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NOTES ON A PRELIMINARY GROUNDWATER ASSESSMENT FOR THE EAST KOOTENAY VALLEY 
(-L I B BY RES ERVO I R) 

INTRODUCTION 

A t  t h e  r e q u e s t  of M r .  R . G .  Harris, Chief ,  Water Supply and I n v e s t i g a t i o n s  

Div i s ion ,  a p re l imina ry  assessment has  been made on t h e  p o s s i b i l i t y  of  ob- 

t a i n i n g  groundwater s u p p l i e s  f o r  i r r i g a t i o n  i n  t h e  East Kootenay Val ley .  
I 

.The s tudy  a r e a  l i e s  between t h e  Libby Reservoi r  and t h e  e a s t e r n  wall of 

' t h e  Rocky Mountain Trench - t h e  width i s  about 4 miles .  The a r e a  extends 

from t h e  I n t e r n a t i o n a l  Border no r th  f o r  about i o  mi i e s  t o  t h e  E l k  Kiver. 

The p re l imina ry  groundwater assessment has  been d iv ided  i n t o  t h r e e  p a r t s  : 

1. A review of a v a i l a b l e  d a t a .  

2.  Prepa ra t ions  of  a p re l imina ry  groundwater assessment r e p o r t  i nc lud ing :  

(a )  a 1- inch t o  4 mile  s u r f i c i a l  geology map based on a i r -pho to  in t e r :  

p r e t a t i o n ,  f i e l d  reconnaissance  and Clague 's  r e p o r t  and map; 

a proposa l  f o r  some t e s t  ho le s  f o r  subsur face  informat ion  and f o r  

completion as monitor wells. 
(b) 

3.  Product ion well cons t ruc t ion  and c o s t s  e s t i m a t e s .  

T e s t  p roduct ion  we l l s  by cab le - too l  method would only  be warranted,  i f  r e s u l t s  

are s u f f i c i e n t l y  encouraging from t h e  tes't h o l e  program. 

I t  i s  recommended t h a t  a d e c i s i o n  t o  complete geophysical  surveys and 

deep r o t a r y  t e s t  ho le s  t o  t h e  bedrock p r o f i l e  of t h e  v a l l e y  f l o o r  should not  

be made u n t i l  t h e  r e s u l t s  of  a shal lower t e s t  ho le  program c a n  be eva lua ted .  

1. REVIEC!! OF AVAILABLE DATA 

(a) Pre l iminary  Evaluat ion of Bank Storage  Associated .-_--__I-- w i t h  --- Libby Reservoir  
, i n  Northwestern Montana.Gcologica1 Survey ldater Supply Paper 1899 - 1570. 

The magnitude of a c t i v e  bank s t o r a g e  i s  c o n t r o l l e d  by t r a n s m i s s i v i t y  

and s t o r a g e  c o e f f i c i e n t .  The modcl s tudy  i n d i c a t e s  t h a t  geologic  d a t a  
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necessary  t o  eva lua te  bank s t o r a g e  a c c u r a t e l y  need only be  c o l l e c t e d  on 

about one f o u r t h  of t h e  length  of t h e  r e s e r v o i r  ( s p e c i f i c a l l y  between 

Rexford and 8 mi les  south  d f  t h e  E l k  River  mouth) and w i t h i n  2 miles of  

t h e  r e s e r v o i r  edge. 

t r ench ,  i t  ground and compacted t h e  under ly ing  d e p o s i t s  i n t o  c l a y  till. 

Following damning of a 400-foot deep l ake ,  streams from t h e  ad jacen t  

mountains depos i ted  t h e i r  load along t h e  f o o t  of t h e  s t e e p  walls of  

t h e  t r ench .  

and ccn tn in  l e s s  than  20 pe rcen t  c l a y .  

of coa r se  sand t o  medium g rave l  which i n t e r f i n g e r  lakeward with lake 

According t o  t h i s  paper ,  as i c e  moved down t h e  

The outwash d e p o s i t s  range i n  sj ze from sand t o  boulders  

F u r t h e r  s o r t i n g  produced d e l t a s  

bottom d e p o s i t s  of c l a y ,  s i l t  and sand. 

After r e c e s s i o n  of g l a c i a l  c o n d i t i o n s ,  t h e  g l a c i a l  l ake  dra ined  and t h e  

Kootenay River  entrenched i t s e l f  200 110 300 f e e t  i n t o  t h e  lake bottom 

d e p o s i t s . .  F igure  3 i n , t h i s  paper shows a diagrammatic geologic  s e c t i o n  

ac ross  t h e  Tobacco P l a i n s  below t h e  I n t e r n a t i o n a l  Border. Adjacent t o  

t h e  maximum s t a g e  l e v e l  of t h e  Libby Reservoir  a re  t h e  g l a c i a l  l a k e  

bottom d e p o s i t s .  

d e p o s i t s  which i n  t u r n  i n t e r f i n g e r  with outwash depos i t s  near  t h e  v a l l e y  

mountain wall. 

