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The groundwater exploration work described i n  t h i s  report  forms 

a part  of an inves t iga t ion  i n t o  erosion of bluffs a t  Point Grey, The 

d r i l l i n g  and pumping of a test  well was undertaken f o r  the purpose of 

f inding su i tab lz  water f o r  the r a i s ing  of f i s h  by the Bio lom Depart- 

m n t  and a t  t'le research f a c i l i t i e s  of the Federal  Fisher ies  Department 

The d r i l l i n g  and t e s t  well pumping was c a r r i e d  ou t  by the 

Pac i f ic  Water Wells Ltd. of Nanaimo, Professor W, H ,  Yathews, Depart- 

ment of Geology, and Nre T o  So Hughes, Supr in tendent  o f  Euildings and 

Grounds, both of the University of B d t i s h  Columbia, co-opra ted  with 

the  writer i n  carrying out the program, 
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The Report - 2 pages 

Map Showing test Holes 

I 

Appendix I showing logs of t e s t  holes 

AppcndAx 11 - Analysis of Pumping Test Da.ta 

Three Graphs, Sheets I, II and 111, Point Grey 

Pumping Test 
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The program of d r i l l i n g  on Foint Gray was completed i n  April ,  The pump t e s t  
of th8 at well was completed i n  lJiayo 

constructed of 1$1 p l a s t i c  p i p  ~mro  i n s t a l l ed  i n  all holes,  
piezometers were placed i n  each hole, one above the  s i l t y  beds and one below the 
s i l ty  beds. 
i n  o rde r  t o  determine the  l eve l  of the water above the s i l t y  beds; t h i s  water was  
thought t o  be one of the causes of bank erosion on Point Grey, . 

The l o g s  of a l l  t he  holes a re  given i n  Appndix I, 
confirm the r e s u l t s  of the mapping included in tlie writerPs first report  of May 
lgO2, Holes 1 and 2, however,, d i d  not encounter any marine d r i f t  o r  till over the 
mxin sand member. 
fpr rapid ground water recharge on Foint Grey, 
t o  be present i n  a l l  the  other holes,  The top  of the s i l ty  beds was found t o  be 
a t  a f a i r l y  uniform elevat ion (351 t o  about Sot> i n  a l l  the holes although i n  holes 
11, 5 and the well, it was fou~id t o  consis t  mos-tly of sand with very l i t t l e  s i l t ,  

The d r i l l i n g  consisted of f i ve  t e s t  holes as shown on the  map, Piezometers 
In  Holes 3 and s 9  t w o  

In  the o ther  three holes, the piezometers were located above the s i l ts  

t The results generally 

T h i s  indicates  t l i n t  there  are  probably large areas favourable 
These g l a c i a l  deposits were found 

! 
The piezometer data  d i d  not c0nfX.m t he  conclusion of previous invest igat ions,  

nmely t h a t  water  i s  perched on top  of  the  s i l t y  beds, 
t o p  of the s i l ty  beds, i n  Holes h and 5 ,  shomd no water on top  of the s i l t ,  
Hole 1, the whole sect ion i s  believed t o  be saturated t o  an elevation above the t o p  
of the si l t ,  Hole 2 shows about 1st of water on top  of the s i l t  while Hole 3 shows 
only about 7'  of  water above the silt, 
placed i n  Hole 39 one a t  an elevat ion of about 851, the  o t h e r  a t  an elevation of 
about 231, These showed that the  elevation of the top  piezometric surface is a t  
about 871 while the lower piezometric surface below the  s i l t y  sect ion is  a t  an el@- 
vation of' about 53t0 

Piezometers placed at  the 
In 

A s  mentioned e a r l i e r ,  two paizoneters wen? 

