
-€ Lecture  t o  T h e t i s  I s l and  Residents  on ,"Methods t o  Evalua te  and Develop 

t h e  Groundwater Resources of T h e t i s  Is land" k=k d e l i v e r e d  by J . C .  Foweraker ' 

on November 20, 1975 a t  t h e  T h e t i s  I s l and  School. 

Ladies and Gentlemen: I have e n t i t l e d  t h i s  t a l k  "Methods t o  e v a l u a t e  and 

develop t h e  Groundwater Resources of T h e t i s  I s l and .  F i r s t ,  however, I would 

l i k e  t o  take a few minutes t o  t a l k  a.bout Groundwater i n  gene ra l .  

I n  my view.Groundwater i s  one of our  most p rec ious  r e sources .  

such as my home c i t y  o f  Chr is tchurch ,  New Zealand r e l y  on groundwater ex- 

Many c i t i e s  

c l u s i v e l y  f o r  water supply.  

PICTURE NO. 1 

"Groundwater" i s  commonly understood t o  mean water  occupying a l l  t h e  voids  

w i t h i n  a geologic  s t ra tum,  i n  o t h e r  words it i s  a zone of s a t u r a t i o n .  

GroundWater occurs  i n  permeable geologic  formations known as a q u i f e r s  - from 

t h e  l a t i n  Ifaqua'' meaning water and " fe r r e"  meaning t o  b e a r .  Aquifers  are 

formations having s t r u c t u r e s  t h a t  permit  apprec i ab le  water  t o  move through 

them under o rd ina ry  f i e l d  cond i t ions .  

Th i s  p i c t u r e  shows types  of  i n t e r g r a n u l a r  pore  spaces  and bed rock f r a c t u r e s  

through which groundwater can move, provided t h e  pore  spaces  a r e  b i g  enough. 

Clay i s  n o t  c a l l e d  an a q u i f e r  because t h e  t i n y  spaces  between t h e  p a r t i c l e s  

are s o  small t h a t  water  can not  move through them i n  apprec i ab le  q u a n t i t i e s .  
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PICTURE NO.  2 

W h e - e j o e s  groundwater come from? 

Th i s  ques t ion  can b e s t  be  answered by r e f e r r i n g  t o  z p i c t u r e  of  t h e  hydrologic  

cyc le .  

r o o t  zone and moving down t o  t h e  groundwater r e s e r v o i r .  

source of e s s e n t i a l l y  a l l  our f r e s h  groundwater. 

t u r e ,  groundwater even tua l ly  f i n d s  i t s  way ou t  t o  t h e  ocean where i t ,  along 

Here we can s e e  some of  t h e  p r e c i p i t a t i o n  scaking through t h e  p l a n t  

P r e c i p i t a t i o n  i s  t h e  

As you can s e e  from t h e  p i c -  

wi th  o t h e r  water  sou rces ,  i s  evaporated once more t o  cont inue  t h e  hydro logic  I 
cyc le .  

PICTURE NO. 3 

I t  would be worthwhile t o  d i s c u s s  b r i e f l y  how groundwater occurs .  Th i s  p i c -  

t u r e  shows i n  more d e t a i l  t h e  subsur face  and groundwater phase of t h e  hydro- 

l o g i c  cyc le .  

o f  t h e  water  t a b l e  a q u i f e r .  

d r i l l e d  a t  "A". 

i s  recharged from p r e c i p i t a t i o n  i n  t h e  upper r i g h t  hand corner  of t h e  p i c t u r e .  

The water l e v e l  i n  we l l s  d r i l l e d  i n t o  t h i s  a q u i f e r  a t  "B" and "C" w i l l  r i s e  

high i n  t h e  well due t o  t h e  head of  water and i n  t h e  case  of well 'IC" a c t u a l l y  

w i l l  f low over  as a f r e e  f lowing a r t e s i a n  we l l .  

The water t a b l e  d e f i n e s  t h e  upper limit of t h e  s a t u r a t e d  zone 

I t  a l s o  de f ines  t h e  water l e v e l  i n  t h i s  we l l  

The a r t e s i a n  a q u i f e r  i s  confined between two c l a y  beds and 

I 

PICTURE NO. 4 

This  p i c t u r e  shows a 'vperched" water t a b l e  e x i s t i n g  above a t i g h t  c l a y  l a y e r  

causing groundwater t o  seep ou t  a t  t h e  s u r f a c e  a s  a sp r ing .  

