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1,0 INTRODUCTION 

This  report  contains  the  results  of  the  foundation  in- 
vestigation  and  recommendations  for  foundation  and  em- 
bankment  design f o r  the Willow  Lake  River crossing at 
Mile 394 on the  Mackenzie  Highway,  Northwest  Territories. 
The  field  investigation  at  this  site was part of an 
overall  geotechnical  investigation  conducted by Acres 
Consulting  Services from Mile 346 to Mile 450 of the 
Mackenzie  Highway f o r  the  Department of Public  Works, 
Government of Canada. 

The  purpose  of  the  investigation was to determine  the 
site  foundation,  permafrost  and  groundwater  conditions 
and  to  provide  recommendations on the  design  and con- 
struction of the  proposed  bridge  abutments,  piers  and 
approach  embankments. 

2.0 SITE AND GEOLOGY 

The  Willow  Lake  River  crossing  site is located  at  Mile 
394.7 (chainage 9 8 5  + 00) on the  Mackenzie  Highway. 
This  site is approximately  one  mile  upstream  from  the 
junction of Willow  Lake  River  with  the  Mackenzie River. 

The stream  bed  elevation at the  proposed crossing site 
is approximately 250 ft. (D .P .W.  datum).  The  length 
of the  bridge is 9 0 0  feet  and 4 spans  are  proposed. 

The  crossing  site is located in a  shallow  valley  approxi- 
mately 3/4 mile  wide  and 50 feet deep, incised  into 
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2.0 SITE AND GEOLOGY - Continued 

the fluvial  sands and  glacial  tills which mantle the 
Mackenzie  River  valley  in  this  section of the  project. 

The  deepest  boring, to a  depth of 101 feet, did  not 
encounter  bedrock  at  this site, although shale is en- 
countered  at  shallow  depth  several  miles to the nor th  
along the  highway  centreline.  Bedrock  in  the  area is 
horizontally  bedded  shale,  sandstone  and  limestone of 
the  Fort  Simpson  Formation of Devonian age. 

3.0 FIELD INVESTIGATION AND 
LABORATORY TESTING 

A t o t a l  of seven  testholes  were  drilled  at  the  bridge 
site along  centreline  to  depths  ranging  from 15 to 
101 feet  at  the  locations  shown in Figure 1. Figure 2 
shows  a  centreline  section of the  valley. 

TWO testholes were drilled  at  the  abutment  locations 
to  depths of 101 and 55 feet and three  holes  were 
drilled at pier  locations to depths of 51, 71 and 66 
feet  respectively. 

The  drilling and sampling  at  the br idge  site was done 
between  January 30 and February 7 ,  1973 by Kenting  Big 
Indian  Drilling of Calgary  utilizing a Cardner-Denver 
200 "helidrill"  mounted on a  Foremost 60 tracked  vehicle. 

Sampling was done  using  the  air  recovery  percussion 
method f o r  disturbed  samples, 3 inch  thin-walled  Shelby 
tubes fo r  undisturbed  cohesive  soil samples, and  the 
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3.0 FIELD INVESTIGATION AND 
LABORATORY TESTING - Continued 

s t anda rd  split spoon for  g r a n u l a r  soil samples. 
Standa rd   Pene t r a t ion  blow counts  were t aken   w i th   t he  
s p l i t  spoon sampler. 

Samples were l o g g e d   i n   t h e   f i e l d  and c l a s s i f i e d   a c c o r d -  
ing t o   t h e   U n i f i e d  S o i l  C las s i f i ca t ion   Sys t em as shown 
i n   F i g u r e  3 .  Ice con ten t s  were c l a s s i f i e d   a c c o r d i n g  
t o  t h e  N.R.C. Technical  Memorandum N o .  75  "Guide t o  
t h e   F i e l d   D e s c r i p t i o n  of Permafrost"  as shown i n   F i g u r e  4. 

Mois ture   conten ts  were o b t a i n e d   f o r  a l l  samples   re turned  
t o  t h e   l a b o r a t o r y   a n d   t h e  samples were s u b j e c t e d  t o  rou- 
t i n e   c l a s s i f i c a t i o n  tests i n c l u d i n g  grain s i z e  d i s t r i b u -  
t i o n  and   At te rberg  limits. The r e s u l t s  of all l a b o r a t o r y  
and f i e l d  tes ts  are i n c l u d e d   i n  t h e  t e s t h o l e  logs appended 
t o   t h i s  Report. 

