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ROBINSON. ROBERTS (E BROWN LTD. 

GROUND WATER GEOLOGISTS 

iaos EEWICKE AVENUE 

NORTH VANCOUVER, BRITISH COLUMBIA 

TEL SBO-E511 

AFFILIATE0 OFFICE 

TACOMA, WASHINGTON 

CONCLUSXONS 

Available  in fo rma t ion ,  d a t a  and expe r i ence  as of January  

1 9 7 5  leads t h e  w r i t e r  t o  conclude;  

A groundwater-bearing f a u l t  and f r a c t u r e  p a t t e r n  
has  been proven t o  be p r e s e n t  on Gabr io la  I s l a n d .  

Please see Geologic map i n  pocket .  

Th i s  f a u l t  and f r a c t u r e  p a t t e r n f o r m s  a l a r g e  I s l a n d -  

w i d e  w a t e r  d i s t r i b u t i o n  system. 
d ra inage  b a s i n s  on t h e  I s l a n d  w i l l  have no b e a r i n g  

on t h e  groundwater p o t e n t i a l  of any p a r t  of t h e  I s l a n d .  
Promising groundwater-bearing zones of f r a c t u r e d  sand- 
s t o n e s  and s h a l e s  e x i s t  benea th  Gabr io la  I s l a n d  t o  
a known d e p t h  o f  300 f e e t .  
t o  a d e p t h  of a t  least  1 , 0 0 0  feet ,  

W e l l s  capqble  of producing economical ly  s i g n i f i c a n t  
amounts of w a t e r  t o  community w e l l s  must  be l o c a t e d  

i n  f r a c t u r e d  zones, 

Thus s u r f a c e  

Such zones probably e x i s t  
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The quality of the water obtained from wells 300 
feet deep will be excellent except where these wells 
are located close to the shoreline where they-encounter 
shallow fractures.subject to salt water contamination. 
Wells located in the central areas of the Island will 
most probably produce potable water from depths of at 
least 1000 feet. 
Properly located, designed, constructed and stabilized 
wells 300 feet deep should be capable of producing at 
rates of from 20  to 50 gpm. 
depths should have safe production capacities up to 
10O-gpm. 
The recharge available to enter the subsurface 
yroundwatcr-bearing system is estimated to be 3000 

Wells drilled to deeper 

gpm 
A geological concept concludes that an additional 2200 
gpm of water may be'flowing through the system as 
underflow from Vancouver Island. Of this anount, 

1100 gpm is estimated to be interceptable. 
Using the Water Utilities Division water requirements 
of 0.41 US gpm per housing unit, 7500 units could 
be serviced from local recharge. An additional 2600 

could be serviced if underflow from Vancouver Island 
takes place, 
Using an average of 3.5 persons per home, the local 
rechzrge can'satisfy the water requirements of 26,000 
people and the underflow can satisfy the water require- 
ments of 9,000 people for a total population on Gabriola 
Islmd of 35,000 people serviced by groundwater producing 
w e l l s .  

~ .. - , - .~ . .. . . ~  .- . . __ ._ ,: . ._I . . ... . .. . . . .. . . .... . -. .-. .. . . I . . . .. . 
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11. Tihe w a t e r  s t o r e d  within t h e  

d e p t h  of 300 f e e t  w i l l  more 
of 35,000 people dur ing  the 

rock 

than 

3 .  

f r a c t u r e s  t o  a 

satisfy t h e  needs 
usua l  1 0 0  day of,drought. 
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4. 

INTRODUCTION 

Robinson Roberts and Brown Ltd., a firm of Consulting 
Groundwater Geologists with offices in North Vancouver, 
was authorized by the Groundwater Division, Water 
Investigations Branch, Victoria, British Colunbia to 
study the Groundwater Geology and Hydrology of Gabriola 
Island. 

The Geologic and hydrologic f eatur,es controlling the habitat 
of Ground:\rater beneath the I s l a n d  were established. This 
allowed a reasonable estimate to be made of the safe prod- 
uctive capacity of the groundwater-bearing reservoirs. 
To arrive at this estimate the following were studied and 
evaluated. 
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1, S t r a t i g r a p h y  of t h e  sedimentary rocks  t h a t  compose 

t h e  I s l a n d .  
2 ,  S t r u c t u r e  of  t h e  I s l a n d  w i t h  s p e c i a l  r e f e r e n c e  t o  t h e  

f a u l t  and f r a c t u r e  zones,  
3. Recharge and S to rage  

4 .  Water q u a l i t y  , 

5. P r o t e c t i o n  of t h e ' s u b s u r f a c e  reservoirs from sea 
w a t e r  i n t r u s i o n  and p o l l u t i o n  by nea r  s u r f a c e  w a t e r s .  

The f i e l d  work and t e s t  d r i l l i n g  program w a s  completed 
d u r i n g  t h e  summer of 1972.  Compilation of data ,  c a l c u l a t i o n  
of a q u i f e r  parameters ,  a i r  photo s t u d i e s ,  and p r e p a r a t i o n  

of a geo log ic  map and c r o s s - s e c t i o n s  took  p l a c e  i n  t h e  fall 
and w i n t e r  of  1972-73. A d r a f t  r e p o r t  w a s  s e n t  t o  t h e  
Groundwater D iv i s ion  f o r  i n fo rma l  comments i n  February ,  1373,  

and a r e p l y  w a s  r ece ived  i n  May, 1 9 7 3 .  The r e p o r t  w a s  e d i t e d ,  

r e w r i t t e n ,  and p r e s e n t e d  i n  f i n a l  form i n  February 1975. 

The w r i t e r s  have accumulated c o n s i d e r a b l e  expe r i ence  on 
w e l l s  and w e l l  systems t h a t  o b t a i n  water  from f r a c t u r e d  

bedrock d u r i n g  t h e  p e r i o d  between t h e  w r i t i n g  of  t h e  i n i t i a l  

d r a f t  and t h e  w r i t i n g  of t h e  f i n a l  r e p o r t .  T h i s  expe r i ence  

al lowed a re-assessment  t o  be made on t h e  r e s u l t s  of t h e  
1 9 7 2  program. A m o r e  r e l i a b l e  s e t  of conc lus ions  are here-  

i n  p re sen ted  t h a n  would have been possibln,  i n  January  1973. 

P rev ious  s t u d i e s  of t h e  groundwater geology of  Gabs io la  

Island have been made by Robinson Roberts  & Brown Ltd . ,  f o r  

p r i v a t e  i n d i v i d u a l s ,  companies and t h e  Regional D i s t r i c t  o f .  

.- . 
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Nanaimo. A r e p o r t  on t h e  groundwater geology of Gabr io la  

I s l a n d  w a s  p r e s e n t e d  t o  t h e  Regional D i s t r i c t  i n  J anua ry ,  

1 9 7 2 ,  I n  surnmary, t h i s  s tudy  concluded t .hat  groundwater- 

b e a r i n g  zones w i t h  promising p roduc t ive  c a p a c i t i e s  are 
p r e s e n t  benea th  Gabr io la  I s l a n d .  S e t s  of i n t e r c o n n e c t e d  

f r a c t u r e  and f a u l t  zones which form a n a t u r a l  w a t e r  d i s t -  

I 
I 
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I 

r i b u t i o n  system e x i s t  benea th  t h e  I s l a n d .  Th i s  r e p o r t  a l so  
concluded t h a t  p r o p e r l y  l o c a t e d ,  des igned  and c o n s t r u c t e d  

w e l l s  up t o  300 f e e t  deep should be capab le  of producing 

a t  r a t e s  of from 30 t o  1 0 0  gpm. 

The e f f i c i e n t  and friendly co-opera t ion  of members of t h e  

Groundwater D i v i s i o n  under t h e  d i r e c t i o n  of D r .  J. VI. 

Foweraker, P.Eng., i s  g r a t e f u l l y  acknowledged. 
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FIELD INVESTIGATIONS 

~ 

F i v e  t es t  w e l l s  w e r e  d r i l l e d  t o  dep ths  of bekween 250 

I and 325 f e e t .  These w e l l s  a re  shown as W e l l s  72-1  t o  
5 i n c l u s i v e  on t h e  Geologic map ( a t  back of r e p o r t ) .  

D r i l l i n g  w a s  c l o s e l y  supe rv i sed  by a Geo log i s t  t o  o b t a i n  

maximum in fo rma t ion  on rock t y p e s ,  l o c a t i o n  of f r a c t u r e  
zones and groundwater f l o w s .  A l l  w e l l s  w e r e  logged w i t h  
p o r t a b l e  c a l i p e r ,  gamma r a y ,  s e l f  p o t e n t i a l  and r e s i s t i v i t y  

dev ices .  Four of t h e  f i v e  w e l l s  w e r e  t es t  pumped. The 
logs of  t h e  t e s t  w e l l s  and t h e  drawdown water leve l  graphs 

I 
I 
I 
I 
I 
I 

drawn from t h e  pump tes t  measurements are  inc luded  i n  t h i s  
r e p o r t .  

A total of  1 4 5 0  f e e t  of h o l e  was d r i l l e d  by an a i r  r o t a r y  
d r i l l i n g  machine using a 6- l j4- inch  d i ame te r  b i t ,  Su r face  

casir ig  (6-1/4-inch I - D . )  was set i n t o  an 8-inch d i ame te r  

h o l e  drilled 1 0  f e e t  i n t o  the rock .  Artesian f l o w s  w e r e  
expected d u r i n g  t h e  d r i l l i n g  of W e l l  72-2 so t h a t  t h e  c a s i n g  

v?as’cement g rou ted  i n t o  t h e  rock.  A t  a l l  othe-r l o c a t i o n s  

I 



II 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

8 .  

d r i l l  c u t t i n g s  were allowed t o  p lug  t h e  annular  space 

between t h e  8-inch diameter  ho le  and t h e  6-1/4-inch 

diameter  cas ing .  All w e l l s  except  tes t  well 72-2 w e r e  
f i t t e d  wi th  locked caps.  T e s t  w e l l  72-2 was f i t t e d  w i t h  

a f langed  cap and a 172-inch diameter  capped p lug  so t h a t  

a r t e s i a n  p r e s s u r e  r ead ings  could be e a s i l y  made i f  and 

when d e s i r e d .  

The t o t a l  d r i l l i n g ,  development and moving t i m e  f o r  t h e  

f i v e  w e l l s  was 7-1/2 working days.  
work was $ 9 , 2 1 1 . 5 0  o r  an average p r i c e  of $6 .35  p e r  foot. 

The test pumping w a s  conducted by a sub-cont rac tor  s p e c i a l -  

The t o t a l  cost  of t h i s  

i s t  f o r  a t o t a l  c o s t  of $2,666.00 o r  f o r  an average cos t  
of $29.63 p e r  hour. 

All roads  afid t r a i l s ,  a s  w e l l  a s  p a r t s  of t h e  c o a s t l i n e ,  

w e r e  examined t o  o b t a i n  a s  much geologic  informat ion  as 
p o s s i b l e .  

Complete chemical ana lyses  w e r e  run on w a t e r  s a n p l e s  from 

t h e  f o u r  pump t e s t e d  w e l l s  and p a r t i a l  ana lyses  were run 
on water  samples c o l l e c t e d  from those  domest ic  w e l l s  
where water  had been p rev ious ly  analysed by t h e  Groundwater 

Div is ion  i n  December, 1 9 7 1 .  

I t  w i l l  be noted from t h e  Geologic map t h a t  t h r e e  of t h e  

t es t  wells w e r e  l o c a t e d  i n  a r e a s  of easy access  close t o  

major f r a c t u r e  zones and one was l o c a t e d  i n  t h e  f r a c t u r e d  
p a r t  of t h e  a n t i c l i n e ' s  crest .  Well 72-4 was l o c a t e d  i n  

un f rac tu red  ground where a l o w  water  y i e l d  was expected. 
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GENERAL GEOLOGY 

1,NTRODUCTION 

S e v e r a l  g e n e r a t i o n s  of g e o l o g i s t s  have s t u d i e d  t h e  geology 

of Gabr io la  I s l a n d  and t h e  Nanaimo area s i n c e  t h e  l a t e  
1850 ' s .  These s t u d i e s  were spur red  by t h e  d i scove ry  of 

coal a t  Nanaimo i n  1849 and cont inued  throughout  t h e  
coa l  inining p e r i o d  t h a t  las ted u n t i l  1 9 6 0 .  Those r e a d e r s  I 
who wish a more complete d e s c r i p t i o n  o f  t h e  geology of 
Gabr io la  i s l a n d  and a d j o i n i n g  areas should r e f e r . t o  t h e  

t w o  fo l lowing  pape r s .  These t w o  e x c e l l e n t  pape r s  n o t  

o n l y  d e s c r i b e  t h e  geology of t h e  area b u t  a l so  i n c l u d e  a 
s h o r t  h i s t o r y  of  g e o l o g i c a l  i n v e s t i g a t i o n  and l eng thy  

I 

B 
b i b l i o g r a p h i e s .  

Muller, J,E. and J e l e t z k y ,  J , A .  1 9 7 0 ,  Geology 
of  t h e  Upper Cretaceous Nanaimo Group, Vancouver 

I s l a n d  and Gulf I s l a n d s ,  B r i t i s h  Columbia; Geol. 

Surv. Can, Paper 69-25 ,  77 pp. 

.. . - . . . -  . . _  .- .. . . . ...... . . . . . . . . . . . . .' . ._ . . . . . . .  . - . . 
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11. 

Stratigraphy 

The standard stratigraphic rock units have been used in this 
report. These units have been accepted by the modern geol- 
ogists who have worked wit.h the geology of the Nanaimo area 
and G u l f  Islands. For additional stratigraphic discussions 
please refer to the two Geological Survcy of Canada papers 
referenced in the introduction to this section of the report. 
Five rock units outcrop on the island. Three of these 
consist predominantly of interbedded sandstones and two 
consist predominantly of interbedded shales. These units 
are : 

Name Predominant Thickness 
Lithology 

Gabriola Island 

Gabriola 

Spray 

sandstone 9 7 0  plus 
shale 2 5 0  

Geoffrey sands tone 450 
Northumberland shale 600 p l u s  

Total Thickness 2,270 

in Feet 

Nanaimo Basin 

. .  
. .  
I 

. .  

. ,  

G.S.C.Paper 6 9 - 2 5 )  

3,000 

1 ,770  

1 ,500 

1 ,000 

7,270 . 

