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1 . ,  

A PRELIMINARY ASSESSMENT OF GROUNDWATER PROSPECTS FOR THE 
UPPER COLUMBIA STRATEGIC PLAN 

INTRODUCTION 

The purpose o f  t h i s  c o n t r i b u t i o n  i s  t o  p r o v i d e  an assessment o f  

t h e  e x t e n t  t o  which groundwater may c o n t r i b u t e  t o  water supply  

c a p a b i l i t y  i n  t h e  Upper Columbia R i v e r  Va l ley ,  and a l s o  t o  p rov ide  an 

e s t i m a t e  o f  c o s t s  t o  o b t a i n  a d d i t i o n a l  groundwater data. I n f o r m a t i o n  

a v a i l a b l e  on f i l e  i n  t h e  Groundwater Sec t ion  used t o  compi le t h i s  

c o n t r i b u t i o n  c o n s i s t e d  o f  water w e l l  records,  we l l  l o c a t i o n  maps, and 

groundwater, g e o l o g i c a l  and s o i l s  r e p o r t s  and maps. 

GEOGRAPHY 

The Upper Columbia V a l l e y  l i e s  w i t h i n  t h e  Rocky Mountain Trench 

and t h e  area s t u d i e d  extends nor thwest  , for  a d i s t a n c e  o f  about 155 

k i l o m e t e r s  f rom Canal F l a t s  a t  t h e  south end o f  Columbia Lake t o  t h e  

V i l l a g e  o f  Golden s i t u a t e d  a t  t h e  conf luence o f  t h e  K i c k i n g  Horse R i v e r  

w i t h  t h e  Columbia River .  The v a l l e y  bottom ranges f rom about 1 t o  3 

k i l o m e t e r s  i n  w i d t h  and i s  f l a n k e d  by s t e e p l y  r i s i n g  v a l l e y  wa l ls .  A 
common f e a t u r e  i n  t h e  v a l l e y  o f  t h e  mouths o f  t r i b u t a r y  creeks i s  t h e  

f r e q u e n t  occurrence o f  numerous a1 1 u v i  a1 fans, nurnberi ng about 40 and 

rang ing  i n  s i z e  up t o  about 1.3 square k i lometers .  The l a r g e s t  fans 

occur  a t  Canal F l a t s  and a t  t h e  mouths o f  Dutch, Windermere and Canyon 

Creeks. 

Another d i s t i n c t i v e  f e a t u r e  o f  t h e  Upper Columbia V a l l e y  i s  t h e  

occurrence, a t  Parson, o f  a ledge on t h e  east  s i d e  o f  t h e  v a l l e y  about 

120 metres o r  more above t h e  v a l l e y  bottom. "The ledge, h a l f  a m i l e  

( o r  1 k i l o m e t e r )  o r  more wide, i s  t h e  remnant o f  an e a r l i e r  rock v a l l e y  

bottom . . . I '  (Ke l ley  & Hol land, 1961, p. 25). To t h e  n o r t h  o f  Parson 

and running beyond Golden, t h i s  ledge occurs on both s ides  o f  t h e  

v a l l e y .  Many s h o r t  g u l l i e s  have been cu t  i n t o  t h e  s u r f i c i a l  depos i ts  



o c c u r i n g  below t h e  remnant o f  t h i s  former rock v a l l e y  bottom and very 

i o n a l l y  spr ings  have been mapped w e l l  below t h i s  l e v e l .  
OC@ 

GEOLOGY 

Bedrock Geology 

The Upper Columbia R i v e r ,  f rom Canal F l a t s  t o  Golden, c l o s e l y  

f o l l o w s  t h e  boundary separa t ing  bedrock format ions o f  t h e  P r o t e r o -  

z o i c  E r a  occur ing  o n l y  on t h e  west s i d e  o f  t h e  r i v e r  f rom bedrock 

fo rmat ions  o f  t h e  Paleozoic  E r a  on t h e  east  and p a r t l y  on t h e  west 

s i d e s  o f  t h e  r i v e r .  The main rock types o c c u r r i n g  on t h e  west 

s i d e  o f  t h e  r i v e r  f rom Canal F l a t s  t o  Harrogate a r e  sandstone, 

conglomerate and l imestone. The main rock types mapped on t h e  

e n t i r e  eas t  s i d e  throughout  t h e  study area and on bo th  s ides o f  

t h e  r i v e r  f rom Harrogate t o  Golden are  l imestone and shale. 

S u r f i c i a l  Geology 

F i e l d  observa t ions  by K e l l e y  and H o l l a n d  (1961, p. 2 5 )  show 

much o f  t h e  area i s  covered by t i l l ,  which i s  an unsor ted d e p o s i t  

o f  sand, s i l t ,  c l a y  and boulders;  by s t r a t i f i e d  g l a c i o - l a c u s t r i n e  

s i l t ;  by a l l u v i a l  fan  depos i ts  commonly composed o f  gravel ,  sand, 

s i l t  and c l a y  m a t e r i a l s ,  and by g l a c i a l  outwash d e p o s i t s  

compr is ing  sand and gravel .  

D r i l l  h o l e  l o g s  i n d i c a t e  q u i t e  ii v a r i a t i o n  i n  t h e  occurrence 

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

depths o f  about 90 metres below t h e  l e v e l  o f  t h e  Columbia River .  

The t o t a l  t h i c k n e s s  o f  v a l l e y  f i l l  depos i ts  below r i v e r  l e v e l  i s  

n o t  known. However, these may be very t h i c k  as i s  t h e  case i n  

much o f  t h e  Okanagan R i v e r  V a l l e y  where th icknesses up t o  300 t o  

600 metres a r e  known t o  occur. 