. . .  3 
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PIC @ .E NO. 5 (E.C. 7408 No. 2 8 2 )  

Springs i n  bedrock are o f t e n  a s s o c i a t e d  wi th  f a u l t s .  What i s  a f a u l t ?  I t  i s  

a rup tu red  rock zone along which t h e r e  has been an adjustment t o  p r e s s u r e s .  

D r .  Muller  o f . t h e  Geological  Survey helped me l o c a t e d - t h e s e  f a u l t  l i n e s  on t h i s  

a i r  photo of  p a r t  of  T h e t i s  I s l a n d .  Here we have t h e  l i n e  of  a f a u l t  a long 

t h e  l e f t  s i d e  o f  t h i s  lake ,  and another  running sou theas t  from t h e  i n l e t  of 

North Cove. Springs shown by t h e  c i r c l e s  a r e  c l o s e l y  a .ssociated wi th  f a u l t  

, zones a t  t h r e e  l o c a t i o n s  he re .  

PICTURE NO. 6 ( E . C .  7409 No. 054) 

Mere i s  another  a i r  photo of T h e t i s  showing t h e  same f e a t u r e s .  
7 

LIGHTS 

F a u l t s  can be very  important  zones f o r  groundwater development, and when t h e  

rock  i s  badly f r a c t u r e d  i n  t h e  f a u l t  zone it can s t o r e  l a r g e  q u a n t i t i e s  of  

groundwater. 

Muller .  

Th i s  map shows f a u l t  l i n e s  on T h e t i s  I s l and  according t o  D r .  

N O W ,  I would l i k e  t o  d i s c u s s  wi th  you t h e  informat ion  we have a v a i l a b l e  about  

T h e t i s  I s l and  which will be u s e f u l  f o r  any f u t u r e  s tudy  of  t h e  groundwater 

r e sources  of  t h e  I s l a n d .  

MAP NO.  8 (Watershed Map o f  T h e t i s  I s l and)  

IVe have prepared a watershed !or T h e t i s  I s l a n d .  
W o * k e d  OCrt  

t h e  I s l and  can be . - by r e f e r r i n g  t o  t h i s  Watershed Map.  You will 

V n Q ' 3  

The dra inage  p a t t e r n  of  fi cat  

I ' no te  t h a t  we have o u t l i n e d  ei.ght sub-bas ins  o r  watersheds.  The watershed 

. . .  4 
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b o u w i e s  co inc ide  wi th  t h e  topographic  d i v i d e s  between sub-bas ins .  

s i z e  of a watershed and t h e  amount of p r e c i p i t a t i o n  f a l l i n g  on it are  impor- 

t a n t  f a c t o r s  i n  c a l c u l a t i n g  p o t e n t i a l  f o r  groundwater recharge .  

The 

MAP NO.  9 (Geology of T h e t i s  and Kuper I s l a n d )  

If we are going t o  s tudy  groundwater we must f i r s t  understand t h e  geology. 

The geology of T h e t i s  I s l a n d  i s  i l l u s t r a t e d  on t h i s  map by Michael Simmons 

which I have coloured i n .  

The s t r i p e d  b l u e  co lour  r e p r e s e n t s  t h e  Late Cretaceous Cedar Distr ic t  Forma- 

t i o n  and i t  is d i s t r i b u t e d  mainly i n  t h e  i n t e r i o r  of t h e  i s l a n d  and along 

t h e  sou theas t e rn  c o a s t l i n e .  The formation c o n s i s t s  of  mudstones, s i l t s t o n e s  

and sandstone.  

The orange co lour  r e p r e s e n t s  t h e  . r e s i s t a n t  sandstones .--_-. and conglomerates of 

t h e  De Courcy Formation. This  formation i s  d i s t r i b u t e d  along t h e  n o r t h e a s t  

coas t  where it forms P i lkey  Poin t  and t h e  caprock of Moore Hill. I t  a l s o  

c rops  out  along a s t r i p  extending from t h e  base  of  Burchel l  Hi11 t o  F o s t e r  

Po in t .  F a u l t  b locks  loca ted  along North Cove and i n  t h e  i n t e r i o r  of  t h e  

I s l a n d ,  a l s o  a r e  composed of t h i s  formation.  

The green  co lou r  r e p r e s e n t s  t h e  Late  Cretaceous Northumberland Formation. 

Much o f  t h i s  formation c o n s i s t s  of mudstones which weathers e a s i l y .  The 

rocks a r e  mapped from t h e  s h o r e l i n e  of North Cove t o  no r th  of Burchel l  Hill, 

and from t h e  n o r t h  shore  of  Preedy Harbour t o  t h e  southern  f l a n k  o f  Burchel l  

H i l l .  

