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1. 

0 UWAGAN BAS I N 
GROUNDNATER REVIEW BOARD - 

In t roduc t ion  - A t  t h e  14th  meeting o f  t h e  Okanagan Study 
Committee hz ld  i n  Pen t i c ton ,  B . C .  on February 1 4  and 15, 
1971, it was  agreed t h a t  an o v e r a l l  review o f  t h e  ground- 
water  program, based on e x i s t i n g  informat ion ,  should be 
c a r r i e d  o u t  j o i n t l y  by t h e  Fcderal  and P rov inc ia l  ground- 
water  s t a f f  p r i o r  t o  t h e  implementation of any f u r t h e r  
s t u d i e s  i n  t h i s  f i e l d .  ExceFtions t o  t h e  above inc luded  
t h e  expendi tures  o f  $15,300 f o r  i n s t rumen ta t ion  and t e s t i n g  
of e x i s t i n g  wel l s  and a budget of $10,000 f o r  eva lua t ion  o f  
e x i s t i n g  d a t a .  

2 .  

The j o i n t  review was t o  commence i n  Apr i l  1971 and a 
r e p o r t  on t h e  f i n d i n g s  was t o  be completed f o r  p r e s e n t a t i o n  
t o  t h e  Study Committee by Ma}, 31, 1971. 

D r .  J .  C .  Foweralcer was appointed t o  r e p r e s e n t  t h e  
province on t h e  Groundwater F!eview Board; M r .  D .  H ,  Lennox 
and E l r .  E . C .  Malstead were appointed t o  r ep resen t  t h e  
f e d e r a l  government. The Review Board met i n  V i c t o r i a ,  B . C .  
on Apr i l  2 2 .  Also p resen t  al: t h e  meeting was Mr. E . G .  
LeBreton o f  t h e  B . C .  Groiinclwater Di.visi.on who a t tended  BS all 
observer  and t o  d i s c u s s  arid answer ques t ions  on t h e  progress  
r e p o r t  he had prepared on %he  "0kanaga.n River  Basin 
Hydrogeological Reconnaissance S tud ie s  (Tasks 38,, 39 a.nd 40)".  
This  progress  r e p o r t  and t h e  Review Board terms of  r e fe rence  
prepared by t h e  Okanagan Bas:in Study Di rec to r  were the b a s i c  
documents on which t h i s  summary r e p o r t  i s  based; where t h e  
p rogres s  r e p o r t  d i d  not  d i r e c t l y  provide some o f  t h e  ariswers 
r equ i r ed  i n  t h e  terms of r e fe rence ,  suppl,ementa.ry d a t a  and 
c a l c u l a t i o n s  were u t i l i z e d  in. o rde r  t o  o b t a i n  t h e  rnisslng 
informat ion .  

Terms of Reference - The terms of r e fe rence  l i s t e d  below 
are  s l i g h t l y  modi f i e d  from those  o r i g i n a l l y  prepdred hy t h e  
Study Di rec to r .  
i n  t h e  schedul ing  o f  f i e l d  work. 

_I--- 

The modified ternis t a k e  i n t o  account a change 

A .  Avai lab le  Data - A l l  information obta ined  from t h e  
s tudy  o f  groundwater resources  under t h e  Agreement was 
made a v a i l a b l e  t o  t h e  Review Board. Inszrumentat ion 
and t e s t i n g  o f  e x i s r i n g  wells have, however, been delayed 
and w i l l  not  t ake  p l ace  u n t i l  Flay and June.  Consequently, 
t h e s e  d a t a  could no t  be incorpora ted  i n t o  t h e  sumnary 
r e p o r t .  
d a t a  and t h e r e  may be some modif ica t ion  i n  t h e  conclusions 
as a r e s u l t ,  p a r t i c u l a r l y  s i n c e  t h e  new d a t a  will probably 
provide  a inore accu ra t e  assessment of t h e  g r o u n d m t e r  
p o t e n t i x ?  o f  t h e  n o r t h  end o f  the bas in .  

A f i n a l  groundwater r e p o r t  w i l l  i nc lude  t h e s e  
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B .  

C. 

Objec t ive  - The o v e r a l l  o b j e c t i v e  o f  t h e  review was t o  
determini: i f  groundwater r ep resen t s  a f e a s i b l e  a l t e r n a t i v e  
t o  d ive r s ion  f o r  t h e  supply of  an adequate  q u a n t i t y  and 
q u a l i t y  o f  water t o  meet present  and f u t u r e  demands f o r  
t h i s  r e source  i n  t h e  Okanagan Basin. 