From a s tudy o f  some o f  t h e  d r i l l  h o l e  logs,  which are  pre- 

dominant ly  f o r  l o c a t i o n s  a long t h e  eas t  s i d e  o f  t h e  v a l l e y ,  i t  i s  

p o s s i b l e  t o  form some idea o f  t h e  reg iona l  geology o f  t h e  

s u r f i c i a l  depos i ts  bu t  c o r r e l a t i o n  o f  logs  appears t o  be j u s t i f i e d  
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o n l y  on a l o c a l  scale.  D i f f i c u l t i e s  i n  a t t e m p t i n g  t o  c o r r e l a t e  

d r i l l i n g  l o g s  i s  i l l u s t r a t e d  by t h e  cross s e c t i o n  (F igure 1) f rom 

.Canal F l a t s  t o  Golden . Along much o f  t h e  Upper Columbia V a l l e y  

t i l l  has been recorded a t  e l e v a t i o n s  c l o s e  t o ,  and t o  h e i g h t s  o f  

over  150 metres above r i v e r  l e v e l ,  w i t h  th icknesses ranging up t o  

60 metres t h i c k .  I n  p laces near Radium and Br isco ,  t h e  t i l l  i s  

r e p o r t e d  t o  be u n d e r l a i n  by c l a y  over 60 metres t h i c k  and by s i l t  

about 120 metres t h i c k ,  o r  by sand and gravel  l o c a l l y  known t o  

exceed 30 metres t h i c k .  

Many d r i l l  h o l e  l o g s  show main ly  sand and gravel  depos i ts  

f rom ground s u r f a c e  w i t h  some c l a y  beds o r  lenses. These are  

m a i n l y  assoc ia ted  w i t h  a l l u v i a l  fan  depos i ts  which are  found a t  

t h e  mouths o f  many o f  t h e  numerous t r i b u t a r y  creeks occur ing  

th roughout  t h e  s tudy area. Most o f  these d r i l l  ho les a re  l e s s  

t h a n  30 metres deep and many are l e s s  than 15 metres deep. These 

l i m i t e d  d r i l l i n g  depths r e s t r i c t  understanding o f  t h e  geology and 

t h i c k n e s s  o f  t h e  var ious  fan  deposi ts .  

HYDROGEOLOGY 

Source, Occurrence and Movement o f  Groundwater 

The sources f rom which groundwater supp l ies  a r e  known t o  be 

ob ta ined a r e  predominant ly  sand and grave l  beds o r  lenses , 
however, groundwater suppl i e s  a r e  sometimes ob ta ined from shales 

and sandstone i n  t h e  area. 

Groundwater occurs i n  t h e  v o i d  or open spaces i n  t h e  uncon- 

s o l i d a t e d  d e p o s i t s  and i n  t h e  bedrock. The c a p a c i t y  o f  t h e  bed- 

rock o r  unconso l ida ted  depos i ts  t o  a c t  as r e s e r v o i r s  o f  ground- 

water  depends upon p o r o s i t y  which i s  t h e  percentage o f  t h e  t o t a l  

volume o f  a rock t y p e  o r  m a t e r i a l s  such as sand and gravel  

occupied by open spaces. P o r o s i t y  .is commonly low i n  f r a c t u r e d  
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bedrock so t h a t  r e l a t i v e l y  lower  volumes o f  groundwater occur i n  

bedrock compared t o  s u r f i c i a l  depos i ts  t o  a g iven depth. 0 
While p o r o s i t y  i n f l u e n c e s  t h e  volume o f  groundwater i n  

s t o r a g e  i t  i s  p e r m e a b i l i t y ,  t h e  a b i l i t y  o f  water t o  move through 

t h e  open spaces, as w e l l  as t h e  s i r e  o f  t h e  open spaces which 

governs w e l l  y i e l d s .  Clay i s  an example o f  m a t e r i a l  o f  h i g h  

p o r o s i t y ,  about 65 percent ,  bu t  very small  open spaces p e r m i t t i n g  

o n l y  very  l i m i t e d  movement o f  groundwater. Clean sand and grave ls  

have lower  p o r o s i t y ,  about 35 percent ,  bu t  l a r g e r  open spaces 

a l l o w i n g  easy movement o f  groundwater. Well y i e l d s  may be very 

smal l  f rom c l a y  and amount t o  o n l y  a small  number o f  g a l l o n s  per  

day, b u t  y i e l d s  f rom sand and gravel  may o f t e n  be measured as many 

hundreds, sometimes thousands, o f  ga l  Ions per minute. 

Because o f  commonly low p o r o s i t y  and p e r m e a b i l i t y  o f  

f r a c t u r e d  bedrock, we1 1 y i e l d s  f rom bedrock are  u s u a l l y  small .  

However, i n  t h e  study area l a r g e  openings developed by s o l u t i o n  o f  

l i m e s t o n e  and do lomi te  rocks may sometimes form passage ways f o r  

smal 1 t o  l a r g e  underground streams. We1 1s i n t e r s e c t i n g  such 

streams may have q u i t e  h i g h  y i e l d s .  The water  i s s u i n g  as hot 

s p r i n g s  i n  t h e  Upper Columbia V a l l e y  f lows th rough s o l u t i o n  

channels i n  l imestone and do lomi te  rocks. 

The movement o f  groundwater i s  c o n t r o l l e d  c h i e f l y  by 

topography and i s  m o d i f i e d  by geology w i t h  f l o w  being from areas 

o f  topograph ic  h ighs  t o  topographic  lows. On a reg iona l  sca le  

groundwater f l o w  i s  f rom upland areas (areas o f  groundwater 

recharge)  t o  lowland areas o r  r i v e r  v a l l e y s  (areas o f  groundwater 

d ischarge) .  It should a l s o  be mentioned t h a t  recharge t o  a q u i f e r s  

i n  t h e  main v a l l e y  may occur by l o s s  o f  water  f rom t r i b u t a r y  

creeks i n t o  and th rough sand and gravel  d e p o s i t s  u n d e r l y i n g  creeks 

beds. 
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Groundwater Data 

The t o t a l  number o f  water w e l l  records and t e s t  ho les on f i l e  

Th is  data has been 

summarized and s a l i e n t  i n f o r m a t i o n  i s  presented i n  14 separate 

groupings i n  Table 1, "A Summary o f  Water Well ,Data." Th is  

schedule s t a t e s  t h e  ranges o f  w e l l  depths, water l e v e l s  and w e l l  

y i e l d s ,  types o f  a q u i f e r  m a t e r i a l s  and some comments, m a i n l y  on 

water  q u a l i t y  and occurence o f  w e l l  groupings. Most o f  t h e  w e l l  

y i e l d s  have been est imated by w e l l  d r i l l e r s  f rom s h o r t  b a i l  o r  

pump t e s t s  and t h e r e  i s  o n l y  a l i m i t e d  amount o f  pump t e s t  data 

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

Locat ions  o f  t h e  w e l l  groupings are  shown on F i g u r e  2. Ground- 

water  da ta  i s  a l s o  a v a i l a b l e  f o r  f i v e  observa t ion  w e l l s  which were 

moni tored c o n t i n u o u s l y  between December 1969 and February 1977 i n  

t h e  Athalmer area. Data on chemical q u a l i t y  o f  groundwater i n  t h e  

s tudy  area i s  l i m i t e d  t o  some p a r t i a l  Hach k i t  analyses and t h r e e  

f u l l  1 abora tory  analyses. 