'. . . 5  
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s t r i p e d  a r e a  i s  mapped as t h e  Geoffrey Formation which c o n s i s t s  mainly 

of sandstones and extends from Frase r  Poin t  t o  Crescent  Po in t .  

MAP NO.  10 

Th i s  is  a Water Well Location Flap f o r  T h e t i s  I s l and .  Various symbols a r e  

shown t o  d i f f e r e n t i a t e  between d r i l l e d  w e l l s ,  dry d r i l l e d  w e l l s ,  dug w e l l s ,  

d ry  dug wells, f lowing a r t e s i a n  wells, non-flowing a r t e s i a n  w e l l s , a n d  s p r i n g s .  

Each of t h e  well locationsshown on t h e  map r e f e r  t o  a well record card .  I 

have an example of  t h e s e  ca rds  which I w i l l  c i r c u l a t e .  We have about 110 ca rds  

on f i l e  i n  t h e  Groundwater Sec t ion  f o r  T h e t i s  I s l a n d ,  As t h e r e  i s  no l e g i s -  

l a t i o n  i n  f o r c e  a t  t h e  p r e s e n t  time t o  r e q u i r e  well d r i l l e r s  t o  submit logs  

of t h e  wells they  d r i l l ,  ou r  r eco rds  a r e  l i k e l y  t o  be incomplete.  

we have e s t a b l i s h e d  a c l o s e  l i a i s o n  wi th  t h e  B r i t i s h  Columbia d r i l l i n g  indus- 

t r y  and p r i v a t e  consu l t ing  f i rms  and toge the r  wi th  our  f j e l d  s%aff who collect 

For tuna te ly ,  

r eco rds  from d r i l l e r s  throughout B r i t i s h  Columbia we have b u i l t  up a f i l e  of 

some 30 t o  40  thousand wel l  records  f o r  t h e  Province as a whole. Well inven- 

t o r i e s  need cons tan t  updat ing and our  we l l  l o c a t i o n  map he re  i s  no except ion .  

I have shown i n  r e d ,  on t h i s  map, wel l  r eco rds  t h a t  i n d i c a t e  p o s s i b l e  y i e l d s  

of over  10 g a l l o n s  p e r  minute.  

, 
Spring l o c a t i o n s  are shown i n  green.  

MAP. NO. 11 (Data Worksheet) 

Some of t h e  d a t a  on t h e  wel l  record  ca rds  a r e  shown on t h i s  work s h e e t .  

t h i n g s  as wel l  depth,  we l l  completion, groundwater leve1 ,wel l  y i e l d ,  e t c . ,  are 

p laced  around t h e s e  wel l  symbols, and g ive  a ready r e fe rence  on wel l  informa- , 

t i o n  f o r  t h e  I s l a n d .  

Such 

. . .  6 
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(Hydro ch em i c a 1 Worksheet ) 
EA* 
During t h e  summer of 1971 about a dozen samples of water were taken  from 

T h e t i s  I s l and  wells and s p r i n g s  and analyzed wi th  f i e l d  chemistry k i t  equip- 

ment by t h e  Groundwater Secti-on S t a f f .  The s i x  major chemical c o n s t i t u e n t s  

of t h e  samples analyzed have been ass igned  a d i s t i n c t i v e  co lou r  on t h e  p i e  

diagram made f o r  each sample. 

brown i s  f o r  s u l p h a t e ,  green i s  f o r  c h l o r i d e ,  pu rp le  f o r  Na and K ,  yellow f o r  

Mg and orange f o r  Ca. 

sample. 

Blue r e p r e s e n t s  Carbonate and Bicarbonate ,  

The t o t a l  d i s so lved  s o l i d s  a re  a l s o  g iven  f o r  each 

For example t h i s  well a t  t h e  n o r t h  end of  t h e  i s l a n d  has  t o t a l  d i s s o l v e d  

s o l i d s  of 660 p a r t s  p e r  m i l l i o n ,  t h e  major c o n s t i t u e n t s  being sodium and 

c h l o r i d e  which combine t o  g ive  s a l t .  This  we l l  nea r  t h e  south  end of t h e  

i s l a n d  has a similar chemical composition, b u t  t h e  concen t r a t ion  of s a l t  i s  

h ighe r  and t h e  t o t a l  d i s so lved  s o l i d s  reach 1180 p a r t s  p e r  m i l l i o n .  

