
“I 

I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 

i 

REGIONAL GROUNDWATER POTENTIAL FOR 

SUPPLYING IRRIGATION WATER: 1984 

Qual icum River  t o  Union Bay 

K.D. Ronneseth, B.Sc. 
M i n i s t r y  of Ag r i cu l tu re  and Food 

November 1984 



TABLE OF CONTENTS 

Page - 
L i s t  o f  Figures ...................................................... iii 
Acknowledgements ..................................................... i v  
In t roduct ion ......................................................... 1 
Physiography ......................................................... 1 

Bedrock Geology ...................................................... 2 
Unconsolidated Deposits .............................................. 2 
Groundwater Potent ia l  ................................................ 8 

Bedrock ............................................................ 8 
Unconsolidated ..................................................... 8 

Extent  o f  Developed and Potent ia l  Aquifers ........................... 13 

Water Q u a l i t y  ........................................................ 15 
Conclusions .......................................................... 17 
References ........................................................... 19 

1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
II 
I 
I 
I 
I 
I 
I 
I 
'I 



Figure 1 

Figure 2 

Figure 3 

Figure 4 

Figure 5 

Figure 6 

Figure 7 

F igure  0 

Figure 9 

Figure 10 

LIST OF FIGURES 

Page - 

i 
- i i i  - I 

I 
1 
I 
I 
I 
I 
1 
I 
1 
I 
I 
I 
1 
I 
I 
I 
I 

Regional Groundwater Potenti a1 for  Supplyi ng Ins ide  of 
I r r i g a t i o n  Water 92F.037 .......................... Back Cover 

Regional Groundwater Potential for  Supplying Inside of 
I r r i g a t i o n  Water 92F.046 .......................... Back Cover 

Regional Groundwater Potenti a1 f o r  Supplying Inside of 
I r r i g a t i o n  Water 92F.047 .......................... Back Cover 

Regional Groundwater Potenti a1 fo r  Supplying Ins ide  of 
I r r i g a t i o n  Water 92F.056 .......................... Back Cover 

C1 imatic-Geol ogi c Units, S t ra t igraphy and Late 
P1 ei s tocene  E n v i  ronments o f  the  Study Area ......... 3 

Geologic Cross Sect ion (Qual icum River Area) ....... 4 

Geologic Cross Sect ion (Nile Creek Area) ............ 5 

Geologic Cross Sect ion (Fanny Bay Area) ............ 6 

Geologic Cross Sect ion (Tsable  River Area) ......... 7 

In fe r r ed  Di s t r ibu t ion  of  Quadra Sand and 
Cowichan Head Formation ............................ 11 



I 
I 
I 
1 
I 
I 
1 
I 
I 
I 
11 
I 
I 
I 
I 
1 
I 
I 

- i v  - 

ACKNOWLEDGEMENTS 

The author wishes t o  acknowledge the suppor , the use of groundwater 
data and the technical assistance provided by the s ta f f  of the Groundwater 
Section of the Water Management Branch, Ministry of Environment. Special 
thanks to J.S. Madison and G .  Travers of the Planning and Assessment Branch, 
Ministry of Environment and the staff of the Coal Inventory Section of the 
Geological Branch, Ministry of Energy, Mines and Petroleum Resources for 
the i r  suppor t  and the use of hydrological and rninerological d a t a .  



I 
I 
I 
I 
I 
I 
1 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

- 1 -  

INTRODUCTION 
Since July 1980, the Ministry of Agriculture i n  conjunction w i t h  the 

Agricultural Land Commission have been involved i n  a detailed assessment of 
the agricultural capability of the east coast of Vancouver Island. An 
analysis of the hydrological da ta  was identified as an impor tan t  requirement 
i n  the above assessment w i t h  groundwater being a major component. 

This report, accompanying maps and cross sections provides a discussion 
and analysis of developed and potential aquifers, for the areas between 
Qualicum River and U n i o n  Bay, based on presently available groundwater and 
geologic data. The map sheets which cover the study area include 92F.037, 
046, 047 and  056 (1:20,0@0 scale). These map sheets are identified as  
Figures 1, 2 ,  3 and 4. 

The hydrogeological information, thematical ly presented on the map 

sheets and cross-sections are based on the tabulated d a t a  from over 180 
water well records, water well loca t ion  maps ( b o t h  oir f i le  w i t h  the 
Groundwater Section, Ministry of Environment) and published surficial 
geology maps and reports (Fyles, 1963; Muller a n d  Atchison, 1971). 

