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INTRODUCTION 

A t  t h e  reques t  of Mr. Bryan R. Gates, Chairman of thesowichan  Estuary Task 
Force (1978) i n  --- a l e - t ~ - e - ~ - d a t , e ~ d - F e b _ l r u a ~ ~ 7 - , ~ ~ r .  - __I Brady_,_ I have ._ - 
r e v i e w e d e t h e t w o - w e e k _ t i m _ e _ - < r s e  allowed- a l l  ava i l ab le  information 
regarding groundwater - i n  t h e  lower f loodpla in  and est- 
E k F z l a K  Rivers. Thiis i n f o r m a t - i ~ i ~ ~ ~ ~ ~ ~ ~ ~  repor t  
-dwater s i t u a t i o n  i n  the  a r e a  but simply a prel iminary review 
of  ava i l ab le  groundwater r e p o r t s ,  e x i s t i n g  wel l  card d a t a  from our  Ground- 
water Sect ion f i l e s ,  geological  r e p o r t s ,  a e r i a l  photographs and a one-day 
s i t e  v i s i t  of t h e  s tudy area .  Also, t h i s  review comments on t h e  a u a n t i t v  
of groundwater i n  s to rage  i n  t h e  s tudy a r e a  and the  probable inf luence  of  
i ndus t ry ,  l a n d f i l l s  and road cons t ruc t ion  (paving) on t h e  groundwater 
regime. CHMGED 

-- -;-=-;=,-" ----< --- 

GEOLOGY 

The Cowichan-Koksilah f loodpla in  and es tuary  occur within a former g l ac i a t ed  
va l l ey  underlain by a moderately th i ck  succession of  unconsolidated 
P le i s tocene  and younger sediments. Flanked by bedrock uplands,  t he  main warpp 

~~ 

va l l ey  occupied by permeable ---- v a l l e y  --._ f i l l  depos i t s  is  consi..ered t h e  most 
- - s e w w e  1 ow. -=n 
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P melt ing,  l a rge  volumes of  water Luickly re turned  t o  t h e  seas t h a t  now 
occupied t h e  depregsed areas  bordering t h e  i c e  margins. A s  a r e s u l t ,  much 

and younger d e l t a s  b u i l t  .., , - seaward _-- u n t i l  s ea - l eve l  d r o p p G 2 - Z -  

mouth, w h ~ c ~ o ~ - o ~ c u ~ - i - e d - - b ~ . - t i  ___-I dal_f_lat?s.,-_-ext-ens ive--o_utwas_h,dep-cs-i-t*s- __._Li of. 

--=- --A-L- _---*& -- 
;ear - p r e  s z x v e  f . , The_ L@&anm Rive r-Ke?gl’ gr a_d_e_ bX-d-0- c u t t i n g  

much of  -its_--length qn-bedrock ,but-_w_ith~n_fi_v_e_Eni_l_e_s_ of  its- 

_ g r a v e l m w e r e i - t t , . e d J . H a W e  4-0 

a r e  a 
and t h e s e  are i n t e r p r e t e d  by Halstead (1967) as Cowichan and Vashon T i l l .  
S t r a t i g r a p h i c a l l y ,  t h e  Vashon T i l l  c o n s t i t u t e s  t he  youngest (uppermost) 

d i f f i c u l t  t o  d i s t i n g u i s h  between the  two. A t  t h i s  t i m e ,  t he  maximum th ick-  
7 till and i n  p l aces ,  it d i r e c t l y  o v e r l i e s  t h e  Cowichan T i l l  making it 

ness  of t h e  unconsolidated s u r f i c i a l  depos i t s  i n  t h e  v a l l e y  a r e  n o t  exac t ly  
known, but  w e l l  no. X3-Y13-2 loca ted  i n  t h e  no r th -cen t r a l  po r t ion  of t h e  
s tudy  a r e a  w a s  d r i l l e d  t o  a depth of 200 f e e t  without encountering bedrock. 
The d i s t r i b u t i o n  of t h e  unconsolidated s u r f i c i a l  depos i t s  i n  t h e  area is  
shown i n  Figure 1. 