In  c o n t r a s t  t h e  water  from t h i s  s p r i n g  west of Moore H i l l  i s  s o f t  wi th  a t o t a l  

o f  only 82 p a r t s  p e r  m i l l i o n  t o t a l  d i s so lved  s o l i d s .  

Th i s  ends my summary of t h e  very  l i m i t e d  groundwater d a t a  t h a t  we have about 

T h e t i s  I s l a n d .  I n  o r d e r  t o  eva lua te  and develop t h e  Groundwater Resources on 

T h e t i s  I s l and  would r e q u i r e  a cons ide rab le  inpu t  o,f time by q u a l i f i e d  ground- 

water  g e o l o g i s t s ,  engineers  and t e c h n i c i a n s .  

would have t o  be  found f o r  t e s t  well d r i l l i n g ,  sampling and monitor ing programs. 

Also cons ide rab le  sums of money 
, 

Deta i l ed  groundwater i n v e s t i g a t i o n s  have, however, been c a r r i e d  ou t  by our 

Groundwater Sec t ion  i n  t h e  Gulf I s l a n d s ,  p a r t i c u l a r l y  on Mayne I s l and  and I 

. . .  7 
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. i ke  t o  show you now some s l i d e s  t o  i l l u s t r a t e  t h e  work we undertook i n  'iou'a 
connect ion wi th  our  eva lua t ion  and development o f  groundwater s u p p l i e s  on t h a t  

Is 1 and. 

SLIDE NO. 13 

Th i s  s l i d e  shows t h e  l o c a t i o n  of  Mayne I s l a n d  w i t h i n  t h e  o u t e r  cha in  of  t h e  

Gulf I s l a n d s .  The i s l a n d  i s  loca ted  on t h e  sou theas t  s i d e  of Act ive Pass  

where t h e  f e r r i e s  pas s  through on t h e  way t o  Tsawwassen. The area of Mayne 

I s l and  i s  approximately 8 .9  square  miles. 
... 

SLIDE NO. 1 4  

L i k e  t h e  o t h e r  Gulf I s l a n d s ,  Mayne I s l and  has s t e e p  southwest f a c i n g  c l i f f s  

and more g e n t l e  s lop ing  s u r f a c e s  t o  t h e  n o r t h e a s t  which r e f l e c t  t h e  d i p  o r  

i n c l i n a t i o n  of  t h e  unde r ly ing  bedrock. Prominer:t vr..lleys are p resex t  ts t h e  

southwest and sou theas t  of Mount Park,  i n  t h e  Horton Bay area, and between 

Miners Bay on t h e  west and Bennett Bay on t h e  e a s t .  

SLIDE NO. 15 
. *  

The bedrock on Mayne I s l and  c o n s i s t s  o f ' s h a l e s  wi th  some sandstone shown i n  

yellow, sandstones wi th  some s h a l e  shown i n  r e d ,  conglomerate which looks a 

b i t  l i k e  a very  coa r se  conc re t e  mix shown i n  green  and down i n  t h e  l e f t  hand 

corner  of t h e  map sandstone and conglomerate shown i n  b lue .  

The prominent r i d g e s  and topographic  h ighs  such as Mount Park and Hall H i l l  

a r e  composed of  r e s i s t a n t  and less f r a c t u r e d  sandstone and conglomerate,  whi le  

. . .  8 
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t h e  v a l l e y s  and bays are  carved out  of  l e s s  r e s i s t a n t  s h a l e  beds.  

-0 
The map a l s o  shows a number of " t ransverse"  f a u l t s  c u t t i n g  across t h e  i s l a n d  

and I would draw your a t t e n t i o n  t o  t h e  most prominent c e n t r a l  f a u l t  zone as 

I w i l l  b e  r e f e r r i n g  t o  t h i s  aga in  l a t e r .  

SLIDE NO.  16 

A s h o r t  experimental  geophysical  survey was c a r r i e d  out  on t h e  I s l and  t o  d e i i -  

n e a t e  water bea r ing  f a u l t  zones. First, an e l e c t r i c a l  r e s i s t i v i t y  survey was 

run  ac ross  known f a u l t  l i n e s ,  t hen  a seismic survey was run.  This  s l i d e  shows 

a se i smic  sho t  b l a s t  on one of t h e  f a u l t s .  

p a r t i a l l y  success fu l  however b& 1 bel.te~e- '14- L0a-S Qw-*wKl\*  , 

The geophysical program was only 

I 

SLIDE NO. 1 7  

and pumping t e s t s  were a l s o  c a r r i e d  o u t ,  -. - -  Here 

we have a p i c t u r e  of a r o t a r y  r i g  d r i l l i n g  one of  our  t e s t  wells. In  a l l ,  we 

d r i l l e d  seven t e s t  wells on t h e  i s l a n d .  