A hole was drilled (July 1 9 0 7  - May 1 9 0 9 )  on the southern 
shore of Gabriola Island to explore for coal. This hole 
drilled through 587 feet of Northumberland shales, 362 feet 
of Decourcysandstones (outcrops on P4udge Island immediately 
south of Gabriola Islanc?) and then 1060 feet ofcedar shale 

3 ;  
. . _ _  _ _  .._ . . .. . . .- ..-.-. - -  ~ 
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Thus t h e  Upper Cretaceous aged sedimentary rock sequence i s  

known t o  be a t  l e a s t  2009 f e e t  t h i c k  benea th  t h e  s o u t h e r n '  

s i d e  of t h e  I s l a n d -  

For t h e  purposes  o f , , t h e  p r e s e n t  s tudy  a s imple s t r a t i g r a p h i c  
d e c i s i o n  w a s  made. The t h i c k n e s s  of  t h e  v a r i o i s  rock 

u n i t s  have been k e p t  c o n s t a n t  across t h e  i s l a n d .  N o  a t t e m p t  has  

beenmade to .  s tudy  o r  p o s t u l a t e  f a c i e s  changes (g rada t iona l  
changes of rock  t y p e s )  o r  t h i c k n e s s  changes of t h e  v a r i o u s  

rock u n i t s ,  
I 

D e p o s i t i o n a l  H i s t o r y  

' I  
I 
1 
i 

I 

~' 
I 
I 
1 
I 
1 

The sedimentary  sands tones  and s h a l e s  were d e p o s i t e d  nea r  

t h e  s h o r e  of a marine b a s i n  ( b r a c k i s h  l a g o o n a l t o  sha l low 

n e r i t i c  environment) whose w a t e r  dep ths  and s h o r e l i n e s  

s h i f t e d  w i t h  t i m e .  The d e p o s i t i o n a l  environment changed 

g r a d u a l l y  so t h a t  no s h a r p  c o n t a c t s  e x i s t  between t h e  
predominant ly  s h a l e  sequences and t h e  predominantly sand- 

s t o n e  sequences.  A g r a d a t i o n a l  zone of  in te rbedded  sand- 

s t o n e s  and s h a l e s  a r e  p r e s e n t  as  one proceeds  from a 
sands tone  t o  a s h a l e  sequence. 

Subsequent -_ t o  t h e  d e p o s i t i o n  of t h e  sedimentary rocks  

t h e y  w e r e  f o l d e d  i n t o  a s y n c l i n e  and p lunging  a n t i c l i n e . .  

A f t e r  f o l d i n g ,  t h e  i s l a n d  became broken i n t o  several f a u l t  

b locks .  The f a u l t  zones  shown on t h e  geo log ic  map are 

t h o s e  t h a t  are obvious on t h e  a i r p h o t o s , r e a d i l y  observable  
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a long  t h e  sea coast and i n d i c a t e d  by s u r f a c e  o b s e r v a t i o n s  

and d r i l l i n g .  The n e a r - v e r t i c a l  f r a c t u r i n g  a s s o c i a t e d  w i t h  

some of t h e s e  zones i s  ex t remely  impor tan t  t o  t h e  r echa rg ing  

of t h e  groundwater system from loca l  p r e c i p i t a t i o n .  It  is  

a l s o  of paramount importance t o  any program des igned  t o  
p r o t e c t  t h e  groundwater from nea r  s u r f a c e  w a t e r  contaminat ion  

o r  p o l l u t i o n .  

S t r u c t u r e  

The m a i n  s t r u c t u r a l  features are shown on t h e  Geologic 
map and c r o s s - s e c t i o n s .  Reference t o  these drawings will 

show t h a t  t h e  I s l a n d  i s  broken i n t o  a series of f a u l t  -. 
b locks  and f o l d e d  i n t o  one s y n c l i n e  and one a n t i c l i n e ,  

The s y n c l i n e  g e n e r a l l y  conforms w i t h  t h e  geographica l  a x i s  

of t h e  I s l a n d .  The n o r t h e r n  limb of t h e  s y n c l i n e  h a s  

I 

g e n t l e  3 t o  1 0  deg ree  sou thwes te r ly  d i p s .  The sou the rn  
l imb g e n e r a l l y  d i p s  15  degrees  t o  t h e  n o r t h e a s t .  A s  mapped 

by o t h e r s  (see G e o l .  Surv.  Can. Paper 69-25)  s h a l e s  of  

t h e  Spray format ion  w e r e  .shown t o  ou tc rop  a t  ground s u r f a c e  

i n  t h e  a x i a l  areas of t h e  s y n c l i n e .  F i e l d  examinat ion and 

well d r i l l i n g  in fo rma t ion  showed t h a t  on ly  s m a l l  areas of 

s h a l e  are a t  ground s u r f a c e ,  a long  t h e  ax is  of t h e  syr ,c l ine.  

(Please see t h e  a t t a c h e d  Geologic Map). 

I 
I 

The sou the rn  l imb and p lunging  nose of an a n t i c l i n e  i s  p res -  

e n t  i n  t h e  nor thwes tern  p a r t  of t h e  I s l a n d ,  The sou the rn  

l imb of t h e  a n t i c l i n e  d i p s  1 2  deg rees  t o  t h e  southwest .  
The westward p lunging  nose of  t h e  a n t i c l i n e  is r e a d i l y  

- .  .- .. . . . . 
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observable  on a i r  photos  where - the  sandstone-shale-sandstone 

c o n t a c t s  can be observed t o  curve around t h e  a x i s ,  

Two t y p e s  of f a u l t s  c u t  through t h e  I s l and .  Those t h a t  
t r e n d  s u b - p a r a l l e l  t o  t h e  f o l d s  and those  t h a t  c u t  

a c r o s s  t h e  f o l d s .  The f a u l t s  t h a t  t r e n d  s u b - p a r a l l e l  t o  t h e  

f o l d s  . a r e  be l ieved  t o  be predominant ly  s t r i k e - s l i p  i n  n a t u r e .  
These f a u l t s  are no t  a s s o c i a t e d  wi th  a s  wide o r  as w e l l  
developed f r a c t u r e  zones as  those  f a u l t s  t h a t  c u t  a c r o s s  

t h e  geologic  g r a i n  of t h e  I s l and .  The c r o s s  f a u l t s  where 
observed a long  t h e  coastal  c l i f f s  e x h i b i t  very prominant 
f r a c t u r e  zones. T h e  f r a c t u r e s  i n  these zones are open and 

I 
I 
I 
I 

have a nea r  v e r t i c a l  d i p .  The t r a c e s  of these faults a s  
observed on a i r p h o t o s  a s  shown on t h e  map i n d i c a t e  t h a t  

t h e  f a u l t s  a r e  s t e e p l y  d ipping  t o  v e r t i c a l .  

I 

I 
I 
I 
.I 
I 
I 

. . .. . . . . . .. . . . .. - . -.. . . . . . .. - .. - . . . .. . - . _I -. . . .- . .. _. - . . . . . . . . . __  .. ... . . . . . - -. .. .. .. . . . - . - 
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RESULTS OF TEST DRILLING 

INTRODUCTION 

The Geologic r e s u l t s  ob ta ined  from each  t es t  w e l l  are 
o u t l i n e d  below. Please r e f e r  t o  t h e  complete log of each  

t e s t  w e l l  a t  t h e  back of t h i s  r e p o r t  and t o  t h e  Geologic 

map and cross-sections. 

TEST WELL 72-1  

T h i s  w e l l  w a s  l o c a t e d  close t o  McCallum Road t o  de te rmine  
t h e  groundwater p o t e n t i a l  o f ' a n  east-west t r e n d i n g  f a u l t  

zone t h a t  i s  ve ry  prorninantly d i sp l ayed  on t h e  a i r  photos .  
We i n t e r p r e t  ( p l e a s e  see c r o s s - s e c t i o n  E-E) t h a t  t h i s  well 
s t a r t e d  i n  t h e  Spray s h a l e ,  e n t e r e d  t h e  Geoffrey sands tone  

a t  a dep th  of 115 f ee t ,  i n t e r s e c t e d  t h e  f a u l t  zone a t  a 
dep th  of 2 1 5  f e e t  and d r i l l e d  i n t o  t h e  Northumberland 

s h a l e s  ko a t o t a l  d e p t h  of  325  f e e t  (mean sea l eve l ) .  

. . . , - . . - - . .  .. . ... . .  
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A road c u t  a few hundred f e e t  sou th  of t h e  w e l l  shows a 

s h a l e  (Northumberland) i n  normal c o n t a c t  w i t h  an o v e r l y i n g  

sands tone  (Geoffrey)  as  shown i n  s e c t i o n  E-E. 

The f a u l t  zone i n t e r s e c t e d  by Well 72-1  has  an appa ren t  d i p  
of 50° (de r ived  from t h e  l o c a t i o n  of t h e  s u r f a c e  trace of  

t h e  f a u l t  and i t s  p o s i t i o n  i n  t h e  w e l l ) ,  I t  has  an  apparent  

ver t ica l  component of d i sp lacement  of 8 0 0  f e e t  (based upon 

t h e  Geoffrey-Northumberland contac t  on each  s i d e  of t h e  

f a u l t ) .  The s h a l e s  probably  formed an  impervious gouge 

which c l o s e d  any open f r a c t u r e s .  S e v e r a l  minor water-bear ing 
f r a c t u r e s  a s s o c i a t e d  w i t h  t h e  f a u l t  w e r e  i n t e r s e c t e d .  

The accumulat ive f l o w  ra te  ob-tained d u r i n g  d r i l l i n g  as 
shown on t h e  l o g  w a s  1 0  gpm. 

TEST WELL 72-2 

T h i s  t es t  w e l l  i s  l o c a t e d  i n  t,,e e a s t e r n  p a r t  of he i s l a n d  

a long  Pe te r son  Road. I t  w a s  d r i l l e d  t o - a  t o t a l  dep th  of 
275 f e e t  (155 f e e t  -- below sea l e v e l ) .  
t h a t  a sands tone  sequence w i t h  a few minor s h a l e  i n t e r b e d s  

w a s  encountered.  W e  i n t e r p r e t  t h a t  t h e  w e l l  w a s  d r i l l e d  i n  

t h e  Geoffrey sands tone  formation.  

I .  

Thd-. w e l l  log shows 

The main water -bear ing  zone was encountered a t  a dep th  of  

1 9 0  f e e t  where an air-blowing f low of 1 6  U S  gpm w a s  ob ta ined  
d u r i n g  d r i l l i n g .  Afker  d r i l l i n g  was t e rmina ted  a t  a dep th  

of 275 f e e t  t h e  water -bear ing  zone w a s  developed by a i r s u r g i n g  
and swabbing. T h i s  work inc reased  t h e  blowing f l o w  ra te  t o  

70  U S  gpm. 
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The f i r s t  a t t e m p t  t o  d r i l l  t h i s  t e s t  well a t  a l o c a t i o n  

500 f e e t  t o  t h e  sou th  of  t h e  l o c a t i o n  shown on t h e  map f a i l e d  

because over 7 0  f e e t  of  unconsol ida ted  c l a y s  and sands  w e r e  

encountered,  The type  of d r i l l i n g  r i g  used w a s  unab le  t o  
set c a s i n g  through t h e  running water-bear ing sands.  
s t o n e  i s  exposed a t  t h e  ground s u r f a c e  t o  both  t h e  n o r t h  

and t h e  sou th  of t h e  l o c a t i o n  of t h e  abor t ed  tes t  w e l l .  

Sand- 

W e  t h e r e f o r e  conclude t h a t  t h e  f i r s t  w e l l  w a s  l o c a t e d  
d i r e c t l y  on t o p  of t h e  major nor theas t - southwes t  t r e n d i n g  

f a u l t  zone which i s  r e a d i l y  obse rvab le  on t h e  a i r  photos ,  
The s t r a i g h t  s u r f a c e  expres s ion  of t h i s  f a u l t  a s  it crosses 
h i l l y  topography i n d i c a t e s  t h a t  it_ must have a n e a r  v e r t i c a l  

d i p .  
of 1 9 0  f e e t  must be caused by . f e a t h e r  t ype  f r a c t u r i n g  

i a t e d  w i t h  t h e  main f a u l t  zone. 

The major water -bear ing  zone i n  t h e  w e l l  a t  a d e p t h  
assoc- 

TEST WELL 7 2 - 3  

T h i s  w e l l  i s  l o c a t e d  i n  t h e  w e s t e r n  p a r t  of  t h e  i s l a n d  a t  

an e l e v a t i o n  of 305 f e e t  above sea level .  It w a s  d r i l l e d  
i n  t h e  Department o f  Highways works y a r d ,  t o  a d e p t h  of  250 

feet  (55 f e e t  above s e a  l e v e l )  th rough a sands tone  s e c t i o n  
that .  contaif ied a few s h a l e  interbeds.. 

sands tone  s e c t i o n  i s  b e l i e v e d  t o  be t h e  Gabr io la  format ion .  
A major water -bear ing  f r a c t u r e  zone w a s  p e n e t r a t e d  between 

d e p t h s  of 165 and 2 0 0  f e e t .  The s u r f a c e  trace o E  a f a u l t  
i s  p r e s e n t  approximately 4 0 0  f e e t  sou th  of t h e  w e l l .  I f  

t h e  f r a c t u r e  zone encountered a t  a d e p t h  of  165 f e e t  i n  t h e  

wel l ,  is t h e  same zone, t hen  t h e  f a u l t  d.ips northwar3 a t  a low 

T h i s  predominant ly  

a n g l e  of approximately 2 0  0 . A p r i v a t e  well i s  l o c a t e d  on t h e  

a. 

- , -. .. . . . _ _  . . __ . . 
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suriace trace of the fault. The water in this private well 

became -"muddied" when the test well was drilling through the 
fracture zone. The water level in the private well was 
also affected by the pumping test that was performed on 
Test Well 72-3. The fracture zone in the test well could 
be subsidary feather fracturing associated with the 
main fault instead of the main fault itself. 

TEST WELL 72-4 

Test Well 72-4 was drilled to a depth of 275 feet 
(65 feet below sea level). The well was located almost 1 / 2  

mile t o  the east of a major fracture zone. As such, its 
water-bearing capabilities are considered to be represent- 
ative of wells located in generally unfractured rock without 
benefit of geologic advice. This well, which is capable 
of delivering 3 US gpm, would satisfy the domestic require- 
ments of one home, 

No pump test was conducted in this well because the air 
blowing water flow during drilling was too low. Attempts 
to improve the flow by surging were not successful. 

TEST WELT, 72-5 

This test hole was located in the northern part of the 
island to test the productivity of the nose of the plunging 
anticline. It was drilled to a depth of 325 feet (205  

feet. below sea level), Spray shales were drilled to a 

f 

. . -. . .  . . .  . . . .. -. .. . .. .~ . . . - . . , . . . . . . . . . . . . -. . . . 
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d e p t h  of 78 f e e t  where Geoffrey sands tones  were encountered.  

I t  i s  i n t e r p r e t e d  t h a t  t h e  w e l l  remained i n  t h e  Geoffrey 

sands tones  throughout  t h e  rest of  t h e  w e l l .  
no ted  however, t h a t  a s h a l e y  sequence w a s  encountered i n  

t h e  bottom 4 0  f e e t  of t h e  w e l l .  T h i s  s u g g e s t s  t h a t  t h e  

Northumberland s h a l e s  might have been reached i f  t h e  w e l l  
had been cont inued  t o  a t o t a l  dep th  of 4 0 0  f e e t .  

I t  w i l l  be  

I t  w i l l  be noted on t h e  well l o g  t h a t  m o s t  of t h e  w a t e r  w a s  
encountered a t  t h e  sha le-sands tone  c o n t a c t  a t  a d e p t h  of 

78 f e e t .  Several s m a l l  f a u l t  zones w e r e  encountered b u t  t h e s e  
appeared t o  be filled w i t h  gouge and were therefore non- 
produc t ive .  

