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GROUNDWATER 

I n t r o d u c t i o n  

The purpose of ,his  s e c t i o n  i s  t o  assess tALe ground- 
w a t e r  r e sources  o f  t h e  Nicola watershed,  t o  i d e n t i f y  
w a t e r  producing areas and t o  recommend l o c a t i o n s  f o r  f u r t h e r  
i n v e s t i g a t i o n .  The a v a i l a b l e  d a t a  c o n s i s t s  o f  w a t e r  w e l l  
d r i l l e r s '  r eco rds ,  groundwater r e p o r t s  by government and 
groundwater c o n s u l t i n g  eng inee r s  and hydrogeologis t s  and 
bedrock and s u r f i c i a l  geology r e p o r t s  on f i l e  i n  t h e  Ground- 
hater Sec t ion  of t h e  Min i s t ry  of Environment. 

Geology 

Bedrock Geology 

Mapsheets of t h e  bedrock geology f o r  t h e  Nicola (GSC 
Map N o .  856A) and Ashcroft  (GSC Map N o .  1 0 1 0 A )  areas show 
t h e  Nicola River  b a s i n  is  u n d e r l a i n  mostly by vo lcan ic  rocks  
mainly a n d e s i t e  and basa l t  of  t h e  Nicola  and Kingsvale Groups, 
and by g r a n i t i c  rocks known as  t h e  C o a s t  I n t r u s i o n s .  These 
rocks occur  i n  zones t h a t  may be desc r ibed  as having roughly 
n o r t h  t o  sou th  t r ends .  A l s o  an area of  sedimentary rocks ,  
most ly  a r g i l l i t e ,  p o s s i b l y  belonging t o  t h e  Cache Creek Group, 
occurs  i n  t h e  eas t  p a r t  of t h e  b a s i n  t o  t h e  east  of  Stump 
and Douglas Lakes. For f u r t h e r  in format ion  on t h e  bedrock 
geology of t h e  area t h e  r e a d e r  i s  r e f e r r e d  t o  r e p o r t s  by 
Cockfield ( 1 9 4 8 ) ;  Duffe l1  and McTaggart (1952).  

S u r f i c i a l  Geology 

S u r f i c i a l  geology mapsheets f o r  Merritt (GSC Map No. 
139311) and Vernon (GSC Map N o .  1392A) show unconsol ida ted  
d e p o s i t s ,  p r i m a r i l y  of g l a c i a l  o r i g i n ,  cover  much of t h e  
area (Fu l ton ,  1975) .  These d e p o s i t s  comprise,  ( a )  mainly 
till, commonly an unsor ted  mixture  of  c l a y ,  s i l t ,  sand and 
boulders  w i th  s o m e  sand and g r a v e l  occur ing  mostly inf-upland 
areas, and t h e  fo l lowing  types  o f  d e p o s i t s  occur ing  mainly 
i n  v a l l e y  f e a t u r e s ,  (b )  g l a c i a l  l a c u s t r i n e  s i l t  and sand 
d e p o s i t s ,  ( c )  non-g lac ia l  fan  d e p o s i t s  of sand and g r a v e l ,  
and (d )  a l l u v i a l  d e p o s i t s  of sand,  g r a v e l  and s i l t .  
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Unconsolidated d e p o s i t s  a r e  cons idered  t o  be t h i n  
e o s s  much of t h e  b a s i n  because of t h e  numerous, and 
sometimes l a r g e ,  bedrock exposures  mapped i n  upland a r e a s .  
However, w i t h i n  t h e  v a l l e y s  s u r f i c i a l  d e p o s i t s  may be very  
t h i c k  and a r e  known t o  be about  1 2 0 0  feet thi 'ck i n  p a r t s  of 
t h e  Highland Val ley  (Klohn Leonoff,  1 9 8 2 ) .  The g l a c i a l  
h i s t o r y  of t h e  reg ion  i s  q u i t e  complex i n  p l a c e s  and from 
work by Brown, Erdman & Associa tes  (1980)  it is  known t h a t  
d e p o s i t s  occur  which a r e  a t t r i b u t a b l e  t o  f o u r  p e r i o d s  of 
g l a c i a t i o n .  These d e p o s i t s  cons is t  of c l a y  o r  s i l t ,  sand 
and g r a v e l ,  and till, a l l  of which may occur  a s  l a y e r s  of 
cons ide rab le  a r e a l  e x t e n t  and t h i c k n e s s  o r  else a s  d e p o s i t s  
of more l o c a l  occurrence.  

Hydrogeology 

Source,  Occurrence and Movement of  Groundwater 

The sources  from which groundwater s u p p l i e s  are known 
t o  be ob ta ined  a r e  predominantly sand and g r a v e l  beds o r  
legses. H o w e v e r ,  groundwater supp l i e s  could  a lso probably 
be ob ta ined  from g r a n i t i c ,  v o l c a n i c  and sedimentary rocks 
i n  t h e  a rea .  

