


WATER INVESTIGATIONS BRANCH 
B R I T I S H  COLUMBIA WATER RESOURCES SERVICE 

DEPARTMENT OF LANDS , FORESTS AND WATER KESUJRCES 
PAR L IAN ENT BU I LD I NG S 

V I C T O R I A ,  B R I T I S H  COLUMBIA 

WATER INVESTIGATIONS BRANCH 
P .M. B r a d y  , A c t i n g  D i r e c t o r -  

. R.A.  h ‘ i l l i a m s ,  Minister 

- 
WATER RESOURCES SERVICE 
B . E .  Marr, A c t i n g  A s s o c i a t e  
D e p u t y  Minister 

b 

A HYDROGEOLOGICAL Sl’UIlY OF THIJ 

KALMf’ :,KA-WOOD LAKE BASi. 

February 1974 E. G o r d o n  L e  B r e t o n ,  P . E n g .  
Senior G e o l o g i c a l  Engineer 

. 



CONTENTS 

Page 

CONT~3NTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ii 

ILLUSTRATIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i v  

'IARLES ............................................................ v 

I?. !'R@i TION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 

Ftct-hods of  Znves t iga t ion  ..................................... 1 

3 
Previou.. . I n v c s t i g a t i o n s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 
Acknow 1 cdger . .> n t s . ................. , .......................... 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  TEOGRAPIIY 5 

Location and Extent  o f  t h e  Arcs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 

Climate ...................................................... 6 
Topography and Drainage ...................................... 5 

G1:OLOGY ........................................................... 7 

Bedrock Geology .............................................. 7 

S u r f i c i a l  ~ e o l o g y  ............................................ 8 

West Side of Val ley from Wood Lake t o  E l l i s o n  Lakc . . . . . . . . . . .  

S t r u c t u r e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 

East Side of  Wood L a k c  ....................................... 9 
9 

Valley F loo r  Area between lu'ood and E l l i s o n  Lakes . . . . . . . . . . . . .  10 

~IYDROGEOLOGY ...................................................... 1 2  

Source.  Occurrence and Movement of  Ground 4'atc.r. . . . . . . . . . . . . .  1 2  
Basic  Water-Kcll Data ........................................ 13  
Aquifers  between Wood and E l l i s o n  Lakes ...................... 14 
E l l i s o n  Lake Arca ............................................ 17 
East S i d c  of Wood Lake ....................................... 17 
Water-Level Su r faces  ......................................... 18 
Hydrograph Records ........................................... 22 
Aqui f e r  T e s t s  and Groundwater Return Flow from I r r i g a t i o n  . . . .  23 
Groundwater Flow and N u t r i e n t  Input  C a l c u l a t i o n s  ............. 
Hydrogeocl1en;:stry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  29 

CONCLUSIONS ....................................................... 32 

27 

REC0b;"~IENDATIONS ................................................... 35 

REFERI~NCES ........................................................ 36 



TABLE OF CONTENTS (cont  ' d )  

APPEND ICES 

Appendix A - Notes on t h e  Occurrence of  Ground llrater a t  Wood Lake 
Improvemcnt. D i s t r i c t  and Recommendation f o r  F u r t h e r  
I n v e s t i g a t i o n .  

Appendix I3 - S e l e c t e d  IVater-12'cll Hydrogr;qd) Records. 

Appendix C - Tables o f  Groundwater Flow ,and N u t r i e n t  Input  C a l c u l a t i o n s .  

Appendix D - S e l e c t e d  N u t r i e n t  Graphs. 

- iii - 



I L LU S'TRAT I ON S 

F igu re  1 

F igure  2 

F igu re  3 

Figure  4 

Figure  5 

F igu re  6 

F igu rc  7 

F igu re  8 

Figure  9 

Figure 10 

F igure  11 

F igure  1 2  

Figure 13 

4-- 

Vernon Creek Drainagc Basin 

Geologic Flap, East Side of Wood Lake 

Hydrogeologic Cross-Section .\-A 

Hydrogeologic Cross-Section B-B 

Hydrogeologic Cross-Section a - C  

Hydrogeological Flap, Wood-Elliso,i Lake Arca 

I c e  i n  F i s s u r e  i n  Volcanic Ro k 

Groundwater F e a t u r e s ,  East Side of Wood Lake 

Water Table Contours,  East  Side of Wood Lake 

Hydrogrdiph Record, Well C49 TH4 (Z7X6Y30#26) 

Hydrograph Record Ribbleworth Creek 

Hydrograph Record 

Ribl- leworth Creek Waterf a1 1 

1 

1 

1 

La F leche C r c  ek 

A f t e r  Page 

6 

In  Pocket 

11 

11 

11 

In Pocket 

18 

In Pocket 

In  Pocket. 

23 

26 

26 

26 

- i v  - 



* 
Table l a  

Table l b  

Table 2 

Table 3 

Table 4a 

Table 4b 

Table Sa 

Table 5b 

Table 63 

Table 6'1 

Table :a 

Table 7b 

Table 8 

Table 9 

Table 10a 

Tablc lob  

Table 11 

Table 12n 

Table 12b 

Table 13  

TABLES 

Winfield Creek Basin Analysis  Summary of Pump T e s t  R e s u l t s .  

Groundwater Flow C a l c u l a t i o n s  f o r  \Vinfii Id  Creek Basin. 

Return 1:low from Ribbleworth. Creek Basin.  

Basic Data f o r  Groundwater Flow C a l c u l a t i o n s  f o r  Confined 
Aquifers, Soutl, End of  Wood Lake. 

Water Table Aqui f e r  , South End of Wood Lake 
Groundwater Flow C a l c u l a t i o n s .  

Water Table Aqu i fe r ,  South End of  Wood Lake 
N u t r i e n t  Input C a l c u l a t i o n s .  

Confined Aquifers  between 15 and 115 feet deep, South End 
of Wood Lake Groundwater F l o w  C a l c u l a t i o n s .  

Confined Aquifers  between 15 and 115 f e e t  deep, N u t r i e n t  
Input  C a l c u l a t i o n s .  

,Confined Aqu i fe r ,  163-200 f e e t  deep, South End of Wood Lake 
Groundwater Flow C a l c u l a t i o n s .  

Confined Aquifer ,  163-200 f e e t  deep, South End o f  Wood Lake 
N u t r i e n t  Input f o r  C a l c u l a t i o n  No. 1. 

Ribbleworth Creel: Basin Flow - Data f o r  "6-month l r r i g n t i o n  
I: 1 ow 1 1  C a 1 cu 1 3. ti on s 

N u t r i e n t  Input  f o r  6-month I r r i g a t i o n  Flow on Ribbleworth 
Creek. 

La Fleche Creek Basin Flow .- Nutxien;. Input ;'or 6-month 
I r r i g a t i o n  Flow' 

Mazey Creek Basin Flow - N u t r i e n t  Input  f o r  6-month I r r i g a t i o n  
Flow. 

Groundwater Flow North o f  Ribbleworth Creek Basin East Side 
of Wood Lake. 

Eas t  Sj.dc of Wood Lake Nutr. ient Con t r ibu t ion  from I r r i g a t i o n  

Eas t  Side of  Wood Lake' N u t r i e n t  Input from Base low. 

E l l i s o n  Lake Basin,  N u t r i m t  Con t r ibu t ion  from I r r i g a t i o n .  

E l l i s o n  Lake Basin,  N u t r i e n t  Con t r ibu t ion  from Base Flow. 

Summar;,, of N u t r j e n t  Input t o  Kalamalka, Wood and E l l i s o n  Lakes. 

- v -  



SUFIb1 ARY 

The p r e s e n t  i n fo rma t i  on a v a i l a b l e  on t h c  bedrock ,id s u r f i c i a l  

geo 1 ogy , wat c r  we 11 da t a,  hydrograph r cco rds  and  chemical a n a l y s e s  of  

grouildwatcrs pe rmi t s  a r easonab le  i n t c r p r c t a t  i on  o f  t h c  r e g i o n a l  hydro- 

geology from t h e  s o u h  end o f  Kalrimalka Lake t o  t h e  sou th  end of E l l i s o n  

Lake. 

The bedrock compri.ses mainly low permeable inctarnorphic and i n -  

t r u q i v e  igneous Tocks and some conglomcrat c and  b a s a l t .  The o\ !-lying 

s u r f i c i a l  d e p o s i t s  are mainly sand and pravel w i t h  somcs t i l l  on  t h e  eas t  

. and west s i d c s  o f  t h e  v a l l e y ,  coniinonly l e s r  t h a n  50 feet  t h j  ck.  Thc 

t h i c k n e s s  o f  t.he ovcrbiirden i n  t h c  v a l l e y  bottoiri i s  known t o  be 530 f e e t  

t h i  ck nc:jr I t i n f i e l d .  l’hc s t r a t a  comprises a sequence of t i l  I ; o r  s i l t ,  

sand and gravel  ; wi th  sonic l a c u s t r i n e  dcposi t s  of c l a y ,  s i l t  and s a n d .  

‘1’11e majn a q u i f e r  i n  t h e  arc3 i s  considr>i-ed t o  be sand and g rave l  mainly 

w i t h i n  t h c  depth rangc? of  about 100 t o  200 fec t  b c l w  ground s u r f s c c .  

I t  i s  kno\<n only bctwcen \Cood and E l l i s t ) n  L a k e s  a long  thc .  west sj.dc? o f  

t h c  va l  ley and j u s t  t o  t h e  east  o f  Winfield Creel;. ‘Thc prcst,nl. i n t e r p r e  

t a t i o n  o f  t h e  hydn igeo logy  sugges t s  tlia;: most of  t h c  groundwatcr i n  t h i s  

p a r t  o f  t h e  area moves through t h i s  aqufifer. llnderflow f i g u r e s  approxi-  

n,ating 5 c f s  have been c a l c u l a t c d .  Thi:; ag rees  wi th  s u r f a c e  watcr losses 

i n  t h c  Upi)c1* Vernon Crcck-El l i son  Lake .zrca, c a l c u l a t e d  t o  be 4 . 8  c fs  

by Mr. Coulson, Jl).clrology Div i s ion .  Th i s  a r c a  i s  c o n s i d c v d  t h c  main 

r ccha rgc  a r c a  f o r  llie va l l e ) ,  f l o o r  d c p o j i t s .  

t h rough  t h i s  a q u i f e r  i s  d i scha r~ ;cd  by 1J inf ic ld  Creek. 

About h a l f  of the flow 

l’hc m a i n  sourcc  o f  inflor\l from t h c  e a s t  s i d e  o f  Wood 1,ake appears 

- v i  - 



t o  be a s  r e t u r n  groundwater flow fro:r i r r l g < ; t i o n  wa te r .  

rc . turn flor;. liounted t o  a b o u t  2806 of  t he  app l i ed  water  f o r  t h e  1973 

The c a l c u l a t e d  

i r r i g a t i o n  season.  In t h e  Winfield Creek b a s i n  r e t u r n  flow i s  c a l c u l a t e d  

a s  being less than  1%. If r e t u r n  flow t o  I”l’infie1d Creek j s u b s t a n t i a l l y  

h i g h e r  e i  t l  .‘r t h e  p a t h  o f  r e t u r n  i s  no t  apparent  o r  p r e s e n t  i n s t rumen ta t ion  

and d a t a  i s  inadequate  t o  enable  r e t u r n  flow t o  be d e t e c t e d  i n  t h i s  b a s i n .  

However, t h e  r e s u l t s  a v a i l a b l e  , cpresent. only vei‘ j  e a r l y  a t t empt s  t o  

assess r e t u r n  flow d i r e c t l y  by groundwater s t u d i e s .  The above f i g u r e s  

should be considered a s  only t e n t a t i v e  a t  t h i s  s t a g e .  By combjning 

7 i*oundc..;-er flow c a l c u l a t i o n s  with a v e r q e  n u t r i e n t  c o n c e n t r a t i o n s  f o r  

t o t a l  n i t r o g e n  and t o t a ’  s o l u b l e  phosp1i:ite only low q u a n t i t i e s  o f  t h e s e  

c o n s t i t u e n t s  a;  3ar t o  be e n t e r i n g  h”00d Lake from groundwater sou rces .  

Data i s  too  l i m i t e d  t o  make estimates f o r  q u a n t i t y  o f  g round~ ;a t e r  flow 

i n t o  Kalanalka Lake except  f o r  t h e  main a q u i f e r  a t  t h e  south end of . 

Wood Lake, which r a y  d i s c h a r g e  1% t o  2% c f s  d i r e c t l y  i n t o  t h i s  l a k e .  

Thc a c t u a l  c o n c c n t r a t i o n  of t h e  n u t r i e n t s  i n  deep a q u i f e r s  whicl, may be 

d i scha rg ing  water i n t o  Kalamalka Lake a t  t h e  south end of  Vemon Creek 

v a l l e y  i s  moderately low and f !m t h e  Coldstream v a l l e y  i s  . l i t e  low. 

So i f  underflow i s  moderately h i g h ,  ; -o.~ndwatcr may n o t  be a s e r i o u s  

source of p o l l u t i o n  t o  l a k e s  i n  t h e  Kalamalka-Wood Lake Basin when 

compared t o  s u r f ;  :e watc’r sou rces .  A summary of t h e  a n t i c i p a t e d  q u a n t i t y  

of n i t r o g e n  and ( ( > t a l  s o l u b l e  phosphates e n t e r i n g  Wood Lake i s  g iven  below: 

- v i i  - 



SIJhIMAF!Y OF NUTRIENT INPUT TO 1Ch !,AMAI,KA, - 

WOOD A!iD ELLISON T,4KES - .- 

Aquifer (s) To T o t a l  Ni t rogen  (N) 
Source Lake ( l b s / y r )  

Conf i n c d  South End 
( 16 3 - 2 0 0 ) Ka 1 ama 1 k a 3 ,240  

p_ Water Tab le  South End 
6 conf ined  M’ood 260 

Water Table  Eas t  S i d e  
Wood 8,814 

Water Table  
6 confined? E l l i s o n  200 

T o t a l  Soluble  Phosphate (P) 
( Ib s  / V I  

270 

7 

37.5  

20 



A HYDROGEOLOGICAL STUDY 

OF THE KATAMALKA-WOOD LAKE BASIN 

INTRODUCTION 

The purpose of  t h i s  s tudy  was t o  cons ide r  t h e  r o l e  o f  ground- 

water as a source of  n u t r i e n t  i n p u t  i n t o  Wood and E l l i s o n  and p a r t s  of  

Kalamalka Lakes. To t h i s  end t h e  a v a i l h b l e  d a t a  on ground wa te r  and 

geology i n  t h e  Groundwater D iv i s ion  f i l e s  have been an:ilysed t o  p r e s e n t  

an unde r s t and ing  o f  t h e  hydrogeology o f  t h e  area. 

and unpubl ished r e p o r t s  have a l so  been r ead .  

by groundwater f i e l d  mapping, c o l l e c t i o n  of wa te r  samples f o r  chemical 

a n a l y s i s  from 105 s i t e s  i n c l u d i n g  37 newly i n s t a l l e d  o b s e r v a t i o n  wells 

and 5 pumping tes t s .  

Relevant pub l i shed  

This  work was supplcnented 

Methods of  I n v e s t i g a t i o n  

The work comprised an o f f i c c  s t J d y  of e x i s t i n g  d a t a  and f ie ldwork 

i n  1972 and 1973. Reference was made t o  a v a i l a b l e  g e o l o g i c a l  and ground- 

wa te r  r e p o r t s  and maps. Basic  water-wel l  d a t a  and some l i t h o l o g i c  logs  

were p l o t t e d  on maps t o  scales of 1 inch  t o  500 fee t  and 1 inch  t o  1,000 

f ee t .  Plan v i e w  maps showing w a t e r - l e v e l  con tour s ,  geology and ground- 

wa te r  f e a t u r e s  ave b n p repa red  where p o s s i b l e .  Use was alsl- 12, l e  of  

l i t h o l o g i c  and e l e c t r i c  logs s u p p l i e d  by water-wel l  d r i l l e r s  t o  c o n s t r u c t  

hydrogeological  cross s e c t i o n s  of  t h e  a r e a .  

supplement t h e s c  s t u d i e s .  Chemical ana.lyses were rup  on n u t r i e n t s  i n  

3 t o  1 3  samples of groundwaters from each of 105 s p r i n g s ,  c r eeks  and w e l l s ,  

A i r  photos were used t o  
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mainly i n  t h e  Wood and E l l i s o n  Lake area.  

a p e r i o d  of  17 months from March 1972 t o  J u l y  1973 i n c l u s i v e .  

format ion  c o l l e c t e d  i n  1969 under  t h e  Okanagan Valley Water Qua l i ty  Data 

C o l l e c t i o n  Program, I n t e r i m  Fede ra l -P rov inc ia l  Sub Committee No. 2 was 

uscd f o r  t h e  Coldstream Va l l ey .  

o f  t h i s  s tudy  was t h e  c o l l e c t i o n  o f  28 water samples from wells and s p r i n g s  

d e r i v i n g  water s u p p l i e s  from d i f f e r e n t  a q u i f c r s  d i s t r i b u t e d  around E l l i s o n  

and Wood Lakes as a b a s i s  f o r  subsequent work. 

This d a t a  was c o l l e c t e d  over  

Some i n -  

P rc l imina ry  work forming an e a r l y  phase 

Previous I n v e s t i g a t i  ons 
_. -- -- 

Previous  i n v e s t i g n t i c n s  t o  stud),  ground wa te r  i n  t h e  a r e a  were 

made t ,y  Nilsmith (1962) and by Liiringstori  (1966). The l a t t e r  work, d i s -  

cussed i n  an i n t e r n a l  r e p o r t  ( J u l y  19,  l966,  F i l e ,  : 

was c a r r i e d  out  s p e c i f i c a l l y  t o  cons ide r  development of groundwate: 

r e sources  on t h e  east  s i d e  o f  Wood 1,rke.  I t  t hus  p rov ides  a very  

impor tan t  c o n t r i b u t i o n  p a r t i c u l a r l y  a t  .:his t ime.  

r e p o r t  i s  submi t ted  as Appendix A .  Very h e l p f u l  geo log ica l  r e p o r t s  and 

mal.-. were t h o s e  by Fu l ton ,  R .  (1968, blap 1245A) and Jones ,  A . G .  (1959).  