Scope - The scope of  t h e  review was def ined  as fo l lows:  

(a) Define a q u i f e r s  i n  t h e  s tudy  area 

i )  capac i ty  as a mining 'opera t ion  and/or i n  
terms of  annual recharge  

i i )  depth i n  r e l a t i o n  t o  mean sea l e v e l .  

(b) Define geographic sources  and d e s t i n a t i o n s  o f  
groundwater . 

(c)  Define q u a l i t y  o f  groundwater. 

(d) Determine c o s t  o f  groundwater a t  s u r f a c e  pe r  
a c r e  f o o t  p e r  100 f e e t  o f  l i f t .  

(e)  Determine l i m i t s  o f  accuracy.  

( f )  Est imate  c o s t s  of  f u r t h e r  s t u d i e s  ( i . e .  surveys ,  
se i smic  work, d r i l l  h o l e s ,  i n s t rumen ta t ion ,  pump 
t e s t s ,  e t c . )  needed t o  narrow o r  improve t h e  
limits o f  accuracy.  

Data Evaluat ion - The Groundwater Review Board i s  s a t i s f i e d  
t h a t  t h e  a v a i l a b l e  d a t a  a r e  v a l i d  and s u f f i c i e n t  t o  provide  
a good f i r s t  approximation t o  t h e  groundwater p o t e n t i a l  ir .  t h e  
b a s i n .  Expenditures t o  d a t e  have been j u s t i f i e d  s i n c e  without  
them it would no t  have been p o s s i b l e  t o  o b t a i n  t h e  necessary  
understanding of t h e  geo log ica l  framework i n  which groundwater 
moves and i s  s t o r e d .  I t  i s  on t h i s  understanding t h a t  t h e  
e s t ima tes  of  groundwater p o t e n t i a l  are based.  

In  t h i s  summary r e p o r t ,  d i scuss ion  i s  l a r g e l y  confined t o  
o r  based on r e s u l t s  ob ta ined  j n  t h e  no r th  end of  t h e  main 
Okanagan Valley and i n  t h e  O'Keefe Val ley.  
hydrogeological  s t u d i e s  were c a r r i e d  ou t  i n  t h e s e  areas. 
S tud ie s  c a r r i e d  ou t  i n  t h e  sub-basins  (Task 38) i n d i c a t e d  t h a t  
they  make very l i t t l e  groundwater c o n t r i b u t i o n  t o  t h e  main 
groundwater flow system and do no t  t h e r e f o r e  m e r i t  f u r t h e r  
d e t a i l e d  cons ide ra t ion .  

The bulk of  t h e  

(a) Aquifers  i n  t h e  Study -- Area - Aquifers  i n  t h e  
main v a l l e y  and i n  t h e  O'Keefe V a l l e y  a l l  l i e  
wi th in  t h e  s u r f i c i a l  d e p o s i t s .  The s u r f i c i a l  
d e p o s i t s  i n  t h e  main v a l l e y  range i n  thickr?ess  up 
t o  1900 fee t  o r  more, They may be sub-divided 
i n t o  two d i s t i n c t  l a y e r s .  
mainly of  s i l t  wi th  :local d e p o s i t s  o f  f i n e -  t o  

The upper l a y e r  c o n s i s t s  
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medium-grained angular  sands.  The lower 
l a y e r  can be f u r t h e r  sub-divided i n t o  sub- 
l a y e r s  o f  till; s i l t ,  sand and c l ay ;  and 
sand and g r a v e l .  

Capaci ty  - The a v a i l a b l e  da t a  permi t  an 
e s t ima t ion  of t h e  groundwater a v a i l a b l e  i n  
t h e  s u r f i c i a l  d c p o s i t s  pu re ly  on t h e  b a s i s  

based on es t imated  volumes of  va r ious  
a q u i € e r  u n i t s  i n  t h e  upper and lower 
s u r f i c i a l  l aye  These u n i t s  are descr ibed  - In-ck;rt, 
i n  the progres  p o r t .  I t  i s  assumed t h a t  - '- 
only l-Teiz-ceri t h e  t o t a l  es t imated  a q u i f e r  ,n rhh/ 

1 =; by groundwater mining. e T1ii.s~ assumptions taki36 ~ l " b c " ~ /  

i n t o  accou,nt (a) t h e  es t imated  s t o r a g c  space  &*/'xL= 

(po ros i ty )  \of t h e  a q u i f e r  unit:; and (b) t h e  
f a c t  t h a t  a l l  groundwater i n  s t o r a g e  will no t  