'for t h e  s tudy area i s  j u s t  over 300. 

Groundwater Use 

From t h e  a v a i l a b l e  i n f o r m a t i o n ,  groundwater resources i n  t h e  

v a l l e y  a re  known t o  be developed t o  supply  domestic, t o u r i s t  

accommodation, mun ic ipa l ,  i n d u s t r i a l  and p o s s i b l y  f o r  i r r i g a t i o n  

r e q u i  rements. The m a j o r i t y  , about t h r e e  q u a r t e r s  o f  t h e  we1 1 s ,  
have been i n s t a l l e d  t o  meet domestic needs assumed t o  be l e s s  than 

1/4 L/s ( l i t r e s  per  second) o r  3 Igpm ( Imper ia l  g a l l o n s  per  

minute) .  Also,  f o r  about one-quar ter  - o f  t h e  w e l l s  t h e r e  i s  no 

r e p o r t e d  use. 

Some w e l l s  have been c o n s t r u c t e d  t o  serve or supplement 

mun ic ipa l  water  supply requ i  rements a t  Golden, Invermere, and 

Wilmer. Groundwater e x t r a c t i o n  f o r  i n d u s t r i a l  use i s  smal l  bu t  i s  

known t o  occur a t  Golden where it i s  developed f o r  use by A l l i s o n  

Concrete Ltd., K i c k i n g  Horse Fores t  Products and Dominion Dai ry .  

Groundwater development f o r  munic ipa l  and i n d u s t r i a l  use g ives a 
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0 

L o c a l i t y  and 
Map Group Number 

Canal F l a t s  
Thunder H i l l  Park 
Fairmont Hot 

Spr ings 
Nor theas t  s i d e  o f  

Windermere Lake 
A t  ha1 mere 
I nvermere 

Wilmer 
Dry Gulch Creek 
Radium J u n c t i o n  
Edgewater 

B r i  sco 
Ha r r o g a t  e- 

Parson - 
N i  cho l  sen 
Go1 den 

Sp i l l imacheen 

C a s t l e d a l e  

1 
2 

3 

4 

5 

6 
7 
8 
9 

10 

11 

12 
1 3  
14 

TABLE 1 

A Summary o f  Water Well  D a t a  

No. 
o f  
We1 1 s 

25 
6 

11 

61 

47 

11 
9 

10 
20 

6 

8 

11 
30 
65 

Range o f :  

We1 1 
Depths 
( f e e t )  

10-160 
40-613 

10-180 

6-540 

5-300 

10-195 
70-660 
18- 369 
8- 240 

12-461 

16-116 

12- 260 
12-125 
12-218 

Water 
Levels  
( f e e t )  

10-140 
0- 19 

4- 24 

0-161 

0-191 

5-142 
35-408 
12-230 
10- 65 

5- 36 

10- 86 

4- 43 
4- 50 

10- 60 

We1 1 
Y i  e l  ds 
(gpm) 

5- 130 
0- 25 

LO- 20 

3- 400 

4- 1000 

0- 250 
9- 25 
3- 25 
0- 10 

- 
2- 30 

4- 50 
1/4- 15 
2 - 2000 

A q u i f e r  
Mater i  a1 

GYS 
B 

G,b 

G&S,fs 

S&G,st , 
b 
S plG 
S&G,st , b  
s &G 
G,fs 

Sp1G 

G 

S&Gycl ,b 
G Y S  
G,s 

Notes: G = Gravel ;  S = Sand; S t  = S i l t ;  Fs = F i n e  Sand; StS = S i l t y  Sand; 
C1 = Clay;  B = Bedrock 

Reported 
Qual i t y  

Hard - 
Hard 

Hard 

Moderat- .  
l y  hard - 
- 
Mode r a t e -  
l y  hard 
Very hard 

Hard 

Upper case l e t t e r s  " S "  denote main a q u i f e r  m a t e r i a l ;  lower  case l e t t e r s  ' Is ' '  

denote minor a q u i f e r  m a t e r i a l  
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more r e l i a b l e  i n d i c a t i o n  o f  p o s s i b l e  w e l l  y i e l d s  w i t h  y i e l d s  

r e p o r t e d  t o  be i n  t h e  range o f  18 L/s (240 Igpm) t o  120 L/s  (1600 

eIgpm). It i s  a l s o  q u i t e  p o s s i b l e  t h a t  groundwater s u p p l i e s  a re  o r  

c o u l d  l o c a l l y  be developed f o r  i r r i g a t i o n  purposes f o r  growing 

vegetables and smal l  f r u i t s .  

B r i e f  ment ion w i l l  be made here t o  t h e  occurrence o f  hot  

s p r i n g s  i n  t h e  v a l l e y .  These occur a t  Radium and Fai rmont  and 

fo rm a t o u r i s t  a t t r a c t i o n  o f  major importance. The s p r i n g s  issue 

f rom s o l u t i o n  channels i n  do lomi te  and l imestone rocks and i t  i s  

cons idered t h a t  t h e  water has come from depths as much as 1290 

met res. 

Flow from Radium Hot Spr ings i s  about 30 L/s (400 Igpm) and 

t h e  water  temperature i s  about 42°C. The water may be descr ibed 

as c a l c i u m  su lphate  p l u s  b icarbonate  t y p e  w i t h  t o t a l  d i s s o l v e d  

s o l  i d s  o f  about 706 mg/L. 

