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GROUND WATER DIVISION 
WATER INVESTIGATIONS BRANCH 
B. C. WATER RESOURCES SERVICE 

DEPT. OF LANDS, FORESTS & WATER RESOURCES 
VICTORIA, B.C. 

17th January, 1966 

File No. 0239016 

NOTES ON THE NO. 1 ROTARY DRILLING PROGRAM AND THE PROPOSED 
NO. 2 ROTARY DRILLING PROGRAM 

NICOMFXL-SERPENTINE BASIN DUINAGE APPRAISAL - ARDA PROJECT 
NO. 10032 

INTRODUCTION 

During the months of July-September, six test holes were drilled by rotary drill 
equipment in the Nicomekl-Serpentine Basin area (see Fig. 1) as part of an 
investigation of sources of irrigation water to supply the area proposed to be 
drained in an ARDA scheme. Old logs of wash-bored wells in the area showed 
thafi down to about 400 feet, the area was underlain by silt and some sand 
under artesian pressure. 
sediments could serve as high capacity aquifers which could be utilized for 
irrigation purposes. The test holes did not reach to the desired depths due 
to squeezing conditions, repeated loss of circulation, and in two test holes 
because of stuck pipe conditions in thiok silty sections. 
Mr. Livingston, Chief, Ground-water Division, that the project be terminated 
in the sixth hole, after the contractor, Pacific Water Wells Ltd., had lost a 
third set of drilling rods due to stuck pipe conditions. 
that an additional program of test drilling should be undertaken in the area 
with heavier drilling equipment at a later date, in order to obtain further 
information at greater depths than was possible under the first program. 

It was felt that coarser beds underlying these silty 

I recommendedyto 

I further recommended- 

Mr. Livingston sent inqqiries to a number of drilling mud manufacturers and 
suppliers for advice on the problem of stuck pipe or "differential sticking" 
as it is usually called. The replies seemed to be unanimous in stating that 
proper mud can overcome the differential sticking problem to a large extent. 
A new contract was subsequently awarded (December 21st, 1965) to Pacific Water 
Wells Ltd. for the proposed No. 2 Rotary Drilling program, which is now scheduled 
to commence in January, 1966. Further details of the No. 2 Program are given 
in the last section of these notes (see also Fig. 1). 

No. 1 ROTARY DRILLING PROGRAM 

Genera 1 

Brief details of the cost of this drilling program are as follows: 
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of s i t e s  f o r  the  above program w a s  ca r r i ed  out during Ju ly  by myself 
and Se lectll[j M r  u l l i v e r  a f t e r  consul ta t ion with Mr. Livingston. The f i r s t  th ree  test  
hole  s i t e s  Nos. 1 t o  3 ( see  Fig. 1) were considered t o  be the  most su i t ab le  on 
the l imited surface and subsurface information ava i lab le .  These three  si tes 
were located away from the s ides  of va l l eys  t o  avoid possible  thinning or 
pinching out of mater ia l s ,  and one t e s t  hole was located i n  each of th ree  main 
a reas  making up the Nicomekl-Serpentine Basin. I n  a l l , 1 5  si tes were se lec ted  
i n  the  f i e l d  p r io r  t o  the comencement of the d r i l l i n g  program. All 15 d r i l l  
s i t e s  were selected on road allowances within Surrey Municipality and permission 
t o  d r i l l  on these sites was obtained from the Municipality. S i t e s  were se lec ted  
near t o  water where possible  and c lose  t o  drainage d i t ches  i n  case an a r t e s i a n  
flow should be encountered during d r i l l i n g .  All sites were r ead i ly  access ib le  
f o r  a truck-mounted d r i l l i n g  r i g .  A t ra i le r  was rented f o r  use  a s  a f i e l d  
laboratory,  fo r  the drying, and logging of samples. 
have a small sheet  metal oven made t o  f i t  over the propane stove i n  the  t ra i le r  
i n  order t o  dry out the  samples. 

Sampling and logging 

It was a l s o  necessary t o  

The techniques used f o r  sampling and logging during the  No. 1 ro ta ry  d r i l l i n g  
program a r e  b r i e f l y  a s  follows: 

1) Careful d r i l l i n g  by the contractor  and the recording of a good " d r i l l e r ' s  
logfl, including penetrat ion rates of the d r i l l ,  c a re fu l  sampling of the  
cu t t i ngs .  
Logging of the  cu t t i ngs  a t  the s i te  by the  geologis t .  
Comparison of cu t t i ngs  with occasional tube samples. 
Electric log - r e s i s t i v i t y  and f l u i d  po ten t i a l  graphs. 