E s  ti mated Y i e Id  f -rom Groundwater Mining 

of  a mining ope ra t ion .  - The e s t ima te  i s  - - *#  

- 
volume r e p r e s e n t s  a c t u a i  water r ecove rab le  /a 

o , ~ ~ ~  
L Lk 

//* (i+,o- +EF ~ 

be r ecove rab le .  ~4 P + . - ~ . .  TLp -*.J 'rj0 p. /d 
0k-A D L t L j , * / L J  

&pn& 

Main Val ley,  North End -g=gga-.- 
Lower p a r t ,  s u - r f i c i a l  d e p o s i t s  1-5,&50- a c r e - f t .  
Upper p a r t  s u r f i  c i a l  d e p o s i t s  4,700 acre-f t .  

O'Keefe Val ley 63,250 a c r e - f t  . 
53,l-OO a c r e - f t  . **-- 

Thus, f o r  t h a t  p a r t  o f  t h e  Okanagan Va-1-ley 
ly ing  n o r t h  o f  Okanagan Lake p lus  t h e  O'Keefe 
Val ley t h e r e  i s  a t o t a l  o f  approximately 

,y -?y ' ,&&,4JO.;-OOO a c r e - f e e t  of' groundwater i n  s t o r a g e  and 
L' recoverable  by groundwater mining. D e t a i l s  of 

t h i s  and o t h e r  c a l c u l a t i o n s  are a v a i l a b l e  from 
t h e  Groundwater Div is ion ,  3. C .  Department o f  
Lands, F o r e s t s  and Water Resources.  

recharge  i s  provided by tlie p rogres s  repor t ' .  
I t  i s  es t imated  t h e r e  t h a t  t h e  t o t a l  ground- 
water  flow down t.he main Okanagan Val ley below 
t h e  confluence wi th  t h e  O'Keef'e Val ley is abolut 
1 2  c f s .  This  presumably can be equated eo t h e .  
i n s t an tanecus  rec:harge t o  t h e  groundwater system. 
To ta l  annual groundwater recharge  nay then  be 
es t imated  as about - 9,000 a c r e - f e e t .  

An e s t ima te  of  capaci9y i n  terms of  -- annual 

i i )  Depth i n  Re la t ion  t o  bleari Sea Level - The 
' 

___-_I____-_- - 
upper s u r f i c i a l  cleposi t l aye r  l i e s  everywhere 
above mean sea l e v e l .  
100 f e e t  above arid i t s  t o p  a t  about 1 ,000 f e e t  
above mean s e a  l e v e l .  
lower s u r f i c i a l  d e p o s i t  l a y e r  have e l e v a t i o n s  
t h a t  vary  from p:I.ace t o  p l a c e .  
lowest- lying uni;:, t h e i r  bases can range b o t h  

I t s  base  i s  a t  about 

k q u i f e ~ :  u n i t s  i n  t h e  

Except f o r  t h e  
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above and below mean s e a  l e v e l .  The base  
of t h e  lowest u n i t  i s  found a t  depths  ranging  
down t o  600 f e e t  below mean s e a  l e v e l .  The 
O'Keefe Val ley a q u i f e r  was found i n  a s i n g l e  
t es t  h o l e  t o  l i e  j.n t h e  depth i n t e r v a l  between 
1,025 and 1,375 feet  above mean sea l e v e l .  

(b) - Geographic Sources arid Des t ina t ions  of  
Groundwater - G-roundwater inf low i n t o  t h e  
Okanagan Val l e y  is p i - inc ipa l ly  from t h e  Salmon 
and Shuswap River Val leys .  
from t r i b u t a r y  creeks and probably an apprec i ab le  
coinponent o f  recharge  (about 5 c f s . )  from p r e c i p i -  
t a t i o n .  Groundwater i n  t h e  v a l l e y  moves south  
towards Okanagan Lake. Some o f  t h i s  f low i s  
probably d ischarged  d i r e c t l y  i n t o  t h e  lake whi le  
t h e  ba lance  passes  beneath i t .  The r e l a t i v e  
amounts depend on such f a c t o r s  as t h e  pe rmeab i l i t y  
of t h e  lake bottom and rhe  th i ckness  o f  permeable 
depos i t s  under ly ing  : t t .  