1 
It is  in te res t ing  t o  note t h a t  a t  the two places where there  i s  an appreciable 

amount of water above the si l t ,  n m d y  a t  IIoles 1 and 2, the prmeable  sand extends 
t o  surface so  these high water leve ls  may represent 9nounds1l of water formed try 

there  i s  l i t t l e  o r  no 
%ells over a year might c o n f i m  th i s  idea, 

c ra,Liid recharge . there  r e l a t ive lv  immrmeable g l a c i a l  d e w s i t s  over l ie  the sand 
I 
< m t e r  on t op  of the s i l t ,  Occasional obsr;n.ations of thzse 

I n  the  mtaqy drilling which was done using d r i l l i n g  mud, it was d i f f i c u l t  
However, it seems t h a t  tine silty beds to log t h i n  s i l t  beds i n  f a i r l y  f ine  sand, 

i n  some places are qui te  sandy with only a few s i l t  beds, 
where recharge is ra ther  slow, the water moving do-xn o r  la teral ly  i n  the  overlying 
sand can l e a k  through the s i l ty  beds f a s t  enough t o  prevent it f r o i n  accumulating on 
t o p  of the s i l t ,  

I n  such places, espec ia l ly  

We must, of coursep explain the source of the water which is seen running out 
a t  the beach bluffs along the top  of tlie s i l t y  section. 
of l o c a l  recharge i n  areas where the main sand inenibcr extends to surface o r  where the 
cover of less perma,ble Ira.terial i s  very th in .  

It i s  probably the r e s u l t  

The idea proposed by the writer i n  the e a r l i e r  report, that w a t e r  seen running 
across the beach on Vne southwest shore of Point Gmy comes f r o m  above the s i l t  seeping 
down t o  beaclr l e v d  through the  accumulation of s l t i tnpd sand on the slop is prob- 
ably incorract ,  
high water l i n e  within o r  below the main s i l t y  section, 

qui te  h igh  i n  r e l a t ion  t o  the l e v e l  of about 21.S i n  Hole 5 af id  the tell, 
p s s i b l e  t h a t  t he  p i eaomt r i c  surface i n  the aquifer  below the s i l t y  beds may bo 
coritmlled i n  part by l o c a l v a r i z t i o n u  i n  t ransmiss ib i l i ty  and anisotroy;y, 
mapping of expsunzs  along the beach the sect ion on Spanish Banks near Bole 3 shows 
dipping beds and l o c a l  var ia t ions  i n  s t ra t igraphy which were not found elsewhere on 
Poin t  Grey. 

d r i l l i n g  show21 a l te rna t ing  sandy and s i l t y  beds with a fera gratre13$r i n t e r b d s ,  
Hole 2 encowitercd a boulder 151 i n  d i m t e r  m a r  t'ne t o p  of the sil:ty beds, 
m y  ba re la ted  t o  a till which, according t o  Pkssrs, Armstrang and IIa.lstead, occiirs 
3% this hC)rlzmo 

lbst of t h i s  water i s  probably roaching the beach a t  o r  near the 

The water e levat ion of about 530 shom bj the  lower piezometer i n  Hole 3 seems 
It is 

In  t h e  
*- 

t. 

Hole 3 was d r i l l e d  d o ~ m  t o  about 100' bulow sea levela From sea leve l ,  the 

This  

A3oi.it 1C* beloif sea l e v e l  i n  tho well, pumice f r a g n m t s  began t o  

e o 0 0  2 
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appeaz i n  the b a i l e r  samples, 
Sorri2 r?rood f r a L m n t s  were a lso  found a t  about 101 below sea ].evelo 

This continued i n  diminishing amounts t o  about .?.LiO~, 
This pumice hor- 

be the same a s  t h a t  found i n  the  klighbuzy S t R e t  sower d r i l l i n g  where the  
ixon punnce ". --,jyizon was oncountere6 by severa l  holes on the  south s l o p .  

T h i s  pumice i s  the only marker bed below t h e  main sand member which enables 
one t o  c o m l a . t e  t he  Point Grey geology with t h a t  a t  Highbury S t r ee t ,  This suggests 
t h a t  mch of the sec t ion  below the main sand member a t  Highbuiy S t r e e t  has been cut  
out  t o  the  west a t  Point Grey, Thus, t he  aqui fe r  below the s i l t y  beds may be below 
an irr,porta.nt e ros iona l  unconfomity. 

