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1. INTRODUCTION 

The M i n i s t r y  o f  Ag r i cu l tu re  and Food i n  conjunct ion w i t h  the 
A g r i c u l t u r a l  Land Comnission are involved i n  a de ta i l ed  assessment o f  the 
a g r i c u l t u r a l  c a p a b i l i t y  o f  the east coast o f  Vancouver Is land.  An analysis 
o f  the hydrological  data was i d e n t i f i e d  as an important requirement i n  the 
above assessment w i t h  groundwater being a major component. 

Th i s  repo r t  and accompanying maps provides a discussion and analysis o f  
developed and p o t e n t i a l  aquifers, f o r  the areas between Duncan and Nanoose 
Bay (Figure 1) , based on present ly avai lab le groundwater and geologic data. 
The map sheets which cover the study area include 928.081, 082, 091, 092; 
92F.020, 030, 040; 926.001, 002, 011 and 021 (1:20,000 scale). These map 
sheets are i d e n t i f i e d  as Figures 2, 3 ,  4, 5, 6, 7, 8, 9, 10, 11 and 12 
respec ti vely . 

The hy drogeol ogi  ca l  i n f  ormati on, themati ca l  l y  presented on the map 
sheets, are based on the tabulated data from approximately 2500 water wel l  
records, water we l l  l o c a t i o n  maps (both on f i l e  w i t h  the Groundwater 
Section, M i n i s t r y  o f  Environment), publ ished s u r f i c i a l  geology maps and 
repo r t s  (Fyles, 1963; Hal stead, 1966; Learning, 1968; Mul ler ,  1977; M u l l e r  
and Atchison, 19711, t e r r a i n  maps (M in i s t r y  o f  Environment, B r i t i s h  
Columbia) and s o i l  maps and repor ts  ( M i n i s t r y  o f  Ag r i cu l tu re  and Food and 
M i n i s t r y  o f  Environment, B r i t i s h  Columbia). 

Tabulated data from water we l l  records (e.9. , aqu i fe r  character is t ics ,  
depth t o  bedrock, etc.) and coal explorat ion t e s t  holes (depth t o  bedrock, 
thickness o f  overburden, etc.) were t ransferred t o  water w e l l  l o c a t i o n  maps 
(scale 1:12,000) which were used as a working base. S u r f i c i a l  geology/- 
t e r r a i n  u n i t s  and g l a c i a l  features (e.g., de l ta  kames) which were considered 
hydrogeol ogi  ca l  l y  s i  gni f i cant i n  terms o f  groundwater po ten t i  a1 were 
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F I G U R E  1: Index  Map o f  Study Area. 
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t r ans fe r red  t o  these same maps. A synthesis o f  t h i s  data was then 
t rans fer red  t o  the f i n a l  1:20,000 scale base maps. 

2. PHYSIOGRAPHY 

The major geomorphic features o f  the study area are the r e s u l t  o f  
s t ruc tu ra l ,  erosional  and deposi t ional  processes. Fo ld ing  and f a u l t i n g  o f  
t he  bedrock, erosion and repeated g lac ia t ion ,  i s o s t a t i c  and eus ta t i c  changes 
o f  sea l e v e l  have a l l  con t r ibu ted  t o  the  physiographic features of the  
southeast coast o f  Vancouver Is land.  The dominant features are the eastern 
face o f  the northwest-trending Vancouver I s l a n d  Ranges of  the I n s u l a r  
Mountain Physiographic D i v i s i o n  with e levat ions t o  1340 metres and an 
undulat ing coastal lowland o f  the Coastal Trough Physiographic D iv is ion ,  
r i s i n g  from sea leve l  to approximately 150 metres and ranging from 1 t o  
14 k i lometers i n  width. The study area i s  crossed by the Chemainus and 
Nanaimo R iver  Val leys and i s  bounded by the South Englishman R iver  Val ley on 
the nor th  and by the Cowichan R iver  Val ley on the south. I 
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3. BEDROCK GEOLOGY 