Groundwater occur s  i n  t h e  void  o r  open spaces  i n  t h e  
unconsol ida ted  d e p o s i t s  and i n  t h e  bedrock. The c a p a c i t y  of 
t h e  bedrock o r  unconsol ida ted  d e p o s i t s  t o  a c t  a s  r e s e r v o i r s  
of groundwater depends upon p o r o s i t y  which i s  t h e  percentage  
of t h e  t o t a l  volume of a rock type  o r  materials such a s  sand 
and g r a v e l  occupied. by open spaces .  P o r o s i t y  i s  commonly 
l o w  i n  f r a c t u r e d  bedrock so  t h a t  r e l a t i v e l y  lower volumes of 
groundwater occur  i n  bedrock compared t o  s u r f i c i a l  d e p o s i t s  
t o  a given depth.  S i m i l a r l y  w e l l  y i e l d s  a r e  commonly lower 
from bedrock sources  than  from w e l l s  i n  t h e  s u r f i c i a l  
d e p o s i t s .  Extens ive ,  t h i c k ,  c l e a n ,  s a t u r a t e d  sand and g r a v e l  
beds form major /aqui fe rs  i n  c o n t r a s t  t o  fractured g r a n i t i c  
rocks  t h a t  a r e  commonly only  minor sources  of groundwater 
supply 

The movement of 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  modified by geology w i t h  flow be ing  from 
a r e a s  of topographic  h ighs  t o  topographic  lows. On a r e g i o n a l  
scale groundwater flow i s  from upland a r e a s  ( a r e a s  of ground- 
water  r echa rge )  t o  lowland a r e a s  o r  r i v e r  v a l l e y s  ( a r e a s  of 
groundwater d i s c h a r g e ) .  I t  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 s  may occur  by loss  
of w a t e r  from t r i b u t a r y  creeks i n t o  and through sand and 
g r a v e l  d e p o s i t s  l i n i n g  creek beds. 
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undwater D a t a  

Only a l i m i t e d  number of  r eco rds  f o r  w a t e r  w e l l s ,  about  
180, are a v a i l a b l e  on f i l e  i n  t h e  Groundwater Sec t ion  f o r  
t h e  Nicola River  Basin and only one of t h e s e  i s  f o r  a w e l l  ’ 

d r i l l e d  i n t o  bedrock- (Appendix A ) .  These records  provide  
informat ion  mainly on w e l l  dep th ,  water l e v e l s ,  w e l l  u s e ,  
r e p o r t e d  w e l l  y i e l d s ,  and a w e l l  l o g  l i s t i n g  t h e  materials 
encountered du r ing  d r i l l i n g .  There is very l i t t l e  pump tes 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  
e v a l u a t i o n ,  and some l a b o r a t o r y  chemical ana lyses  of ground- 
waters (Appendix B )  f o r  w e l l  w a t e r s  on ly  i n  t h e  Highland 
Val ley ,  a t  Logan Lake and f o r  one w e l l  a t  Stump Lake. 

Groundwater U s e  

From t h e  a v a i l a b l e  informat ion  groundwater r e sources  
i n  t h e  b a s i n  are known t o  be developed t o  supply domestic,  
municipal ,  i r r i g a t i o n  and i n d u s t r i a l  requirements .  The 
m a j o r i t y ,  about  one - th i rd ,  of  t h e  w e l l s  have been i n s t a l l e d  
t o  m e e t - d o m e s t i c  needs assumed t o  be about  0 . 2 5  L/s  ( l i tres 
p e r  second) o r  3 Igpm ( Imper i a l  g a l l o n s  p e r  minu te ) .  A l s o ,  
f o r  about ano the r  one- th i rd  of  t h e  w e l l s  t h e r e  is  no r epor t ed  
use. O f  t h e s e  2 groups of w e l l s  30 produce 1% L / s  ( 2 0  Igpm) 
o r  less and 6 o t h e r s  are repor t ed  t o  y i e l d  up t o  o r  over  7% L / s  
( 1 0 0  Igpm). Yie lds  f o r  most of  t h e s e  w e l l s  are n o t  a v a i l a b l e .  

A s  many of  t h e s e  w e l l s  only j u s t  p e n e t r a t e  an a q u i f e r  t h e  use 
o r  r epor t ed  y i e l d  may n o t  be r e p r e s e n t a t i v e  of p o t e n t i a l  
w e l l  y i e l d s  a t  many of  t h e s e  w e l l  sites. 

