z  40% 
g r a n i t e  f ragments ;  w h i t e  q u a r t  z i  te  25 
o p a l l i n e  s i l i c a ;  minor Is. g r a n i t e  30 
f ragments  limes tone  2 

o p a l l i n e  s i l i c a  2 

--- 

l i g h t  g r a y  and p ink  q u a r t z i t i c  l i g h t  g r a y  s i l i c e o u s  50% 
Is.; d a r k  g r a y  q u a r t z i t e ;  l i m e s  t o n e  
d i s a g g r e g a t e d  q u a r t z  p ink  s i l i c e o u s  1s.  10 3.0 

d a r k  g r a y  q u a r t z i t e  20 
q u a r t z  20 

l i g h t  g r a y  q u a r t z i t e  Is . ;  l i g h t  g r a y  s i l i c e o u s  90% 3.0 

f ragments  . q u a r t z i t e  10 

l i g h t  g r a y  q u a r t z i t i c  Is.; l i g h t  g ray  s i l i c e o u s  30% 2 .8  

p ink  and c l e a r  q u a r t z i t e  l i m e s  t one  

buff  q u a r t z i t i c  Is.; p ink  1 i m e s  t o n e  
q u a r t z i t e  b u f f  q u a r t z i t i c  Is. 50 

p ink  q u a r t z i t e  20 

F i n e  g r a i n e d  w h i t e  and l i g h t  I t .  g r a y  s i l i c e o u s  1 ~ ~ 2 5 %  
g r a y  r e c r y s t a l l i z e d  s i l i c e o u s  w h i t e  s i l i c e o u s  Is. 25 

c r y s t a l l i n e  a r g i l l a - 2 0  
ceous  l i m e s t o n e  

l i m e s  t one  d a r k  g r a y  finely i .- 

w h i t e  q u a r t z i t e  10 
c lear  q u a r t z  15 

F i n e  g r a i n e d  w h i t e  t o  l i g h t  l i g h t  g r a y  s i l i c e o u s  50% 3.1 

c a l c a r e o u s  a r g i l l i t e ,  car- w h i t e  q u a r t z i t e  5 
g r a y  s i l i c e o u s  l imes tone  and l i m e s t o n e  

b o n a t e  cement i n  f r a c t u r e s  c lear  q u a r t z  25 
d a r k  g r a y  c r y s t a l l i n e  20 

a r g i l l a c e o u s  Is. 

F i n e  g r a i n e d  l i g h t  g r a y  l i g h t  g r a y  s i l i c e o u s  60% 2 . 3  
s i l i c e o u s  l i m e s t o n e ,  c lear  1 inies tone  
q u a r t z i t e  and a r g i l l a c e o u s  w h i t e  q u a r t z i t e  20 
l i m e s t o n e ,  c a l c a r e o u s  cement d a r k  g r a y  a r g i l l a c e o u s  
i n  f r a c t u r e s  1 imes tone  10 

micaeous s i l t s t o n e  10 

l i g h t  g r a y  s i l i c e o u s  507: 1 . 5  F i n e  g r a i n e d  l i g h t  g ray  
s i l i c e o u s  Ii-mestone, w h i t e  1. i m e  s t o  ne 
q u a r t z i t e  white q u a r t z i c e  40 

rnicaceous s i l t s t o n e  10 



Table  1 (con t inued)  

CUTTINGS 
DEPTH DESCRIPTION 

VISUAL ESTIMATES WEIGHT % 
OF CONSTITUENTS CARBONATE 

80- 100 ' F i n e  g r a i n e d  It., g r a y  sili- c l e a r  q u a r t z  30% 2.1  
ceous  l i m e s t o n e ,  w h i t e  and w h i t e  q u a r t z i t e  30 
clear q u a r t z i t e  l i g h t  g r a y  s i l i c e o u s  40 

l i m e s  t one  

110' s m a l l  f ragments  of q u a r t z  q u a r t z  20% 2 . 3  
and b i o t i t e ,  v e r y  few s m a l l  b i o t i t e  30 

g r a n i t e ;  l a r g e  c u t t i n g s  of l i g h t  g r a y  l i m e s t o n e  35 

s t o n e  and clear q u a r t z i t e  s p a r r y  c lear  c a l c i t e  trace 

f r agmen t s  of f i ne -g ra ined  g r a n i t e  f ragments  5 

l i g h t  g r a y  s i l i c e o u s  l i m e -  c l e a r  q u a r t z i t e  10 