The l ake  d e p o s i t s  r e s t  on t i l l .  

These grade wi th  i n t e r f i n g e r i n g  t o  t h e  e a s t  i n t o  d e l t a i c  

Comments : 

From t h e  1970-foot f luctua ' t ions of  r e s e r v o i r  s to rage  i t  would appear 

from t h i s  paper  we could expect  between 80 and 120-foot f l u c t u a t i o n s  

i n  t h e  s tudy  a r e a .  

a r e  expected t o  be  l e s s  than  10 f e e t  a t  a d i s t a n c e  of two miles  o r  more 

from t h e  r e s e r v o i r  and l e s s  t han  20 t o  50 ' feet  c l o s e r  t o  t h e  r ' eservoi r .  

Groundwater l e v e l  f l u c t u a t i o n s ,  due t o  a c t i v e  s t o r a g e ,  

The r i s e  i n  l e v e l  over  a pe r iod  of yea r s  due t o  i n a c t i v e  bank s t o r a g e  

may be as high a s  50 f ee t .  However, i t  i s  apparent  t h a t  t h e  d i s t a n c e  

from t h e  r i v e r  and ' the  " lag time" a r e  important  f a c t o r s  governing 

groundwater l e v e l  f l u c t u a t i o n s .  From t h e  graphs,  t he  per iod  mid May 

t o  Mid June may be a pe r iod  of minimum a c t i v e  s to rage  dur ing  t h e  s t a r t  

of  t h e  i r r i g a t i o n  season and may a f f e c t  a v a i l a b l e  drawdown and wel l  

y i e l d  of  we l l s  l oca t cd  c l o s c  t o  the r e s e r v o i r .  However, demand should 



be  minimal f o r  i r r i g a t i o n  dur ing  t h i s  pe r iod .  

t h a t  much a c t i v e  bank s t o r a g e  w i l l  not  be a v a i l a b l e  f o r  i r r i g a t i o n  pro- 

duc t ion  we l l s .  

s e v e r a l  yea r s  f o r  i n a c t i v e  bank s t o r a g e  t o  b u i l d  up. I t  could b e  con- 

cluded from t h i s  paper  t h a t  an assessment of t h e  groundwater p o t e n t i a l  

I t  would appear ,  however, 

From Graph No. 6 i t  i s  apparent  t h a t  i t  w i l l  t ake  

should be ,  a t  t h i s  time, based on cond i t ions  p r i o r  t o  t h e  f i l l i n g  of 

t h e  Libby Reservoi r  and t h a t  t h e  i n s t a l l a t i o n  of monitor wells w i l l  

p rovide  cont inuing  d a t a  r equ i r ed  f o r  f u r t h e r  reassessments  of  bank 

s t o r a g e  and groundwater p o t e n t i a l  a t  a l a t e r  d a t e .  

Well cons t ruc t ion  i n  t h e  g l a c i a l  lake d e p o s i t s  w i l l  be  very  d i f f i c u l t  

and expensive i f  ve ry  f i n e  a q u i f e r  mat .er ia ls  are encountered,  and well 

completion under t h e s e  cond i t ions  may be ques t ionab le  u n l e s s  a cheap 

long sand pack sc reen  des ign  i s  f e a s i b l e .  

(b) Late Cenozoic Geology of t h e  Southern Rocky Mountain Trench, B r i t i s h  
Columbia by J .J .  Clague, Un ive r s i ty  of' B r i t i s h  Columbia, November, 
1973. 

This  274 page paper i s  d iv ided  i n t o  s i x  main chap te r s :  1. In t roduc t ion ;  

. 2 .  The S t .  Eugene Formation and t h e  1)evelopment of t h e  Southern Rocky 

Mountain Trench; 3 .  

Wisconsinan T i l l ;  4. Sedimentology and Paleohydrology of Lake Wisconsinan 

Outwash; 5. Geographic His tory ;  6.  Appl ica t ions  of Geological  Know- 

ledge. 

G l a c i a l  Flow P a t t e r n s  and t h e  Or ig in  of Lake 

Bedrock Geology i s  summarized from Clague as fo l lows:  

The Galton Range, which l i e s  t o  t h e  e a s t  o f  our  s tudy  a r e a ,  i s  under- 
l a i n  by Upper P u r c e l l  rocks  ( s i l t s t o n e ,  sandstone a r g i l l i t e s )  of _. 

Precambrian age.  

t h e  Galton Range near  i t s  c r e s t .  

composed of Upper P u r c e l l  rocks .  