Tabu1 a ted da ta  from water we1 1 records ( e .g . , aqui fer characteri st ics,  
depth to  bedrock, etc.) and coal exploration test  holes (depth to  bedrock, 
thickness of overburden, etc.) were transferred to water well location maps 
w h i c h  were used as a working base. Surf ic ia l  geology units and g l ac i a l  
features (e.g. ,  abandoned channels) w h i c h  were considered hydrogeological l y  
significant i n  terms of groundwater potential were transferred to  these 
same maps. A synthesis of this d a t a  was then transferred to the final 
1:20,1)00 scale base maps. 

PHYSIOGRAPHY 
The three major geomorphic features of the study area are the result o f  

structural , erosional and depositional processes. These features are the 
eastern face of the Insular Mountain Belt w i t h  elevations to 500 metres; an 
u n d u l a t i n g  coastal lowland ,  rising from sea level to  approximately 200 
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metres and averaging 6 kilometers wide; and a 300 metre h i g h  bench located 
between Chef and Waterloo Creeks separating the lowlands from the adjacent 
mountains. 

BEDROCK GEOLOGY 
According to  Muller (19771, Vancouver I s l a n d  i s  the m a i n  component of 

the Insular Belt, the westernmost major tectonic subdivision of the Canadian 
Cordillera. The study area contains Paleozoic rocks ( a  limestone formation 
of the Sicker Group), Lower Mesozoic rocks ( a  volcanic formation of the 
Vancouver Group) and Upper Mesozoic rocks consisting of cyclical upward 
f i n i n g  sequences of conglomerate, sandstone, shal  e and coal o f  non-mari ne or 
near deltaic or ig in ,  suceeded by marine sandstone, shale or t h i n  bedded and 
graded shale-si1 tstone sequences from the Nanaimo Group (Mu1 ler ,  1977). The 
coastal  lowlands are principally underlain by the Nanaimo Group. 

'JNCONSOL I DATED DEPOSITS 
M o s t  o f  the unconsolidated materials 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  ice during the Late 
Pleistocene. Though some of the unconsolidated deposits are the result of 
older g lac ia l  (Dashwood Drift) and interglacial (Mapleguard and Cowichan 
Head Sediments) a c t i v i t y ,  the majority of the deposited sediments are from 
the Fraser Glac ia t ion .  The Fraser Glac ia t ion  probably represents the same 
geologic-climatic time period as  the Classical Late Wisconsin Glaciation of 
t h e  mid-continent region (Alley and C h a t w i n ,  1979).  Fyles (1963) has mapped 
the unconsolidated sediments a t  surface w i t h i n  the study area a t  a scale o f  
1 :63,36O. 

A stratigraphic framework of unconsolidated sediments and a chronology 
of Late Pleistocene environments i n  the study area, i s  shown i n  Figure 5 .  
The thickness and vertical var ia t ion of the unconsolidated sediments w i t h i n  
the study area i s  shown by cross sections i n  Figures 6 ,  7 ,  8, and 9. 
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Groundwater w i t h i n  the "edrock 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 -  

g ranu lar  openings i n  the rock, and i n  the case o f  l imestone, in the 
channels formed by the d i s s o l u t i o n  of 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. 

The p o s s i b i l i t y  of obta in ing adequate suppl ies o f  groundwater f o r  
i r r i g a t i o n  purposes from these sources are general ly considered t o  be 

poor. Only 4 o f  10 water wel l  logs repo r t i ng  we l l s  completed i n  bedrock 
provided y i e l d s .  These y i e l d s  were s u f f i c i e n t  on ly  f o r  domestic 

purposes. 

Examples o f  bedrock aquifers capable of y i e l d i n g  s u f f i c i e n t  supplies 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 of southern Vancouver I s l a n d  where w e l l  y i e l d s  up to  
16 L/s have been obtained. It i s  not known i f  comparable high 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 
r e q u i r e  d e t a i l e d  geologic mapping, a,er ia l  photograph analysis, and 

' poss ib l y  geophysical invest igat ions,  as wel l  as t e s t  d r i l l i n g .  These 

procedures can be both time-consuming and expensive. 

