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A PRELIMINARY ASSESSMENT OF GROUNDWATER CONDITIONS 
ON SATUWNA ISLAND 

1. INTRODUCTION 

1.1 Purpose o f  Study 

This  repo r t  has been w r i t t e n  t o  examine the known groundwater 
cond i t ions  on Saturna Is land. I t s  main ob jec t ives  are  as fo l lows: 

( $ 1  To present a compi lat ion o f  in format ion obtained t o  date regarding 
groundwater condi t ions on Saturna I s land  f o r  presentat ion i n t o  a 
format f o r  f u tu re  r e f e r r a l ;  

( i i )  t o  provide a general overview o f  the hydrogeology o f  Saturna 
I sl and; 

I 
E 
E 
E 
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I 
I 

(iii) 

1.2 Methods o f  Inves t iga t ions  

t o  review water q u a l i t y  and del ineate water q u a l i t y  problem areas. 

I n  order t o  formulate t h i s  r e p o r t  the sources below were re fe r red  
to:  

(i) Water we l l  records and we l l  l o c a t i o n  maps i n  the Groundwater 
Section f i l e s ,  i nc lud ing  unlocated and unp lo t ted  we l l  records. 

(ii 1 General groundwater in format ion i nc lud ing  in formal  and formal 
repor ts ,  r e s u l t s  o f  previous f i e l d  work inves t iga t ions ,  s u r f i c i a l  
and bedrock geology maps, and a e r i a l  photography. 
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1.3 Methods o f  Presentat ion 

Methods employed t o  present the in format ion w i t h i n  t h i s  r e p o r t  
inc lude the fo l lowing:  

Examination and tabu1 a t i o n  of informat ion on approximately 120 
p l o t t e d  and unplot ted wel l  records. This in format ion includes 
records o f  we l l s  constructed up t o  1982. 

Presentat ion o f  various compiled data i n  map and tabulated format. 
Th is  includes water q u a l i t y  in format ion and estimates o f  ground- 
water recharge and demand w i t h i n  each groundwater region. 

1.4 Previous Groundwater Inves t i ga t i ons  

A1 though no comprehensive repo r t s  have been prev ious ly  w r i t t e n  

concerning groundwater condi t ions on Saturna Is land, a considerable amount 
o f  f i e l d  inventory work has been conducted i n  the past by Groundwater 
Sect ion s t a f f  members. Results o f  t h i s  f i e l d  work c o n s t i t u t e  a major p a r t  
o f  t h i s  repor t .  

LOCATION, S IZE,  TOPOGRAPHY AND DRAINAGE AND CLIMATE 

Saturna I s l a n d  i s  the most southeaster ly o f  the Canadian Gu l f  Is lands 
l oca ted  i n  the S t r a i t  o f  Georgia (Figure 1) .  It i s  approximately 
8,040 acres (3,347 hectares) i n  size, 7.5 m i l e s  (12 k i lometers)  i n  length 
and 3 mi les  (4.6 k i lometers)  wide and can be reached by vehic le  f e r r y  from 
both Vancouver I s l a n d  and the Mainland and supports a permanent populat ion 
o f  229 (1981 census). This number can t r i p l e  due t o  the i n f l u x  o f  
v i s i  t o r s  and par t - t ime residents dur ing the summer months. 
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As evident w i t h  the other Gulf Islands, the topography o f  Saturna 
I s l a n d  general ly trends northwest-southeast, r e f l e c t i n g  bedrock s t r u c t u r e  
and s t ra t igraphy.  The r e l i e f  slopes sharply t o  a rugged coast l ine.  Two 
r idges, along the northeast and southwest po r t i ons  o f  the i s l a n d  separated 
by a va l ley,  form the predominant topographic features o f  the Is land. 
Maximum r e l i e f  i s  1,425 fee t .  The r idges slope gent ly  t o  the no r th  bu t  
have b l u f f s  ranging i n  steepness from 45 t o  90 degrees on t h e i r  southern 
scarp faces. 

As shown i n  F igure 2, f i v e  groundwater regions have been del ineated. 
The boundaries represent the topographic d iv ides o r  heights o f  land 
between natura l  drainage basins and are considered synonymous w i t h  ground- 
water regions a t  t h i s  time. This i s  a very s i m p l i f i e d  d i v i s i o n  and may be 
rev i sed  when f u t u r e  hydrogeological studies reveal under ly ing zones o f  
permeabi l i ty  which could a l t e r  the s ize and shape of c e r t a i n  groundwater 
regions. Groundwater regions i n  t h i s  study have been named a f t e r  l o c a l  
p lace names. The souther ly Gul f  Is lands (Saturna, Galiano, Mayne and 
North and South Pender) l i e  t o  the leeward o f  the Vancouver I s l a n d  ranges, 
and thus share a west coast summer dry c l imate.  Wherein (a )  marine 
i n f l uence  on temperature overshadows the e f f e c t s  o f  e levat ion,  l a t i t u d e s  
and aspect ( d i r e c t i o n  o r  exposure o f  slope) and (b) more than 90% o f  the 
p r e c i p i t a t i o n  f a l l s  as ra in ,  over 75% dur ing the winter  months. Annual 
average p r e c i p i t a t i o n  over a 15 year per iod (1967-1981) has been 
ca l cu la ted  a t  29.8 inches (757 mm) (Environment Canada). 

