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An 8% dimmeter well was drilled in the summer of 1969
by John Friesen to supply water to the Marineland Investments Ltd,
subdivision on DL, 1372 and 1373 on Savary Island, The well was
completed at a depth of 100' in sand with 5° of 8" well screen., The
static lavel was shout 70', Upon completion it was pumped at 46 imp,
gpm for over 50 hours, the water being discharged at the well site,

W, L., Brown of Robinson Boberts & Brown in a report pree
pared for Savary Island Property Owners Assoclation suggested that
re=cycling of the water from the puwp discharge may have had some
effect on the pump test and may have prevented sea water intrusion
fnts the aquifer, To assess the effect of sea water intrustien
Brown suggested running a longer test with discharge to the sea
while observations of drawdown end water guality are made in wells on
the north and south shores of the island, _

In midefpril, 1970 the well wes again pusped at a rate
of about 25 gpm for 72 hours discharging to the north shore through
2 14® plastic discharge pipe., Water quality was not observed during
thiz test,

In a letter of August 18, 1970 the B.C, Public Utilitles
Comaizsion stated that & Certificate of Public Convenience and Heow
essity would not be granted until further pump testing was carried
out, The P,U.C, specified a test of 21 days duration be carried
ocut in the dry season to determine whether sea water intrusion
oocurs,

In a letter of August 27th on behalf of Marineland Invest-
mants Ltd,, ! proposed a pumping test procedure which I felt would
comply with the regquirements of the Publie Utilitles Commission.

This was submitted with My, Lundy's letter of August 27 to the Come
mission, In thelr reply of September 4th the Commission suggested
that my proposal would be more acceptable if it included the follow-
fngs

(s) Establishment of an observation wall close to the
test wall,

{b) Location of existing private wells,

{c} The private wells should be monitored during the test,

(d) The effect of rainfall and drought conditions should
be teken intc consideration,
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On September 10th R, Minshull & &. Iversen left Vancouve
with aqaimt gex $m Ysland, xmﬁw smy zszaaéaa
to the azévell siﬁa mé & tent m established close to the well site,
On Sunday wash boring of the cbservation hole was started near the
existing well, The generator was hooked up and the submersible pump
in the well was found to be workings the well was used as & source of
watey for the wash baring and for the camp,

The observatien well, called IXI, was installed using a
small wash rig ?:aagaé freem Engineering Drillers Ltd., The hole was made
by wash boring with drilling mud with A sise dismond drill rods
euipped with a chopping bit, 7The mid used was (Quik~trol, an organic
polymer containing no clay, We plamned to drill to the aquifer just
ahove ths well soreen of the existing well, place 1X" steel pipe
equipped with a Jolmson drive point in the hole and drive the point
fupther into the sguifer, The leog of the hole is

6 « 5' dyy silty zand, fev stones
5%«8' gand
S%«about 10° ¢tan clay

10° ~ 21¢ sand with several vexy compe

“he hayd beds in the sand wers remarkably compact &
progress in then was slow, They seemed o be &h@ﬁt 1 m 3 £, éﬁziﬂk,,
In this drilling method samples are very poory theredid not seem to
be any difference in cubtings from soft ox compact beds, Mud loss was
low until & depth of absuet 85° had m roached, All mud was gone by
the time the hole reachad the next compsct bed at about 91°., The
pipe and point were lowered to the batﬁw and £1,shed with eiw w&t&z‘
An sttempt was made €o drive the point further using a 25& 1b, huene
but this was coopletely unsuccessful, so driving was atopped Co mi&
breaking the pipe. 'The pipe and well point were ﬁasﬁeé again with
watsy which dropoed quits rapidly in the pips, The level in the
obasrvation well had not guite reachsd the same ledul as in the pumpel
well by the next day so it was sgain ﬁashaé with water, It took
water from & hose coupled to the well pump st 2 rats estimated at
& gpm under no pressurs, This showed t?zsfz the observation well vas
operating properly. However, the level in it remained elmost constant
in contrast to the tidsel fluctuations of well I.
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tember 15th & well point called IIX was installed

on the =south M af the island at a point estimated o be as cloese
as possible to the pusped well, There 1s 2 sarrow (at high water)
besch with an almost vertical bluff of sand shout 75° high, The wall
point was loeatsd as cloze as possible to the bhluff, A post hole
mmwﬁ%&@%uf&mmﬁsm&wﬁta‘ e hole went