2 )  
3 )  
4) 

This information is combined i n t o  a summarized llcomposite log". I n  general ,  the  
techniques used are based on those perfected by the Research Council of Saskat- 
chewan and out l ined by Mr. Livingston i n  h i s  memo of Ju ly  9th,  1965, f i l e  no. 
0242686 

Comparisons were made i n  Test Holes Nos. 3 and 4 between washed cu t t i ng  samples 
taken from the  t e s tho le  during d r i l l i n g  and mud samples taken a t  the  same time 
from the mud p i t .  
analyses a t  the Department of Highway's Laboratory and the  r e s u l t s  p lo t ted  on 
the  grading curves on Sheets 1-7 a t tached.  

These samples were subjected t o  hydrometer and s ieve s i z e  

Sheets Nos. 1, 2 and 3 show mud samples taken from T e s t  Hole No. 4 a t  236 f e e t ,  
240 f e e t  and 256-7 f e e t  respect ively.  
those obtained from samples taken a t  the  same time from the  mud p i t .  

The grading curves a r e  very similar t o  

This s i m i l a r i t y  between mud samples taken from the hole and mud samples taken from 
the  p i t  a t  the same time, could ind ica te  t h a t  the mud p i t s  we have been using are 
not b ig  enough, and t h a t  the  mud has in su f f i c i en t  t ime t o  enable the  mater ia l  
brought up from the  test hole t o  s e t t l e  out before r ec i r cu la t ion  takes  place. 

A dr ive  sample taken a t  254-5 f e e t  i n  Test Hole No. 4 (Curve No. 3 i n  Sheet No. 4 )  
contains  over 50% of gra in  s i z e s  l a rge r  than s i l t .  Mud samples from the test  hole,  
taken one foot  below the d r ive  sample show how small a f r ac t ion  of t h i s  g rea t e r  
than s i l t  s i z e  material is transported with the mud sample t o  the surface.  

3 . . . . . . . . . . 
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cu t t ing  sample taken a t  230 f e e t  i n  Test  Hole No. 4 (Sheet No. 5 )  * shows """# ne of the sand s i z e s  t h a t  are present i n  e i t h e r  the mud sample taken 
a t  236 f e e t  o r  the  dr ive  sample a t  235 f e e t .  
clasts of c l ay  and s i l t  s i z e s  only - the  coarser  sand f r ac t ions  must therefor  
tend t o  be broken up t o  a g rea t e r  extent  i n t o  individual  grains .  
ind ica te  then t h a t  a descr ip t ion  of a formation based j u s t  on samples of clasts 
alone would exclude possibly an  important percentage of the sand port ions from 
the formation descr ipt ions.  
No. 6 where three  washed samples of clasts i n  the  490-492 range show l e s s  per- 
centages of sand s i z e s  than a d r ive  sample taken a t  t h i s  depth. 

The washed sample cons i s t s  of 

This would 

This would again appear t o  be the  case i n  Sheet 

An exception t o  t h i s  i s  however found on Sheet No. 4 where a d r ive  sample 
from 254-5 f e e t  contains  a smaller percentage of sand than washed cu t t i ngs  
co l lec ted  from 245 f e e t  t o  257 f ee t .  I think t h i s  can be explained by the 
heterogeneous nature  of the sediments here.  Conceivably the  coarser  f r ac t ions  
of the  cu t t i ngs  came from t h i n  coarse lenses  of mater ia l  which may have been 
present above and below the sec t ion  obtained i n  the dr ive  sample. 
it is possibly premature t o  make too many assumptions on the l imited evidence 
ava i lab le  here. 
i n  a known homogeneous formation. The above discussion however does point  out 
the  need f o r  a la rger  and longer mud p i t  t o  allow t i m e  f o r  s e t t l i n g  out of t he  
cu t t ings .  It would a l s o  appear from these r e s u l t s  t h a t  some caut ion is neces- 
sa ry  i n  descr ibing any sec t ion  of a t e s t  hole on the  bas i s  of clasts alone, 
a s  t h i s  may exclude coarser  s i z e  f r ac t ions  from the  log descr ip t ion  