A s  p a r t  of  groundwater i n v e s t i g a t i o n s  conducted under t h e  Canada-Bri t ish 

Columbia Okanagan Basin Agreement, a very  s h o r t  r e p o r t  (Hals tead ,  1972) 

was w r i t t  en cover ing  t h e  upper  p a r t  of  ‘Vernon Creek Basin above E l l i s o n  

Lake. Most of  t h e  area covered by t h i s  r e p o r t  i s  a d j a c e n t  t o  t h e  p a r t  

of  t h e  b a s i n  covered under  t h i s  s tudy .  

0249723/0256956)’, 

‘:, copy of  M r .  L iv ings ton ’ s  
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Locatj-on an(' Extent  of t h e  Area 

- 
The main a r e a  covered by t h i s  s tudy  i s  a b o u t . 4 5  squa re  mi l c s  

(Fig.  1). 

and between meridians of longi tul 'c  119':!0' and 119'26' west .  

the Vernon Creek d ra inage  b a s i n  d i v i d e  t o  t h e  c a s t  of Wood Lake extends 

much f u r t h e L  e a s t  t o  119'07' west .  A s h o r t  s t r i p  of t h e  east  s h o r e l i n e  

of Kalamalka Lake, between 1 a t i t u C e  50'13' and 50°14' i s  inc luded  i n  t h i s  

s tudy i h e r e  Coldstream Creek e n t e r s  t h i s  v a l l e y .  

I t  l i e s  between p a r a l l e l s  of l a t i t u d e  49'58' and 50°07' n o r t h ,  

However, e- 

Topography and Drainage 

The a r e a  l i e s  e ~ t i r e l y  w i t h i n  t h e  Vernon Creek d ra inage  b a s i n ,  

The source o f  t h e  major t r i b u t a r y  v a l l e y  i n  t h e  Okanagan River  Basin. 

Vernon Crcek i s  i n  t h e  G r i z z l y  Hi11 P r o v i n c i a l  F o r e s t  where i t  flows 

southwcst t o  E l l i s o n  Lake b e f o r e  t u r n i n g  n o r t h  t o  flow t o  Kalamalka T,ake. 

'iiie northward flow of Vc 'ion Creek from E l l i s o n  through Wood and Ka1aiii:ilka 

Lakes i s  c w t r a r y  t o  t h e  regioi  1 Okanagan d ra inage  from n o r t h  t o  s o u t h .  

The d ra inage  b a s i n  d i v i d e  t o  t h e  west of Wood Lake r ises t o  3,300 

f e e t ,  and t o  t h e  e a s t  of  Wood Lake r i s e s  t o  5,400 f e e t .  Most of t h e  a r e a  

covered by t h i s  s tudy  l i e s  between e l e v a t i o n s  of 1 ,283 f e e t  ( a t  Wood Lake) 

and 2,500 f e e t  M1SL (above mean s e a  l e v e l ) .  
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C1 imate  

The c l i m a t ,  of t h e  area i s  semi -a r id .  The m a n  annual temperature  

0 may be expected t o  be about 47 F . ,  and t h e  mean annual p r e c i p i t a t i o n  t o  

be about 13 inches i n  t h e  v a l l e y  bottom.. These va lues  f a l l  between f i g u r e s  

for t h e  weather s t a t i o n s  a t  Kelowna and Vernon. A t  an e l e v a t i o n  of 3,000 

f e e t  (Rutland Mission creek weather s t a t i o n )  t h e  mean annual p r e c i p i t a t i o n  

i n c r e a s e s  t o  al::,i.it 20 i n c h e s .  
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The bedrock exposures i n  t h e  s tudy  arc3 f a11  1arge l ) -  i n t . 0  two 

main c l a s s i f i c a t i o n s .  These a r e  exposures o f  t h c  Flonashce Group occur r ing  

on t h e  eas t  s i d e  of E l l i s o n ,  Kood and Ks1aniall.a J ,akes ,  and o f  t h e  Coast 

I n t r u s i o n s  Foriiiation o c c u r r i n g  on t l i i  wcst s i d c  of  these  lakes  (F ig .  2 ,  

I n  Pocke t ) .  

mainly gne i s s ,  b u t  s c h i s t ,  q u a r t z i t e  and m:irbIe are  common. 

of scdimcntary o r i g i n , ,  have becn s u b j e c t e d  t o  high-grade matamorphi s m  

( Jones ,  A . G .  1959, 11.11). Rocks o f  t h c  Coast. I n t r u s i o n s  as t h e i r  name 

i m p l i e s ,  are o f  i n t r u s i v e  o r i g i n  and a r e  g r a n i t i c  i n  t y p e .  

w i t h i n  ( ’ >  :h c l a s s i f i c a t i o n  are  dense with very loic pe rccn tages  o f  vo id  

spacc  which i s  l i m i t e d  t o  f r a c t u r e s .  

a r e  commonly expected t o  dec rease  wi th  dep th .  

rocks o f  Tertiar!. age o v e r l i e  t h e  hlonashee Group on p a r t s  of  t he  eas t  

s i c 1  of  t,hc v a l l e y .  

Rocks o f  t h e  Floiiasliee Group 4r.e f l . a t - l y i n g  and comprise 

These r o c k s ,  

The rocks 

Both thc  number and size of  f r a c t u r e s  

Conglomcrate and v o l c a n i c  

S t r u c t u r e  

The s t r u c t u r c  o f  t h i s  r cg ion  i s  y ~ c q  complex. Kalamalka, Wood 

and E l  l i s o n  Lakes occur  d i r e c t l y  a long a major f a u l t  system - t h c  Sicamous- 

Vcrnon f a u l t .  

v e r t i c a l .  

The dip:; of most f a u l t s  a r e  unknown b u t  are  probiibly i icar ly  

From a s tudy  o f  a i r  photographs t h e r e  would appear  t o  bc 

lineaments t r e n d i n g  from soutliwcst t o  nor t l ic~as t  . Onc of  t h e s e  t r e n d s  i s  

cons idercd  t o  co inc ide  with t h e  lowcr r cachcs  of Ribbleworth Creek and t o  
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cont inue northe:  . t  about t h r e e  q u a r t e r s  of a mile t o  t h e  northwest  of 

Oyania Lake.  A second p a r a l l c l  lineament p o s s i b l y  co inc ides  wi th  t h e  

upper r eaches  of Vernon Creek. 

Swalwell Lake and may p o s s i b l y  be a minor ex tens ion  of a f a u l t  c u t t i n ;  

a c r o s s  t h e  sou the rn  p a r t  of Mabcl Lake ( J o n e s ,  A . G .  1959) .  A s e t  of 

minor n o r t h  t o  soutli t r e n d i n g  f r a c t u r e s  are d i s c e r n i b l e  on a i r  photos i n  

p a r t s  of  t h e  a r e a  on t h e  e a s t  s i d e  of K~lanialka Lake, and t h e s e  may have 

been L ,  t-entuk;:ed by g l a c i a t i o n  o r  during, d e g l a c i a t i o n .  

importance o f  f a u l t s  and limeaments a s  coni 'uits  of groundwater flow i n  

t h e  s t u d y  area i s  n o t  c u r r e n t l y  known. 

This  l a t t e r  t r e n d  runs  n o r t h e a s t  through 

- 

_cI 

The p o s s i b l e  

Surf i c i  a 1 Geo l o w  

Much o f  t h e  area of s tudy  i s  covered by unconsol idated s u r f i c i a l  

d e p o s i t s  and t h e s e  are  mainly o f  g l a c i a l .  o r i g i n .  The pub l i shed  work of 

Nasmith (1962),  Fu l ton  (1968) and an i n t e r n a l  f i l e  r e p o r t  o f  Livingston 

(1966) show s c  disagreemcnt on t h e  methods o f  d e p o s i t i o n  and some 

d i f f e r e n c e s  i l  c l a s s i f i c a t i o n  of t h e  d e p o s i t s .  However, i t  i s  agreed 

t h a t  mainly sand and g rave l  d e p o s i t s  f l a n k  t h e  e a s t  s i d e  of Wood Lake. 

These d e p o s i t s  a r e  accompanied by minor exposures of t ill  (Livingston,  

1966; Le Breton,  1973).  F u r t h e r  s( t h  toward Vernon Creek, sancl and 

b u t  w i th  t i l l  (Fu l ton ,  1968) occupying t h e  g r a v e l  d e p o s i t s  aga in  occur ,  

lower s j o p e s  of t h e  valley. 

Fan d c p o s i t s  of poor y s o r t e d  g r a v e l ,  sand an? s i l t  occ:Ir i n  t h e  

Winfield a r e a  whcrc Vernon Creek e n t e r s  t h e  no r th - sou th  v a l l e y .  The 

bottom v a l l c y  sediments t o  t h e  nc;rtli of t h i s  f a n  a r c  p r e s e n t  day al luvium, 
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probably very t h i n ,  c o n s i s t i n g  of s i l t ,  sand and g r a v e l .  Along t h e  wcst 

v a l l c y  wall a r e  l a c i i s t r i n c  ~ . i t c r i a l s  of s j l t ,  sand and g r a v c l ,  w i t h  

outwash g r a v e l s  occur r ing  on t h c  d i v i d c .  The known v a r i a t i o n  of t h c  

s u r f i c i n l  deposits wi th  depth obviousl)  dcpcnds on d r i l l i n g  r c c o r d s .  

Thcsc are  mainly f o r  shallow w c l l s  less than 100 f v c t  deep. Soiiie w a t c r -  

w c l l  d r i l l c r s '  l ogs  completc with c l c c t r i c  logs a r c  f o r  wclls t o  200 f e e t  

deep w i  t i l  onc Groundwater Divis ion t e s t  h o l c  (Z7\GY17No.23) reaching 547 

feet. T h i s  d a t a  has been c o r r c l a t c d  where p o s s i b l c  t o  c o n s t r u c t  c r o s s  

s e c t i o n s  of t h e  s u b s u r f a c e  s u r f i c i a l  geology (F igs .  3 ,  4 and 5 ) .  

- 

-. -- 

E a s t  S i d e  of Wood 1,nl;c - . __ 

111 t h i s  p a r t  of t h c  a r e a  (1:ig. 2 )  d r i l l  h o l c  d a ~ a  she\. I and anL' 

gr;ivcl,  of va ry ing  t l i ichness  and o f t c n  less  than SO f e c t  t h i c k ,  o v c r l i c s  

e i t h e r  bedrock o r  t i l l .  Whcre t i l l  i s  loggcd abovc bedroch i t s  t h i c k n c s s  

ranges fro111 1 t o  6 I'cet t h i c k .  Near t h e  n o r t h c a s t  c o r n e r  of Nood Lahc 

t h e  d r i f t  t h i c k n c s s  i n c r e a s e s  r a p i d l y  towards Wood Lakc dciioting a very 

s t c c p l y  s l o p i n g  s u r f a c e  t o  t h e  bu r i cd  bedrock v a l l e y  wa l l .  

s i t e d  ovcr  t h e  buriccl v n l l c y  w a l l  o r  l o c a l  bedrock "highs" a r c  l i k c l y  t o  

bc c i t h c r  pcnnanently d r y  o r  t o  c o n t a i n  watcr on ly  i n t e r m i t t e n t l y .  

Test h o l c s  

Wcst S i d c  of Val ley  from Wood I.nkc t o  Ellison Lakc 
I _I________. --- 

On t h c  west s i d e  o f  t h c  v a l l e y  d r i l l c r s '  l ogs  t o  about 200 f e c t  

show a succcss ion  o f  d c p .  i t s  dcscril lcd a s  t i l l ;  watcr-bcar ing g r a v c l ;  

t i l l ,  ccmcntcd s a n d  o r  dry g r a v e l ;  and t ' 11,  o r  c l a y ,  g r a v c l  and rocks 

hctwcvn c l cva t io i i s  of' about 1 ,  ' S O  f c c t  t o  1 ,400  f e e t  AMSL. A f a c t o r  
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a i d i n g  c o r r c l a t  ion of well l ogs  was t h c  n o t i c c a b l y  h igh  r e s i s t a n c e  shown 

on t h e  c l c c t r i c  logs by t h c  zone of ccncntcd sand o r  d r y  g r a v e l .  T h i s  

sanic phcnomcnon may pci-niit some c o r r c l a t i o n  o f  t h e  logged u n i t s  down, 

as wel l  as a long  t h c  v a l l c y  wa l l .  'The abovc d e s c r i p t i o n  o f  t h e  geolog). 

i l l u s t r a t e d  by f ig i i rc  3 i s  a n t i c i p a t c d  t o  apply  t o  a no r th - sou th  zone 

only  about  1,001) t o  2,000 f e e t  wide. I t  i s  known t h a t  t h e  depth  t o  bed- 

rock a long  P r e t t y  lioiid 1 ,000  f ee t  west of  t h e  southwest  co rne r  o f  Wood 

Lake v a r i e s  bet cen 30 and i' f c c t ,  and i t  i s  cons idered  t h a t  f u r t h e r  

sou th  t h e  depth t o  bcdrock may bc  about t h e  same. 

C r e e k  i n  t h e  v a l l e y  f l o o r  t h e  geo log ica l  sequent.:: i s  y i i  t , x  d i f f e r e n t  

( l i ig.  4). Thus it i s  concludcd the above zone> is q u r t c  narrow. I n  t h e  

v i c i n i t y  of  t ; , c  no r th - sou th  c ross  s e c t i o n  (F ig .  3 )  d r i l l i n g  r eco rds  

suggcs t  a s t e e p l y  ..loping b u r i e d  bcdrock v a l l e y  w a l l ,  h u t  t o  t h e  west 

o f  t h i s  zone t h e  unde r ly ing  bedroch ~ u r f a c e  is  lcss s t e e p l y  s l o p i n g  and 

may bc p a r t l y  te r racc ,d .  

To t h e  east o f  Winf ie ld  

F i c l d  mapping sugges t s  t h e  s u r f i c i a l  d c p o s i t s  a r c  p r i m a r i l y  sand  

and g r a v e l  w i t h  somc s i l t  and c l a y .  

scquencc a s  j i id ica ted  i n  well C 4 3  'Ill7 (Z7XOY30No. 24)  where t h r e e  sand and 

g r a v e l  zones a r e  s e p a r a t e d  by t i l l  about 25 f c e t  t h i c k .  

Lcca l ly  t i l l  may be p r e s e n t  i n  t h e  

Most o f  t h e  watcr-wcl l  r eco rds  f o r  t h c  v a l l e y  f l o o r  .Ire f o r  wc l l s  

less than  100 f c e t  dccp commonly g iv ing  l i t t l e  g c o l o g i c a l  informat  ion.  

From well depth complet ions thcre would appear  t o  l x  a main zone o f  sand 

wi th  sonic s j  I t  c.ncountcrcd from 60 t o  115 f ec t  bclow ground s u r f a c e  w i t h  
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minor bcds  o r  l c n s e s  as shallow a s  15 fcct  1.0 about  130 fee t  decp (F ig .  5 ) .  

Sunimary d e s c r i p t i o n s  o f  t h e  1 itliolog,;,. combined wi t l i  SOP!, completc d c s c r i p t i v e  

l o g s  w i th  e l e c t r i c  logs  sugges t  thil :  sand  and s i l t y  sand bcds w i t h i n  

l a c u s t r i n e  c l a y  and s i l t  d e p o s i t s .  This, occurs  t o  depths  o f  about 160 

fee t  w i t h i n  onc-ha l f  milc  o f  t h e  s o u t h  cnd o f  Wood Lake. 

Betwccn Kin f i e ld  and Reavcr Lakc, Road s e v e r a l  sha l low we l l  l ogs  

r eco rd  thicknesses of ab( i t  40 feet  o f  ..and and g rave l  ove r ly ing  c l a y .  

T h i s  sand and g rave l  marks t h c  no r thwes te r ly  e x t e n t  o f  a f an  d e p o s i t  o f  

sand and grave l  whcrc Vcrnon Creek c1itcl.s t h e  main v a l l e y  from t h e  sou rcc  

a r c a  a t  h igh  e l e v a t i o n s  t o  tltc e a s t .  

of  t l i  

There i s  l imitecl  e \ / i d ~ ' n c ~  t o  support  this as f o r  a new well d r i l l e d  t o  

r e p l a c e  Z7XbY17No.8. '11 t h i s  new well, c lay  froin 40 t o  60 f ee t  s e p a r a t e s  

I n t e r f i n g e r i n g  o f  deepcr  d e p o s i t s  

Vcrnon C r e e k  fan a r c  expec ted  t o  occur  wi th  t h e  v a l l e y - f l o o r  d e p o s i t s  

sand wdd gravc.1 dcp1,sits  above and below t h i s  c l ay  bed.  