4 . 0  FOUNDATION C O N D I T I O N S  

The fo l lowing   boreholes  were d r i l l e d  t o  investigate t h e  
foundat ion   condi t ions  a t  the bridge  abutment and p i e r  
l o c a t i o n s .  

HOLE NUMBER 

394-C-B 

394-s-c 
39 4-S-D 

394-S-E 

394-S-F 

3 .  

LOCATION 

South Abutment 
South Pier 

Centre  P i e r  

North Pier 

North Abutment 



4 .0  FOUNDATION CONDITIONS - Continued 

I 

I 

The  detailed  soil  descriptions for these  holes  are 
given  in  the  borehole logs appended to this  Report. 

The  boreholes  drilled  for  the  three  piers  showed 
unfrozen,  medium density,silty-sands  and  gravel  to 
a depth of about 20 feet.  Blow  counts ranged from 
20 to 59 and  averaged 30. 

This  stratum  is  underlain by  approximately 20 feet 
of  dense,dark  grey,sandy-silt  with  minor clay, having 
WL = 45 percent, = 20 percent  and  an  average 
water  content  of 30 percent.  Blow  counts  from  the 
Standard  Penetration  test  ranged from 22 to 52 and 
averaged 32 indicating  that the silt  consistency 
ranges  from  very  stiff  to  hard. 

wP 

Below a depth of about 45 feet, the soil is a clayey- 
silt  with  blow  counts ranging from 2 2  to 39 and  averaging 
32 indicating  a  very  stiff  to hard consistency. 

No f r o z e n  ground  was  encountered in the  three  pier 
testholes. 

Testhole 394-C-B, drilled on the  south  abutment  loca- 
tion, showed silty-sand  and  sandy-silt to a  depth of 
46 feet. The soil  was  frozen to a  depth of 3 3  feet. 
Moisture  contents  varied  from 20 to 30 percent  in  the 
lower section of the hole  but  increased  to a maximum 
of 4 5  percent in the  upper 10 feet of the hole.  Blow 
counts of 46 and 19 were recorded at depths of 35 and 
40 feet  respectively,  in  the  unfrozen  soil,  indicating 
a very s t i f f  to hard  consistency. 

4 .  



P 
I 

4.0 FOUNDATION  CONDITIONS - Continued 

Testhole  394-S-F,  drilled on the  north  abutment  loca- 
tion,  showed  loose to medium  dense  silty-sand  to  a 
depth of 18 feet.  Standard  Penetration  Test  blow  counts 
ranged  from 4 to 3 3 .  This  stratum is underlain by dense 
sand  and  gravel to a  depth  of  approximately 60 feet  with 
an average  blow  count  of 4 4 .  Dense grey clayey-sandy-silt 
occurs  to  a  depth  of 101 feet. A thaw-consolidation 
test on a sample  from a depth  of 16 feet in this  hole 
showed  a  consolidation of 0.34 percent. 

The  two  testholes  drilled on the  centreline of the 
approach  embankments  some 500 feet  back  from  the  river 
(394-C-G  and  394-C-K)  showed  silty-sand  and  clayey-silt 
with  moisture  contents  in  excess  of 20 percent  in  the 
top 20 feet. The soil  sampled  in  these  holes  was  frozen 
throughout. 

5.0 RECOMMENDATIONS  AND 
CONCLUSIONS 

The  following  conclusions  and  recommendations  are made, 
based  upon the results of the  investigation  program,  for 
the  design  and  construction  of  the Willow Lake  River 
bridge  foundations  and  approach  fills. 