I 
I 
I 

Unconsolidated Deposits 

Most o f  t h e  groundwater used on Vancouver I s l a n d  comes from 

unconsolidated 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 r e c i p i t a t i o n  o r  surface water sources. The amount o f  water obtainable 
from these mater ia ls ,  depends on the permeabi l i ty  o f  the aqu i fe r  mater ia l ,  

t he  th ickness and ex ten t  o f  the aquifer, the r a t e  o f  aqu i fe r  recharge and 
on we l l  const ruct ion.  

I 
I 
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The unconsolidated deposits which are hydrogeological l y  significant i n  
terms of groundwater potential for  irrigation purposes are primarily 
comprised . o f  sand  and/or gravel. The deposits which f a l l  i n t o  this 
category are 1 i sted and discussed bel ow: 

1) The shore, deltaic, f l u v i a l  and a l l u v i a l  deposits of the Salish 
Sediments. These deposits range u p  to 10 metres i n  thickness. 
Thickness of any sand and/or gravel deposits 0.5 metres or greater are 
considered s i g n i f i c a n t  i n  terms o f  groundwater potential. The primar.y 
target for groundwater exploration would be the f l u v i a l  deposits near 
present day stream channels and deltas. 

2 )  Terraced f l u v i a l  deposits which include deltaic, channel, f l o o d p l a i n  
and a l l u v i a l  f a n  deposits alonrJ w i t h  some marine and/or glacio-marine 
deposits of the Capilano Sediments. These deposits are related to 
former sea, river and lake levels significantly higher or lower 
(+6  metres) than  the present levels (Fyles, 1963). These deposits 
range u p  t o  20 metres i n  thickness and 1800 metres across. The deltaic 
terraces would be primary target areas for groundwater exploration. 

3) The g l ac io f luv ia l  deposits which include hummocky knob and kettle, 
r idged ,  esker, terrace and pitted terrace, kame terrace, kame delta and 

ice contact a l l u v i a l  fan deposits of the Vashon Drift. These deposits 
are often found  resting upon the ground moraine of the Vashon Drift. 
Usually located w i t h i n  a couple of miles of the m o u n t a i n  slopes, these 
deposits may range up t o  1.5 kilometers wide and 5 .5  kilometers long. 
One ice-contact delta, known as the Spider Lake Terrace (Fyles, 19631, 
covers approximately 10 square kilometers and loca l ly  may exceed 
15 metres i n  thickness. The kame terraces and kame deltas would be 
primary target areas for groundwater exploration, 

Lenses of sand and/or gravel are associated w i t h  the ground moraine 
deposits of the Vashon Drift. Though these lenses are potential 
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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 p o t e n t i a l  o f  t h i s  

geologic u n i t  mer i ts  an expanded understanding o f  i t s  d i s t r i b u t i o n  and 

o r i g i n .  

Quadra Sand i s  found throughout much o f  the southern p o r t i o n  o f  the 

study area, usual ly  below the 100 metre e leva t i on  l e v e l .  Comprised 

predominantly of sand w i t h  minor s i l t  and gravel these deposits 

l o c a l l y  exceed 75 metres i n  thickness. 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  

t he  Olympia I n t e r g l a c i a l  per iod the cu r ren t  theory on the o r i g i n  o f  

Quadra Sand i s  summarized by Clague (1977) below: 

"The sand was deposited, i n  par t ,  as d i s t a l  outwash aprons a t  

successive pos i t i ons  i n  f r o n t  o f  and perhaps along the margins o f  

g l a c i e r s  moving from the Coast Mountains i n t o  the Georgia 

Depression and Puget Lowland dur ing La te  Wisconsin time. A f t e r  

deposi t ion a t  a s i t e ,  bu t  before b u r i a l  by ice,  the sand was 

dissected by meltwater and the eroded d e t r i t u s  was transported 

f a r t h e r  down the basin t o  s i t e s  where aggradation continued." 

The i n f e r r e d  d i s t r i b u t i o n  o f  Quadra Sand i s  shown i n  Figure 10. The 

extensiveness o f  these deposits, t h e i r  thickness and l o c a l l y  proven 

y i e l d s  of  6 L/s make the Quadra Sand a primary t a r g e t  f o r  groundwater 

explorat ion.  
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Figure  10. 
Cowichan Head Formation ( a f t e r  Clague, 1977) 

I n f e r r e d  D i s t r i b u t i o n  o f  Quadra Sand and 

A gravel and sand deposit found beneath g lac ia l  d r i f t  o f  the Fraser 

G lac ia t i on  bu t  whose re la t i onsh ip  t o  Quadra Sand i s  unknown. Found i n  
the  northern p o r t i o n  o f  the study area, thicknesses o f  7 5  metres have 

been observed (Fyles, 1963). The most extensive o f  these deposits are 

1 ocated between Rosewall and Cowie Creek. One borehole between 

Waterloo and Rosewall Creeks showed 134 metres o f  predominantly sand 
and g rave l l y  mater ia ls .  Though there i s  a lack  o f  groundwater data 

f o r  t h i s  geologic u n i t  the composition, areal ex ten t  and thickness o f  
t h i s .  d e p o s i t  make i t  a p r i m a r y  t a r g e t  area f o r  groundwater 
expl  orat ion.  