From t h e  d a t a  a v a i l a b l e  c r o s s  sc.ctionc; have been drawn f o r  t h e  

sha l low sub s u r f a c e  s u r f i c i a l  d c p o s i t s .  

t h e r e  i s  a f a c i e s  change from l o c a l l y  t l i i c k  d e p o s i t .  o f  sand and g r a v e l  

n e a r  t h e  base o f  t h e  wcst v a l l c y  w a l l  (C49 Tlllt) t o  :iy, s i l t  w i th  some 

sand ,  ove r ly ing  sand and grayl  1 (Z7XGY29No.32). I n  t h e  Gloundwater 

D i 1 , s i o n  Tes t  Hole (Z7XGY17No.23) 547 Ecct decp,  p u t  down by E .  L iv ings ton ,  

t h e  l o g  shows bcdroch was encountered at. 530 f e c t  and r cco rds  3 t i l l  u n i t s  

scpamtcr l  by s i l t ,  sand and g rave l  depo5, i ts .  I t  i s  thought  p o s s i b l e  t h a t  

t h e  upper  s i l t ,  sand 2nd g rave l  z o ~ i c  from 135 t o  235 f e e t  (27XGY17N0.23) 

may bc cont inuous wit!i s x i d  and g r i v e l  from 163 t o  200 f e e t  i n  wel l  

From f i g u r e  4 i t  wou: 1 appear  

27 X G  Y29 No. 3 2 .  
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HYDROGEOLOGY 

Source,  Occurrence and Movement of Ground Wat(.?* ..- 

. 
I t  i s  h i g h l y  probable  t h a t  con i t e  ground water: con ta ined  i n  t h e  

s u r f i c i a l  d e p o s i t s  during g l a c i a l  times and a l s o  shal low bedrock ground 

waters were very low i n  t o t a l  d i s s o l v e d  s o l i d s .  P o s t - g l a c i a l  r echa rge  

from p r e c i p i t a t i o n  moving through unconsol idated r a t h e r  i n s o l u b l e  rock 

materials o f  igneous and metamorphic o r i g i n  i s  expected t o  r e s u l t  i n  

only minor chemical s o l u t i o n  of t h e  weathered p roduc t s .  

OY- t h e  ground waters i s  t h e r e f o r e  a n t i c i p a t e d  t o  show f r e s h  water low i n  

mineral  c o n c e n t r a t i o n .  

-L-c 

The chemistry 

Within t h e  bedrock, ground water occurs  i n  rock f r a c t u r e s  commonly 

cxpccted t o  

movement i s  confined t o  t h e s e  L'ractures and most ground water moving 

crease both i n  s i z e  and number with depth.  Groundwater 

through t h e  bedrock i s  a n t i c i p a t e d  t o  be r e s t r i c t e d  t o  about t h e  upper 

SO f ee t .  

along some l ineaments ,  t h e  pe rcen tage  of vo id  space  i s  commonly small, 

so  t h a t  t h e  o v e r a l l  p e r m e a b i l i t y  f o r  t h e  bedrock is q u i t e  low. 

volume o f  water h e l d  i n  s t o r a g e  a l s o  w i l l  l i k e l y  b e  small. Thus t h e  ' 

q u a n t i t y  of groundwater moving through t h e  bedrock as underflow, o r  

discharged as s p r i n g s  w i l l  b e  minor as far  as water-balance s t u d i e s  are 

concerned. 

Though h igh  p e r m e a b i l i t y  may occur  i n  t h e s e  f r a c t u r e s ,  e s p e c i a l l y  

The 

Within t h e  s u r f i c i a l  d e p o s i t s  o f  g r a v e l ,  sand,  s i l t  and c l a y ,  

groundwater movement i s  p r i m a r i l y  i n t e r g r a n u l a r  though l o c a l l y  as i n  t ill ,  

groundwater movement may be l a r g e l y  through f r a c t u r e s .  While t h e  r e g i o n a l  
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movement of groundb. : c r  i s  expected t o  conform wi th  t h a t  o f  t h e  s l o p e  

of  t h e  topography, b u r i e d  bedrock o r  moraine r i d g e s  and bedrock channels 

may l o c a l l y  modify groundwater f low,  

groundwater movement towards t h e  s u r f a c e  c r c a t i n g  d i scha rge  as s p r i n g s  

o r  s p r i n g  seepage. 

Bedrock u r  moraine r i d g e s  may d c f l c  

Also some channe l l ing  of groundwater and l o c a l l y  
' 

s i g n i f i c a n t  i . r r e g u l a r i t i e s  i n  t h e  topography of impermeable m a t e r i a l s  

unde r ly ing  sand and g r a v e l  may combine t o  produce small u n s a t u r a t e d  a r e a s  

i n  tli;. s u r f i c i a l  d e p o s i t s .  

s tudy  area t o  i.:c n o r t h e a s t  o f  Wood Lakt.. 

This  i s  b e l i e v e d  t o  occur  under t h e  U.B.C. 

Basic Water-\Vel1 Data 

The b a s i c  water -wl l  d a t a  on f i l e  has  been p l o t t e d  and ana lysed .  

Much o f  t h i s  d a t a  i s  f o r  wells less t h .  1 about 50 feet  deep supp ly ing  

in fo rma t ion  mainly on t h e  depth of t h e  w e l l  and t h e  .!cpth t o  t h e  water 

l e v e l  below ground s u r f a c e .  

sometime: t h e  l i t h o l o g y  o f  t h e  a q u i f e r  m a t e r i a l  i s  notc.1. A l i m i t e d  

amount o f  d a t a  i s  a l s o  a v a i l a b l e  r ega rd ing  groundwater sou rces  from 

water wells 100 t o  200 feet deep. 

Though well l ogs  a r e  o f t e n  not s u p p l i e d ,  

However, almost no d a t a  i s  s u p p l i e d  

on b a i l  and pumping t c s t s  t o  enab le  va lues  of  p e r m e a b i l i t i e s  t c  be 

c a l c u l a t e d .  

To t h e  a v a i l a b l e  d a t a  has been added in fo rma t ion  ga the red  from 

about 70 new tes t  h o l e s  i n c l u d i n g  pumping t e s t s  a t  5 s i t e s .  

main emphasis was p laced  on d r i l l i n g  f o r  t h e  piirlxwe o f  c o n s t r u c t i n g  wells 

However, t h e  

t o  monitor  changes i n  n u t r i e n t  con ten t  o f  groundwaters c l o s e  t o  Kalamalka, 

Wood n;,d E l l i s o n  Lakcs. Basic d a t a  has  enabled some mapping o f  t h e  a r e a l  
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e x t e n t  and t h i c k n e s s  o f  some a q u i f c r s ,  drawing w a t e r - l e v e l  contours  f o r  

w a t e r - t a b l e  a q u i f e r s  and detcrmining t h e  h y d r a u l i c  g r a d i e n t s  o f  water- 

t a b l e  and of confined a q u i f e r s  i n  p a r t s  o f  t h e  s tudy  a r e a .  

A a u i f e r s  between Wood and E l l i s o n  Lakes 

The deepest  known a q u i f e r  , ( i n  \$ell Z7X61'29No. 32)  i s  encountered 

a t  a depth o f  160 f e e t ,  e l e v a t i o n  about 1,130 feet  AMSL to '  t h e  sou th  o f  

Wood Lake. I t  i s  logged as c l e a n  sand t o  200 feet ,  e l e v a t i o n  1,090 feet  

AMSL b u t  t h c  lower l i m i t  o f  t h e  a q u i f e r  is n o t  known. This  well and a 

nearby r e c e n t  new well flow at r a t e s  of  35 t o  49 igpm ( imperial  g a l l o n s  

p e r  minute) .  About 500 f e e t  east  o f  t h c s e  wells i s  a second new well 

(Hruschak, J .  per sona l  communication Nov. 1973) about 140 feet  deep wi th  

a flow of  9 igpm. 

a q u i f e r  1,275 f e e t  ANSL which s u p p l i e s  groundiiater t o  t h e  wells a:ong 

These wells probably draw wa te r  from t h e  same gravel  

t h e  west v a l l e y  wall (Fig.  3 ) .  This  a q u i f e r  i s  l o c a l l y  unconf'incd n e a r  

Winfield Creek and i s  t h e  s o u r c e  o f  s p r i n g  discliargo: about 1,500 t o  3,500 

feet  s o u t h  o f  Wood Lake. Here s p r i n g  d i scha rge  forms s e v e r a l  Ifstreamletst' 

which flow i n t o  Winficld Creek. The combined e s t ima ted  flow of  t h e s e  

"streamlets" h:s beiii r e p o r t e d  as j u s t  under 1 cfs ( cub ic  fee t  p e r  second) 

bu t  v i s u a l  opinions are considered as only rough flow estimates. F u r t h e r ,  

Winfield Creek, which i s  o f  grouxdwater o r i g i n  and has  a n e a r  s t e a d y  flow 

o f  2 - 2  c f s ,  i s  considercd t o  be s u p p l i e d  from t h i s  same a q u i f e r .  

s p r : n g  d i scha rge  from t h e  v a l l e y  wall o f  1 c!'s (or 0.64 cfs,  see Table lb) 

With 

t h c  major p o r t i o n  o f  flow of 1% t o  2 cfs i s  assuncd L O  be f e d  by d i r e c t  

ve r t i ca l  discharge from t h e  a q u i f e r .  

because of t h e  c l o s e  proximity of  Winficld Creek t o  t h e  proposed f a c i e s  

This  i s  presumed t o  be t h e  case 
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change from sand and g rave l  t o  c l a y  and s i l t  shown i n  f i g u r e  4 .  From t h e  

combined informat ion  on geology and groundwater hydrology it would appear  

t h e  wa te r  supply ing  t h e  w e l l s  a long  t h e '  west v a l l e y  wall, Winf ie ld  Creek 

and t h e  a d j a c c n t  l i *  e of  s p r i n g s ,  and t h e  doep w e l l s  near t h e  southwest  

c o r n e r  o f  Wood Lake moves through one major a q u i f e r .  I t  i s  cons idered  

t h a t  much o f  t h e  groundwater moving t o  t h e  Wood Lake area througit t h i s  
-.---_-- 

a q u i f e r  o r i g i n a t e s  i n  t h e  E l l i s o n  Lake a r e a .  

Seve ra l  conf ined  a q u i f e r s  (mai:,ly sand)  fro',: which water i s  1 
-_ 

commonly r e p o r t e d  t o  flow a t  less than  3 igpm, occ;ir w i t h i n  two- th i rds  

of a mile from t h e  sou th  end o f  Wood Lake (Fig.  6 ,  In Pocket). The main - 
developed sciirce of  groundwater is  between 60 and 100 feet deep (1,170- 

1,230 f e e t  AhlSL) i n  t h e  c e n t r a l  p a r t  of  t h e  v a l l e y .  

ob ta ined  froni confined a q u i f e r s  as sha l low as 35 feet t o  as deep as 130 

-- - - - - -  - - "__ 

Some groundwater is  
P __- ____ - - -  

f e e t ,  w i th  f r e e  flow having  occurred  as shal low as 15 f e e t  (Z7X6Y29No.79). 

The head measurements (1972 and 1973) range  from about 1 foot above ground 

s u r f a c e  n e a r  t h e  sou the rn  l i m i t  o f  t h e  f lowing  we l l s  t o  16 f e e t  above 

ground l e v e l  a t  t h e  sou th  end o f  Wood Lake. 

head is  taken t o  i n d i c a t e  r a t h e r  l i m i t e d  h y d r a u l i c  c o n t i n u i t y  between t h e  

a q u i f e r s  and t h e  wa te r  i n  Wood Lake. 

The occurrence  o f  a r t e s i a n  

Overlying t h c s e  a q u i f e r s  i s  t h e  wa te r  table a q u i f e r  c o n s i s t i n g  
--------__ -_ - 

o f  f i n e - t o  medium-grained sand ,  s i l t y  sand or sandy -_  c l a y  wi th  some c o a r s e  

sand .  

s e p t i c  tank e f f l u e n t  s t u d i e s  were conducted by t h c  Un ive r s i ty  of B r i t i s h  I 

Columbia. The th i ckness  o f  t h e  zone o f  s a t u r a t i o n  i s  cons idered  t o  range  

cc_.__- - 

"his i s  t h e  d e s c r i p t i o n  from t e s t  h o l e  logs  i n  t h e  area i n  which 

from a minimum of  2 f e e t  t o  an average o f  E; f e e t  o f  low permeable (10 

United S t a t e s  g a l l o n  p e r  day p e r  squa re  f o o t  - US gpd / f t  ) materials. 2 
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These l i m i t s  f o r  s a t u r a t e d  th i ckness  are cons idered  reasonable  when 

allowance i s  made f o r  a conf in ing  bed ove r ly ing  an a q u i f e r  w i th  a r t e s i a n  

flow encountered from as shal low as 15 feet and depths  t o  t h e  water table 

of 2 t o  6 feet .  

x 

t h e r e  i s  very  l i t t l e  informat ion  on t h e  water t a b l e  a q u i f e r  between t h e  

The h y d r a u l i c  g r a d i e n t  of t h e  watcr  t a b l e  is about 5.5 
I_ --- - - -  ____ .-- - - _ _  

f t . / f t  . and is used f o r  underflow c a l c u l a t i o n s  i n  Table  4a. Though 

* 

I_ 

s e p t i c  tank s tudy  a r e a s  and t h e  V i l l a g e  of Winfield,  t h e  occurrence of  

both t h e  a q u i f e r  and t h e  water t a b l e  are deeper  below ground s u r f a c e  

towards t h e  sou th .  

about 45 feet below ground s u r f a c e  and t h e  depth t o  t h e  water t a b l e  about 

35 f e e t .  

- . _ _ _  - - -  --- - 

The base  of t h e  a q u i f e r  ' n  t h e  Winfield area i s  
- --- - 

f / 

-+_-_ _- - - 

- 

I Between Winfield and A e B e r - L a k e  Road unconfined groundwater -___------- - -  
\ 

occurs  i n  sand and g rave l  d e p o s i t s  of t h e  Vernon Creek f a n .  

of t h e  f a n  t h e  d e p o s i t s  are about 40 f e e t  t h i c k  and t h e  s a t u r a t e d  th i ckness  

of t h e  w a t e r - t a b l e  a q u i f e r  i s  commonly from about 4 t o  10 feet .  

i n  t h i s  a q u i f e r  may sometimes go dry  (Well Z7X6Y17No.8). 

I n  t h i s  p a r t  - -__-_--- -A_ Y 

- __-- _- 

A well 
_- c 

This  has  l e d  

t o  deeper  d r i l l i n g  and t o  development of groundwater between 70 t o  90 

feet deep from a san.  and g rave l  a q u i f e r  below t h e  water  t a b l e .  Water- 

l e v e l  d a t a  from t h i s  deeper  zone has  been used i n  conjunct ion  wi th  head 

measuremnts  of  f lowing we l l s  a t  t h e  south  end of Wood Lake t o  determine 

t h e  h y d r a u l i c  g r a d j e n t  f o r  t h e  confined a q u i f e r s .  

5.5 x 

expected to be an impor tan t  sou rce  of  recharge  f o r  a q u i f e r s  between 

E l l i s o n  and Wood Lakes. 

The g r a d i e n t  i s  about 

f t . / f t .  Groundwater movement from t h e  Vernon Creek f an  i s  
- -___ ~-- - - 

<- 

---- 

Aquifers  occur r ing  up on t h e  west s i d e  of Vernon Creek v a l l e y  

from 1,500 t o  1,700 f e e t  AMSL are f r e q u e n t l y  r ep resen ted  by s p r i n g  d ischarge .  
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The main zone of d i scha rge  i s  r evea led  by s p r i n g s  a t  about  1,550 t o  1,600 

fee t  AMSL. F i e l d  obse rva t ions  show c reeks  appea r  k d  d i sappea r .  This 

o b s e r v a t i o n  and s p r i n g  d i scha rge  ref lect  t h e  p re sence  o r  absence o f  

unde r ly ing  impcrmcable beds.  These beds may be si l t  and c l a y  o r  cemented 

g r a v c l .  

which are mainly sand and g r a v e l .  

Such bt!ds o r  lenses have been observed i n  t h e  s u r f i c i a l  d e p o s i t s  

Low creck flows, less than  50 igpm, 

o r i g i n a t i n g  up t o  1,600 feet  AMSL are c , ) l is idered t o  reflect p o s s i b l y  

small t o t a l  c o n t r i b u t i o n s  of groundwater from t h e  h i g h e r  a q u i f e r s  a long 

t h e  west v a l l e y  wall. 

E l l  i son  Lake Area. 

Groundwater inf low t o  E l l i s o n  Lake  i P b  from bedrock f r a c t u r e s  on 

t h e  west s i d e  of he lake, from l a c u s t r i n e  d e p o s i t s  of s i l t ,  sand and , 

g r a v c l  on t h e  east s i d e  of t h e  lake, and p o s s i b l y  as underflow nea r  

Vernon Creek a t  i t s  po in t  of e n t r y  i n t o  t h e  lake. 

t o  t h i s  1 .*,e is  expected t o  be small. T h i s  is cons ide red  t o  be so 

Groundwater i n f low 

because of t h e  a n t i c i p a t e d  ve ry  low p e r m e a b i l i t y  o f  t h e  bedrock on t h e  

west s i d e  of t h e  l a k e  and t h e  d r y  appearancc of t h e  l and  s u r f a c e  on t h e  

east s i d e  of t h e  lake sugges t ing  low groundwater flow i n t o  t h i s  lake. 