Some w e l l s  have been i n s t a l l e d  a t  M e r r i t t ,  Lower  Nicola 
and Logan Lake t o  s e r v e  municipal  w a t e r  supply requirements  
and are cons idered  t o  g i v e  a more r e l i a b l e  i n d i c a t i o n  of 
groundwater supp l i e s .  Two of t h e  M e r r i t t  w e l l s  y i e l d  over  
75 L / s  (over  1000 Igpm) and 3 o t h e r s  y i e l d  from 15 t o  30 L / s  
( 2 0 0  t o  400 Igpm). The w e l l  a t  Lower  Nicola  y i e l d s  38 L / s  
(500 Igpm) and 2 w e l l s  f o r  Logan Lake y i e l d  15 and 6 0  L / s  
( 2 0 0  and 800 Igpm). 

Only one w e l l  i s  known t o  produce w a t e r  f o r  i r r i g a t i o n  
and i t s  y i e l d  is es t ima ted  t o  be about  15 L / s  ( 2 0 0  Igpm) 
based on a water supply need of 0 . 4  L / s  (5  Igpm) p e r  acre 
p e r  day t o  i r r i g a t e  4 0  acres. 

Groundwater r e sources  are a l s o  developed fo r  i n d u s t r i a l  
use.  The e x t r a c t i o n  of groundwater f o r  t h i s  purpose occurs  
mainly i n  t h e  Highland Val ley  f o r  m i l l  water supply f o r  t h e  
t h r e e  e x i s t i n g  mines, Bethlehem Copper Corporat ion Ltd. , 
Lornex Mining Corporat ion Ltd. , and Highmont Operat ing 
Corporat ion Ltd. , and e x p l o r a t i o n  d r i l l i n g  has  been conducted 
f o r  a f o u r t h  mine, Val ley  Copper Ltd.  W e l l  y i e l d s  are known 
t o  range from about 7% t o  75 L / s  (100  t o  1 , 0 0 0  Igpm). 



0 
I 4 

Explora tory  d r i l l i n g  f o r  groundwater supply w a s  a l so  
a d u c t e d  f o r  Brenda Mines Ltd. i n  Pennask Val ley  n e a r  
Pennask Lake. Resu l t s  ob ta ined  from t h e  e x p l o r a t o r y  program 
showed w e l l  y i e l d s  ranged from close t o  2 L / s  (25 Igpm) t o  
23 L / s  (355 Igpm). T e s t  pumping of  a groundwater supply f o r  
Craigmont Mine i n  Guichon Val ley i n d i c a t e d  a w e l l  y i e l d  of  
about 2 L / s  (25 Igpm), a second tes t  w e l l  w a s  abandoned. A 
s imi la r  y i e l d  i s  r epor t ed  f o r  a w e l l  f o r  a power sub - s t a t ion  
about 5 m i l e s  upstream o f  Nicola  Lake i n  t h e  Nicola Val ley.  

From some estimates o r  c a l c u l a t i o n s  of  w e l l  y i e l d s  f o r  
v a r i o u s  water supply requirements  it i s  known t h a t  moderately 
high t o  h igh  y i e l d  w e l l s  occur  i n  r i v e r  v a l l e y s  a t  v a r i o u s  
l o c a t i o n s  d i s t r i b u t e d  across t h e  ba’sin. 

Groundwater P rospec t s  

Human s e t t l e m e n t  i n  t h e  b a s i n  i s  unevenly d i s t r i b u t e d  
and i s  concent ra ted  i n  t h e  v a l l e y s  of t h e  major t r i b u t a r i e s  
and t h e  mainstem Nicola. Most w e l l s  are t h e r e f o r e  l o c a t e d  
i n  t h e  m a j o r  v a l l e y  bottoms and many occur  i n  l a r g e  groups. 
These groups and some i n d i v i d u a l  w e l l s  are shown i n  F igu re  . 
The d a t a  f o r  each  w e l l  are p resen ted  i n  Appendix A and many 
w e l l  records show w e l l s  on ly  j u s t  p e n e t r a t e  an a q u i f e r .  The 
d i s t r i b u t i o n  of and t h e  type  of data  a v a i l a b l e  permi t  l i t t l e  
d e l i n e a t i o n  of t h e  e x t e n t  and t h i c k n e s s  of a q u i f e r s  i n  t h e  
s tudy  area, and t h e r e f o r e  o f f e r  b u t  l i t t l e  scope f o r  
commenting on groundwater resources .  