According t o  Mu l le r  (19771, Vancouver I s l a n d  i s  the main component o f  
the  I n s u l a r  Be l t ,  the  westernmost major tec ton ic  subdiv is ion o f  the Canadian 
Cord i l le ra .  The study area contains Paleozoic rocks (a volcanic and a 
greywacke-arg i l l i  t e  format ion of the Sicker  Group), Lower Mesozoic rocks (a 
vo lcanic  format ion of the Vancouver Group), Middle Mesozoic rocks 
( b a t h o l i t h s  and stocks o f  g r a n i t o i d  rocks o f  the I s l a n d  In t rus ions )  and 
Upper Mesozoic rocks ( cons is t i ng  o f  c y c l i c a l  upward f i n i n g  sequences o f  
conglomerate, sandstone, shale and coal o f  non-marine o r  near d e l t a i c  
o r i g in ,  suceeded by marine sandstone, shale or t h i n  bedded and graded shale- 
s i l t s t o n e  sequences frorii the Nanaimo Group). The coastal lowlands are 
p r i n c i p a l l y  under la in  by the  Nanaino Group. 
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4. UNCONSOLIDATED DEPOSITS 

Most o f  the unconsolidated mater ia ls  found i n  the study area may be 
a t t r i b u t e d  t o  the regimen and wasting of g l a c i a l  i c e  dur ing the La te  
Pleistocene. Though some o f  the unconsolidated deposits are the r e s u l t  o f  
o l d e r  g l a c i a l  (Dashwood D r i f t )  and i n t e r g l a c i a l  (Mapleguard and Cowichan 
Head Sediments) a c t i v i t y ,  the major i ty  of the deposited sediments are from 
the  Fraser Glac iat ion.  The Fraser G l a c i a t i o n  probably represents the same 
geologic-c l imat ic  t ime pe r iod  as the c lass i ca l  La te  Wisconsin G l a c i a t i o n  o f  
t he  m i  d-conti  nent region (A1 l e y  and Chatwi n, 1979). Hal stead (1966) and 
Fy les (1963) have mapped the s u r f i c i a l  unconsolidated sediments w i t h i n  the 
study area a t  a scale o f  1:63,360. 

A s t r a t i  graphic framework of unconsol i dated sediments and a chronol ogy 
o f  Late Pleistocene environments i n  the study area, i s  shown i n  F igure 13. 

5. GROUNDWATER POTENTIAL 

5.1 Bedrock 

Groundwater w i t h i n  the bedrock can be found i n  f ractures,  along 
bedding plane part ings,  i n  the i n t e r - f l o w  zones o f  lava, i n  the i n t e r -  
granular openings i n  the rock, and i n  the case o f  limestone, i n  the 
channels formed by the d i sso lu t i on  o f  the rock by water. Water wel ls  
d r i l l e d  on Vancouver Is land, i n d i c a t e  f ractures,  bedding plane par t ings 
and s o l u t i o n  channels are probably the main sources o f  groundwater from 
the bedrock. Most o f  the approximately 1100 bedrock we l l s  i n  the study 
area are completed i n  rocks o f  the Nanaimo Group, p r i n c i p a l l y  shales and 
sandstones. The r a p i d  accumulation o f  sediments which make up these 
rocks, accounts f o r  t h e i r  being poor ly  sorted, massive and, i n  general, 
l a c k i n g  i n  pore spaces and conduits f o r  the transmission o f  water 
(Halstead and Treichel ,  1966). Water w e l l s  d r i l l e d  i n  these rocks 
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Flgure 13: CLIMATIC GEOLOGIC UNITS, STRATIGRAPHY AND LATE PLEISTOCENE ENVIRONMENTS OF THE STUDY AREA 
a f te r  Clague (1981. 1977  LI 19761 Alley 8 Chatwln (1979). Armstrong e t  a1 ( 1 9 6 5 )  6 Halstead ( 1 9 6 6 )  
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i n d i c a t e  f rac tu res  and bedding plane par t ings  are the main sources o f  
groundwater. Water we1 1 s completed i n  sandstone general l y  repor ted h igher  
y i e l d s  than we l ls  completed i n  shales. Two hundred and twenty-seven we l ls  
were observed t o  be completed i n  sandstones, 308 i n  shales, 262 i n  shaley 
sandstone and 31 i n  conglomerate. T h i r t y - s i x  we l l s  were observed to be 
completed i n  gran i te  and two i n  basal t .  Two hundred and t h i r t y - t w o  other  
w e l l s  were a lso  completed i n  bedrock, however, the  type o f  bedrock was not 
reported. 

The p o s s i b i l i t y  o f  ob ta in ing  adequate supplies of  groundwater f o r  irri- 
gat ion  purposes from these sources are general ly considered to be poor and 
although a few bedrock we l ls  i n  the study area have been reported t o  y i e l d  
between 1 and 6 L / s  ( s i x  l i t r e s  per second i s  s i g n i f i c a n t  when consider ing 
i r r i g a t i o n  requirements), long  durat ion pumping t e s t s  would be requi red t o  
v e r i f y  i f  bedrock aqui fers  are capable o f  a sustained h igh  withdrawal 
rate.  