The combined d ischarge o f  severa l  hot  spr ings  a t  Fairmont i s  

over  37.5 L/s (500 Igpm) and t h e  temperature o f  t h e  spr ings  ranges 

f rom about 36OC t o  49OC. The waters may be descr ibed as main ly  

c a l c i u m  su lphate  t y p e  w i t h  some magnesium b icarbonate  and h i g h  i n  

t o t a l  d i s s o l v e d  s o l i d s ,  about 2000 mg/L. 

Spr ings  i n  both l o c a l i t i e s  a re  r a d i o a c t i v e  w i t h  those a t  

Radium being t h e  most r a d i o a c t i v e  i n  Canada. For  f u r t h e r  in forma- 

t i o n  on ho t  s p r i n g s  i n  t h e  Upper Columbia t h e  reader i s  r e f e r r e d  

t o  van Everdingen (1972). 

Groundwater Prospects 

Gene r a  1 
Most o f  t h e  w e l l s  a r e  unevenly d i s t r i b u t e d  a long t h e  

Columbia R i v e r  Va l ley ,  occur ing  main ly  i n  groups assoc ia ted  

w i t h  t h e  human se t t lement  pa t te rn .  Due t o  t h e  d i s t r i b u t i o n  
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o f  da ta  and t h e  shal low depths o f  most we l ls ,  o n l y  l i m i t e d  

d e l i n e a t i o n  o f  t h e  area l  e x t e n t  and t h i c k n e s s  o f  a q u i f e r s  i s  

poss ib le .  Each l o c a l i t y  where w e l l s  occur r e q u i r e s  d e t a i l e d  

groundwater study us ing  l a r g e - s c a l e  maps which i s  beyond t h e  

scope o f  t h i s  repor t .  However, f rom t h e  data s u p p l i e d  on 

r e p o r t e d  w e l l  y i e l d s ,  69 w e l l s  y i e l d  up t o  1.5 L/s (20 Igpm), 

30 w e l l s  y i e l d  up t o  7.5 L/s (100 Igpm), 1 7  w e l l s  y i e l d  up t o  
37.5 L/s (500 Igpm), and s i x  w e l l s  y i e l d  up t o  120 L/s (1600 

@ 

Igpm) 

A1 1 u v i a l  Fan DePosi ts 

The l a r g e s t  fans occur a t  Canal F l a t s  and a t  t h e  mouths 

o f  Dutch, Windermere and Canyon Creeks. These fans and 

severa l  somewhat s m a l l e r  fans as a t  t h e  mouths o f  creeks such 

as Madias, Stoddar t ,  and Ho'lt Creek may sometimes be 

i m p o r t a n t  sources o f  groundwater supply. Groundwter supp l ies  

may sometimes be obta ined near t h e  mouths o f  o t h e r  t r i b u t a r y  

creeks where f a n  development i s  absent, such as K i n d e r l e y  and 

Horse th i  e f  Creeks. 

The da ta  concern ing we1 1 y i e l d s  suggest t h a t  groundwater 

p rospec ts  may o f t e n  be f a v o u r a b l e  i n  t h e  a l l u v i a l  f a n  

depos i ts .  The developed a q u i f e r  m a t e r i a l s  w i t h i n  these fans 

a r e  p r i m a r i l y  permeable sands and g r a v e l s  most ly  penetrated 

t o  depths o f  l e s s  than 30 metres below ground surface, bu t  

t h e  t h i c k n e s s  o f  these fan  depos i ts  i s  u s u a l l y  unknown. Some 

i d e a  o f  groundwater prospects  i s  g iven by w e l l  da ta  a t  p laces 

such as: 

1. Canal F l a t s  where y i e l d s  up t o  30 L/s  (400 Igpm) a r e  

r e p o r t e d  from depths as sha l low as 11 metres. Only f o u r  

o f  t h e  25 w e l l s  exceed 15 metres i n  depth and o n l y  one i s  

g r e a t e r  than 30 metres deep. With t h e  Kootenay R i v e r  

f l o w i n g  accross t h e  south end o f  t h i s  f a n  and undoubtedly 

c o n t r i b u t i n g  t o  recharge o f  t h e  f a n  depos i ts ,  t h e r e  i s  



probab ly  cons iderab le  p o t e n t i a l  f o r  groundwater develop- 

ment here. 

2. Windermere. Wel ls i n  t h i s  l o c a l i t y  a re  commonly l e s s  

t h a n  15 metres deep w i t h  y i e l d s  repor ted  up t o  1.5 L/s 
(20 Igpm). Three d r i l l  ho les i n  and near Windermere, 

about 60 t o  120 metres deep show t h i c k  low permeable 

m a t e r i a l s ,  m a i n l y  c l a y  o v e r l y i n g  bedrock .  It i s  

suggested t h a t  groundwater supp l ies  may o n l y  be obta ined 

f rom sha l low sand and gravel  depos i ts  and t h a t  a d d i t i o n a l  

e x p l o r a t i o n  and t e s t  pumping be conducted e i t h e r  c l o s e  t o  

Windermere Creek o r  a b o u t  one k i l o m e t e r  n o r t h  of 

W i  ndermere. 

G l a c i a l  Outwash Deposi ts  

Water w e l l  records f rom w e l l s  completed i n  sand and 

grave l  d e p o s i t s  as a t  t h e  mouths o f  Toby Creek (Hodge, 1980) 

and K i c k i n g  Horse R i v e r  show groundwater prospects  a re  q u i t e  

favourable.  Near Toby Creek we'll y i e l d s  a re  repor ted  t o  be 

as h i g h  as 30 L/s  (400 Igpm) and up t o  75.0 L/s (1000 Igpm) 

near t h e  K i c k i n g  Horse r i v e r .  

T i l l  and Clav DeDosits 

There a r e  some l o c a t i o n s  where t h e  geology appears t o  be 

un favourab le  f o r  t h e  development o f  groundwater supp l ies  such 

a s  near Edgewater, Dry Gulch Creek and Br isco .  Though w e l l  

y i e l d s  up t o  2/3 L/s  (8 Igpm) have been repor ted  near 

Edgewater, some w e l l s  y i e l d  very l i m i t e d  groundwater supp l ies  

and severa l  d r y  ho les have been d r i l l e d  i n  t h i s  l o c a l i t y  t o  

depths o f  about 60 metres p e n e t r a t i n g  main ly  c l a y  deposi ts .  