S o m e  idea of t h e  l i m i t a t i o n s  i n  d e l i n e a t i n g  t h e  e x t e n t  
and t h i c k n e s s e s  of a q u i f e r s  can be seen from t h e  shal low 
depths  of  many w e l l  r eco rds  shown on t h e  c ros s - sec t ion  (F igure  ) 
drawn from Nicola  t o  Canford. Only 3 moderately deep w e l l s ,  
deeper  t han  about  6 0  metres ( 2 0 0  f e e t )  occu r  a long  a r a t h e r  
s t e e p l y  f a l l i n g  p r o f i l e .  The s e c t i o n  does d i s p l a y  t h e  
occurrence of confined a q u i f e r s ,  u n i t s  A and C ,  water-bear ing 
zones which occur  below l o w  permeable materials p r i m a r i l y  
till of u n i t s  B and D ,  and of a shal low a q u i f e r  u n i t  E which 
l o c a l l y  begins  a t  ground s u r f a c e  and may be i n  hydrau l i c  
c o n t i n u i t y  w i t h  s u r f a c e  waters. 

One a q u i f e r  u n i t  C ,  6 metres ( 2 0  f e e t )  t h i c k  and 
encountered about 60  m e t r e s  ( 2 0 0  f e e t )  below ground l e v e l  
between 2 till u n i t s ,  may ex tend  t h e  f u l l  l e n g t h  of t h e  
c r o s s - s e c t i o n ,  a d i s t a n c e  of  30 k i lome t re s  (18;i m i l e s ) .  
This  a q u i f e r  may be s u i t e d  t o  meeting on ly  domestic o r  
l i v e s t o c k  w a t e r  supply requirements  as i n d i c a t e d  by 2 
w e l l s  up t o  0.75 L/S ( 1 0  Igpm) . 



5 

An impor tan t  a q u i f e r  u n i t  A ,  capable  of y i e l d i n g  
r t o  w e l l s  a t  up t o  about  37 L / s  (500 Igpm) under- 
till u n i t  B and i s  encountered a t  a depth of about 

105  metres (325 f e e t )  w e l l  number 2 2  (F igure  1 .  I t  i s  
n o t  known whether t h i s  deeper  a q u i f e r  ex tends  a long  t h e  
Nicola Val ley o r  i n t o  t h e  Guichon Val ley.  T e s t  d r i l l i n g  
should be conducted t o  determine c o n t i n u i t y  of t h i s  
a q u i f e r  i n t o  e i t h e r  v a l l e y  as t h e  w e l l  w i t h i n  t h i s  a q u i f e r  
occurs  nea r  t h e  mouth of Guichon Valley.  

A t h i r d  sha l low b u t  d i scon t inuous  a q u i f e r  u n i t  E ,  
commonly occurs  a t  depths  less than 1 6  m e t r e s  ( 5 0  f e e t )  
below ground l e v e l  nea r  Nicola  and Canford. Loca l ly ,  as 
a t  Merrit t ,  t h i s  a q u i f e r  may ex tend  t o  depths  of  50 metres 
(150 f e e t )  or m o r e  where w e l l  y i e l d s  of up t o  75 L / s  ( 1 0 0 0  gpm) 

may be ob ta ined  i n  t h e  v i c i n i t y  o f  t h e  confluence of Lower 
Coldwater Creek with t h e  Nicola  River.  

The only  area where t h e  occurrence and y i e l d  of 
groundwater i s  mapped, and q u i t e  w e l l  understood i s  i n  
t h e  Highland Valley.  In  t h i s  v a l l e y  t h e  main developed 
a q u i f e r  averages about  30 metres ( 1 0 0  f e e t )  t h i c k  
occur r ing  a t  a depth of about 75 m e t r e s  ( 2 5 0  f e e t )  and 
ex tends  throughout  much of t h e  v a l l e y .  W e l l s  y i e l d i n g  
over  38 L / s  (500  Igpm) have been developed from t h i s  
a q u i f e r .  

Elsewhere it i s  a p p r o p r i a t e  on ly  t o  mention l o c a l i t i e s  
of p r e s e n t  h igh  w e l l  y i e l d s .  There are 4 o t h e r  such l o c a l i t i e s :  
Douglas Lake, Logan Lake, Lower Moore Creek and Monck Park 
campsi te  n e a r  t h e  c e n t r e  on t h e  n o r t h  s i d e  of Nicoza Lake. 