SLIDE NO. 18 

Th i s  is a pi 'c ture  taken dur ing  ope ra t ions  on one of our t e s t  wells a f t e r  

f lowing a r t e s i a n  cond i t ions  were encountered. 

f e e t  and ended up i n  s a l t y  water .  

fee t  above t h e  s a l t  zone 2nd gave t h e  l a r g e s t  y i e l d i n g  wel l  of f r e s h  water on 

t h e  i s l a n d .  

This  well was d r i l l e d  t o  518 

A second well nearby was completed a t  200 

. . .  9 
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-0. 19 

Th i s  s l i d e  shows pumping t e s t  equipment and a t r a i l e r  belonging t o  ou r  

Groundwater Sec t ion .  

SLIDE NO.  20 

Th i s  s l i d e  shows the t r i p o d  used f o r  lowering t h e  "down ho1.e" geophysical  

t o o l s  i n t o  t h e  well. 

SLIDE NO. 2 1  

Here we have obe well equipped t r u c k  used f o r  t h e  down ho le  logging.  
a/ 

The r e d  

box con ta ins  a lead  s h i e l d  t o  house t h e  r a d i o  a c t i v e  probes.  

t h e  equipment i s  h y d r a u l i c a l l y  ope ra t ed .  

SLiDE 80. 2 2  

Th i s  s l i d e  of t h e  c o n t r o l  panel  shows an  o s c i l l o s c o p e  f o r  monitor ing t h e  down 

h o l e  logging and t o  see t h a t  t h e  t o o l s  and equipment are  working p rope r ly .  

The c h a r t s  are p r i n t e d  on a c lear  f i l m  and t h e r e  i s  equipment t o  make b l u e  

p r i n t s  of t h e  f i l m  t race  a t  t h e  s i t e .  

SLIDE NO. 23 

Here we have a down h o l e  c a l i p e r  and a d e n s i t y  log made f o r  two o f  ou r  Mayne 

_ .  - -. , . - -  &.__.__ 
_ _  - : I s l a n d  tes t  w e l l s .  '. 

'X.:. ~- . : .. . \.- 'I _. These logs  t e l l  u s  many t h i n g s  about t h e  
... 

subsur face  geology. . .  

For example, a f r a c t u r e  loca t ed  about 105 f ee t  i n  we l l  No. 4 i s  shown on t h e  

d e n s i t y  o r  gamma gamma log and a l s o  t h e  c a l i p e r  t o o l  log .  This  i s  c o r r e l a t e d  

. . . 1 0  
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with a peak i n  t h e  d e n s i t y  log a t  well No. 6.  

0 
SLIDE NO. 24 

Water q u a l i t y  s t u d i e s  were d i r e c t e d  towards two s p e c i f i c  goa l s  on Mayne I s l a n d .  

F i r s t l y  t o  f i n d  ou t  how much t h e  groundwater q u a l i t y  va r i ed  throughout t h e  

i s l a n d  and t h e  depth limits of t h e  p o t a b l e  water zone. 

how and where groundwater moves on t h e  i s l a n d .  

Secondly t o  i n t e r p r e t  

For t h i s  s tudy  Groundwater Div is ion  personnel  c o l l e c t e d  175 water  samples 

from s p r i n g s  and wells. 

Th i s  s l i d e  shows t h e  t o t a l  d i s so lved  s o l i d s  on Mayne I s l and  i n  t h e  s p r i n g ,  

and shal low wells of t h e  0-50 f o o t  depth zone. Over 95 pe rcen t  of t h e  t o t a l  

area o f  t h e  i s l a n d  has groundwater wi th  t o t a l  d i sso lved  s o l i d  va lues  less 

than  400 p a r t s  p e r  m i i i i o n  a t  t h i s  depth zone. Only two small  a r e a s  on t h i s  

map have T .  D .  S. va lues  which approach o r  exceed t h e  maximum dr inking  water  

s t anda rd  of  1,000 ppm a t  t h i s  depth  of 0 t o  50 f e e t .  

' , SLIDE NO. 25 

The t o t a l  d i s so lved  s o l i d s  i n  t h i s  map a r e  f o r  t h e  50-150 f o o t  depth zone. 