Examples o f  bedrock aqui fers  capable o f  y i e l d i n g  s u f f i c i e n t  suppl ies o f  
groundwater f o r  i r r i g a t i o n  purposes can be found i n  the M i l l  Bay and 
Saanich regions o f  southern Vancouver I s l a n d  where we l l  y i e l d s  up t o  
16 L/s have been obtained. It i s  not known i f  comparable h igh y i e l d i n g  
bedrock aqui fers  e x i s t  i n  the study area. To i d e n t i f y  such aqui fers  would 
requ i re  de ta i l ed  geologic mapping, a e r i a l  photograph analysis, and 
poss ib ly  geophysical invest igat ions,  as we l l  as t e s t  d r i l l i n g .  These 
procedures can be both ti me-consuming and expensive. 

5.2 Unconsol i dated Deposits 

Most o f  the groundwater used on Vancouver I s l a n d  comes from unconsoli-  
dated deposits which receive water from i n f i l t r a t i o n  o f  e i t h e r  p rec ip i t a -  
t i o n  o r  surface water sources. The amount of  water obtainable from these 
mater ia ls ,  depends on the  permeabi l i ty  o f  the aqu i fe r  mater ia l ,  the 
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th ickness and ex ten t  of the aqui fer ,  the  r a t e  o f  aqu i fe r  recharge and on 
we1 1 construct ion.  

The unconsolidated deposits which are hydrogeological ly s i g n i f i c a n t  i n  
terms o f  groundwater p o t e n t i a l  f o r  i r r i g a t i o n  purposes are p r i m a r i l y  
comprised o f  sand and/or gravel. One water we l l  completed i n  a sand and 
gravel aqu i fe r  ( L a n t t v i l l e  area) was reported t o  y i e l d  9 L/s. The 
conf ined sand and gravel zone was 0.3 metres i n  thickness. Thickness o f  
any saturated sand and/or gravel deposi t  0.3 metres o r  greater are 
considered s i g n i f i c a n t  i n  terms o f  groundwater po ten t ia l .  The deposits 
which f a l l  i n t o  t h i s  category are l i s t e d  and discussed below: 

1) The shore, de l ta ic ,  f l u v i a l  and a l l u v i a l  deposits o f  the Sa l ish  
Sediments. These deposits range up t o  10 metres i n  thickness. 
The primary ta rge t  f o r  groundwater exp lo ra t ion  would be the f l u v i a l  
deposits near present day stream channels and del tas.  These would 
i ncl  ude the Val l eys  and/or del tas  o f  Somenos, Bonsall  , M i  11 stone, 
Bonel l  and Nanoose Creeks and the Chemainus and Nanaimo Rivers. 

2 )  Terraced f l u v i a l  deposits which inc lude de l ta ic ,  channel , f loodp la in  
and a l l u v i a l  fan deposits along w i t h  some marine and/or glacio-marine 
deposi ts of the Capilano Sediments. These deposits range up t o  
10 metres i n  thickness and 3000 metres across. The d e l t a i c  deposits 
would be primary ta rge t  areas f o r  groundwater explorat ion.  Major 
examples o f  ter raced f l u v i a l  deposits can be found southwest o f  
Chemainus, the area around Cassidy, along the Nanaimo R ive r  and along 
Bonel l  and Nanoose Creeks. 

3 )  The g l a c i o f l u v i a l  deposits which inc lude hummocky, knob and k e t t l e ,  
ridged, esker, ter race and p i t t e d  terrace, kame terrace, kame de l ta  
and i c e  contact  a l l u v i a l  fan deposits o f  the Vashon D r i f t .  These 
deposi ts are found r e s t i n g  upon the ground moraine o f  the Vashon 

I 
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D r i f t .  Usual ly located w i t h i n  a couple of  mi les o f  the mountain 
slopes, these deposits may range up‘ t o  2 k i lometers wide and 6 
k i lometers long. One such deposi t  e x i s t s  i n  the Nanaimo R iver  - 
Haslam Creek area west of Cassidy and l o c a l l y  may exceed 15 metres i n  
thickness. It i s  known t h a t  a major aqu i fe r  e x i s t s  w i t h i n  t h i s  
de l ta / te r race  deposit. The kame ter races and kame del tas would be 
primary t a r g e t  areas f o r  groundwater explorat ion.  Another area o f  
g l a c i o - f l u v i a l  deposits can be found north-west o f  Duncan, along the 
Nanaimo River, a long the  N. Nanaimo R iver  and south-west o f  
Brannen Lake. 