Groundwater Oua l i tv  

Information on groundwater q u a l i t y  i n  t h e  b a s i n  is  
s e v e r e l y  l i m i t e d .  On m o s t  of t h e  a v a i l a b l e  d r i l l e r s '  
r e p o r t s  f o r  t h e  b a s i n ,  ve ry  l i t t l e  w a t e r  chemistry 
informat ion  i s  suppl ied .  Seve ra l  r e p o r t s  i nc lude  on ly  a 
measurement of pH or  t h e  g e n e r a l  obse rva t ion  t h a t  t h e  w a t e r  
i s  "hard ."  Some d r i l l e r s '  r e p o r t s  e x i s t  f o r  abandoned 
w e l l s .  When t h e  reason  f o r  abandonment i s  ' 'poor q u a l i t y  
(domest ic)  w a t e r ,  'I an i n d i c a t i o n  of  w a t e r  q u a l i t y  i n  t h e  
immediate area of t h e  abandoned w e l l  can be obta ined .  
I n  t h e  Nicola  watershed,  however, n o t  enough informat ion  
of t h i s  k ind  i s  a v a i l a b l e  t o  suppor t  even g e n e r a l  s t a t emen t s  
on t h e  occurrence of poor q u a l i t y  domestic w a t e r .  
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The only w e l l s  f o r  which d e t a i l e d  chemical ana lyses  
me. been undertaken are t h e  Min i s t ry  of  Environment 
obse rva t ion  w e l l  a t  Stump Lake, t h e  Logan Lake municipal  
supply w e l l s ,  and t h e  dewater ing and m i l l  supply w e l l s  
of t h e  t h r e e  mining companies i n  t h e  Highland Va l l ey ,  
Appendix B. From work by Brown, Erdman and Assoc ia tes  
Ltd. ( 1 9 8 0 ) ,  t h e  groundwater of t h e  s u r f i c i a l  a q u i f e r s  of  
t h e  Highland Val ley can be c l a s s i f i e d  as moderately 
hard calcium b ica rbona te  wa te r  w i th  low t o t a l  d i s s o l v e d  
s o l i d s  320 mg/L (mi l l ig rams p e r  l i t r e ) .  The groundwater 
conta ined  w i t h i n  bedrock a q u i f e r s  may e x h i b i t  s i m i l a r  
c h a r a c t e r i s t i c s .  The Brown Erdman r e p o r t  concludes t h a t  
t h e  w a t e r  i s  p o t a b l e  and s u i t a b l e  f o r  domestic and 
i n d u s t r i a l  use.  The groundwater samples from Logan Lake, 
t o t a l  d i s s o l v e d  s o l i d s  416 mg/L and Stump Lake, t o t a l  
d i s s o l v e d  s o l i d s  2 5 0  mg/L, (Appendix B) show t h a t  t h e  w a t e r  
m e e t s  n e a r l y  a l l  recommended s t anda rds  f o r  t h e  Province of  
B r i t i s h  Columbia ( 1 9 6 9 )  f o r  d r i n k i n g  w a t e r  and i n d u s t r i a l  
use  except  f o r  two parameters :  (1) t h e  pH a t  t h e  Stump Lake 
w e l l  i s  9 .3 ,  which exceeds m o s t  recommended l i m i t s  f o r  
d r i n k i n g  wa te r  and i n d u s t r i a l  use ;  and ( 2 )  t h e  " t o t a l  
hardness"  measured a t  Logan Lake i s  208  mg/L, which i s  
c l a s s i f i e d  as "hard."  The recommended upper l i m i t  f o r  
hardness  i n  d r ink ing  w a t e r  i s  180 mg/L calcium carbonate .  
I n  conclus ion ,  however, t h e  l i m i t e d  number of adverse  
comments on groundwater q u a l i t y  t h a t  have been r e p o r t e d  
show no evidence of any widespread occurrence of  u n s u i t a b l e  
groundwater s e r i o u s  enough t o  restrict  e x p l o r a t i o n  f o r  
groundwater s u p p l i e s  f o r  domestic and i n d u s t r i a l  use  i n  any 
a r e a  of t h e  Nicola watershed. 

R e c o ~ e n d a t i o n s  f o r  F u r t h e r  D a t a  C o l l e c t i o n  

C o l l e c t i o n  of Add i t iona l  Water W e l l  Data 

An .allowance of approximately 6 weeks i s  made f o r  a 
f i e l d  inventory  program t o  co l l ec t  a d d i t i o n a l  in format ion  
on some w e l l s  and a l s o  on w e l l s  f o r  which r eco rds  are n o t  
a v a i l a b l e  on Groundwater Sec t ion  f i l e s .  The type  of  d a t a  
t o  be c o l l e c t e d  would inc lude  w e l l  dep th ,  water  l e v e l ,  w e l l  
l o g ,  w e l l  y i e l d  and comments on w a t e r  q u a l i t y .  F i e l d  work 
i s  t o  inc lude  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  tests 
of chemical q u a l i t y  of  w a t e r  w e l l  samples and a very l i m i t e d  
number of groundwater samples f o r  l a b o r a t o r y  chemical 
a n a l y s i s .  I t  i s  suggested such work i s  ass igned  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 e s t ima ted  as fo l lows:  



1. Salaries 
2.  F i e l d  Expenses 

$ 2,300 
2,250 

3 .  Laboratory Chemical Analyses 2 , 7 0 0  

7 

$ 7,250 

Following upon an o f f i c e  review of a d d i t i o n a l  w a t e r  
w e l l  d a t a  c o l l e c t e d  from a f i e l d  inventory  program con- 
s i d e r a t i o n  can be given t o  s e l e c t i n g  p o s s i b l e  s i tes  f o r  
t e s t  d r i l l i n g  and pump t e s t i n g  programs. 