5.1 Pier and  Abutment  Foundation  Design 

The  subsurface  investigation  program  described pre- 
viously  shows  the  piers  to be underlain by unfrozen, 
medium  density,  silty-sands  and  gravels to a depth of 
20 feet.  Very  stiff to  hard,  unfrozen,sandy  and  clayey- 
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5 . 1  Pier and  Abutment  Foundation  Design - Continued 

s i l t  u n d e r l i e s  this stratum w i t h   t h e   c l a y   c o n t e n t   i n -  
c r eas ing   w i th   dep th .  Under the  abutments ,  some 20  feet  
of f r o z e n   s i l t y - s a n d  overlies silty sands  and  gravels .  
The upper 2 0  feet  of the  abutment holes are c h a r a c t e r i -  
zed  by r e l a t i v e l y   h i g h  water contents   and  s tandard  pene-  
t r a t i o n  blow c o u n t s   i n  394-S-F of 4 t o  7 i n d i c a t e  a 
loose re la t ive d e n s i t y   i n   a t  least  p a r t  of t h i s   s t r a t u m .  

I n  view of the   subsur face   condi t ions   under   the   abutments  
and of scour c o n s i d e r a t i o n s ,  a d r i v e n   f r i c t i o n   p i l e   f o u n d a -  
t i o n  is recommended f o r  a l l  p ie rs   and   abutments  a t  t h i s  
s i te .  The s u i t a b l e   t y p e s  inc lude  p r e - c a s t   r e i n f o r c e d  
concre te ,and  steel p ipe  and H p i l e s .   S t e e l  H p i l e s  are 
recommended for u s e  a t  this s i te  i n  view of t h e i r  high 
d r i v i n g   s t r e n g t h ,   h i g h   l o a d   c a p a c i t y  and ease o f   s p l i c i n g .  

I t  is  recommended t h a t  all piles used for p i e r   f o u n d a t i o n s  
should be d r iven  to a dep th  of n o t  less than  50 feet  o r  
" r e f u s a l " .  As an i n i t i a l   g u i d e ,  it i s  recommended t h a t  
" r e f u s a l "  be c o n s i d e r e d   t o  be 2 4 0  blows p e r   f o o t  ( 2 0  blows 
per   inch)   under  a hammer rated a t  1 5 , 0 0 0  f t - l b .  

U l t i m a t e  p i l e   c a p a c i t y   s h o u l d  be e s t a b l i s h e d   i n   t h e   f i e l d  
by use  of  dynamic p i l e  dr iv ing   formulae ,  The Janbu formula 
(Terzaghi  and P e c k ,  1 9 6 7  ) i s  recommended w i t h   t h e  use of a 
f a c t o r  of s a f e t y  of 3 t o  e s t a b l i s h  an  a l lowable load per pile. 
Design  loading  should  not   exceed 40 t o n s   p e r   p i l e   f o r  a mini- 
mum H p i l e  s i z e  of BP 1 0  x 57. 

L 

'Terzaghi,  K . ,  and Peck ,  R.B. ,  1 9 6 7 .  
Engineer ing Practice, John  Wiley and 
P o  229. 
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5 . 1  P i e r  and  Abutment  Foundation  Design - Continued 

It is recommended t h a t  a l l  p i l e s   u s e d  f o r  abutment  foun- 
da t ions   shou ld  be d r iven  t o  a depth no t  less t han  60  f e e t  
i n t o  the exis t ing s o i l  or t o  "refusal". The recommenda- 
t i o n s   f o r  "refusal",  establishment of allowable load per 
p i l e ,  and design load ing  limits are as o u t l i n e d   p r e v i o u s l y  
for  the p i e r   f o u n d a t i o n s .  

The abutment  foundations may be p laced  on p i le -suppor ted  
f o o t i n g s  located i n  the embankment. If t h i s   p r o c e d u r e  i s  
adopted,  it is  recommended t h a t  the  abutments  be p laced  
on select ,  well-compacted g r a n u l a r  f i l l .  Se t t l emen t  of 
the foundat ion  under  the weight  of the approach embank- 
ments  would  subject the p i l e s   s u p p o r t i n g   t h e   a b u t m e n t s  t o  
s i g n i f i c a n t   n e g a t i v e   s k i n   f r i c t i o n  which must be allowed 
fo r  i n  the p i le  des ign .  I t  is recommended, as an a l ter-  
n a t i v e ,  that the abutment si tes be preloaded for  a minimum 
of 2 summer months w i t h  t h e  f u l l   h e i g h t  of t h e  approach 
embankment t o  allow c o n s o l i d a t i o n  of the   foundat ion  s o i l ,  
t hen  a p o r t i o n  of t h e  embankment f i l l  be removed t o  allow 
pile d r i v i n g   a n d   c o n s t r u c t i o n  of t h e  bridge abutments. 