Test &'ell 

The tes t  well d r i l l e d  by Pa.c-ific Water Wells was completed i n  Yly. The l o g  
of this hole is  given i n  Appendix I a  

I Sand samples were taken from about 285' to the bottom of  the  hole. 
becane very f i n e  below 328' so it v a s  dec ided  t o  set 20' of screen between 3081 and 
3281, T h i s  was develowd by severa l  days of surging a t  which time about 1' of sand 
cou.16 bs produced by about half  an hour of surging, 
well wi%h a small submersible PUV.~ but  t h i s  f a i l e d  due t o  a p u ~ p  breakdown. 

The mater ia l  

An attemfl was made t o  t e s t  t he  

A successful  pump ' tes t  was conducted on .Fly 8th and 9th. The da ta ,  obtained. 
a.re given i n  Appendjx 11;. r e s u l t s  are d.iscussed. below. 

Since the t e s t  ind.icated a high t ransmiss ib i l i ty ,  it was d.ecid.ed t o  t r y  t o  
improve t he  well performance by ad.d.itiona1 we11 d . e v e l o p n t .  
ing f o r  less than one day  a t  which time very l i t t l e  sand. was being producoc!. The 
pwnp was aga.in placed. i n  t he  we11 and. the r e s u l t  of pumping was compared. with the  
0 r i g i n a . l  test  data, This showed. an improvement of about 19s i n  t he  w e l l  ca.pacity, 
1% seems ircpmbable t h a t  f u r t h e r  work o ther  than-addi t ion  of mow! screen below the 
present screen w i l l  s i gn i f i can t ly  improve t h i s  well so t h e  vel1 is  consjdered. corn- 
plete.  A t  a d.iscussion with Dr, Na.thews, lee Bayley and. t h e  writer, it was agreed 
t h a t  the  University o f  Br i t i sh  Colunbia. would. take over the  well, 

Tnis  was d.one by surg- 

i' 
', As d.iscussed. i n  the A p p n d i x  11, the test results a m  uncertain because o i  

"the locat ion of the observation. ho leo  
itria,ted t o  be 75 gal lons  p r  minute, 

However 
( b p e r i a l j  

the safe capaci ty  of the w e l l  i s  e s t -  

Conclusions - 

I% t he  in t e rp re t a t ion  of the  test d.ata presented. i n  t h i s  repor t  is correct,  
c e d a i n  conclusions may be d..m>m. 

The t ransmiss ib i l i ty  of the aqui fe r  i s  qu t t e  high and it should be capable 
of yielding water t o  propr?!y constructed wells , 
The pri 'omance of the tes t  well i s  not good i f  the computed t r ansmiss ib i l i t y  
is correct ,  This i s  probably due i n  part to the  f a c t  t h a t  t h e  w e l l  only par- 
t i a l l y  penetrates an an i so tmpic  aqujf er,, 
Future wells, where a high y ie ld  is  desired,  should be constructed as f u l l y '  
penetrating wells i o e o  longer screens should be used . 
i n  the  t e s t  t m l l  gravel  pack type well. construction xould be necessary below 
about 330' because of  t h e  very fine-grained n a t u E  of the aquifer.  
It. would be desirable t o  loca te  any such wells f u r t h e r  east where t h e  water 
tab lo  is higher thus taking advantage of Vne coarser part of t he  aquifer ,  
u p p r  part i s  probably m z ~  iso t ropic ;  -this would probably improve well prf'orm- 
ance. 
c,f.s, o r  more could be constructed, 
I n  t h e  Swan, Viooster Zngineering Cools _%yxmt on b a n k m s i o n ,  t he  p r o p s a l  t h a t  
wells be used t o  in te rcept  Fjater f lowing aJong the  t o p  of the  s i lQ7 beds before 
it iuaches t h s  beach b l d f s ,  has been shown t o  be impracticzl ,  Them i s  not 
enough saturated mater ia l  above the s i l t y  beds t o  serve as an aqui fe r  f o r  wellsu 
Tim idea pmpsed  by the  'writer i n  the  e a r l i e r  repol%B t h a t  1.elnova1 or" water 
fmm below the  s i l t y  beds might increase downwaid leakage through the  s i l t y  beds 
thus redu.cing the floir a t  t h e  beach bluffs 3.s a l s o  inval id  a s  it was based on 
tho idea t h a t  there  might bo a considerable thickness of perched watero 
t h i s  has not  found t o  be the  casep t h i s  probably would be ineffective, 