Near Dry Gulch Creek some t e s t  ho les range from 135 t o  255 

metres deep and penet ra te  t h i c k  sec t ions  o f  c l a y  and t i l l  

depos i ts .  Four w e l l s  y i e l d  groundwater a t  r a t e s  repor ted  t o  

range from 1 /2  L/s (6 Igpm) t o  11.5 L/s (20 Igpm). A t  B r i s c o  
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two d r i l l  ho les were repor ted  t o  be dry t o  depths o f  about 

60 and 140 metres and penetrated main ly  c lay.  Two w e l l s  do 

produce adequate and two o thers  inadequate s u p p l i e s  o f  water 

f o r  use bu t  a c t u a l  y i e l d s  a r e  unknown. 

Groundwater prospects  a t  a number o f  l o c a l i t i e s  have 

been i n d i c a t e d  i n  Table 2, "Groundwater Prospects  i n  Selected 

L o c a l i t i e s . "  which shows t h e  number o f  w e l l  records,  ranges 

o f  w e l l  depths and repor ted  y i e l d s ,  and t h e  major a q u i f e r  

m a t e r i a l s .  The data i n d i c a t e  t h a t  a t  some s i t e s  such as near 

Windermere, Shuswap, Wilmer and H o s p i t a l  Creeks, t h e r e  would 

appear t o  be p o t e n t i a l  f o r  increased groundwater suppl ies.  

However, d e t a i l e d  o f f i c e  and f i e l d  s t u d i e s  are  r e q u i r e d  i n  

each area. The l o c a l i t i e s  l i s t e d  i n  Table 2 a r e  shown on 

F i g u r e  3. 

Wi th  regard t o  t h e  prospects  o f  o b t a i n i n g  groundwater 

s u p p l i e s  a t  depths o f  150 metres o r  more below r i v e r  l e v e l  

n o t h i n g  i s  p r e s e n t l y  known about; t h e  th icknesses o r  types o f  

d e p o s i t s  f i l l i n g  t h e  Upper Columbia Va l ley .  It i s  l i k e l y ,  

however, t h a t  t h e  unconsol idated depos i ts  may be severa l  

hundred metres i n  maximum th ickness.  From what i s  known o f  

t h e  v a r i a t i o n  i n  types and th icknesses of s u r f i c i a l  depos i ts  

i n  t h e  Okanagan R i v e r  V a l l e y  groundwater supp l ies  can be 

ob ta ined f rom depths as much as 370 m below ground surface. 

Wi th t h e  knowledge t h a t  groundwater s u p p l i e s  can be obta ined 

f rom cons iderab le  depths i n  t h e  Okanagan R i v e r  Va l ley ,  t h e  

p o t e n t i a l  f o r  o b t a i n i n g  groundwater s u p p l i e s  f rom s i m i l a r  

d e p t h s  i n  t h e  Upper  Co lumbia  V a l l e y  s h o u l d  n o t  be 

discounted. 

Bedrock A q u i f e r s  

Very l i t t l e  i n f o r m a t i o n  i s  a v a i l a b l e  on groundwater 

p rospec ts  from bedrock sources as t h e r e  a r e  records on f i l e  
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Major A q u i f e r  
Mate r i  a1 s 

. 'i' 

Comments on 
Qual i ty Comments 1 

TABLE 2 - Groundwater Prospects i n  Se lec ted  L o c a l i t i e s  

Wilmer Creek 
near Wilmer 

Rriice Creek near Wilmer 

S toddar t  Creek 
near A t h a l n e r  

Dry Gulch Creek 
near Radium J u n c t i o n  

F o r s t e r  Creek 

S i n c l a i r  Creek a t  
Radium Hot Spr ings 

I d e n t i f i e d  Surface Water 
Shortage S i t e s  

6 26' t o  195' 1 t o  250 gpm+ 

n 

2 72'  t o  197' 3 gpm 

- 
5 7 0 '  t o  625'  11 t o  19 Igpm 

1 1 A O '  6 gpm 

0 

No. o f  Well Reported We1 1 
Logs Reported I T o t ~ ~ n ~ ~ p t h  I Y i e l d  Range 

Sand and/or 
g r a v e l s  

Gravels,  c l a y  
and sand 

Most ly  g rave l  
and sand, some 
c l a y  

No data 

Pagl i a r o  Creek 
near Golden 

Horse Creek 

H o s p i t a l  Creek above 
Nor th  Ford and 

H o s p i t a l  Creek Nor th  
Fork near Golden 

H o t s p r i n g  Creek 

Warm Spr ings  

Rower Creek near Mouth 

1 125' 12.5 gph 

5 100' t o  160' 2 t o  10 gpm 

8 8 '  t o  2118' 0 t o  60 gpm Gravel ,  sand, 
c l a y  and 
bou lders  

No data on 
qual  i t y  

A I l3 
dstream/Fpirmont Y .oo lspr ing  Creek 

1 10' t o  180' 1 Inadequate t o  
20 gpm l -  Most ly  g rave ls  

B 12 '  t o  380' 4 t o  200 gpm l -  Sand and/or 
g rave ls  

Windermere Creek 
near Windernere 

C G o l d i e  Creek . I  O I I 
0 Tohy Creek 

near Mouth 
5 10'  t o  135'  8 gpm t o  10 gpm I I Sand and grave l  

q u a l i t y  
E I 61'  t o  110' 1 20 t o  30 gpm l 4  Shuswap Creek 

F 

G 

H 

- 
I 

- 
J 

K 
- 

- 
L 

~ 

Macaulay Creek 
near Edgewater 

6 0 '  and 165' 1 6 gpm I '  Boulders and 
c l a y  I 

M F r a l  i ng Creek 2 10 t o  15 gpm I Gravel w i t h  c l a y  No data 
bands 

N Soles Creek ' I  ? 1 30' I Good Gravel s I -  I 
0 Reard Creek I n I I I -  I 
P 
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f o r  on ly  11 w e l l s  and t e s t  ho les d r i l l e d  i n t o  t h e  bedrock. 