Groundwater Explora t ion  Programs 

C o s t  estimates f o r  example purposes  have been 
prepared  f o r  t es t  d r i l l i n g  i n  t h e  s u r f i c i a l  d e p o s i t s  
f o r  8-inch d iameter  w e l l s  t o  be completed t o  depths  of 
about  30  metres ( 1 0 0  f e e t )  and 90  m e t r e s  (300  f e e t ) ,  
(Appendix C ) .  These c o s t  estimates have been prepared  
f o r  d r i l l i n g  by t h e  cab le - too l  method o r  by r o t a r y  
d r i l l i n g  wi th  a d r iven  cas ing .  Costs t o t a l  about  $ 1 1 , 2 0 0  
and j u s t  over  $ 2 2 , 0 0 0  t o  dep ths  of 30 m e t r e s  ( 1 0 0  f e e t )  
and 90 m e t r e s  (300 f e e t )  r e s p e c t i v e l y .  D r i l l i n g  t o  
g r e a t e r  dep ths ,  t o  about  500  f e e t  o r  more, could  r e q u i r e  
s p e c i a l  d r i l l i n g  techniques  and c a r e f u l  supe rv i s ion .  
Costs g iven  h e r e  are f o r  c o n t r a c t  c o s t s  on ly  and do n o t  
i nc lude  eng inee r ing  supe rv i so ry  c o s t s .  

The foregoing  e s t i m a t e s  have been provided a s  a 
guide t o  t h e  c o s t s  of  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  depths  approximately 30 metres ( 1 0 0  f e e t )  
and 90  metres ( 3 0 0  f e e t )  as i s  t h e  case i n  t h e  Nicola 
River  Val ley.  

The mud r o t a r y  t es t  ho le  method may be more economical 
f o r  an i n i t i a l  de t e rmina t ion  of  t h e  occurrence  o r  absence 
of deep a q u i f e r s  a t  about  500 f e e t  o r  m o r e .  I t  i s  a l so  
suggested t h a t  w i th  c a r e f u l  s u p e r v i s i o n ,  t h i s  method could 
be used t o  determine t h e  p o s s i b l e  c o n t i n u i t y  w i t h i n  
Guichon Val ley of  t h e  deepes t  a q u i f e r  i n  t h e  w e l l  n e a r  t h e  
mouth of  t h e  v a l l e y  ( W e l l  No.22) shown on t h e  c ros s - sec t ion  
(F igure  2 ) .  

The foregoing  cost estimates are a l so  o f f e r e d  as a 
guide t o  t h e  c o s t  of groundwater e x p l o r a t i o n  elsewhere 
i n  t h e  s u r f i c i a l  d e p o s i t s  i n  r i v e r  v a l l e y s  w i t h i n  t h e  bas in .  
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: * .  e .  a 

Summary 
I - 
I 

I n  g e n e r a l ,  t h e  movement o f  groundwater  occurs  am t h e  upland areas towards t h e  v a l l e y  bottoms. 
deep g l a c i a l  sed iments  i n  t h e  major v a l l e y s  may c o n t a i n  
s e v e r a l  a q u i f e r s .  Because of  t h e  l i m i t e d  amount of 
a v a i l a b l e  d a t a ,  t h e  d e l i n e a t i o n  of  t h e  d e p t h  and a rea l  
e x t e n t  o f  t h e  a q u i f e r s  i n  t h e  wa te r shed  i s  n o t  p o s s i b l e  
except  i n  t h e  Highland Va l l ey ,  and t o  s o m e  e x t e n t  f o r  
t h e  Nicola Val ley .  