Nevertheless, 

A comparison of our sampling methods should preferably be made 

Discussion of results 

Generally speaking, the s i x  t e s t  holes d r i l l e d  i n  the No. 1 Rotary Dr i l l i ng  
Program can be cor re la ted  t o  some extent .  Current po l len  s tud ie s ,  and s i z e  
analyses from tube samples may throw fu r the r  l i g h t  on the  problem. 
ground surface t o  about 20 f e e t ,  the  mater ia l  general ly  encountered i n  a l l  
holes is,a l i g h t  grey clay,  and s i l t ,  with peat and she l l s .  Below t h i s  t o  
about 215 f e e t  is a l i g h t  grey c lay ,  s i l t y  c l ay ,  c l ay  s i l t ,  s i l t  and very 
f i n e  sand, a l l  with s h e l l s .  
1, 2 ,  3 and 5 ,  the  material i s  similar except t h a t  it contains  sca t te red  
s tones;  probably glacio-marine sediments. I n  Test Hole No. 6 ,  occasional 
s tones s tar t  from 125 f e e t .  
pressures.  T e s t H o l e  No. 4 is  s imflar  t o  the  other  holes  down t o  310 f e e t .  
Below 310 f e e t  t o  491 f e e t ,  there  i s  a l i g h t  grey s i l t  with occasional 
pebbles. 
sand and gravel ,  possibly with some till. 
i n  p a r t  a s  the  mud c i r c u l a t i o n  was l o s t a t  t i m e s .  
may be i n  a till o r  stony glacio-marine sedimentsjat  680 f e e t ,  t he  d r i l l  rods 
broke, p a r t l y  because of poor d r i l l i n g  techniques. 

From 

From about t h i s  depth t o  the  bottom of Holes Nos. 

All these holes  a r e  a l l  under s l i g h t  a r t e s i a n  

From 491 t o  SO9 is  probably a till, 509 t o  523 is a stony, s i l t y  
This zone is  probably an aqui fe r  

From 523 t o  680, the hole 

The geology, except f o r  t he  upper p a r t  of these holes  tends t o  be somewhat 
confusing. The presence of the gravel  i n  Hole A4 i s  encouraging and shows 
t h a t  there  is  a reasonable chance of f inding aqu i f e r s  below the  s i l t  i n  t h i s  
area.  Mr. Livingston suggests t h a t  some s o r t  of combined rotary-cable too l  w e l l  
construct ion technique should probably be used t o  keep down the  c o s t s  of w e l l  
construct ion i n  deeper holes.  

4 ......... 
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I n  Test  Holes Nos, 2 and 3,  there  i s  a l s o  a possible  aqui fe r  a t  298-300 f e e t  
and 330-340 f e e t  respect ively.  
t o  be present a t  t h i s  general  l eve l .  

Other w e l l  records i n  t h i s  a r ea  show an aqu i f e r  

I n  Test Hole No. 5 ,  possible  aqui fe r  zones may be present between 206 and 220 
and a l s o  587-597 i n  f i n e  sand. I n  T e s t  Hole No. 6,  a sec t ion  a t  124-131 f e e t  
nay be water-bearing. 
obtained on e i t h e r  of these two holes .  

It is unfortunate t h a t  an electric log could not be 

Sections have been drawn on a sca l e  of 1000 f e e t  t o  one inch, and these  sect ions 
show d e t a i l s  of the subsurface information as along the sec t ion  l i n e  XY as shown 
i n  Fig. 1. A geological map of the  test  hole area showing ava i l ab le  information 
has a l s o  been compiled on the same sca le .  
experienced i n  the  s i x  test  holes ,  together with a composite log of each hole,  
tireincluded i n  Appendix I. The composite logs a r e  based on a l l  ava i lab le  infor-  
mation from the  d r i l l i n g  records,  electric log, cu t t i ng  samples,  e t c .  

Details on the  d r i l l i n g  d i f f i c u l t i e s  

NO. 2 PROPOSED ROTARY DRILLING PROGRAM 

General 

A new cont rac t  has been awarded t o  Pac i f i c  Water Wells Ltd. (December 21, 1965) 
f o r  the proposed number 2 ro t a ry  d r i l l i n g  program scheduled t o  commence the l a s t  
week i n  January. I n i t i a l l y ,  s i x  si tes have been se lec ted ,  see Fig. 1, mainly 
along the  sec t ion  l i n e  XY (shown on Fig.1). 
graphic information a t  depth ( t o  1200 f e e t )  and may be followed by a s e r i e s  of 
shallower holes  t o  inves t iga te  possible  aqui fe rs  found i n  the  f i r s t  holes  and 
from other  w e l l  records. 
water w e l l s  could be constructed i n  the  most l i k e l y  aqui fe r  zones. 
i s  found under th i ck  s i l t s ,  b l r .  Livingston considers  it may be advantageous t o  
use a 12-inch diameter ro t a ry  hole through the  s i l ts  which could be cased with 
l i g h t  10-inch casing. 
t i o n a l  cable  too l  methods. 