3. BEDROCK GEOLOGY 

3.1 Strat igraphy 

Bedrock geology o f  Saturna I s l a n d  i s  made up o f  three p r i n c i p a l  
formations (F igure 3). These formations have been designated as Cedar 
D i s t r i c t  Formation, the De Courcy Formation and the Northumberland 
Formation (Usher, 1952). 
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Cedar D i s t r i c t  Formation - t h i s  format ion has been described by Usher 
as " t h i n  beds o f  b l  u i  sh-grey t o  dark grey spheroidal weathering , 
carbonaceous and ferrugenous and i n  places calcareous sandy shales 
a1 te rna t i ng  w i t h  brownish grey, f ine-gra ined sandstone.'' The sediments 

a re  we l l  bedded and the shales are commonly laminated. The Cedar 
D i s t r i c t  Formation crops ou t  on the south s ide o f  Saturna I s l a n d  a t  the 
base o f  massive c l i f f s  o f  De Courcy Formation. Shale exposures are 
v i s i b l e  i n  L y a l l  Harbour. 

De Courcy Formation - t h i s  sandstone format ion ove r l i es  the shales o f  
the  Cedar D i s t r i c t  Formation and has been estimated t o  range from 
800 t o  1000 f e e t  i n  thickness. While t h i s  format ion i s  predominantly 
sandstone, i t  becomes shaley near i t s  contacts w i th  the Cedar D i s t r i c t  
shales and the  Northumberl and Formation. 

Beds o f  conglomerates are interbedded i n  the sandstone. As a ru le ,  
these conglomerate beds tend t o  form lenses and r a r e l y  extend f o r  any 
l a t e r a l  distance. 

Northumberland Formation - t h i s  format ion inc ludes sandstones, s i1  ty 

sandstones w i t h  minor  sha les  i n  t h e  Northumberl  and Format ion .  
Boundaries o f  t h i s  formation, l i k e  those o f  others found i n  the Nanaimo 
Basin, are not  wel l  defined, and have been chosen on an a r b i t r a r y  basis. 
I t s  est imated thickness i s  2,400 f e e t  on Saturna Is land. 

3.2 Structure 

Major s t ruc tu ra l  trends are ev ident  along northwest and southeast 

d i rec t i ons .  The va l l ey  occupying the cent ra l  po r t i on  o f  the I s land  
probably represents the top o f  an a n t i c l i n e  which has been inver ted  to  
i t s  present low topographic l e v e l  ( L i n t o t t ,  1953). Plumper Sound o f f  
the  southern shore of the I s land  i s  considered t o  have had a s i m i l a r  
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o r i g i n  (F igure 1). The northern l imb o f  Plumper Sound has pronounced 
plunging t o  both the northwest and the southeast. 

4. SURF I C  IAL GEOLOGY 

On the basis o f  very l i m i t e d  in format ion avai lab le,  the average depth 
o f  overburden on Saturna I s land  i s  less  than 6 fee t .  Many wel l  records 
submitted have no l i t h o l o g y  reported. Reports o f  bedrock a t  surface are 
common w i t h  shale the most common rock type. Records f o r  we l ls  i n  the 
Winter Cove area o f  Saturna I s land  ind i ca te  s u r f i c i a l  deposits are more 
s i g n i f i c a n t  here w i th  repor ts  o f  overburden as t h i c k  as 36 f e e t  and 
average depth o f  overburden a t  12.5 fee t .  While there are no known water- 
bear ing gravel deposits o f  any s i g n i f i c a n t  thickness, there are some 
shallow dug we l ls  t h a t  y i e l d  small amounts o f  water. Bedrock a t  surface 
i s  common i n  the East Po in t  area where the t h i c k e s t  unconsolidated deposi t  
recorded over ly ing  sandstone i s  9 feet .  

Well records i nd i ca te  there are only a few dug we l l s  and spr ings i n  
the  Narvaez Bay area and very l i t t l e  i s  known regarding the thickness o r  
nature o f  the unconsolidated deposits i n  t h i s  area. 