The 

There are seven known areas i n  which w e l l s  are 
capable  of  producing  i n  excess  of  7.5 L/s (100  Igpm) : 
Highland Va l l ey ,  Logan Lake, Douglas L a k e ,  n e a r  
Pennask Lake, L o w e r  Moore Creek, a t  t h e  conf luence  of  
Guichon Creek w i t h  t h e  Nicola R ive r  and a t  t h e  conf luence  
of t h e  L o w e r  Coldwater River  w i t h  t h e  Nicola  River .  
These areas may have t h e  p o t e n t i a l  t o  s u p p o r t  f u t u r e  
demands f o r  w a t e r  supply from groundwater .  In  a l l  areas,  
however, e x p l o r a t i o n  d r i l l i n g  programs w i l l  be r e q u i r e d  
t o  e s t a b l i s h  t h e  a v a i l a b i l i t y  o f  w a t e r  t o  s a t i s f y  f u t u r e  
demands. The areas of h i g h e s t  p r o b a b i l i t y  of  s u c c e s s f u l  
development are t h e  major v a l l e y  b o t t o m s  p a r t i c u l a r l y  
t h e  areas n e a r  t h e  mouths of m a j o r  t r i b u t a r i e s  such as 
t h e  Guichon and Lower  Coldwater.  Except  f o r  g e n e r a l  
comments on t h e  q u a l i t y  of  some w e l l  w a t e r s  a t  a very few 
s c a t t e r e d  l o c a t i o n s ,  d a t a  on groundwater  q u a l i t y  i s  
a v a i l a b l e  o n l y  f o r  t h e  M i n i s t r y  o f  Environment obse rva t ion  
w e l l  a t  Stump Lake (WR-67-18) and t h e  w e l l s  i n  Highland 
Val ley and Logan Lake. Water q u a l i t y  a n a l y s e s  from t h e s e  
w e l l s  i n d i c a t e  t h a t  t h e  groundwater of t h e  s u r f i c i a l  
a q u i f e r s  i s  moderately ha rd ,  ca lc ium and magnesium 
b ica rbona te  t y p e  l o w  i n  To ta l  D i s so lved  S o l i d s  ranging 
f r o m  250 t o  4 0 0  mg/L b u t  p o t a b l e  and o f  s u f f i c i e n t  q u a l i t y  
f o r  many domest ic  and i n d u s t r i a l  u ses .  

I t  i s  e s t i m a t e d  t h a t  it w i l l  cost about  $7,250 f o r  a 
f i e l d  inven to ry  program t o  o b t a i n  s o m e  a d d i t i o n a l  w a t e r  
w e l l  d a t a  and f o r  l a b o r a t o r y  chemical  a n a l y s e s  of groundwater 
samples. 

Only u n i t  cost  estimates have been c a l c u l a t e d  f o r  t h i s  
r e p o r t  f o r  w e l l s  d r i l l e d  t o  d e p t h s  of 30 m e t r e s  (100 f e e t )  
and 90 metres (300  f e e t )  t o g e t h e r  w i t h  costs f o r  a 24-hour 
pumping t e s t  f o r  each w e l l .  Respec t ive  costs f o r  t h e s e  
w e l l s  are e s t i m a t e d  t o  be  approximately $ 1 1 , 0 0 0  and $22,000. 
However cost  estimates f o r  groundwater e x p l o r a t i o n  programs 
and w e l l  y i e l d  c a l c u l a t i o n s  have n o t  been supp l i ed .  When 
t h e  s t r a t e g i c  b a s i n  p lanning  p r o c e s s  h a s  i d e n t i f i e d  areas 
where water s h o r t a g e s  do or  may occur  and it appears  t h a t  
groundwater may be  t h e  on ly  o r  m o r e  economical source  of  
w a t e r  supply,  t h e n  cost estimates w i l l  be  provided f o r  
groundwatqr e x p l o r a t i o n  and pumping t e s t  programs. 



APPENDIX B 

Phys ica l  T e s t s  

G r o u n d w a t e r  Q u a l i t y  a t  Selected S i t e s  
I ’  

I 

Stump Lake 
O b s e r v a t i o n  Well B e t h l e h e m ’  
WR-18-67 - 1975 BW5 - 1977 

P H  9.3 7.7 
C o n d u c t i v i t y  ( v m h o s / c m )  431 346 
T u r b i d i t y  ( J T U )  N/A 0.3 
C o l o u r  ( P t -  C o )  N/A <5 
Tota l  D i s s o l v e d  S o l i d s  ( m g / L )  250 320 

D i s s o l v e d  Anions ( m g / L )  

A l k a l i n i t y  
B i c a r b o n a t e  

“ C a r b o n a t e  
C h l o r i d e  
S u l f a t e  
N i t r a t e  & N i t r i t e  
N i t r o g e n  ( K j e l d a h l )  
Phosphorous ( T o t a l )  
Phosphate 
F l u o r i d e  
S i l i c a  

- D i s s o l v e d  C a t i o n s  ( m g / L )  

To ta l  Hardness 
C a l c i u m  
Magnesium 
Sodium 
P o t  as s ium 
I r o n  
Manganese 
C a d m i u m  
C o p p e r  
Lead 
Zinc 

O t h e r s  ( m s / L )  

CaCO 
C a  
M g  
N a  

K 
Fe  
Mn 
C d  
cu 
P b  
Zn 

109 
45 
10.5 
56.1 

N/A 
0.02 

<0.003 
N/A 
N/A 
N/A 

96.5 
1.9 

22.3 
44.6 
22.7 

N/A 
N/A 
N/A 
N/A 
N/A 
N/A 

241 - 
0.5 
2.0 
<0.01 

N/A 
N/A 
0.09 
0 . 1 1  
N/A 

146.7 
43.6 
9.2 

16.4 
1.9 

<0.03 
0.079 

N/A 
0.002 

<0 .001  
0.012 

T o t a l  I ron  Fe 
Tota l  Manganese Mn 

N/A 0.073 
N/A 0.084 

mg/L = m i l l i g r a m s  per  l i t r e ;  N / A  = n o t  analyzed f o r .  