In  coliclitions encountered 

The 

Under t.hese conditions, it i s  l i k e l y  t h a t  wells capable of  y ie ld ing  one 

Since 

b y  20, 1463 
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Hole Elevation, Ft. S t a t i c  "hter 
(ADEroX. k v e l .  3%. 

I - -  
. r e  - 

2 300 222 

3 

4 

5 

piezometer 192 
set a t  222 ' 

I 

275 more than 228 

303 piezometer dry 
set a t  2761 

piezometer. 283 
se t  a t  320' 

Fwm To 
0 2 
2 18 
18 160 

u _ -  

0 3 
3 238 

238 242$ 
2425- 260 

0 11 
11 62 
62 85 
85 165 
165 138 
188 223 
223 260 
260 265 
255 275 
275 278 
278 261 
291 281r. 
2% 291 
291 ,295 
2% 300 

0 1 
1 97 

97 132 
132 208 
203 225 
225 230 
230 237 
237 2h3- 

@ 48 
48 270 

270 320- 
320 3h1, 

D r i l l  h o g ,  
Feet 

S o i l  
Broim Sand. 
Grsy Sand., g rave l  a t  149'  
(some s i l t y  Isyers from 150' 

S o i l  
Sand, hard packed 
Boulder (probably sandstone 1 
Gravelly sand 

Sand 
Harine drift ? 
Sand 
Gravelly sand 
Sandy s i l t  
Sandy si l t ,  with gravel 
Sand 
Sandy s i l t  
Sand with gravel  
S i l t  
Sandy gravel 
Sandy s i l t  
Gravelly sand 
Sandy s i l t  I 

Sandy gravel 

S o i l  
T i l l  
Sand 
Sand, v e ~ y  compact 
S i l t y  sand 
Sand with g rave l  
Silt 
Si l ty  sand with l i t t l e  
gra  vd. 

T i l l  or marine drift 
Cornpact gravelly sand, 
gravel lenses i n  u p p r  pa r t  
Sand with few silty layers 
Very f i n e  sand. 

I Test We11 305 285 0 4 
L 148 

40 271 
271 273 
273 310 
310 3J-h 

328 346 

I 

S o i l  
T i l l  o r  marine d r i f l '  
Sand and Gravel 
Silty clay 
Sand and gravel 
Hed. t o  f i n e  silty sand, 
sonie clay 
I k d .  to f ine  silty sand, 
rounded pmice  grains  f r o m ,  

Very f i n e  silty sand with 3 

soire f i ne  pimice p r t i c l e  s 
Dayk brown cor;ipct c l q ~  
silt a t  3 1 6 1 ~  

about 32Stb I 
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Ancz7jrsis of  Fuinping Test Data at  Foint Grey - 

This puiiping test was not ca.rried out  under ides1  conditions as tho obsorm- 

apprcci  tion "iii; e drawdown, This w:m t he  f a u l t  of the writer who l a i d  out  the holes. If 
the  pumping tcst  had been c a r ~ i e d  out  a t  a highor pumping rate, the hole spacing 
would ha,ve been acceptable e 

Hole 5 of the t e s t  d r i l l i n g  progrcm was too f a r  from the Lest vel1 t o  show 