l/l/O#CD 

CHWc€D 

HYDROGEOLOGY 

Well Card Data: 

An inventory of the  a v a i l a b l e  d a t a  from our  Groundwater Sect ion f i l e s  regard- 
i ng  wel l s  d r i l l e d  wi th in  t h e  s tudy  area (Figure 2) has been made, and a 
summary of  t h i s  inventory i s  found on Table 1. A review of t h i s  da t a  
i n d i c a t e s  t h a t  wi th in  t h i s  area t h e r e  a r e  th ree  major aqu i f e r s  which may 
be t e n t a t i v e l y  r e f e r r e d  t o  as t h e  lower, middle and upper v a l l e y  aqui fe rs .  
The lower confined sand and grave l  aqu i f e r  is t h e  most product ive,  capable 
of  providing t o  a wel l  a y i e l d  of ’ 1,500 U.S.gpm (well  no. X3-Y13-3). 
The middle confined aqui fe r ,be ing  approximately 50 f e e t  t h i c k ,  i s  capable 
of providing up t o  400 U.S.gpm (well  no. X1-Yll-Z), t o  ind iv idua l  we l l s ,  and 
t h e  upper unconfined aqu i f e r  i s  capable of  providing 100 U.S.gpm (well no. 
X3-Y12-1) t o  t h e  ind iv idua l  wel ls .  These f igu res  a r e  based on r epor t ed  
y i e l d s  f o r  ind iv idua l  wells and may no t  r e f l e c t  t he  average or optimum 
y i e l d s  f o r  the  r e spec t ive  aqu i f e r s  because of  he t e rogene i t i e s  i n  a q u i f e r  
mater ia l s .  

, 
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Data regarding t h e  water  q u a l i t y  o f  t h e  water  from these  aqu i f e r s  i n d i c a t e s  
t h a t  t h e  water i s  gene ra l ly  moderately s o f t  and low i n  minera l iza t ion .  
The only record of s a l t y  water  i n  t h e  a rea  occurs i n  well nos. X2-Y14-1,2 
which were d r i l l e d  i n t o  t h e  bedrock. 

i 

Most of  the  wel l  cards  inc lude  t h e  d r i l l e r ' s  log of t h e  hole ,  descr ib ing  
i n  " d r i l l e r ' s "  terms t h e  l i t ho logy  of  t h e  ma te r i a l s  encountered. 
i s  a c ross -sec t ion  (shown as  A-A, i n  Figure 2) conta in ing  s e v e r a l  wells 
wi th in  t h e  area.  
desc r ip t ions  from t h e  wel l  d r i l l e r ' s  logs.  
t h a t  t h e  s t r a t i g r a p h y  can be somewhat complex i n  c e r t a i n  a reas ,  lending 
i t se l f  t o  var ious i n t e r p r e t a t i o n s .  

Figure 3 

An attempt has  been made t o  c o r r e l a t e  t he  l i t h o l o g i c a l  
I t  is  ev ident  from t h i s  attempt 

Groundwater P o t e n t i a l :  

In order  t o  determine the  groundwater p o t e n t i a l  of an area, t h e r e  a r e  
e s s e n t i a l l y  t h r e e  f a c t o r s  which must be considered,  namely: 

1)  The na tu re ,  th ickness  and extent of water-bearing ma te r i a l s  
o r  aqu i f e r s .  

2) 

3) 

The source of  recharge t o  t h i s  aqui fe r .  

Groundwater movement through t h e  a q u i f e r l s )  under n a t u r a l  and 
pumping condi t ions.  , 