From B r o w n ,  E r d m a n  and A s s o c i a t e s  L t d .  (1980). 

Logan Lake’ 
W e l l  - 1970 

8.00 
N/A 
2.0 
1.0 

416 

208 
49.5 
20.4 
21.5 
3.4 
0.05 

Trace 
N/A 
0 .02  

<o. 0 1  
0.02 

0 . 2 2  
N/A 



APPENDIX C 

T e s t  Product ion W e l l  Costs 

E s t 1  e ates of I temized C o s t s  f o r  an8"  D i a m e t e r ,  1 0 0  Fee t  Deep, 
T e s t  W e l l  i n  Overburden Using Cable-Tool Method o r  Rotary 

D r i l l i n g  wi th  a Driven Casing 

ITEM COST 

1. 

2 .  

3. 

4.  

5. 
6. 

7. 

8. 

9, 
10 .  

11. 

1 2 .  

13. 

Mobi l i za t ion  and Demobilization (lump sum) 
10-inch d r i v e  shoe (each)  
2 0  f e e t  of 1 0 "  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  of  8-inch ove r l ap  ($16.25/f t . )  
80 f e e t  of 8-inch cased d r i l l i n g  ( $ 3 8 / f t . )  
1 0  f e e t  of  8-inch sc reen  and f i t t i n g s  (lump sum) 
Hourly work (set screen, b a i l  t e s t ,  w e l l  
development, e tc . ,  c a l c u l a t e d  a t  $80/hour) 

Standby T i m e  ($60/hr. ) 

Mobi l iza t ion  and Demobilization of pump and 
equipment (lump sum) 

I n s t a l l  and remove pump and d i scha rge  p i p e  (lump 
sum) 
24-hour pumping tes t  ($50/hr . )  
Pumping c r e w  standby ($40/hr. ) 

$ 500. 
300. 

960 .  

185. 
325. 

3,040. 

1 , 0 0 0 .  

1 , 6 0 0 .  

480. 

200. 

2 0 0 .  
1 , 2 0 0 .  

1 2 0 .  

Sub- t o t a l  $ 1 0 , 1 1 0 .  

+ 1 0 %  con t ingenc ie s  1 , 0 1 1 .  

P l u s  

Cost of 2 l a b o r a t o r y  chemical ana lyses  of  
groundwater samples a t  $180 each 

Tota l  $11,12V. 

360. 



E s t i m a t e s  of I temized Costs f o r a n 8 "  D i a m e t e r ,  300 Feet Deep 
T e s t - W e l l  i n  Overburden Using Cable-Tool o r  Rotary 

D r i l l i n g  wi th  a D'riven Casing 

ITEM 

1. 

2 .  

3. 
4.  

5. 
6 .  

7. 

8. 

9. 
10. 

Mobi l i za t ion  and Demobilization (lump sum) $ 

10-inch d r i v e  shoe (each)  

1 0 0  f e e t  of  10-inch cased d r i l l i n g  ($48 / f t . )  

8-inch d r i v e  shoe (each)  
1 0 0  f e e t  of  8-inch o v e r l a p  ($16 .25/ f t . )  
2 0 0  f e e t  of 8-inch cased d r i l l i n g  ($38/ ' f t . )  
1 0  f e e t  of 8-inch sc reen  and f i t t i n g s  (lump sum) 
Hourly work (set  s c r e e n ,  b a i l  t es t ,  w e l l  
development, e tc . ,  c a l c u l a t e d  a t  $80/hr.)  
Standby t i m e  ($60/hr. ) 

Mobi l iza t ion  and Demobilization of pump 
and equipment (lump sum) 

COST 

500. 

300. 

4,800. 
185. 

1,625. 

7 , 6 0 0 .  

1 , 0 0 0 .  

1,840. 
480. 

200 .  

11. I n s t a l l  and remove pump and d i scha rge  p i p e  (lump sum) 200.  

1 2 .  24-hour pumping t e s t  ($50/hr . )  1 , 2 0 0 .  

13. Pumping c r e w  s tandby ($40/hr . )  1 2 0 .  

Sub- to t a l  $ 20,050. 
~~ 

+ 1 0 %  con t ingenc ie s  2,005. 

Tota l  $ 22,055. 

P lus  

C o s t  of 2 l a b o r a t o r y  chemical ana lyses  of  
groundwater samples a t  $180 each 360. 

$ 22,415. 