The non-potable water i s  loca ted  around t h e  main c e n t r a l  f a u l t  zone which c u t s  

t h e  i s l a n d  i n  two. 

SLIDE NO. 26 

This  t h i r d  t o t a l  d i s so lved  s o l i d  map f o r  t h e  150-300 f o o t  depth zone; shows 

. . . l l  
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t h a t  even a t  t h i s  depth  most areas of t h e  i s l a n d  t o  t h e  no r th ,  west and south  - 

hav m o t a l  d i s so lved  s o l i d  va lues  wel l  below 400 p a r t s  p e r  m i l l i o n  and water 

q u a l i t y  i s  good. Also on t h e  e a s t e r n  s i d e  of t h e  i s l a n d  chemical concentra-  

t i o n s  a r e  h ighe r ,  b u t  q u a l i t y  ' is  s t i l l  acceptab le .  The dominant change from 

t h e  previous  map i s  t h e  expansion a t  depth of  t h e  poor q u a l i t y  water i n t o  t h e  

i n t e r i o r  v a l l e y  b a s i n .  

SLIDE NO. 27 

The second goal  of t h e  water  q u a l i t y  s t u d i e s  i s  t o  i n t e r p r e t  t h e  d i r e c t i o n  

and n a t u r e  of  groundwater movement. 

a q u i f e r  through time and d i s t a n c e ,  hydrochemical v a r i a t i o n s  between d i f f  e r e n t  

As groundwater remains i n  con tac t  wi th  an 

sampling l o c a t i o n s  can be measured. 

In  t h e  map legend of t h i s  s l i d e  more chemical ly  advanced waters  on t h e  i s l a n d  

aye shorn i l l  incredsing o r d e r  f r u i n  Lop t o  bottom. 

t h i s  map which inc ludes  a l l  shal low wells and sp r ings  i s  occupied by water from 

t h e  least  chemical ly  advanced zones shown i n  white .  

By f a r  t h e  l a r g e s t  area of 

The l a r g e  green band, which 

s t r e t c h e s  along t h e  major f a u l t  l i n e  and i n t o  t h e  i n t e r i o r  basins.  i s  predom- 

I i n a n t l y  composed of  water  from a s l i g h t l y  more chemical ly  advanced zone. 

o t h e r  pa tches  of  b l u e ,  r ed ,  pu rp le  and yellow rep resen t  even more chemical ly  

The 

advanced o r ' o l d e r  waters .  

SLIDE NO. 28 

The hydrochemical grouping i n  t h e  50-150 f o o t  depth zone shows g r e a t l y  i n -  

c reased  zones of more chemical ly  advanced water such a s  t h e  yellow colour  a long 

t h e  c e n t r a l  f a u l t  zone. 

. . . 1 2  
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I .  

SLIDE NO. 29 

I n  t h i r d  and l a s t  hydrochemical grouping map f o r  t h e  150 t o  300 f o o t  depth  

zone, we f i n d  along t h e  c e n t r a l  f a u l t  zone t h e  more advanced yellow coloured 

. 

zone has  spread  southwards t o  Navy Channel and eastward towards t h e  i n t e r i o r  

b a s i n  a r e a .  

SLIDE NO. 30 

So much f o r  hydrochemical maps: 

In  t h i s  s l i d e  t h e  co lou r s  b e a r  no r e l a t i o n s h i p  t o  t h e  prev ious  hydrochemical 

maps. 

p o t a b l e  groundwater zone i s ,  f o r  t h e  a r e a  i n  r e d ,  a t  about 75 f e e t  above sea 

l e v e l ,  as one moves out  from t h i s  c e n t r a l  area through t h e  yellow and green  

zones t h e  e l e v a t i o n  of  t h i s  boundary drops t o  50 f e e t  below s e a  l e v e l .  

t h i s  map then ,  !e can v i s u a l i z e  2 z m e  o f  s a l t y  w t e r  i n  t hs  fcrx cf ar, 

e longated  mound wi th  i t s  c r e s t  l i n e  co inc id ing  wi th  t h e  c e n t r e  of  t h e  major 

c e n t r a l  f a u l t  zone. 

Here we show t h a t  t h e  average e l e v a t i o n  a t  t h e  lower l i m i t  of  t h e  

From 

SLIDE NO. 31 

Here are two c r o s s - s e c t i o n s  of groundwater movement drawn a c r o s s '  Mayne I s l and .  