Most o f  these w e l l s  are repor ted  t o  be completed i n  shale and 

t h e  h i g h e s t  repor ted  w e l l  y i e l d s  a re  1.5 L/s (20 Igpm) f o r  

t h r e e  o f  t h e  wel ls .  Three d r i l l  ho les were repor ted  t o  be 

dry. 

Reference has p r e v i o u s l y  been made t o  t h e  occurrence o f  

groundwater i n  s o l u t i o n  channels i n  l imestone and do lomi te  

rocks.\ However, t h e r e  a r e  no records on f i l e  o f  w e l l s  being 

completed i n  these rock types though groundwater supp l ies  

c o u l d  be developed from w e l l s  i n t e r s e c t i n g  streams w i t h i n  

these rocks. 

Groundwater Q u a l i t y  

I n f o r m a t i o n  on groundwater q u a l i t y  i n  t h e  Columbia R i v e r  

V a l l e y  i s  very l i m i t e d  and much o f  t h i s  i s  o n l y  f o r  f i e l d  

Hach k i t  measurements o f  pH o r  comments f rom w e l l  owners t h a t  

t h e  water  i s  "hard." Only t h r e e  f u l l  l a b o r a t o r y  chemical 

analyses are  on f i l e .  These a r e  f o r  groundwaters i n  t h e  K i r k  

S u b d i v i s i o n  a t  Radium and a t  Wilmer and a t  Athalmer. These 

analyses show groundwaters may be descr ibed as o f  ca lc ium and 

magnesium b icarbonate  t y p e  low i n  t o t a l  d i s s o l v e d  s o l i d s .  

The t o t a l  s o l i d s  are i n  t h e  range o f  about 200 t o  300 mg/L. 

The hardness values range f rom about 130 t o  260 mg/L. 

Arsen ic  was present  i n  t h e  sample taken a t  Radium and 

was r e p o r t e d  t o  be 0.012 mg/L. Th is  c o n c e n t r a t i o n  s l i g h t l y  

exceeds t h e  acceptable l e v e l  o f  0.01 mg/L o f  t h e  Canadian 

D r i n k i n g  Water Standards (Heal th  and We1 f a r e  Canada, 1968) 

b u t  f a l l s  below t h e  upper p e r m i s s i b l e  l i m i t  o f  0.05 mg/L. 

Gumrner and Block (1979) have found arsen ic  o r i g i n a t i n g  from 

t h e  bedrock spr ings  t o  be u b i q u i t o u s  i n  t h e  water  o f  t h e  

S i n c l a i r  Creek Basin. Kohut (1980) has suggested t h a t  ... 
Under pumping c o n d i t i o n s  arsen ic  l e v e l s  i n  t h e  groundwater o f  



I .  

13 

t h e  s u r f i c i a l  depos i ts  ad jacent  t o  S i n c l a i r  Creek would not  

be expected t o  inc rease t o  t h e  median l e v e l s  observed i n  

S i n c l a i r  Creek but  s t r o n g l y  adv ises w e l l s  t o  be l o c a t e d  away 

f rom S i n c l a i r  Creek. To da te  t h e  groundwater c o n d i t i o n s  i n  

t h e  v i c i n i t y  o f  Radium have not been adequately i n v e s t i g a t e d .  

A d d i t i o n a l  t e s t  d r i l l i n g  i n  t h e  Radium area i s  warranted t o  

l o c a t e  groundwater sources t h a t  a re  removed from S i n c l a i r  

Creek. 

One f u r t h e r  comment i s  made i n  re fe rence t o  groundwater 

q u a l i t y .  Th is  concerns t h e  f a c t  t h a t  good waste d isposal  

p r a c t i c e s  are recommended t o  prevent  p o s s i b l e  groundwater 

p o l l u t i o n  as many w e l l s  wi thdraw water s u p p l i e s  f rom sha l low 

water  t a b l e  (unconf ined) a q u i f e r s  i n  a l l u v i a l  fans and 

g l a c i a l  outwash deposi ts .  Areas which may be q u i t e  s e n s i t i v e  

t o  contaminants reaching a q u i f e r s  i n c l u d e  Canal F l a t s  and i n  

t h e  Edelweiss area near Golden. 

RECOMMENDATIONS FOR FURTHER DATA COLLECTION 

C o l l e c t i o n  o f  A d d i t i o n a l  Water Well Data 

I t  i s  recommended t h a t  a d d i t i o n a l  water  we1 1 da ta  be 

c o l l e c t e d  f o r  some w e l l s  and a l s o  for- w e l l s  f o r  which records are  

n o t  a v a i l a b l e  on Groundwater Sec t ion  f i l e s .  About 3 man weeks 

should be a l lowed f o r  t h i s  work. The t y p e  o f  da ta  t o  be c o l l e c t e d  

would i n c l u d e  w e l l  depth, water l e v e l ,  w e l l  log ,  w e l l  y i e l d  and 

comments on water  q u a l i t y .  F i e l d  work should i n c l u d e  t a k i n g  

c o n d u c t i v i t y  readings and f i e l d  t e s t s  o f  chemical q u a l i t y  o f  w e l l  

water  samples and a very l i m i t e d  number o f  groundwater samples f o r  

l a b o r a t o r y  chemical ana lys is .  It i s  suggested such work i s  

assigned t o  t e c h n i c a l  s t a f f  and approximate c o s t s  have been 

est imated as f o l l o w s :  

1. S a l a r i e s  ..................... $ 1,150. 
2. F i e l d  expenses ............... $ 1,125. 
3. Labora tory  chemical analyses . $ 2,700. ( f o r  15 samples) 

$ 4,975. 



. 
i 

14 

F o l l o w i n g  upon an o f f i c e  rev iew o f  a d d i t i o n a l  water w e l l  data 

c o l l e c t e d  from a f i e l d  i n v e n t o r y  program, c o n s i d e r a t i o n  should be 

.given t o  s e l e c t i n g  p o s s i b l e  s i t e s  f o r  t e s t  d r i l l i n g  and pump 

t e s t  i ng programs. 