These holes  are t o  provide s t r a t i -  

After  the  t e s t  holes a r e  completed, one or  more 
I f  an aqui fe r  

The aqui fe r  sect ions could then be completed using conven- 

I n  order t o  successful ly  accomplish a t e s t  hole t o  1200 f e e t  i n  the adverse 
d r i l l i n g  condi t ions known t o  e x i s t  i n  the  Nicomekl-Serpentine a rea ,  many improve- 
ments i n  technique m u s t  be included i n t o  the new number 2 d r i l l i n g  program. 
cont rac tors ,  Pac i f i c  Water Wells Ltd., have acquired a mud program from Mitchem * 

Canada Ltd. ,  who w i l l  have a technica l  advisor on the  f i r s t  hole. 
w i l l  r equi re  a mud p i t  40 f e e t  long, t en  f e e t  wide and f i v e  f e e t  deep. 
advantages of a b ig  mud p i t  have already been discussed. 
may be $1,200.00. 
techniques, t h i s  addi t iona l  cos t  may w e l l  be worthwhile. 
f e e l  confident they can overcome the problem of d i f f e r e n t i a l  s t i ck ing  and a l s o  
o f f e r  a b e t t e r  recovery of s a t i s f a c t o r y  samples with t h e  mud program they 
recommend. 

The 

The company 

Cost of mud p e r  hole 

MiLChem Canada Ltd. 

The 

A s  the  success of t h i s  program may w e l l  lie i n  co r rec t  mud 
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I n  rep 9 t o  a l e t t e r  of enquiry by M r .  Livingston, Milchem Canada Ltd. th ink  
the  problems encountered i n  the  number 1 program arose from two things and 
the  following is an ex t r ac t  from t h e i r  l e t t e r  ( f i l e  0242686, October 27th,  1965). 

1. Mud Rings 

"which involves the  incorporation of the  s o f t  s i l t ,  sand, c l a y  i n t o  the  d r i l l i n g  
f l u i d ,  and thus,  makes it very viscous and causes high pump pressures,  and i n  
some cases w i l l  not r ise t o  the  sur face  through the d r i l l  p ipe annulus. This 
may eventual ly  cause s tuck pipe o r  the  breaking down of the  formation around 
the  b i t .  This could r e s u l t  i n  se r ious  loss of c i rcu la t ionr ' ,  

2. D i f f e ren t i a l  St icking 

"This r e s u l t s  when you have a s i t u a t i o n  where the  hydros ta t ic  head of the  f l u i d  
i n  the hole is higher than the formation pressure.  
permeable, the  hydros ta t ic  pressure of the  mud column forces  the  water out of 
the  mud i n t o  the  formation, and depos i t s  the  so l id  phase of the mud onto the  w a l l  
of the  hole. I f  the  d r i l l i n g  f l u i d  does not have l o w  water loss c h a r a c t e r i s t i c s ,  
t h i s  process bui lds  a th ick ,  mushy f i l t e r  cake, and when the  d r i l l  pipe is  s ta t ic ,  
i t  i s  forced i n t o  t h i s  cake and held there  by the d i f f e r e n t i a l  pressure". 

I f  the  formation is f i n e l y  

Milchem Canada Ltd. consider the mud r i n g  problem can be cured by using a d i s -  
persing and inh ib i t i ng  chemical i n  the  mud system. 
can be solved by lower mud weight ( l e s s  than 9.4 #/gal . ) ,  lower water loss 
( l e s s  than 4 c c f s ) ,  the  addi t ion  of oil(5 - 8% emulsified),  the addi t ion  of 
f i n e  mud, etc. t o  s e a l  off  permeabili ty,  the addi t ion  of a sur fac tan t  t o  
provide l u b r i c i t y  between pipe and wal l .  

The d i f f e r e n t i a l  s t i ck ing  

The problem of squeezing c l ays  encountered i n  some of t he  last  holes  may, i n  
f a c t ,  be due t o  the  mud r ing  problem, however, i t  w i l l  be in t e re s t ing  t o  note 
what precautions Milchem Canada Ltd. w i l l  take t o  overcome t h i s  problem on the 
f i r s t  test hole.  

Other improvements t o  be incorporated i n  t h i s  program include a Geolograph o r  
equivalent penetrat ion r a t e  recorder.  
logging samples. A l a rge r  d r i l l i n g  r i g  - a Mayhew 1000 is  t o  be used on t h i s  
job, and i t  would be advantageous i f  t he  mud pump system can be powered 
independently of the  d r i l l i n g  machine, t o  avoid loss of c i r c u l a t i o n  i f  the d r i l l  
machine should s ta l l .  

Binocular microscope and lamp for 

As on the  number 1 program, a l l  deep test  holes  w i l l  have about 100 f e e t  of 
inexpensive casing a t  t he  top of the  hole and placed using cement grout t o  
a f ford  some cont ro l  i n  case artesian condi t ions are encountered. 