East S i d e  of Wood L n k e  - 

Data a v a i l a b l e  f o r  t h e  east s i d e  o f  Wood Lake show a t h i n l y  
_- 

/- ~ 

s a t u r a t e d ,  commoniy less than  5 fe,,t t h i c k ,  w a t e r - t a b l c  a q u i f e r  con- 
. -- -_ 

s i s t j n g  o f  sand and g r a v c l  d i r e c t l y  o v e r l y i n g  bedrock o r  sometiires ovc r  
. _- .-. - -- 

c--- --_ - 
t i l l .  T h i s  a q u i f e r  i s  rccharged e i t h e r  d i r e c t l y  fro111 p r e c i p i t a t i o n ,  by 
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d i scha rge  from t h e  bedrock, o r  by undcrflow i'rom creeks  o r i g i n a t i n g  high 

up t h e  va l  l e y  wa l l .  Thc l a s t  method o f  rcLcharge is b e s t  j l l u s t r a t e d  by 

E l l i o t  Creek. T h i s  c rcek  poss ib ly  o r i g i n a t e s  from t h e  T e r t i a r y  conglomcrate 

a t  about  3,000 f ce t ,  as do some s p r i n g s  such as t h e  one from Somervi l le  

Mine. The source  o f  rccharge  arc many 10 t o  20 f c e t  deep f i s s u r e s  i n  

t h e  ovc r ly ing  vo lcan ic  rocks.  Thcse a r e  r cpor t cd  (Mr. Hol t ,  pe r sona l  

communication) t o  s t o r c  p r e c i p i t a t i o n  a s  snow o r  i c e  a l l  summer long 

(Fig.  7 ) .  

f a n  d c p o s i t s  o f  s i l t ,  ;and, and g r a v e l  up t o  150 feet t h i c k .  

(F ig .  8, I n  Pocket) s u p p l i e s  water  t c ,  many s p r i n g s  and wells t topo- 

g r a p h . c a l l y  lower e l e v a t i o n s .  

E l l i o t  Creek p o s s i b l y  l o s e s  water  t o  s t o r a g e  as i t  c r o s s e s  

T h i s  f an  

Weber's s p r i n g  (Fig.  8 ,  In  Pocket ) ,  t h e  main inf low t o  Hibble- 

worth Creek ' i s .Lc l i :xved  t o  b e  fed  by underflow i n  a manner similar t o  

t h a t  i l l u s t r a t e u  by E l l i o t  Creek. Two miles f u r t h e r  n o r t h  i s  an unnamcd 

creek d ive rg ing  from Rib! leworth Crc.Lk whic' a l s o  conveys watc'r e i t h e r  

as s u r f a c e  o r  subsu r face  flow. 111 t h i s  case somc o f  t h e  subsu r facc  f l o w  

occurs  wi th in  t h e  bedrock. 

Water-Level Su r faces  

Thc  wa te r - l cvc l  s u r f a c e  o f  an a q u i f e r  i s  an imaginary s u r f a c e  

t h a t  cverywhcre co inc idcs  wi th  t h e  nonpumping l e v e l  o f  t h e  water i n  an 

a q u i f e r .  

a q u i f e r s  prev imis ly  d i scusscd .  

Vcrnon Creek wa tc r - t ab le  a q u i f e r  a r c  i n t c r p r c t c d  til p o r t r a y  a s i g n i f i c a n t  

i n f l u e n c e  on t h e  groundwater hydrology due n o r t h  o f  E l l i s o n  Lake. 

Water- level  contours  have been drawn where p o s s i b l e  f o r  t h e  

Wiitcr-level contours  drawn f o r  t h c  

'l'he 



FISSURE AT GROUiW LEVEL 

( E a s t  s i d e  of Wood Lake, elevation 
3,500 feet approximately) 

ICE INSIDE FISSURE 

( I n  late summer) 

FIGURE 7. Ice  i n  Fissure i n  Volcanic Rock 
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water t a b l e  i n  t h e  Vernon Creek f a n  forms a groundwater mound i n  t h e  main 

v a l l e y .  As groundwater flow from t h i s  f a n  enters t h e  main v a l l e y ,  i t  is  

discharged both towards t h e  n o r t h  and t h e  sou th .  The occurrence o f  t h i s  

mound i s  b e l i e v e d  t o  create a r a t h e r  e f f e c t i v e  b u t  n o t  n e c e s s a r i l y  f u l l y  

c f f e c t i v e  barr ier  to ' t he  p o s s i b l e  movement of groundwater t o  t h e  n o r t h  

from E l l i s o n  Lake w i t h i n  t h e  wa te r - t ab lc  a q u i f e r  (Fig.  6). Topographic 

c o n t r o l  shows E l l i s o n  Lake t o  occur  i n  almost a c l o s e d  depres s ion .  

.)lis case  ve ry  l i t t l e  o r  no s u r f a c e  watcr  may flow ou t  a t  low l a k e  l e v e l  

(Fig.  6). 

I n  
cc 

One l o c a l  r e s i d e F t  r e p o r t L d  t h a t  a l though Vernon Creek has  

been known t o  go d ry  a t  t h e  o u t l e t  o f  t h i s  l a k e ,  f low resumes about 

one-eighth o l  a mile downstreaiir. I n  conformity wi th  surface d ra inage  

it i s  c o n s i u e r r d  t h e  en t i r e  o r  most groundwater flow is  t o  t h e  n o r t h  

from t h e  E l l i s o n  Lake-Vernon Creek f a n  area. Data i o r  3 wells, two a t  

t h e  n o r t h  and one a t  t h e  sou th  end show E l l i s o n  Lake i s  p r i m a r i l y  a body 

of s u r f a c e  wa te r  perched on l a c u s t r i n e  clays.  

l a k e  i s  about 10 t o  20 fee t  h i g h e r  t han  i n  t h e s e  ncarby wells.. One of 

The water l e v e l  i n  t h e  

t h e s e  wells (Z7X6YSNo.7) was p u t  down under t h i s  s tudy .  In  t h r e e  o t h e r  

wells (Z7X6YSNos.4, 5 and 6) on t h e  e a s t  s i d e  f E l l i s o n  Lake t h e  water 

l e v e l  i n  t h e  w e l l s  i s  continuous wi th  t h a t  o f  t h e  l a k e  l e v e l .  Brief 

r e f e r e n c e  i s  now made t o  t h e  e s t ima ted  annual water l o s s e s  from E l l i s o n  

Lake o f  1,500 a c r e  f e e t  p e r  y e a r  (Coulson, 1973). There i s  some evidence 

t o  sugges t  t h i s  l a k e  i s  perched. 

r e p o r t e d  d r y  t o  20 fee t ,  where a ha rd  1 : y e r  was encountered, t h c r e  i s  

some evidence t o  sugges t  Vernon Creek i s  a perched creek i n  t h i s  p a r t  

of t h e  area. The l o s s e s  can b e  accounted f o r  by v e r t i c a l  leakage a t  

a r a t e  o f  0.06 US g p d / s q . f t .  'I'his i s  an a c c e p t a b l e  p e r m e a b i l i t y  f i g u r e  

f o r  a s t r a t u m  o f  ve ry  low p e r m e a b i l i t y .  

F u r t h e r  as Test Hole Z7X6Y8No.11 was 

I t  i s  b e l i e v e d  t h a t  l o s s e s  from 
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t h i s  l a k e  combined wi th  2,000 a c r c  f e e t  p e r  y e a r  from Vernon Creck above 

E l l i s o n  Lake provide  t h e  major sou rce  of groundwater recharge  t o  a q u i f e r s  

i n  t h e  v a l l e y  f l o o r  bctween E l l i s o n  and Wood Lakes. 

3,500 a c r e  f e e t  p e r  y e a r  are c q u i v a l e n t  t o  a flow of 4 . 8  c f s .  

c f s  is  d i scha rged  1,; Winfield Creek l eav ing  a t o t a l  o f  2.3 c f s  t o  be  

accounted for by underflow. 

The t o t a l  l o s s e s  o f  

About 2.5 

.cc 

From t h e  n o r t h  end o f  Vernon Creek fan t o  Wood Lake t h e r e  i s  

moderate c o n t r o l  f o r  contour ing  t h e  wa te r  t a b l e  reasonably  w e l l .  Use 

has  been made of  t h e  w a t e r - t a b l e  contours  t o  o b t a i n  t h e  h y d r a u l i c  g r a d i e n t  

f o r  underflow c a l c u l a t i o n s  (Fig.  6 ,  In  Pocket ) .  To t h e  sou th  of Wood 

Lake a r c  numerous f lowing w e l l s  bu t  t h e  d a t a  is i n s u f f i c i e n t  t o  map t h e  

w a t e r - l e v e l  s u r f a c e s  of t h e s e  zones. 

l i k e l y  moving down v a l l e y  from deep a q u i f e r s  i n  t h e  E l l i s o n  Lake area 

t o  t h e  s o u t h ,  and no t  as p rev ious ly  : : tated (Le Breton,  Nov. 1971, p.12)  

The source  of t h ,  groundwater i s  

groundwatcr l o c a l l y  e n t e r i n g  t h i s  p a r t  o f  t h e  area from a q u i f e r s  on t h e  

e s t  s i d e  of  t h e  v a l l e y .  

of bedrock a t  ground s u r f a c e  a t  t h e  s o u t h e a s t  co rne r  of Wood Lake and a t  

about 3/4 mile due sou th  (F ig .  6 ,  In  Pocket ) .  I t  was p rev ious ly  assumed 

t h a t  a moderately t h i c k  cover  of  g l a c i a l  d e p o s i t s  might p o s s i b l y  permi t  

s i g n i f i c a n t  q u a n t i t i e s  o f  groundwater recharge  to occur  t o  t h e  confined 

a q u i f e r s  from t h e  e a s t  v a l l e y  wa l l  i n  t h e  l o c a l i t y  of a r t e s i a n  flow. 

From f i e l d  mapping o f  bedrock outcrops  i n  t h e  summer of 1973 between 

t h e s e  p o i n t s ,  it i s  now known t h a t  bedrock occurs  a long t h e  e a s t  v a l l e y  

wal l  from Wood Lake t o  Beaver Lake Road and t h a t  t h e  ove r ly ing  g l ' c i a l  

d c p o s i t s  a r c  q u i t e  t h i n .  

important  sou rce  of groundwater supply .  

l lLocallyll  i s  emphasized because of t h e  occurrence  

Thc bedrock i s  a l s o  no t  cons idered  as an 

This  op in ion  i s  cons idered  t o  be 
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suppor t ed  by f ie ldwork  i n  7 sub-bas ins  i n  t h e  Okanagan River  Basin (Hals tead ,  

Hall and Le Breton,  1970). 

occur rence  o f  unknown major f r a c t u r e  zones ac t in ;  as  condui t s  f o r  ground- 

water  movement. 

commonly t r a n s m i t t i n g  only  smal l  q u a n t i t i e s  o f  groundwater ,  it i s  b e l i e v e d  

t h e  east s i d e  o f  the  va1lc.y i s  not  t h e  major source  of groundwater r echa rge  

t o  t h e  a q u i f e r s  i n  t h e  v a l l e y  floor a r e a .  

However, on(' cannot r u f c  ou t  t h e  p o s s i b l e  

With only a t h i n  cover  o f  g l a c i a l  d e p o s i t s  and t h e  bedrock 

I t  was a l s o  p rev ious ly  cons idered  t h a t  groundwater movement a long 

t h e  b a s e  o f  t h e  west v a l l e y  wall was d i s t i n c t  from t h a t  i n  t h e  v a l l e y  

bottom. 

be p r e s e n t  a long t h e  west valley wa l l  ai l  

i n  t h e  v a l l e y  f l o o r  a r e a .  

arc comparable for t h e  n o r t h  t o  sou th  cross sections. 

sou th  ell .  (Well Z7X6Y8No.4) shows q u i t e  a h igh  water l e v e l  may b e  due t o  

l o c a l  s o u r c e s  o f  groundwater supply  from t h e  west s i d e  of t h e  v a l l e y .  

s t e e p l y  s l o p i n g  gradj  snt (Well Z7X6Y30No.23) showing a wa te r  level only  

somewhat h i g h e r  than  t h e  l e v e l  of  Wood La: c: i n d i c a t e s  l o c a l  h y d r a u l i c  

c o n t i n u i t y  wi th  l ake  wa te r .  

above l a k e  l e v e l  a long t h e  south  sho re  of t h e  l ake .  

open water (Dr. I .  Bi r twel l ;  1973, pe r sona l  communication) r e p o r t e d  las t  

w i n t e r  a long  t h e  west l ake  margin about 1 mi le  n o r t h  of t h e  southwest  

c o r n e r  of t h e  l ake  may be p a : L l y  due t o  v e r t i c a l  leakage from t h i s  or 

o v e r l y i n g  a q u i f e r s .  However, t h i s  is  no t  c e r t a i n  as j t may come from 

bedrock f r a c t u r e  systems.  

However, more r e c e n t  i n fo rma t ion  i n d i c a t e s  one main a q u i f e r  may 

a t  a depth of about  160 feet 

Hydraul ic  g , d i e n t s  for t h e  conf ined  a q u i f e r s  

D i f f e rences  at  t h e  

The 

This  is  i n  c o n t r a s t  t o  l e v e l s  about 20 feet 

The t h i n  ice and 
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The o t h e r  p a r t  of- t h e  a r e a  where t h e  water t a b l e  may be r e a d i l y  

contourcd i 5  t h e  east s i d e  of Wood Lake (Fig.  9, In  Pocket ) .  The contours  

show a s t e e p l y  ' , loping s u r f a c e  wi th  a g r a d i e n t  o f  about  770 feet per mi le .  

Loca l ly ,  even though i r r i g a t i o n  i s  e x t e n s i v e l y  c a r r i e d  o u t  i n  t h e  summer 

months , some tes t  h o l e s  remain permanently dry above t h e  f irst  impermeable 

l a y e r .  

channels  b u t  t h e r e  i s  i n s u f f i c i e n t  d e t a i l e d  t e s t  h o l e  c o n t r o l  t o  confirm 

-_ - 

. _/ __I - -- -- -_-I- -_ 

L _  - 

--- 

In such l o c a l i t i e s  groundwater is thought  t o  flow i n  subsu r face  
.-- 

t h i s .  

Hydrograph. Records 

The hydrograph r eco rds  i n  t h e  s tudy  area can be  d i v i d e d  i n t o  

s e v e r a l  g roups ; ,  S e l e c t c d  examples are shown in Appendix B. 

a long  t h e  south  end o f  and n o r t h e a s t  c o r n e r  of Wood Lake (Appendix B ,  

No. l ) ,  some between Wood and Kalamalka Lakes, and bo rde r ing  Kalamalka 

Those wells 

Lake show f l u c t u a t i o n s  va ry ing  g e n e r a l l y  i n  accordance wi th  l a k e  l e v e l .  

Two wells i n  t h e  a r e a  between t h e s e  two lakes show s i g n i f i c a n t l y  d i f f e r e n t  

t r e n d s .  These a r e  be l i cved  t o  r e f l e c t  t h e  a f f e c t s  of  u n d e r f l ~ w  r e l a t e d  

. 

t o  s t r eam l o s > c s  accompanying t h e  f r e s h e t  o r  r e l ea r  

(Appendix B ,  h o .  2 ) .  

d e c l i n e  i n  t h e  water  l e v e l  thioughout  t h e  p e r i o d  o f  r eco rd .  

obse rva t ion  i s  t o  be n o t i c e d  on s e v e r a l  o t h e r  hydrog,.iiph r eco rds .  

w e l l s  (Appendix B, No. 2 and No. 3) occur  n e a r  t h e  e a s t  s i d e  of Wood 

Lake and i n  tlie lliram Walker p l a n t  grouilds on t h e  Vernon Creek f a n  

(U.B.C. r e c o r d s ) .  

6 f e e t  a f t e r  a l lowing  f o r  s easona l  r echa rge  and denote  l o s s  of ground- 

wa te r  from s t o r a g e .  

r)f wa te r  from s t o r a g e  

I t  may a l s o  be noted  t h e r e  has Leen an o v e r a l l  

This l a t t e r  

Such 

Water l e v e l s  i n  t h e s e  w e l l s  have dec l ined  a s  much as 

This phenomenon i s  cons idered  a response  t o  t h e  change 
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i n  p r e c i p i t a t i o n  and runof f  from ve ry  h igh  p r e c i p i t a t i o n  and runof f  i n  

1971-72 t o  t h e  oppos i t e  i n  1972-73. 

F ive  hydrograph r e c o r d s  i l l u s t r a t e  t h e  effects of i r r i g a t i o n  

p r a c t i c e s  and show increac.ps i n  groundwater levels ranging  from % t o ' 6 %  

feet. 

. 
Wate-- level  f l u c t u a t i o n s  due t o  i r r i g a t i o n  are' shown fo r  one well 

(Appendix B,  No. 4) .  
c.-- 

Aquifer  T e s t s  and Groundwater Return Flcw from I r r i , g a t i o n  

Data from pumping tests conducted under  Cont rac t  50, from r e t u r n  

f l o w  i r r i g a t i o n  s t u d i e s  and from p r e s s u r e  recovery  tests are summarized 

i n  Appendix C ,  Tables  1 t o  3. 

Well C49TH4 i s  summarized i n  Table la. 

of 1,590 US gpd / f t . 2  de r ived  from t h i s  test is,used i n  c a l c u l ; . t i n g  

The impor tan t  pllarp.test f o r  t h i s  s tudy  on 

The average  p e r m e a b i l i t y  v a l u e  

groundwater r e t u r n  f low t o  Winfield Creek, a long  a l eng th  o f  5,000 feet  

(Appendix C,  TaI.le I ) ,  i n  r e l a t i o n  t o  t h e  cont inuous hydrograph r eco rd  

f o r  t h i s  well (Fig. 10).  The p e r i o d  of r e c o r d ,  May-September, shows a 

r ise  and d e c l i n e  i n  t h e  wa te r  l e v e l  which would appear  t o  reflect t h e  

effect of  t h e  f u l l  i r r i g a t i o n  season .  

is  0.25 f e e t .  The r a t e  o f  r e t u r n  f low de r ived  from c a l c u l a t i o n  No. 1 

(Appendix C ,  Table  l b )  is 0.016 c f s  which i s  only %% of t h e  t o t a l  a p p l i e d  

i r r i g a t i o n  water, Because o f  good c o n t r o l  concerning:  (a) t h e  depth t o  

bedrock and d i s t a n c e  t o  t h e  bedrock wall i n  t h e  v i c i n i t y  of t h i s  well; 

@) knowledge of  t h e  a q u i f e r  and occurrence  o f  s p r i n g s  d i scha rg ing  water 

from t h e  a q u i f e r ;  (c) hydrograph r eco rds  f o r  Winfield Creek; (d) d i r e c t i o n  

The average rise i n  t h e  water l e v e l  

of  groundwater f iow and; (e) some informat ion  t o  sugges t  sma l l  rates of 

groundwater d i scha rge  from t h e  bedrock,  i t  i s  cons idercd  l o c a l  e v a l u a t i o n  



i 
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There i s  of r e t u r n  flow f o r  t h e  y e a r  1973 may be rt.aL;;nably a c c u r a t e .  

no obvious way t o  account f o r  s t o r a g e  an.d d i scha rge  f o r  a h igh  pe rcen tage  

of r e t u r n  flow from i r r i g n t i o n  water a p p l i e d  a t  a r a t e  o f  about 3 . 7  cfs. 