5. GROUNDWATER 

5.1 Groundwater Occurrence 

As ev ident  i n  a l l  Gu l f  Is lands inves t iga ted  t o  date, the bedrock on 

Saturna I s l a n d  consis ts  p r i m a r i l y  o f  a1 te rna t i ng  layers  o f  sandstones and 
shales. Groundwater i s  repor ted from f rac tu res  and f a u l t s  w i t h i n  the 
bedrock and a lso the contact  zones between these two rock types. 
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5.2 Groundwater Development 

Well record data has been tabulated and shown i n  Table 1. Wells have 
been constructed most r e a d i l y  i n  the past i n  the Lyall-Harbour-Boot Cove 
area and East P o i n t  Peninsula. The ma jo r i t y  o f  we l ls  located i n  the L y a l l  
Harbour-Boot Cove area are now, however, abandoned, as t h i s  area i s  
p r i m a r i l y  serviced by a surface water system "Money Water System." I n  
1981 and 1982 a number o f  we l ls  were constructed i n  the Winter Cove area. 
Most o f  these we l ls  are not  being used as very l i t t l e  development has 
occurred i n  t h i s  area since i t  was subdivided i n  1981. It appears t h a t  
we l l  cons t ruc t ion  on Saturna I s land  has genera l ly  decl ined since 1982. By 
March 1985, the Groundwater Section had 100 records o f  we l ls  and spr ings 
p l o t t e d  (F igure 4 )  and approximately 20 records o f  we l ls  unplot ted on 
Saturna Is land.  I n  comparison t o  other  major Gu l f  Is lands, Saturna I s land  
has the fewest we l ls  constructed. I n  mid-1985 a we l l  record tabu la t i on  
f o r  p l o t t e d  we l l s  was determined f o r  the fo l l ow ing  Gu l f  Is lands: 

Gabri o l  a I s l  and 
Sal t s p r i  ng I s 1  and 
Pender I s l  and 
Galiano I s land  
Hornby I s 1  and 
Mayne I s land  
Denman I s land  
Saturna I sl and 

1,237 
1,176 

517 
495 
406 
34 1 
224 
100 

Excluding one 1,000 f o o t  deep hole d r i l l e d  f o r  the purpose o f  coal 
exp lo ra t i on  i n  1889, the average depth o f  d r i l l e d  we l ls  on Saturna I s land  
i s  217 fee t .  D r i l l i n g  i s  o f ten  discont inued as soon as s u f f i c i e n t  water 
i s  encountered. Many o f  the o lder  wel l  records have no y i e l d  repor ted 
wh i l e  many o f  the we l ls  d r i l l e d  since 1980 r e p o r t  f a i r l y  product ive y i e l d s  
from the bedrock i n  the range o f  2 t o  20 gpm. The greatest  reported y i e l d  
from a d r i l l e d  wel l  based on a short-term t e s t  i s  50 gpm (2 w e l l s  have 
repor ted y i e l d s  o f  50 gpm - one w i t h i n  Sect ion 16 and the other  w i t h i n  

I 
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Sect ion 18). The area most h igh l y  developed i s  the East P o i n t  Peninsula. 
Approximately 30 percent of we l ls  on Saturna I s land  are located on t h i s  
Peninsula. The average depth o f  d r i l l e d  we l ls  on the Peninsula i s  
251 fee t .  Most we l ls  are completed there fore  below sea leve l .  The 
average depth o f  d r i l l e d  we l l s  i n  the Winter Cove area i s  228 feet.  

5.3 Groundwater Usage versus Groundwater i n  Storage 

There i s  l i t t l e  informat ion ava i l ab le  f o r  Saturna I s land  regarding 
thickness o f  the potable water-bearing zone between the water tab le  and 

the  under ly ing non-potable zone. Figures given there fore  i n  the estimated 
"Groundwater i n  Bedrock Storage" column o f  Table 1, are based on a model 
where the potable water-bearing zone i s  assumed t o  be 200 fee t .  Th is  
g ives a conservative f i g u r e  f o r  storage because many we l ls  are deeper than 
200 f e e t  and supply good q u a l i t y  water. A storage c o e f f i c i e n t  o f  
1 x 10 -4 i s  adopted i n  computing groundwater storage on Saturna Is land.  
Th is  f i g u r e  has been used i n  groundwater evaluat ion repor ts  on several 

Gu l f  Is lands where overburden i s  t h i n  (Foweraker 1974, Hodge 1978, 
Chwojka 1979, 1984). Based on t h i s  model, the estimated ava i lab le  ground- 
water stored i n  the bedrock, employing Tumbo Channel reg ion as an example 
i s given bel  ow: 