1 

. . .  . 
. .. . - . , . . . . 
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INTRODUCTION 

Four of t h e  f i v e  wells w e r e  t e s t  pumped. A p u m p i n q t e s t  

w a s  n o t  c a r r i e d  o u t  on W e l l  72-4 because an a i r  blowing 
r a t e  of on ly  3 gpm of water was ob ta ined .  Drawdown 

and recovery  w a t e r  l e v e l  r e a d i n g s  and pump d i s c h a r g e  flow 
measurements w e r e  t aken  and recorded d u r i n g  t h e  pump 
tests. Water l eve l  measurements w e r e  t a k e n  on a p r i v a t e l y  

owned w e l l  d u r i n g  t h e  pump t e s t  on w e l l  72-3. The d u r a t i o n  

of t h e  t es t s  ranged from 1 0 0 0  minutes  on 72-1 t o  1 5 0 0  

m i n u t e s  on w e l l s  72-3 and 72-5. Pumping r a t e s  ranged 

from 7.5 gpm t o  75 gpm. The measurements made and recorded  
d u r i n g  t h e  pump t e s t s  a r e  reproduced on pages fo l lowing  

t h e  d e s c r i p t i o n  of each  t e s t .  
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TEST 'WELL 72-1 

A plot of the drawdown data.shows that near stabilization 

occured at a depth of 5 4  feet after 100 minutes of pumping. 
The transmissibility of this leg of the drawdown curve is 
calculated to be 120 US gpd/ft. At 200 minutes iiiLo the 
test a negative boundary was encountered and the pumping 
level dropped sharply. At 400  minutes into the test it 
became necessary to reduce the pumping rate because the 
water level was close to pump suction. After the reduction 
in pumping rate the water level recovered 10 feet b u t  after 
100 minutes started to decline again, At 930  minutes it was 
necessary to reduce the pumping rate to 7.5 gpm. 
level was still recovering when the t e s t  was terminated. 
After 400  minutes the "average" transmissibility was 
calculated to be 8 3  gpd/ft. 

The water 

The recovery curve shows the typical backward " s "  curve 
of fractured rock aquifers. 
the lower leg of the curve was 9 4  US gpd/ft, the middle 
part of the curve was 23 LJS gpd/ft, and the upper part was 
69  US gpd/ft. The recovery curve also indicates that 
recharge is taking place into the aquifer. 
capacity of the well is 0.05 gpin per foot of drawdown. 

The transmissibility for 

The specific 

Based upon the results of this test we rate the safe 
productive potential of Well 72-1 at 5 US gpm. 
the pumping level shou1.d remain above a depth of 220 feet 
after a severe drought for 100 days. 

At this rate 

. L  . . ,  . . . . .. . . .  . . . . . . -.. . . . . . 
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GABRIOLA WELL sf72-1 
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Elapsed 
Time 

(Minute) 

0 

1 

2 

3 

4 

5 
6 
7 
8 
9 
10 
12 
14 
16 
18 
20 
25 
30 
35 

Depth to Discharge 
Time Water U . S .  

(Mi n u t  e ) (feet) G:P;M. Remarks 
Aug 22, 1972 

16:30:00 ” 

16: 30: 30 
16:31:00 
16: 31: 30 
16: 32: 00 
16:32:30 
16: 3 3 :  00 
16:33: 30 
16: 34: 00 
16: 34: 30 
16: 35: 00 
16: 36: 00 
16: 37: 00 
1 6 :  38 : 00  

1 6 : 3 9 : 0 0  

16:40:00 
16:42: 0 0  

16: 44: 00 
16: 46: 00 
16:48:00 . 

16:50:00 
16:55:00 
17:OO:OO 
17 : 05: 00 

13.50 

15.35 
16.70 
18.23 
19.38 
20.35 
21.28 
22.00 
23.22 
23.95 
24.46 
25.00 
25.56 
25. 87 

2 6 . 1 3  

Static Water 
Level 

1 0  

27.09 
28.98 
32.50 
34.62 
35.67 
36.29 
38.34 
33.74 
41.53 

10 
10 
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h 
i Elapsed 

Time 
( Mi nu t  e ) 

I 
I 
I 
, I  
~I 
, p' 

I 
I 
I 
I 
I 
I 
I 

4 0  

5 0  

7 5  

1 0 0  

1 5 0  

2 0 0  

2 5 0  

3 0 0  

3 5 0  

4 0 0  

4 5 0  

5 2 0  

5 8 0  

6 3 0  

6 8 0  

7 3 0  

7 8 0  

8 3 0  

880 

930  

9 8 0  
\ 

l o o o / o  

1 

2 

Depth t o  Discharge 
Time Water U.S. 

(Minute ) ( f e e t )  G.P .M.  Remarks 

1 7 :  1 0 :  0 0  

1 7 : 2 0 : 0 0  

1 7 : 4 5 :  0 0  

18: 1 0 :  0 0  

1 9 : o o : o o  

1 9 : 5 0 : 0 0  

2 0 : 4 0 : 0 0  

2 1 : 3 0 : 0 0  

2 2 : 2 0 : 0 0  

2 3 :  1 0 :  0 0  

2 4 :  00 :  0 0  

1:lO:OO 
2:lO:OO 
3 : O O . O O  

3 : 5 0 : 0 0  

4 : 4 0 : 0 0  

5 : 3 0 : 0 0  

6 : 2 0 : 0 0  

4 3 . 1 0  

4 5 . 2 5  

51 .00  

5 3 . 1 7  

53.r;r ' 

5 3 . 7 2  

9 3 . 1 0  

1 2 5 . 1 8  

1 5 0 . 0 3  

1 7 4 . 0 5  

1 7 7 . 3 7  

1 6 8 . 5 4  

1 6 5 . 5 7  

1 7 2 . 4 5  

1 6 7 . 8 6  

1 6 8 . 6 0  

1 7 0 . 0 0  

1 7 1 . 4 5  

10 
10 
10 

10 
1 0  

1 0  

10 
10 
10 
10 

9 

9 

9 

9 

9 

9 

9 

9 

Very cloudy 
520f 

A u g . 2 3 ,  1 9 7 2  

7:lO:OO 1 7 9 . 4 5  9 

8:OO:OO 1 9 1 . 5 1  9 1 

8 : 5 0 : 0 0  1 6 0 . 5 0  7 . 5  

RECOVERY 

9:lO:OO 1 5 1 . 4 6  Pump O f f  

9 : 1 0 : 3 0  1 4 6 . 8 0  

9:ll:OO 1 3 8 . 3 0  

9 : 1 1 : 3 0  1 3 3 . 7 8  

9 : 1 2 : 0 0  1 3 0 . 4 5  

9 : 1 2 : 3 0  1 2 8 . 7 9  
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Elapsed 
T i m e  

(Minutel 

3 

4 

9 

1 0  

1 2  

1 4  

1 6  

1 8  

2 0  

25  

3 0  I '  3 5  

4 0  

5 0  

7 5  

1 0 0  

1 5 0  

2 0 0  

T i m e  
(Minute)  

9:13 :00  

9 : 1 3 : 3 0  

9 :14 :00  

9:14:30 

9:15:00 

9 :16 :00  

9:17:00 

9:  1 8 :  00  

Depth t o  Discharge 
Water U . S .  
( f e e t )  G . P . M .  Remarks 

1 2 6 . 3 5  

1 2 3 . 3 2  

1 2 1 . 4 8  

1 1 9 . 5 5  

117.10 

1 1 2 . 6 0  

1 0 7 . 6 5  

1 0 3 . 5 4  

9:19:00 

9:20:00 

9 : 2 2 : 0 0  

9:24:00 

9:26:00 

9:28:00 

9 :30 :00  

9: 35:  00  

9:40:00 

9:45:00 

9:  50:  00  

1o:oo:oo 
1 0 :  25:  00 

1 0 : 5 0 : 0 0  

1 1 : 4 0 : 0 0  

12 :30 :00  

, 9 9 . 2 1  

94.58 

36.82 

79 .85  

71 .57  

63.98 

5 6 . 6 9  

5 0 . 3 6  

4 6 . 6 2  

43 .75  

41.66 

37.93 

31.57 

27.26 

21.88 

Stopped hea r ing  
water running i n  

I 
(. 
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TEST WELL 72-2 

I 
I 
I 
I 
'I 
I 
I 
I 
I 
I 
I 
I 

T e s t  W e l l  72-2 w a s  pumped a t  a r a t e  of 7 0  U S  gpm f o r  1 0 0 0  

minutes ,  and 75 U S  gpm f o r  t h e  l a s t  400  minutes  of t h e  tes t .  
A t  t h e  start  of t h e  test  t h e  w e l l  w a s  f lowing a t  ground 
s u r f a c e  a t  a ra te  o f  3 gpm from a c a l c u l a t e d  s t a t i c  w a t e r  

level  of approximately 10 f e e t  above ground s u r f a c e .  Near 
s t a b i l i z a t i o n  w a s  reached a f t e r  550 minutes  w i t h  t h e  

pumping water l e v e l  a t  a d e p t h  of 132 f e e t .  The p l o t  

of t h e  drawdown cu rve  i n d i c a t e d  a t r a n s m i s s i b i l i t y  of 
349  u s  gpd / f t .  

The recovery  cu rve  shows a t y p i c a l  sand and g r a v e l  a q u i f e r  

c o n f i g u r a t i o n  and not. t h e  bedrock curve t h a t  would be 

a n t i c i p a t e d .  T h i s  i n d i c a t e s  a h igh  degree  of f r a c t u r i n g .  
The .first l e g  o f  t h e  recovery  has  a t r a n s m i s s i b i l i t y  of 

1 4 8  U S  g p d / f t . ,  t h e  middle l e g  528 U S  gpd / f t .  and t h e  f i n a l  
l e g  1155 U S  gpd / f t .  S ince  t h e  s p e c i f i c  c a p a c i t y  of t h e  

well can be no greater than  0.3 gpm p e r  f o o t  of drawdown t h e  

most l o g i c a l  "des ign"  t r a n s m i s s i b i l i t y  i s  judged t o  be 
500 U S  g p d / f t .  

Based upon a v a i l a b l e  d a t a  t h e  s a f e  p roduc t ive  p o t e n t i a l  i s  

r a t e d  a t  5 0  U S  gpm. A t  t h i s  r a t e  t h e  pumping l eve l  i n  t h e  
well should not drop  below a depth  of 2 0 0  f e e t  a f t e r  a 1 0 0  

day drought .  
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GABRIOLA WELL #72-2  

I 
I 
I’ 
I 
I 
I 
I 
I 
I 
I 
i 

E 1 ap sed 
T i m e  

( M i  nu t  e ) 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 0  

1 2  

1 4  

1 6  

1 8  

2 0  

2 5  

3 0  

4 0  

5 0  

DRAWDOWN 

Depth t o  Discharge 
T i m e  Water U.S. 

(Minute) ( f e e t )  G.P.M.  

13: 5 0 :  0 0  

13 :  5 0 :  3 0  1 2 . 4 9  7 0  

13:51: 0 0  1 2 - 9 0  

13: 51: 30  1 4 . 0 6  

13 :52 :00  1 4 . 8 5  

1 3 : 5 2 : 3 0  2 3 . 8 0  

13: 53: 0 0  2 6 . 9 6  

13: 53: 30 . 2 8 . 0 5  

1 3 : 5 4 : 0 0  3 0 . 9 9  

13 :  5 4 :  3 0  3 3 . 6 7  

13: 55: 00  3 6 . 4 5  

13: 5 6 :  00  3 9 . 7 5  

13: 5 7 :  0 0  4 3 . 3 4  

13: 58: 0 0  4 6 . 3 7  

1 3 : 5 9 : 0 0  4 9 . 0 3  

1 3 : 6 0 : 0 0  5 1 . 3 6  

1 4 : 0 2 : 0 0  5 6 . 2 2  

1 4 :  0 4 :  0 0  6 0 . 6 3  

1 4 :  0 6 :  0 0  6 3 . 4 8  

1 4 ;  08: 0 0  6 5 . 5 4  

1 4 :  1 0 :  0 0  6 8 . 7 5  

1 4 :  15: 0 0  7 5 . 1 0  

1 4 :  2 0 :  0 0  8 0 . 3 2  

1 4  : 3 0 :  00  8 4 . 0 0  

1 4 :  40 :  0 0  9 4 . 5 3  

Remarks 
Aug 2 3 ,  1 9 7 2  

Pump on 
f lowing 

a t  3gpm 

I 
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Elapsed 
Time 

(Minute) 

75 
100 
150 
200 
250 
300 
350 
400 
450 
500 
550 
600 
650 
700 
750 
800 
850 
900 
950 

1 0 0 0  

0 

1 

Time 
(Minute) 

15: 05: 00 
15:30:00 
16: 20: 00 
17: 10: 00 
18:OO:OO 
18: 50: 00 
19:40:00 
20:30:00 
21: 20:oo 
22:lO:OO 
23:OO:OO 
23:50:00 
00:ao: 00 
1:30:00 
2:20:00 
3:lO:OO 
4:OO:OO 
4:50:6d 
5:40:00 
6:30:00 

31. 

RECOVERY 

Depth to Discharge 
Water u . s ,  
(feet) G.P.M.  Remarks 

13:lO:OO 
13: 10: 30 
13:ll:OO 
13:11:30 
13: 12: 00 
13.12:30 
13:13:00 
13.13.30 

105.17 
109.83 
111.88 
124.63 
120.65 
117.40 
121.65 
125.80 
128.50 

130: 83 
124.51 
115.30 
118.70 
120.00 
117.60 
118.30 
121.46 
125.83 
129.87 

200. 
154.9 
136. 
120 
105.85 
93.3 
83.35 
75.0 

Aug 24, 1972 

Control valve trouble, 
discharge fluctuating at 
6:30:00. Opened valve, 
discharge to 75 gpm and 
water level at suction at 
a depth of 200 feet f o r  
remainder of test of 400 
minutes to 13:lO:OO. 

75 Pump off 
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E l a p  sed 
Time 

(Minute 1 

4 

5 
6 
7 
8 
9 
10 
12 
14 
16 
18 
20 
25 
30 
35 
40 
45 
50 
80 

120 
145 
170 
220 
285 
320 

2540 
2740 

7270 

Time 
(Minute I- ) 

13: 14: 00 
13: 14: 30 
13:15.00 
13:16: 00 
13:17: 00 
13: 18: 00 
13: 19: 00 
13:20:00 
13:22:00 
13: 24: 00 
13: 26: 00 
13: 28: 00 
13: 30: 00 
13:35:00 
13:40:00 
13: 45:OO 
13:50: 00 
13:55:00 
14: 00: 00 
14: 30: 00 
14 : 50: 00 
15: 15: 00 
1 5 : 4 0 : 0 0  

16:30:00 
17:35:00 
18: 10: 00 

8:lO:OO 
11:30:00 

15:OO:OO 

Depth to Discharge 
Water U.S. 
(feet) G , P . M .  Remarks 

67.7 
61.93 
56,66 
49.05 
44.20 
41.43 
39.69 
38.16 
35.53 
34.45 
32.86 
31.97 
30.98 
29.10 
27.2 
26.25 
25.25 
24.5 
23.75 
20.64 

19.10 
17.40 
15.18 
14.30 
12:55 
11.77 

5.7 
5.2 

.6 

Pulled pump 

Aug 25, 1972 

Aug 28, 1972 
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TEST. WELL 72-3 

This well was test pi mped at rate of 50 US gprn f r 1500 
minutes. 
the pump test. 
of the well from 2200 US gpd/ft, at the start of the test to 
116 US gpd/ft. on the last limb of the drawdown curve. The 
private well.that was used as an observation weLl had a 
7 foot decline in water level. The transmissibility as 
calculated between the pumping hole and the observation 
wel& is 1040 US gpd/ft. This figure agrees closely with 
the 1015 US gpd/ft. obtained on the second leg of the draw- 
down curve. From the relative depths of the two wells it 
is felt that this t.ransmissibility is measured along a 

Four negative boundaries were encountered during 
These boundaries reduced the transmissibility 

fracture zone. 