5.2 Lateral Abutment Loads 

The approach f i l l s  w i l l  have a maximum height  of approxi- 
mately 30 feet  and it i s  recommended t h a t   t h e y  be con- 
s t r u c t e d  of well-compacted g r a n u l a r  f i l l  from the  approach 
cuts or t h e  adjacent   borrow p i t s .  Thus earth p r e s s u r e s  
a g a i n s t  the concrete  abutment  and wing walls w i l l  be larger 
than  t h e  active case and w i l l  approach  the ear th  p r e s s u r e  
at-rest  case. 

7. 
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5 . 2  Lateral  Abutment  Loads - Continued 

I t  i s  recommended tha t  t h e   l a t e r a l   e a r t h   p r e s s u r e   d e s i g n  
should use a t r i a n g u l a r  load d i s t r i b u t i o n   u s i n g  a coef- 
f i c i e n t  of e a r t h   p r e s s u r e  at-rest (KO) of 0 .40  with  due 
allowance for any  surcharges or l ive  loads a c t i n g  near t h e  
wall .  

E i t h e r   t h e  Coulomb or  the  Rankine  method of c a l c u l a t i o n  
o f   e a r t h   p r e s s u r e   a g a i n s t   t h e  wall can  be used. I t  i s  
recommended t h a t   t h e   a n g l e  of s h e a r i n g   r e s i s t a n c e  of t h e  
g r a n u l a r   f i l l  be taken   as  3 8  degrees   and   the   d ry   dens i ty  
of t h e   g r a n u l a r  f i l l  be taken as 125 p c f .   I f   t h e  Coulomb 
method of a n a l y s i s  i s  adopted ,   the   angle  of wall  f r i c t i o n  
between  the  concrete   and the  g r a n u l a r  f i l l  should be taken  
a s  20 degrees .  

The use  of extensive  measures  t o  ensure   p roper   d ra inage  
o f   t he   back f i l l   beh ind   t he   abu tmen t  i s  recommended t o  
prevent   the  development  of h y d r o s t a t i c   p r e s s u r e   a g a i n s t  
t h e  w a l l .  The measures   adopted   should   inc lude   the  use of 
p e r f o r a t e d  s teel  p i p e   d r a i n s  a t  t h e  base of t h e  wal l ,  weep 
ho le s   t h rough   t he  w a l l  and t h e   u s e  of select ,  f r e e - d r a i n i n g  
g r a n u l a r   f i l l   i m m e d i a t e l y   b e h i n d  t h e  wall. 

The use of ba t te r  piles t o  e n s u r e   s u f f i c i e n t  la teral  sup- 
por t  a g a i n s t  l a t e ra l  e a r t h   p r e s s u r e  i s  recommended i n  view 
of t h e   n a t u r e  of the   upper  20  fee t   o f   the   abutment   founda-  
t i o n s .  

5.3 Br idse  Amroach Embankments 

The g rade   p re sen t ly   p roposed   fo r   t he  Willow Lake River  
b r idge  w i l l  r e s u l t   i n  embankments wi th  a maximum h e i g h t  

8. 



5.3 Bridge  Approach  Embankments - Continued 

of  approximately 30 feet,  These  embankments  will  over- 
lie the  upper  silty-sand  and  sandy-silt  deposits  which 
have  a  relatively  high  water  content. 

Some  settlement of the  embankments  will  occur and, to 
allow  consolidation  to  take  place  prior  to  abutment 
construction,  it  is  recommended  that  the  abutments  be 
constructed  a  minimum  of  two  months  prior  to  bridge 
construction. 

The  embankment  should  be  compacted to a minimum  density 
of 98 percent  Standard  Proctor  density  utilizing  vibra- 
ting rollers. The  maximum  recommended  lift  thickness is 
9 inches. 