6 . . . . . .  
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Tube s @ l e s  w i l l  be taken during the  f i r s t  100 f e e t  f o r  pol len s tud ie s  a t  the  
University of B r i t i s h  Columbia. taken 
f o r  t h i s  study. Deeper tube samples may a l s o  be taken on later holes  f o r  
po l len  s tud ie s  and possibly may also be used fo r  the  inves t iga t ion  of the  
s a l i n i t y  concentrations ex i s t ing  i n  the  water content of s i l ts  and f i n e  sands 
found deep i n  these  holes. 

Additional cu t t i ng  samples  w i l l  a l s o  b 

Temperature logs w i l l  a l s o  be run i n  the  test holes a f t e r  the  completion of 
the electric logging, and a f t e r  mud c i r cu la t ion  has been stopped f o r  some t i m e .  

JCF/ls 

J. C . Foweraker 
Geological Engineer 
Ground-water Division 
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APPENDIX I 

GENERAL NOTES AND COMPOSITE LOGS FOR TEST HOLES NO'S 1 - 6, NO. 1. ROTAKY 
DRILLING P R O G R A M  

The tes t  holes i n  t h e  Nicomekl-Serpentine Rivers area were d r i l l e d  with a 
Fa i l ing  1000 machine, using Fa i l ing  d r i l l  rods, and d r i l l i n g  a 3 7/8 inch 
hole. 
i n  harder compact sections.  The contractor ,  Pac i f i c  Water Wells Limited, 
used a mud with addi t ives  and i n  sane holes  t h e  water used was brackish. 
(Water from a well near No. 5 hole was d e f i n i t e l y  brackish when tested with 
the  HaFh f i e l d  k i t ) .  

A t  times, t h e  mud pressures beceme qui te  high, and the  possible  explanations 
f o r  t h i s  a r e  discussed under the  No. 2 proposed r o t a r y  d r i l l i n g  programme. 
The problem of s tuck pipe conditions has been discussed both i n  the ' In t ro-  
duction' ,  and a l s o  i n  t he  No. 2 proposed ro t a ry  d r i l l i n g  programme. 

Drag b i t s  were used i n  clay, s i l t  and sand sect ions,  and t r icone  b i t s  

T e s t  holes were grouted a f t e r  completion t o  prevent leakage from a r t e s i a n  
pressures. 

Location: See Figure 1. S i t e  i s  located a t  end of 48th Avenue, j u s t  w e s t  
of Johnston Road (152 S t . )  a t  Serpentine River. 

Elevation of c o l l a r :  4 feet  approximately 

General Notes: This hole was terminated a t  307 feet i n  a chalky calcareous 
s i l t s t o n e .  Bedrock was not expected a t  t h i s  depth. 

Composite b g  i n  Feet:  

0 - 20 Light grey s i l t ,  peat and s h e l l  fragments. 
bably r e l a t ed  t o  present sea leve l  f luc tua t ions  (Salish Deposits?). 

These deposi ts  pro- 

20 - 95 Nostly s i l t  grading t o  coarser s i l t  and f i n e  sand near base, 
abundant thick-walled s h e l l s ,  mica f lakes ,  some l enses  of sandy 
s i l t .  

95 - 210 C l a y - s i l t  t o  s i l t  c lay  with s h e l l  fragments. 
used i n  t h i s  hole appears t o  be sa l ine .  
r e s i s t i v i t y  of the mud a t  22OC t o  be 0.574. ohm meters. 
makes any in t e rp re t a t ion  d i f f i c u l t  a s  the  s a l i n i t y  of the form- 
a t ion  i tself  r e l a t i v e  t o  the  d r i l l i n g  mud i s  not known. 

Clay s i l t  with pieces of chalky calcareous s i l t  with coarse 
sands and pebble s izes .  Some s h e l l  fragments. From 195 f e e t  
onward there  is an increase i n  the r e s i s t i v i t y  and an increase 
i n  the poten t ia l ,  which could ind ica te  an increase i n  porosi ty  

The d r i l l i n g  mud 
A sample showed the  

This 

210 - 267 
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21(,267 of the formations, o r  an a l t e r a t i o n  i n  t he  mud consistency, o r  
change i n  the  s a l i n i t y ,  o r  possibly even an increase i n  the  amount 
of hard chalky calcareous mater ia l  found lower i n  the hole,  
e l e c t r i c  log probe was only able t o  penetrate  t o  a depth of 237 
feet, however, it is conceivable t h a t  due t o  cable sl ippage t h e  
t r u e  depth of the e l e c t r i c  log may be over 240 f e e t .  
d r i l l i n g  was encountered a t  247 f e e t .  

The 

Harder 

267 - 307 Chalky calcareous s i l t s t o n e .  (?Pliocene) 

h c a t i o n :  See Figure 1. 
south of Mud Bay Road (40th Avenue) 

S i t e  i s  located a t  the end of P r a t t  

Elevation of c o l l a r :  9 f e e t  approximately 

General Notes: Squeezing conditions were encountered i n  this 

Road (180 St.)  

t e s t  hole. As 
only a day s h i f t  was operating, considerable Ame was l o s t  
each day with pul l ing rods and reqming out  the hole, due t o  
squeezing conditions. 
spent  on t h e  above became excessive. 

