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An assessment of  t h e  groundwater c o n d i t i o n s  i n  t h e  Chenainus a r e a  f o r  t h e  
purpose of s e l e c t i n g  p o t e n t i a l  well. s i t e s  has  been completed. 
l o g i c  l i t e r a t u r e  on t h e  area was reviewed and well records from ' t he  Groundwater 
Sec ' t ion 's  d a t a  f i l e s  were examined. A i r  photog,raphs a t  a scale of 1 inch = 1,320 
f e e r  were examined< and a fie3.a t r l n  -. was made on Octooer 27.  i975 EO check t h e  iiy- 
d r o g m l o g i c  conclitinns and nht?-i_n wel! samp1.e~ i n  the v i c i n i t y  o f  t h e  Chemai n u s  
River ,  s p e c i f i c a l l y  i n  Sec t ions  '4 and 5,. Ranges 6, 7 and 8. A g e n e r a l  l o c a t i o n  
p l a n  i s  shown i n  F igu re  1. 

Ava i l ab le  geo-. 

. .  

Geology 

Upper Cretaceous sedimentary rocks  o f  t h e  Nanaimo Group comprise t h e  bedrock 
over most of  t h e  area shown i n  F igu re  1; 
conglomerate, arkose and c o a l  (Rice, 1957). J u r a s s i c  and Cretaceous igneous 
rocks mainly g r a n o d i o r i t e ,  q u a r t z  d i o r i t e  and gabbro occur  i n  t h e  IVestholme 
area bounded by Triassic v o l c a n i c  rocks and interbedded q u a r t z i t e ,  l imestone 
and-graywacke of  t h e  Vancouver Group t o  t h e  south.  

Quaternary d e p o s i t s ,  maximum t h i c k n e s s  of which i s  unknown, mantle bedrock 
w i t h i n  and ad jacen t  t o  t h e  v a l l e y s  o f  t h e  Chemainus Rivcr ,  Whitehouse Creek 
and Bonsall  Creek (Figure 2 ) .  These d e p o s i t s ,  c o n s i s t i n g  mainly o f  sand,  
s i l t ,  c l a y ,  g l a c i a l  till and g r a v e l ,  a re  cornmonly f o u d  below an e l e v a t i o n  of 

. 500 f e e t  (IIalstead, 1966). Local ly  i n  t h e  Chemainus a r e a  t h e  d e p o s i t s  may be 
e x t e n s i v e  occupying areas between rock r i d g c s  (Figure 2 ) .  
youngest t h e  fol lowing Quaternary d e p o s i t s  (Malstead, 1966) are recognized in 
t h e  Chemainus area: 

These rocks inc lude  sandstone,  s h a l e ,  

From o l d e s t  t o  
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Unit 5: Ground blorninc Deposi ts  7 !,ashon Drift 
Unit  6: G l a c i a l - F l u v i a l  Deposi ts  

1 Cayilano Sedinients Unit  7: blarine Deposits 
Un i t  8: F l u v i a l  Denosi ts  
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Unit 9: Val ley Alluvium and Colluvivru - -  
Unit  10: Shore D c l t a i c  and F l u v i a l  Deposi ts  
Unit  11: Upland Swamp Dcposi ts  

'A d c s c r i p t i o n  of  t h e s e  u n i t s  from t la ls tcad (19G6) siipplcmented with f j e l d  ob- 
s e r v a t i o n s  notcd Octobcr 27 are  given a s  fo l lows :  
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Uni t  5: 

A s tony  g l a c i a l  till depos i ted  du r ing  t h e  regimen of t h e  l as t  major i c e  s h e e t  
(Vashon 'Stade)  t h a t  occupied Vancouver I s l and  i s  found a d j a c e n t  t o  bedrock ou t -  
c rops  mainly i n  t h e  western and southern  p o r t i o n s  o f  t h e  a r e a .  
commonly l e s s  than  20 f e e t  t h i c k  and may c o n t a i n  some l e n s e s  of  g r a v e l  and 
s i l t .  

Groi nd Moraine Deposi ts  

The till is  

Unit  6: G l a c i a l - F l u v i a l  Depos i t s  

Hummocky k e t t l e d  kame d e p o s i t s  of g rave l  wi th  sand and till  l e n s e s  occur  i n  
a sinall a r e a  south  and m a r  t h e  town of Chemaims. 

dur ing  t h e  wast ing of rile l a s t  iiiajor i c e  sheer. 