Younger Cambrian rocks c rop  ou t  a t  t h e  no r th  end of 

The McGill ivray Range t o  t h e  west is  

S u r f i c i a l  Geology: 

Thick d e p o s i t s  of semi-consol idated and unconsol ida ted  sediments a r e  
' 

r ...... 4 . . . . . .  . .  . . .  . . .  . . -. 
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l imi t ed  t o  t h e  major v a l l e y  bottoms and are  of T e r t i a r y  and Quaternary  

age; t h e  d r i f t  cover i s  t h i n  o r  absent  on t h e  uplands.  A deep b a s i n  

showing up t o  1,500 meters  of T e r t i a r y  sediments has  been o u t l i n e  by 

Gravi ty  Surveys i n  t h e  E l k  River a r e a .  See a t t ached  Figure  6 taken 

from Clague 's  r e p o r t ,  

only exyosed p a r t  of t h e s e  sediments ,  c o n s i s t s  of f l o o d p l a i n  and f a n  

facies which f i l l e d  t e c t o n i c  depress ions  caused by h a l f  graben block 

f a u l  t ing  . 

The S t .  Eugene Formation, which r e p r e s e n t s  t h e  

The f l o o d p l a i n  f a c i e s  i nc ludes  both h igh  energy r i v e r  g rave l s  depos i ted  

o f f  t r i b u t a r y  v a l l e y s  and shal low lake  o r  slack water s i l t  and sand.  

The f an  f a c i e s  c o n s i s t  of t a l u s  and fanglomerate  depos i ted  along t h e  

.margigs of t h e  proto-Rocky Mountain Trench and der ived  from ad jacen t  

f a u l t  bounded uplands.  

t h e  E l k  River a r e a  i s  d iscussed  f u r t h e r  a t  t h e  end of t h i s  s e c t i o n .  .The 

th i ckness  of Quaternary d e p o s i t s  has been es t imated  by Clague from 

s t r a t i g r a p h i c  exposures a long t h e  major r i v e r  v a l l e y s  i n  t h e  Trench and 

from se i smic  r eco rds  where low v e l o c i t y  Quaternary sediments a r e  d i s -  

t i n g u i s h a b l e  from in t e rmed ia t e  v e l o c i t y  T e r t i a r y  d e p o s i t s .  I n  gene ra l ,  

Quaternary d e p o s i t s  are about 100 meters  o r  less i n  th i ckness  a long t h e  

s i d e s  of  t h e  Trench, b u t  a r e  l o c a l l y  much t h i c k e r  a long t h e  Trench a x i s .  

More d i scuss ion  on t h e  St. Eugene Formation i n  

- 

Lis t ed  i n  o rde r  of decreas ing  age,  t h e  known d e p o s i t s  i n  t h e  southern  

Rocky Mountain Trench inc lude  t h e  fo l lowing:  t h e  S t .  Eugene Formation, 

i n t e r g l a c i a l  sediments,  o l d e r  d r i f t ,  i n t e r - d r i f t  sediments,  younger 

d r i f t  and p o s t  g l a c i a l  sediments .  

shown i n  F igure  8 from Clague 's  r e p o r t .  

the Wycliffe  t i l l ,  i t  i s  a "massive unsor ted  depos i t  of c l a y ,  s i l t ,  sand 

and c l a s t s  ranging widely i n  s i z e  . . . Lenses of water worked sand 

and g rave l  are  p r e s e n t  w i th in  t h e  t i l l  s h e e t .  Hor izonta l ly  s t r a t i f i e d  

l ake  s i l t s  from 3 t o  15 meters  t h i c k  occur  wi th in  t h e  Wycliffe  t i l l  

...........,... Immediately p r i o r  t o  d e g l a c i a t i o n ,  Wycliffe t i l l  covered 
t h e  e n t i r e  Trench f l o o r .  

A gene ra l i zed  composite s e c t i o n  i s  

The younger d r i f t  i s  a l s o  c a l l e d  

This  c o n s t r u c t i o n a l  s u r f a c e  was modified by 

r .,.... 5 
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. l a t e r a ,  p rog lac i a ,  ant s u b g l a c i a l  meltwa-er as t h e  g l a c i e r s  receded.  

The t i l l ,  t h u s ,  was reworked l o c a l l y  i n t o  outwash; i t  was removed com- 

p l e t e l y  along t h e  major r i v e r  v a l l e y s  du r ing  t h e  fo l lowing  Halocene Epoch". 

The Wycliffe  till i s  d i s s e c t e d  i n  t h e  Rocky Mountain Trench by meltwater 

channels ,  outwash under ly ing  t h e  channels is coa r se  and poor ly  s o r t e d ,  

l a r g e  v a l l e y  t r a i n s ,  and Kame t e r r a c e s  occur  a long t h e  margins of t h e  

Trench. 