Hole terminated a t  841 feet, when t h  

Composite Log i n  Feet: 

0 - 20 

20 - 50 
50 - 216 

216 - 297 

297 - 323 

323 - 340 

Light grey clay, s i l t ,  p a t  and some s h e l l  fragments 

Light grey clay,  - s i l t  w i t h  some s h e l l  fragments 

Light grey c lay  s i l t ,  sandy s i l t ,  very f ine  sand with mica f l akes ,  
s h e l l  fragments, ? wood pieces - may be contamination from peat  
l aye r  above 20 feet. (Elec t r ic  log shows small zones' of increased 
porosi ty  possibly representing more sandy members. Porosity would 
appear low from 182-21L f e e t .  
a t  22% is  7,826 ohm meters ind ica t ing  a f r e s h  water d r i l l i n g  mud). 

Note r e s i s t i v i t y  of d r i l l i n g  mud 

Light grey c l ay  s i l t ,  s i l t  and very f i n e  sand, she l l  fragments 
associated with some coarse sand and grains  t o  pebble s ize .  
(Elec t r ic  log ind ica tes  small increased i n  porosi ty  probably 
associated with t h g i n  sand lenses) .  

As above but  there  is a marked increase i n  the r e s i s t i v i t y  log 
corresponding with slower d r i l l i n g  rates .  
a t  298-300 f e e t ?  

Possible aquFfer 
(see e l e c t r i c  log)  

Stony si l t ,  some clay and sand, gravel,  s h e l l  fragments. (E lec t r i c  
log shows marked increase i n  r e s i s t i v i t y  i n  compact s i l t y  sand 
and gravel  from 322-328 feet  followed by a sharp drop i n  po ros i t i e s  
from 330-340, ind ica t ing  possibly a more imprrneable layer of 
hard clay) ,  
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483 - 642 

642 - 718 

n8 - 8&l 

Stony - sil t ,  with some clay and sand, s h e U  fragments. 

Stony "c lay t f - s i l t ,  s i l t ,  some clay, sand and s h e l l  fragments 
(Electr ic  log and d r i l l e r s  log indicates  s o f t e r  c lay  si l ts  i n  
layers  as a t  398-400, 438 fee t . )  
r e s i s t i v i t y  values t o  those immediately above) . (Electr ic  log indicates  lower 

Stony c l ay - s i l t ,  silt ,  some clay, sand and s h e l l  fragments. 
(Electr ic  log indicates  possible change here - increased resis tance 
and less amplitude changes on po ten tG1  s ide  - s  amples appear coarser 
and could be b e t t e r  sorted and more permeable. 
ea s i e r  i n  t h i s  sect ion) .  

The d r i l l i n g  i s  

Clay silts t o  silts - badly sor ted with grains up t o  pebble s ize .  
Plant .  remains collected i n  b i t  sample, possibly i so la ted  lenses  
only? D r i l l i n g  d e f i n i t e l y  harder i n  t h i s  eection. (Electr ic  log 
shows an increase i n  po ten t ia l  indicat ing an increase of porosity 
o r  s a l i n i t y ?  

Fr iab le  poorly sor ted s i l t  t o  sandy s i l t  containing grains from 
coarse sand up t o  pebble sizes. 

\ 
Test Hole No. 3 

b c a t i o n :  See Figure 1. S i t e  is located a t  end of Livingstone Road off 
Harvie Road, on a road allowance which i s  an extension of 180 St .  

Elevation of Collar: 4 f e e t  approximately 

General Notes: Same a s  f o r  Test Hole No. 2 - squeezing conditions. 
terminated a t  630 f e e t ,  when time spent on pulling rods and 
reaming out hole became excessive. 

Hole 

Composite Log i n  Feet: 

0 - 15 Light grey clay, s i l t  and peat beds.. 

15 - 120 Light grey clay t o  c lay si l t ,  p l a s t i c  when w e t ,  f r i a b l e  chalky 
when dry, shell  fragments a t  39 f e e t  onwards. 
possibly from contamination above? 

Plant remains 

120 - a0 S i l t  t o  very f ine  sandy silt.  
(No e l e c t r i c  log above t h i s  sec t ion) .  

Some mud l o s s  a t  132-133 f e e t .  

a0 - 229 S i l ty . c l ay ,  clayey s i l t ,  silt ,  some disseminated mica, s h e l l  f rag-  
ments. 
machine sen t  i n  f o r  repa i rs  a t  t h i s  point. 
mud a t  22OC i s  6.957 ohm meters). 