I 
I 
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6 )  Sandy deposits ( f l u v i a l ? )  from the Mapleguard Sediments. The 
Mapleguard sediments are found underlying Dashwood Drift which under- 
1 ies Olympia intergl act a1 sediments. One twenty metre thick exposure 
of Mapleguard Sediments revealed a 3.5 metre thick bed of sand 
(Fyles, 1963). Under the proper conditions these deposits could form 
a viable aquifer. The loca t ion  of Mapleguard Sediments, however, are 
known t o  exist only ( a t  present) i n  a few localities. 

The fo l lowing  i s  a summary of groundwater da ta  from water well records i n  
the study area. Many of these wells probably were completed i n  one or more 
of the deposits just described. 

Forty-seven water we1 1 records show thickness of unconsolidated material s 
ranging from 0 t o  146 metres and averaging 20 metres. Sixty-eight coal 
exploration testholes show thickness of unconsolidated material , ranging 
from 0 t o  93 metres and averaging 14 metres. The water wells were generally 
located below 100 metres i n  elevation i n  thicker unconsolidated materials 
t h a n  the coal exploration test  holes which were located on the hillsides a t  
an average elevation of 219 metres i n  generally thinner unconsolidated 
materials. 

Eighty-five water well records w h i c h  showed wells completed i n  sand and/or 
gravel, ranged i n  depth from 1 t o  147 metres and averaged 10 metres. The 
apparent depth t o  the t o p  of a sand and/or gravel aquifer, based on 31 water 
well records, ranged from 1 t o  81 metres w i t h  11 being the average. By 
removing the two well logs which showed the two deepest aquifers, the depth 
t o  the t o p  of a sand and/or gravel aquifer ranged from 1 t o  26 metres w i t h  7 
being the average. 

Thirty-two water we1 1 records showed apparent aquifer thicknesses ranging 
from 0.3 t o  18 metres w i t h  about 4 metres being the average. Twenty-one 
well records show well yields t h a t  are reported t o  range from less t h a n  
0.1 L/s t o  greater t h a n  25 L/s w i t h  about  5 L/s being the average. Five 
1 i t res  per second is s i g n i f i c a n t  when considering irrigation requirements. 
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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. 

Ava i lab le  data from other  hydrogeological s tud ies show y i e l d s  up to 

38 L/s have been obtained. A study by Zubel (1979) ind ica ted  seven 

r i ver /s t ream (Qual icum, Chef, McNaughton, Rosewall, Waterloo and Tsable) 

basins conta in ing  aqui fers  wi th the po ten t i a l  o f  supplying over 32 L/s o f  

water to one o r  more po ten t i a l  wells. Th is  study a lso i d e n t i f i e d  7 t e s t  

d r i l l  s i t e s  adjacent t o  various stream channels. Other t e s t  d r i l l  s i t e s  

probably e x i s t  elsewhere away from stream channels. The few 24 hour pump 

t e s t s  ava i l ab le  on f i l e  showed spec i f i c  capaci ty  ra t i ngs  up t o  60 L/s/metre 
of drawdown. These r a t i n g s  are s i g n i f i c a n t  i n  terms o f  groundwater 

po ten t i  a1 . 

EXTENT OF DEVELOPED AND POTENTIAL AQUIFERS 

AREA A: Area A o u t l i n e s  the s u r f i c i a l  extent  o f  

unconsolidated deposits p r i m a r i l y  comprised o f  

sand and/or gravels. Area A o u t l i n e s  areas where 
there i s  a h igh p r o b a b i l i t y  o f  l o c a t i n g  water- 

bearing sand and/or gravel aqui fers  bu t  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. 