Estimated ava i lab le  bedrock storage - 

= Area x th ickness x storage c o e f f i c i e n t  

= Area (acres) x 200 x 0.0001 

= 1,632 x 200 x 0.0001 = 32.64 acre- feet  



P 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 

- a -  

= 32.64 x (no. o f  f t . 2  i n  acre x no. o f  USgal/f t3) 

= 32.64 x 43,560 x 7.481 

= 10,636,474 U.S. ga l lons o f  potable groundwater i n  bedrock storage 

and: 

The estimated groundwater usage f o r  Tumbo Channel region i n  U.S. 

ga l lons based on 500 gal lons per day usage per wel l  f o r  a 100 day l i t t l e  
o r  no recharge per iod i s  given below: 

46 x 500 x 100 = 2,300,000 U.S. ga l lons o f  potable groundwater usage 

Therefore: 

The estimated actual groundwater usage versus groundwater i n  storage 
expressed as a percent i s :  

A f i g u r e  o f  21.6 percent ind icates t h a t  a demand i s  not exceeding 
groundwater i n  storage a t  t h i s  time. As t h i s  f i g u r e  represents the 
h ighest  demand-storage r a t i o  o f  the groundwater regions on Saturna Is land, 
i t  would appear unnecessary a t  the present t ime t o  c u r t a i l  o r  severely 
1 i m i  t f u t u r e  wel l  development. As noted previously,  however, t h a t  because 
o f  1 i m i  t ed  hydrogeol ogic know1 edge o f  Saturna Is land,  groundwater region 

boundaries have been defined f o r  simp1 i f  i c a t i o n  and f o l  1 ow the watersheds 
o r  topographic d iv ides between natura l  drainage basi ns. The natura l  
d i v i d e  f o r  Tumbo Channel extends t o  the east t o  b i s e c t  East P o i n t  

Peninsula between the Tumbo Channel and Narvaez Bay regions. This  
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simplified d iv is ion  may be unrealistic for  this par t icular  area. I f  fo r  
example the East Poin t  Peninsula i s  examined as a sub-region of the Tumbo 
Channel and Narvaez Bay regions (Figure 2 )  the following calculations are 
derived. 

Demand-storage figures have been calculated again assuming 200 fee t  
a s  the thickness of the potable  water-bearing zone, and 0.0001 as the 
storage coef f ic ien t :  

Estimated avai lable  bedrock storage = 

= Area x thickness x storage coef f ic ien t  

= Area (acres) x 200 x 0.0001 

= 276.8 x 200 x 0.0001 = 5.536 acre-feet  

and: 

5.536 x (no. of f t 2  i n  acre x no. of USgal/ft3) 

= 5.536 x 43.560 x 7.481 

= 1,804,029.4 U.S. ga l lons  of potable groundwater i n  bedrock storage 
w i  t h i n  East P o i n t  Peni nsul a. 

The estimated groundwater usage fo r  the East Point Peninsula i n  U.S. 
gallons based on 500 gal lons per day usage per well, fo r  a 100 day l i t t l e  
or no recharge period i s  given below: 

27 x 500 x 100 = 1,350,000 ga l lons  estimated usage over 100 day l i t t l e  or 
no recharge period. 
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The estimated actual  groundwater usage versus groundwater i n  storage 
expressed as a percent i s :  

1 .0  x 106 

This f i gu re  suggests t h a t  serious considerat ion should be given t o  
1 i m i  ti ng fu tu re  we1 1 development on t h i s  peninsula. Considerable we1 1 
development has occurred here and the potable water-bearing zones could be 
overpumped r e s u l t i n g  i n  a poss ib le  mining s i t u a t i o n  and sea water 
i n t rus ion .  The area probably receives minimal recharge, and there i s  
p resent ly  evidence of water qual i ty deter io ra t ion .  

6. WELL DISTRIBUTION AND USAGE WITHIN EACH GROUNDWATER REGION 

A general d iscussion on the groundwater s i t u a t i o n  has been given 
below f o r  each o f  the f i v e  designated groundwater regions. Well 
d i s t r i b u t i o n  on Saturna I s land  has been shown i n  F igure 4 .  