(Electr ic  log f o r  this hole is  poor and r e s u l t s  suspect - 
Res i s t iv i ty  of d r i l l i n g  



- 4 -  

229 - 330 

0 
330 - 340 

340 - 440 

440 - 600 

600 - 636 

S i X y  clay,  clayey silt, si l t ,  some disseminated mica, s h e l l  frag- 
ments, assoc ia ted  with some sand and g ra ins  t o  pebble-size. 
(Elec t r ic  log shows marked changes i n  r e s i s t i v i t y  possibly coin- 
ciding with t h i n  porous sandy beds between finer silts and clays).  

Stony s i l t  and some sand, gravel and s h e l l  fragments. 
ind ica tes  an aquifer  here. 
a t  tnis point, possibly with brackish water? 

Stony silt,  clay and sand, s h e U  fragments. Drive sample a t  354- 
355 f e e t  (see grading curve Sheet No. 9) shows about 40% i n  silts 
and clays, and the remainder nearly all i n  sand s ize .  
contained some stones up t o  2.4 inches. 

D r i l l  log 
(Elec t r ic  log shows a porous aquifer  

E lec t r i c  log ends here). 

Drive sample 
Slower d r i l l i n g  rates .  

Ilainly sand with minor s i l t  and clay and stones of assorted s izes .  
(see grading curve Sheet No. 9 )  Drive s 6 p l e  a t  ul.5 - 442 f e e t  
mainly medium t o  coarse sand. Drive sample a t  490-490.5 f e e t  mainly 
sand with 20% s i l t  and clay. 

As above but s o f t e r  d r i l l i n g .  

Test  Hole NO. 4 

Location: See Figure 1. S i t e  is  located a t  end of Cameron Road (50th Avenue) 
West of 168 S t .  and e a s t  of Serpentine River. 

Elevation of Collar: 4 f e e t  approximately 

General Notes: Adverse d r i l l i n g  conditions were encountered &n t h i s  hole. 
The circulat ion- .  was, l o s t  a t  times, and very hard d r i l l i n g  was 
experienced i n  sect ions of till. 
d r i l l  rods broke probably due i n  part t o  poor d r i l l i n g  technique. 
This prevented an e l e c t r i c  log from being run i n  t h i s  hole. 

A t  a depth of 680 f e e t ,  the 

Composite l a g  i n  Feet: 

0 - 80 

80 - 202 

202 - 235 

235 - 310 

310 - 4% 

S i l t  t o  f i n e  sandy s i l t ,  peat t o  40 f e e t  (maximum) she21 fragments 
and plant fragments may be recirculated i n  part by mud. 

S i l t y  clay t o  c lay s i l t ,  many thick walled s h e l l  fragments,!l30 f e e t  - 
thin walled s h e l l  fragments i n  clay. 

Same as  above but associated with some sand and grains  t o  pebble s ize .  

Clay, s i l t y  clay, clayey si l t ,  and s i l t  with minor sand and some 
pebbles t o  2.6 inches ( a t  235 f e e t )  (see grading curve Sheet No. 3 
f o r  dr ive sample analysis  from 23s fee t .  Drive sample from 254-25s 
f e e t  very poorly sorted,  contains considerable clay, sil t ,  sand and 
gravel s i zes ) .  Harder d r i l l i n g .  Stone 1 f o o t  i n  diameter a t  
309 f ee t .  

Light grey si l t ,  a l f t t l e  sand, minor s h e l l  fragments, an occasional 
pebble (small). 
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h91 - 509 T i l l ?  
c i rcu la t ion?  Hard d r i l l i n g  (14 min. a t  1000 p s i  f o r  1 f o o t )  

509 - 512 Stony s i l t y  sand? Gravel? Lost c i rcu la t ion ,  Water bearing 

Stony sandy clay,  silt ,  s h e l l  fragments possibly from re- 

0 
hori ao n 

512 - 520 T i l l ?  Stony sandy c lay  s i l t  

520 - 523 Stony s i l t y  sand? Loose gravel? Water bearing horizon 

523 - 680 T i l l ?  Stony sandy clay,  silt .  Hard d r i l l i n g  (20 min a t  1000 p s i  
f o r  1 foot ) .  

k c a t i o n :  See Figure 1, 
(160 St .  ) between Serpentine and Nicomekl Rivers. 

S i t e  i s  located a t  south end of Boothroyfl Road 

Elevation of Collar:  4 feet  approximately 

General Motes: Circulat ion was l o s t  repeatedly near bottom of t h i s  hole 
(587-597 f e e t ) .  A length of casing was lowered in to  the hole 
as a l a s t  r e s o r t  t o  res tore  c i rcu la t ion ,  but  t h i s  became bent 
and s tuck a t  160 feet  and t h e  hole was abandoned. The e l e c t r i c  
log probe could not therefore  be run down t h i s  hole. 