The specific capacity of the well after the 1500 minutes of 
pumping can be no greater than 0.5  gpm per foot of draw- 
down. 
rock aquifers with a backward “s” configuration. ,The ’ 
lower limb has a transmissibility of 1320 ,  the middle 300  

to 460 and the top limb 550 US gpd/ft. 

The recovery curve is again typical of that of bed-? 

The safe productive potential of the well using a transmiss- 
ibility of 500 US gpd/ft is judged to be 35 US gpm. At this 
rate the pumping level should not drop below a depth of 215 

feet below ground surface after a 100 day drought. 

. .  . 
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PUMP TEST -WELL #72-3 

GABRIOLA ISLAND 

Well a t  house a c r o s s  road i s  500 f e e t  away. Its SWL 

i s  37.43 f e e t .  @ 8:lO 

Elapsed 
T i m e  T ime  

(Minute) (Minute ) 

0 

1 

2 

3 

4 

5 

6 
7 
8 

9 
1 0  

12 
1 4  

16 
18 

8:25:00 
' .  

9:oo:oo 
9:00.30 
9:Ol:OO 
9:01:30 
9: 02: 00 
9:02:30 
9:03:00 
9:03:30 
9:04 :00  

9:04:30 
9: 05: 00 
9:06:00 
9:07:00 
9:08:00 
9: 09: 00 
9:lO:OO 
9 :12 :00  

9:14:00 
9:16:00 
9;18:00 

. .  

Depth t o  
Water 

( f e e t )  

' 6 4 . 6 1  

69.17 
70.42 
71.20 
71.96 
72.55 
73.25 
73.78 
74.35 
74 .88  

75.32 
76.21 
77.14 
78.00 
78.65 
79.36 
80.54 
81.94 
82.95 
83.93 

Discharge 
U.S. 

G.P.M. 

50 

Remarks 

Aug 1 7 ,  1 9 7 2  

S t a t i c  Water 
Level 

Pump on 

Cloudy-Cool 

5 0  

50 



37. 

I 

Elapsed 
Tine 

( M i n u t e  1 
T i m e  

( M i n u ' t e  1 

20 
25 
30 
35 
40 
!:; 0 

75 
100 
150 
200 
250 
300 
350 
400 
450 

500 
550 
600 
650 
700 
750 
800 
850 
900 
950 
1000 
1050. 
1200 

9:20:'00 
9: 25: 00 
9: 30: 00 
9:35:00 
9:40:00 
9:50:00 

10:15: 00 
10:40:00 
11: 30: 00 
12: 20: 00 
13:lO: 00 
14:OO:OO 
14:50: 00  

15:40: 00 
16:30:00 

17:20: 00 
18:lO:OO 
19:oo:oo 
19: 50: 00 
20:40:00 
21:30:00 
22:20:00 
23: 10: 00 
24:OO:OO 
00:50:00 

1 : 4 0 : 0 0  
2:30:00 

5:OO:OO 

D e p t h  t o  D i s c h a r g e  
Water u , s ,  
( f e e t )  G , P . M .  R e m a r k s  

84.81 50 
86.70 
88.85 50 
90.12 
91.23 
93.69 Obs. Hole 

98.63 51°F 
37.38 

102.27 
108.98 
113.45 
98.13 
110.79 50 
115.78 5 0  

119-20 50 
121.62 50 

125.13 50 
125 ..02 
126.77 50 
128.49 
129.88 
131.54 

* 

. .  

O b s .  ' H o l e  
42.80 

133.22 

135.51 
137.45 Aug 18, 1972 
138.11 
139.00 
146.42 

I 

9 



Elapsed Depth t o  Discharge 

(Minute) (Minute) ( f e e t )  G.P ,M.  Remarks 
T i m e  T i m e  Water U . S .  I 

I 
1 2 5 0  5 : 5 0 : 0 0  1 4 8 . 4 5  

1 3 0 0  

1 3 5 0  

1 4 0 0  

1 4 5 0  

1 5 0 0  

6 : 4 0 : 0 0  

7 :  30: 0 0  
1 5 0 . 4 4  

1 5 2 . 6 1  

8:20:00 1 5 5 . 0 4  

9:lO:OO 1 5 8 . 0 3  

1o:oo:oo 1 6 1 . 6 6  

5 0  Obs. W e l l  
4 4 . 2 5  

5 0  

5 0  

*Water i s  s t i l l  milky l i k e  t h a t  f rom a g l a c i e r  I 
I 
i 
I 
I 
I 

0 

1 

2 

3 

4 

5 

6 

7 
8 

9 

10 

1 2  

1 4  

1 6  

RECOVERY 

10: 00: 0 0  

10 :00 :30  

10:01:00 

1 0 : 0 1 : 3 0  

1 0 : 0 2 : 0 0  

1 0 : 0 2 : 3 0  

1 0 : 0 3 : 0 0  

1 0 : 0 3 . 3 0  

10:04 :00  

1 0 : 0 4 : 3 0  

1 0 :  0 5  : 0 0  

1 5 5 . 3 6  

1 5 6 . 7 2  

1 5 6 . 2 2  

1 5 5 . 7 0  

1 5 5 . 2 0  

1 5 4 . 6 7  

1 5 4 . 1 5  

1 5 3 . 6 3  

1 5 3 . 1 7  

1 5 2 . 7 5  

1 0 : 0 6 : 0 0  1 5 1 . 9 3  

1 0 :  07 :  0 0  1 5 1 . 1 2  

1 0 :  0 8 . 0 0  1 5 0 . 4 0  

1 0 :  0 9 - 0 0  1 4 9 . 6 6  

1 0 : 1 0 : 0 0  1 4 8 . 9 0  

1 0 : 1 2 : 0 0  1 4 7 . 4 6  

1 0 :  1 4 :  0 0  1 4 6 . 1 7  

1 0 :  1 6 :  0 0  1 4 4 . 9 7  

Pump off 
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I 
1 
1 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 

( 

Elapsed 
T i m e  

(Minut e ) 

1 8  

2 0  

25 

30 
35 

40 
50 
75 

100 
1 5 0  

200  

250  

300  

330 

T i m e  
( M i  nu t e  ) 

10:18:00 

10 :  20: 00 

10 :25 :  00  

10:30:00 
10:35:00 
10:40: 00 
10:SO:OO 
11: 15: 00 
11:40:00 
12 :30 :00  

13: 20:  00  

14: 1 0 :  00 

15:OO:OO 
15:30 :00  

39. 

Depth t o  Discharge 
Water U.S. 
( f e e t )  G,P.M. R e m a r k s  

143.79 
142.63 
139.78 
137.23 
135.38 
133.31 
129.34 
121.42 
115.03 
103.24 
86.77 
77.66 
74.71 
73.65 
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I 
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I 
I 
I 
I 
I 
I 
I 
I 
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40. 

TEST WELL 72-5 

This well was pumped at a rate of 20 gpm for 1500 minutes. 
At the end of the test the pumping level in the well had 
reached a depth of 50.83 feet below the top of the casing 
and was nearly stabilized, A plot of the drawdown measure- 
ments shows only  two limbs with transmissibilities calculated 
at 440 and 250 US gpd/ft. The plot of the recovery data 
gives transmissibilities of 1320 on the first leg, 406 on 
the middle leg, and 660 on the top leg. The specific 
capacity of the well is no greater than 0.5 gpm per foot  of 
drawdown. The safe production capacity of the well is judged 
to be 20  gprn. 

can be seen from the above, wells penetrating faults 
on Gabriola Island have transmissibilities ranging between 
20 at 1000 US gpd/ft. A transmissibili.ty of 500 US 

‘\gpd/ft is judged to be a reasonable design figure. The rock 
flour present in ,  some fault zones indicates that the 
transmissibilities w i l l  be low (less than 100, US gpd/ft. ) .) 

Specific capacities of the wells that were test puinped - .  

ranged between 0.05 ypm per foot of drawdown to 0.5 gpm 
per foot of drawdown. 
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GABRIOLA WELL #72-5 

DRAWDOIN 

E lapsed 
T i m e  T i m e  

( M i n u t e )  ( M i  nu t  e ) 

. . . . . . , . . .. - 
3 7  _ .  . . D .  : '  . 

L 

- I  

0 

1 

2 

3 

4 

5 

6 

I 
I 
I L 

8 

9 
10 
12 
14 
16 
18 
20 
25 
30 
35 
40 

10: 15: 00 

1 0 : 4 0 : 0 0  

10 :  40: 30 
10:41:00 
1 0 :  41: 30 
1 0 : 4 2 : 0 0  

10:42:30 
10:43:00 
10:43:30 
10: 44 :  00 
1 0 :  44:30 
10:45:00 
10:46:00 

I 

'10 147 : 00 
10: 48: 00 
1 0 : 4 9 : 0 0  

1 0 : S O :  00 
10: 52: 00 
10:54:00 
10: 56:OO 
10: 5 8 :  00 
11:oo:oo 
21: 05:  00  

11:10:00 
1 1 : 1 5 : 0 0  

11: 20:  00  

I 

Depth t o  
Water 
( f e e t )  

10.61 

13.83 
14.60 
14.88 
1 5 . 0 2  

14.69 
14.70 
14.74 

. 1 4 . 8 4  

15.00 
15.31 
15.63 

4 3 .  

D i s c h a r g e .  
U.S. 

G.P .M.  

- +  . 

-16.16 . 

17.04 
1 7 . 9 3  

18 .38  

1 8 . 7 0  

19.13 
19.54 
19.92 
20.28 
21.10 
21.68 
22.25 
23.07 

2 0  

- 

-20- 

R e m a r k s  

A u g  2 1 ,  1972  

S t a t i c  Water 
Level. 

P u m p  on 

20 

. . .. . - .. _ _  . - . . - . - . . . . .. . . . 
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I 
I 
I 
I 
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Elapsed 
Time 

(Minut e ) 

50 
75 
100 
150 
-2 1 1  0 

250 
300 
350 
400 
450 
500 

550 
600 
650 
700 
750 
800 
850 
900 
950 
1000 
1050 
1 1 0 0  

1150 
1200 
1250 
1300 
1 3 5 0  

1400 
1450 
1500 

T i m e  
I_ (.Mi n u t  e ) 

11:30:00 
11:55:00 
12:20:00 
13:lO:OO 
14: 00: 00 
14:50:00 
15:40: 00 
16:30:00 
17:20: 00 
18:lO: 00 
19: 00: 00 
19: 50: 00 
20:40:00 
21.30: 00 
22: 20: 0 0  

23:lO: 00 
24:OO:OO 
00: 50: 00 
I: 40: 00 
2:30:00 
3:20:00 
4:lO:OO 
5:OO:OO 
5:50:00 
6:40:00 
7: 30: 00 
8: 20: 00 
9:lO:OO 

1o:oo:oo 
1 0 : 5 0 : 0 0  

11: 40:  00  

Depth to 
Water 
(feet) 

24.27 
26.27 
27,92 
30.37 
32.09 
34.13 
35-98 
37.52 
39.00 
40.50 
41.21 
41.53 
42.26 
42.91 
43.65 
44.07 
44.42 
45.25 
46.20 
46.78 
47.11 
47.70 
48.20 
48.62 
48.92 
49.46 
49.10 
49.96 
50.40 
5 0 . 2 3  

5 0 . 8 3  

Discharge 
U.S. 

G.P.M. Remarks 

Milky 
520f 

20 

Aug 22, 1972 
20 
20 

20 

520f 



45. 

Elapsed Depth to Discharge 

(Mi nut e ) (Minute) (feet) G , P , M .  Remarks 
Time Time Water u . s ,  

I) 

1 

2 

I 

3 

4 

5 
6 
7 
8 
9 
10 
12 
14 
16 
18 
20 
25 
30 
35 
40 
50 
75 
100 

RECOVERY 

11:40:00 50.83 
11:40:30 46.56 
11:41:00 46.17 
11: 41: 30 45.60 
11:42:00 45.07 
11: 42: 30 44.67 
11:43:00 44:36 
11: 43:30 44.08 
11: 44: 00 43.82 
11:44:30 43.62 
11: 45: 00 .43* 39 
11:46: 00 42.98 
1 M 7 :  00 42.66 
11: 48: 00 42: 30 
11:49:00 41.97 
11:50:00 41.67 
11:52:00 41.05 
11: 54 : 00 40.50 
11: 56: 00 
11:58:00 
12:oo:oo 
12.: 05: 00 
12:lO: 00 
12:15:00 
12:20:00 
12:30:00 
12: 55: 00 
13: 20: 00 

40.00 
39.55 
39.18 
38.22 
37.31 
36.55 
35.89 
34.63 
32.26 
30.60 

Pump off 



Elapsed 
Time 
(Minute) 

I 

I 
I 
I 
I 

c. -I 

I 
I 
I 

1 " I 
I 
I 
I 
I 
I 
I 
I 

I 
i 

Time 
(Minute ) 

Depth to 
Water 
(feet) 

150 

200 
250 
300 
350 
400 

14: 10:  00  29 .00  

15:OO:OO 27.25 

1 5 :  50: 00  26.09 
1 6 : 4 0 : 0 0  25.05 
1 7 :  30: 00 24. a2  

18 :20 :00  

Discharge 
u , s .  
G,P .M,  

46 .  

Rema ' r  k s 
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I 
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47.  

. .  

RESULTS OF GEOPHYSICAL LOGGING 

The traces of l o g s  obtained from resistivity, self potential 
and gamma ray logging tools are shown on the well logs  

attached to this report, t 

The resistivity logs show the difference between the shales 
and sandstones. However, where the sandstones are fractured 
and contain slightly saline water, the resistivity curves 
look like those opposite the shales. 

The self potential curves appear to be meaningless. This 
could be caused by stray electrical currents from electric 
power lines or other sources. 

The Gamma R a y  curves are a l s o  meaningless. This is probably 
because cf the lack of contrast between the radioactivity 
of the sandstone and shale. 
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48. 

T h e  C a l i p e r  logging  d e v i c e  shows where a h o l e  overbreaks  

and therefore presunably  when s o f t  or f r a c t u r e d  rock i s  

p r e s e n t .  However, t h e  overbreak  areas d i d  n o t  correlate 
w i t h  water- flows. 