pough about 3* of loose sami, then about one foot of cosrse beach
gmai and into compact fine sand, The well point was 2ssembled with
& 3 long 010" slot, 1%* Johnson well point coupled to 1™ pipe, The
wall point was driven sbout 24' below the sugesr hole with great difficulty
using & 35 1b, zlide hamseyr, A small pitcher pump was put on the pipe
and the well point pumped at about 2 gopm for sbout & hour, It punped
fine sand for a while but after half an hour was producing very little
sand., The water was very salty (over 6000 ppx chloride),

On September 1l6th a well point called IV was installed on
the property of ir, Bert Vowles east os his house on the noxth ahore
of the island, The method used was the zzue s described above and the
point was placed about 18' below surfage, The log of this hole is O~5°
midden debris, mostly shells, 5«85%° gravel beach, S4'-16%' fine sand,
It was pumped at shout 2 gpm and water quality was good but containsed
some sand, FRepested pumping for water smmples durinmg the test refuced
the sand to & negligible smount,

After the pump test was under way on September 20th ansther
wall wigﬁ galied ¥V waz installed essst of the house aa the property
of ¥r, Gordon Christogher, |Permission for this was glven by ‘phons
o Mx, Wié:a by Mz, Christopher., The log of this heole is approximately
the same &s well Iv,

Wall points IV and V are located in line with the existing
dug wells at the houses aleng the north shore, The dug wells are all
located close to the high steep bank at a distance of sbout 100° from
the high water mark., The points sre about as close as possible to
wall ¥ and are about the same depth 235 the existing wells, SBamples
sould be taken from these at freguent intervals by brilef pumping in
contrast to the dug welles which require longer pusping to remove the
volune of water standing in the casing,

Afear the test had been undeyway for about a wesk two attemplas
were made to install ancther observation well near the high tide jlevel
an the beach near well IV, These attempts were unsuccessful bstause
of coarse cobble gravel ahout 3 -~ 4° below the present bsach level., AR
4% depth the wet ssnd had a distinct salty taste, The puxposs of digging
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at this location was to try to reach a relatively impermable layer
on which the water in the nearby wells is perched,

spice near the camp,

k} rain gauge was instaslled in an open

A 2" pélyethyiens plastic discharge pipe was run fxom the
psmed well to the beach on the south side of the island., The pipe was
miamam%mméwgi@ﬁmm; there weke no
I&ks in e&i& iine, An open 45 gal. drum wes placed on the beach ab

scharge line and %Ems rate of £low was seasured by timing thoe
£illing ﬁf the bsrrel,

Water levals in the verious wells were measured with an slectrie
%f&&%g’ lmx indicater, Ouallity of water f£rom the various wells was
starnined in the fisld using a portable kit (< 52 ﬁﬁ} M@Waﬁ by
m m{eﬁ. Co, Inc,, This kit can measure total haxd 35, ph, dlssolved
iron and chloride, Katwrally im this situation, tha importas :
for chloride as a messws of sea water contauination, za &zﬁ& e
em %&is semples were taken for chloride determination st a lab, in

“dar was used to deternins tidal fluctuation
of water S.ml ia%ﬁawimﬁeug {except IX which was too small in
dism,) ‘The recoxder was = Model 40 Fexboro with a range of U-i3 £8, of
water 2384 2 24 hour chart movemant., The recorder operaies on water
prossure, Ix 8 small hole thare is a small erzor bacause of the volume
of mizr in the tube and the pressurs elament but this is considered to be
negligible in this siteation,

A surveyors level was used to determine the elevations of the
vmﬂm walls, The datun is the sero datum of the Powell River tids
Si&ﬁ%%is%ﬁé@§ﬁ§%@§%ﬁiﬁi&@ﬁé&&kmm
by using high water at the Sevary Island

éam clevation was determined

uesrf and referring to &% tide recorder chart for that partleulsr day
for Pewsll River, Datums srve the tops of the well casings and not

ground level., In the plots of tide snd water levels there may be 2 sumall
erxor ia the relative elevation of the tide snd the well levels, This is
probhably less than k5 fook,