In o t h c r  words i t  i s  b e l i e v e d  t h a t  i n  1973 consumptive use i n  t h e  Winfield 

Creek b a s i n  was at a r a t e  approaching ma.xi.num a v a i l a b l e  water supply.  

C a l c u l a t i o n  No. 2 (Appendix C ,  Table l b )  i s  an a t t empt  t o  show 

p o s s i b l e  groundwater d i s c h a r g e  by s p r i n g s  o r  seepage f o r  a s a t u r a t e d  

t h i c k n e s s  of t h e  a q u i f e r  averaging about: 10 f ee t  above t h e  e l e v a t i o n  o f  

Winfield Creek, o v e r  a l eng th  of 5,000 f ee t .  A t h i r d  c a l c u l a t i o n  of 

d i scha rge  was made al lowing f o r  an average s a t u r a t e d  t h i c k n e s s  of 20 

f e e t  above Winfield Creek along a 2 ,000  f ee t  l eng th  of t h e  creek (Fig.  6 ,  

In  Pocke t ) .  The flows f o r  t h e s e  two c a l c u l a t i o n s  t o t a l l e d  0.64 and 0.50 

c fs ,  r e s p e c t i v e l y .  

of v i s u a l  e s t i m a t e s  of "streamlet" flow i n t o  Winfield Creek which wcre 

b .it 9/10 cfs w i t h  c !culated flow us ing  moderately good a q u i f e r  t e s t  

d a t a .  The comparisc.:s are accep tab le  when i t  i s  considered v i s u a l  strear:: 

flow e s t i m a t e s  are  l i k e l y  t o  g ive  only ,a rough i n d i c a t i o n  of  a c t u a l  flow. 

The above a n a l y s i s  was an a t t empt  t o  i n t e g r a t e  f i i id ings  from geo log ic  

c o n t r o l ,  t e s t  d r i l l i n g ,  a q u i f e r  t e s t  d a t a ,  obse rva t ions  from f i e l d  mapping 

and w e l l  and stream hydrograph r e c o r d s .  

The l a t t e r  f i g u r e  was an a t t empt  t o  compare t h e  sum 

Return groundwater flow c a l c u l a t i o n s  were a l s o  made f o r  t h e  

Ribblcworth Creek d ra inage  b a s i n .  

Table 2 and are cc.r,l.ined wi th  f i g u r e s  f o r  t h e  La Fleche Creek b a s i n  t o  

o b t a i n  a pe rcen tage  of r e t u r n  flow. 

These a r e  t a b u l a t e d  i n  Appendix C ,  



The hydrograph record ( F i g .  11) shows an i n c r e a s e  i n  s t ream flow 

d i d  not  bcgin u n t i l  June and t h e  r e t u r n  flow p e r i o d  has  been a r b i t r a r i l y  
I 

t e rmina ted  f o r  November. The f a c t  t h a t  t h e  d e c l i n e  i n  stream flow i s  

s lower than a n t i c i y  : c d  i s  thought t o  bc dtic t o  p r e c i p i t a t i o n  on t h e  b a s i n  - 
a f t e r  i r r i g a t i o n  ceased.  

i r r i g a t i o n  i s  about 0.28 c f s  which 

volume o f  w a t e r  o f  100 ac  f t  ( a c r e  f e e t ' ) .  

The a v e r a ' e  i n c r e a s e  i n  stream flow due t o  

gu-re i s  used t o  o b t a i n  an e q u i v a l e n t  

A r c t u r n  flow c a l c u l a t i o n  was made f o r  L:, Fleche Cr,ek b a s i n  by 

The averaging t h e  d a i l y  i n c r e a s e  i n  flow up t o  t h e  p o i n t  of  peak flow. 

average flow f i g u r c  i s  0 .13 cfs .  l h e  f i r s t  flow mea:,uremcnt w r l s  used 

as  the. basc  flow f i g u r e  as  t h i s  was takcn n e a r  t hc  t ime when Ribblcwortli 

Creek flow bcl:an t o  i n c r e a s e .  A d c c l i n c  i n  flow f La Fleche Creck 

equ iva lcn t  t o  i t s  i n c r e a s e  i n  flow i s  assumed f o r  re tur i i  f l c w  c a l c u l a t i o n  

purposes .  The avc,age i n c r e a s e  i n  flow was e q u i v a l e n t  t o  a volume o f  

wa te r  o f  40 ac € 1 .  Again t h c  s lower d c c l i n e  compared t o  i n c r e a s e  i n  flow 

i s  considered t h e  r e s u l t  o f  p r e c i p i t a t i o n  which i s  known t o  have occurred 

soon a f t e r  pcak flow (i~ig. 1 2 ) .  

This  i v e s  a t o t a l  volume o f  wa tc r  f o r  both c reeks  o f  140 ac f t .  

I f  allowance i s  madc f o r  onc important  withdrawal o f  creek wa te r  above 

t h e  s t r eam gauge o f  0.167 c f s  (45 ac f t )  t h e  p o t e n t i  1 r e t u r n  flow t o  

Wood Lakc from t h e  Ribbleworth Crcck-La Fleche Creek b a s i n s  i n c r e a s e s .  

Howcvcr, t h c  c x t e n t  t o  which t h i s  wa te r  i s  d i v e r t c d  from t h e s e  b a s i n s  i s  

unknown, bu t  f o r  t h e  p r e s c n t  purposes about h a l f  of t h i s  watcr  (22 a c  f t )  

i s  considcrcd t o  bc d i v e r t c d .  

a t  t h e  gauges, 140 ac f t  and t h e  d i v e r t c d  flow of 2 2  a c  f t  f o r  a t o t a l  

of 162 BC f t .  The l a s t  f i g u r e  has  t o  b:: compared t o  t h e  t o t a l  q u a n t i t y  

Thc q u a n t i t y  of  r e t u r n  flow i s  t h a t  measured 
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of a p p l i e d  watLi t o  d c r i v c  a pe rcen tage  f o r  r c t u r n  flow. The volume o f  

i r r i g a t i o n  water app l i ed  t o  t h c  Ribblei:', rth Creek-La Flcche Creek b a s i n s  

i s  506 ac f t .  To t h i s  ha5  t o  be added about 3 . 2  inches o f  p r e c i p i t a t i o n  

during t h e  i r r i g a t i o n  scason ,  which i s  c:qu:il t o  49 iic f t  o f  wa te r .  

Along w i t h  2 3  a c  f t  o f  r e - a p p l i e d  i r r i g a t i o n  wa te r ,  t h c  t o t a l  volume 

o f  a p p l i e d  h a t e r  i s  578 ac  f t .  The 162 ac f t  o f  r e t u r n  flow g ives  a 

f i g u r e  of  28% r e t u r n  groundwater flow from i r r i g a t i o n .  This  f i g u r e  o f  

28% i s  though t  t o  bc reasonablc  and i s  a p p l i e d  t o  t h e  remainder of t h e  

e a s t  s i d e  of  1Cood Lake. 'I'he resu l t s  from a c t u a l  obsei*vat ions,  made p o s s i b l e  

because groundwater d i scha rgc  i s  Eorced t o  r e t u r n  t o  Kood Lake ( F i g .  13) 

ove r  t h e  bedrock, a r e  considered a p p l i c a b l e  t o  t h e  r e s t  o f  t h e  a r e a  which 

i s  predominantly a s i m i l a r  11) drogeo log ica l  environment b u t  a l l  r e t u r n  

flow i s  as underflow. I t  must be s t r e s s e d  t h a t  a l though groundwater 

r e t u r n  flow f i g u r e s  from i r r i g a t i o n  practices have bccn c i t e d  f o r  two 

b a s i n s  showing 28% and less than  1%, t h e  p c r i o d  of r eco rd  i s  very s h o r t .  

Thc methods of  d e r i v i n g  t h e s c  r e s u l t s  requi r c  much f u r t h c r  s tudy  ' b e f o r e  

being al lowed t o  cha l l engc  any longer  tcrm r c g i o n a l  o b s e r v a t j  on €or  t h e  

Okanagan River  Basin.  

I 

The 1% f i g u r e  f o r  r e t u r n  flow from t h e  K i n f i e l d  Creek b a s i n  

r e q u i r e s  f u r t h c r  comment and c l a r ;  f i c a t j  on.  T h i s  i s  t h e  r e s u l t  ob ta ined  

by r e l a t i n g  t h c  information de r ived  from t h e  pumping t e s t  and t h e  hydro- 

graph r e c o r d .  Only a very small  i nc rcas t e  i n  groundwatcr f low,  which 

covers  t h e  e n t i r e  i r r i - g a t i o n  season,  i s  shown b). t h i s  mcthod o f  ana lys ing  

t h e  a v a i l a b l e  d a t a .  Control  d a t a  on geology, and grouiidwater and s u r f a c e  

wa te r  hydrology show no C L  I dcncc t o  suggcs t  t h a t  groundwater r e t u r n  flow 

from t h i s  b a s i n  can bc* h i g h e r .  Howevcr, if' r e t u r n  flow from i r r i g a t i o n  



. . 

1333 MI 1OOd M13M NI S N O l l V n 1 3 ~ 1 3  13A31 Y31VM 



BRITISH COLUMBIA 
DEPARTMENT OF LANDS, FORESTS, AND WATER RESOURCES 

WATER RESOURCES SERVICE 
WATER INVESTIGATIONS BRANCH 

DATE 
.............................................................. 

.......................................................... .................... .......... I SCALE: 

HYDROGRAPH RECORD 
La FLECHE CREEK 

- E. ...................................................................... G. LeBreton I ...... .. GEOLOGICAL ENGINW 

FILE No. ...................................... DWC. No. . .!?!.!?.U RE . . . . . . . . . .  



FIGURE 13. RIBBLEWORTH CREEK WATERFALL 

e 



27 

is indeed : . u b s t a n t i a l l y  g r e a t e r ,  t h e r e  i s  ni)' apparent  exp lana t ion  f o r  

t h j !  a t  t h e  p r e s e n t  t ime .  With t h e  p r e s e n t  understanding of  t h e  geology 

of t h e  area i t  is  d i f f i c u l t  t o  conceive o f  l a r g e  groundwater ' f low (28%) 

r e t u r n i n g  t o  Wood Lake o r  Winfield Creek from t h i s  p a r t  of t h e  s tudy  a r e a  

without  be ing  d e t e c t e d  i n  some way. 

The c a l c u l a t e d  p e r m e a b i l i t y  ( K )  v a l u e s  shcwn i n  Appendix D ,  Table 

3 ,  were d e r i v e d  from s h o r t  p r e s s u r e  recovery t es t s ,  conducted a f t e r  f ree  

flowing tes ts  o r  s h o r t  p e r i o d s  of pum;~ing t h e  w e l l .  The d a t a  c o l l e c t i o n  

was an a l t e r n a t i i  e t o  q u i t e  expensive d r i l l i n g  and pumping ti-st programmes 

and was inc luded  i n  p a r t  of normal f i e l d  mapping. 

used i n  groundwat i flow c a l c u l a t i o n s  t o  determine n u t r i e n t  i n p u t  t o  

Wood Lake from confined a q u i f e r s  between 15 and 115 f ee t  deep a t  t h e  sou th  

end of t h e  l ake .  Thr r e s u l t s  of t h e s e  c a l c u l a t i o n s  a r e  shown i n  Appendix 

D ,  Table Sa and 5b. 

The r e s u l t s  have b e t ,  

Groundwater F l o ~  and N u t r i e n t  Input  C a l c u l a t i o n s  

Following a s tudy  of  t h e  geology and groundwater hydrology some 

underflow c a l c u l a t i o n s  have been made f o r  w a t e r - t a b l e  a q u i f e r s  and f o r  

confined a q u i f e r s  where p o s s i b l e .  

t h a t  t h e r e  i s  very l i t t l e  d a t a  i n  t h e  s tudy area a v a i l a b l e  f o r  c a l c u l a t i o n  

of pe rmeab i l i t y  va lues  f o r  t h e  s u r f i c i a l  d e p o s i t s ,  assumed v a l u e s  can be 

used. The  guide f o r  t h e  assumptions made i s  taken from Todd (1959, p .  53). 

The ran;sc of v a l ~ c s  shown by Todd, have been drawn from cons ide rab le  J. :a 

a v a i l a b l e  from groundwater s t u d i e s .  

Although it has been p r e v i o u s l y  s t a t e d  
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I n  making undctrflow c a l c u l a t i o n s ,  t l i  .. follOi\'ing formula i s  used : 

Q = K I A  

where Q = quaiitit,;\- of water i n  US g a l l o n s  p e r  day (US gpd) 

K = permeab i l i t y  i n  US g :ions p e r  day pci- squa re  f o o t  (US g p d / f t  ) 
2 

I = h).dr:. i l i c  g r a d i e n t  i n  fee t  F e r  foo t  ( f t / f t )  

A = c r o s s - s e c t i o n a l  a;*ca i n  square ' e t  through w h i  ch groundwater 

moves (sq f t )  

.4s s t a t e d  above, va lues  f o r  K a r e  assuiced o r  takcn from 1972 pump 

t e s t  d a t a ;  I i s  known from c r o s s  sec t io i i s  o r  w a t e r - l e v e l  c o n t o u r s ;  A i s  

mea ; w e d  from a v a i l a b l e  g c o l o g i c a l  and topograph ica l  c o n t r o l .  The main 

wcahncss i n  t h e  appro :h i s  lack of K v a l u c ~  f o r  t h e  s tudy  a r e a .  The 

o t h e r  c o n t r o l  i s  of varying q u a l i t y .  C:ilculations f o r  d i f f e r e n t  ci-oss- 

s e c t i o n a l  a r e a s  a r e  p r c s c n t c d  i n  Appendix C ,  Tables 4 t o  6 .  

The r e s u l t s  ob ta ined  from groundwatcr flow c a l c u l a t i o n s ,  from 

groundwater r e t u r n  flow c a l c u l a t i o n s  from i rri a t i o n ,  flow measurements 

f o r  soii1,' c r e e h s ,  and baseflow e s t i m a t e s  have been used,  t o g e t h e r  with 

averagc n u t r i e n t  c o n c e n t r a t i o n s  o f  groundwaters a long lake margins t o  

c a l c u l a t e  t h e  t o t a l  q u a n t i t y  o f  n u t r i e n t s  e n t e r i n g  a l a k e .  

c o n c c n t r a t i o n s  a r e  shown in,Appcndix C ,  Tables 4 t o  1 2 ,  w i t h  an o v e r a l l  

The n u t r i e n t  

summary i n  Appendix C ,  Table 13. 

( l b s / y r )  has bc en dcr ivcd by us ing  an approximate conver:. . m  f a c t o r  t h a t  

1 c f s  and 1 p p i  (par t  p c r  m i l l i o n )  prod.ice an i n p u t  o f  2,000 l b s / y r .  

The n u t r i e n t  i n p u t  i n  pounds p e r  y e a r  

The main f i n d i n g s  from t h e  groundwater s t u d i e s  on t h c  q u a n t i t y  

( ,  ,- n u t r i e n t s  e n t c r i n g  Kalamalka, Wood and E l l  i son Lakes a r e  b r i e f l y  

s t a t e d .  Fu r the r  d e t a i l s  arc t o  be found i n  thc.  t a b l e s  i n  Appendix C .  
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Thc confined ;iqu f c r  from 163 t c  200 feet ,  below ground s u r f a c e  

a t  t h e  south  end o f  Wood Lake j s  es t ima ted  t o  supply 3,240 l b s  of n i t r o g m  

(as  'J) and 270 11, of  t o  31 so lub le  phosp!h;ite (as P)  p e r  y e a r  t o  KaJamalka 

Lakc. The w a t e r - t a b l c  a q u i f e r  and underlying confined a q u i f e r s  t o  a depth 

o f  about 100 f e e t  bclow ground s u r f a c e  a t  t h e  sou th  cnd o f  Wood Lake a r e  

e s t ima tcd  t o  supply a t o t a l  o f  260 lbs  o f  n i t r o g e n  and 7 l b s  of t o t a l  

s o l u b l e  phosphate p e r  year t o  Nood Lake. 

eas t  s i d e  o f  Wood Lake i s  e s t ima ted  t o  ? > t : > p l y  8,81 lbs  of n i t r o g e n  and 

37% l b s  of  t o t a l  s o l u b l c  phosphate t o  thi:. l a k e .  

t o t a l  o f  12 ,314  lbs  0:' n i t r o g c n  and 314'5 l b s  o f  t o t a l  s o l u b l e  phosphate 

be ing  s u p ,  l i e d  t o  Kal:~. tlka-Nood Lakes d i r e c t l y  from groundwatcr sou rces .  