Lenses o f  sand and/or gravel are associated w i t h  the ground moraine 
deposi ts o f  the Vashon D r i f t .  Though these lenses are po ten t i a l  
aqu i fe rs  t h e i r  l o c a t i o n  and’ v i a b i l i t y  must be confirmed by d r i l l i n g ,  
which can be both expensive and t ime consuming. 

4 )  The g l a c i o f l u v i a l  deposits o f  the Quadra Sediments (Fyles, 1963) known 
as the Quadra Sand (Clague, 1977). The groundwater po ten t i a l  o f  t h i s  
geol ogi  c u n i t  mer i ts  an expanded understanding o f  i t s  d i  s t r i  bu t i on  and 
o r i  g i  n. ’ 

Quadra Sand i s  found i n  the northern p o r t i o n  o f  the study area, 
usua l ly  below the 100 metre e leva t ion  leve l .  Comprised predominantly 
o f  sand w i t h  minor s i l t  and gravel these deposits l o c a l l y  exceed 
30 metres i n  thickness. Water we l l  logs have reported greater than 
20 metres o f  sand which poss ib ly  belong t o  the Quadra Sand Un i t .  
Over la in  by g l a c i a l  sediments (mainly till) o f  the Fraser G lac ia t i on  
and under la in  by sediments of the Olympia I n t e r g l a c i a l  i n t e r v a l  the  
cu r ren t  theory on the o r i g i n  of Quadra Sand i s  summarized by Clague 
(1977 1 bel  ow: 
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"The sand was deposited, i n  par t ,  as d i s ta l  outwash 
-aprons a t  successive posit ions i n  f ron t  of and 
perhaps along the margins of glaciers moving from 
the Coast Mountains in to  the Georgia Depression and 
Puget Lowland d u r i n g  Late Wisconsin time. After 
deposition a t  a s i t e ,  b u t  before burial by ice,  the 
sand was dissected by meltwater and the eroded 
detritus was transported fa r ther  down the basin t o  
s i t e s  where aggradation continued. I' 

An ex tens ive  depos i t  of Quadra Sand i s  believed t o  ex i s t  i n  a 
1/4 t o  2 kilometer wide b e l t  from Northwest Bay past  Nanoose Harbour t o  
Cot t le  Hill west of Lantzville. T h e  inferred dis t r ibut ion of Quadra Sand 
i s  shown i n  Figure 9. Quadra Sand may be located elsewhere i n  the study 
area. Aquifers consisting primarily of sand have been encountered b u t  i t  
i s  unknown i f  these sands are of the Quadra formation. The extensiveness 
of the Quadra Sand, i t s  thickness and locally proven y ie lds  of 3.5 L/s 
w i t h i n  the study area and greater than 6 L/s outside the study area, makes 
this deposit a primary ta rge t  fo r  groundwater exploration. 

I- 
F 

NORTH 

(in kilometers) 

Figure 14 
Inferred dis t r ibut ion 
of Quadra Sand ( a f t e r  
Fy le s  1963, Clague 
1977 and water well 
records on f i l e  w i t h  
Groundwater Section).  
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The following i s  a summary of groundwater data from water well records 
i n  the study areas. Many of the wells were completed i n  one or more of 
the deposits just described. 

Approximately 1/3 of the water wells i n  'the study area were completed 
i n  unconsol i dated material s. 

Over 460 water well records showed wells completed i n  sand/or gravel 
ranged i n  depth from one t o  99 metres. The interpreted d e p t h  t o  the t o p  
of a sand and/or gravel aquifer based on over 320 water well records 
ranged from one t o  98 metres. Over 320 water well records showed 
interpreted aquifer thicknesses ranging from 0.3 t o  26 metres. 