Red Canyon Creek i s  a l a r g e  t e r r a c e d  and channeled outwash p l a i n .  

v i d u a l  me1 twater ch:innel s t r end  south and northwest  from t h i s  outwash 

s u r f a c e  towards t h e  a x i s  of t h e  Trench. 

from breaches of t h e  i c e  dam i n  g l a c i a l  Lake Elk.  

both samples of t h e  outwash c o n s i s t  of' from over  50 pe rcen t  t o  more than 

90 percent  g r a v e l .  

o f  Kootenay River .  

o v e r l a i n  by s i l t y  sand.  

On t h e  east  s i d e  of t h e  Trench, f o r  example, between Elk0 and 

Ind i -  

These d e p o s i t s  came from f l o o d s  

According t o  Clague 

The sediment i s  much coa r sc r  than  t h e  modern al luvium 

Coarse channeled outwash near  t h e  Kootenay River i s  

The f i n e  sediment probably accumulated dur ing  

la te r  s t a g e s  of channel f low as backwater d e p o s i t s  where t h e  channel 

i n t e r s e c t e d  t h e  a n c e s t r a l  Kootenay River .  Meltwater channels a r e  con- 

spicuous f e a t u r e s  of t h e  p r e s e n t  landscape i n  t h e  southern  Rocky mountain 

Trench. According t o  Clague, t h e  channels  vary  i n  morphology and inc lude  

t h e  fo l lowing  types :  

(1) 
(2) ' S t r i c t l y  l a te ra l  s i n g l e  wal led channels .  

(3 )  
outwash. .  Most of t h e  channels  a r e  c u t  i n  t ill  and con ta in  an outwash 

f i l l  which i s  gene ra l ly  a few meters  i n  th i ckness  b u t  i n  p l a c e s  i s  

Narrow, r e l a t i v e l y  deep channels c u t t i n g  a c r o s s  drumlins.  

Wide, r e l a t i v e l y  shal low,  double wal led channels unde r l a in  by 

t h i c k e r  than  15m. 

according t o  Clague, t h a t  t h e  outwash was depos i t ed  f rom'water  f lowing 

t o  t h e  sou th ,  southwest and sou theas t  away fTom t h e  i c e  f r o n t .  

Cross s t r a t i f i c a t i o n  and pebble  imbr ica t ion  show, 

The 

d i s t a n c e  between t h e  a c t i v e  i c e  f r o n t  and t h e  d e p o s i t i o n a l  'site was 

probably s h o r t  as most meltwater channels  a r e  p i t t e d  wi th  k e t t l e s .  

Clague b r i e f l y  d i s c u s s e s  groundwater i n  h i  r e p o r t .  He b e l i e v e s  t h e  

most a c c e s s i b l e  source of groundwater i s  J+&e Wisonsinan outwash gravel  

underlying major mcltwater channcls  which i n  turn-  ove r ly  t i l l  o r  impermeable 
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c l a y  and si l t .  

Clague a l s o  mentions t h a t  t h e  c h a r a c t e r  of  sediments beneath t h e  S t .  

Eugene Formation i s  no t  known b u t  t h a t  t h e s e  sediments f i l l  a 

s t r u c t u r a l  b a s i n  near  t h e  E l k  River  1,500 meters  deep. The deeper  

sediments below t h e  upper t i l l  may be  permeable enough t o  t r ansmi t  

abundant groundwater. 

2 .  PREPARATTON OF A P R E C T M T N A K Y  GRNJNDWATER ASSESSMENT REPORT 

(a) One Inch t o  % Mile S u r f i c i a l  Geology M a p  

A i r  photos  were used t o  o b t a i n  d e t a i l s  of t h e  g l a c i a l  and i n t e r g l a c i a l  

f e a t u r e s  of t h e  p r o j e c t  a r e a .  

s p e c t i o n  when r equ i r ed .  Clague 's  r e p o r t  and map, a s s o c i a t e d - s o i l s  maps 

f o r  t h e  area, f i e l d  work by t h e  w r i t e r ,  and t h e  a i r  photo s tudy  mentioned 

above, t o g e t h e r  formed t h e  b a s i s  f o r  t h e  a t t ached  one-inch t o  3 mile 

s u r f i c i a l  geology map of t h e  area. 

c a r r i e d  out  by t h e  writer on J u l y  5,8 t o  J u l y  1 2  i n c l u s i v e .  

These photos  a r e o n  f i l e  f o r  d e t a i l e d  i n -  

The reconnaissance f i e l d  work was 

Large areas of t h e  a t t ached  s u r f i c i a l  geology map prepared f o r  t h i s  

r e p o r t  are covered wi th  t ill  (Wycliffe t i l l ) ,  an  unsorted d e p o s i t  cover- 

i n g  a wide range of g r a i n  s i z e s  from s i l t  and c l a y  up t o  boulders .  

Prominent mel twater  channels  d i s e c t  t h e  t i l l  s h e e t .  T i l l  t h i cknesses  

i n  t h e  p r o j e c t  area a r e  expected t o  be  50 t o  100 f e e t  t h i c k ,  t h e  t i l l  

is  expected t o  b e  unde r l a in  by f u r t h e r  s i l t s  and c l ays  down t o  r i v e r  

l e v e l .  