The d e p o s i t s  probably over- 
l i e  g l a c i a l  til? ( u n i t  L c )  a d  xay n;t Lc -..-c~y t h i c k .  3 c p o s i t h ; l  Vbb-UA. n p - - - v - A  A bLb 

Uni t  7:  Marine Depos i t s  

S i l t , ,  c l ay ,  s tony  c l a y  and t i l l - l i k e  mix tures  (7a) up t o  75 f e e t  i n  th i ckness  
occupy r e l a t i v e l y  ex tens ive  a r e a s - i n  t h e  Chemainus a r e a .  R e l a t e d ' d e p o s i t s  of 
g r a v e l ,  sand,  s i l t  i n  s p i t s  and b a r s  (7b) and a s tony ,  loamy and c layey  marine 
veneer  (7c) commonly l e s s  t hen  5 f e e t  t h i c k  may a l s o  occur .  These d e p o s i t s  
are r e l a t e d  t o  a t r a n s g r e s s i n g  s e a  which accompanied d e g l a c i a t i o n  of t h e  a rea .  

Very hard s tony  s t r a t i f i e d  c l a y s  up t o  60 f e e t  t h i c k  have been observed i n  
s e c t i o n s  along t h e  n o r t h  s i d e  of  t h e  Chemainus River  i n  Sec t ion  6,  Ranges 6 
and 7 .  

Uni t  8: F l u v i a l  Deposi ts  

D e l t a i c  d e p o s i t s  of g rave l  and sand commonly t e r r a c e d  a s  we l l  as f l o o d p l a i n  
and channel d e p o s i t s  of g rave l  and sand occur  ad jacen t  t o  u n i t  G near  Che- 
mainus. Th i s  material was depos i t ed  du r ing  a lowering of s ea - l eve l  i n t e r v a l  
t h a t  fol lowed t h e  marine t r a n s g r e s s i o n .  

Brown sand,  pebbly sand and g rave l  which may be  similar t o  u n i t  8, occurs  i n  
Sec t ion  5 ,  Range 5 n o r t h  o f  Whitehorse Creek. The depos i t  1iov:ever does not  
appear  ex tens ive  he re  and probably r e p r e s e n t s  a t h i n  cover  over  s tony  c l a y ,  
( u n i t  7) .  

. .  Unit  9 :  Val ley  Alluvium and Colluvium 

Boulders,  g r a v e l ,  sand,  s i l t ,  c l a y  on t e r r a c e s  and as channel d e p o s i t s ,  occur  
along t h e  Cliernainus River i n  Sec t ions  1 2 ,  Ranjies 3 and 4 . _  and Sec t ion  9 ,  
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5. These materials a r e . o f  minor importznce and may inc lude  pa tches  of  
u n i t s  8, 10, 11 and slump d e b r i s .  

L 

Unit  10: 

Gravel ,  sand, s i l t  and c l a y  occur w i t h i n  t h e  d e l t a  and f l o o d p l a i n  o f  t h e  lower 
r eaches  o f  t h e  Chemainus River .  
occupies  t h e  channel of  t h e  r i v e r .  
o v e r l y i n g  g r a v e l  occur on t h e  f l o o d p l a i n .  
found i n  low a r e a s  on t h e  f l o o d p l a i n .  

Shore Deltaic and F l u v i a l  Deposi ts  

Gravel predominently comprised of  cobbles  
F ine  t o  medium-grained sands and s i l t s  

Local ly  c l a y  and p e a t  d e p o s i t s  are 

Uni t  11: Upland Swamp Deposi ts  

biay ,  s i i t  arid p e a t  occur  a t  Cheiliainus Lake i n  Sec t ions  i 4  and 15, Xcrnga 3 .  
These d e p o s i t s  are o f  minor importance. 
-- 

Halstead (1966) a l s o  recognizes  f o u r  a d d i t i o n a l  u n i t s  1 t o  4 which are o l d e r  
t h a n  u n i t  5. These are  csposed o u t s i d e  t h e  Chemainus area shown i n  Figure 2 .  
These inc lude  t ill ,  sand and g r a v e l  outwash and sediments r e l a t e d .  t o  o l d e r  
g l a c i a l  and i n t e r g l a c i a l  episodes.  
Chemainus area. 