The pumping t e s t  w a s  carr ied ou t  using a small Konarch submersible pump r m  
on power f r o m  a p r t a b l e  engine generator set, The piunp was placed i n  the   el-1 ai; 
t h e  t o p  of the screen riser on 2" p i p ,  
watch and a f i v e  gallon ( I m p r i a l )  pail.  
The engine generator was shut  o f f  f o r  about 30 seconds about midway i n  the t e s t  i n  
order t o  check the oil i n  t he  engine, 

Tke pumping r a t e  v a s  measured using a 
The rate taras constant throughout the tes t ,  

This d i d  not d i s tu rb  the  tes t  r e s u l t s o  

Under these conditions namely, rctegligible drawdown i n  the  observation hole, 
the bes t  method of analysis  o f  t he  data  is by using the Theis modified recoveyy 
forirmla, 
ing is equivalent t o  a recharging well a t  the  same loca t ion  recharging a t  the  s m e  
&tee 
d i f f e r e n t i a l  equation which may be represented by an i n f i n i t e  s e r i e s  i n  which all 
but  t h e  f irst  two t s m  become vsry small a f t e r  times t and t *  become large,  
are the times from t h e  s t a r t  and end of  pumping respectively,  

This method uses a model i n  which the rccovoring w e l l  a f t e r  stopp-ing p ~ p -  

Under thcse conditions, the equation f o r  ,-esidual drawdown is  an exponential  

t and t *  

The approximation is  T= 264 -Q log lo  $* 
S '  

T =. trd.nsm-issibility of the aqui fe r  i n  gal/day/ft wid th  
Q =: pumping rate i n  ga.X/min. 
s t =  resid.ua.1 drawdmm a t  any time. i n  f t ,  
t = t i m e  s ince pumping s t a r t e d  i n  days 

time s ince pumping stopped. i n  days 

i n  which 

! 

T .  
By p lo t t i ng  loglo versus the . s lope  of the curve = - 

264Q 
This i s  most easily d.one using semi log  p3-?,r when for one lng cycle T =- 

264Q - 
I 

The recovery data 
when the  quant i ty  

the  m l : L  have been plot ted on Sheet I. Tho part of Uie c u ~ m  
is  less -than 250 is  a s t r a i g h t  l i n e ,  the s l o p o f  which 2s re lahed  

t o  T, 

This is a fa i r ly  high -transmissibility but  i s  reasonableo 

By t h i s  method. S, t he  coef f ic ien t  of storage may not be determined, 

Tine d a t a  fmrn the obsemation hole have been plot ted on Sheet 11, D w i n g  t%e 
tes t ,  the level in t 'nis hole increasedo 
incmase which was underway before pumping s t a r t e d  
t i ons  f o r  the period before the t es t  started o r  f o r  long af ter  the  punping was sxopped 
so there  is some uncertainty about t h i s ,  However, curve A has bem drawn t o  represent 
t h e  asspmd na tura l  t r m d  of tine water level i n  t h i s  hole, 
t o  repre3ent t h e  assumed e f f e c t  of punping. 
w i l l ,  therefore ,  be the difference bet.decn these two curves, 
a r e  correct ,  curve B snows the  expected response to stopping of the pumpingo 

non equilibrium formula which 

264Q ( log lo  T =  _y 

This incrsase is  believed. t o  be duo t o  an 
Unfortunatel-y, we have no observa- 

Curve B has been drawn 

If these assumptions 
The draxdom due t o  pumping a t  any t i n e  

An attempt was made t o  use these data t o  determino T using tho Theis nodified 
t h a t  used i n  the  analysis o f  theirecover;Sr 

d a t a ,  This is: 

whem s7 is the  d r a t d o m  i n  the  observation w e l l  a t  time tl and s2 is  the  drawdown i n  
the  obs&vation trell a t  time -t2, 

BJ p lo t t i ng  log .tr versus s o r  t versus s on semi-log paper T - 26hg t h r s  ps i s  
changed t o  s when l o g l o  '2 = :L, iae over one l o g  cycle. AS 