Data from the  project  hydrology  consultants (Bolter, 
Parish, Trimble  Ltd. of Edmonton)  shows  that  occasional 
abnormally  high  water  levels  will  occur  due to ice  jams 
on the  Mackenzie  River.  Hence,  the  approach  embankments 
must  be  designed  for  stability  against  rapid  drawdown 
conditions. If the  embankments are constructed  from 
free-draining  granular  fill  containing  a  minimum of 
fines,  embankment  sideslopes  as  steep as 2.5 horizontal 
to 1 vertical  can  be  used. If the  embankment  fill  is  not 
free-draining,  the  maximum  recommended  embankment  side- 
slopes  are 3.5 horizontal to 1 vertical. 

It  is  recommended  that  the  embankment  sideslopes  be 
armoured  with a minimum  thickness  of 18 inches  of 
rip-rap  having  a  minimum  diameter  of 6 inches.  Size 
and  thickness  of  the rip-rap should  be  increased in 
those  areas  of  the  embankment  subject to high  velocity 
water flow. Sufficient cobbles and  boulders to 

9. 



5.3 Bridge Approach Embankments - Continued 

s a t i s f y  this  requirement, as well as to provide r i p -  
rap protection fo r  the abutments,  should be available 
i n  the a d j a c e n t  borrow pits (392-No. 1 and 396-No. 1) 
at h a u l  distances of approximately 1-1/2 miles. 

10. 
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LEGEND 

PHOTOGEOLOGIC APJD B0REHOLE YAPPING - 

- Frictional soils ( sand ,  gravel)  

- Transitional soi ls  (s i l t ,  mixed silty soils) 

- Cohesive soils (c lay)  

- Organic soils (peat)  

- Bedrock, outcrop -or under shallow 
overburden 

- Massive ground ice 

- Example - O/T organics overlying 
trans i  tional soils 

- Example - (ICE) possible or occasional 
ground ice 

- Beach 

- Slides or slumping of slopes 

- Spring 

- Test Trenches 

- Centreline boreholes 

- Borrow source boreholes 

- Outline of p o t e n t i a l  borrow sources 
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NOTES R E L A T I N G  TO PHOTOMOSAICS 

1. The d r i l l  h o l e  locations marked on t h e  photo- 
mosaics are t ransferred from t h e  locations 
marked on t h e  airphotos used i n  t h e  f i e l d  and 
have been p l o t t e d  re la t ive  to t he  topographic 
features and not i n  accordance w i t h   t h e  actual 
mile posts. I n  some i n s t a n c e s   t h e  borehole 
cheinages as determined  from f ie ld  surveys do 
n o t  agree w i t h  the mileages noted on t h e  
drawings. 

2. The photomosaics on which the data h a s  been 
plotted were those supplied to Acres by D . P . W .  

on February 8, 1973. 
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DEFINITIONS 

SYMBOL 

“1 

W P 

wn. 

I P 

PS f 

PCf 

- Liquid limit 

- P l a s t i c  limit 

- N a t u r a l  water content 

- P l a s t i c i t y  i n d e x ’  

- pounds per square foot 

- pounds per cubic  foot 

- Coefficient of earth pressure at rest 

A- 3 
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I MAJOR DIVISIONS 

GRAVEL 
AND 

GRAVELLY 
SOILS 

more than 50% 
D f  coarso fractior 

RETAlNEDon 
no. 4 s ieve 

SAND  AND 
SANDY  SOILS 

mor. than 50% 
f cqarse fractiol 

PASSING 
no.4 riove 

CLEAN 
GRAVELS 
(little or 
no finor) 

GRAVELS 
WITH FINES 
(approcioblo 

amount of 
finer) 

CLEAN SAND 
(l i tt le or no 

f inosl 

SANDS WITH 
FINES 

(opprociobl. 
amount  of 

fines) 

