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The groundwater exploration work described in this report forms
a part of an investigation into erosiqn of bluffs at Point Grey. The
drilling and pumping of a test well was undertaken for the purpose of
finding.suitable water for the raising of fish by the Biology Depart=

ment and at the research facilities of the Federal Fisheries Department

The drilling and test well pumping was carried out by the
Pacific Water Wells Ltd. of Nanaimo., Professor W, H. Mathews, Depart-
ment of Geology, and Mr. T. S. Hughes, Superintendent of Buildings and
,Gfounds, both of the University of British Columbia, co-operated with

the writer in carrying out the program,
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The program of drilling on Point Grey was completed in April. The'pump test
of the .’o well was completed in May.

The drilling consisted of five test holes as shown on the map. Plezometers
consbructed of 13" plastic pipe were installed in all holes. In Holes 3 and 5, two
piezometers were placed in each hole, one above the silty beds and one below the
silty beds. In the other three holes, the piezometers were located above the silts
in order to determine the level of the water above the silty beds; this water was
thought to be one of the causes of bank erosion on Foint Grey. .

1 The logs of all the holes are given in Appendix I, The resullts generally
confirm the results of the mapping included in the writer'!s first report of May
1962, Holes 1 and 2, however, did not encounter any marine drift or till over the
main sand member. This indicates that there are probably large areas favourable
for rapid ground water recharge on Point Grey. These glacial deposits were found
to be present in all the other holes. The top of the silty beds was found to be
at a fairly uniform elevation (35! to about 80') in all the holes although in holes

, 5 and the well, it was found to consist mostly of sand with very llttle silte.

The piezometer data did not confirm the conclusion of previous investigations,
nsmely that water is perched on top of the silty beds. Piezometers placed at the
top of the silty beds, in Holes L and 5, showed no water on top of the silt. In
Hole 1, the whole section is believed to be saturated to an elevation above the top
of the sn.lt° Hole 2 shows about 15t of water on top of the silt while Hole 3 shows
only about 7' of water above the silt, As mentioned earlier, two peizometers were
placed in Hole 3, one at an elevation of about 85!, the other at an elevation of
about 23!, .These showed that the elevation of the top piezometric surface is at
about 87! while the lower piezometric surface below the silty section is at an ele~
vation of about 531,

l : v ,
It is interesting to note that at the two places where there is an appreciable
amount of water above the silt, namely at Holes 1 and 2, the permeable sand extends
to surface so these high water levels may represent "mounds' of water formed by
rapid recharge. Where relatively impermeable glacial deposits overlie the sand.
there is little or no water on top of the silt. Occasional cbservations of these
wells over a year might confirm this idea.

In the rotary drilling which was done using drilling mud, it was difficult
to log thin silt beds in fairly fine sand. However, it seems that the silty beds
in some places are quite sandy with only a few silt beds. In such places, especially
where recharge is rather slow, the water moving down or laterally in the overlying
sand can leak through the silty beds fast enough to prevent it from accumulating on
top of the silt, ‘

We must, of course, explain the source of the water which is seen running out
at the beach bluffs along the top of the silty section. It is probably the result
of local recharge in areas where the main sand member extends to surface or where the
cover of less permeable material is very thin. -

The idea proposed by the writer in the earlier report that water seen running
across the beach on the southwest shore of Point Grey comes from above the silt seeping
down to beach level through the accuwmlation of slumped sand on the slope is prob-
ably incorrect. Most of this water is probably reaching the beach at or near the
high water line within or below the main silty sectilon.

The water elevation of about 53% shown by the lower piezometer in Hole 3 seems
quite high in relation to the level of about 21! in Hole 5 and the well. It is
possible that the piezometric surface in the aquifer below the silty beds may be
controlled in part by local varistions in transmissibility and anisotropy. In the
mapping of exposures along the beach the section on Spanish Banks near lole 3 shows
dipping beds and local variations in stratigraphy which were not found elsewhsre on
Point Grey. '

Hole 3 was drilled dowm to about 100! below sea level, From sea 1evel the
drilling showed alternating sandy and silty beds with a few gravelly 1nt°r@edso
Hole 2 encountered a boulder 1&' in diameter near the top of the silty beds. This
may be related to a till which, according to Messrs. Armstrong and Halstead, occurs
at this horizon. About 1G' below sea level in the well, pumice fragments began to
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appear in the bailer samples. This continued in diminishing amounts to about 3L0t,
Some wood tragments were also found at about 10! below sea level, This pumice hor-
izon rjgabe the same as that found in the Highbury Street sewer drilling where the
pumice @ rizon was encountered by several holes on the south slope.