There i s  some underflow 

(c)  Qual i ty  o f  Groundwater - Information obta ined  
t o  t h i s  p G T t  i n d i c a f s s  t h a t  t h e  groundwater i s  of  
e x c e l l e n t  q u a l i t y .  [ t  i s  of  t h e  calcium-magnesium 
type  wi th  a t o t a l  d i s so lved  solid!j  con ten t  commonly 
l e s s  than  500 ppm. 'There a r e  no d a t a ,  however, 
concerning water q u a l i t y  i n  t h e  lower p a r t  o f  t h e  
s u r f i c i a l  d e p o s i t s .  These d a t a  a:re t o  be  obta ined  
during t h e  May - June i n s  t runientat ion and t e s t i n g  
program. 

(d) Cost o f  Groundwater - The es t imated  c a p i t a l  c o s t s  
f o r  a hypo the t i ca l  wel l  d r i l l e d  t o  1,000 f e e t  t o  
pump 1,000 U.S. gpm are $27,200 made up of  (a)  well 
d r i l l i n g  and cons t ruc t ion  ( $ l 5 , 0 0 0 ) ,  (b) pump 
($7 ,200)  and (c )  w e l l  housing ( $ 5 , 0 0 0 ) .  No p rov i s ion  
has  been made i n  thi: ;  e s t ima te  to i nco rpora t e  c o s t s  
of br inging  power t o  t h e  s i t e .  
vary  cons iderably  depending on s i t e  l o c a t i o n .  Power 
c o s t s  f o r  pumping would be $0.85 pe r  k i lowat t -hour ,  
g iv ing  an es t imated  ope ra t ing  c o s t  f o r  t h e  hypo the t i ca l  
we l l  o f  $2 .45  p e r  ac re - foo t  p e r  day. 

These c o s t s  could 

(e )  L i m i t s  o f  Accuracy - In  gene ra l ,  t h e  e s t ima tes  f o r  
a q u i f e r  y i e l d  from mining, groundwater flow, recharge  
from p r e c i p i t a t i o n ,  and groundwater c o s t s  a r e  based 
i n  p a r t  on measurements and i n  p a r t  on assumptions.  
The assumptions involve  such f a c t o r s  as r e g i o n a l  
a q u i f e r  c o n t i n u i t y ,  a q u i f e r  p o r o s i t y  and pe rmeab i l i t y ,  
p e r  cen t  o f  p r e c i p i t a t i o n  recharged t o  t h e  groundwater 
r e s e r v o i r ,  e t c .  The real  va lues  o f  t h e  numbers 
involved may t u r n  ou t  t o  be q u i t e  d i f f c r e n t  from those  
va lues  t h a t  have been assumed. 
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I t  i s  be l i eved  t h a t  t h e  a r e a l  e x t e n t s  and 
th i ckncsses  o f  t h e  a q u i f e r  u n i t s  contained i n  
t h e  lower p a r t  o f  t h e  s u r f i c i a l  d e p o s i t s  a r e  
reasonably well de f ined ,  as a r e  t h e  l eng ths  and 
widths  of t h e  main v a l l e y .  Never the less ,  a 
fac tor -of - two e r r o r  i n  e s t ima t ing  volumes o f  
t h e s e  u n i t s  i s  c e r t a i n l y  not  ou t  of  t h e  ques t ion .  
S i m i l a r l y ,  a l though t h e  O'Keefe Val ley i s  
be l i eved  on l i m i t e d  hydrogeological  evidence t o  
be continuous from t h e  Salmon River  t o  t h e  main 
Okanagan Val ley,  t h e  p o s s i b l e  e r r o r  i n  t h e  
corresponding volume es t ima te  i s  probably o f  t h e  
same r e l a t i v e  magnitude. 
e r r o r  i n  e s t ima t ing  t h e  volume of  t h e  upper 
s u r f i c i a l  d e p o s i t s  of  t h e  maj n v a l l e y  i s  probably 
g r e a t e r  s i n c e  t h e  a q u i f e r  of  i n t e r e s t  has  been 
i d e n t i f i e d  with c e r t a i n t y  only  i n  t h e  Maid Creek 
a r e a .  
e s t ima tes  of  y i e l d  from mining and of  groundwater 
flow should be regarded as being p o s s i b l y  i n  e r r o r  
by a t  l e a s t  a f a c t o r  of two. I t  i s  probably 
preEerable  a t  t h i s  t ime t o  cons ider  them as orde r -  
of-magnitude e s t i m a t e s .  