A review of t h e  e x i s t i n g  wel l  card d a t a  from our  Groundwater Sect ion f i l es  
i n d i c a t e s  t h a t  t he  sands and grave ls  confined beneath depos i t s  of  Cowichan 
and Vashon T i l l ,  and t h e  sands and grave ls  occurr ing as permeable outwash 
and f l u v i a l  depos i t s  along t h e  Cowichan River c o n s t i t u t e  t h r e e  major 
aqu i f e r s  i n  t h i s  area. 
f a c i l i t i e s  f o r  good q u a l i t y  groundwater. Based on t h e  s tudy  area, f o r  
example, of  1,800 acres of h ighly  porous and permeable sand and gravel  
depos i t s  and assuming a t o t a l  aqu i f e r  th ickness  of 100 f e e t ,  s to rage  f a c t o r  
of  20%, t he  volume of groundwater i n  s to rage  f o r  t h i s  volume of  aqu i f e r  
material would be approximately 40,000 ac re - f ee t .  However, t h i s  f i g u r e  i s  
probably o p t i m i s t i c  s i n c e  wi th in  t h e  aqu i f e r s  t h e r e  a r e  zones of  s i l t y  and 
clayey materials which tend t o  reduce t h e  e f f e c t i v e  po ros i ty ,  and hence t h e  
volume of  groundwater i n  s to rage .  The s i l t  and c lays  a l s o  tend t o  reduce 
the  permeabi l i ty  of  t h e  a q u i f e r  ma te r i a l  which is  a b a s i c  f a c t o r  i n  de t e r -  
mining t h e  amount of water  t h a t  can be withdrawn. 

A l l  of  t hese  aqu i f e r s  provide exce l l en t  s to rage  

As was previous ly  s t a t e d ,  t h e  lower aqu i f e r  i s  capable of y i e ld ing  1,500 
U.S.gpm t o  ind iv idua l  wel l s  (Doman Indus t r i e s  we l l s ) .  
t h e  t r a n s m i s s i v i t y  was ca l cu la t ed  t o  be  approximately 50,000-200,000 U.S.gpd/ft. 

From pump t e s t  d a t a  
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which i n d i c a t e s  t h a t  t he  well y i e l d  i s  adequate f o r  i n d u s t r i a l  purposes. 
How extens ive  andcontinuous t h i s  a q u i f e r  i s ,  i s  not  y e t  known, b u t  t h e  
source of  recharge i s  probably t h e  Cowichan River. According t o  Hal t s tead  
(1967) t h e  outwash areas  n e a r  t h e  t i d a l  marsh a t  t h e  mouth of  t h e  Cowichan 
River provide s to rage  f o r  groundwater t h a t  i s  i n  p a r t  recharged during 
f lood  s t ages  i n  win ter  months, and by induced i n f i l t r a t i o n  from t h e  r i v e r  
a t  o t h e r  times. Furthermore, according t o  Foweraker (1976), t he  very high 
t r ansmiss iv i ty  values  (26,000-900,000 U.S.gpd/ft.) obtained from pumping 
tests of  s e v e r a l  wells south of  Duncan, and t h e  s i m i l a r i t y  i n  t h e  hydro- 
graph curves for observat ion wells and r i v e r  s t age  suggest  t h a t  t h e r e  is  
good hydraul ic  con t inu i ty  between t h e  Cowichan River and t h e  upper aqu i f e r s .  
What i s  not  known i s  whether t he re  i s  any hydrau l i c  con t inu i ty  between t h e  
"lower" a q u i f e r  and t h e  Cowichan River. 
were found i n  t h e  es tuary  
which i n d i c a t e  t h e  aqu i f e r s  i n  t h e  e s tua ry  a r e  being recharged a t  h igher  
e l eva t ions ,  poss ib ly  upstream along t h e  Cowichan Valley nea r  Duncan. 

In a recent  f i e l d  t r i p ,  no spr ings  
bu t  t h e r e  a r e  s e v e r a l  a r t e s i a n  flowing wel l s  

DISCUSSION 

As was previous ly  mentioned, t h e r e  i s  a good hydraul ic  con t inu i ty  between 
t h e  Cowichan River and, t h e  "middle" aqu i f e r  (Foweraker, 1976) nea r  Duncan. 
O f  concern i s  how would groundwater withdrawals a f f e c t  t h e  su r face  flows 
i n  t h e  Cowichan River. 
stream and as low flows are c r i t i c a l  t o  maintenance o f  t he  f i s h e r y ,  it would 
be important t o  monitor any major groundwater withdrawals and r e l a t e  t h e  
r e s u l t s  t o  any r i v e r  l e v e l  f l uc tua t ions .  