6.1 Tumbo Channel Reaion ( i nc lud ina  East Po in t  Peninsula) 

The Tumbo Channel region (F igure 2 )  emcompasses the northern p a r t  o f  
Saturna I s land  between Winter Cove and East Po in t  Peninsula. There are 
b a s i c a l l y  three areas w i t h i n  t h i s  reg ion i n  which we l l s  have been 
constructed. These are Winter Cove, East P o i n t  Peninsula, and the small 
p e n i n s u l a  l o c a t e d  h a l f  way between these two areas ( F i g u r e  2 ) .  
Groundwater Section records i nd i ca te  there are 46 we l l s  w i t h i n  the 
boundaries o f  t h i s  region. The ma jo r i t y  o f  we l ls  are located w i t h i n  the 
East Po in t  Peninsula. As ind ica ted  i n  Sect ion 3.3, the East Po in t  
Peninsula has been designated as a sub-region o f  the Tumbo Channel region 
because o f  i t s  shape and probable l i m i t e d  catchment area. A 75 percent 
demand-storage percent f i g u r e  was cal  cu l  ated w i t h  the East Poi n t  Pent nsul a 
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considered as a sub-region. A demand-storage f i g u r e  o f  21.6 percent was 
ca lcu la ted  f o r  the e n t i r e  Tumbo Channel Region ( i nc lud ing  East P o i n t  
Peninsula). 

Well depths range between 8 f e e t  and 380 f e e t  (a  1,000 f o o t  depth 
coal  exp lo ra t ion  hole constructed i n  1889 was not  considered i n  these 
f i gu res )  wh i le  reported wel l  y i e l d s  range from 1/2 gpm (East Po in t  
Peninsula) t o  50 gpm (Winter Cove). Many o f  the records f o r  "older1' we1 1 s 
do no t  have wel l  y i e l d s  reported. 

The p r i n c i p a l  aqu i fe r  i n  the Winter Cove area i s  f rac tu red  shale, 
wh i l e  i n  the East Po in t  Peninsula i t  i s  sandstone and shaley sandstone. 
The ma jo r i t y  o f  we l ls  i n  the Winter Cove area are capped and not  present ly  
used. Due t o  r e l a t i v e l y  h igh we l l  densi ty  on the East Po in t  Peninsula, 
in te r fe rence between we l ls  may be a problem. Most we l l s  are completed 
below sea leve l  and the average wel l  depth i s  251 fee t .  No we l l  records 
are ava i lab le  t h a t  suggest persons share a water supply w i t h i n  t h i s  

region. 

6.2 L y a l l  Harbour Region 

The L y a l l  Harbour region encompasses the areas around L y a l l  Harbour, 
south o f  Winter Cove and east o f  Boot Cove. T h i r t y  we l ls  are reported 
loca ted  w i t h i n  the boundaries o f  t h i s  region. Most we l ls  are located 
around L y a l l  Harbour. Most are shallow, genera l ly  50 f e e t  o r  l ess  i n  
depth and many are now abandoned. L y a l l  Harbour i s  a f l a t ,  low l y i n g  
bas in  and surrounded by mountainous te r ra in .  Most res idents  i n  L y a l l  
Harbour are suppl ied water from a surface water system where runo f f  from 

the  mountains i s  stored i n  a man-made lake. Many we l ls  are capped and 
present ly  unused along Winter Cove Road. There are a few good producing 
we l l s  a t  h igher e levat ions nor th  o f  L y a l l  Harbour. A few we l ls  e x i s t  
i n land  a t  h igh e levat ions along Narvaez Bay Road about half-way between 
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L y a l l  Harbour and Narvaez Bay Road. This area i s ,  however, genera l ly  
undevel oped. 

Average we l l  depth w i t h i n  the L y a l l  Harbour reg ion was determined to 
be 168 fee t .  While most we l ls  i n  L y a l l  Harbour are l ess  than 50 f e e t  i n  
depth, most we l ls  along Winter Cove Road are over 200 f e e t  i n  depth. The 
deepest recorded wel l  w i t h i n  t h i s  reg ion i s  380 f e e t  (same as Tumbo 
Channel region) wh i l e  the greatest  recorded y i e l d  i s  40 gpm (Winter Cove 
Road). 

I f  the e n t i r e  reg ion i s  considered i n  general, a demand-storage 
f i g u r e  o f  8.3 percent ind ica tes  groundwater usage does not  exceed 
recharge. The L y a l l  Harbour area and the area along Winter Cove Road 
appear, however, t o  be spec i f i c  areas f o r  concern. Wells located i n  L y a l l  

Harbour appear t o  be suscept ib le t o  water q u a l i t y  contamination (one we l l  
has a reported ch lo r i de  l eve l  o f  947 mg/L) . For tunate ly ,  t h i s  area i s  now 
serv iced p r i m a r i l y  by a surface water system. Due t o  a h igh wel l  densi ty 
along Winter Cove Road, we l l s  may be suscept ib le t o  water l e v e l  
i nterference. 