My, Tversen lookesd after the maln part of the tast, ﬁa lived at
the tent camp nesr the wall and took the obsarvations, BHe cheoked water
1m£s in all wells at leasst twice sach day snd chacked water fres the

wmoad well twice each day for chloride content, He took samples frem
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wells IV and V esch day (except when ths recorder was installed) using
the hand pump for about 5 or 10 minutes before taking the sample to
makes sure that the sasple was not from the pipe. These samples ware
chesked for chiloride and often also for irom and hardnasa at tha site
using the field tast kit,

In sddigion, My, Iversan tock a nusber of samples from
existing wells but only when the wall owners were home and asuld operats
ths electrie powered wall pumps for a long ensugh time %o gat 2 fresh
sexple from ths aguifer, We felt that samplas from the dug wells which
are gemerslly cased with corrugated steel pipe would be represantative
of water in the aquifer oniy if they were pumped in order to dispose of
the water in the casing which would be representative of former pumping.

The flow from well I was measured twice each day by
ebsorving the time yo uirsd to £ill an open 45 gallon drum looatsd at
the end of the discharge pipe on the south shore, 7The rain gauge was
he total rainfall during the pariocd from
sar 7 was ,91%, Most of this fell betwesn Saptember

Pumping was started about 10 a.m. on September 18th but
wagz only continued for about 4 hours bocause of difficulty with the
engine gensrator set. It was started again at 1800 hours and yan
continuously watil 1828 hours on October 7th., The rate of flow startad
st 32,5 imp gom, The rate was ingreased in the worning of September 18th
in order to utilize more of the svailahles drawdown, I felt thst Sruwdown
to shout 90' - $91' would sllow for sdditionsl driudown during the 21 day
test without going belew the top of the screen at 95°, A steady rate
of 37.4 imp gom was maintsined throughout the vemainder of ths tast.
The punp was stopped sbsut once every two days to check oil in the sngine.

s changes in water quality wore opserved in any wells
duering the test,

the water from well I is chemically different from that
in the wells along the north shore which are all about the same, Samples
fram seversl wells on the north shore sast of the vharf showed that
water cuality 81l slong the north shore is zhout the same. The water
in wall ¥ i{s sof, low in iron and slightly ascdd,

s

total hardnasz o vh 6,8
digsolved izeon «1ppen chioride 62 po
temp 4s%
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the water on the north rhore is hard, higher in iren and neutral

total hardness 300 vh ¥
dissolved iron 1.0 « 1.5 ohloride 63 ppm
temp 48 49°

Chviously both waters arve from the ssarme original source,
precipitation an the island, They are not nixed with sea water or the
chlorids content would be higher, Perhape the lower hardness of the
water in well ¥ com be explaéined by ilon exchangs in passage of the
witer through the aslowly permable bads vhich may contain clays and other
minerals with ifon exchange properties, Perhaps the explanstion lies
in the fact that the water ab well I may not have percplated as far
through sediment from its source on surface as the water on the north
shore which has moved laterally to the shore,

he salty water in well YIX is probably due to its close preximity
ta high water mark. Sea wabter flows into the squifer abt high tide (as
shoun by the watsr lavel recorder) reaching the well,

Drought eonditions sxisted at the beginning of ths test, This
is normal for earxly antuer in that sres, The condition of the soil was
well shown when the mud plt was dug., It was dug on Beplenber 13th
close o observation well IT in dense blnh to a depth of absut 3%, At
& Sapth of 3' the soll was dry end powdery, During the enktire test
only .91% of rain fell. I would estimate that this would harxdly dampen
tha top foot of s0il. By the time the taoskt ended theye hadl bsen no
frost s¢ thet trsnspiration was still going on st 2 fairly high rate,

I estimate, therefore, that conditions st the ond of the test on
Cotaber Tth would ropresent low groundwater nonditlons,