Groundwater E x p l o r a t i o n  Programs 

There a r e  a number o f  s i t e s  throughout  t h e  Upper Columbia 

R i v e r  V a l l e y  which warrant  f u r t h e r  groundwater i n v e s t i g a t i o n  i n  

o r d e r  t o  understand t h e  a q u i f e r  p o t e n t i a l  f o r  groundwater develop- 

ment. These areas i n c l u d e  l o c a t i o n s  i d e n t i f i e d  i n  Table 2, a l l  o f  

which a r e  p r e s e n t l y  exper ienc ing  sur face  water supply  shortages. 

Groundwater c o u l d  p o s s i b l y  p rov ide  an a1 t e r n a t i  ve water supply  t o  

meet t h e  requirements o f  these areas. A groundwater t e s t  d r i l l i n g  

program should t h e r e f o r e  be considered i n  o rder  t o  more f u l l y  

understand t h e  groundwater p o t e n t i a l  i n  these areas. 

The number and s i t i n g  o f  t e s t  w e l l s  w i l l  depend upon l o c a l  

water  supply  requirements.  G l a c i a l  outwash d e p o s i t s  and a1 l u v i a l  

f a n  d e p o s i t s  p r o v i d e  good prospects  f o r  groundwater development , 
and f o r  t h e  Invermere-Windermere area s p e c i f i c  t e s t  d r i  11 i ng s i t e s  

a re  recommended and shown on F i g u r e  4, (Hodge, 1980). 

Cost est imates f o r  example purposes have been prepared f o r  

t e s t  d r i l l i n g  i n  s u r f i c i a l  depos i ts  f o r  8 - inch  d iameter  w e l l s  t o  

be completed t o  depths o f  about 15 metres (50 f e e t )  and 30 metres 

(100 f e e t )  and 90 metres (300 f e e t ) ,  Appendix A. These cos t  

es t imates  have been prepared f o r  d r i l l i n g  by t h e  c a b l e - t o o l  method 

o r  by r o t a r y  d r i l l i n g  w i t h  a d r i v e n  casing. Costs t o t a l  $8,800, 

$11,800 and $22,700, r e s p e c t i v e l y .  Costs g iven here a r e  f o r  

c o n t r a c t  c o s t s  o n l y  and do not  i n c l u d e  eng ineer ing  superv isory  

costs .  The f o r e g o i n g  est imates have been prov ided as a guide t o  

t h e  c o s t s  o f  groundwater e x p l o r a t i o n  i n  a q u i f e r s  known t o  occur a t  



Note: Geology based on 
a i r  photo i n t e r p r e t a t i o n  
and a v a i l a b l e  s o i l s  and 
1 and' f o r m  mapping from 
Resource A n a l y s i s  Branch, 
M i n i s t r y  o f  Environment. 
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depths o f  15 metres (50 f e e t ) ,  30 metres (100 f e e t ) ,  and 90 metres 

(300 f e e t ) ,  as i s  t h e  case i n  t h e  Upper Columbia R i v e r  Val ley.  0 
SUMMARY 

The area covered i n  t h i s  study o f  groundwater resources i n  t h e  

Upper Columbia R i v e r  V a l l e y  ranges from Canal F l a t s  a t  t h e  south end o f  

Col umbi a Lake t o  Go1 den, a d i s t a n c e  o f  about 155 k i  1 ometers. 

Geologica l  and s o i l s  maps and r e p o r t s  i n d i c a t e  t h e  bedrock i s  comprised 

m a i n l y  o f  shale,  sandstone and l imestone, and t h a t  much o f  t h e  area i s  

t i l l ,  a l l u v i a l  and g l a c i a l  outwash deposi ts .  covered by 

The a 

sources o f  

l u v i a l  and g l a c i a l  outwash depos i ts  a re  t h e  major developed 

groundwater supply i n  t h e  area. A rev iew o f  over 300 water  

w e l l  records show over  h a l f  o f  t h e  w e l l s  o b t a i n  groundwater a t  l e s s  

t h a n  15 metres below ground sur face  and l e s s  than one q u a r t e r  a r e  more 

t h a n  30 metres deep. Well y i e l d s  a re  repor ted  f o r  o n l y  127 o r  about 

o n e - t h i r d  o f  t h e  we l ls .  The y i e l d s  o f  11 w e l l s  a re  repor ted  t o  range 

f rom about 30 L/s (400 Igpn)  t o  120 L/s (1600 Igpm) and o f  22 o t h e r s  

from about 4 L/s (50 Igpm) t o  30 L/s (400 Igpm). Most o f  these w e l l s  

a r e  l o c a t e d  a t  Golden and i n  t h e  area f rom Winderemere t o  Invermere. 

Though t h e  m a j o r i t y  o f  w e l l s  have been cons t ruc ted  t o  meet domestic 

water  supply requirements and have no repor ted  y i e l d ,  t h e r e  a r e  many 

w e l l s  repor ted  t o  y i e l d  up t o  4 L/s (50 Igpm) l o c a t e d  throughout  t h e  

s tudy area. 

Table 2 l i s t s  a s h o r t  summary o f  water  w e l l  da ta  f o r  l o c a l i t i e s  

e x p e r i e n c i n g  s u r f a c e  water  supply shortages. The e x i s t i n g  i n f o r m a t i o n  

and da ta  r e q u i r e  d e t a i l e d  o f f i c e  s tudy accompanied by f i e l d  work, 

i n c l  u d i  ng t e s t  d r i  11 i ng and t e s t  pumping b e f o r e  making concl  u s i  ve 

statements about groundwater p o t e n t i a l  i n  each o f  t h e  areas. 

I t i s  es t imated  t h a t  cos ts  t o  c o l l e c t  some a d d i t i o n a l  water w e l l  

d a t a  and groundwater samples f o r  l a b o r a t o r y  chemical a n a l y s i s  w i l l  be 

about $5,000 and r e q u i r e  about t h r e e  weeks f i e l d  work. Costs o f  
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e x p l o r a t o r y  t e s t  d r i l l i n g  and t e s t  pump 
15 t o  90 metres deep w i l l  be about 

ng f o r  i n d i  v i  dual  we1 1 s rang i  ng 

$8,800 t o  $22,700. 