This  t h e o r e t i c a l  f low model i s  a s i m p l i f i e d  system and v a r i a t i o n s  i n  t h e  

f r a c t u r e d  bedrock w i l l  l o c a l l y  modify t h e  flow systems.  Groundwater moves 

downward from t h e  topographic  h ighs  and then  moves upwards i n t o  t h e  y a l l e y  

f l o o r s .  

exp la ins  why water  samples i n  t h e s e  low reg ions  o f t e n  have h ighe r  chemical 

The upward movement i n  t h e  v a l l e y  area from deeper  zones p a r t l y  

. . . 1 3  
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of sal ts  than  those  h igher  on t h e  surrounding h i l l  s i d e s .  

The appearance of t h e  s a l t  water on a f a u l t  zone then ,  i s  i n t e r p r e t e d  t o  be  

a r e s u l t  of t h e  upward movement of a deep flow system i n t o  t h i s  f r a c t u r e d  

f a u l t  a r e a .  

SLIDE NO.  32 

The i n t e r p r e t a t i o n  of groundwater flow systems can h e l p  u s  exp la in  t h e  be- 

haviour  o f  t h e  hydrographs shown on t h i s  s l i d e  which were prepared  from ob- 

s e r v a t i o n s  we l l  r eco rds  taken  on Mayne I s l and .  

( In  t h i s  hydrograph we show wa te r l eve l  i n  t h e  well . i n  f e e t  a long t h e  l e f t .  

s i d e  of  t h e  graph a g a i n s t  time shown along t h e  bottom of  t h e  c h a r t .  

The r eco rde r  hydrograph f o r  WR - 110 - 73 shows a markedly slow response  

t o  p r e c i p i t a t i o n  and appears  t o  peak i n  t h e  f i rs t  ha1.S o f  M ~ r c h / 7 3 ;  T h e  

water  q u a l i t y  was found t o  be s a l t y  i n  t h i s  well and we b e l i e v e  t h i s  ob- 

s e r v a t i o n  well i s  completed i n  t h e  upward p a t h  of a deep flow system p re -  

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

The r eco rde r  hydrograph f o r  WR - 111 - 73 shows a good response t o  p re -  

c i p i t a t i o n ,  t h e  hydrograph peaks correspond t o  pe r iods  of maximum p r e c i p i -  

t a t i o n  dur ing  t h e  months of December and January .  Good q u a l i t y  water i s  

a l s o  found i n  t h i s  well. Here i s  a good i n d i c a t i o n  (we b e l i e v e )  of  r a p i d  

groundwater movement t?mough t h e  f r a c t u r e d  bedrock media i n  response t o  

l o c a l  recharge  from p r e c i p i t a t i o n .  ) 

. . . 1 4  
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The d i f f i c u l t i e s ,  i n  e s t a b l i s h i n g  t h e  lower l i m i t s  o f  t h e  p o t a b l e  water bea r ing  

zone o u t s i d e  areas of known c o n t r o l  on Mayne I s l and  have made i t  necessary  t o  

cons t ruc t  a t h e o r e t i c a l  model of t h e  I s l and .  The model i s  based on d a t a  we 

have a v a i l a b l e  a t  t h e  p r e s e n t  t ime.  Outside a r e a s  of known c o n t r o l ,  t h e  bo t -  

tom of t h e  p o t a b l e  water  bear ing  zone was determined by e x t r a p o l a t i n g  t h e  

a v a i l a b l e  d a t a  us ing  r e g r e s s i o n  ana lyses  run  wi th  t h e  a i d  of  a computer. 

Es t imates  were next  made of t h e  groundwater i n  s t o r a g e  wi th in  t h e  p o t a b l e  

water bear ing  zone. 

SLIDE NO. 34 

Th i s  s l i d e  shows the  demand/storage percentages  f o r  each groundwater r eg ion .  

A p i e  diagram i n  each reg ion  shows todays water supply demand i n  b l ack ,  as 

a percentage  of  t h e  groundwater s t o r a g e  a v a i l a b l e  from t h e  rocks .  

Based on water requirements  on ly  we have c a l c u l a t e d  f o r  our  t h e o r e t i c a l  model 

t h a t  t h e  limit f o r  r e s i d e n t i a l  development on blayne I s l and  w i l l  be  one res i -  

dence o r  home f o r  every t h r e e  a c r e s  of land - a u s e f u l  g u i d e l i n e .  