Wells completed i n  bedrock reported yields ranging  from 0.1 t o  6.3 L/s 
and wells completed i n  sand and/or gravel reported yields ranging from 0.1 
t o  400 L/s. Sixty-five wells completed i n  bedrock reported yields between 
1 and  3 L/s versus 81 wells completed i n  sand and/or gravel. Five wells 
completed i n  bedrock reported yields greater t h a n  5 L/s versus 29 for 
we1 1s completed i n  sand and/or gravel A more efficient development of 
the wells *completed i n  sand and/or gravel will often yield higher 
productivity. 
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6. EXTENT OF DEVELOPED AND POTENTIAL AQUIFERS 

The fo l l ow ing  i s  a descr ip t ion  and the l i m i t a t i o n s  o f  each component 
shown on the 1:20,000 scale base maps. (Figures 2-12) 

POTENTIAL UNCONSOLIDATED UNCONFINED AQUIFERS: 
These areas o u t l i n e  the  s u r f i c i a l  ex ten t  o f  
unconsol i dated deposits p r i m a r i l y  comprised o f  
sand and/or gravels. They o u t l i n e  areas where 
there i s  a h igh p r o b a b i l i t y  o f  l oca t i ng  water- 
bear ing sand and/or gravel aqui fers  but  does not  

imply the  existence o f  water-bearing sand and/or 
gravel aqui fers.  I n  some areas f o r  example the sand and gravel deposits may 
be very t h i n  and dry throughout t h e i r  e n t i r e  thickness. 

These areas o u t l i n e  po ten t i a l  unconfined aqui fers  a t  surface, i t  does not  
show d i s t r i b u t i o n  a t  depth. This  i s  especia l ly  re levant  t o  the Quadra Sand 
and poss ib ly  t o  some pre-Fraser G lac ia t ion  unconsol i.dated sediments 
(e.g., Mapleguard sediments) which may under l ie  younger deposits (marine 
c lays f o r  example) i n  the region. 

The s u r f i c i a l  geology u n i t s  which make up these areas were t rans fer red  f i r s t  
from 1:63,360 and 1:50,000 scale mapping t o  1:12,000 scale water we l l  
l o c a t i o n  maps, and then t o  1:20,000 scale cadastral  maps. Minor boundary 
e r r o r s  may ex s t  therefore on the l a r g e r  scale mapping. 
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LOW PERMEABLE UNCONSOLIDATED DEPOSITS: These 

a t  surface (predominantly t i l  1 s, si1 t s  and/or 
clays) are generally unsuitable as  ..aquifer 
m a t e r i a l s  due t o  t h e i r  low permeabi l i ty .  

- 
areas out1 i ne where the unconsolidated deposits 
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The boundaries of these areas were a r b i t r a r i l y  s e t  a t  a 100 metre radius 
from a data point (water well 1 which ident i f ied a sand and/or gravel aquifer 
greater  than 0.5 metres i n  thickness. Where two wells, located w i t h i n  400 
metres of each other, show similar l i thologies  and the geomorphology of the 
area was homogeneous, the boundaries were extended t o  include the area 
between the two we1 1 s. 

BEDROCK AQUIFERS: These areas identify where 
bedrock is located a t  or near ground surface 
and/or where well logs indicate bedrock aquifers. 
The boundaries f o r  t hese  a r e a s  were a l s o  
a r b i t r a r i l y  s e t  a t  100 metre radius from a data 
point (e.g., bedrock well or  rock outcrop). T h i s  

distance was extended to  400 metres between data points i f  water well 
1 i tho1 ogy and the surface morpho1 ogy so warranted. 
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Water we l ls  where y i e l d s  greater than 3 L/s have 
been reported. Where these we l ls  are found i n  
Area B these areas show the highest po ten t i a l  f o r  
ob ta in ing  groundwater suppl ies t o  meet i r r i g a t i o n  
requi  rements. 

Water we l ls  where y i e l d s  between 1 and 3 L/s are 
reported. These areas a lso  show high po ten t i a l  
f o r  ob ta in ing  i r r i g a t i o n  suppl ies o f  ground- 
water. 

7. WATER QUALITY 

The concentrat ion and composition o f  d i  ssol ved const i tuents  i n  a water 
determine i t s  q u a l i t y  fo r  i r r i g a t i o n  use. Three o f  t h e  cha rac te r i s t i cs  o f  
an i r r i g a t i o n  water t h a t  appear t o  be the most important i n  determining i t s  
q u a l i t y  are the t o t a l  concentrat ions of so lub le sa l t s ,  the r e l a t i v e  propor- 
t i o n  of sodium t o  other cat ions and the concentrat ions o f  boron and other  
elements t h a t  may be tox ic .  