Very l i m i t e d  i n f o r m a t i o n  i s  a v a i l a b l e  on groundwater q u a l i t y .  The 

groundwaters a re  low i n  t o t a l  d i s s o l v e d  s o l i d s ,  200 t o  300 mg/L b u t  

g e n e r a l l y  hard and may be descr ibed as a c a l c i u m  and magnesium 

b icarbonate  type. The o n l y  impor tan t  known water q u a l i t y  problem i s  

t h e  occurrence o f  a rsen ic  i n  groundwaters i n  t h e  v i c i n i t y  o f  S i n c l a i r  

Creek. 

I n  t h e  Upper Columbia V a l l e y  s i t e s  f o r  waste 

ground should be c a r e f u l l y  se lec ted  and moni tored t o  

groundwater p o l l u t i o n  as numerous we1 1 s o b t a i n  supp 

a q u i f e r s  i n  t h e  area. 

d isposa l  t o  t h e  

min imize r i s k  o f  

i e s  f rom shal low 
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APPENDIX  A 

Es t imates  o f  I t e m i z e d  Costs f o r  an 8" Diameter 

i n  Overburden Using Cable-Tool Method 
o r  Rotary  D r i l l i n g  w i t h  a D r i v e n  Casing 

15 Metres (50 F e e t )  Deep, Test-Wel l  

I T E M  - 
1. M o b i l i z a t i o n  and D e m o b i l i z a t i o n  (lump sum) ........ 

. 2. 8 - inch  d r i v e  shoe (each) .......................... 
3. 50 f e e t  o f  8- inch cased d r i l l i n g  ($38/ f t . )  ........ 
4. 10 f e e t  o f  8- inch screen and f i t t i n g s  (lump sum) .. 
5. Hour ly  work (se t  screen, b a i l  t e s t ,  w e l l  develop- 

ment, etc.,  c a l c u l a t e d  a t  $80/hour) ............... 
6. Standby Time ($60/hr.) ............................ 

equipment (1 ump sum) .............................. 7. M o b i l i z a t i o n  and d e m o b i l i z a t i o n  o f  pump and 

COST - 

$ 500. 

$ 185. 

$ 1,900. 

$ 1,000. 

$ 1,600. 

$ 480. 

$ 500. 

8. I n s t a l l  and remove pump and d ischarge p i p e  (lump sum) $ 500, 

9. 24-hour pumping t e s t  ($50/hr.) .................... $ 1,200. 

10. Pumping crew standby ($40/hr.) .................... $ 120. 

Sub- tota l  $ 7,985. 

+ 10% Cont i  ngenci es $ 799. 

TOTAL $ 8,774. 
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20 .* .. 

Est imates o f  I temized Costs f o r  an 8" Diameter 
30 Metres (100 F e e t )  Deep, Test-Well  
i n  Overburden Using Cable-Tool Method 

o r  Rotary  D r i l l i n g  w i t h  a D r i v e n  Casing 0 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

I T E M  - 

M o b i l i z a t i o n  and D e m o b i l i z a t i o n  (lump sum) ........ 
10- inch d r i v e  shoe (each) ......................... 
20 f e e t  o f  10" cased d r i l l i n g  ($48/ f t . )  ........... 
8- inch d r i v e  shoe (each) .......................... 
20 f e e t  o f  8- inch o v e r l a p  ($16.25/ft .)  ............ 
10 f e e t  o f  8 - inch  screen and f i t t i n g s  (lump sum) .. 
Hour ly  work (se t  screen, b a i l  t e s t ,  we l l  develop- 
ment, etc.,  c a l c u l a t e d  a t  $80/hour) ............... 
Standby Time ($60/hr.) ............................ 
M o b i l i z a t i o n  and d e m o b i l i z a t i o n  o f  pump and- 

80 f e e t  o f  8 - inch  cased d r i l l i n g  ($38/ f t . )  ........ 

equipment (1 ump sum) .............................. 

COST 

$ 500. 

$ 300. 

$ 960. 

$ 185. 

$ 325. 

$ 3,040. 

$ 1,000. 

$ 1,600. 

$ 480. 

$ 500. 

11. I n s t a l l  and remove pump and d ischarge p i p e  (lump sum) $ 500. 

12. 24-hour pumping t e s t  ($50/hr.) .................... $ 1,200. 

13. Pumping crew standby ($40/hr.) .................... $ 120. 

Su b - t o t  a1 $10 , 710. 

+ 10% C o n t i  ngenci es $ 1,070. 

TOTAL $11,780. 
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Est imates o f  I temized Costs f o r  an 8" Diameter 
90 Metres (300 F e e t )  Deep, Test-Well  
i n  Overburden Using Cable-Tool Method 

o r  Rotary  D r i l l i n g  w i t h  a D r i v e n  Casing 0 -  

I T E M  

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 

M o b i l i z a t i o n  and D e m o b i l i z a t i o n  (lump sum) ........ 
10- inch d r i v e  shoe (each) ......................... 
100 f e e t  o f  10" cased d r i l l i n g  ($48/f t . )  .......... 
8- inch  d r i v e  shoe (each) .......................... 
200 f e e t  o f  8 - inch  cased d r i l l i n g  ($38/f t . )  ....... 
10 f e e t  o f  8- inch screen and f i t t i n g s  (lump sum) .. 
Hour ly  work ( s e t  screen, b a i l  t e s t ,  w e l l  develop- 
ment, etc., c a l c u l a t e d  a t  $80/hour) ............... 
M o b i l i z a t i o n  and d e m o b i l i z a t i o n  o f  pump and 

100 f e e t  o f  8- inch o v e r l a p  ($16.25/ft .)  ........... 

Standby Time ($60/hr.) ............................ 
equipment (1 ump sum) .............................. 

COST - 

$ 500. 

$ 300. 

$ 4,800. 

$ 185. 

$ 1,625. 

$ 7,600. 

$ 1,000. 

$ 1,840. 

$ 480. 

$ 500. 

11. I n s t a l l  and remove pump and d ischarge p i p e  (lump sum) $ 500. 
12. 24-hour pumping t e s t  ($50/hr.) .................... $ 1,200. 

13. Pumping crew standby ($40/hr.) .................... $ 120. 

Su b - t  o t  a1 $20,650. 

t 10% Cont i  ngenci es $ 2,061. 

TOTAL $22 , 711. 