The meltwater  channels  (yellow) c u t  i n t o  t h e  t i l l  su r face  con ta in  coa r se  

and poor ly  s o r t e d  outwash. The s i l t y  sand (orange) over ly ing  t h e  outwash 

(yellow) near  t h e  Kootenay River Val ley  (now Lake Kootcanusa) i s  expected 

i n  many areas t o  be j u s t  a veneer  over t h e  c o a r s e r  outwash below. 

g l a c i a l  lake d e p o s i t s  would appear ,  however, t o  be  ex tens ive  near  p r e s e n t  

'Lake Kootcanusa and may i n d i c a t e  l imi t ed  a c t i v e  bank s t o r a g e  f o r  well 

development i n  t h i s  border  a r e a .  

Occasional  l enses  of g r a v e l s  may be expected below t h e  t i l l  a l s o .  

F ine  
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(b) Proposal  f o r  Test Hole Program and Cons t ruc t ion  of Monitor Wells 

Shallow t e s t  d r i l l i n g  i s  recommended i n  o rde r  t o  o b t a i n  f u r t h e r  shal low 

sub-sur face  informat ion  on t h e  groundwater p o t e n t i a l  of t h e  a r e a .  

t e s t  h o l e s ,  i f  s u c c e s s f u l ,  i n  encounter ing shal low outwash a q u i f e r s  

should be completed as monitor wells. Carefu l  sampling would be  very  

important  i n  t h i s  t e s t  ho le  program p a r t i c u l a r l y  i n  p o t e n t i a l  a q u i f e r  

zones - Representa t ive  formation samples must be obta ined  a t  a l l  t imes 

p a r t i c u l a r l y  i f  a sand pack sc reen  des ign  i s  neces j a ry .  

t h a t  a d e c i s i o n  t o  complete geophysicai  surveys and deep exp lo ra to ry  t es t  

h o l e s  i n t o  t h e  S t .  Eugene Formation of  t h e  E l k  River  area mentioned i n  

Clague ' s  r e p o r t  should not  be made u n t i l  t h e  r e s u l t s  of a sha l lower  t es t  

h o l e  program can be eva lua ted .  

The 

I t  i s  recommended 

The proposed shal low tes t  h o l e  s i t e s  a r e  confined t o  main access  roads  

t o  t h e  p r o j e c t  a r e a  and are loca ted  with two ob jec t ions  i n  mind: 

( i )  t o  assess and monitor t h e  recharge  effects  from Lake Kootcanusa on 

shal low outwash a q u i f e r s  and l a c u s t r i n e  d e p o s i t s  l oca t ed  near  t h e  

south  end of t h e  p r o j e c t  a rea ,  and t h e  west s i d e  of t h e  a r e a ;  

( i i )  t o  a s s e s s  and monitor t h e  groundwater p o t e n t i a l  of shal low outwash 

d e p o s i t s  ove r ly ing  t i l l  i n  o t h e r  p a r t s  of  t h e - p r o j e c t  a r e a .  

I t  i s  be l i eved  t h a t  shal low exp lo ra t ion  of  t h e  groundwater p o t e n t i a l  of 

t h e  impermeable r e l a t i v e l y  brown coloured t i l l  a r e a  shown on t h e  s u r f i c i a l  

geology map i s  not  warranted.  J 

Deep t e s t  h o l e  d r i l l i n g  should no t  be p a r t  of t h e  i n i t i a l  program. 

r e q u i r e s  d i f f e r e n t  d r i l l i n g  methods and equipment and techniques .  

It 

The l o c a t i o n  of t h e  t es t  ho le s  a r e  shown on t h e  a t t ached  map. 

numbers 1, 2 and 3 are  loca ted  on t h e  west s i d e  of Lake Kootcanusa 

a t  t h e  south  end of t h e  p r o j e c t  a r m .  

Test h o l e  

They are  expected t o  p a s s  through a l imi t ed  th i ckness  less than  30 fee t  

of g l a c i o  f l u v i a l  and g l a c i o  l a c u s t r i n c  c l a y ,  s i l t  and sand i n t o  under- 
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l y ing  g l a c i o  f l u v i a ,  g rave l  which i n  t u r n  i s  under .iin by t i l l  o r  c l a y s  

and s i l t s .  

200 f e e t  deep and a r e  intended t o  p e n e t r a t e  t h e  s u r f i c i a l  d e p o s i t s  as 

deep as t h e  former r i v e r  l e v e l  of t h e  Kootenay River.  I t  i s  p o s s i b l e  

t h a t  some recharge  may be  a v a i l a b l e  t o  t h e s e  t h r e e  wells from Lake 

Kootcanusa. The wells a r e  loca t ed  approximately 10, 40 and 20 f e e t ,  

r e s p e c t i v e l y ,  above expected h igh  water  e l e v a t i o n  i n  Lake Kootcanusa, 

i . e . ,  e l e v a t i o n  2,470, 2,UOO and 2,480 f e e t  above sea l e v e l ,  r e s p e c t i v e l y .  