The t o t a l  concentrat ion o f  soluble s a l t s  can be expressed i n  terms of  
i t s  e l e c t r i c a l  conduct iv i t y  and i s  o f ten  expressed as micromhos/cm a t  2 5 O C .  
The higher the concentrat ion of soluble s a l t s  and ;minerals the higher the 
conduct iv i t y .  The e l e c t r i c a l  conduct iv i t y  o f  the 9 l abora tory  analyses o f  
groundwaters from unconso l i da ted  a q u i f e r s  ranged f rom 4 1  t o  340 
micromhos/cm. S i x  o f  these waters are i n  the low s a l i n i t y  hazard c lass and 
th ree  are i n  the medium s a l i n i t y  hazard c lass (Richards, 1969). 
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According t o  Richards (1969): 

"Low s a l i n i t y  water can be used f o r  i r r i g a t i o n  w i t h  most crops 
w i t h  l i t t l e  l i k e l i h o o d  t h a t  s o i l  s a l i n i t y  w i l l  develop. Some 
leaching i s  required, b u t  t h i s  occurs under normal i r r i g a t i o n  
p rac t i ces  except i n  s o i l s  of extremely low permeabi l i ty .  
Medium s a l i n i t y  water can be used i f  a moderate amount o f  
leaching occurs. P lants  w i t h  moderate s a l t  to lerance can be 
grown i n  most cases wi thout  special pract ices f o r  s a l i n i t y  
cont ro l .  'I 

The e l e c t r i c a l  c o n d u c t i v i t y  o f  t he  1 2  l a b o r a t o r y  analyses o f  
groundwaters from bedrock aqui fers  ranged from 312 t o  6900 micromhos/cm. 
S i x  o f  these waters are i n  the medium s a l i n i t y  hazard class, three are i n  
the  high s a l i n i t y  hazard c lass and two are i n  the very high s a l i n i t y  hazard 
c lass (Richards, 1969). 

According t o  Richards (1969): 

"High s a l i n i t y  water cannot be used on s o i l s  w i t h  r e s t r i c t e d  
d r a i  nage. Even w i t h  adequate drainage, speci a1 management of  
s a l i n i t y  con t ro l  my be required and p lan ts  w i t h  good s a l t  
to lerance should be selected. Very high s a l i n i t y  water i s  not  
s u i t a b l e  f o r  i r r i g a t i o n  under ordinary condit ions, b u t  may be 
used occasional ly under very special c i  rcumstances. The soi 1 s 
must be permeable, drainage must be adequate, i r r i g a t i o n  water 
must be appl ied i n  excess t o  provide considerable leaching, 
and very s a l t  t o l e r a n t  crops should be selected." 

The very high sa l i ne  waters found i n  two o f  the bedrock we l l s  are 
probably the r e s u l t  o f  sea water in t rus ion.  The water from one o f  these 
we1 1 s had conduct iv i ty  readings o f  6900 micromhos/cm. Richard's (1969) 
upper l i m i t  i n  h i s  s a l i n i t y  hazard c l a s s i f i c a t i o n  was 5500 micromhos/cm. 
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A s a l t y  t a s t e  i n  the groundwater was recorded on 22 water we l l  records. 
The d i s t r i b u t i o n  o f  these we l l s  can be seen f n  f i g u r e  15. This  impl ies a 
h igh  ch lo r i de  reading o f  greater than 350 mg/L (Anderson, 1973). Though 
t h i s  reading may or may no t  i n d i c a t e  a high l e v e l  o f  t o t a l  d issolved sol ids,  
the sodium absorbtion r a t i o  and the conduct iv i ty  reading are l i k e l y  t o  be 
high. These 22 w e l l s  were mostly completed i n  shale, though some we l l s  w i r e  
repor ted t o  be completed i n  c lays o r  sandstones. Water q u a l i t y  analyses 
would be requi red t o  v e r i f y  comnents on s a l t y  t a s t i n g  groundwaters and i f  
so, t o  determine i f  these groundwaters are w i t h i n  acceptable l i m i t s  f o r  
i r r i g a t i o n  use. 

The r e l a t i v e  propor t ion o f  sodium t o  other cat ions (usual ly  calcium and 
magnesium) i n  groundwaters may make some waters undesirable f o r  some crops. 
T h i s  r e l a t i o n s h i p  i s  usual ly  expressed as the sodium absorption r a t i o  (SAR) 

where SAR = Na+/,/(Ca+++Mg++)/2 and can be used f o r  i d e n t i f y i n g  the 
s u i t a b i l i t y  o f  groundwaters f o r  i r r i g a t i o n  purposes. The formula appl ies 
where a l l  concentrat ions are expressed i n  epm. Applying the SAR formula t o  
e i g h t  laboratory  analyses revealed the sodium hazard l e v e l  as being low i n  
t h e  groundwaters o f  the unconsolidated aqui fers.  Applying the SAR formula 
t o  10 laboratbry  analyses o f  groundwaters from bedrock aqui fers  revealed the 
sodium hazard l e v e l  as being low i n  f o u r  water samples, medium i n  one 
sample, h igh i n  one sample and very high i n  fou r  samples. 