The w a t e r - t a b l e  a q u i f c r  on t h e  

These f i g u r e s  g ive  a 

'Thc cor rc :  ?-:biiding f i g u r e s  f o r  t ' ie E l l i s o n  Lake Basin show a t o t a l  

q u a n t i t y  of  200 l b s  of n i t r o g e n  and 20 l b s  of t o t a l  so lub le  phosphate.  

These nutrients are c i t l  \'r c!j recti\. e n t e r i n g  E l l i s o n  Lake, o r  p o s s i b l y  

p a r t l y  c r , t e r ing  t h i s  lake and p a r t l y  e n t e r i n g  r e g i o n a l  groundwater flow 

moving from t h e  E l l i c o n  Lake area t c  . a rds  Wood Lakc. I n  c a l c u l a t i n g  

n u t r j  en t  c o n t r i b u t i o n  t o  groundwaters i n  t h e  I i l l i s o n  Lake Basin t i , c  

r e t u r n  flow f i g u r e  o f  28% de r ived  from t h e  Ribbleworth Creek Basin s tudy 

was a l s o  uscd f o r  t h i s  b a s i n .  To t h i s  was added r e s u l t s  based on a 

t h c o r e t i c a l  c a l c u l a t i o n  of ground.:ater inf low t o  E l l i s o n  Lake. 

llydrogcoclicmis t r y  

About 150 f u l l  chcmical analyscbs o f  the main c a t i o n s  and an ions ,  

p lus  t o t a l  d i s so lved  s o l i d s  and c o n d u c t i v i t y  wcre r u n  by B . C .  Research 

Council o r  t h c  Provinci a1 Water Rcsourccs Litbortitorv. bluch of  t h e  d a t a  
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has y c t  t o  be p rocessed ,  p l o t t e d  and s t u d i c t ’ .  7’ is  phase of t h c  work i s  

t o  form p a r t  of a more d e t a i l c d  r e p o r t  o f  t h e  hydrogeology o f  t h e  a r e a .  

The emphasis has been p l aced  on t h c  !iuti-ient c o n s t i t u e n t s  analyscd undcr 

t i  , s  program t o  meet thc p r e s e n t  o b j e c t j v c  - t o  cons ide r  t h e  r o l e  o f  

g:*oundw:itcr as a source  o f  n u t r i e n t  i npu t  t o  t h e  l a k e s .  Add i t iona l  s t a f f  

t ime and map work i s  nccessary t o  complote a s tudy  of t h c  main c a t i o n s  and 

ani 011s. 

General ly  the groundwaters a r e  of low t o t a l  d i s s o l v e d  s o l i d s  

(300-500 ppm) o f  calcium-magnesium b i  carbonate  type wa te r .  For n u t r i e n t  

s t u d i e s  t h e  fol lowi i g  c o n s t i t u e n t s  were r e g u l a r l y  ana1)Vsed: Calcium, 

magni.sium, t o t a l  orgal’ c carbon,  t o t a l  k j c l d a h l  1 t r o g e n ,  n i t r a t e  and 

n i t r i t e  n i t r o g e n ,  t o t a l  s o l u b l e  phospha;-e, i r o n ,  mangancse and ph. The 

calcium a n d  mngnesiu: content s of grountiwaters com!nonly v a r i e d  very l i t t l e ,  

and i r o n  and manganesc were o f t e n  recorded i n  only very low concen t r a t ions  

(0.10 ppm and 0.05 ppm r c s p e c t i v c l y ) .  

A b r i e f  s tudy of ph values  f o r  !he w a t e r - t a b l e  a q u i f e r  i n  t h e  

Vcriion Creek fan d i sp laycd  a g radua l  i n c r e a s e  from a low o f  about 6 .5  

towards about 6 . 9  with a fur*,her  increalje t o  about 7 . 5  i n  t h e  d i r e c t i o n  

o f  groundwater movement t o  Wood Lake. I n  t h e  a r c a  sou th  of Wood Lake t h e r e  

i s  no  marked v a r i a t i o n  i n  n u t r i e n t  c o n c c n t r a t j  ons of  t h e  w a t e r - t a b l c  and 

confined a q u i f e r s  (Appc!:dix D ,  Nos 1 t o  8 ) .  Nitrogen va lvcs  o f  ground- 

waters  i n  much o f  t h e  s tudy a r e a  rangc lietween 2 t o  5 ppm and f o r  t o t a l  

s o l u b l c  phospl ia t ,~  the  c o n c e n t r a t i o n  j s  o f t e n  c l o s e  t o  0.01 ppm (Appendix 

D ,  Nos 9 t o  1 2 ) .  

i l l u s t r a t c  some of  t h e  r e s u l t s  ob ta ined  from t h e  n u t r i c n t  s tudy  of ground- 

watcrs i n  t h e  Kalamal ha-Wood Lakc  Basin.  T’ic above s e l c c t i o n  i n c l u d e s  

Thc: graphs sclec‘tcd f o r  Appendix D a r e  shown t o  
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0 observa'  i o n  wc11s spec - i a l ly  i n s t a l l c d  f o r  t h i s  program and some e x i s t i n g  

/ water  w c l l s  (F ig .  6 ) .  

Analyses of  w:i?cr samples c o l l e c t c d  i n  1969 from a f lowing well 

(producing about 3 /4  cfs)  which p c n e t r a t c  1 aqiiifcrs bc tweev 140 and 200 

f ee t  deep showed low n u t r i e n t  conccnt ra t  i ons  f o r  deep groundwaters.  

T o t a l  n i t r o g e n  averaged 0.12 ppm and t o t a l  phosphate  averaged 0 .03  ppm. 
-c- 

e 
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CONCLUSIONS 
L_ 

The p r e s c n t  j nformation a v a i l a b l e  on t h e  bedrock and s u r f i c i  a1 

geology, wa te r -we l l  d a t a ,  liydrograph r eco rds  and chemical ana lyses  of 

groundwaters permi t s  a reasonable  I i t c r p r c t a t i o n  of  t h e  r e g i o n a l  hydro- 

geology from tlic sou th  end o f  Kalamalka Lake t o  t h e  south end of E l l i s o n  

Lakc. 

The bedrock ;.omprises mainly lo\+. permcablc metamorphic and i n t r u s i v e  

igneous rocks and some conglomcratc and b a s a l t .  The o v e r l > ? i n g  s u r f i c i a l  

d c p o s i t s  a r e  mainly s a n d  and g rave l  w i t ? i  some t i l l  on t h e  e a s t  and west 

s i d e s  of t h e  v a l l e y ,  commonly less  than  50 f e r :  t h i c k .  The t h i c k n e s s  of 

t h e  overburden i n  t h e  v a l l e y  bottom i s  known t o  be 530 feet  t h i c k  nea r  

Wjnfield.  Thc s t r a t a  comprises a sequence o f  t i l l ;  o r  s i l t ,  sand and 

g r a v e l ;  w i th  some l a c u s t r j n e  d e p o s i t s  O F  c l a y ,  s i l t  , l id  sand .  

The main a q u i f e r  i n  t h e  area Is considcred t o  be sand and g rave l  
~ -- 

mainly wit l i in  _-  tlic depth range o f  about 100 t o  200 f e e t  below ground s u r f a c e  

I t  i s  known only bctween lJood and E l l i s o i l  Lakes along t h e  west .de o f  t h e  

v a l l e j .  and j u s t  t o  t h e  east of Winfield Creel.. The p r e s e n t  i n t c r p r e t a t i o n  
- -- 

of t h e  h1,drogc .ugy  sugges ts  t h a t  most o l  t h e  groundwater i n  tlijs p a r t  
- _ _  

of  t h e  a r c a  moves through t h i s  a q u i f e r .  Underflow f i g u r e s  approximating 

5 c f s  have been calci i l :  t c d .  T h i s  agree's with s u r f a c c  watcr  losses (Coulson, 

1973) i n  t h c  Vernon Creck-Ell ison Lake a r e a ,  which a r e  equivalei i t  t o  a 

fbw of  4 . 8  c f s .  This  arcs i s  considercd tlic main recharge a r e a  f o r  t h c  

v a l l e y  f l o o r  d e p o s i t s .  

d i scharged  by Winfield Creek. 

About h a l f  of t h e  flow throub‘ t h i s  a q u i f e r  i s  
-c 
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The main source of  inf low from t h c  e a s t  s i d e  of Wood Lakc appears  

t o  be as r e t u r n  g r o u n c l ~ ~ ~ ~ l t c r  flow i 

r e t u r n  flow arnounts t o  about 28% of t h c  a p p l i e d  water  f o r  t h e  1973 season .  

I n  t h e  l i ' infjeld Crcc\l< 1 ) ~  i n  r e t u r n  flow i s  c a l c u l a t c d  as being less than  

1%. 

page 23. 

'1 i r r i g a t i o n  wa te r .  The c a l c u l a t e d  

For q u a l i f y i n g  rcmarlis on t h i s  1% f i g u r e  ilic r e a d e r  i s  r e f e r r e d  t o  

Because of t h i s  anomalously l ( w  r e s u l t  t h i s  f i g u r e  i s  only 

r e p o r t e d  and i s  no t  app l i ed  elsewhcrc i r  t h e  s t u d y  f o r  r e t u r n  flow ca lcu -  

l a t i o  pu rposes .  However, t h e  r e s u l t s  a v a i l a b l e  r e p r e s e n t  only very  

e a r l y  a t t empt s  t o  assess r e t u r n  flow d i r e c t l y  by groundwater s t u d i e s .  

The above f i g u r e s  should be co!!.;idercd a.s only t l ' i i t a t i v e  a t  t h i s  s t a g e .  

By combining groundwater flow c a l c u l a t i o n s  ~ i t h  average n u t r i e n t  concen- 

t r a t i o n s  f o r  t o t a l  n i t r o g c n  and t o t a l  s o l u b l e  phosphate o n l y  low q u a n t i t i e s  

of t h e s e  c o n s t i t u c n t s  appear t o  be e n t c r i n g  Wood Lake. Data i s  t o o  

l i m i t e d  t o  make c s t i m a t e s  f o r  q u a n t i t y  of -1o\v i n t o  Kalamalka L a k e  except  

f o r  t h c  main a q u i f e r  a t  t h e  sou th  end of' Wood Lakc, which may d i scha rge  

l$ t o  25 c ' s  d i -  t l y  i n t o  t h i s  l ake .  I'hc a c t u a l  c o n c c n t r a l i o n s  of t h c  

n u t r i e n t s  i n  deep a q u i f e r s  whicli ~i~ciy be  d i s c h a r g i n g  water  i n t o  Kalamalka 

Lake a t  t h e  south end of  Vernon Creek v a l l c y  i s  moderately low ani! from 

the Coldstream Valley i s  q u i t e  lo \< .  So even i f  undcrfloiu. i s  moderatcly 

h i g h ,  groundwater 

t h e  Kalamalka-Kood Lake Basin when comp;tred t o  s u r f a c e  water  s o u r c e s .  

may not be a s e r i o u s  sou rce  o f  p o l l u t i o n  t o  l akes  i n  

A summary o f  t h e  a n t i c i p a t e d  q u a n t i t y  of' n i t r o g e n  and t o t a l  s o l u b l e  

phosphate e n t e r i n g  Kalamalka, Wood and E l l i s o n  Lakc:; i s  given bclow: 
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Aqui f e r ( s )  
Source 

Confined 
(163’-200’)  

e-- 

Water Table  
E Confined 

IVater Table  

Water Table  
E Confined? 

Suniiiiary o f  Nu t r i en t  Input  t o  Kalam:ilka, - - - ~  

Wood and Ellison 1,akcs ---- 

To - Tota l  Nitrogen (N)  
Lake ( I b s / y r )  

South End 
Ka 1 amal k a  3,240 

S o u t h  End 
Wood 260 

1 .as t S i  dc 
Ii’ood 8,814 

1’1 l i s o n  200 

l o t a l  So lub lc  Phosphate ( P )  
( l b s / y r )  

2 70 

7 

37.5 

20 



35 

RECOMMEND AT IONS 

I t*  i < reconinic ided t h a t  some c o n s i d e r a t i o n  b~ given t o  f u r t h e r  

improving knowledge o f  groundwater hydrology i n  t h c  Kalamnlka-Wood Lake 

Basin.  Two s p e c i f i t  a s p e c t s  r c y u i r i n g  b c t t e r  unders tanding  seem worthy 

of f u r t h e r  s t u d y .  Thcse a re  (1) gi -o~indhater  r e t u r n  flo:: from i r r i g a t i o n ,  

(2 )  t h e  a r e a l  cxt  c n t  of t h e  main a q u i f e r  and i t s  hydro logic  p r c , p c r t i c s .  

Both s t u d i e s  would i n c l u d e  t e s t  d r i l l i n g  and a q u i f e r  t e s t i n g  o f  t h r e e  

deep wells i n  t h e  main v a l l e y ,  and about f i v e  w e l l s  i n  Ribbleworth Creeh 

b a s i n ,  and f u l l y  instrumeiited observat icm wells. Also gauging of saIne 

c a r e f u l l y  s e l c c t e d  sni:i11 s t r eams  as i n  t h e  c a s c  of  Ribbleworth Crcck 

which a L' of  grouridlvatci o r i g i n ,  could probably lcxd t o  a much b e t t e r  

unders tanding  o f  groundwater movemcnt , cluali t y  and y i e l f '  i n  :in area.  

T h i s  work could be combined wi th  cont inued s y s t e m a t i c  h\ J r o g e o l o g i c a l  

mapping i n  hc Keloma a r e a .  This sugges t ion  i s  pu t  forward wi th  t h e  

i n t e n i  ion o f  conduct ing r eg i  1 grou idwater programmes - c 11 i n v e n t o r y i n g ,  

sampling of ground\ ia te rs  f o r  chemical anal>' i s ,  s tudy  o f  f i e l d  f e a t u r e s ,  

e t c . ,  - f o r  t h e  purpose o f  more knowledge o f  g r o w ~ d w a t c r  movement and 

r e s o u r c c s ,  and combining t h i s  work wi th  some p r a c t i c a l  work such as t e s t  

d r i l l i n g  and p o s s i b l y  minor groundwater i n v e s t i g a t i o n s .  

t h a t  rcquests for  groundqnter  s t u d i e s  i n  t h e  Rutland area ha:c been made 

t o  t h e  Kater I n v e s t i g a t i o i i s  Branch. 

-c- 

I t  i s  a l s o  known 
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Appendix A 

1 

NOTES ON TIE OCCURRENCE Oi GROUND WP.TER A7 ICOCIDS I N E  IF1PROVE- 
MENT DTSl'I~ICT ANT) RL:.COlrIM NDA'I'ION FOR FURTI 1E2 INVf3S1'lCA'l 1 ON 

On i n s t r u c t i o n * -  from Mr. V .  Rauil>;cpp, Chief  Enginccr ,  Natcr  

I n v e s t i g a t i o n s  Branch, I s p i t  , , cvera l  d a y s  i n  tlic f i c l d  i n  Junc  i n  t h c  

a r e a  o f  t h e  h'oods Lake 1mprovcn:ent D i s t r i c t  1 o deter inine,  i f  p o s s i b l e ,  

whether there might be a suil : i l i le sourc( '  o f  groiind watcr f o r  w i n t e r  

domcsstic supply  f o r  t h e  r e b u i l t  combined i r r i g a t i o n - d o m e s t i c  system now 

be ing  cons ide red .  Mr. Towgood, ChaiI 1 : ~  of  the Dis t r i c t  and Irir. Webbcr 

o f  t h e  Katcr Rights  Branch, po in t ed  out  t h a t  a d d i t i o n a l  l and ,  most ly  under  

c u l t i v a t i o n ,  not  now in t h c  D i s t r i c t ,  could be brought i n t o  t h e  D i s t r i c t  

i f  enoiigh ground water could be found t o  s e r v e  as a source  f o r  i r r i g a t i o n  

o f  t h i s  l a n d .  Th i s  land  i s  most ly  a t  t h e  sou th  end of t h e  p r e s e n t  Dist i c t  

Thc a r e a  i s  u n d e r l a i n  by meta ) r p h i c  rocks  of t h e  b:,)nashce Group 

wi th  a very  i r r e g u l a r  t tbcnchcdtt  s u r f a c e  o v e r l a i n  i n  p a r t  by P l e i s t o c e n e  

sediments  mostly sanC lqith minor g r a v e l .  T i l  u n d e r l i e s  t h e  g r a v e l  i n  

some p l a c e s  accord ing  t o  well r eco rds  b u t  can be  seen on s u r f a c e  only a t  

t h e  s o u t h  end.  The bedrock topography was ve ry  impor tan t  i n  de te rmining  

t h e  t h i c k n e s s  and t o  some e x t e n t  t h e  c h a r a c t e r  o f  t h e  ove r ly ing  P l e i s t o c c n c  

d e p o s i t s  which may be  a q u i f e r s  i n  some p l a c e s .  

To t h e  e a s t ,  the nictamorphic rocks  arc. o v e r l a j n  by g rave l  and 

sand which i s  i n  t u r n  o v e r l a i n  by basa l t  f lows probably p a r t  of  t h e  

Kamloops group o f  Olj.gocenc o r  Miocene age.  

and sand wi th  t h c  under ly ing  rock i s  a t  an e l e v a t i o n  about 3 ,200 f e e t  

i n  tlic Wood:; Lake a r e a .  

The c o n t a c t  o f  t h i s  g r a v e l  
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The map incliitlcd w i t h  t h i s  memo s h ~  ’ ; a l l  t h c  outcrop I was 

a b l e  t o  f i n d  and :’ nuin1)cr of ot1lc.r topographjc  fc : j iu re<,  

t h e  sou th  cnd i s  probably more s p e c u l a t i  ve than t h e  n o r t h e r n  p a r t .  