6.3 Narvaez Bay Region 

Narvaez Bay reg ion encompasses the southern h a l f  o f  East Po in t  
Peninsula a1 ong C1 i f f s i d e  Dr ive  and the area i n land  around Narvaez Bay. 
The ma jo r i t y  o f  we l ls  along C l i f f s i d e  Dr i ve  are over 200 f e e t  deep and 
most we l ls  repo r t  y i e l d s  o f  3 gpm o r  less. One wel l  near Lighthouse Po in t  
has a reported y i e l d  o f  30 gpm. The water q u a l i t y  i s  unknown a t  t h i s  
time. The Narvaez Bay area i s  undeveloped w i th  only a few records of dug 

we l ls  and spr ings i n  the area. 

A demand-storage f i g u r e  o f  8.0 percent ind ica tes  groundwater i n  
The only area where po ten t i a l  storage g rea t l y  exceeds groundwater usage. 
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problems present ly  e x i s t  i s  along C l i f f s i d e  Dr i ve  on East P o i n t  Peninsula 
where there i s  evidence o f  water q u a l i t y  de te r io ra t i on .  Consideration 

should be given t o  f u t u r e  l i m i t i n g  o f  wel l  development i n  t h i s  area. As 
ev ident  i n  the Tumbo Channel and L y a l l  Harbour regions there i s  no record 
on f i l e  o f  persons sharing a water supply. 

6.4 Boot Cove Region 

The Boot Cove region, as apparent i n  the L y a l l  Harbour region, i s  now 
p r i m a r i l y  serviced by a surface water system. Groundwater f i l e s  i n d i c a t e  
the re  are only 8 we l l s  and/or springs w i t h i n  the boundaries o f  t h i s  
region. One 300 f o o t  deep wel l  (Sect ion 8, No.6) was pump tested i n  1971 
f o r  a 72  hour per iod by the Groundwater Section as p a r t  o f  a Gu l f  I s l a n d  
hydrogeological study a t  t h a t  t ime. Results ind icated a t ransmiss i v i t y  o f  
between 126 USgpd/ft. and 1 7 1  USgpd/ft. The p r i n c i p a l  aqu i fe r  i n  the Boot 
Cove region i s  sandstone. 

A demand-storage f i g u r e  o f  11.6 percent suggests there i s  no 
immediate cause f o r  concern. On the basis o f  l i m i t e d  water q u a l i t y  
informat ion,  q u a l i t y  appears t o  be good w i t h  no evidence o f  water q u a l i t y  

d e t e r i o r a t i o n  o r  contamination. 

6.5 Brown Ridge Region 

The Brown Ridge region i s  rugged and undeveloped. Groundwater 
Section f i l e s  i n d i c a t e  only one dug wel l  i s  present w i t h i n  t h i s  region. A 

demand-storage f i g u r e  o f  4.5 percent again i nd i ca tes  groundwater i n  
storage g rea t l y  exceeds groundwater usage. 

I 
I 
I 
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7. HYDROCHEMICAL DATA 

During the past 14 years a considerable number of wells have been 
sampled for  f ield and/or laboratory analyses (Figure 5 )  on Saturna Island. 
In 1971, numerous wells were sampled us ing  a standard Hach f i e ld  analysis 
k i t .  Between July and September 1974, 37 water samples were collected and 
sampled for  complete laboratory analyses. A number of wells were also 
sampled for  f i e ld  analysis dur ing  this period. Sampling of wells on the 
East Point Peninsula dur ing  the summer of 1982 was carried out by a 
University of Victoria student working i n  conjunction w i t h  the Groundwater 
s t a f f .  In December 1984 d u r i n g  an investigation to  locate and establish a 
sui table  abandoned well on Saturna Island a number of wells were again 
sampled for  f i e ld  analysis. Although not as evident as i n  other G u l f  Island 
s tudies ,  water quality i s  affected by moderately h i g h  levels  of chloride 
along some coastal areas (Figure 6 ) .  

Water quality i s  also affected locally by the occurrence of hydrogen 
sulphide and di ssol ved iron, which i s  often associated w i t h  shale 
formations, corrosive water and s a l t  water. Flouride concentrations in 
excess of the acceptable limit (1.5 mg/L) have also been recorded i n  
numerous wells i n  many of the G u l f  Islands. Relatively h i g h  fluoride levels 
have been reported i n  a number of wells constructed i n  the Winter Cove area 
of Saturna Island. The major water-bearing zones are reported to be clay 
and shale layers i n  sandstone or so f t  shale zones. Moderately h i g h  levels 
of chloride (362 mg/L) and the presence of hydrogen sulphide are evident 
along coastal areas where wells are clustered and/or are continually being 
used. As mentioned previously, water quality i n  the majority of areas 
investigated has n o t  deteriorated to the extent of some of the more densely 
populated G u l f  Islands. The East Point Peninsula, however, is  becoming an 
area of concern. Considerable groundwater development has occurred i n  this 
area increasing the probability of sea water intrusion from drilled wells 
bottomed below sea level.  A number of wells located on the Peninsula show 
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moderate concentrat ions o f  ch lo r i de  i n d i c a t i n g  a l i m i t e d  f resh  water supply 
i s  avai lab le.  