The recorder was installed on well ITI {(on ths géuaﬁ g&t&m}
from the moraing of Ssptember 16th to the afterncon of Sephamber 10th,
puring this time the water level from maxisum high &5 minimem 1w
charpged about 1,385 ft, This is i{n grest contrast to the tidal
fiwt%&ﬁi% which was aboput 1&' The recordsr chart plot has bsed
rapistted on weakly rectangular paper in a@:’z@g $0 better see the ;gk&§e
aif the curve, Thae curve has & dictinet smw-tooth shase being mudh

sopar on the rising portion then the £a11i ing part of the curve. i%is
sa&g te indicats that the squifer is being intruded by szes wabey i
duying the highast part of the high tide; the water then drains swey
a0 the falling part of the ocurve is a dapletion type CUEVS, *ﬁ%&f%
pattern indicatae thak the well is underials by & less permeablé bad
which cuts down the amplitude of the fluctuabion and pernits inflow of
s2aa waker enly at highasst tide, The phase of ths tide cuxve Irom the
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well iz one to two hours behind the tide gauge curve.

the recorder was then moved to well IV vhexe it was laft fox
two days. The amplitude of the tidal fluctuation in this well iz a
little less than in well III but as in III the rising part cf the
curve is steeper than the falling part,

A two day record was also obtained from well Vv and it shows
& similar curve shape, 2As in the case of well III the phase of the
well fluctuation is one to two hours behind the tidel

The recorder was then placed on the wall being pusped and 8
days continucus record was obtained. Since pumping was maintained at
& steady rate throughout, the record of fiuctuation is probably exactly
the same as would be obtained if the well were not being pumped, The
sverage amplitude of the fluctuation on this well is a little less
than 2 ft, and the curve is cuite similar to the tide gsuge curve which
has been plotted with it, The tidal fluctuation in the well is sbout

behind the tide, mhe undisturbed mean water level in this

well is about 1' to k' ahove mean sea level astimated from tidel charts,

Mo tidal effect could be observed in well II, the observation
well near the pumped well, It was not possible to install the recorder
in this small diameter pipe but many obscervations, some at falrly
frequent intervals, failed to detect any measurable tidal effect, The
level in this well remained within a few tenths of feat of its original
level throughout the test: this is ut 1' to 1%' above mean sea level.
‘one might conclude that this indicates that the underlying bed is
quite impermesble because the level did not go down when the nearby well
was drawn down about 20 for 21 days. However, an equally likely
explanation is that the aguifer in which chaervation well IT iz located
has high permeability compsred to the underlying bed so that leakage
dowmeard into the local cone of depression caused by pumpling was
replaced without measurable drawdown.

Observation well II did not operate as had been originally
intended in conjuction with well XI. It is therefore uselass in
determining the transmissibility and coafficient of storage of the
producing aquifer, but it has been invaluable in indicating the
anisotropy of the sediments underlying the island and it shows clearly
that punmping is from a confined aguifer, This brings up the guasstion
of why there is no tidal effect in the aquifer in which observation
well TZ is located, It is below sea level and the permaability is
fairly high as shown by drilling mud loss and the sbility of the
obsarvation well to accept water at a fairly high rate. Perhaps it is
not a confined agquifer and therefore tends to damp out the tidal
€lustuatiens becauss of large inflow and outflow of water permitted
by & water table aguifer, Tn contrast & confined aquifer would need to
accept only a very small amount of water to produce considerable
changes of head so far from the beach,
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The date indicate that the hydrology of groundwater at Savary
Island is guite complicated because of the geology, It is certainly
not simply & pile of homgeneous sand surroundsd by the sea, It is in
fact made up of anisotropic sediments with much higher lateral than
vartical permesability., However, thas aniszotyxopy does not seem Lo be
general but ocours mostly in a sone nsar sea levael and is probably dus
to compact silty beds in the sand, If the bogfy of sand above sea level
ware strongly anisotropic we would egpect to find springs along certain
zones on the bluffs and we would alzo expect to see gigmq type falle
ure of the bluffs, There are no signs of these phenc

We know from the situstion st Well I 2nd Observation Well II
that the slowly permeable bed separating the producing agquifer which
shows tidal fluctuations and the one above in which cbservation well IX
is located is thin, In the observation well the top occurs at 31°,
elevation 106°, If we assume that the screen in well I is entirely
below it at 95%, it iz not more than 4° thick., Such a thin bed is
likely to be discontinuous and it may also not be flat., The bshaviour
of the observation wells IXX and IV also indicate the presence of
slowly permeable bedz on north and scuth shores at elevations of about
plus 10°,

How does this complex systen operate? Racharge from precip-
itation occours only during the time of year of high rainfall and low
evapo-transpiration, This water moves downward probably fairly zapidly
to the relstively impermeable beds near sea level, Part of it (prob-
ably & small smount) moves laterally toward the shores and the rest
continves its downward movement into the aguifer below sea level and
through it laterzlly to the zea.