These t h r e e  t e s t  ho le s  a r e  expected t o  be between 150 and 

4 

Test h o l e  numbers 4, 5 and 6 a r e  loca t ed  on t h e  east s i d e  of Lake 

Kootcanusa i n  t h e  middle and t h e  south end of  t h e  p r o j e c t  area. 

was o r i g i n a l l y  decided t o  run  a s e r i e s  of t h r e e  t es t  ho le s  east  from 

t h e  s h o r e l i n e  of Lake Kootcanusa along t h e  e a s t e r l y  access  road from 

t h e  Lake t o  Roosvi l le .  However, t h e  presence  of till outcrops  immediately 

no r th  of t h e  road i n  t h e  s i t e  l o c a t i o n s  could i n d i c a t e  t h a t  t ill  would 

I t  

be a t  shal low depths  below t h e  s u r f a c e .  Consequently, on ly  t e s t  ho le  

No. 4 was s i t e d  i n  t h e  area ad jacen t  t o  t h e  s h o r e l i n e .  Test h o l e  No. 

5 i s  loca ted  j u s t  east  of t h e  access  near  a small ' k e t t l e .  

l o c a t i o n  of t h e  t e s t  h o l e  No. G i s  j u s t  south  of what used t o  be c a l l e d  

"Flagstone". 

a t  shallow depths  a t  t h i s  s i t e .  

r i v e r  l e v e l ,  t h a t  i s ,  170, 180 and 165 f e e t  deep f o r  ho le s  4, 5 and 6, 
r e s p e c t i v e l y .  The ho le s  a r e  a l s o  loca ted ,  r e s p e c t i v e l y ,  30,  40 and 40 

f e e t  above expected high water e l e v a t i o n  i n  Lake Kootcanusa, i . e . ,  e l e -  

v a t i o n  2,490, 2,500 and 2,500 f e e t  abovc s e a  l e v e l ,  r c s p e c t i v e l y .  

The s i t e  

Reworked g r a v e l s  may i n d i c a t e  b e t t e r  a q u i f e r  materials 

A l l  t h r e e  ho le s  should be  d r i l l e d  t o  t h e  

The groundwater p o t e n t i a l  a t  t e s t  ho le  s i tes  7 ,  8,  9 and 10 would be  

dependent l a r g e l y  on groundwater recharge  from t h e  e a s t e r n  border  

mountains t o  t h e  south  of t h e  Elk River and arrangements are be ing  made 

by Mr. R . G .  Harris t o ' o b t a i n  t h e s e r v i c e s  of t h e  Hydrology Divis ion  f o r  

a p re l imina ry  assessment of  t h e  watersheds d r a i n i n g  from t h e  border  

mountains t o  t h i s  e a s t e r n  border  area. 

- 

Test ho le  No. 7 i s  loca ted  i n  one of t:hree a l l u v i a l  f a n  d e p o s i t s  
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(A, B o r  C on t h e  s u r f i c i a l  geology map accompanying t h e s e  no te s )  Tes t  

ho le s  8 ,  9 and 10 are loca ted  i n  outwash d e p o s i t s  south of Grasmere, 

t h e  depth of a l l  fou r  ho le s  i s  expected t o  be  less than  100 f e e t  and 

t h e  bottom of t h e s e  ho le s  w i l l  be  well. above expected high water  i n  

Lake Kootcanusa. 

Reserve boundaries .  

Hole No. 9 i s  t h e  only s i t e  s e l e c t e d  wi th in  Indian  

Test ho le s  No. 11, 1 2  and 13 are  1ocat.ed i n  t h e  c e n t r a l  p a r t  of t h e  pro-  

j ec t  2 r e a  ir,  outwash d e p c s i t s  a s soc ia t ed  wi th  meltwater chanxels.  A 

l imi t ed  th i ckness  of more impermeable over ly ing  g l a c i o  f l u v i a l  and l a c u s t -  

r i n e  c l a y ,  s i l t s  and sands i s  expected. i n  holes  11 and 13. 

11 and 1 2  are expected t o  be  less than 100 fee t  deep. 

l oca t ed  l e s s  than  1/4 m i l e  from Lake Kootcanusa and may r e c e i v e  l imi t ed  

recharge  from t h i s  source .  Therefore ,  t h e  No. 13  t e s t  ho le  should be  

d r i l l e d  t o  o ld  r i v e r  l e v e l ,  i . e . ,  240 f e e t  deep. Eleva t ion  of h o l e  No. 