Area A o u t l i n e s  po ten t i a l  unconfined aqu i fe rs  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  espec ia l l y  re levan t  t o  the Quadra Sand and 

p o s s i b l y  t o  some p r e - F r a s e r  G1 a c i  a t i o n  unconsol  i dated sediments 
(e.g., Mapleguard sediments) which may under l i e  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 Area A were t rans fe r red  f i r s t  from 

1363,360 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 ro rs  may e x i s t  there fore  

on the l a r g e r  scale mapping. 
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AREA B: Area B outlines regions where sand 
and/or gravel aquifers (greater t h a n  0.5 metres 
i n  thickness) have been identified a t  depth based 
on water well l i tho logy  records. These aquifers 
may be e i t h e r  confined o r  unconfined. 
Figure 6 g r a p h i c a l l y  shows water wells 

-- 

X29 Y6 #2 and  X29 Y7 #3 constructed i n  a confined aquifer and water wells 
FH#5, FH#1, FH#6 and FH#3 constructed i n  an unconfined aquifer. Water well 
X29 Y6 #2 a1 so happens t o  be a flowing artesian well. 

The boundaries of Area 6 were arbitrarily set a t  a 100 metre radius from a 
d a t a  p o i n t  (water well 1 w h i c h  identified a sand and/or gravel aquifer 
greater t h a n  0.5 metres i n  thickness. Where two wells, located w i t h i n  400 
metres o f  each other, show similar lithologies and the geomorphology of the 
area was homogeneous, Area B was extended between the two wells. 

A R E A  C :  Area C outlines areas where the 
unconsoli dated deposits a t  surface (predominantly 
-- 
t i l l s ,  s i l t s  and/or clays) are generally 
unsuitable as aquifer materials due t o  their low - - - - - - - - - - - - - - - -  - - - - - - - - - - - - - - - - -  

I--------------- - - - - - - - - - - - - - - - -  - - - - - - - - - - - - - - - - -  However, suitable aquifer permeability. 
materials may and do exist a t  depth as evidenced 

i n  many regions of Area C where s i te  specific da ta  are available. The 
geologic cross-sections i n  Figures 6 ,  7 ,  and98 graphically display this 
geol ogi c situation. Where ground morai ne deposits have been mapped i n  Area 
C y  l o c a l l y  there may be sand and/or gravel deposits found a t  surface or i n  
lenses a t  dep th .  Also, older geologic units (e.g., Quadra Sand) t h a t  are 
s igni f icant  aquifers may be overlain by the marine and moraine deposits 
found  i n  Area C. Productive aquifers may be found i n  these older geologic 

- - -. - - - - - - - - - - - - - - --------I------- 

units. 

The boundaries of Area C were also transferred from Fyles (1963) surficial ’ 

geology maps (1:63,360 scale). 
the larger scale mapping. 

Minor boundary errors therefore may exist on 
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AREA D: Area D was' i d e n t i f i e d  where bedrock i s  
loca ted  a t  o r  near ground surface and/or where 

w e l l  l o g s  i n d i c a t e  bedrock a q u i f e r s .  The 

boundaries f o r  Area D were a lso a r b i t r a r i l y  s e t  

a t  100 metre rad ius from a data p o i n t  (e.g., 
bedrock we l l  o r  rock outc.rop). Th is  distance was 

extended to 400 metres between data po in ts  i f  water wel l  l i t h o l o g y  and the 
surface morphology so warranted. 

A 

Water we l ls  where y i e l d s  greater  than 3 L/s have 

been reported. Where these we l l s  are found i n  
Area R these areas show the h ighes t  po ten t i a l  f o r  

ob ta in ing  groundwater supplies to 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. 

Abandoned channel o r  me1 twater  channel . A 
g l a c i a l  fea ture  which may be a t a r g e t  area f o r  

groundwater explorat ion.  S i g n i f i c a n t  deposits o f  
sand and/or gravel may be associated w i t h  'these 

features i n  some instances. 

WATER QUALITY 

Water q u a l i t y  based on 6 l abo ra to ry  analyses o f  groundwaters from 

unconsolidated aqu i fe rs  i s  favourable for  i r r i g a t i o n  purposes. These 6 
ranalyses show groundwaters are e i t h e r  the calcium bicarbonate type o r  the 

ca l  cium-magnesium bicarbonate type based on equiva lents  per m i l  l i o n  (epm) 
percentages. S i x  analyses i s  very sparse f o r  so l a r g e  an area. More 

analyses ( f rom we1 1 s completed i n  both unconsolidated mater ia l  s and bedrock) 
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would provide a more complete understanding o f  natura l  water q u a l i t y  w i t h i n  
the study area. 