According t o  Richards (1969): 

"Low sodium water can be used f o r  i r r i g a t i o n  on almost a l l  s o i l s  
w i t h  l i t t l e  danger o f  the development o f  harmful l e v e l s  o f  
exchangeable sodium. However, sodium sens i t i ve  crops such as 
s t o n e - f r u i t  t r e e s  and avocados may accumulate i n j u r i o u s  
concentrat ions o f  sodium. Medium sodium water w i l l  present an 
appreciable sodium hazard i n  f i n e  textured s o i l s  having h igh 
c a t i o n  exchange c a p a c i t y ,  e s p e c i a l l y  under low l e a c h i n g  
c o n d i t i o n s ,  u n l e s s  gypsum i s  p r e s e n t  i n  t h e  s o i l .  T h i s  
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F I G U R E  15: Water Wells Where a S a l t y  Taste t o  the Water was Reported. 
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water may be used on coarse textured or  organic s o i l s  w i t h  good 
permeabi l i ty .  High sodium water may produce harmful l e v e l s  o f  
exchangeable sodium i n  most s o i l s  and w i l l  requ i re  special  s o i l  
management - good drainage, h igh  leaching and organic matter 
addi t ions.  Gypsiferous s o i l s  may not  develop harmful l e v e l s  o f  
exchangeable sodium from such waters. Chemical amendments may be 
requ i red  f o r  replacement o f  exchangeable sodium, except t h a t  
amendments may no t  be feas ib le  w i t h  waters o f  very h igh s a l i n i t y .  
Very high sodium water i s  general ly unsat is fac to ry  f o r  i r r i g a t i o n  
purposes except a t  low and perhaps medium s a l i n i t y ,  where the 
so lu t i on  o f  calcium from the s o i l  o r  the use o f  gypsum or  other 
amendments may make the use o f  these waters feasible.  Sometimes 
the  i r r i g a t i o n  water may d isso lve s u f f i c i e n t  calcium from 
calcareous s o i l s  to decrease the sodium hazard appreciably, and 
t h i s  should be taken i n t o  account i n  the use o f  low sa l i n i t y -h igh  
sodium and low sa l i n i t y -ve ry  h igh sodium waters. For  calcareous 
s o i l s  w i th  h igh pH values o r  f o r  non-calcareous so i l s ,  the sodium 
status o f  waters i n  classes low s a l i n i t y - h i g h  sodium, low 
sa l  i n i  ty-very h i  gh sodi um and medi um sal  i n i  ty-very h i  gh sodi um may 

be improved by the add i t ion  o f  gypsum t o  the water. S im i la r l y ,  i t  

may be bene f i c ia l  t o  add gypsum t o  the s o i l  p e r i o d i c a l l y  when 
medium sal  i n i  t y - h i  gh sodium and h igh sal i n i  ty-medium sodium waters 
are used." 

The major i t y  o f  these sa l in i ty-sodium combinations are found i n  the 
study area. I t  should be restated t h a t  most sources o f  groundwater on the 
east  coast o f  Vancouver I s l a n d  capable o f  y i e l d i n g  quan t i t i es  su i tab le  f o r  
i r r i g a t i o n  purposes w i l l  come from unconsolidated aquifers. The s a l i n i t y  
and sodium hazard were general ly reported to be low. 

Another important cha rac te r i s t i c  o f  i rri gat ion waters are concentra- 
t i o n s  o f  boron and other  elements t h a t  may be tox ic .  Based on nine low 
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Tota l  Dissolved So l i ds  readings, it i s  probable t h a t  t o x i c  elements found i n  
most groundwaters from unconsolidated aqui fers  w i l l  be w i t h i n  acceptable 
l i m i t s .  High l eve l s  o f  Boron (2.68 mg/L), however, have been found i n  the 
Cretaceous bedrock i n  o ther  par ts  of Vancouver Is land.  I t  i s  not known i f  
h igh  l eve l s  o f  t o x i c  elements are present i n  the study area, especia l ly  i n  
the bedrock groundwaters. 