8. OBSERVATION WELL WR-290-85 

I n  February 1985, an automatic water l e v e l  recorder was i n s t a l l e d  on a 

w e l l  located on L o t  15, North 1/2 o f  Section 18, Saturna Is land.  The we l l  
i s  loca ted  60 f e e t  south o f  Winter Cove Road and on property owned by 
Oakwood Proper t ies  Ltd.  o f  Vancouver, B.C. The l o c a t i o n  o f  t h i s  we l l  has 
been shown i n  F igure  4. The purpose i n  es tab l i sh ing  t h i s  we l l  as an obser- 
v a t i o n  we l l  i s  t o  monitor water l e v e l  f l u c t u a t i o n s  i n  the aqu i fe r .  A t  

present the we l l  i s  located approximately 1,500 f e e t  from the nearest we l l  
i n  an area o f  numerous unused 6-inch diameter bedrock wells. I n  1981, the 
area around Winter Cove road was subdivided and we l l s  were constructed on 
approximately 30 1 ots. Development o f  these proper t ies  was slow, be l ieved 
t o  be p r i m a r i l y  due t o  the recession and as a r e s u l t  most we l l s  are 
p resent ly  capped and unused. C o l l e c t i o n  o f  regu la r  water l e v e l  data and 
pe r iod i ca l  water q u a l i t y  data w i l l  however be usefu l  i n  understanding the 
shor t  and long-term recharge and withdrawal e f f e c t s  on t h i s  aqu i fe r .  

The we l l  i s  a 6-inch diameter bedrock we l l  d r i l l e d  t o  a depth o f  

140 fee t .  Water-bearing f rac tu res  were encountered a t  45 and 125 fee t .  The 
estimated theo re t i ca l  we1 1 y i e l d  f o r  short-term pumping has been determined 
as 5 USgpm. 

The we l l  i s  equipped w i t h  a Stevens water l e v e l  recorder and i s  
serviced on a once per month bas is  by a f i e l d  observer. The we l l  w i l l  be 
sampled p e r i o d i c a l l y  f o r  complete 1 aboratory analyses. 
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9. CONCLUSIONS 

Based on ava i l ab le  in format ion,  a1 1 we1 1s on Saturna I s l a n d  supply 
water t o  i n d i v i d u a l  residences only. It would appear t h a t  ava i lab le  ground- 
water s tored i n  the  bedrock i s  the major l i m i t i n g  f a c t o r  c o n t r o l l i n g  ground- 
water a v a i l a b i l i t y .  Recharge from p r e c i p i t a t i o n  i s  there fore  l i m i t e d  to 

a v a i l  ab1 e non-saturated storage a t  any time. Present groundwater demand 
does no t  appear t o  be exceeding na tura l  recharge o r  ava i l ab le  groundwater 
suppl ies i n  storage i n  any areas a t  the present time. The East P o i n t  
Peninsula i s  however an area o f  concern where i f  the Peninsula i s  considered 
as a sub-region o f  the Tumbo Channel - Narvaez Bay Regions, a demand-storage 
percentage f i g u r e  o f  75 percent i s  determined. Serious considerat ion should 
there fore  be given t o  l i m i t i n g  f u t u r e  we l l  development on t h i s  Peninsula. 

The average ove ra l l  depth o f  we l l s  on Saturna I s l a n d  i s  217 f e e t  wh i le  
s p e c i f i c a l l y  i n  the Winter Cove area and East P o i n t  Peninsula average we l l  
depths are 228 and 251 f e e t  respec t ive ly .  

D r i l l i n g  i s  usua l ly  discontinued as soon as an adequate water supply i s  
encountered. The greatest  we l l  y i e l d  reported i s  50 gpm. Well records 
i n d i c a t e  bedrock aqu i fe rs  produce moderate amounts o f  water general ly i n  the 
range o f  2 t o  20 gpm. There are, however, few long-term pumping t e s t  
r e s u l t s  ava i l ab le  and most reported we l l  y i e l d s  are given on the bas is  o f  
short-term b a i l  o r  a i r  tes ts .  