SILTS 
AND 
CLAYS 

liquid  limit 
LESS 

thon 50 

SILTS liquid  limit 
AND GREATER 

CLAYS thon 50 

ORGANIC SOILS 

- 
LETTER 
iYMB0 

C W  

- 
- 
GP 

GM - 
GC 

sw 

SP 

SM 
- 

sc - 
ML 
- 

CL 
- 
01 
- 
MH - 
C H  
- 
OH - 
P T  

TYPICAL DESCRIPTIONS 

WEll-QR*DeD ORAVELS, GRAVEL-SAND 
MIXTURES, L l T T l E  01 NO FINES 

OORlY-ORADED QRAVLlJ, GRAVEL-SAN 
MIXTURES,LITTLE OR NO FINES 

SILTY GRAVt l I ,GRAVEL-SAND-  
SILT MIXTURES 

CLAVEV  GRAVCLS,GRAVLL-SAND- 
CLAY  MIXTURES 

WELL-GRADED  SANDS, GRAVELlY 
SANDS, LITTLE OR N O  FINES 

POORLY-GRADED  SANDS, G t A V t l l V  
$*NOS,  LITTLE OR NO FINES 

. ". . .. . .. 

SILTY SANDS,  SAND-SILT MIXTURES 

CLAYEV SANDS, SAND-CLAY MIXTURES 

SANOS,ROCK CLOUR,SILTY OR CLAYEY 
I N O R O A N I C  SILTS A N D  VERY F I N E  

SLIGHT ~ L A S t l C l T Y  
FINE SANDS OR C L A Y E Y  SILTS w m  

NORGANIC  CLAYS OF LOW TO MEDIUM 
PLASTICITY, GRAVELLY CLAYS, SANDY 

CLAYS, SlLTVCLAYS,LCAN C L A I S  

ORGANIC SILTS A N D  O R G A N I C  
SILTY CLAYS OF LOW PLASTICITY 

I M O R G A N I C  SILTS, MICACEOUS OR 
D I A T O M A C C O U I   F I N E  SAND OR 

SILTY SOILS 

I N O R G A N I C   C L A Y S   O F  HIGH 
PLASTICITY,  FAT CLAYS 

HIGH PLASTICITV, ORGANIC 11115 
ORGANIC CLAYS OF M E D I U M  TO 

WITH HIGH ORGANIC  CONTENTS 
PEAT, HUMUS,  SWAMP SOILS 

SOIL CLASSIFICATION CHART 

UNIFIED SOIL CLASSIFICATION SYSTEM 

FIGURE 3, 



T 1 MAJOR GROUP SUB-GROUP 

DESCRIPTION ESIGNATIOI DESCRIPTION 

POORLY BONDED 
OR  FRIABLE 

Nf 

SEGREGATED 
ICE IS NOT 

VISIBLE BY EYE 
N I 

! NO EXCESZ I 
I n  
I I I C E  

WELL  C""" 
BONDED 

EXCESS 
Nb + - a  

I 

1 
I '  ICE 
1 

INDIVIDUAL ICE 
CRYSTALS  OR 
INCLUSIONS 

v x  

1 ICE COATINGS 
ON PARTICLES 

SEGREGATED 
ICE IS 

VISIELE BY EYE 

( ICE 1 INCH 
OR LESS 

IN TH IC K NESS) 

vc  

v 
RANDOM OR 

IRREGULARLY  ORIENTED 
ICE FORMATIONS 

Vr 

STRATIFIED OR 
DISTINCTLY  ORIENTED 

ICE FORMATIONS 
V I  

ICE WITH SOIL 
INCLUSIONS 

ICE +SOIL 
TYPE IC E 

(GREATER 
THAN 1 INCH 

IN 
THICKNESS) 

ICE 

ICE WITHOUT 
SOIL INCLUSIONS ICE 

ICE CLASSIFICATION CHART 

NRC/ACFEL ICE CLASSIFICATION SYSTEM 

FIGURE 4 



ACRES CONSULTING  SERVICES LIMITED DRILL HOLE REPORT DEPARTMENT OF PUBLIC WORKS, CANADA 
CALGARY, ALBERTA - *  ,- MACKENZIE HIGHWAY 

I FIELD ENG: 1 DATE DRILLED. ”’ L’l’nikPHOTO NO: A2 2 77 1- 7 1 1 CHAINAGE: 9?9+25 I OFFSET. 

R. ] RIG: 1 I SURFACE DRAINAGE : 

SOIL DESCRIPTION DESCRIPTION 

FINE SILTY SAND [ I  
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I FIELD ENG. 