These d e p o s i t s  may occur  a t  depth i n  t h e  

G r  oundw a t  e r  P r o s p e c t s 

On t h e  b a s i s  of t h e  geology t h e  groundwater p o t e n t i a l  appears  t o  be  most 
f avourab le  i n  t h e  sand and g r a v e l  d e p o s i t s  of u n i t s  6 ,  8 and 10. These de- 
p o s i t s  are r e a d i l y  d i s c e r n i b l e  a t  t h e  ground s u r f a c e  and on a i r  photographs 
and t h e i r  r e l a t i v e  e x t e n t  i s  s u f f i c i e n t l y  known. 
b i l i t i e s  of  sand and g rzve l  a q u i f e r s  w i t h i n  t h e  ground moraine d e p o s i t s  
( u n i t  5 ) ,  b u t  t h e  l o c a t i o n  and e x t e n t  o f  such a q u i f e r s  may no t  be determined 
without  t e s t  d r i l l i n g .  
is considered poor i n  comparison t o  t h e  more f avourab le  p r o s p e c t s  o f  t h e  un- 
conso l ida t ed  d e p o s i t s .  
fore recognized, (a) t h e  a r e a  immediately west of Chemainus u n d e r l a i n  by u n i t s  
6 and 8 and, (b) t h e  lower r eaches  of  t h e  Chemainus River u n d e r l a i n  by u n i t  10. 
These have been r e s p e c t i v e l y  des igna ted  t h e  n o r t h e r n  and sou the rn  p r o s p e c t s  
f o r  convenience. 

There may be  some poss i -  

Groundwater p o t e n t i a l  o f  f r a c t u r e s  w i t h i n  t h e  bedrock 

A r e a l l y  two f avourab le  groundtcater r eg ions  a re  the re -  

Well Inventory 

Available well d a t a  inc lud ing  s t r a t i g r a p h i c  logs ;  water l e v e l s ,  well y i c l d s  
and water chemistry were esaniined f o r  t h e  C!iemninus x e a .  
-them and southern p rospec t s  are shown d i a g r a i a t i c a l l y  i n  Figures  '3 arid . 4 ,  
and are d i scussed  below. 

Data f o r  t h e  nor- 
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Norf i e rn  Prospect  

Data i n  t h e  area o f  t h e  n o r t h e r n  p rospec t  is  l i m i t e d  t o  4 shallow dug wells 
va ry ing  from 5 t o  14 fee t  deep i n  sand and g r a v e l .  
t h e  ground s u r f a c e ;  two of  t h e  wells are f lowing.  
i s  n o t  known and no-chemical ana lyses  are a v a i l a b l e .  
of t h e  p r o s p e c t ,  minimum d r i f t  t h i c k n e s s  ranges from 152 t o  72 feet  respec-  
t i v e l y  w i t h  water l e v e l s  a t  138 and 20 f e e t  below t h e  s u r f a c e .  

Water l e v e I s  a r e  c l o s e  t o  
Maximum y i e l d  of  t h e  wells 

I n  wells n o r t h  and south 

The magnitude o f  groundwater r echa rge  t o  t h e  s u r f i c i a l  sand and g r a v e l  de- 
p o s i t s  i s  not-knoTm, b u t  may inc lude :  
t h e  Chemainus R ive r ,  (b) d i r e c t  i n f i l t r a t i o n  from r a i n f a l l  ove r  t h e  d e p o s i t s ,  
(c) s o u t h e r l y  groundwater movement through i n t e r t i l l  a q u i f e r s  w i t h i n  t h e  
moraine t o  rile n o r t h  which may be contiguous w i ~ h  rile s u r f i c i a i  u e p o s i r s ,  
(d) j n f i l t r a t i o n  along t h e  bedrock and moriir?e upland t o  t h e  m r t h e e s t  wit11 
shal low groundwater movement towards t h e  east .  