F r o m  t h e  above, it a p p e a r s - t h a t  a f u l l y  t r a i n e d  and 

exper ienced  w e l l  s i t e  g e o l o g i s t  i s  t h e  most u s e f u l  and 

o n l y  tool f o r  t h i s  t y p e  of e x p l o r a t o r y  d r i l l i n g  

program. 
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GROUNDWATER 

INTRODUCTION 

4 9 .  

O u r  p r e s e n t  (February 1975) i n t e r p r e t a t i o n  of  t h e  Ground- 

w a t e r  Geology and Hydrology of Gabr io la  I s l a n d  i s  based 

upon in fo rma t ion  and d a t a  from t h e  fo l lowing  sources .  

1. 
2. 

3 .  

4. 

5. 

Numerous s t u d i e s  f o r  p r i v a t e  i n d i v i d u a l s  and companies. 
A s tudy  conducted f o r  t h e  Nanairno Regional  D i s t r i c t .  

Inventory  of domest ic  w a t e r  w e l l s  by t h e  Groundwater 
D iv i s ion .  
The d r i l l i n g  and t e s t i n g  program conducted d u r i n g  t h e  

summer of 1 9 7 2  f o r  t h e  Groundwater D iv i s ion .  

Experience i n  e v a l u a t i n g  w e l l s  and w e l l  f i e l d s  t h a t  

o b t a i n  t h e i r  w a t e r  from f r a c t u r e d  rock ,  
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EVALUATION OF INFORM71TION FROM DOMESTIC WELLS 

T o  d a t e ,  t h e  great  m a j o r i t y  of w e l l s  d r i l l e d  on Gabr io la  

I s l a n d  supply w a t e r  t o  i n d i v i d u a l  homes. F e w  of t h e s e  w e l l s  
have been cons t ruc t ed  t o  develop t h e  f u l l  p roduct ive  

p o t e n t i a l  of t h e  groundwater-bearing zones t h a t  e x i s t  
beneath t h e  I s l a n d ,  A home owner, w i th  l i m i t e d  funds,  w i l l  
o r d e r  d r i l l i n g  stopped when he and t h e  d r i l l e r  cons ide r  
t h a t  t h e  w e l l  w i l l  supply s u f f i c i e n t  water  f o r  h i s  needs.  

S ince ,  t h e  needs of a home can  be s a t i s f i e d  wi th  a cont inuous 

p roduc t ive  c a p a c i t y  of only 0 . 4 1  U S  gpm, most w e l l s  have 
been s topped when it w a s  judged f r o n  t h e  r e s u l t s  of p r ima t ive  

tests t h a t  t h e  product ive  c a p a c i t y  of t h e  w e l l  exceeds 3 
gpm. Wells d r i l l e d  f o r  deve lopers  needing water t o - s u p p l y  

s e v e r a l  homes have been s topped when it is judged t h a t  

t h e i r  p roduct ive  p o t e n t i a l  exceeds 20  gpm. Thus t h e  f u l l  
p roduct ive  p o t e n t i a l  of t h e  water-bear ing zones were n o t  

t e s t e d  u n t i l  t h e  summer of 1 9 7 2 .  

The depths  of most domest ic  wells range from 5 0  t o  1 5 0  

f e e t .  A few w e l l s  f a l l  i n t o  t h e  1 5 0  t o  3 0 0  f o o t  depth  
The deeper  ' range whi le  on ly  one i s  500 f e e t  i n  depth .  

wells w e r e  d r i l l e d  i n t o  t h e  less promising groundwater-', ~- 
bea r ing  a r e a s .  I f  s u f f i c i e n t  w a t e r  had been obta ined  

a t  sha l lower  dep ths ,  d r i l l i n g  would have been stopped. 

Sirice 300  f e e t  appeared t o  be i n  t h e  s p r i n g  of 1 9 7 2 ,  t h e  

econonic  l i m i t s  f o r  most domest ic  w e l l s ,  t h e  1.972 d r i l l i n g  
and t e s t i n g  program used w e l l s  t h a t  approximated t h i s  depth ,  
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EV4LUATION O F  1 9 7 2  PKOGRA-? 

The r e s u l t s  of t e s t  well 72-4 coupled w i t h  t h e  r e s u l t s  

of t h e  domest ic  w e l l s  d r i l l e d  t o  d a t e  sugges t  t h a t  f r a c t u r e s  
capab le  of  y i e l d i n g  w a t e r  t o  s a t i s f y  t h e  requi rements  of a 

domestic w a t e r  supply  are p r e s e n t  i n  sands tones  remote f r o m  
major f r a c t u r e  zones. D o m e s t i c  w a t e r  w e l l s  can be located 
a l m o s t  anywhere on Gabriola I s l a n d  w i t h  a r easonab le  

e x p e c t a t i o n  of success .  

T e s t  Well 72-1  ( c r o s s - s e c t i o n  E-E) encountered a m a j o r  

t r a n s v e r s e  f a u l t  a t  a d e p t h  of 217  f e e t .  The t h i n  s e c t i o n  
of Geoffrey sands tone  encountered coupled w i t h  t h e  prominence 

of t h e  s u r f a c e  trace of  t h e  zone i n d i c a t e s  t h a t  t h e  f a u l t  

i s  of major p r o p o r t i o n s .  Only 1 gpm of  w a t e r  w a s  encountered 
i n  t h e  zone a s s o c i a t e d  w i t h  t h i s  f a u l t .  The f a u l t  m o v e -  

ment w a s  probably of such a magnitude t h a t  rock f l o u r  w a s  
produced and t h e  f r a c t u r e s  w e r e  sealed. 
s e p a r a t e s  a sands tone  and a s h a l e  s e c t i o n .  

have absorbed m o s t  of t h e  movements and t h e  f r a c t u r e s  

became s e l f - s e a l i n g .  

t h a t  s e p a r a t e s  t h e  a n t i c l i n e  from t h e  sync l ine .  Long i tud ina l  

f a u l t s  are formed by compression so t h a t  t h e y  a r e  less a p t  

t o  deve lop  good f r a c t u r e p e r m e a b i l i t y  and p o r o s i t y  t h a n  t h e  

c r o s s - f a u l t s  which have t e n s i o n  f r a c t u r e s  a s s o c i a t e d  w i t h  
them. 

A l s o  t h e  f a u l t  

The s h a l e s  could  

The f a u l t  i s  a l o n g i t u d i n a l  f a u l t  

T e s t  Well 72-2 w a s  d r i l l e d  t o  t e s t  t h e  p roduc t ive  p o t e n t i a l  
o f  a majcr  cross f a u l t  t h a t  i s  r e a d i l y  obse rvab le  on a i r  
pho tos ,  on ground and a t  s e a  c o a s t .  A s  noted ea r l i e r ,  t h e  

. .  . . . ... . . .. 
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52. 

s u r f a c e  trace of t h i s  f a u l t  has  been deep ly  eroded probably  

by g l ac i a l  p lucking  and f i l l e d  w i t h  over 70 f e e t  of  c l a y s ,  

s i l t s ,  and sands.  It  w o u l d b e i n t e r e s t i n g  t o  d r i l l  a c a b l e  

t o o l  w e l l  i n t o  t h e s e  unconsol ida ted  sediments  t o  t e s t  t h e i r  

p o t e n t i a l .  The c l a y  cap  t o  t h i s  zone, v e r y  f o r t u n a t e l y ,  

w i l l  p r even t  contaminat ion  o r  p o l l u t i o n  from n e a r  s u r f a c e  

w a t e r s ,  

. .. 

The second l o c a t i o n  f o r  T e s t  W e l l  72-2 (as  shown on t h e  
map) w a s  s o m e  d i s t a n c e  from t h e  s u r f a c e  trace of t h e  f r a c t u r e  

zone. I t  encountered  an  e x c e l l e n t  water-bear ing zone a t  

a dep th  of 1 9 0  f e e t .  Th i s  i s  t h e  c o n t a c t  between a s h a l e  
and sands tone  sequence. Surging inc reased  t h e  i n i t i a l '  

f l o w  of 1 6  gpm t o  70  gprn'. T h i s  flow i n c r e a s e  w a s  p robably  

caused by t h e  removal of mud made i n  t h e  h o l e  a s  t h e  d r i l l  

c u t  th rough t h e  o v e r l y i n g  n i n e  f e e t  of s h a l e .  The f r a c t u r e  
encountered a t  a d e p t h  of  1 9 0  f e e t  must be associated wi th  

t h e  f a u l t  zone observed a t  ground s u r f a c e .  I t  cannot  be 

t h e  main f r a c t u r e  zone because t h e  main zone must have a nea r  

v e r t i c a l  d i p .  

T e s t  V 7 e l l  72-3 i s  l o c a t e d  i n  a smal l  f a u l t  block which has  

been s u b j e c t e d  t o  s h a t t e r i n g .  

s e c t i o n  has  been f r a c t u r e d i n  such a manner t h a t  t h e  d r i l l i n g  

and t e s t i n g  of  t h i s  well s e r i o u s l y  a f f e c t e d  a ne ighbor ing  
well 

The e s s e n t i a l l y  sands tone  

The a n t i c l i n e  crest  t e s t e d  by T e s t  W e l l  72-5 does  n o t  show 
t h e  deg ree  of f r a c t u r i n g  t h a t  i s  u s u a l l y  a s s o c i a t e d  w i t h  

\ 

.. . . . . - .. . _ .  . -  
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a n t i c l i n e s .  The main water -bear ing  zone w a s  encountered 

a t  a dep th  of 78 f e e t  which i s  aga in  a t  t h e  c o n t a c t  between 

a s h a l e  and sands tone  sequence. Sur face  d i p s  s u g g e s t - t h a t  

t h e  a x i a l  p l ane  of t h e  a n t i c l i n e  d i p s  t o  t h e  nor th .  I f  

t h i s  i s  t r u e ,  w e l l s  l oca t ed  t o  t h e  n o r t h  of t h e  axis  an  

a p p r o p r i a t e  d i s t a n c e  t o  i n t e r s e c t  t h e  a x i a l  zone a t  a depth  

o f ,  f o r  example, 250 feet  might be m o r e  p roduct ive  than  w e l l  
72-5 because g r e a t e r  a v a i l a b l e  drawdown would e x i s t  t han  w a s .  
p r e s e n t  i n  T e s t  W e l l  72-5. 

From t h e  above, it would appear t h a t :  

1. Long i tud ina l  f a u l t  zones are n o t  product ive .  
2. F r a c t u r e  zones a s s o c i a t e d  wi th  c r o s s  f a u l t i n g  are 

h igh ly  product ive .  

t e s t e d  b u t  i s  be l i eved  t o ’ b e  h igh  (exper ience  else- 
w h e r e ) .  

3 .  The p r o d u c t i v i t y  of a c r o s s  f a u l t  zone i t se l f  w a s  n o t  

4 .  Shale-sandstone c o n t a c t s  are product ive .  

5. A 10- foot  t h i c k  f r a c t u r e  zone encountered from depths  
of 230 t o  2 4 0  f e e t  i n  T e s t  Well 72-4 had a very  l o w  

p r o d u c t i v i t y .  N o  obvious s u r f a c e  t race of t h i s  f a u l t  

e x i s t s  so t h a t  t h e  f r a c t u r i n g  i s  be l ieved  t o  be caused 

by bedding p l ane  ad jus tments  which i n  t h i s  case caused 

s e l f  s e a l i n g  f r a c t u r e s .  

AQUIF IC COEFFICIENTS 

Pumping tests conducted on w e l l s  o b t a i n i n g  groundwater fion 
t h e  shales of t h e  Northumberland format ion  where t h e y  have 
been a . f fec ted  by f r a c t u r i n g  ad jacen t  t o  a major c r o s s - f a u l t  
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shows that the transmissibility ranges from 1100 to 2200  US 
gpd/ft. The coefficient of storage for the same area ranges 
from . 0 0 1 4  to .0072.  Preliminary tests on wells located 
in the Spray shales indicate that the transmissibilities are 
in the 2 0 0  to 3 5 0  US gpd/ft range and that the storage 
is .00005. These figures are for wells that are not related 
to a fracture zone and may be taken as representative for 
shales that have only been fractured by folding and not by 
secondary faulting. 

The transmissibility of 72-1 that obtained most of its 
water near the Spray shale-Geoffrey sandstone contact reinoved 
from the fault zone is very low with a full range of 1 2 0  

to 23 US gpd/ft. 

The transmissibility of the fracture zone at 72-2  is believed 
to be 5 0 0  US gpd/ft. The transmissibility of the fractured 
sandstone in the small fault block tested by 72-3 is also 
considered to be 5 0 0  US gpd/ft and that of the Spray formations 
near the crest of the anticline to be 500  US gpd/ft. Please 
see the Eollowing summary chart. 

Well No. Depth (feet) Transmissibility Safe Productive 
I (US gpd/ft) Yield (US gpm) 

7 2 - 1  
72 -2  
72-3  
72-4 
7 2 - 5  

range 

325  120-23  
275  I1 55-14 8 
250 2200-116 

3 2 5  1320-250  
NO PUMP TEST 

design 
value 

5 0  5 
5 0 0  5 0  
5 0 0  35 

5 0 0  2 0  

. .  . .. .. . .  .... . . . .. . ., -. ... .. . . , . . . - . . . - . .. ._ . . - 
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STOFUjGE 

Experience T. i t h  dewater ing s r s t e m s  and w i t h  wells o b t a i n i n g  

water  from f r a c t u r e d  bedrock a q u i f e r s  has shown t h a t  long  

pumping t e s t s  a r e  r equ i r ed  be fo re  r e l i a b l e  t r a n s m i s s i b i l i t y  

and s t o r a g e - f a c t o r  va lues  can  be c a l c u l a t e d .  

S torage  f a c t o r  v a l u e s  c a l c u l a t e d  from t h e  r e s u l t s  of s h o r t  
(2  t o  5 day) pump tests can be extremely misleading.  Before 

u s e f u l  des ign  f i g u r e s  for t h i s  f a c t o r  can be c a l c u l a t e d  t h e  

p u m p  t e s t  must be run long enough to actually d e w a t e r  a 

r easanab ly  l a r g e  cone around each w e 1 , l .  S torage  f a c t o r s  

ob ta ined  from s h o r t  pump tests be fo re  t h i s  amount of de- 
water ing  i s  achieved w i l l  r e p r e s e n t  t h e  a r t e s i a n  c o n d i t i o n s  
t h a t  e x i s t  i n  t h e  bedrock f r a c t u r e  system. These va lues  

will range  from 1 x 10 t o  1 x I f  t h e s e  va lues  are 
used t o  des ign  a dewater ing system t h e  r equ i r ed  amount of 

-4  

water  l e v e l  lowering w i l l  no t  be achieved. I f  t hey  a r e  used 

t o  e s t a b l i s h  s a f e  product ive  p o t e n t i a l s  of well f i e l d s  o r  

of hydrologic  r eg ions  e x c e s s i v e l y  conse rva t ive  conclus ions  

w i l l  be made. These conclus ions  could adve r se ly  a f f e c t  

t h e  development of an a r e a  o r  be used as a bas i s  t o  import  

water  i n t o  a r e g i o n  w i t h  an a t t e n d a n t  c rush ing  t a x  burden 

on t h e  l o c a l  i n h a b i t a n t s  and t h e  gene ra l  t a x  payer .  