ACRES CONSULTING SERVICES LlMlTEO 
CALGARY, A L B W T A  ,cI , - ~  DRILL HOLE REPORT DEPARTMENT OF PU8LIC WORKS, CANADA MACKENZLE HIGHWAY 

I DATE DRILLED: II\IRPHOTO NO: A2 277 1-7 1 I CHAIWAGE: 981 + 31 I OFFSET. 

E - WRFACI 

SOIL OESCRIPTION 

DRAWAGE: 

ICE 
DESCRIPTION 

GRAVELLY SAND 

%n 

F; 1 0 : WATER CONTENT (YO OF DRY WEIGHT 1 

r t 
TEST HOLE 

REMARKS 
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:KD. 

SOlL DESCRIPTION 

END OF HOLE AT 51-5' 
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CONSULTING SERVICES LIMITED DRILL HOLE REPORT DEPARTMENT OF PUBLIC WORKS, CANADA 
MACKENZIE HIGHWAY 

984 + 05 !OFFSET 27 'E 
I DRAINAGE ON RIVER I VEGETATION NIL IELEV ? = =  

1 1  

TEST HOLE 

I t €  1 B,C,S IYUMBEFi +-"- 
3 9 4  ! s j D 

L J U .  - 
IESCRIPTION 

ICE 

REMARKS 
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ACRES CONSULTING SERVICES LIMITED DRILL HOLE REPORT DEPARTMENT OF PUBLIC WORKS,  CANADA 
CALGARY, ALBERTA , ,-- MACKENZI E HIGH 

F l E L D  ENG [DATE DRILLED u' '/ IdIRPHOTO NO: A22771-71  1 CHAINAGE: 986 + 27 I OFFSET: T E S T  HOLE )WN 

:KD- H . R . ~ R I G .  z [SURFACE DRAINAGE 

SOlL DESCRIPTION 

ICE AND WATER 

RIVER BOTTOM/) " _ "  

GREY SAND WITH A TRACE 
3F S I L T  

""" 

I GRAIN- SIZE 
ANALYSIS 

0 WATER CONTENT (30 OF DRY WEIGHT a= ICE CONTENT (TO OF SAMPLE VOLUME) 

MILE B,C,S NUMBE 



ACRES CONSULTING SERVICES LIMITED DRILL HOLE REPORT DEPARTMENT O f  PUBLiC WORKS, CANADA 
CALGARY, ALBERTA ,~ ,- MACKENZIE HIGHWAY 

1 FIELD ENG. IDATE DRILLED "' L' 1dlRPHOTO NO, A22771-71 1 CHAINAGE: 986 + 2 7 1 OFFSET - 

CH M . H . R .  IRIG- 2 ISUAFACE DRAINAGE ON RIVER I VEGETATION: RIVER ( N I L )  
I * I I  

GREY CLAY AND SILT 

CL 

256  
TEST HOLE 

REMARKS 



ACRES CONSULTING SERVICES LIMITED 
CALGARY, ALBERTA DRILL HOLE REPORT DEPARTMENT OF PUBLIC WORKS, CANADA MACKENZIE HIGHWAY 

]FIELD ENG I DATE DRILLED- lAlRPHOT0 NO: A22771-71 ICHAINAGE: 986 + 27  I OFFSET. 

2 I SURFACI 

n z 

SOIL DESCRIPTION 

- - - """ 
- -I 

GREY SILT WITH SOME 
FINE SAND AND A 
TRACE OF CLAY 

""""" - 

GREY SILT AND CLAY 

END OF HOLE AT 66'-5" I 

DRAINAGE. C 

ICE 
XSCRlPTlON 

IN RIVER I VEGETATION: RIVER ( N I L )  ~ E L E V  256 

1 
nu 

o REMARKS L- 





ACRES CONSULTING SERVICES LIMITED DRILL  HOLE  REPORT DEPARTMENT OF  PUBLIC WORKS, CANADA 
CALGARY, ALBERTA MACKENZIE H tGHWAY 

c 'IELD ENG. IDATE DRILLED- 7 /2  1 AMI 
]RIG 2 I SUR 

SOIL DESCRIPTION 

.""""_"""""" 

SANDY GRAVEL WITH 
MINOR SILT 

""""""""""" 

'H 
Fd 
- 

ICE 
ESCRIPTION 

Nf 

"""" 