Groundwater d i scha rge  components may a l s o  be  s i g n i f i c a n t  f o r  example through,  
(a) d i scha rge  i n t o  t h e  Chemainus River ,  (b) d i s c h a r g e  i n t o  F u l l e r  Lake and, 
(c) d i scha rge  i n t o  Chemainus Bzy. The above p o s s i b i l i t i e s  would have t o  be 
a s ses sed  through f i e l d  checking o f  p o s s i b l e  d i scha rge  areas,  and geo log ic  
c o n d i t i o n s  as well as a d d i t i o n a l  well i n v e n t o r i e s  t o  determine whether re- 
charge t o  t h e  a r e a  i s  s i g n i f i c a n t .  

Southern Prospect  

(a) i n f i l t r a t i o n  from Askew Creek and 

Several  wells bo th  dug and d r i l l e d  types have been completed w i t h i n  sand and 
g r a v e l  d e p o s i t s  o f  t h e  Chemainus River  f l o o d p l a i n .  
low, comnionly 15 t o  30 f ee t  deep. Water l e v e l s  are  g e n e r a l l y  h igh ,  3 t o  14 
feet  below ground s u r f a c e .  Flowing wells occur a long t h e  t o e , o f  t h e  moraine 
upland t o  t h e  sou th  i n  S e c t i o n  1, Range 6 and Sec t ion  4,, Range 9 and n o r t h  . 
of t h e  f l o o d p l a i n  i n  S e c t i o n  6 ,  Range 7 .  The shallow sand and g r a v e l  d e p o s i t s  
are commonly 15 t o  20 fee t  t h i c k  ove r ly ing  g l a c i a l  till and may be  o v e r l a i n  by 
up t o  1 2  f ee t  of s i l t .  
r e p o r t e d  f o r  d r i l l e d  and screened wells. Ava i l ab le  water ana lyses  (Table I )  
i n d i c a t e  t h e  groundwaters are  low i n  t o t a l  d i s s o l v e d  s o l i d s  (46 t o  96 mg/l) ,  
low i n  hardness  (24.5-56.0 mg/l) , wi th  v a r i a b l e  i n d i c a t i o n s  o f  i r o n  being p re -  
sent  up t o  3 nig/l. Samples from t h e  deeper  d r i l l e d  wells 6 and 5 i n  S e c t i o n  
4 ,  Range 6 are  higlicr i n  d i s s o l v e d  s o l i d s  and  i r o n  c o n t e n t  compared t o  t h e  
shallow dug wells. fligh f i e l d  p H  v a l u e s  of 10.0 ob ta ined  f o r  wclls 5 and 1 
may be  due t o  sampling from plumbing systcms and no t  d i r e c t l y  from t h e  well. 
P o s s i b i l i t i e s  of groundwater recharge f o r  t h e  sou the rn  p rospec t  a r e  p s r t j  - 
c u l a r l y  favourable .  Apart frorii d i r e c t  r a i n f a l l  , r c c h a r g e  from r h c  Chernainus 
River  tlirough t h e  coa r se  clianncl d e p o s i t s  t o  similar g r a v e l s  underlying t h e  
f l o o d p l a i n  may be occur r ing .  

)lost of  t h e  wells a r e  s h l -  

. 
We11 y i e l d s  range from 5 t o  1SO gpm, with h ighe r  y i e l d s  

l l e l l s  conqilcted i n  the shal low g r a v e l s  nea r  tlic 

.- . 
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0 r ibe r  would probably inducc recharge from t h e  r i v e r .  
may u n d e r l i e  t h e  f l o o d p l a i n  and t h e s e  may r e c e i v e  recharge from downward 
seepage through a conf in ing  l a y e r  from t h e  o v e r l y i n g  shallow a q u i f e r  and/or 
r echa rge  from upland a r e a s  sou th  and west of t h e  f l o o d p l a i n .  
p o r t i o n  o f  t h e  p r o s p e c t ,  bedrock ou tc rops  occur i n  Sec t ions  5 and 6,  Range 7.  
The occurrence of  t h e s e  ou tc rops  probably has  a r e s t r i c t i n g  e f f e c t  on east-  
ward groundwater flow i n  t h e  Chemainus v a l l e y .  
ma in ta ins  high water l e v e l  c o n d i t i o n s  west of  t h e  outcrops and may b e  i n  
pa r t  r e s p o n s i b l e  f o r  h igh  y i e l d  wells observed i n  Sec t ions  5 and 4, Range 7. 