13  i s  2,600 f e e t  o r  140 f ee t  above expected high water l e v e l  i n  Lake 

T e s t  ho le s  

Hole No. 13  i s  

Kootcanusa. 

Test ho le  

outwash p l a i n  s i t u a t e d  between E l k 0  and Red Canyon. 

of t h i s  t e s t  ho le  i s  between 100 and 150 f e e t .  

No. 14 i s  loca ted  i n  t h e  prominent t e r r a c e d  and channeled 

The expected depth 

I n  summary, t h e s e  14 t e s t  ho le  s i tes  have been s e l e c t e d  f o r  a p re l imina ry  

tes t  d r i l l i n g  program. 

Hole Nos. 1-3 a re  expected t o  be  150-;!00 f e e t  deep, ho le  Nos. 4 ,  5 and 6 

are expected t o  be  170, 180 and 165 f e e t  deep, r e s p e c t i v e l y .  Mole Nos. 

7 ,  8 ,  '9, 10, 11 and 1 2  arc expected t o  each be 100 fee t  deep:' Hole No. 

13  i s  expected t o  be 140 f e e t  deep. 

100 and 150 f e e t  deep. 

Hole 14 i s  expected t o  b e  between 

T o t a l  minimum expected foo tage  f o r  14 ho le s  i s  1,800 f e e t ,  t h e  maximum 

footage  expected i s  about 2,000 f e e t .  Deepest h o l e s  expected a r e  Nos, 

1-3 which may be as deep as 200 f e e t ,  t h e  minimum d r i l l i n g  depth  i n  any 

...... 10 
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ho le  w i l l  b e  about 100 f ee t .  

should al low t h e  f i e l d  engineer  t o  complete t h e s e  ho le s  a t  a l e s s e r  

depth i f  r equ i r ed .  

Note any f u t u r e  c o n t r a c t  s p e c i f i c a t i o n s  

Estimated c o s t s  f o r  t h e  t e s t .  d r i l l i n g  program a r e  as fo l lows :  

Mobi l iza t ion  $ 2,000 
\ 

S i t e  c l e a r i n g  ( e s p e c i a l l y  t e s t  ho le s  Nos 5 and 11) $ 1,000 

D r i l i i n g  aid casing 5-inch d i a m t e r  ho le s  &t 
$20.00 p e r  f o o t  

Minimum 1,800 f e e t  of  d r i l l i n g  

Maximum 2,000 f e e t  of d r i l l i n g  

Development and well completions 
S e t t i n g  sc reen  and development p e r  h o l e  $ 500 

Cost of s c reen  and f i t t i n g s  p e r  ho le  . $ 750 

Cost f o r  development and we l l  completions i n  
say  10 h o l e  $12,500 

T o t a l  es t imated  c o s t  o f  program 

$36,000 

$40,000 

Minimum $51,500 

Maximum $55,500 

No estimate is  included h e r e  f o r  c o s t s  o f ' s u p e r v i s o r y  personnel  and s p e c i a l  

well c o n s t r u c t i o n  o r  d r i l l i n g  problems. 

3 .  PRODUCTION WELL CONSTRUCTION AND ESTIMATED cosrs 
Test product ion  we l l s  by cab le - too l  method would only  be  warranted,  i f  

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

t h e  completion of  t h e  t e s t  h o l e  program will it be  p o s s i b l e  t o  g ive  . 

meaningful c o s t  f i -gures  f o r  t e s t  product ion  wells capable  of supplying 

t h e s e  l imi t ed  acreages  w i t h i n  t h e  s tudy  a r e a .  

Only a f t e r  

On t h e  b a s i s  of ou r  p re l imina ry  groundwater assessment some t e n t a t i v e  

c o s t s  have been prepared f o r  product ion  wel l  d r i l l i n g  a t  t h e  r e q u e s t  

o f  M r .  R .G .  Harris. The product ion  we:lls would have a minimum c a p a c i t y  

(of 350 U.S. g a l l o n s  p e r  minute - enough t o  i r r i g a t e  a 50 acre u n i t  up . 

. .  
, .  

, .  . , . . . . l l  
. .  . 

. .  
. .  

. .  . .  
. .  . .  

. , . ,  . . 
. .  
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t o  a probable  maximum of 1,000 U.S. g a l l o n s  p e r  minute wells f o r  i r r i g a -  

t i o n  of  150 acre u n i t s .  