The p o s s i b l e  r e l a t i v e  

These p o s s i b l e  e r r o r s  suggest  t h a t  t h e  

S imi l a r  cons ide ra t lons  suggest  t h a t  t h e  
e s t ima te  of  recharge  from p r e c i p i t a t i o n  should 
a l s o  be considered an order-of-magnitude e s t ima te .  
In  t h e  case of  t h e  groundwater-cost  e s t i m a t e ,  
however, t h e  p o s s i b l e  e r r o r  i n  t h e  e s t ima te  i s  
probably much small e r .  
g e n e r a l l y  as encountered i n  t h e  exp lo ra to ry  program 
t o  t h i s  p o i n t ,  t h e  a c t u a l  c a p i t a l  c o s t  might range 
20% upwards o r  downwards from an average f i g u r e  of  
$25,000. Allowing f o r  d i f f i c u l t  des ign  o r  
geo log ica l  cond i t ions ,  on t h e  o t h e r  hand, would 
mean s e t t i n g  a s i d e  up t o  $50,300 f o r  t h e  hypo the t i ca l  
1 ,000-foot  w e l l .  

With d r i l l  ing cond i t ions  

(f)  Estimated Costs  of Fur ther  S tud ie s  - These w i l l  o f  
course  vary depending on d i f f e r e n t  viewpoints  
concerning t h e  urgency of  hydrogeological  i n v e s t i g a t i o n s  
i n  c e r t a i n  s e l e c t e d  a r e a s  of  t h e  b a s i n .  A minimum 
f i g u r e  based on t h e  review board d i scuss ions  i s  about 
$100,000. 
southern  end of  t h e  bas in  where hydrogeological  
knowledge i s  a t  p re sen t  ske tchy  (se i smic  and g r a v i t y  
exp lo ra t ion  - $30,000; one deep t e s t  ho le  - $20,000; 
s a l a r i e s  and expenses - $25,000).  Another $10,000 
would be r equ i r ed  t o  d r i l l  shal low tes t  ho le s  f o r  
b e t t e r  d e f i n i t i o n  o f  t h e  hydrogeological  system i n  
t h e  O'Keefe Val ley and $15,000 would be u t i l i z e d  t o  
f i l l  i n  knowledge gaps f o r  t h e  Kelowna, blission Creek 
and Coldstrcam Val lcys .  
s t u d i e s  i s  i n  t h e  o r d e r  l i s t e d .  

About $75,000 o f  t h i s  would be spen t  i n  t h e  

The o r d e r  of p r i o r i t y  f o r  t h e s e  
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4. Conclusions 
Groundwater 

- -1 - The s i g n i f i c a n t  conclus ions  o f  t h e  s;' 
Review Board were as fo l lows:  

(a)  The t o t a l  groundwater i-n-'s%:&age i n  t h e  

& ih q.fPWG.' 
2- p!e CPLrC- /r\ >L 

n o r t h  end o f  t h e  bas in  (nor th  o f  Lake %<,&& 
Okanagan7is of  t h e  o rde r  of  8OT0O0-' acre-feet& 

groundwater system i s  o f  t h e  o r d e r  o f  
9,000 a c r e - f e e t .  

ob ta inab le  through d ive r s ion  a r e  not  a v a i l a b l e  
on a sus t a ined  b a s i s .  Groundwater is  adequate  
t o  meet most l o c a l ,  municipal ,  i r r i g a t i o n  and 
domestic demands. 

(d) Cap i t a l  c o s t s  f o r  a t y p i c a l  1 ,000-foot  well t o  
produce 1,000 U.S. gpin could range from $25,000 
t o  $50,000. Power c o s t s  f o r  t h e  same wel l  
would run about $2.50 p e r  ac re - foo t  p e r  day. 

(e] Fur ther  hydrogeological  s t u d i e s  coilld c o s t  an 
es t imated  $100,000. 
a r e  : 

(b) The t o t a l  annual recharge  t o  t h e  main v a l l e y  

(c) Volumes o f  gr0undwate.r equ iva len t  t o  those  

In o rde r  of  p r i o r i t y  they  

J .  C .  Foweraker 

Southern Okanagan Val ley $75,000 

Various o t h e r  s i t e s  15 , 000 
O'Keefe Val ley 10,  G O O  

$100,000 

-- 
D .  H .  Lennox 

Water Resources Se rv ice ,  
B r i t i s h  Columbia Department 

of  Lands, Fo res t s  and 
Water Resources. 

E .  C .  Hals tead 

Canada Department o f  F i s h e r i e s  
and Fores t ry .  