120' rounded g r a n i t e  f ragments ,  g r a n i t e  f ragments  10% 1.4 
small b i o t i t e  and q u a r t z  b i o t i t e  15 
f r agmen t s ,  l a r g e  l i g h t  g r a y  q u a r t z  20 

c u t t i n g s  c l e a r  q u a r t z  5 

s i l i c e o u s  l i m e s t o n e  c u t t i n g s  l i g h t  g r a y  s i l i c e o u s  4 5  
Fe-oxide s t a i n e d  g r a n i t e  1 i m e  s tone 

120-160' a n g u l a r  and rounded g r a n i t e  
f ragments ,  d i s a g g r e g a t e d  
q u a r t z  and b i o t i t e ,  v e r y  
minor l i m e s t o n e  f ragments  

160-180' a n g u l a r  and rounded g r a n i t e  
f r agmen t s ,  d i s a g g r e g a t e d  
q u a r t z  and b i o t i t e ,  v e r y  
minor l i m e s t o n e  f ragments  

180-280' a n g u l a r  and rounded g r a n i t e  
f ragments ,  p e r t h i t i c  i n t e r -  
growths i n  g r a n i t e ;  d i saggre -  
g a t e d  q u a r t z  and b i o t i t e ,  v e r y  
minor l i m e s  t o n e  f ragments  

g r a n i t e  f ragments  
b i o t i t e  
q u a r t z  
l i g h t  g r a y  l i m e s t o n e  

l i m e s  t one  
g r a n i t e  f r agmen t s  
q u a r t z  
S i 0  t i t e  

limes t o n e  
g r a n i t e  f r agmen t s  
q u a r t z  
b i o t i t e  

e 

* 

65% 1 . 1  
10 
10 
10 

5% I .3  
70 
15 
10 

5% 1 .3  
70 
10 
15 



Form No. 603 R10179 File No. 
WELL LOG REPORT 

Slate law requires that !his lorm be liled b y  the water well dnller wcthrn 60 days alter complefion o /  the well 

Name .f 

2. CURRENT MAILING ADDRESS 

3. WELL LOCATION 

I/# - '/4 __ 'h section i c - 
Township /c Nr% rlange 4 $/W 
county L'$ e 
cot - Block 
Subdivision 
Well Elevation 

Accuracy:- t 10';- f 50':- j: 100'; 

4 ORlLLlNG METHOD cable. bored, 
- lorward rotary. - ryerse ri?tary&tted. 

,( other (specily) ,4, ,\ ,&& , 
J 

OMRETION 
Marat ions  andlor 
Suean 

Was casing left open end? d y e s  
Was a packer or seal used? - Yes --$: 

If SO. what material 
Was Ihe well graval packed? 
Was the well grouted? Yes 32;: - 

To what depth? 
Material used in grocrtlng 

12 in. above grade , other 
( i l  other, specify) 

Pump horsepower [I], pump type 
Pump intake level 
Power (electric. diesel, SIC.) 

Well head completlon: Pltless adapter 

leet below land surtace 

~ 

6. WATER LEVEL 
Static water level 1 7 1  leet below land surlace 
I I  Ilowmg, closed-in pressure __ PSI 

gpm flow through inch pipe 
other valve. - reducers, - Controlled by: ___ 

( 1 1  other. specify) 

7 WELL TEST DATA -pump b a l l e r L o t h a r  

L @ It. after /hrs. pumping[/l?rt]gpm 

WAS WELL PLUGGED OR ABANDONED' -Yes )(NO 

( i f  other. specily) Xfl 
Pumping level below land sur(ac8: 

It. ansr ___ his  pumping gm 
8. 

II yes. how? 

- 1  
9 DATE STARTED /o -2t. - d  I 

DATE COMPLETED , -  - 4 7 y' 

~ 

10. WELL LOG 
OepIh ( f t . )  
From To Formation 

, I I 

IUSO soparati shea1 11 necessary) 
I 

11. DRILLER'S CERTIFICATION I 
This well was drillad under my Iurrsdiction and this report is j 

I true to the best of my knowledge. / c -<q-3 /  ; 

MONTANA OZPARTMCNT OF NATURAL RCSOURCC S L CONSERVATION 

za sourn EWINQ HELSNA. MONTANA b S 6 O I  MB-3634 

I 