Two o f  the c h a r a c t e r i s t i c s  of 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 s a l t s  and the r e l a t i v e  p ropor t i on  o f  sodium t o  other  cat ions 

(Richards, 1969). 

The t o t a l  concentrat ions of soluble s a l t s  can be expressed i n  terms o f  
i t s  e l e c t r i c a l  conduc t i v i t y  i s  o f ten  measured i n  micromhos/cm a t  25OC. The 

h ighe r  the concentrat ion o f  soluble s a l t s  and minerals the higher the 
conduc t i v i t y .  High s a l t  concentrat ions i n  i r r i g a t i o n  water can r e s u l t  i n  

s a l i n e  condi t ions even where drainage i s  sa t i s fac to ry .  The e l e c t r i c a l  
c o n d u c t i v i t y  of the 6 samples was reported i n  3 o f  the samples and 

ca l cu la ted  i n  the other  3. The c a l c u l a t i o n  was done by d i v i d i n g  the Total  

Dissolved Sol i ds (TDS) readi  ngs by 0.7. The e l  e c t r i c a l  conduct iv i  ty values 

ranged from 5 1  t o  183 micromhos/cm. Conduct iv i ty readings o f  i r r i g a t i o n  
water l ess  than 250 micromhos/cm are considered to be low-sal ine waters. 

According t o  Richards (19691, these waters 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 .  

The r e l a t i v e  p ropor t i on  of sodium t o  other cat ions ( u s u a l l y  calcium and 

magnesium) i n  groundwaters may make some waters undesirable f o r  some crops. 
This  r e l a t i o n s h i p  i s  usua l l y  expressed as the sodium absorpt ion r a t i o  (SAR) 

where SAR = Na+/ d(Ca++ + Mg++)/2 and can be used f o r  i d e n t i f y i n g  the 
su i  t a b i  1 i ty o f  groundwaters f o r  i r r i g a t i o n  purposes. The formula appl i es 

where a l l  concentrat ions are expressed i n  epm. Applying the SAR formula t o  
the  s i x  l a b  analyses revealed the sodium hazard l e v e l  as being low to very 

1 ow from the groundwaters o f  these unconsol i dated aqui f e rs .  Bedrock 

aqui fers ,  however, may conta in  higher l e v e l s  o f  sodium r e l a t i v e  t o  calcium 

and magnesium as was the case reported i n  one coastal bedrock wel l  j u s t  

south o f  the study area. 
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Another important cha rac te r i s t i c  o f  i r r i g a t i o n  waters are the concen- 

t r a t i o n s  o f  boron and other  elements t h a t  may be tox ic .  The 6 l a b  analys is  
d i d  no t  t e s t  f o r  boron bu t  the low Total Dissolved So l ids  (TDS) determina- 

t i o n s  ( ranging from 50 t o  128 mg/L) i n d i c a t e  probable low concentrat ions o f  
most chemical const i tuents .  

Brackish waters were only  found i n  one coastal bedrock we l l  i n  the 
study area. This  wel l  was p a r t l y  b a c k f i l l e d  and a freshwater zone c lose r  to 
the ground surface was u t i l i z e d .  . 

CONCLUSIONS 

On a regional  basis, there i s  p o t e n t i a l  f0.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  o f  the study area. The l a r g e s t  groundwater reserves i n  the area are 

conta i  ned i n recent  a1 1 u v i  a1 deposits, ter raced f l  u v i  a1 and del t a i c  

deposits, and i n  Quadra and other  sediments beneath Vashon D r i f t .  

Though there i s  a pauci ty  o f  wel l  l o g  informat ion ava i lab le  i n  the 

study area, sui t a b l e  geologic deposits i nd i ca te  the p o t e n t i a l  a v a i l a b i l i t y  

of groundwater fo r  i r r i g a t i o n  purposes. S u r f i c i a l  geology maps ind i ca te  the 

extensive deposi ts of sand and/or gravel found a t  surface. Geologic cross- 

sect ions show substant ia l  thicknesses of p o t e n t i a l  aqu i fe r  deposits. An 

abnormally high base f low i n  N i l e  Creek (pers. comm. J.S. Madison, M i n i s t r y  

e o f  Environment, 1984) and substant ia l  con t r ibu t ions  t o  the f low o f  Qualicum 
River, Chef Creek, Waterloo Creek, W i l f red  Creek and others (Fyles, 1963) 

dur ing  the per iod o f  summer drought a lso p o i n t  t o  groundwater's r o l e  as a 

major f resh  water supply source. 