O u r  exper ience  i n d i c a t e s  t h a t  u s e f u l  des ign  va lues  of 

s t o r a g e  f a c t o r s  f o r  f r a c t u r e d  and f i s s u r e d  bedrock a q u i f e r s  

range from 1 x 1 0  to 1 x 1 0  This  i s  equ iva len t  t o  
-- an e f f e c t i v e  p o r o s i t y  o f  froin 1 t o  1 / 1 0  o f  one percent .  

-2 - 3  

. .. . .  .. . .. 
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Using t h e s e  va lues  t h e  upper 3 0 0  f o o t  zone beneath 

Gabriola  Tsland w i l l  c o n t a i n  an amount of water  i n  s t o r a g e  

t h a t  i s  e q u i v a l e n t  t o  an annual  d i scha rge  of 2 0 , 0 0 0  

t h e  water  i n  s t o r a g e  will equal  t h e  es t imated  annual  r echa rge  

equ iva len t  of 3 , 0 0 0  gpm (d iscussed  l a t e r  i n  t h i s  s e c t i o n ) .  

A n e f f e c t i v e p o r o s i t y  o f  0.15% f o r  t h e  f r a c t u r e d ' r o c k  beneath 
Gabr io la  I s l a n d  appears  t o  t h e  w r i t e r s  t o  be a r a t i o n a l l y  

conse rva t ive  va lue .  

based on: 

gpm t o  2 , 0 0 0  gpm. I f  a s t o r a g e  f a c t o r  of 1 .5  x 1 0  - 3  i s  used 

The conclus ions  given above a r e  

Area o E  Gabriola  I s l a n d  
S a t u r a t e d  t h i c k n e s s  t o  3 0 0  f e e t  - 250 f e e t  
S torage  f a c t o r  - 0,0015 
Gallons p e r  a c r e  f o o t  
Minutes i n  a year  

- 1 2 , 5 0 0  a c r e s  

- 325,850USgal lons  
- 525,600 

= 3 , 0 0 0  g p m  ( ~ n ) ~ ~ &  12,500 x 250 x 0.0015 x 325,850 
525,600 , 

It t h e r e f o r e  appears  t h a t  a t  f u l l  development of t h e  ground- 

water  p o t e n t i a l  t h a t  any water  removed can  be r ep len i shed  

d u r i n g  t h e  remainder of t h e  year  when recharge  t a k e  p l ace .  

Unlike o t h e r  Gulf I s l a n d s ,  t h e  sandstones and s h a l e s  forming 
I Gabr io la  I s l a n d  w e r e  depos i t ed  i n  a near  sho re  t o  lagoonal  

environment- ,  Thus a s a l i n e  water  problem other than  t h a t  

,' caused by sea water encroac5ment . i n t o  near  
does not  e x i s t  t o  a t e s t e d  depth  of 300 f e e t ,  
it tcould n o t  exist w i t h i n  a rock zone over  1 0 0 0  f e e t  t h i c k .  

shore wells 
Most probably 

: 
1 

I 

I 
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SAFE PERENNIAL WELL YIELDS 

.~ Useful  g e n e r a l i z a t i o n s  cover ing  average c o n d i t i o n s  a r e  very  

~ c l f f i c u l t  t o  m a k e  for f r a c t u r e d  bedrock water-bear ing zones 

because c o n d i t i o n s  can vary  g r e a t l y .  For example, i f  a 
w e l l  i s  l o c a t e d  on a f a u l t  t h e  rock may be so badly f r a c t u r e d  

and ground i n t o  rock f l o u r  t h a t  only a l i n i t e d  anount  or' 
water  can be obta ined .  
"dams" t o  r e g i o n a l  groundwater flows. 

f o r  t h e  best p r o d u c t i v i t y  per w e l l  i s  outside t h e  h i g h l y  

f a u l t e d  zone b u t  i n s i d e  t h e  edge of f r a c t u r i n g .  

Proper ly  des igned ,  c o n s t r u c t e d ,  c leaned and s t a b i l i z e d  

w e l l s  less than  300 f e e t  deep i n t e r s e c t i n g  s h a l e s  nea r  
f r a c t u r e s  should have s a f e  p e r e n n i a l  p e r  well y i e l d s  i n  t h e  

3 0  t o  50 gpm range. S i m i l a r  w e l l s  i n  s h a l e s  n o t  nea r  a . 

f r a c t u r e  zone w i l l  
t h e  5 t o  15  gpm range.  
sandstone should have s a f e  y i e l d s  ranging  from 20  t o  50 

gpm, w h i l e  t hose  l o c a t e d  away from f r a c t u r e  zones w i l l  be  

capable  of y i e l d i n g  only  enough water  t o  s e r v i c e  one house- 

hold ,. 

F a u l t s  have been observed t o  a c t  a s  

The optimum zone 

have expected safe p e r e n n i a l  y i e l d s  i n  
W e l l s  i n t e r s e c t i n g  f r a c t u r e d  

PW'ENTIAL LOCAL RECHARGE 

The average annual  p r e c i p i t a t i o n  recorded a t  Departure  3ay, 

5 m i l e s  from Gabriola  I s l a n d  i s  3 4  i n c h e s .  W e  assume t h a t  

t h e  average annual  p r e c i p i t a t i o n  t h a t  f a l l s  on Gabr io la  I s l a n d  
w i l l  be the same. -& - ~ c - - s  - , t b r e f  Ln, /da.(n&.<u mace "7 +w-L j ~ d b -  

b 
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Approximately 2 0 0  w e l l s  w e r e  known t o  e x i s t  on GabriQla 

I s l a n d  i n  t h e  f a l l  of  1 9 7 2 .  The r a t e d  (by d r i l l e r s  and 

owners) s a f e  product ive  c a p a c i t i e s  o f  t h e s e  w e l l s  t o t a l l e d  

approximately 9 0 0  gpm, 

w e l l  y i e l d  f o r  wells l o c a t e d  wi thout  b e n e f i t  of geo log ic  

knowledge of 4 5 gpm. 

T h i s  g i v e s  a reasonable  avera.ge p e r  

To ana lyse  recharge ,  w e  d iv ided  the I s l a n d  i n t o  hydro logic  

r eg ions .  

l i t h o l o g y  of bedrock a t  o r  c l o s e  t o  ground s u r f a c e ,  and 
presence  or  absence of f a u l t  and f r a c t u r e  zones. 

cen tage  of t h e  average annual  p r e c i p i t a t i o n  of 3 4  i nches  t h a t  
seeps i n t o  t h e  ground for each reg ion  was then es t imated .  

These r eg ions  a r e  de f ined  by t h e i r  topography, 

The per -  

Based upon t h e  percentage  of p r e c i p i t a t i o n  t h a t  i s  judged 

t o  e n t e r  t h e  f a u l t  and f r a c t u r e  s y s t e m  of t h e  I s l a n d ,  
~ 7 e  conclude that .  a t o t a l  water  equ iva len t  of 
a v a i l a b l e  t o  recharge  t h e  system each year .  

t o  a n  average annual  recharge  of 4.5 inches  o r  13.6% of t h e  

average annual  p r e c i p i t 3 t i o n  of 34 inches .  T h i s  means t h a t  
water  can be s a f e l y  withdrawn from t h e  groundwater system 

a t  t h i s  r a t e .  
i n  t h e  gene ra l  water  t a b l e  and t h e  pumping l e v e l s .  

w i l l  be r e s t o r e d  du r ing  y e a r s  of high p r e c i p i t a t i o n .  
pumps i n  a l l  w e l l s  must be se t  so t h a t  t h e  bowls are submerged 
under low water  drought  cond i t ions .  The w e l l s  must be l o c a t e d  

w i t h i n  a n y - p a r t i c u l a r  f r a c t u r e  zone t o  d r a i n  water  evenly 

a long  t h e  whole zone. Aqui fers  w i t h  f r a c t u r e  Pe rmeab i l i t y  

having more o r  less d i s t i n c t  boundaries  can be e a s i l y  

overpumped a t  a n y  one p”!ace. 

gpm is  
This  i s  equ iva len t  

I n  y e a r s  of drought  there w i l l  be a d e c l i n e  
I 

These 

The 

The  appearance of a c o n s t a n t l y  
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lower ing  water leve l  can  sugges t  e r roneous ly  t h a t  t h e  

p roduc t ive  p o t e n t i a l  has  been exceeded. The w e l l  spac ing  

f o r  any g iven  zone must be c a l c u l a t e d  from c o e f f i c i e n t s  
d e r i v e d  from p r o p e r l y  supe rv i sed  and ana lysed  pump tests, 
I'hs c o e f f i c i e n t s  w i l l  a l s o  a l l o w  t h e  p o s i t i o n i n g  of wells so 
k h a t  s a l t  w a t e r  i n t r u s i o n  and Contamination can  be k e p t  minimal. 

, i  

$ 4  

POTENTIAL REGIONAL RECHARGE 

The yroundwater-bearing f a u l t  and f r a c t u r e  system of Gabr io la  

I s l a n d  i s  g e o l o g i c a l l y ,  and w e  presume h y d r o l o g i c a l l y ,  

connected t o  t h 2  f r a c t u r e  system t h a t  i s  p r e s e n t  a long  t h e  

eastern slope of Vancouver I s l a n d .  We b e l i e v e  t h a t  t h e  sea 

f l o o r s  o f  t h e  i n t e r v e n i n g  channe l s  have t h e i r  f r a c t u r e s  
sealed w . i t h  nud.s, s i l ts ,  and i n  p l a c e s  g l a c i a l  t i l l s  o r  

hardpan. Thus s a l t  w a t e r  should n o t  e n t e r  t h e  system between 

Vancouver I s l a n d  and Gabriola I s l a n d .  

The.longituc2ina.l  a x i s  of Gabr io la  I s l a n d  i s  9 m i l e s  long. 
Of t h i s  d i s t a n c e  approximately 2 m i l e s  of f r a c t u r e d  r o c k s  are 
a v a i l a b l e  t o  t r a n s m i t  groundwater from Vancouver I s l a n d .  I f  
t h i s  water  e n t e r s  t k  f r a c t u r e  system above an e l e v a t i o n  of 
1 0 0 0  f ee t ,  t h e  areas of  r echa rge  are approximately 6 miles 
w e s t  of Gclbriola I s l a n d .  The c a l c u l a t e d  t r a n s m i s s i b i l i t y  f o r  
1.00 f e e t  of f r a c t u r e d  rock  on Gabriola I s l a n d  ranges  from 

1 0 0 0  t o  2200  U S  gpd/ft. For c o n s e r v a t i v e  estimates t h e  l o w e r  
f i g u r e  will be used. Th i s  means t h a t  f o r  a 1 0 0 0  f o o t  deep 

f r a c t u r e  zone. t h e  t r a n s m i s s i b i l i t y  w i l l  r ise t o  1 0 , 0 0 0  U S  gpd/ 

f t .  Based on t h e  above, t h e  e s t ima ted  groundwater f low towards 
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Gabrlolq I s l a n d  from t h z  e a s t e r n  s l o p e  of  Vancouver I s l a n d  

i s  as  fo l lows:  

2 m i l e s  x 1 0 , 0 0 0  -- U S  gpd / f t  x 1 0 0 0  f e e t  
= 3 . 3  million us 

6 m i l e s  g a l l o n s  p e r  day 

T h i s  i s  e q u i v a l e n t  t o  approximately 2200 gpn. 

of t h i s  water can  be economically i n t e r c e p t e d  then  t h e  

u s e a b l e  wa te r  i s  e q u i v a l e n t  t o  1100 gpm. W e  b e l i e v e  t h a t  
t h e  q u a l i t y  o f  t h e  deep flowing water w i l l  be a c c e p t a b l e  for 
human consumption because it w i l l  be  f lowing through f r a c t u r e d  

metamorphosed v o l c a n i c s  and q u a r t z i t e s .  

If on ly  h a l f  

SUMMARY 

Based on a v a i l a b l e  informat ion  and p r e s e n t  exper ience  w e  
judge t h a t  t h e  t o t a l  p roduc t ive  p o t e n t i a l  of p r o p e r l y  l o c a t e d  

w e l l  f i e l d s  on Gabr io la  I s l a n d  w i l l  be 3000  U S  gpm from loca l  

r e c h x g e  and 1 1 0 0  U S  gpm from r e g i o n a l  recharge .  
4 1 0 0  U S  gpn can  serve t h e  water requi rements  of 1 0 , 0 0 0  housing 

u n i t s  (based on t h e  w a t e r  consumption r a t e  e s t a b l i s h e d  by 

t h e  Water U t i l i t i e s  Divisior? of 0 . 4 1  U S  gpm/unit) . If we 
assane t h a t  t h e  average house will c o n t a i n  3.5 pe r sons ,  t h e  
probable  groundwater p o t e n t i a l  of Gabr io la  I s l a n d  w i l l  s a t i s f y  

t h e  requi rements  of 3 5 , 0 0 0  people .  

The  t o t a l  



I 
61. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

WATER QUALITY 

Water samples were c o l l e c t e d  s h o r t l y  b e f o r e  t h e  end of 

t h e  pump tests run  on f o u r  of t h e  w e l l s  t h a t  w e r e  d r i l l e d  

f o r  t h i s  s tudy .  Water samples were a l so  c o l l e c t e d  from 
1 4  e x i s t i n g  d r i l l e d  w e l l s  t h a t  w e r e  be ing  pumped for 

domest ic  use.  Table  I summarises t h e  chemical  a n a l y s e s  

of t h e s e  groundwaters.  
waters t aken  d u r i n g  o t h e r  s t u d i e s  from pump tes ts  of 

wells i n  t h e  Descanso Bay and False Narrows areas. 

It a l so  i n c l u d e s  n i n e  a n a l y s e s  of 

A )  T e s t  Wells 72-1 ,  2 ,  3 ,  5 

Exanina t ion  of r e s u l t s  i n d i c a t e s  t h a t  t h e  w a t e r  
from f o u r  wells: 

1. are  slightly a l k a l i n e  
2 .  are t u r b i d  

3 .  have a h igh  l e v e l  of suspended m a t t e r  
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4 .  r e p o r t  h igh  i r o n  r ead ings  

5, are e s s e n t i a l l y  sodium b ica rbona te  or  sodium 

c l o r i d e  groundwaters 
6.  c o n t a i n  ve ry  l o w  c o n c e n t r a t i o n s  of ca lc ium,  

magnesiurn, and p o t a s s i m .  

The t u r b i d i t y  (see Can T e s t  Report  a t t a c h e d ) ,  h igh  
1 l eve l  of  suspended m a t t e r  and h igh  i r o n  r ead ings  should be 

ignored.  Experience w i t h  w e l l s  producing water f r o m  bedrock 
I f r a c t u r e s > s h o w  t h a t  it t a k e s  a c o n s i d e r a b l e  t i m e  t o  produce 

c lear  water ,  T h i s  i s  p a r t i c u l a r l y  t r u e  when t h e  w e l l s  are 1 
1 drilled with an  air r o t a r y  t y p e  machine. 