Deeper confined a q u i f e r s  

I n  t h e  e a s t e r n  

T h i s  r e s t r i c t i o n  probably 

Recommendat i o n s  

On t h e  b a s i s  of  known hydrogeologic d a t a ,  t h r e e  areas t h a t  warrant  t e s t  
d r i l l i n ?  and des igna ted  A .  B and C i n  o r d e r  or' p r i o r i x y ,  have been d e l i n e a t e d .  
Areas A a d  B n e  locatzc! i n  t h e  sou thc rn  p o s p c c t  wh i l e  area C i s  i n  the 
nor the rn  p r o s p e c t .  Area A (Fig.  4) is  p a r t i c u l a r l y  f avourab le  f o r  developing 
shal low wells near t h e  Chemainus River  whj  ch would induce r i v e r  recharge.  
These wells however would be  l i m i t e d  by t h e  a q u i f e r  t h i c k n e s s  and a v a i l a b l e  
drawdown. Wells f a r t h e r  away from t h e  r i v e r  may b e  e q u a l l y  s u c c e s s f u l  s i n c e  
t h e  a q u i f e r  i s  r c l a t i v e i y  ex tens ive  and r echa rge  p o s s i b i l i t i e s  e x i s t .  Deeper 
confined a q u i f e r s  which would a f f o r d  iiiore a v a i l a b l e  drawdown may a l s o  e x i s t .  
Area B o f f e r s  t h e  same o p p o r t u n i t i e s  as Area A except  f o r  t h e  p o s s i b i l i t y  +.hat 
bedrock may be  r e l a t i v e l y  c l o s e  t o  t h e  surface and t h e  a q u i f e r s  would b e . r e -  
s t r i c t e d  i n  width due t o  t h e  narrowing of t h e  v a l l e y .  Area C (Fig.  3)  i s  
e s s e n t i a l l y  t h e  f u l l  e x t e n t  of t h e  sand and g r a v e l  d e p o s i t s .  
media te ly  n o r t h  o f  F u l l e r ' s  Lake i s  recommended. 
b i l i t y  of shallow groundwater contamination by s e p t i c  t anks  near  t h e  town 
of Chemainus, e x p l o r a t i o n  n o r t h e a s t  of F u l l e r ' s  Lake is n o t  recommended. A 
f i e l d  examination of t h e  no r the rn  p r o s p e c t  i s  adv i sab le  b e f o r e  any d r i l l i n g  
i s  contemplated i n  t h i s  area. 

The area i m -  
Since t h e r e  i s  some p o s s i -  

Standard d r i l l i n g  and well c o n s t r u c t i o n  methods us ing  a c a b l e - t o o l  r i g  are ' 

recommended w i t h  completion of  8-inch minimum diameter  t es t  h o l c s .  D r i l l i n g  
should be  planned t o  determine t h e  t h i c k n e s s  of t h e  s u r f i c i a l  sands and gra-  
vels .  A t  l eas t  one deep (100- t o  ZOO-foot) t e s t  h o l e  should be  completed t o  
access t h e  s t r a t i g r a p h i c  sequence and l o c a t i o n  of any confined a q u i f e r s  f o r  
each area considered.  
may be a p p r o p r i a t e  i n  devcloping t h e  shallov! a q u i f e r s .  
t h i s  system would be  t o  rcduce d r i l l i n g  and well cons t ruc t ion  c o s t s  i f  several 
wells were r e q u i r e d .  The wells could be d r i v e n  o r  j c t t e d  i n t o  p l a c e  f o r  example. 
P resen t  requirements  of 300 Igpm wi th  f u t u r e  rcquirenicnts of  an a d d i t i o n a l  
600 gpm ove r  t h e  next  25 y e a r s ,  (pers .coiiini. S. 31oulc1, October 1975),  however, 
sugges t  two o r  t h r e c  s t anda rd  wells could mcct t h e  dcmrtnd. A c o l l c c t i o n  we l l  
may be  ano the r  a l t e r n a t i v e ,  b u t  c o s t s  of t h e  s t r u c t u r e  inay be  p r o h i b i t i v e .  

. 