Composite Log i n  Feet :  

0 - 20 

20 - 60 

60 - 206 

206 - 220 

220 - 280 

280 - 520 

S i l t  ( l o a q  appearance) with peat and disseminated mica f l akes  

S i l t ,  s h e l l  fragments usual ly  showing ribbed pat tern,  dissemin-  
ated mica f lakes .  

Light grey c lay  silt,  s i l t  with some sand grains  i n  the matrix 
a l so  small  s h e l l  fragments. 

As above but  associated with some coarse sand and some gra ins  up 
t o  pebble size. 

- 

Light grey c lay  si l t ,  s i l t ,  with minor grains  t o  3 mi%. , i n  matrix, 
a l s o  small s h e l l  fragments. 

Light o l ive  grey silts with some sand grains  i n  t h e  matrix, d r i l l e r  
reported s tones encountered a t  294, 337, 412, bl3, 447, and 453. 
Harder d r i l l i n g  a t  289-290 f e e t ,  and 379-380 feet. 
1000 p s i  f o r  1 ft . )  A f e w  t h i c k  walled s h e l l  f r a g m n t s  a t  430 f t ,  
She l l s  elsewhere may be rec i rcu la ted  i n  mud? 

( 3 min. a t  
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520 - 587 Light o l ive  grey s i l t  t o  very f i n e  sandy si l t  with s h e l l  fragments, 
Soft d r i l l i ng .  ( A t  549-550, 6 secs,  with weight of rods only f o r  

saturated with brackish water. b s t  c i rcu l -  
a t ion  - rods dropped under t h e i r  own weight t o  593 fee t .  
t h i s  section. 

Cemented 

593 - 597 Drilled ahead and l o s t  c i rcu la t ion  again a t  597 f e e t .  
due to  mud l o s s  a t  587 - 593 f e e t  l e v e l  o r  l o s s  a t  597 f ee t .  

This may be 

Test Hole No. 6 , j a r -  

h c a t i o n :  See Figure 1, S i t e  is located north of the Mud Bay Road (both Avenue) 
a t  the NicomeU River on a right-of-way extension of Boothroyd Road 
(160 St.)  

Elevation of co l l a r :  

Access is by way of pr ivate  land only. 

4 f e e t  approximately 

General Notes: The d r i l l  rods became stuck 10 f e e t  from the  bottom of t h i s  
hole (540 fee t )  while mud was being mixed. 
d r i l l e d  down along s ide the stqck rods was aleo unsuccessful, 
the rods a l s o  becoming stuck a t  520 f e e t ,  
point t o  Mr. Livingston, Chief, Ground Water Division t h a t  the 
d r i l l i n g  project  be terminated a t  t h i s  point. 
mended an addi t ional  program of t e s t  d r i l l i n g  be undertaken with 
l a rge r  equipment t o  enable us to  reach grea te r  depth than had 

been possible (see a l so  t e s t  hole program No. 2) .  

A second hole 

I recommended a t  t h i s  

I fu r the r  recom- 

Composite Log Feet: 

0 - 10 

10  - 124 

124  - 131 

131 - 240 

Light o l ive  grey si l t ,  some disseminated mica f lakes ,  s h e l l  fragments, 
( th in  walled) and peat lenses ,  

Light o l ive  grey t o  l i g h t  grey s i l t  with minor sand, f a i r l y  f r i a b l e ,  
some disseminated mica f lakes ,  s h e l l  fragments - t h i n  and th i ck  walled. 

Light Oliver grey si l t  with some sand grains  (and up t o  3 min.) i n  
matrix. 
Circulation maintained but could be water bearing? 
stones i n  t h i s  section. 

Light grey s i l t  with a l i t t l e  f i n e  sand and f i n e  g r i t ,  
encountered a t  a0 and 153 f e e t .  

D r i l l i n g  firmer here ( 3 minutes f o r  1 foo t  a t  300 ps i ) ,  
D r i l l e r  reports  

I 

Stones 
A few s h e l l  fragments, 
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2 4 0 a 4 0  Light o l i v e  grey t o  l i g h t  grey silty clay t o  s i l t  with some sand 
grains (and s i z e s  up t o  3 min) i n  the matrix. Plant remains and 
pieces of shell. Stones found a t  307-312, 3511 
364, 44l, 455, 465-66. Dril l ing is firm here (varies between 30 
secs. and 3 l/3 mins for 1 f o o t  under rod weight only). 

Thin gravel seam, 

J.C. Foweraker 
Geological Engineer 
Ground Water Division. 
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