8 .  CONCLUSIONS 

On a regional  basis, there i s  a high po ten t i a l  f o r  l o c a t i n g  groundwater 
suppl ies capable o f  meeting i r r i g a t i o n  requirements i n  the coastal p l a i n  
reg ion of the study area. The la rges t  groundwater reserves i n  the area are 
conta i  ned i n  recent  a1 1 u v i  a1 deposits, ter raced f 1 u v i  a1 and del t a i  c 
deposits, and i n  the Quadra Sand and other  sediments beneath the Vashon 
D r i f t .  

Though there i s  a pauci ty  o f  we l l  l o g  in format ion ava i lab le  f o r  much o f  
the  study area, su i tab le  geologic deposits i nd i ca te  the  po ten t i a l  
avai 1 abi 1 i ty o f  groundwater for irri gat ion purposes. Even where water we1 1 
l o g  in format ion i s  avai lable,  most water we l l  logs reported y i e l d s  from sand 
and/or gravel aquifers a t  less  than 2 L/s. This  i s  usual ly  the r e s u l t  o f  
the  imnediate needs o f  the water user. A s ing le  fami ly  home only requires a 
we l l  y i e l d  o f  0.2 L/s. A more e f f i c i e n t  development o f  the same aqu i fe r  
w i l l  o f t en  y i e l d  higher p roduc t i v i t y .  

Natural  water q u a l i t y  i s  expected t o  be acceptable from the ground- 
waters o f  unconsolidated deposits. Not enough data i s  ava i lab le  on the 
water q u a l i t y  of bedrock aqui fers  bu t  comments from a dozen water wel l  logs 
i n d i c a t e  the need f o r  more water q u a l i t y  analyses. The few analyses o f  
groundwaters from unconsolidated aquifers, i nd i ca te  a low t o  medium s a l i n i t y  
hazard and a low propor t ion o f  sodium t o  other cations. Special i r r i g a t i o n  
prac t ices  are usua l ly  no t  necessary with these water types. The few 
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analyses o f  groundwaters from bedrock aquifers report the sa l in i ty  and 
sodium hazards ranging from low to  very h i g h . '  T h i s  var iab i l i ty  i n  quality 
from bedrock aquifers s t resses  the need for  adequate quali ty analyses t o  
determine su i t ab i l i t y  for  use. One area of concern i s  man induced pollution 
t o  groundwater. A number of landf i l l  sites are located i n  these same sand 
and/or gravel . deposits on Vancouver Island which contain producti ve 
aquifers.  Groundwater withdrawal s from these areas should a1 ways be 
analysed f o r  toxic elements such as heavy metals. 

T h i s  report i s  regional i n  scope and ident i f ies  areas which have the 
potential  t o  supply i r r iga t ion  water. I t  does not provide a quant i ta t ive 
assessment of water ava i lab i l i ty  for  a si te specif ic  location. To provide 
such an assessment, more accurate del ineation of aquifer boundaries and 
estimation o f  groundwater recharge, movement, aquifer parameters and w i t h -  
drawal would be required on a s i te  specif ic  basis .  
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wel t  l l t h o l o g y .  These aqu l fe rs  may be 
e l t h e r  conf lned o r  unconflned. 
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adequate supp l l es  o f  groundwater for deposl ts  (predomlnant ly t l l l s ,  s l l t s  and 

l r r l g a t l o n  purposes are poor. These a re  clays) are unsu l tab le  as aqul fers.  How- 

areas where bedrock Is located a t  or near 
ground surfa8c-s and/or where w e l l  logs a t  depth. 

l n d l c a t e  bedrock aqui fers .  
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ground sur face and/or where w e l l  logs 

ever, s u l t a b l e  a q u l f e r  m a t e r l a l s  may e x l s t  
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fers (predominantly sands and gravels) + + + + +  have been ldentlfled at depth based on 

well lithology. These aqulfers m y  be 
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ever, sultable aqulfer materials may exAst 
at depth. 

adequate suppl les of groundwater for 
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areas where bedrodc Is located at of near 
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P o t e n t i a l  unconsol ldated unconflned aqul-  
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based on s u r f l c l a l  geology maps. 

Areas where sand and/or gravel a q u l f e r s  

have been l d e n t l f i e d  a t  depth based on 
w e l l  I l t ho logy .  These aqu l fe rs  my be 
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areas where bedrodc Is located a t  or near ever, s u i t a b l e  a q u i f e r  m a t e r l a l s  may e x l s t  
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