This pumice is the only marker bed below the main sand member which enables
one to correlate the Point Grey geology with that at Highbury Street. This suggests
that much of the section below the main sand member at Highbury Street has been cut
out to the west at Point Grey. Thus, the aquifer below the silty beds may be below
an important erosional unconformity.

Test Well

The test well drilled by Pacific Water Wells was completed in May, The log

 of this hole is given in Appendix I,

~Sand samples were taken from about 285t to the bottom of the hole., The méterial
became very fine below 328! so it was decided to set 20! of screen between 308' and
328!, This was developed by several days of surging at which time about 1% of sand

~could bz produced by about half an hour of surging. An attempt was made to test the

well with a small subm9r31b1e pump but this failed due to a pump breakdown.,

A successful pump test was conducted on .May 8Bth and 9th., The data obtained
are given in Appendix II; results are discussed below. ' .

Since the test indicated a high transmissibility, it was decided to try to
improve the well performance by additional well development. This was done by surg-
ing for less than one day at which time very little sand was being produceé The
pump was again placed in the well and the result of pumping was compared with the
original test data, This showed an improvement of about 103 in the well capacity.
It seems improbable that further work other than addition of more screen below the
present screen will significantly improve this well so the well is considered com=
plete., At a discussion with Dr. Mathews, Mr. Bayley and the writer, it was agreed
that the Unlver81by of British Columbla would take over the well.

As discussed in the Appendix 11, the test results are uncertain because oi
the location of the observation hole. However, the sate capacity of the well is est-
imsted to be 75 gallons per minuteg (Inperlals

If the 1nterpretat1on of the test data presented in this report is correct,
certain conclusions may be drawme

La The transmissibility of the aquifer is quite high and it should be capable
of yielding water to properly constructed Wellso

24 The performance of the test well is not good if the computed transmissibility
is correct. This is probably due in part to the fact that the well only par- .
tizlly penetrates an anisotropic aquifer.

3. Future wells, where a high yield is desired, should be constructed as fully’
penetrating wclls i.e. longer screens should be used. In conditions encountered
in the test well gravel pack type well construction would be necessary below
about 330! because of the very fine~grained nature of the aquifer.

e It would be desirable to locate any such wells further east where the water

- teble is higher thus taking advantage of the coarser part of the aquifer. The
upper part is probably more isotropic; this would probably improve well perform-
ance, Under these conditions, it is likely that wells capable of yielding one
cefe80 Or more could be constructed..

Se In the Swan, Vooster Engineering Co.'s Report on bankerosion, the proposal that
wells be used to intercept water flowing along the top of the silty beds before
it reaches the beach bluffs, has been shown to be impractical. There is not
enough saturated material above the silty beds to serve as an aquifer for welis.

6, The idea proposed by the writer in the earlier report, that removal of water:

. from below the silty beds might increase downward leakage through the silty beds.
_ thus reducing the flow at the beach bluffs is also invalid as it was based on
the idea that there might be a considerable thickness of perched water. Since

this has not found to be the case, this probably would be ineffective.

: E. Livingston
May 28, 1963 ' Geological Engineer
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‘ 'T‘ Hole Elevation, Ft.

DRTLLING RESULIS = POINT GREY

Static Water

MO W (Approx. ) level, Ft.
1 190 1104
2 300 222
3 225 piezometerlSs
' set at 160' -
piezometer 192
set at 22217
L ' 275 more than 228
.5 ' 303 piezometer dry
set at 2761

piezometer 283
set at 320!

Test Well 305 2858

APPENDIX I (7

Drill Iog,

From To
o 2
2 18
18 160
0 3
3 238
238 2h2%
2lies 260
0 11
11 62
62 85
85 165
165 188
188 223
223 260
260 265
265 275
275 278
278 281
281 284
28h, 291 .
291 295
295 300
0 1
1 97
97 132
132 208
208 225
225 230
230 237
237 241
0 u8
W8 270
270 320
320 3h1:
0 l
I 18
W8 271
271 273
273 310
310 314
31 328
328 346

Feet

Soil

Brown Sand

Grey Sand, gravel at 149!
(some silty layers from 1501

Soil .

Sand, hard packed :
Boulder (probably sandstore;
Gravelly sand

Sand

Marine drift ?