~ took  almost  s i x  months of c o n s t a n t  pumping before t h e  w a t e r  
became c r y s t a l  c lear ;  I n  a l l  i n s t a n c e s  t h e  tes t  w e l l s  w e r e  
pumped for  approximately one day. 

I‘ 

i’ 
I 

I n  one i n s t a n c e  it 

I! 
i 

f 

The fo l lowing  t a b l e  w a s  drawn t o  discover whether o r  n o t  

d s p t h  w a s  a f a c t o r  a f f e c t i n g  water q u a l i t y  i n  t h e s e  f o u r  

w e l l s .  

T e s t  E l e v a t i o n  ( f t )  Ch lo r ides  Su lpha t s s  To ta l  of Sodium 
PPm Calcium & W e l l  water b e a r i n g  PPm PPm 

zones Magnessium 

I 
I - 

7 2 - 1  225,  102,61,23 15 .0  8.6 4.7 ’ ‘ 1 1 0  

72-2 -7-, -95 36.5 13.8 2.3 , 101 I -  
72-3  1 3 5  t o  1 0 5  

72-5 43, -70  

80.0 9.3 6 - 3  103 

1 2 0 . 5  3,7 3.4 158 

I 
*I 
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2) O t h e r  ;yells 

An examination of the water analyses (Table I ) 

shows no obvious relationship between water quality 
and bedrock geology. 
concentrations are generally shallow and are 
located in the recharge zones. These wells generally 
have relatively high Caf2 and Mg+2 concentrations 
(up to 82.8 and 21.2 ppm respectively) As the 
water moves through the flow system the Na con-' 
centration increases as the Ca+2 and Mg 
concentrations decrease. This change' would be 
caused by a cation exchange, Ca+* and Mgt2 for 
Na on the clay minerals in the shales. 

- 
Wells with low pH and HC03 

4- 

+2 

+ 

Wells located in the lowlying areas (groundwater 
discharge zones) generally have higher C1- and SO4 

concentrations than those wells drilled in higher 
areas (recharge zones). Sodiilm ion is the 
dominant cation in these discharge zones. 

- 

There are no obvious cases of salt water intrusion 
in the wells sampled. Well 37 has high Na and CI 
concentrations but SO 
Wells A and F are both located near the coastline,. 
are drilled into artesian aquifers and have low 

chloride concentrations, The only well that may 
possibly be contaminated by sea water is well H. 

Unfortunately there is no detailed log of this well 

+ + 
-2  is proportionately low. 4 
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64. 

a v a i l a b l e  arid it w a s  n o t  p o s s i b l e  t o  determine t h e  

depth  a t  which t h e  s a l i n e  water  e n t e r s  t h i s  w e l l .  

X h  g e n e r a l  w e  b e l i e v e  t h a t  t h e  s a l t s  i n  t h e  groundwaters on 
Gabr io la  I s l a n d  are de r ived  from s a l t s  i n  t h e  bedrock sediments.  

The d i s t r i b u t i o n  of t h e  bedrock s a l t s  do no t  fo l low a n y - w e l l  

de f ined  p a t t e r n .  Based on obse rva t ions  i n  W e l l  72-5 

it i s  p o s s i b l e  t h a t  t h e  s a l t y  zones occur  where massive s h a l e  

beds (probably marine o r i g i n )  a r e a i n  c o n t a c t  wi th  more 
permeable sandstone beds,  More f i e l d  d a t a  w i l l  be needed t o  
prove t h e  v a l i d i t y  of t h i s  obse rva t ion .  The w a t e r  q u a l i t y  
does n o t  appear t o  be simply related t o  depth of t h e  w e l l .  
The dep th  r e l a t i o n s h i p  i n  W e l l  72-1  t o  72-5 was d i scussed  
earlier.  Other  examples suck; as  W e l l  B compared t o  W e l l  E 

which shows a dec rease  of C1- concen t r a t ion  wi th  depth  

i l l u s t r a t e s  t h i s  l ack  of c o r r e l a t i o n .  

The n a t u r e  of t h e  groundwa'ter chemistry encountered i n  a 

w e l l  on Gabr io la  I s l a n d  w i l l  depend on a number of f a c t o r s  

such as: 

1. 

2. 

3. 

4. 

5 .  

6.  

The l o c a t i o n  of t h e  w e l l  wi th  r e s p e c t  t o  t h e  ground- 

water  flow systems f eed ing  t h e  w e l l ,  
The loea.&ion and s a l i n i t y  of s a l i n e  bedrock zones 

r e l a t i v e  to t h i s  f l o w  system supplying t h e  w e l l .  
Ca t ion  exchange c a p a c i t y  of t h e  s h a l e ,  

Preseiice of soluble minerals such as ca lc i te  and gypsum. 
Local Eh  - Ph c o n d i t i o n s  

Pe rmeab i l i t y  of t h e  bedrock. 
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Groundwater Used f o r  Drinking Water: The i n o r g a n i c  w a t e r  
a n a l y s e s  shown i n  Table  I i n d i c a t e s  t h a t ,  w i t h  one excep t ion ,  

groundwaters are p o t a b l e  and t h a t  most w a t e r s  m e e t  t h e  c r i t e r i a .  
s5t o u t  i n  t h e  Canadian Drinking Water S tandards  ( 1 9 6 8 ) .  

Some r e s u l t s  are  o u t l i n e d  below: 

1. 

2 .  

3. 

4.  

The pH ranged f r o m  6 . 1 0  t o  8 .50 .  T h i s  i s  w i t h i n  t h e  

a c c e p t a b l e  l i m i t s .  
The c h l o r i d e  c o n t e n t  i n  a l l  b u t  s i x  wells ranged! from 

1 0 . 5  ppm t o  80 .0 .  Three w e l l s  had c h l o r i d e  c o n t e n t s  
t h a t  exceeded t h e  p r e f e r r e d  l e v e l  of 250  ppm. (395 ,  

425 and 4 0 7  pprn Cl-). One of t h e s e  (No. 2 6 )  s u p p l i e s  

water t o  t h e  Gabr io la  Sands P r o v i n c i a l  Park.  The w a t e r  
q u a l i t y  should t h e r e f o r e  be rechecked i n  e a r l y  summer. 
The s u l p h a t e  c o n c e n t r a t i o n s  i n  a l l  wa te r s  ~7as v e r y  low 
and ~7ere a l l  a c c e p t a b l e ,  

A n i t r a t e  c o n c e n t r a t i o n  of 1 6 5  ppm which i s  above t h e  

p u b l i c  h e a l t h  s t anda rd  (44.3 ppm NO3) was noted  i n  one 

w e l l .  T h i s  c o n c e n t r a t i o n  w a s  r e p o r t e d  t o  t h e  w e l l  owner 
a s  soDn a s  t h e  chemical  r e s u l t s  became known. 
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66 .  

TABLE I 

Summary of Chemical Analyses of GrQundwater G q b r i o l a  Island 

Icms (ppm) ( 5 )  
Sample Sec- Approx 
Code t i o n  Depth 

(3) (4) (2) (ft) HC03- C1- 
+ K+ pH TDS 

(1) ppm 
Mg+2 Na -2 f2 Ca s04 

' .2 

5 
7 
8 
10 
13 
25 
26 
30 
32 
34 
37 
47 
A 
B 
C 
D 
E 
F 
G 
H 
I 

72-1 
72-2 
72-3 
72-5 

3' 
12 
25 
18 
2 
28 
18 
20 
31 
21 
5 
22 
31 
21 
21 
20 
12 
12 
12 
12 
28 
28 
28 
28 
14 
6 
19 
22 

176 
82 
284 
144 
84 
172 
208 
176 
222 
222 
46 
194 
118 
82 

60 38 
115 193 
90 208 
90 235 
90 226 
100 200 
100 217 
171 248 
100 211 
325 258 
275 194 
250 152 
325 238 

25.0 
28.5 
14.0 
15.5 
65.5 

I 12 - 5 
. 10.5 
13.0 
395.0 
55.5 
19.5 
13.0 
425.0 
44.5 
11.0 
40.5 
30.0 
157.5 
166.0 
46.0 
29.0 
407.0 
18.0 
15.0 
36.5 
80.0 
120.5 

14.8 
13.0 
14.2 
13.8 
6.8 
3.7 
1.6 
2.5 
16.3 
8.2 
9.3 
13.4 
3.9 
29.4 
11.7 
15.8 
19.1 
21.4 
18.7 
12.1 
11.9 
39.4 
6.2 
8.6 
13.8 
9.3 
3.7 

2.2 
14.2 
2.7 
28.9 
64.1 
9.8 
7.6 
20.9 
82.8 
4.4 
9.8 
6.7 
41.8 
35.2 
6.1 
0.5 
10.5 
22.0 
31.3 
10.4 
1.7 
17.0 
1.7 
3.1 
1.8 
5.8 
3.1 

0.3 
4.6 
0.3 
3.8 
21.3 
4.6 
2.4 
5.9 
15.7 
1.4 
7.0 
3.0 
4.3 
5.1 
3.9 
1.6 
4.0 
7.3 
14-2 
5.6 
1.7 
12.8 
1.3 
1.6 
0.5 
0.5 
0.3 

84,O 
35.0 
120.0 
30.0 
43.0 
52.0 
72.0 
42.0 
220.0 
110.0 
13.0 
81.0 
265.0 
26.0 
22.0 
96.0 
74.0 
168.0 
128.0 
89.0 
108.0 
429.0 
94.0 
110.0 
101 - 0 
103.0 
158.0 

1.1 
1.2 
0.7 
1.2 
2.8 
1.2 
2.5 
1.0  
3.5 
1.1 
1.0 
0.7 
1.7 
0.5 
0.7 
0.8 
1.9 
1.2 
1.3 
2.2 
1.2 
2.5 
1.3 
1.0 
0.7 
1.3 
1.5 

7.7 
6.2 
8.3 
7.2 
6.1 
6.9 
7.6 
7.3 
7.4 
8.2 
6.1 
8.5 
6.9 
6.1 
6.3 107 
8.3 365 
7.8 362 
7.7 628 
7.5 600 
7.4 385 
8.5 395 
8.6 1,200 
8.2 346 
8.3 410 
8.35 364 
8.10 . 365 
8.45 540 
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NOTES : 

1. All pH readings were made using the electrometric method in 
the laboratory a few days after sampling. 

2. See sampling locations on Figure 

3. Sample A to I are also known by the following identifications 
in Robinson, Roberts and Brown reports: 

A Gabriola Wildwood Estates Ltd., Descano Bay Subdivision - Well No. 2 
B - Well No. 4 

- Well No. 9 C 
- Well No. 7 D 

E - Well No. 8 
F Jenkins Subdivision - Well No. 1 
G - Well No. 2 
H - House Opposite 

- Well No. 3 I 

I 
I 
I 
I 

II II II 11 11 11 ( 1  

11 I 1  11 11 I 1  II 11 ’ 

II II I t  II I 1  I t  I t  

I( tt  II II II I1 II 

II II I 1  I t  

II II II 11 II II 

11 I t  11 I t  II II 

I t  It  I1 11 II II 

4. These wells are numbered in the same manner as used on the 
Groundwater Division Figure 4 entitled Gabriola Island Hydrochemical 
Data Work Sheet. The sampled wells are the same or in close 
proximity to the wells sampled by the Groundwater Division. 

5. All samples analysed in the hboratory by Can Test Ltd. using 
standard APHA methods. I 

I 
I 
I 
I 
I 
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!;/e have  t e s t e d  4 samples  of  watsr'suhnitted. by you.on August .28, 
.: 

. .  

. .  
. . .  . . .  

. .  
. .  . .  > 

, . .  . .  
. .  

. .  
. . .  

1972 and report as.: f01lows:; 

Sarnpiz. i d e n t i  f-ication .: ' 
. .  

. . . . .  

I. : 
1'. 
I ... a . 

. .  . .  
. .  . .  

-.-I 

' .1;;2 samples wera .sui;mittzd- i n  p l a s t i c .  bott .?es .  l abe l  bed - 
. .  

i . 
, .. 

. .  

1372 9:OO a.m..  ; Gsbriola isrand , ' , '  . ' Sample ? :. !?el 1 #1 - Ausust 23,  
. . .  

. .  . j  

I 3 I s l a n d  



lest - 
pH (electrometric) 
Colar (R-co scale) 
Turbidlty (SIO, scale) 
Suspended Hatter 

Fixed 
Valati le 

Hardness (Calculated) 
Dissolved Anions 

Alkalinlty 
Blcarbonates 
Carbonates 
Hydroxyl Ion 

Ch lor Ides 
Sulfates 
Phosphates 
Ni tratcs 

Dlssolved Catlons 
S I 1  tca 
I ron 
At om i num 
tal c I urn 
Hagnes 1 urn 
Sod I um 
FG:CSS?W 
Manganese 
copper 
Lead 
Zlnc 

Total Iron 
Total Dissolved Sollds 

F I xed 
Volatile 

L .I less than 

Remarks 

H C O ~  
C O3 
OH 
CI 
so4 
PO4 
NO3 

SI02 
Fe 
AI 
ca 
Mg 
Na 
K 
Mn 
cu 
Pb 
Zn 
Fe 

8.30 
0.5 

340. 
962. 
902. 
60. 

. 14.3 

258. 
2. 

15.0 
8.6 

L 0.1 
L 0.1 

12.7 
0.07 

L 0.05 
3.1 
1.6 

110. 
1 .o 

L 0.05 

L 0.01 

32 .O 

nll 

0.018 

0.010 

410. 
281. 
129. 

0.35 
L 0.5 
129. 
162. 
136. 
26. 
6.6 . 

194. 

nll 
1.5 

36.5 
13.8 

L 0.1 
L 0.1 

12.4 
0.06 

L 0.05 
I .'8 
0.5 

101. 
0 .  I 

L 0.05 
O.CO9 

L 0.01 
0.007 
30.0 
364. 
266. 
98. 

a. i o  
1.5 

315. 
h95. 
458. 
37. 
16.6 

152. 
trace 
nil 

80.0 
9.3 

L 0.1 
L 0.1 

11.8 
0.07 

1 0.05 
5.8 
0.5 

103. 
1.3 

L 0.05 
0.017 

L 0.01 

36 .O 
365. 
289. 
76. 

o .007 

8.45 
L 0.5 
2s. 
60.8 
50.4 
10.4 
9.0 

238. 

nll 
120.5 
3.7 

L 0.1 
L 0.1 

2.5 

11.8 
0.05 

L 0.05 
3 .1  
0.3 

158. 
I .5 

L 0.05 
0.015 

L 0.01 
0.007 

11.0 
540. 
420. 
120. 

Examlnatlon of the above results lndlcated that all four water 
samples were qulte similar In composltlon. A ! l  samples were sllghtly 
alkaline, high In suspended matter, very low in hardness and moderate 
to hlgh In dlssolved mlnerallratton. 

The suspended matter appeared to be a very finely divided silt 
rnaterlal which was dlfflcult to remove by flltratlon because the 
parttcles clogged the sllter paper. 
assoclated with thls suspended matter. 

The hlgh total Iron contents were 
2_. 