TI" 
see  s&ca- i  "I 



e 
r' . This  i s  very close t o  the value of T computed f r o m  the recovery data which i s  1.43 x 10Je 

The equation f o r  drawdown f o r  equilibrium conditions which approximately pre- 

( e 3 )  T t  
rL s 

r a long p r i o d  cf pumping is: 
Q 

= p 7 T  l o g  10 ---TJ=- 

a@ 

where r = distance of observation well fmm pumpd well i n  f e e t  and s = cooff ic ient  
of storage f o r  aqui fe r  expressed a s  decimal f r a c t i c n  projecting the l i n e  back t o  
a 5 0  

S = .21 which is  reasonable f o r  porosity of sands. _- 

Using the non-equilibrium formula, s 0 ["," "1 WU 

2 where Wu is  the "well function of u" and u E l ,87 r s 
T t  

much l e s s  than that  encountered i n  the well indicat-ing t h a t  well losses are f a i r l y  
high. This may be explained i n  a number of ways. 

the calculated drawdown i s  

I Th i s  wel l  is only a partly penetrating we11 so G h a t  vertical flow becones 
i q o r t a n t  lengthening the  flow pat3 causing additionr.1 drawdom, 
model the  idea l  aquifer i s  assumed t o  the isotropic .  
tion of  the exposures along the beach bluffs indicates  tiiat the aquifer is  probably 
qui te  anisotropic, the v e r t i c a l  p r m e a b i l i t y  being much lower due t o  the presence of 
ntmerous silt and clay s i l t  layers of low p rneab i l i t y .  I n  the case of a partially 
p n e t r a t i n g  well where v e r t i c a l  f low becomes imIprtanPI, this anisotrvrjg probably . 

causes high head losses near the w e l l o  

In the mathemtical  
Tho w e l l  l o g  2nd an examina- I 

From th is  analysis,  we may conclude t h a t  the well will safely produce tihat- 
ever amount of water w i l l  not cause excessive drawdown i n  the well.  The maximum 
drawdown should. pmbably nottebilow the top  o f  the screen a t  3081. Wifn a normal 
sta*bic l e v e l  of about 21151 this gives a. permissible drawdown of 2 3 t 0  h i p i n g  a t  
27 gallons per Riinute ( I m p r i a l )  caused a, drawdown a f t e r  the second period of 
development of about 4$f so %he yield a t  231 of dra.wdotm trould probably be about 
135 gallons psr minute, 

I n  order t o  allow an adequate f ac to r  of sa fe ty  the capacity of the pump should 
not be mom than 75 gallons Fer  minute ( I m p r i a l ) o  

A s  mentioned, e a r l i e r ,  this pump t e s t  was considered a prelihina.rg t e s t  3s 
the  capacity of the well was unknoim and the la rge  t e s t  pump owned by Pacific 'E.:'ater 
hrells was i n  use elsewhere, 
t h i s  wel l  the t e s t  described i n  t h i s  report is  su f f i c i en t ,  If larger production i n  
t he  o r&r  of 100 gallons p r  minute is desired, the well should be tes ted at; a higher 
r a t e  before select ing a production pumpo 

If only 75 gallons per minute i s  s u f f i c i e n t ,  production frorr 

i 

>lay 28, 1963 E Livingston 
Geological Engineer 
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T im Time since Level IkT@l Drawdown T i m  since Pesidual  T i m - s t a r b  Adjusted draw- 

St(Lrb9 m i n o  ‘%e 11 Hole 5 I lk11  3top ~ r m d o w n  Time-stop down Xo1e 5 

1 :k9 
1:,58 

0 
1 
2 
d 7 
L 
5 
7 
9 

13 
16 
19 
28 
32 
34 
4s 
55 
65 
75 
80 
90 

10s 
120 
135 
150 
180 
270 
345 
375 
fi20 
510 
570 
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