Sand

Gravelly sand

Sandy silt

Sandy silt, with gravel
Sand

Sandy silt

Sand with gravel

Silt

Sandy gravel

Sandy silt

Gravelly sand

Sandy silt i
Sandy gravel ‘

Soil

Till

Sand

Sand, very compact
Silty sand

Sand with gravel

5ilt

S5ilty sand with little
gravale

Till or marine drift
Compact gravelly sand,
gravel lenses in upper part
Sand with few silty 1ayeis
Very fine sand o

Seil

Till or marine drift’

Sand and Gravel

Silty clay

Sand and gravel

Med. to fine silty sand
some clay

ed, to fine 91lty sand,
rounded pumice grains froml
about 325'. .
Very fine silty sand with @
some fine pumice particless
Dark brown compact clay
silt at 3bt.
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Analysis of Pumping Test Data at Point Grey

This pumping test was not carried out under ideal conditions as the observa-
tion wegga, Hole 5 of the test drilling program was too far from the test well ‘o show
apprecile drawdown, This was the fault of the writer who laid out the holes., If
the pumping test had been carried out at a higher pumping rate, the hole spacing
would have been acceptab1e°

The pumping test was carried out using a small Monarch submersible pump run
on power from a portable engine generator set., The pump was placed in the well at
the top of the screen riser on 2" pipe. The pumping rate was measured using a
wateh and a five gallon (Imperial) pail. The rate was constant throughout the test.,
The engine generator was shut off for about 30 seconds about midway in the test in
. order to check the oil in the engine. This did not disturb the test results,

. Under these conditions namely, negligible drawdown in the observation hole,
the best method of analysis of the data is by using the Theis modified recovery
forrnula, This method uses a model in which the recovering well after stopping pump-
ing is equivalent to a recharging well at the same location recharging at the same
rate. Under these conditions, the equation for residual drawdown is an exponential
differential equation which may be represented by an intinite series in which all

but the first two terms become very small after times t and t! become large. t and t!
are the times from the start and end of pumping respectively,

logyo &,

gt

The approximation is T= 26l Q

in which ' ‘
‘T = transmissibility of the aquifer in gal/day/ft width
Q = pumping rate in gal/min.

s'= residual drawdovm at any time in ft.

1t = time since pumping started in days

tt= time since pumping stopped in days

T
2013 2619

This is most easily done using semi log papver when for one lng cvela T =

By plotting 1°310'%, versus sf, the slope of the curve =

g

8]

?

The recovery data for the well have been plotted on Sheet I. The part of the curve
when the quantity,%' is less than 250 is a straight line, the slop@of which is relatsd
to T,

From this o - 200 _ (20h)(27)
Asl 0

This is a fairly high transmissibility but is reasonable,

1.L3 x 105,

By this method S, the coefficient of storage may not be determined.

The data from the observation hole have been plotted on Sheet II. During the
test, the level in this hole increased. This increase is believed to be due to an
incyease which was underway before pumping started. Unfortunately, we have no observa-
tions for the period before the test started oxr for long after the pumping was stopped
so there is some uncertainty about this. Howevcr, curve A has been drawn to represent
the assumed natural trend of the water level in this hole. Curve B has been drawm
to repreSent the assumed effect of pumping. The drawdown due to pumping at any time
will, therefore, be the difference betweax these two curves. If these assumptions
are correct, curve B shows the expected response to stopping of the pumping.

An attempt was made to use these data to determine T using the Theis modified
non equilibrium tormuls which is similageto that used in the analysis of the' recovery

data, This is: .
7 = 204Q (1o210 ﬁ%
52 . Sl

where sy is the drawdown in the observation well at time %7 and s, is the drawdown in
the observation well at time too

By plotting log t versus,s or t versus s on semi~log paper T = QéhQ where ;s is
changed to s when logyg 2 2 = 1, 1.6, Over one log cycle. LS
See sheeT nr T
(27) .
p = LG Ly 15 5 0P

T(063)
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- ever amount of water will not cause excessive drawdown in the well, The maximum

| | . ; | : | S _ C}
. ) : . o . APPENDIX IT (ccnti';rmed)

This is-veny close to the value of T computed from the recovery data which is 1l.lh3 x 105,;
' The equation for drawdown for equilibrium conditions whlch approximately pre=-
vail a‘r a long reriod cf pumplng is:

T‘m log 10 ( r) Tt

where r = distance of observation well from pumped well in feet and s = coefficient
of storage for aquifer expressed as decimal fracticn projecting the line back to
g =0

=0 = 23T
s =0 Lol log 10 - so
T4 f . ( 370)
23T% =1 5=.3T7% = (3)(h)10° (T0)
ré s T (225)2

S = .21 which is reasonable for por051ty of sands.

Q
Using the non-equilibrium formula, s = [1 L J‘wu
where Wu is the "well function of u" and u = 1.87 r°s the calculated drawdown is

™™ .
much less than that encountered in the well indicating that well losses are fairly
high, This may be explained in a number of ways.