Groundwater q u a l i t y  on Saturna I s l a n d  i s  i n  most instances benign, 
p a r t i c u l a r l y  i n  areas i n land  and away from the coast. There are, however, 
repo r t s  o f  sulphur odour and taste,  moderately h igh ch lo r i de  and i r o n  

l eve l s .  Moderately h igh ch lo r i de  l e v e l s  up to 947 mg/L a re  evident i n  we l l s  
loca ted  near the coast. The East P o i n t  Peninsula i s  an area o f  p a r t i c u l a r  
concern because o f  the considerable number o f  we l l s  and the f a c t  t h a t  f resh  
water recharge may be l i m i t e d  t o  the catchment area on the Peninsula. Most 
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o f  the wells on this Peninsula are completed below sea level increasing the 
p robab i l i t y  o f  sea water intrusion. There i s  presently evidence of water 
qual i ty  deterioration on the Peninsula. 

Locally fluoride concentrations up t o  several mg/L may be found 
associated w i t h  moderate t o  higher mineralized groundwaters. 

In February 1985, an observation well was established i n  the Winter 
Cove area for the purpose of monitoring long-term water level fluctuation i n  
the aquifer. This well i s  equipped with an automatic water level recorder. 
Water qual i ty  will be monitored on a periodical basis. 

10. RECOMMENDATIONS 

Domestic water supplies are a primary concern for residential develop- 
ment on Saturna Island. I t  i s  therefore essential t h a t  every precaution be 
exercised t o  conserve a sustained supply for the resident population and to  
prevent contamination o f  the groundwater by sources such as domestic sewage. 
Care should  be taken i n  placing o f  septic tanks and disposal fields so t h a t  
the effluent does not  enter directly i n t o  the bedrock. Land use i n  upland 
recharge areas should be limited t o  protect groundwater from contamination. 

The  possibility o f  establishing a community water supply well should be 
investigated outside o f  East P o i n t  Peninsula t o  supply residents o f  East 
Poin t  Peni nsul a.  

Local residents should be interviewed i n  the future t o  determine 
whether specific groundwater problems are occurring i n  specific areas. 
Previously sampled wells w i t h  hydrogen sulphide, h i g h  chloride levels and 
h i g h  iron levels should be sampled again  t o  ascertain possible variations i n  
water qual i ty  . We1 1 s shoul d be sampled i n  the August-October period when 

I 
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water l e v e l s  are h i s t o r i c a l l y  a t  t h e i r  lowest l e v e l  and recharge t o  the we l l  
should be minimal. 
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TABLE 1. 

SATURNA ISLAND 

Quantative Estimates of Prewnt Groundwater Usage Versus Groundwater I n  Storage 

Groundwater 
Region 

Tumbo Channel 

Lyal I Harbour 

Narvaez Bay 

Boot Cove 

Brown Ridge 

~ ~~ 

Area 
i n  
Acres 

1632 

2752 

1446 

531 

1683 

Area 
i n  
Hectares 

4031 

6797 

35 72 

131 1 

4157 

Number o f  
P 1 o t ted  
We1 Is 
Within 
Groundwater 
Reg ion 

46 

30 

15 

8 

1 

Istimated 
f i e l d  i n  
jpm based 
)n 500 USgpd 
Jsage per 
Jet I 

15.97 

10.42 

5.21 

2.70 

0.35 

Est  I mated 
Groundwater 
Usage ln US 
gal Ions 
based on 
500 USgpd 
Per We1 I 
Per 100 Days 
of  Pumping 

2.3 x lo6 

1.5 x lo6 

7.5 105 

4.0 105 

5.0 104 

Estimated Groundwater In  
Storage i n  Acre-Feet 
Recoverab le by Pump1 ng 
Assuming Aqui f e r  Depth of  
200 f t .  and Storage Co- 
e f f  i c i e n t  o f  .Ol$ (expressed 
as 5 bedrock volume) 

32.64 

55.04 

28.92 

10.62 

33.87 

Estimated Groundwater 
I n  Storage i n  US 
ga I Ions Recoverab l e  
by Pumping Assuming 
Aquifer Depth of  200 
feet  and Storage 
Coef f ic ient  of -01% 

10.6 x lo6 

17.9 x lo6 

9.4 x 106 

3.46 x lo6 

11.04 x lo6 

Est I mated 
Actua I 
O-oundwater 
Usage Versus 
O-oundwater 
i n  Storage 
Expressed as 
Percent 

21 -6, 

8.3 

8.0 

11.6 

4.5 

*Note: I f  t he  East Point  Peninsula I s  considered as a sub-region of the Tumbo Channel - 
Narvaez Bay Regions, a substant ia l ly  higher groundwater usage versus groundwater 
storage f igure of 75 percent I s  dstermlned for t h i s  smal l e r  area. 
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APPENDIX 1 

Saturna Island Well Inventory 
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