The p a r t  a t  

Thc d i s t r i b u t  iofi of t h e  I’lcistoccnc sediments over  t h e  bedroch 

was c o n t r o l l e d  iiiostly by two f a c t o r s  nancly t h e  supply ( ~ f  m a t e r i a l  a v a i l -  

a b l e  a t  a given t ime and t h e  l e v e l  of tlic l ake  occupying t h c  v a l l e y  a t  

t h a t  tiiiie. The sourcc  of sand and gravel  i n  t h i s  a r c a  was me l t ing  i c c  

of t h ~  r t t r r a t i n g  g l a c i e r s .  In t h c  opinion of Nasmith and Ful ton who 

h a i c  done hork on t l i i s  a r c a ,  t h e  l a s t  icc> i n  t h i s  a r e a  was l e f t  i n  t h e  

main v a l l e y s .  I t h i n k  t h e  r e v e r s e  may bc t r u e  and t h e r e  pay have been 

i c e  i n  tlic h i g h  a rea  t o  t h e  east  a f t e r  a l l  i c e  has  mclted f r o  t h e  main 

v a l l e y s .  Numcrous c jsures i n  t h i s  arc’.{ show bedding j n  t h c  sand always 

dipping away from t h c  v a l l e y  w a l l .  Con-;orticvi and slur; s t r u c t u r e s  which 

a r e  u s u a l l y  found i n  g r a v e l s  depos i t ed  a g a i n s t  a v a l l e y  wal l  from v a l l e y  

i c e  a r e  absen . 

When a l a r g c  supply o f  sand and g r a v e l  was moved i n t o  t h e  v a l l e y ,  

dr3position was l a r g c l y  l o c a l i z c d  ~t t h e  edge o f  t , : e  1 !,e f i l l i n g  t h c  

val le) .  a t  tl::t t imc.  Nhen l ake  l e v e l  w,is s t a b l c  f o r  a long p e r i o d ,  d e l t a s  

were formed. When d e p o s i t i o n  took p l a c c  while  t h e  l a k e  l e v e l  was f a l l i n g  

s l o p i n g  t v r r a c e s  wcre formed. Thc shapc and s i z e  o f  t h e s e  f e a t u r e s  i s ,  

of cour sc ,  dependent on t h e  topography <of t h c  s u r f a c c  on which d e p o s i t i o n  

took p l a c c .  

In t h o  0kan:igan Val lcy,  d e l t a s  wcrc formed a t  an e l e v a t i o n  of 

about 1 ,600 f c c t .  

probably s t a r t e d  when t h c  lake l e v e l  was abovc 1,600 f e e t  pcrhaps as high 

Evidencc j n  many placcs  i n d i c a t c s  t h a t  d e p o s i t i o n  
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as 1,775 f e e t .  Sonic of t h e s e  t c r r a c c s  o r  r d i s c d  d e l t a s  a r e  q u i t e  l a r g e  

n e a r  t r i b u t a r i e s  which supp l i ed  milch sediment .  blany of them a r e  k e t t l c d  

showing t h a t  i c e  was bur i ed  i n  t h c  sand and <;ravel of  which t h e  d e l t a s  

a r e  composed. 

i n  s o x  p l a c c s .  Thcre are  a l s o  o t h e r  t e r r a c e s  and d e l t a s  above about 

1,775 f e e t  somc as h i g h  as  2 ,200  feet  but  thc>,e a r c  seldom promincnt.  

In many p l a c e s ,  they a r e  e x t e n s i v c l y  d i s scc t c t l  and remain oltly a s  small 

remnants.  They may bc o l d c r  thai the. t c r r a c c s  below 1,775 f e e t  b u t  were 

probably formed under very s imilar  cond. t i o n s .  

Therc a r c  o t l ic r  l e s s  proinincnt t e r r a c e s  below 1,600 f e c t  

The t e r r a c e s ,  as desc r ibed  abovc, ai-(' p r e s e n t  i n  t h e  \\roods Lake 

a r c a  and map s e r v e  as a q u i f e r s .  Four main f a c t o r s  dctcrminc t h e  c a p a c i t y  

of such t e r r a c e s  as a q u i f e r s .  Thcse a r e  thc cha rac t c%r  of t h e  material, 

t h e  t h i c k n e s s  of t h e  m a t e r i a l ,  how much of  i t  i s  s a t u r a t e d  and h o w  much 

water  i s  rcchargcd.  In t h i s  area,  a l l  exposures e s p e c i a l l y  those  i n  

t h e  s e v e r a l  gray I p i t s  show t h a t  'lie oiitwash o f  which t h c  lower t e r r a c e s  

a r e  composed, i s  mostly medium g ra ined  :;and w i t h  minor g r a v e l .  I t  seem'. 

t o  bc q u i t e  f r e e  o f  s i l t  and c l a y  and should have a high perr t b i l i t y .  

The t h i c k n e s s  of sand on t h e  s e v e r a l  t e r r a c e s  i n  t h e  a r e a  i s  

unhnown as t h c r c  i s  no sub-su: cc i n fo rma t ion  on t h e s e  t e r r a c  . I n  

sone p l a c e s  rock outcrops on t h e  t c r r a c c s :  this tends t o  i n d i c a t e  t h a t  

t h e  t h i c k n e s s  of s a n d  i s  t h i n  bu t  t h i s  is inconc lus ive  because tlie bedrock 

topography i s unknorm . 

A number of  w l l  records i v e s  somc i d e a  of t h i c k n c s s e s  of sand 

and g r a v e l  o f f  tlie mLin  t c r r a c c s .  Many a r e  s h a l l o i ~  dug w e l l s  whicli s t o p  

i n  g rave l  but  t h c r c  arc t h r c c  f a i r l y  dccp w e l l s  nea r  t h e  n o r t h  end which 
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1\11 of  t h e s c  a r c  on t h e  s l o p i n g  show s i g n i f i c a n t  thicl\;ness of g r a v e l .  

f r o n t s  o f  t e r r a c e s .  A d r i l l e d  well a t  ::he i n t e r s e c t i o n  of E a s t h i l l  Road 

and Todd Road p c n c t r a t c d  78 f e e t  of' gravcl  and :;and over  t i l l .  

well on t h e  c a s t  s i d e  of biiddle Bench Road about 1,000 f c c t  sou th  o f  

E a s t h i l l  Road, encoi;ntered 63 f e c t  oE siind over  t i l l .  

about 1 ,000 f c e t  f u r t h e r  sou th  went through G O  . c t  o f  sand.  Other wells 

A dug 

Another dug we l l  

CLC show up t o  about 32 f e c t  of sand.  

The thickncs:. of s a t u r a t e d  sand i s  dependent on t h c  topography of 

t h c  unde r ly ing  imprrmcable bedrock, t h e  permeabili  t y  o f  t h e  m a t e r i a l ,  and 

t h e  ra te  of r echa rge .  

unk I I  own . 

A l l  of t h e s c  f ac !o r s  i n  t h i s  case a r e  r e l a t i v e l y  

Rechargc i n  t!ie t e r r a c e  deposit : ;  i n  summer i s  from i r r i g a t i o n  

watcr  i n c l u d i n g  s l i g h t  d i t c h  leakage and i n  wir;ter from di r;.ct p r c c i p i t a t i o n  

and from water  moving downs lope from t h c  e a s t  ove r  r e l a t i v e l y  impermeable 

rock o r  t i l l .  From some in fo rma t ion  on hand about f l u c t u a t i o n  of  s p r i n g s ,  

creeks and wa te r  l e v e l s  i n  w e l l s ,  t h c  rccharge by i r r i g a t i o n  water  i s  

probably much g r e a t e r  t han  by p r c c i p i t a t i o n .  

On t h e  map L have shown t e r r a c e s  us ing  t h r e e  c o l o u r s .  The two 

lower oncs coloured grccn and yellow a rc  probably both p a r t  of  t h e  

"1,600-foot t c r r a c e "  al though t l icrc  seci~s t o  be two l c v e l s ,  one a t  1,600 

f e c t  t o  1,675 f e e t ,  and t h c  o t h e r  are-ind from about 1,675 t o  about 1,775 

f e e t .  Thc o t h e r  t r r r a c c s  colourcd orangc a r e  from 1,900 f e e t  t o  2,000 

f e c t .  The orange a i c a  c a s t  of  Woodsdalc may no t  bc a t r u e  t c  r ace  a t  a1 . .  

I f  a pernic:ibIc t e r r a c e  i s  b u i l t  out ovc r  a s l o p i n g  bc,drock s ~ f a c < ~  

one would cxyect  that i t  will probably bc w ~ l l  d ra ined  and t h e  s a t u r a t e d  
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t h i c k n e s s  w i l l  he sn i i l l .  I f  i t  i s  bui11. on a bedrock bench o r  i n  a 

small dcy res s ion ,  one would expec t  tlic d ra inage  t o  be  slow and t h a t  i t  

might 11 inore favourable  as an a q u i f e r .  One i n d i c a t i o n  of t h i s  may be  

a f a i r l y  h igh  s t a t i c  l e v e l ,  s o  i n  t r y i n g  t o  de t r rmino  a f avourab le  

l o c a t i o n  f o r  t e s t i n c  on t h e s e  t e r r a c e s  a high  s t a t i c  l e v e l  may be a v a l i d  

c r i t e r i o n .  

A t  t h e  sou th  end of  t h  I r r i g a t i o n  Dis t r ic t  a r e  s e v e r a l  moraine 

r i d g e s  and a l a r g e  f a n .  Moraine r i d g e s  are n o t  found i n  t h e  no r the rn  

p a r t  o f  t h e  map b u t  a r e  very common f u r t h e r  south toward Winf ie ld .  The 

Mo, ; l ines  are f r e s h -  looking wi th  bouldcry  ;u r f accs .  I t h ink  they  may be 

re la ted  t o  i ce  moving down toward t h e  v . i l l e y  from the  eas t  b u t  t h i s  i s  

i n  d i r e c t  disagreement  wi th  Nasmith and Ful ton  who b e l i e v e  t h a t  t h e  l a s t  

i c e  i n  t h i s  a r e a  was i n  t h e  main v a l l e y s .  

The moraines a r e  p a r t l y  b u r i e d  b y  a l a r g e  f an  and h;. slopewash 

from t h e  s t e e p  s lope  above. 

t h e  $laximum \testward e x t e n t  of t h e s e  f e a t u r c s .  A few road c u t s  show 

t h a t  t hey  are composcd o f  an unso r t ed  m a t e r i a l  much l i k e  sandy t i l l  b u t  

less  compact. 

For  t h i s  reason ,  i t  i s  d i f f i c u l t  t o  determine 

There are  no sub- su r face  exposures  on t h e  main p a r t  o f  t h e  f a n .  

Thc g r a v e l  p i t  on t h c  southwest  c o r n e r  o f  t h e  lower p a r t  o f  t h e  f an  shows 

sandy g r a v e l .  Seve ra l  exposures  n e a r  s p r i n g s  n e a r  p o i n t s  20 and 16 

show sand  and sandy g r a v e l ;  t h i s  i s  probably f a n  g rave l  p a r t l y  bury ing  

t h e  moraine.  

The upper  p a r t  o f  tl i' f a n  secms t o  bc impounded a g a i n s t  t h e  

moraine r i d g e s .  The lowcr p: 't-t may have formed when cont inued  d e p o s i t i o n  
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caused t h e  up] c r  p a r t  o f  t h c  fan t o  s p i l l  ove r  t h e  m r a i n e  forit:ing t h e  

lowcr p a r t .  

moraine r j a '  :cs .  Under t h c s e  cond i t ions  :, t h e  upper (and p o s s i b l y  a l s o  t h e  

lower) p a r t  of t h e  f an  inay c o n t a i n  wa te r  dammed by t h e  less permeablc 

moraine r i d g c .  The ' th ickness  of  s a t u r a t e d  m a t e r i a l ,  e t c .  cannot be 

e s t ima ted  from d a t a  on hand. 

The lowcr par1 m y  a l s o  be p a r t i a l l y  bchin.1 ano the r  sc t  of 

-.----- 
The f an  a t  p r e s e n t  i s  supplying water t o  a number of  s p r i n g s  

which are used f o r  i r r i g a t i o n  and domestic water  .in t h i s  ;'::ea. 

a t  t h e  upper end of t h e  f an  along with s e v e r a l  along t h e  moraine r i d g e  

nea r  p o i n t s  16 and 20 a r e  used t o  i r r i g a t e  land below. The water  

c i ' l l e c t e d  from a l l  t h r e e  i s  estimated t o  be about. 30-40 g a l l o n s  p e r  

minute. 

a r e a s  (marked DA on t h e  map) t o  t h e  wcs t .  These  s p r i n g s  may be considered 

A s p r i n g  

T1ii.s i s  only p a r t  of t h e  d i scha rge  and t h e r e  a r e  o t h e r  d i scha rge  

overflow from t h e  a q u i f e r  i f  i t  contain'  water  yonded behind t h e  moraine 

r i d g e s .  

I n  t h i s  a r e a  a l l  t h e  rec cge f o r  t h i s  f a n  i s  by n a t u r a l  mcans 

i n  c o n t r a s t  t o  t h e  r echa rge  of t h e  t e r r a c e s  by i r r i g a t i o n  water  as 

d i scussed  above. 

i s  from t h e  T e r t i a r y  (?)  g r a v e l s  under t h e  v o l c a n i c  flows which occur  

j u s t  t o  t h e  e a s t .  In  t h e s e  g r a v e l s  t h c r e  a r c  two ( o r  more) a d i t s  which 

wcrc d r i v e n  i n  sea rch  of p l a c e r  gold.  

being a t  t h e  b a s e , o f  t h e  g r a v e l s  b u t  t h e  two I saw are c e r t a i n l y  n o t  a t  

t h e  base  b u t  a r c  i n  g r a v e l l y  bcds i n  a n  i n t e rbcdded  s e r i e s  of s i l t ,  sand 

and g r a v e l .  

Water i s  f l ( \ . i i i g  from 

t h c  othc>r i s  cncloscd and  any wa tc r  cannot be seen .  

A source o f  r echa rge  h e r e  which has  n o t  been desc r ibed  

These a r e  desc r ibed  by Jones as 

Onc a d i t  i s  about 150 f e e t  long,  t h e  o t h e r  of unknown l e n g t h .  

one a t  s e v e r a l  g a l l o n s  p e r  miniitc - t h e  p o r t a l  of 

From t h i s ,  I b c l i c v e  
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^ .  t h a t  t h e s c  seclimerits a r c  d i scha rg ing  a s ig i ,  ' I c an t  q u a n t i t y  o f  water 

toward t h e  v a l l e y .  This  watcr  woiild run down t h e  s l o p e  a .  %1 would be 

c o l l t '  t e d  a t  t h c  f o o t  of  g u l l c y s  by fan:;. 

I f  t h e  f an  i s  impounded bcliind Irhc moraine as I sugges t  t h  p l a c e  

t o  d r i l l  i s  j u s t  above t h e  morainc where t h e  t h i c k n e s s  of the  f an  i s  

l i k e l y  t o  be a maximiim. I t  i s  probably a l s o  worth while  t o  t e s t  t h e  

lower p a r t  o f  t h e  f an  wliich ~11 .y  a l s o  be f a i r l y  t h i c k .  One advantage o f  

wa te r  from t h i s  f a n  i s  t h a t  i t  could be  conveyed by g r a v i t y  t o  any p a r t  

of t h e  proposed systcm. 

An e f f o r t  should bc made t o  check wa te r  q u a l i t ) .  of any h o l e s  

d r i l l e d  i n  t h c  t e r r a c e s  t o  make s u r e  t h a t  i t  i s  n o t  contaminated wi th  

i i ,  e c t i c i d e  r e s i d u c s  o r  n i t r a t e s  from f c r t i l i z e r .  T h ' .  i s  u n l i k e l y  as 

cnougli water  has be! used from w e l l s  :d s p r i n g s  i n  t h i s  a r e a  s o  t h a t  

suclr a problem would probably be known. 

I recommend t h a t  some r o t a r y  t e s t  d r i l l i n g  bc done i n  t h i s  a r e a .  

F i r s t ,  howcbver, I t h i n k  we should consicl;.r i n v e s t i g a t i n g  t h e  t h i c k n e s s  

of g r a v e l  p r e s e n t  on t h e  va r ious  t e r r a c e s  by means of t h c  hammer 

scismograpli which we have borroh-cd i n  t h e  p a s t  from t h e  T e s t i n g  Branch of 

B . C .  Dcpartmcnt of Highways. Under t h e s e  c o n d i t i o n s ,  it should be a b l e  

t o  determine gravl . :  t h i c k n c s s  as g r e a t  as 50 f e e t  o r  60 f e e t .  I t  may be 

p o s s i b l e  with t h i s  t o  dcterminc t h e  water  t a b l e  as s a t u r a t  .d g r a v e l  has  

3 l l igher v e l o c i t y  than dr). g r a v e l .  

The r o t a r y  d r i l l i n g  f o l l o k e d  by e l c c t r i c  logging o f  h o l e s  would 

be t o  dctcrminc t h c  n a t u r e  of t h e  i;ravcls and t h e i r  t h i c k n e s s .  TO check 

water  q u a l i t y ,  a small ca s ing  cou!d i x  put  i n  c e r t a i n  h o l c s  and enough 
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I f  cond i t ions  a r e  found wa te r  pumped ou t  f o r  a t c s t  of  watcr  q u a l i t y .  

t o  bc f avourab lc  f o r  rvc1.l , ,  a t e s t  well could then bc constr i ic ted us ing  

cab lc  t o o l  equipment. 

I t h i n k  we should  c o n c e n t r a t e  011 t h e  "1 ,600- fo0 t '~  t e r r a c e s  and 

t h e  f an  a t  t h e  sou th  end us ing  t h e  hammcr sejsmogrnph. The t e r r a c e  

coloured ycl low on t h e  map along Middle Bench Road should be  t c s t c d  

n e a r  t h e  p o i n t  (A) on the  map. South O F  t h i s  t h c  t e r r ace  colourcd green 

CI 

on t h e  map should bc tes ted n e a r  (B) and a t  Kibbleworth Creek marked ( C ) .  