This repo r t  i s  regional  i n  scope and i d e n t i f i e s  areas which have the 

p o t e n t i a l  to supply i r r i g a t i o n  water. It does not provide a q u a n t i t a t i v e  

assessment o f  water a v a i l a b i l i t y  f o r  a s i t e  spec i f i c  loca t ion .  To provide 

such an assessment, more accurate del i neat ion o f  aqu i fe r  boundaries and 
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est imat ion  of groundwater recharge, movement, a q u i f e r  parameters and 

withdrawal r a t e s  would be required on a s i t e  s p e c i f i c  basis.  
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REGIONAL GROUNDWATER POTENTIAL FOR SUPPLYING IRRIGATION WATER 

P o t e n t i a l  unconso l i da ted  unconf ined a q u i f e r s  (predominant ly  sands and g r a v e l s )  based on s u r f  i c i a l  
geology ~ D S  (Fy les,  19631. 

- - - t - t t - T T t  

++t++++++++ Areas where sand and/or g r a v e l  a q u i f e r s  have Seen i d e n t i f i e d  a t  depth based on w e l l  l o g  l i t h o l o g y .  
i i++++f+f++ These a q u i f e r s  may be e i t h e r  con f ined  or unconfined. 

Areas where t h e  s u r f  i c i a l  unconso l i da ted  deoos i t s  (Dredominant ly  ti I Is, s i  I t s  and c l a y s )  a r e  
u n s u i t a b l e  as aqui fers .  However, s u i t a b l e  a a u i f e r  m a t e r i a l s  my e x i s t  a t  deoth. - - - - - - - - - - -  
Areas where t h e  ~ o s s i b i  l i ly o f  o b t a i n i n o  a d m u a t e  suDp l ies  of groundwater for i r r i g a t i o n  DurpOSeS 
a r e  Door. These a r e  areas wnere bedrock i s  l oca ted  a t  o r  near ground s u r f a c e  and/or wnere w e l l  
logs i n d i c a t e  bedrodc a q u i f e r s .  

Well  w i t h  a r e p o r t e d  e s t i m t e d  v i e i d  of g r e a t e r  than 3 l i t r e s  Der second- 

d e l l  r r i t h  a r e p o r t e d  es t ima ted  y i e l d  3' aetweeri I tns 3 'stre!, oer second. n 
4bandoned channel. 
ed w i t h  these  features. 

F l u v i a l  or g l s c i o f  l u v i a l  deoos i t s  h a v i n g  groundwater p o t e n t i a l  wv %be a s s o c i a t -  

Rmneseth, Vovember, 1984. 
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REGIONAL GROJJNDWATER POTENTIAL FO SUPPLYING IRRIGATION WATER 

P o t e n t i a l  unconso l i da ted  uncon f ined  a a u i f e r s  (Dredomi n a n t l v  sands and- g r a v e l s )  based on s u r f  i c i a l  
geolooy ~ D S  (Fv les,  1963). 

Areas where sand and/or a r a v e l  a q u i f e r s  have been i d e n t i f i e d  a t  3eoth based on w e l l  log l i t h o l o u y .  +++++++++++ These aqu i f e r s  may be e i t h e r  conf  i ned o r  unconf i ned. 

Areas r h e r e  t h e  s u r f i c i a l  unconso l i da ted  deoos i t s  (DredOminantlV ti I I s ,  s i  I t s  and c l a v s )  a r e  
i l n s u i t a b l e  as aqu i fe rs .  ilowever, s u i t a b l e  a q u i f e r  m a t e r i a l s  may e x i s t  a t  deoth. 

Areas #here t h e  ~ o s s  i b i  I i t y  of ob ta  i n i no adeauate SUDD 1 i es of groundwater tor  i r r i g a t i o n  purDOSeS 
a r e  Door. These a r e  a reas  where bedrock i s  l oca ted  a t  or nea r  ground s u r f a c e  ano/or  she re  we1 I 
loas i n d i c a t e  bedrock a q u i f e r s .  

d e l l  4 ; ? 5  F r e n o r t a d  e s t i m t e d  v i e l d  of a r e a t e r  t han  3 l i t r e s  oe r  second. 

A del  I r r i  t h  a r e p o r t e d  e s t i m a t e d  y i e l d  of between 1 and 3 I i t r e s  Der second. 