'1-73 I CHAINAGE: 998 + 2 5  I OFFSET. TEST HOLE I GOOD 1 VEGETATION: A G  
GRAIN- SlZE 
ANALYSIS 
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ACRES CONSULTING SERVICES LIMITED DRILL HOLE REPORT DEPARTMENT OF PUBLIC WORKS, CANADA 

E 

SOIL DESCRIPTION I 
SURFACE MAINAGE G(: 

S I L T Y  SANDY GRAVEL,  
MINOR CLAY 

G R E Y   S I L T Y  SAND, M I N C  
CLAY AND GRAVEL 

a 

2 ICE 
; a DESCRIPTION 

I E  
' N  

IIL 

F I 

3 0 D  I VEGETATION: A C p 
0 WATER CONTENT (Yo OF DAY WEIGHT ) 

-1 TEST HOLE 
V 284 

T- 

t 
REMARKS 



ACRES CONSULTING SERVICES LIMITED DRILL HOLE REPORT DEPARTMENT OF PUBLIC WORKS, CANADA 
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1 FIELD  ENG. IDATE DRILLED 1 AIRPHOTO NO: ~ 2 2 7 7 1  - 73 I CHAINAGE 988 + 25 1 OFFSET. 'W N.: 
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S O L  DESCRIPTION 

GREY, CLAYEY, SANDY 
SILT, MINOR GRAVEL 
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ICE 
)ESCRIPTION 

)OD I VEGETATION: A G 

I GRAIN- SlZE 
ANALYSIS 

E; I 0 = WATER CONTENT 

5 :  A =  ICE  CONTENT OF SAMPLE VOLUME) 
(90 OF DRY WEIGHT I 
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ACRES CONSULTING SERVICES LIMITED DRILL HOLE REPORT DEPARTMENT OF PUBLIC WORKS, CANADA 
CALGARY, ALBERTA _ _  ~ MACKENZIE HIGHWAY 

W N.: II FIELD ENG- IDATE DRILLED ="' L'AIRPHOTO NO: A2277 .71 ]CHAINAGE: g6g+65 I OFFSET 

)OD 1 VEGETATION: A B D 
1- TEST HOLE t 1 RIG 1 

SOIL DESCRIPTION 
ICE 

DESCRlPTlON ; 0 =WATER CONTENT (Yo OF DRY WEIGHT) 
A= ICE CONTENT ('/o OF SAMPLE VOLUME) 

REMARKS 

BROWN SAND WITH SOME 
SILT AND A TRACE OF 
CLAY 

Nbn 

Nf 

"""""" 

I 
SAND WITH  SOME GRAV: 
AND A TRACE OF SILT 

I 



ACRES CONSULTING SERVICES LIMITED DEPARTMENT OF PUBLIC WORKS, CANADA DRILL HOLE REPORT 
CALGARY, ALBERTA MACKENZIE HIGHWAY I 

" 

N N.: I F  1 DATE DRILLED M /  L/\ AIRPHOTO NO: A2 2 7 7 1-7 1 I CHAINAGE, 969+65 1 OFFSET. " - IELD ENG 
l" c - 

W .  J & FLAT I VEGETATION A B C E I ELEV L Y .  
1 GRAIN- SIZE i I CI KO 

llLE B,C,S NUMBE 

REMARKS 

I I I~MALY s IS ICE 
ESCRIPTiON :c 1 0 = WATER CONTENT (% OF DAY WEIGHT 1 

0: ICE CONTENT (% OF SAMPLE VOLUME) 
SOIL DESCRIPT1OW 

""""" 

GREY CLAYEY SILT 

ZND OF HOLE AT 30 ' 



:KD- IAFI  

SOIL DESCRIPTION 

_. .. . 

T 

GREY CLAYEY SILT 
WITH A TRACE OF SAND 

END OF HOLE AT 16 '-5' 

ACRES CONSULTING SERVICES LIMITED DRILL HOLE REPORT 

TEST HOLE 
DRAIMAGE 

ICE 
DESCRIPTION 

T 
30D I VEGETATION: A G [€LEV 

0 = WATER CONTENT (% OF DRY WEIGHT 1 
0. ICE CONTENT (yo OF SAMPLE VOLUME) 