The fo l lowing  estimates were prepared by Mr. D . J .  Johanson and g ive  t h e  

c o n s t r u c t i o n  c o s t s  for 100, 200 and 300-foot deep wells. I t  should 

be  emphasized t h e s e  f i g u r e s  are  based on a number of assumptions which 

may prove t o  be i n v a l i d  on t h e  b a s i s  of d a t a  obta ined  from a t e s t  h o l e  

program 

Est imated c o s t s  f o r  a 100-foot  deep product ion  we l l  capable  of  d e l i v e r y  

between 350 and 1,000 U.S. ga l lons  p e r  minute:  

Drill and case 12-inch diameter  ho le  t o  100 f e e t  a t  

$34.00 p e r  f o o t  

12-inch d r i v e  shoe 

25 f ee t  of  12-inch sc reen  a t  $140.00 p e r  f o o t  

12 - inch . sc reen  f i t t i n g s  

Cost of s e t t i n g  and p u l l i n g  t e s t  pump, moving on and o f f  

s i t e  - 40 hours  a t  $32.00 p e r  hour 

Standby - wai t ing  on sc reen ,  e t c .  a t  $26.00 pe r  hour - 
es t ima te  8 hours  

24 hour pump t e s t  a t  $24.00 p e r  h o u r . -  

Cost  of  100 f e e t  deep 12-inch diameter  we l l  wi th  25 f e e t  

of sc reen  and 24-hour pump t e s t  

. .  
I .  

. .  
$ 3,400 

$ 150 

$ 3,500 

$ 205 

$ 1,280 

$ ' 208 

$ 576 

$ 9,319 

Note p a r t  of a $1,000 mob i l i za t ion  and demol iza t ion  f e e  must be a l l o t t e d  

t o  each well depending on number of we l l s  d r i l l e d .  A similar f e e  must be  

a l l o t t e d  f o r  pump t e s t  equipment. 

supe rv i so ry  personnel  and s p e c i a l  d r i l l i n g  and well cons t ruc t ion  problems. 

No c o s t  e s t ima te  i s  included he re  f o r  

(2) Estimated c o s t s  f o r  a 200-foot deep p:roduction we l l  capable  of d e l i v e r y  

. between 350 and 1,000 g a l l o n s  p e r  minute.  

Costs f o r  t h i s  well will be s i m i l a r  t o  t h a t  f o r  t h e  100-foot deep well 

g iven  above except  f o r  i tem No. 1 (a)  



D r i l l  and case 12-inch diameter  

$34.00 p e r  f o o t  

1 2  - 

o l e  t o  2 0 f ee t  a t  

$6,800 

Therefore  c o s t  of 200 f e e t  deep 12-inch diameter  

well wi th  25 f e e t  of s c reen  and 24-hour pump t c s t  

will be  $9,319 p l u s  $3,400 $12,719 

Mobi l iza t ion  charges as above 

No c o s t  estimate i s  included h e r e  f o r  superv isory  personnel  and 

s p e c i a l  d r i l l i n g  and we l l  c o n s t r ~ ~ c t i o n  problems 

Costs  f o r  a 300-foot deep well would, i f  r equ i r ed ,  have t o  inc lude  

a d d i t i o n a l  c o s t s  f o r  two cas ing  s izes  16-inch and 12-inch,  

c o s t s  f o r  a 300-foot deep wel l  completed wi th  25 f e e t  of 12-inch 

diameter  s c reen  and 24-hour pump tes t  w i l l  b e  approximately $19,245.. 

Mobi l iza t ions ,  supe rv i s ion ,  e t c . ,  as mentioned above. 

Estimated 

I t  was mentioned i n  t h e  d i scuss ion  of Clague 's  paper t h a t  t h e  c h a r a c t e r  

of  t h e  sediments beneath t h e  S t .  Eugene formation i s  no t  known, b u t  

t h a t  t h e s e  sediments f i l l  a s t r u c t u r a l  b a s i n  near  t h e  E l k  River ,  

4,900 fee t  deep. 

surveys  ( see  F igure  6 of Clague 's  r e p o r t  a t t ached)  Clagiie fee l s  t h e s e  

sediments l y ing  below t h e  upper till may be  permeable enough t o  t r a n s -  

m i t  abundant groundwater. 

To eva lua te  t h i s  assumption would be very  c o s t l y  and could r e q u i r e  f u r t h e r  

geophysical  work and expensive deep r o t a r y  , tes t  I d r i l l i n g  wi th  heavy 

equipment. 

Some 

These t e r t i a r y  sediments have been o u t l i n e d  by g r a v i t y  

J . C .  Foweraker 
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Figure 6.  >lap of Hougucr g r a v i t y  i n  t h e  sou thc rn  Rocky kiountain Trench,  
and g r n v i  ty prof  i l c s  and i n f e r r e d  g e o l o g i c  s e c t i o n s  a c r o s s  t he  Trench 
(From Thompson, 1962). \ '  
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Fj.gure 8. 
the s o u t h e r n  f\oc.l:y Y c u n t n i n  Trench.,  

Composite columnar ' s c c t i o n  of l a t e  Cenozoic sedi.ments cx?osed i n  
t o  the Col.t::nn l l t f ! ; l lLs  a r c  p ~ : o p o ~ ~ i o n a l  . .  

maximum cxposcd . t h i c k n e s s  of e3ch t ini t . .  . .  
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