As t h e  Cowichan River i s  a major f i s h  spawning 

D r i l l i n g  of  t h e  Doman I n d u s t r i e s  wel l s  (X3-Y13-2,3,4,5) revealed t h a t  salt  
water  was encountered i n  t h e  first 80 f e e t  of  d r i l l i n g  (according t o  a Doman 
Indus t r i e s  superv isor ) .  Since very l i t t l e  i s  known about t he  s a l t  water- 
f r e s h  water  i n t e r f a c e  i n  t h e  e s tua ry ,  it is d i f f i c u l t  t o  comment on t h e  
p o s s i b i l i t y  of  f u t u r e  s a l t  water  encroachment i n t o  wel l s  completed i n  t h e  
lower a q u i f e r  as a r e s u l t  of  pumping. Monitoring and t e s t  wel l  d r i l l i n g ,  
as we l l  as pump t e s t i n g w o u l d  be  requi red  t o  determine t h i s  information.  
water q u a l i t y  t e s t  was performed i n  December, 1975 on a sample of f r e s h  
water from wel l  no. X3-Y13-3 (Doman Indus t r i e s  wel l )  which ind ica t ed  t h a t  
t h e  ch lor ide  content was 71.6 mg/L. During a recent  f i e l d  t r i p  (March, 1978) 
the  ch lo r ide  content was determined by a Hach chemical tes t  k i t  and found 
t o  be 106 mg/L. Although both these  f igu res  a r e  wi th in  t h e  s tandard l i m i t s  
f o r  dr inking  water ,  it appears t h a t  t h e r e  has been a s l i g h t  increase  i n  t h e  
ch lor ide  content  over a two-year per iod .  Further  t e s t i n g  should be done t o  
confirm whether t h i s  i s  r e l a t e d  t o  n a t u r a l  seasonal  f l u c t u a t i o n s  o r  caused 
by pumping. 

A 
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I t  has been previously s t a t e d  t h a t  t he  unconsolidated s u r f i c i a l  depos i t s  
contain two till layers  which a c t  as r e l a t i v e l y  impermeable boundaries 
t o  v e r t i c a l  flow. 
till within t h e  s tudy a rea  is  not  exac t ly  known, any contaminants i n  

water system w i l l  probably be l imi ted  t o  t h e  upper aquifer .  
River throughout most of t h e  year  i s  cont r ibu t ing  t o  groundwater s torage  
upstream of t h e  es tuary ,but  during seasons of  low discharge may be 
rece iv ing  water from groundwater s torage .  Any contaminants introduced 
t o  t h e  shallow groundwater aqu i f e r s  could f ind  t h e i r  way i n t o  the  r i v e r  
system. 
River upstream of  t h e  es tuary  a rea  may e n t e r  t h e  groundwater regime i n  
t h e  area of recharge and eventua l ly  t h e  lower aqu i f e r  i n  t h e  study area .  
By ca re fu l  monitoring of t h e  groundwater by use of piezometers around 
a l a n d f i l l ,  a b e t t e r  assessment of a p a r t i c u l a r  l a n d f i l l ' s  e f f e c t  on the  
groundwater regime can be determined. 

Even though t h e  ex ten t  and cont inui ty  of the  upper 

I t h i s  a r e a  (from l a n d f i l l s  f o r  example) f ind ing  t h e i r  way i n t o  the  ground- 
The Cowichan 

S imi l a r ly ,  e f f l u e n t  o r  waste which i s  discharged i n t o  t h e  Cowichan 

The Cowichan e s tua ry  is  not  considered t o  be i n  a groundwater recharge a rea ,  
so  t h a t  t h e  effect of l a rge  areas  of  
no effect on t h e  groundwater system. 
may have an adverse e f f e c t  on road foundations,  f o r  example. 

pavemeRt should have very l i t t l e , i f  
F luc tua t ing  water levels, however_,, 

&,Lc,$/L.dJ. 
M. Zubel 
Geological Engineer 
Groundwater Sect ion 
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