The water perched on a relativaly impermeabls bed near the
north shore is not influenced by the pusping of well I, It is pro-
tected from sea water iatrusion by the underlying relatively lmperme~
able layer which permits & brief period of 4 to 5 hours of sea water
intrusion st high water, This cauases a rise of less than a foot at
the wells which are sbout 85 to 135 inland from the high water mark,
buring the riss, sea water does not reach inland as far as the wells,
It iz likely though, that removel of large amounts of wakter from one
or nore of these wells would permit salt water to reach the walls
mmg high tides, However, this would soon be corrected if pumping

copped or slowed down,

with such a8 large tide &s is found at Savary Island one would
expect to find a broad séne of mixing of sea water and fresh watex
along the shore if the island were composed of lsotropic sand. The
confining layers prevent extensive flow of water iate the agquifer at
high tide and loss at low tide, The tidal fluctuation of approximately
2* found in well I does not represent a saturation of two feet of
aguifer but merely achange of head of 2°, The amount of water flowing
ints the sguifer is = function of the elasticity of water and aquifer
rather than porosity.,
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This test tells us little about the long term safe yield of
the well, We do not know the true valuss of transmissibility and coef-
ficient of storsge, Knowing that the aquifer is a confined one we can
estimats the coefficient of storsge to bs about 1071, The transmissibe
ility a;i@ trial and error image well calculations iz estimated to be
about 107

However these agquifer characteristics are of little lmportance
in this problem, ‘The problem is: does rechargs during the wintex
months supply encugh water ¢o replace each year the water consumed in
the dry summer and autumn months? Estimates of recharge indicate
that there is more than enough water as long as about half or more of
this water gets into the acquifer and is not discharged to the sea. A
portion of the water removed from the aguifer for domestic use will
return from septic tanks,

In situations of this type experience gained in water use will
tell what is happening, Thersfore it is important to collect accurats,
systematic dats in the future when the well is put into production.

The observation wells 11T and IV should be left in place for
future obsexvations although this test indlcates that these wells are
subject only te local effects, Cbvicusly observation well IX should

ba left, Observation of water levels in it may be useful in indicating
when recharge is taking plsace,

Since the danger here is the pccurrence of sea water intrusion
the most valusble dats can be from one or more observation wells in the
confined aguifer between the production well and the shore, If ses
water intrusiom ccouras it will start in the lower psxt of the agquifer bee
cause the fresh water is lighter and tends to float, Therefore a pair
of observation wells located close together but with soreens at different |
elevations, say (=) 20° and (=) 50° would be useful for this purpose,
Thase could be constructed fairxly economically using 2° washdown type
well points equipped with single-pipe jets coupled to a single pump.
Pusping these wells for a few minates each week in the sumser would
procure water samples which would give warning of i mpending trouble,
€ such wells were located about 250° from the shore they would give
planty of warning, Monitoring of water quality during the recharge
season would indicate whether invading sea water was being drivem back
by rechazge.,

Conglusions
This test shows the following:

1. The soquifer supplying water to well I is separats from that supply-
ing the wells along the north shove, Pumping of well I has had no
effect on the wabter gquality or water levels in the wells alomyg the
north shore,
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Conclusions: (continued)

2. The aquifer supplying well I is a confined aquifer hydraulically
connected to the sea below sea level.

3. The aguifer supplving the wells along the north shore is
percned on a relatively impremeable layer and is subject to inflow
from the sea only at high tide.

4. The water quality in both aguifers is good and was not changed
by 21 days of continuous pumping of well I at a rate of 37.4 imp.
gpm. The drawdown in the aguifer will not increase appreciably with
time because of hydraulic connection with the sea.

5. It is possible to construct other small capacity shallow wells
along the north shore. Prolonged pumping of wells in this area could
cause local temporary sea water intrusinn.

6. Well I appears to be properly coanstructed under the circumstances
as the screen is located at the top of the aquifer, thus minimizing
the possibility of sea water reaching the well. 8
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