- . ~ . ~ 

_ _  .. .~ 

Y 

Ppn 
Ppn 
Ppn 
Ppn 
Ppm 
Ppn 

Ppn 
Ppn 
Ppn 
Ppn 
Ppn 
Ppn 
Ppn 

Ppm 
Ppn 
Ppn 
Ppn 
Ppn 
Ppn 
P F  
Ppn 
Ppn 
Ppn 
Ppm 
Ppn 
Ppn 

Ppn 
ppm 
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~ i i e  >IO. 3703 A 
Page 3 

A l l ?  s-?n?lzs mt tb2 Anrrican Pcb! i c  i!e3it:1 A 5 x x i a t i o n  standards 
io!: 3omzst I C  watsr  suppi  i e s  on a1 1 t p j t s  canducted. 

Prior t.3 i t s  use for  d r i n k i n g  purDoscs :e wcutd  rzcomznd t h a t  the 
water be tcstad for i t s  bacteriological purity. 

C ‘1 TEST 



1650 PANOORA STREET. YANCOUYEFI 6. B.C. 0 TEEPHONE 254-7278 

' da te r  Sainples f o r  Chemical A n a l y s i s  3705 A Report On File No ~ 

Report No L, 1 I - 

Robinson, Robzrts  E. Brown September 12 ,  :972 

1632 E.!cGui r e  
Rqm:t& l o  ~-~ D2t~t  

' 

I 
I 

EIorth Vancouver, B .C. 

Io 
I 

We h a v e  t e s t e d  14 samples O F  water  submit ted by you on A u c j U s t  28  
and 29, 1972 and r e p o r t  as  fo l lows :  

Sample I d s n t  i f i ca t i on 

The samples were a s e r i e s  of we11 wate r s  t h a t  had been taken on 
Gabr io la  I s land  on A u g u s t  24 and August 28, 1972. Each sample was 
submi t ted  t o  t h e  l a b o r a t o r y  i n  a p l a s t i c  b o t t l e  l a b e l l e d  as t o  we11 
number and d a t e  o f  sampling, 

blethod of T e s t  i nq 

The samples wzre t e s t e d  i n  accordsnce wi th  the procedures  se t  down 
i n  "Standard Methods for  t h e  Examination of !ilater and LJaste Water" - 
1 3 t h  E d i t i o n ,  publ ished by t h e  American Publ ic  klealth A s s o c i a t i o n ,  1371. 



___.. . 

10 
I 

5 - 7 - 
6.10 
6 ,4- 
3 .6  
2.8 

24.7.6 

6.90 
0 . 3  
0.3 
0 

43.4 

7 .G5 6 , 1 5  
0.9 2 .G 
0.1 0 .7  
0.8 1 e 9  
5.5 45.2 

8.30 
6 . 4  
6 . 2  
0.2 
6.8 

7.15 
, 3 . 6  

2.4 
1.2 

87.8 

7 .55  
3 . 2  p pm 
1 .5  P Prn 
1 . 7  P PI71 

28.8 P PIn 

pS 
S u s pc n d c d kla L: 1: e r -A 

F i xed 
Vo 1 dt i 1 e 

I-I;!rdncss (Ca 1 cct 1 a t c d )  
D i sso 1 v e d  kn i ons 

E i c a r b o n a t e s  
C a I-bon a t es 
I-lyc! roxy 1 1 on 

Alkal i n i  t y  

Chlor ides  
S u l f a t e s  

Dissolved Cat ions 
Ca 1 c i uni 

Magne s i u n i  
Sod i mi 
Potassium 

r 
P 
-i 

176. 82 
n i  1 n i  1 
n i  1 n i l  
25.0 28.5 
11i.8 13.0 

284.. 

n i  1 
1 .o 

14.0 
14..2 

144. 
n i  1 
n i  1 
15 .5  
13.8 

84. , 

65.5 
6 $8  

n i  1 
n i  1 

172 .  
n i  1 
n i  1 

12 .5  

208. P Pm 
n i  1 P Pm 
n i  1 P PIn 

10.5 P Pm 
1.6 P Pn1 

I4 C O3 
c03 
0 ti 
c ,1 
s O!+ 3.7 

2.2 14.2 
L 0.3 4.6 
84 0 35. 

1 . I  1.2 

28.9 
3.8 

30 .O 
1.2 

64.1 
21 .3  
43 * 

2.8 

9 .8  
4.6 

1.2 
52 .  

Ca 

Na 
I< 

Ptg 
2 . 7  

L 0 , 3  
1 2 0 .  

0.7 

30  - 3 2 - 34 - 4 7  - 
PH 
Suspended Matter;': 

F i xed  
Volat i  I C  

t izrdness (Cal cu 1 a t e d )  
G i s. so 1 vcd A n  i on s 

A l k a l i n i t y  
B i carbonatcs  
C a r bon a t e s 
Hydroxyl lon 

C l i  1 o I- i des 
S u l f a t e s  

Dissolved Cat ions 
Ca 1 c i urn 
MaiJnes i urn 
S o d  i urn 
Potass  iurn 

7.30 
0 . 5  
0.1 
0.4 

7G .k 

7.35 8.20 
2 .1  0 -8  
1.5 0.6 
0.6 0 .2  

271 .4 16.7 

6.10 
10.2 
9.1 
1 . 1  

53.2 

8.50 6.85 6.10 
1 .o 1 . 4  7 .9  P Prn 
0.6 1 .3  6 .9  P Pn' 
0 . I t  0.1 1 .o P Pm 

29.1 122.1 108.9 P Pm 

HCO3 176 a 

c 03 
OH 
c1 13 .O 
S 04 2.5 

n i  1 
n i  1 

222. 222 0 

n i l  t r a c e  
n i  1 ' n i l  
395. 55.5 

16.3 8.2 

4.6 
n i l  
n i  1 

19.5 
9.3 

194. 

n i  1 
1.5 

13 .O 
13 .I+ 

1 l a .  
n i  1 
n i  1 
425. 

3 .9  

82 0 

44 . 5 
2 9 , 4  

35.2 
5.1 

26 e 

0.5 

n i  1 
n i l  

82 .8 4.4 
15.7 1.4 

3 .5  1 , 1  
220. 1'10. 

41 .8 
4.3 

1 * 7  
265. 

Ca 20*9 
M9 5.9 
Na 42 0 

K 1 .o 

9.8 
7.0 

12.5 
1 e o  

L = l e s s  than  

7': = Samples f i l t e r e d  on 0.45 - + 0.02 micron membrane, 



S3mp 1 i ng Dates 

Samples taken August zit, 1972 = \.\e 

S m p l e s  t'aken August 28, 1972 = We 

F i l e  No, 3705 A 
Page 3 

bios. 5,  25, 26, 3 0 ,  34 

1 Nos- 2 ,  3, 7, 8, 10, 13, 32,  37, 47 

Remarks 

The sample from Well No. 8 'was also analyzed for nitrates in order 
The nitrate (N03) content was 165. to obtain a cation - anion balance. 

ppn w h i c h  was above t h e  p u b l i c  health standard (N.3 ppm NO3). 

I 
1 
I 
I 
I 

CAN TEST LTD. 
. .  

D. K.  Dixon 
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FUTURE PROGAR&!4S 

INTRODUCTION 

Groundwater i s  t h e  m o s t  economic source  of water t o  s a t i s f y  

t h e  w a t e r  needs of t h e  p r e s e n t  i n h a b i t a n t s  of Gabr io la  

I s l a n d .  Analyses  i n d i c a t e  t h a t  t h e  subsu r face  water-bear ing 
r e s e r v o i r s  p r e s e n t l y  known.to e x i s t  benea th  t h e  I s l a n d  can  

s a t i s f y  t h e  water  needs of 2 6 , 0 0 0  i n h a b i t a n t s .  T h e o r e t i c a l  

c o n s i d e r a t i o n  i n d i c a t e s . t h a t a n o t h e r  9 , 0 0 0  i n h a b i t a n t s  
can  p o s s i b l y  be s e r v i c e d .  

I f  modern geo log ic  and c o n s t r u c t i o n  t echn iques  are used 

t o  l o c a t e ,  de i ; ign , tes t  and c o n s t r u c t  t h e  w e l l s  t h e  
groundwater scmrce w i l l  be as  r e l i a b l e  as any s u r f a c e  source  

of imported w a t e r .  

Groundwater can  be used t o  g r e a t  economic, environmental  

and a e s t h e t i c  advantage d u r i n g  three s t a g e s  of an  areas-pop- 
u l a t i o n  i n c r e a s e ;  
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75. 

1. Where t h e  popu la t ion  i s  s m a l l ,  s c a t t e r e d  and wi th  on ly  

a few c l u s t e r s  of low d e n s i t y  communities. 

2. Where t h e  water demand of t h e  popu la t ion  exceeds t h e  

p r o d u c t i v e  p o t e n t i a l  of t h e  subsu r face  water-bear ing 

r e s e r v o i r s .  

3 .  Where t h e  w a t e r  demand of t h e  popu la t ion  e q u a l s  o r  exceeds  

t h e  p roduc t ive  p o t e n t i a l  of s u r f a c e  sou rces  of  imported 

w a t e r .  

During S tage  1 development ( t h e  s t a t e  t h a t  p r e s e n t l y  e x i s t s  
on Gabriola  I s l a n d )  groundwater f r o m  i n d i v i d u a l  domestic 

w e l l s  o r  w e l l s  s e r v i n g  s m a l l  community water systems i s  t h e  

o n l y  v iab le  source  of w a t e r .  Growth p a t t e r n s  should be 

planned so t h a t  a s  i n d i v i d u a l  wells become less a t t rac t ive  
f o r  econonic and h e a l t h  p r o t e c t i o n  reasons  t h e  community 

wzter systems and w e l l s  can  be in t e rconnec ted  i n t o  an I s l a n d  

wide system. 
4 

During Stage  2 when a t a x  base  e x i s t s  t o  econon ica l ly  

f i n a n c e  imported water t h e  community wells can be used t o  

assist peak l o a d s  and t o  serve isolated o r  " t a g  end"  areas. 

When S tage  3 ar r ives ,  all w a t e r  sou rces  must be developed t o  
t h e i r  f u l l e s t  p o t e n t i a l .  

The fo l lowing  programs should be comsleted du r ing  t h e  nex t  
f i v e  y e a r s  t o  a l low tne making o f  more s o p h i s t i c a t e d  

estimates of t h e  I s land ' sgroundwater  p o t e n t i a l .  
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M O N I T O R I N G  PROGRAM 

T h i s  program should c o n s i s t  of  t h e  p l a c i n g  of au tomat ic  w a t e r  

level  r e c o r d e r s ' o n  T e s t  Wells 72-3 and 72-5, Both of t h e s e  

w e l l s  a re  l o c a t e d  w h e r e - t h e  r e c o r d e r s  can  be p r o t e c t e d  
a g a i n s t  vandals .  

The s h u t - i n  p r e s s u r e  head a t  T e s t  W e l l  72-2 should be measured 

eve ry  week: M r .  Bol ton who owns t h e  ranch  across t h e  road 
from t h i s  w e l l  would nost probably be prepared  t o  t a k e  t h e s e  

/- 

r e a d i n g s .  

A series of up-to-date c h a r t s  should be k e p t  which w i l l  
show t h e  f l u c t u a t i o n s  of  t h e  water l e v e l  i n  t h e  w e l l s  and 
t h e  cumula t ive  sum c u r v e s  of p r e c i p i t a t i o n .  ( 

I f  t h e  wells can  be pumped t o  ensu re  r e l i a b l e  r e s u l t s  it 
would be ex t remely  i n t e r e s t i n g  t o  check t h e  water q u a l i t y  

eve ry  month f o r  one yea r .  

The water samples should be ana lysed  f o r  n i t r a t e s ,  phosphates ,  

c h l o r i d e s ,  s u l p h a t e s ,  calcium, magnesium and sodium. 

' D R I L L I N G  PROGIWM 

P,t t h e  p r e s e n t  t i m e ,  w e  b e l i e v e  t h a t  t h e  b a s i c  s t r u c t u r a l  
f e a t u r e s  of t h e  I s l a n d  are s u f f i c i e n t l y  wellknown. Unfo r tuna te ly ,  

t h e  s t r a t i g r a p h y  of t h e  sedimentary rocks  benea th  t h e  western- 

m o s t  and eastern-most f a u l t  blocks are u n c e r t a i n ,  The presence  

and t h i c k n e s s  of Gabr io l a  sands tones  i n  these f a u l t  b locks  
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:.is ques t ionab le .  Also t h e  groundwater p r o d u c t i v i t y  of 
t h e  f a u l t  and f r a c t u r e  zones a r e  u n c e r t a i n ,  

W e  t h e r e f o r e  b e l i e v e  that.  two 500 f o o t  deep w e l l s  should 

be d r i l l e d  a t  s u i t a b l e  l o c a t i o n s  a t  e i t h e r  end of t h e  

I s l a n d .  

Eventua l ly ,  one o r  two deep, 5 , 0 0 0  f o o t  tes t  w e l l s  w i l l  
have t o  be d r i l l e d .  These,  however, do n o t  appear  warranted 

u n t i l  t h e  l o c a l  water  demand i n c r e a s e s  markedly so t h a t  
t h e  5 0 0  foot deep and sha l lower  water-bear ing zones become 

over  taxed .  

water from deep wells o r  from t h e  Nanaimo Water D i s t r i c t  

should be s t u d i e d .  I f  s u r f a c e  w a t e r  was p r e f e r a b l e ,  t he  

deep tes ts  would n o t  be warranted u n t i l  t h e  s u r f a c e  source  

i t s e l f  became over- taxed.  

A t  such a t i m e  t h e  economics of a b t a i n i n g  

PROTECTION PROGRAM 

The e f f e c t s  of t h e  d i s p o s a l  of e € f l u e n t  from domest ic  

sewerage systems ( s e p t i c  tank  o r  a e r a t e d  s ludge)  on t h e  

groundwater system should be s tud ied .  W e  would propose 

t o  t a k e  smal l  a r e a  where both  a domestic water  system 
supp l i ed  f r o m  w e l l s  and domest ic  sewage systems e x i s t .  
Such a r e a s  could be a t  S i l v a  Bay o r  Tinson P o i n t ,  

There has been cons ide rab le  d i s c u s s i o n  by numerous people  

concerning t h e  magnitude of t h e  problems concerning t h e  
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p r o t e c t i o n  of p u b l i c  hea l th  i n  a r e a s  u n d e r l a i n  by s u r f a c e  or  
nea r  s u r f a c e  bedrock, However, no f a c t u a l  s t u d i e s  have been 

conducted i n  B r i t i s h  Columbia. 

Such a s tudy  could  only  be meaningful i f  m o s t  of t h e  l o c a l  

i n h a b i t a n t s  co-operated.  A r e l a t i v e l y  d e t a i l e d  map would 

have t o  be made of t h e  a r e a  i n  which w e l l s ,  d r a i n  f i e l d s ,  

f r a c t u r e s ,  e tc .  would be l o c a t e d .  Water samples would be 

col lectec? and analysed f o r  p o l l u t i o n  i n d i c a t o r s .  
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