South o f  Ribbler.:orth Crcck, tlic t e r r a c e  coloured ye1 low should be t e s t e d  

nea r  Trcwhitt Road and Oyama Road n e a r  p o i n t  ( D )  

The fan a t  t h e  s0ut.h cnd should be tc:- ' - d  j u s t  above t h e  mor;iinc 

r i d g e s  p o i n t  ( E )  and i f  t h i s  i s  not favou; i b l c ,  t h e  laver p a r t  n e a r  (F )  

could a l s o  be t c s t e d .  

Following t h i . s ,  t h r e c  r o t a r y  d r i l l  ho'cs should bc d r i l l e d  a t  

t h e  most favoiirable l o c a t i o n s  wi th  a t  l e a s t  onc h o l e  i n  t h c  fan a t  t h e  

south end.  

E .  L iv ings ton ,  Chief 
Grouridw a t c r D i v i  s ion  
( Ju ly  1966) 
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Type of 
Well 

APPENDIX C 

TABLES OF GROUNDWATER 

FLOW AKD NUTRIENT INPUT 

CALCULATIONS 

__I..- - 
1 

- 

Table 1 a 

Winfield Creek :.;isin Analysis  

C49 TI14 Summary-of ----. PumETest Resu l t s  - 

Puniped 

Observat ion No. 1 

Observat ion N; . 2 

Observat ion No. 3 

Aver. 

(Well Z7X6Y30 N o .  26) 

'Tr ansmi s s i v i  t y 
US g p d / f t  

Remarks 

7.85 lo4 Pumping ra te  54 US gpm 
Aquifer  t h i c k n e s s  74 f e e t  
Length of t e s t  48 hours 

Average k 1.59 x 10 US gpd / f t  
excluding Observat ion We11 No. 3 .  
'There i s  no obvious reason  f o r  
low T va lue  t o  Well No. 3 .  

Distances o f  obse rva t ion  wells 
from t h c  pumping well a r e :  
Well No. 1 5'' fee t  
Well No. 2 100 feet  
Well No. 3 217 f e e t  

3 2 
1.345 x 10 5 

5 1.40 x 10 

4 
3.17 x 10 

3 1.59 x 10 
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Tablcl 1 b 

G 1-oundwatcr 1: 1 ow C:il CUI  a t  i ons 

f o r  V,infield CrecF. B a s i n  

- ~ ~ . _  _-- - - - . - - - - _-- 

Calcu- K I A(sq. f t )  Flow 
l a t i o n  US gpd / f t2  f t / f t  Width x I'hi ckness us gpd cfs 

No. - 
1 . 0 3  x lo4 0.016 3 1. 1.59 l o 3  5.175 5 . 0  >: I O  2 . 5  IO-1 

2 .  1.59 lo3  5.175 5.0 l o 3  1.0 10' 4 . 1 1  lo5  0.64 

3 .  1.59 l o 3  5.175 2 . 0  ): 10 2 . 0  10' 3 .3  lo5 0.50 

e-- 

3 

Notes: C a l c u l a t i o n  No. 1 shows r e t u r n  flow t o  N i n f i e l d  Creek. 
C a l c u l a t i o n  N o .  2 shows flow t o  h' inf ic lL '  Creek from West Valley s i d e .  
C a l c u l a t i o n  No. 3 shows flow t o  Winfield Creek along l i n c  of p l o t t c d  
Its trcaml e t s  " . 

Table 2 

Return 1'10~ frcin Ribblcwo:*th Creek B a y  - i n  -___ 
blo 11 t h s F 1 ON Base I::low Return F 1 ow 

(cfs)  (cfs:) ( c f s )  

May 0.070 0.030 

June 0.130 0 .  '00 

J u l y  0.364 0.334 

August 0.395 0.365 

September 0.438 0.408 

October 0.400 0.370 

Nov c mb e r 0.130 0.100 
A v e r .  0.2795 

Notes: Use a r e t u r n  flow f i g u r e  o f  0.28 cfs .  

Figurcs  from May t o  Scptcmbcr a r c  f o r  measured f lows.  
For Oclobcr and Novcmbcr, t h e  f i g u r e s  have bccn assumcd. 



Tablc 3 

Basic Data f o r  Grountlwatcr F l o w  C a l c u l a t i o n s  --- -~ _.-___-___- 

Zones Well Kc l l  Head Trans- Permea- Aquifer  
i n  Loca- Depth ( i n  m i s s i v i t y  b i l i t y  t h i c k -  

f c c t  t i o n  ( i n  f e e t )  (T)  US gpd / f t  (I;) 
6 No. f e c t )  ’ US g p d / f t  ( f e e t )  

nes s  2 

A C49 30 4 - (20) 15 
(15-30) TI11 

- - - 5 B 40 (20) 
(45-50) t o  

50 

C 
(60-115) 34 60 4.6 280 6 

C 35 68 2 . 3  490 11 

C 19 !? C! 11.9 1 ,460  32 45 

C 28 90 1 7 . 1  660 15 

C 4 . 3  90 11.6 1,025 23 

C 10 116 2.9 220 5 

Notes:  P - C a l c u l a t i o n s  based on pumping t c s t .  

I: . C a l c u l a t i o n s  bascd on r r ee  flow r a t e s .  

Permeabi l i t y  v a l u e s  i n  b r a c k c t s  a r e  assumed v a l u e s .  

A l l  w c l l s  a r e  l o c a t e d  i n  Z 7 X 6 Y 29.  

8 . 3  P 

1.25  F 

2.25 I: 

1 . 7  F 

3 .3  F 

2 F  
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I A ( %  f t )  Q (Flow) 
t i o n  No. (US gpd / f t  ) ( f t / f t )  IY'idtfi s t h i c k n c  US gpd c f s  K 2  Calcula-  

3 

3 

1 1 .0  x 10 '  5 .5  x 5.0 x 10 x 2 5 . 5  x l o 2  0.0009 

4 1 . 3 8  x 10 0 . 0 2  2 1 .0  x l o 2  5.5 5 .0  x 10 x :) 

Notcs: K va lue  from pump t e s t  on C19 TI15 (Z7XGY29No.83) i s  no t  
a p p l i c a b l e  1 ) ~  ?iise t h e  pumping \rlclI i s  complete4 i n  a hydro log ic  
system cont ini<> 5 with t '  a t  o f  t h c  lakc wa te r .  The re fo re ,  a K 
va lue  was assu.  (1. 

I n  C a l c u l a t i o n  No. 1 a i!;nirnuni s a t u r a t e d  t h i c k n e s s  of 2 f e e t  was 
used f o r  t h e  a q u i f e r  and i n  Cn lcu la t ion  No. 2 a t l i ickncss  of  
5 f e e t  was uscd.  

h'ater Table Aqu i fe r s ,  South End of  IVood Lake -- 
Nutrient:  I n p u t  ( ! ('u 1 a t  i ons .--- 

T o t .  S o l .  I-' Calcu- F lO , ,  Aver. N .  N. Jnput Aver. 
l a t i o n  ( c f s )  ( P P I  1:1! ! / y r )  P* ( Inpu t )  

No. (PPm) ( 1 bs  i ) ? r )  

1. 0.0009 3 .21  6 0.033 0 . 1  

2 .  0 .02 3.21 128 0.033 0 . 7  

Notes:  P* = Tota l  So lub le  Phospliate (a:; P)  N = T o t a l  Nitrogen 

Analyses f o r  this a q u i f e r  a r e  a v a i l a b l e  from 7 s i t e s .  A l l  7 were 
used f o r  d e r i v i n g  an average va lue  f o r  1'. .a1 Nitrogen (3s N ) .  @ne 
s i t e  showing an anom:i'ously high avcragc 1 ,'r T o t a l  Soluble  Phosphate 
was r c j c c t c d .  
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Corifinc~d AWi fe rs  bctwccn 15 -- and 115 f e e t  dccp - -  
South EJld O f  h ' O @ d  Lilke 

CIroundwnter F l o w  C a l c u l a t i o n s  _- - .-- 
Zone K -  I A (Sq f t )  Q (Flow) 

f e e t )  
( i n  (US gi>d/f t2)  ( f t / f t )  IVidth x t h i c k n c s s  us gPd c f  s 

A 20? 5 . 5  5.0 10 1 . 5  10' 

(15-30) ( 1 . 1  lo3) (0.002) 

B 20? 5.5 5 . 0  .< l o 2  s 

2 
---c 

(45- SO) 

c 
(60- 115) 15 0.L2 3 4 5 . 5  3 . 2  .K 10 4 .5  1 0 1  1 . 2  10 

2 
Note: For Zoncs A f j  R Quantity of  flow i s  based on K = 20 US g p d / f t  

;tssiimC:d, I i s  ineasurcd, and A i s  e s t ima ted  (Table 3 ) .  

Table  5 13 

Confined Aauifers bctween 15 and 115 f e e t  decn 

N u t r i e n t  Input C n l c  _. 1 a t i ~ i - i ~  

Zone F l o w  Aver. N Input Aver. Tot .  S o l .  P 
c f s .  N ( Ibs / )  1.1 P Input 

PPm ( p p r.1 ) ( I b s / y r )  

AE B 0.002 4 .13  16 0.07 0.3 

C 0 . 0 2  2.80 116 0.10 6 

Notes: N = T o t a l  Nitrogen 
P = T o t a l  So lub le  Phosphutc 

N u t r i e n t  i n p u t  f o r  Zoncs A f j  B i s  based on chemical ana lyses  f o r  
t h r e c  s i t e s  f o r  Zone R and on 5 s i t e s  f o r  Zone C .  No c o r r e c t i o n s  
have been madc f o r  p a r t i a l  p e n e t r a t i o n  and t h e  average K va lue  o f  
15 US gpd / f t2  is considcrcd t o o  low f o r  we l l s  r e p o r t e d  t o  be 
coml)leted i n  s a n d .  The f low valucs  a1 probably 101%. by onc o r d e r  
of  magni t udc .  
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Table  6 R 

Confined A ~ i i i  f e r ,  163-;!00 f e e t  decp - --I________ 

South End o f  Iiootl Lake _---- 
Groundwater I:low Cnl.culntions 
-I__-- ------ 

1 A (Sq f t )  Q (Flow) 
( f t  / f t  ) Width x t l i  i ckricss US gpd cfs 

Calcu-  
l a t i o n  (US g p d l f t  ) 

No. 

1. 1.59 x 10 5 . 5  x 5.0  x l o 3  x 4 .0  x 10' 1.75 x lo6  2.7 

5 .5  x lo-'' 5 .0  x l o 3  x 1.0  x l o 2  2.75 x lo6 4.1 2 .  1 .0  x 10 

i i 2  

3 

Xiotes: In  C a l c u l a t i o n  No. 1 t h c  ii va lue  i s  t aken  from C49'i a l  pump t e s t ;  
I i s  measured between wells Z 7 ,  X 6 ,  Y 17,  No. 8 lid Z 7 ,  X 6 ,  Y 29 ,  
No. 30, and a q u i f e r  t h i c k n e s s  i s  chosen a f t e r  r e f e r e n c e  t o  a wcll 
l og  and E log  f o r  Z 7 ,  X 6 ,  Y 2 9 ,  No. 32 

In C a l c u l a t i o n  K O .  2 f o r  t e s t  hole 2 7 ,  X ( a ,  Y 1 7 ,  No. 23,  a K va lue  
i s  assumed f o r  :in a q u i f e r  100 f c c t  t '  . c k  c o n s i s t i n g  of s i l t ,  sand 
and g r a v e l .  

I n  b,oth cases i t  i s  assunicd tha-- t l ~ ' _ :  a q u i f e r  extciids thl f u l l  width 
o f  t h e  v a l l c y .  

Table  6 b 

Confined Aqu i fe r ,  163-200 f e e t  deep 

South End of  Wood Lake 

N u t r i e n t  Input  f o r  C a l c u l a t i o n  No. 1, Table  Ga 

. .______ 

- 

2 .7  0.63 3,240 0.05 270 

Notcs:  N = T o t a l  Ni t rogen  

1' = T o t a l  SOlllb1C Pho:3phate 
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Months 

J u n e  

J u l y  

August. 

Septr.mber 

Oc t ob e 1- 

Novembc I' 

-. .- 

F 1 O!\' 

(cfs  .) 
FlcasulTd (M) 
Assunicd (A) 

0.130 M 

0.364 M 

0 .  :c95 F! 

0.438 M 

0.400 A 

0.13C' -- 
Aver. 0 .31  

A 

N u t  r i c i i t  Input f o r  "6-blonth Zrri ga t  i on Flow" ___-- -I_ 

0.31 3.01 933 0.03 

Not.cs: N = T o t a l  N i t r o g e n  

Tot .So1.P.  Input  
( lbs /$yr )  

9 

P = Tota l  Solu1)lc Phospha te  
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blon t h s 

JtIIIe - 
Nov e mb e r 

Mo 11 t I 1 s 

June-  
Nov emb e r 

Table 8 -.- 

F low Aver. N .  Id. Input  Aver. P .  Tot.So1.P. 
(cfs) ( P P I  ( lbs/ 'zyr! (PPml ( lbs/$yr)  

0 . 2 1  3.59 755 0.02 4 

Table 9 

blazey Crcek "isin Flow 

Nutrient Input  f o r  "6 -Month I r r i g a t  i on F low" 

___. - ~ -  - - ~  

- -  
Flow . ' c r .  N .  N .  Input Aver. P .  T o t .  S o l .  P 
(cfs) (pp1n) (Lbs / ' , y r )  (PI?' '1 ( 1b S /'iY r) 

0.035 3 . 2 3  114 0.06 2 

Notes:  N = T o t a l  Nitrogen 

P = T o t a l  So lub le  Phosphate 
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Ground : .~~ tc~r  Flow North of  Ribblcworth Creeh Basin 

Eas t  S i d e  o f  I\’ood Lake 

--- c__ -I---c____ 

(a) IJsing 28% rct ,rii flow froin i r r i g a t i o n ,  the flow i s  1 .75  c f s .  
f i g u r e  i s  dc r ivcd  from 1694 a c r e  f e e t  o f  water ( U . R . C .  d a t a )  a p p l i e d  
du r ing  a p e r i o d  of 135 days.  

T h i s  

(b) Average Total. Ni t rogcn (as  N )  3 .5  p p .  

( c )  Average T o t a l  So lub le  Phosphate (a:; P)  0 . 0 1  ppm. 

Table  10 1) 

Gromdwat e r  Flow North of  Ribb lewori h Creek Bay ; n  ~. -- -___._ - 

East  S ide  of IVood Lah --- -. 

Nut r i en t  Cont r ib i i t ion  froin I r r i r r a t i o n  . 

1: 1 ow A \ , r .  N. N .  Tnput Aver. P .  1 o t . So 1 .1’ . Input  
( c f s )  (P; ( 1b s /‘ZY r) (ppm) (lbs/’-yr) 

1.75 3 .5  6,125 0 . 0 1  17.5 

An al lowance i s  a l s o  made f o r  a base  flow of  c f s  f o r  ttic e n t i r e  e a s t  
s i d e  of  ISood Lake. Thc a d d i t i o n d  n u t r i e n t  in f low i s  t a b u l a t e d  below: 

Table  11 

Eas t  Side of Wood Lake - -- 

N u t r i e n t  Input from Base 1’1 ow --- 
F 1 OK Aver. N .  N .  Input Aver. P .  Tot .So1.P.  Input  
(cfs 1 (PPm) ( l b  s /+y 1’ .I (PPm) ( 1 b s /!Zyr ) 

0.25  3.55 887 0 .02  5 

Notes: N = T o t a l  Nitrogen 

P = T o t a l  S o l u b l e  Phosphate 
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Table 1 2  a - 

F1 ow 
(c fs )  

0.90 

Aver. h .  n;. Input  Aver. 1’. Tot.So1.P.  Input  
( 1 b s /jZyr) (PPrn) ( l b  s / jzy r ) (PPn11 

0.20  180 0 . 0 2  18 

Table 1 2  13 

E l l i s o n  Lakc Bas in  

Nu t r i en t  Con t r ibu t ion  Lrom --- Base Flow I_ -- 

F l o w  Aver. N .  N .  Input  A v e r .  P .  l’ot.So1.P. Input  
(cfs  1 (PPI )  ( I b s  A y r )  ( P P 1  (lbs/!ryr) 

0 . 1  0.20 20 0.02 

Notes :  N = T o t a l  Nitrogen 

P = T o t a l  So lub le  Phosphate 

2 
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Table 13  

Sumniary of biiitricnt I n p t  t o  Kalamnlka, -- -- ~~ 

Ii’ood and E l l i s o n  Lakcs 

Sourc 1 

Water Table  Aqitj ‘r 
South End of i’;ood Lake 

Con f i ned A q u i  f c  1’- 
South End of  I”;c,n ake 

128  0 .7  

15 
116 

Confined Aquifer 163’-200’  
South End of  ood Lake 3,240 

0 . 3  
6 

270 

: .  I lib leworth Crech 13as i n  933 9 

La Fleche Creek r,Ll.;in 755 4 

blazey C r e c ’ .  B a s i n  1 1 4  2 

Basin I r r i g a t i o n ,  North 
of  Ribb1cv:orl.h Creek Basin 6,125 

Base F l o w ,  East S i d e  o f  
Wood Lake 887 

17.5 

5 

TOTALS 1 2 , 3 1 4  
-_ 

E l  l i  so:? Lake Basin 200 

314.5 

20 
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APPENDIX D 

SELECTED NUTRIENT GRAPtlS 
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