This well is only a partly penetrating well so that wvertical flow becomes
inmportant lengthening the flow path causing additional drawdown. In the mathemotical
model the ideal aquifer is assumed to the isotropic. The well log and an examina-
tion of the exposures along the beach bluffs indicates that the aquifer is probably
quite anisotropic, the vertical permeability being much lower due to the presence of
nunerous silt and clay silt layers of low permeability. In the case of a partially
penetrating well where vertical flow becomes important, this anisotropy probably
causes high head losses near the well.

The totgl +thi nlrnaqc of +tha 9nn-| for ic wmlmorm_  We lmow that there are come

- e

ract silt beds at about 3i46 but thgse may be thin and the total aquifer may extend
well below this depth; this could account for the high transmissibility.

From this analysis, we may conclude that the well will sately produce what-

drawdown should probably notbe bslow the top of the screen at 308!'s With a normal
stalic level of about 285! this gives a permissible drawdown of 23'. Pumping at
27 gallons per minute (Imperial) caused a drawdown after the second period of
development of about It so the yield at 23! of drawdown would probably be about
135 gallons per minute,

In order to allow an adéquate factor of safety the capacity of the pump should
not be more than 75 gallons per minute (Imperial).

As mentioned earller, this pump test was considered a preliminary test as
the capacity of the well was unknown and the large test pump owned by Pacific Water
Wells was in use elsewhere, If only 75 gallons per minute is sufficient, productlon from
this well the test described in this report is sufficient. If larger productlon in
the order of 100 gallons per minute is desired, the well should be tested at a higher
rate betore selecting a production pump.

r 28, 1963 - . E. Livingston
: : Geological Engineer




PUMPTNG TEST DATA - POINT GIEY WELL - May 8/9, 1963 : | : ‘

- Time Time since level Ievel Drawdown Tims since  Residuwal Time-start Adjusted draw-
start, min. “Well Hole 5 Well stop - Drawdown Time-stop down Hole 5

129 M ' 285,2 283,76 0 0

1:30 ‘ 0 - 285,.2 0 )

1:31 1. 288,11 2,9

1:32 2 289.0 3.8

1:23 3 28%.hL ko2

1:321 )-l 28905 hoB

1:35 5 b | bk | -

1337 7 ' 283.75 . Pumping rate

1:39 9 08 ’ heé .

1:L3 13 »85 L 065 continuous

1:16 16 .85

1:L9 19 85 Lo7 27 ZoDeM,

1:58 28 : 283,75 '

2:02 32 290 | .70 (Inperial)

2:0L 3 «90 .

2315 LI.S 095 075

2:25 55 _ 095 '

2:5? 6? _ 90,00 1.8 _ :

23l : 7 ' -00 ( ' :

2:50 -80 200 : " : . .

3:00 90 90,05 4,85 ' o

3:15 105 .05 '

3:30 120 ~ .10 Le90 =
. 3:h5 135 «10. 283.7h 5

L 200 150 010 . E

;:30 18 : 010 283,73 H

6:00 270 .10  ef3 .

7’15 3h5 ' 013 071 ,-l-o93 ’;—!"

? :"LlS 375 015 072 }J-o 95 -

8:30 120 | »10 T2 090 3
10:00 510 015 _ 072 be95 : & =
11:00 570 015 C L eT2 095 ' Rl &




Time Time since level Ievel Drawdown Time since . Residual Time-start Adjusted draw-

start, min. Well Hole 5 Well stop Drawdown Time-stop down Hole 5

12:30 AM 660 220 -T2 5,00 : ) . .
1 2:30 780 015 o72 i 95 002 Pumping rate contin-

3300 810 .20 072 5,00 , _ ’ .

3:30 810 025 .72 5,05 ' ,025 uous 27 gep.m. (Imp-

5:00 930 30 072 5.1 _ L

8:00 1170 .30 | .72 5.1 .029 .erial)

8:30 1140 030 072 Sol .03

) : . Stop Pump

8:30% 11h0% , 288,0 % 248 2280
. 8131 111 286,9 1 1.7 11h1

§:31% o1l 286.3 1 1.l 760

8232 112 286,0 . 2 B8 571

8:33 1143 : 285,8 3 T b . 380 .

£:3h 11hh 285,75 L 055 286 -

d135 11hs 070 5 050 229 :

8:37 1147 .70 7 . .50 163

8:10 1150 .70 10 050 115
11:G5 1175 Ol 155 o112 7.6 .
11:15 1185 283,70
12:L5 PM 1275 R 2ts b7 Se

2:15 1365 , 283.69

I
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