A well p o i n t  system u t i l i z i n g  2- t o  3-inch diameter  wells 
The only advnritage of  

. 
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On t h e  b a s i s  of a l i m i t e d  budget of $10,000 t h e  fo l lowing  t e n t a t i v e  d r i l l i n g  
program is proposed: 

1. Drill, c a s e  and pumptest one 8- inch d iameter  t e s t w e l l  i n  Area A i n  t h e  
fo l lowing  manner; 

(a) d r i l l  t o  t h e  base  of t h e  shallow sand and g rave l  a q u i f e r ,  i . e . ,  
30 t o  40 f e e t ;  

(b) i n s t a l l  a f i v e - f o o t  s c reen ,  develop and phmptest t h e  a q u i f e r  f o r  
1 2  hours .  

If t h e  r e s u l t s  a r e  f avourab le ,  remove t h e  sc reen  and i n s t a l l  a longer  
l eng th  of sc reen  T;U u t i i i z e  iiie aquiLrer. 
would then  be com?leted. I f  i n i t i a l  t e s t i n g  i s  unfavnurable  R second 
t e s t h o l e  should be completed i n  t h e  same manner above a t  some d i s t a n c e  
from t h e  f i r s t  ho le .  Should both  shal low t e s t h o l e s  prove unfavourable ,  
one of  t h e  ho le s  should be deepened i n  sea rch  of under ly ing  a q u i f e r s  
which could provide  more a v a i l a b l e  drawdown. 
encountered should be screened and pumptested and t h e  r e s u l t s  compared 
wi th  t h o s e  of t h e  upper a q u i f e r .  

h o t h e r  puxp tes t ,  Cur 24 iicur 

Any favourable  a q u i f e r s  
-* 

: .I 
. .  

2. A t h i r d  t e s t h o l e  should be completed as an obse rva t ion  we l l  i n  t h e  shallow 
a q u i f e r  and/or  i n  a deeper  a q u i f e r  funds p e r m i t t i n g .  Th i s  w e l l  could be 
cased and screened wi th  p l a s t i c  m a t e r i a l s .  

Est imated c o s t s  of t h e  above program a r e  as fo l lows:  

A. -- Well t e s t e d  i n i t i a l l y  and completed i n  upper  a q u i f e r  

(i) D r i l l i n g  and case  w e l l ,  40 f e e t ,  i n s t a l l  t e s t  . 

screen and 12-hour pumptest $ 3,100.00 

(ii) R e d r i l l  5 f e e t ,  add sc reen ,  pumptest f o r  
24 hours  . $ 2,900.00 . . .  

B. Ne11 completed i n  upper a q u i f e r  as an obse rva t ion  we l l  

(i) D r i l l i n g  and case w e l l ,  40 f e e t ,  i n s t a l l  p l a s t i c  screen, dcvelop 1,800.00 

C. IVcll conple ted  i n  lower a q u i f e r  

( i )  Dccpcn shallow test-hole t o  100 f c e t ,  i n s t a l l  
t e s t  s c r e e n ,  12-hour pumptest 4,000.00 

- .  

, :-.7 
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.e ( i i )  R e d r i l l  5 f e e t ,  add s c r e e n ,  pumptest f o r  
24 hours  

. ( i i i )  Less c o s t  of shal low well ccmplet ion,  
s c r e e n s  e t c .  

$ 2,900.00 

1 - 2,900.00 

T o t a l  $11,700.00 
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CAPILANO SEDIMENTB (7. 
FLUVIAL D E m I m :  8% & l W C  drputs, p.nl rd a d ,  OOUlQldy 
terraced; Sb, floodplmh .ad ch.nul Wt.. gravel md ..d; 80. .uuVial 
fan deposits. poorly sorted gravel. #ad. silt 
MAIUNE DEIWSITS (INCLUDING GLACIO-MARINE): 7% .ik. oAr7, .toS 

181 
1-like rnixhues. thlcknesa up (0 75 ft. ; 7b. gr 
bars; Tc. varied stony, loamy and clayey ma .. I than 5 ft. thick 

VMHOW DRIFT (4-6) 
GUCXO-FLWIAL DEPOSITS: g1...-., 
hdiiml, h e  de-poaits; 6b. ice-contact deltas 

ITISH COLUMBI 
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