Abandoned channel. F l u v i a l  o r  g l a c i o f l u v i a l  d e p o s i t s  hav ina  groundwater o o t e n t i a l  m y  be a s s o c i a t -  
ed w i t h  these features.  

i l m i t  of s u r f i c i a l  geology muping.  

Ronneseth, Vovember, 1984. 
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REGIONAL GROUNDWATER POTENTIAL FOR SUPPLYING IRRIGATION WATER 

c i a 1  

OgY 

a r e  

P o t e n t i a l  unconso l i da ted  unconf l ned  a q u i f e r s  (predominant ly  sands and g r a v e l s )  based on s u r f  
geoloay raps (Fvles, 1963). 

i Areas where sand and/or q r a v e l  a q u i f e r s  have been i d e n t i f i e d  a t  deoth based on w e l l  log l i t h o  
These aqu i f  e r s  may be e i t h e r  con f  i ned or unconf i ned. 

5480000 

,Areas where t h e  s u r f  i c i a l  unconso l i da ted  deDosi ts  (predominant ly  ti I I s ,  S I  I t s  and ClaVS) 
~ u n s u i t a b l e  as aaui fers .  However, s u i t a b l e  a q u i f e r  m a t e r i a l s  may e x i s t  a t  depth. 

Areas where t h e  Dossib i  I i t v  o f  o b t a i n i n o  adequate s u ~ p l  i e s  of groundwater for  I r r i g a t i o n  purposes 
a r e  Door. These a r e  areas where bedrock i s  l oca ted  a t  o r  near  ground s u r f a c e  and/or where w e l l  

Wel l  w i t h  a r e p o r t e d  es t ima ted  Y i e l d  of g r e a t e r  t han  3 l i t r e s  Der second. 

A We1 1 w i t h  3 ceoor ted es t ima ted  v e l d  of between 1 and 3 l i f r e s  nor  c-rnnd, 

Abandoned channel. F l u v i a l  o r  g 
ed w i t h  these  features. 

a c i o f l u v i a l  deDosi ts  hav ina groundwater p o t e n t i a l  may be a s s o c i a t -  

L i m i t  o f  s u r f i c i a l  qeology mappi 

Ronneseth, November, 1984. 
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L REGIONAL GROUNDWATER POTENTIAL FOR SUPPLYING IRRIGATION WATER 

0.0 ." 0, E." ",E." 0 : ."oo :: om: 
P o t e n t i a l  unconso l i da ted  unconf ined a a u i f e r s  (predominant ly  sands and g r a v e l s )  based on s u r f  i c i a l  -1 o o ~ o a o o o o o o D ~ o o o ~  geoloay ~ D S  (Fyles, 1963). 

Areas #here  sand and/or g r a v e l  a q u i f e r s  have been i d e n t i f i e d  a t  depth based on w e l l  log I i t h o l o q y .  
These a q u i f e r s  may be e i t h e r  c o n f i n e d  o r  unconfined. /- 

I 
L I - - - - - - - - - _ - -  - - - - - - - - - - - -  - - - - - - - - - - - Areas dhere t h e  s u r f  i c i a l  unconso l i da ted  d e p o s i t s  (oredominant ly  ti I I s ,  s i  I t s  and c l a v s )  a r e  - - - - - - - - - - - - -  - - - - - - - - - - - u n s u i t a b l e  as aqui fers .  However, s u i t a b l e  a q u i f e r  m a t e r i a l s  may e x i s t  a t  deDth. - - - - - - - - - - - -  I= I 

4reas r h e r e  t h e  o o s s i b i  I i t v  o f  o b t a i n i n a  adequate s u ~ ~ l  i e s  o f  groundwater for i r r i o a t i o n  Durposes 
a r e  poor. These a r e  areas where bedrock i s  l oca ted  a t  or near  ground s u r f a c e  and/or where we1 I 
1 ogs i n d i ca t e  bedrock aau i f e r  s. 

H e l l  N i t h  3 r e o o r t e d  es t ima ted  v i e l d  3f a r e a t e r  t han  3 I i P r e s  Der second. 

d e l l  w i t h  3 r y o o r t e d  es t ima ted  v i e l d  of between 1 and.3 l i t r e s  p e r  second. A 

0 

i L 

I 4bandoned channel. F l u v i a l  o r  g l a c i o f  l u v i a l  d e o o s i t s  hav ing  groundwater p o t e n t i a l  may be aSSOCiat- 
ed w i t h  these features.  
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