LIGHTS 

I would l i k e  t o  end t h i s  t a l k  by saying t h a t  i n  my own opin ion  t h e  goa l  of 

a groundwater development and management. program whether it i s  f o r  Mayne 

. . . 1 5  
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o r  f o r  T h e t i s  I s l and  should be t h e  optimum use  by t h e  comniunity of t h e  

r e source ,  - bu t  t h a t  groundwater development should - no t  reach  t h e  s t a g e  where 

water  q u a l i t y  i s  endangered o r  where t h e  annual replenishment  of  t h e  supply 

- 
. IS1aQp 

i s  exceeded. 

. .  



h 

k In t h e  d e n s i t y  l o g  a t  Well No. 6 .  
a @ 

SLIDE No. 24. 

I n  our water q u a l i t y  s t u d i e s  we wanted to f f ind  out  how much tho  ground- 

water quality v a r i e d  throughout the i s l a n d  and the depth l i m i t s  of t h e  

_I 

R,,t 

po tab le  water  zoneo For t h i s  study Gpoundwater Sec t ion  Personnel 

c o l l e c t e d  175 water samples from springs and wells and from t h e s e , w a t e r  

q u a l i t y  analyses we made a number of' chemistyyrnaps. 1 

T h i s  s l i d e  shows t h e  t o t a l  d i sso lved  solids on Mayne I s l and  i n  the 

sp r ing ,  and shallow wells of the 0-50 f o o t  depth zone. 

F ) P A ~ S  03 this map havz T. Eo S ,  ~t i l i ; t i s  

Only two small 

approach or exceed the 

maximum d r ink ing  water s tandard of 1,UOO ppm a t  t h i s  depth of 0 t o  50 ft. 

SLIDE No. 25 - 
The t o t a l  d i sso lved  s o l i d s  i n  t h i s  map a r e  for t he  50-150 f o o t  depth zone. 

The non-potable water  i s  loca ted  around t h e  main c e n t r a l  fault zone which 

c u t s  the i s l a n d  i n  two., 

SLIDE No. 26 - 
This t h i r d  t o t a l  d i sso lved  s o l i d  map f o r  the 150-300 foot depth zone; 

shows expansion a t  depth of t h e  poor quality water into the i n t e r i o r  

v a l l e y  b a s i n ,  

SLIDE NO. 27 
-* 

__. Tne second a o a l  of the water q u a l i t y  studies i s  t o  i n t e r p r e t  the ciirection 
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This slfde shows how we can group younger and older zones offgroundwoterQ 

to their chemistry. 

SLIDE No. 28 

The hydrochemical grouping in the 50-150 foot depth zone shows g r e a t l y  

increased zones of older "more chemically advanced" waters such as the 

yellow colour along the central fault zoneo 

- 

s L 1 : m  BO- 29 

Here is a map for the 150 to 300 foot depth zone, 
- 

SLIDE Nbo 30. 

S o  much for hydrochemical maps: 
In this slide the colours bear no relationship to the previous hydrochemical 

maps. Here we show ', the average elevation at the lower limit of the 

poliali3.e groundwater zone. . F o r  the area in red, it is about 74 feet above 

sea level, as one moves out from this central area through the yellow and 

green zones the elevation of this boundary drops to 50 feet below sea level, 

From this map then, we can visualize a zone of salty water in the form of 

an elongated mound with its crest lihe coinciding with the centre of the 

major central fault zone. 

SLIDE NO. 31 - 
Here are two cross-sections of groundwater movement drawn across Mayne 

Island. 

in the fractured bedrock will locally modify the flow systems. 

This theoretfcal flow model is a simplified system and variations 

Groundwater 

moves downward from the topographic highs and then moves upwards into the 

valley floors. The appearance of the s a l t  water on a fault zone then, is 
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interpreted to be a result of the upward movement of a deepfflow system 

into thi- 0 fractured fault area. 

SLIDE No. 32 

"he interpretation of groundwater f low systems can help us explain the 

behaviour of the hydlrographs shown on this slide which were prepared from 

observations well records taken on Mayfle Island, 

This slide shows the demand/storage percentages f o r  each groundwater 

' region. k pie diagram in each region shows todays water supply demand in 

black, as a percentage of tho groundwater storage a v a i l a b l e  f rom the rocks. 

SKa 
Eased on w81;er requirements only we have calculated f o r  - theoretical 

model that the limit f o r  residential development on Mayne Island will: be 

one residence or home for every three acros of land - a useful guideline. 

I would lihie to end this talk by saying that in my own opinion the goa l  of 

a groundwater development and management program whether it is for Mayne 

Island or for Thetis Island should be the optimum use by the community of 

the resource, but that groundwater development should not reach the stage 

where water quality is endangered or where the annual replenishment of the 

supply is exceeded. 

- - 


