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Re:  Geo techn ica l   Inves t iga t ion  
Mackenzie Highway 
Proposed Bridge S i te ,  Jungle  Ridge Creek 
Mile 602.1 

Dear M r .  Kimball: 

We are pleased t o  submit a r e p o r t  on our 
g e o t e c h n i c a l   i n v e s t i g a t i o n  at the s i te  of the  proposed 
br idge  across Jungle  Ridge  Creek. 

Should you wish f o r  any exp lana t ion  or ampl i f i ca t ion  
of any p a r t  of this r e p o r t  w e  w i l l  be p l e a s e d  to be at 
your service 

Respec t fu l ly  submitted, 

R. M. HARDY & ASSOCIATES LTD- 

GM/ j c 
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INTRODUCTION 

A t  t h e   r e q u e s t  of M r .  F. E. Kimball ,  P.Eng., 

Manager of   Northern Roads Program, Department   of   Publ ic  

Works of Canada,  Western  Region, R. M. Hardy & Associates 

Ltd.  undertook a g e o t e c h n i c a l   i n v e s t i g a t i o n  along part 

o f   t h e  proposed location of  the  Mackenzie Highway. This  

r e p o r t   d e a l s  only w i t h   t h a t  part of t h e  i n v e s t i g a t i o n  

a p p e r t a i n i n g  t o  the proposed  br idge a t  Jung le  Ridge Creek, 

Mile 602.1. 

The location of this b r i d g e  s i te  i s  shown on 

mosaic s h e e t  N o ,  46 of a set of mosaics prepared  by 

Department of P u b l i c  Works for the Mackenzie Highway work.  

The site i s  covered by aer ia l  photographs Nos. A22767-174 

through 1 7 7  (scale 1" = 1 0 0 0  I )  . The crossing i s  l o c a t e d  

where the   Canadian  Nat ional   Telecommunicat ions  r ight  of 

way crosses the creek. 

I n   a d d i t i o n  t o  t h e s e  mosaics and aer ia l  photo- 

graphs ,  R. M. Hardy & Associates was provided a s k e t c h  

p l a n  and p ro f i l e   showing   t he   p roposed   c ros s ing .   Th i s  

l a s t  drawing i s  en t i t l ed   "Proposed   Dra inage  Structure 

a t  Jungle  Ridge  Creek" dated June 15 ,  1 9 7 3 ,  and was used. 

as t h e  b a s i s  for Plate 1, Appendix A. 

A r e p o r t   e n t i t l e d   " G e o t e c h n i c a l   I n v e s t i g a t i o n s ,  

Mackenzie  Highway, Mile 5 4 4  to Mile 635", has  been 

previous ly   submi t ted  t o  the  Department.  The geo techn ica l  

c o n d i t i o n s   a r e   d i s c u s s e d   i n  Volume I ,  wh i l e  Volume I1 
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C on ta ins   i n fo rma t ion  on  perm 

R.M.HARDY & ASSOCIATES LTD. 

af ros t  of a more g e n e r a l   n a t u r e .  

We recommend that these  volumes be read i n   c o n j u n c t i o n   w i t h  

t h i s   r e p o r t .  

DRILLING AND TESTING 

Three t e s t  h o l e s  were d r i l l ed  at or near the 

proposed crossing on March 2 ,  1 9 7 3 ,  u s ing  a Failing 

1 0 0 0  dr i l l  r i g .  Compressed a i r  w a s  used as t h e  drilling 

f l u i d .   D i s t u r b e d  s a m p l e s  were ob ta ined  a t  different 

i n t e r v a l s   f o r   m o i s t u r e   c o n t e n t   d e t e r m i n a t i o n s ,  ice  

d e s c r i p t i o n s  and material i d e n t i f i c a t i o n .  I n  addition, 

core samples were obtained i n  T e s t  Hole 885 ,  A l l  samples 

were tested i n  t h e   f i e l d   l a b o r a t o r y  which  formed part of 

t h e  mobile camp accompanying t h e  o p e r a t i o n .  The test 

h o l e  logs are i n c l u d e d   i n  Appendix A. 

TOPOGRAPHY 

The g e n e r a l   d i r e c t i o n  of the d ra inage  i n  t h e  

area i s  southwes ter ly   towards  t h e  Mackenzie River. The 

banks of Jungle  Ridge Greek are r e l a t i v e l y  l o w .  On t h e  

w e s t e r l y   ( r i g h t )  bank t h e  rise from water level t o  the  

t o p  of t h e  bank i s  about 9 f e e t   i n  a h o r i z o n t a l   d i s t a n c e  

of 2 0  f e e t .  On t h e   e a s t e r l y  ( l e f t )  bank t h e r e  i s  a 

much greater i n c r e a s e   i n   e l e v a t i o n   b u t  a t  a l o w e r  g r a d i e n t .  

On t h i s  side t h e  ground rises approximately 2 5  f e e t  

i n  a h o r i z o n t a l   d i s t a n c e   o f  300  feet. The width of t h e  

creek a t  t h e  water l i n e  i s  approximately 20  feet .  
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SOIL PROFILE 

The s o i l s  i n  t h e  area c o n s i s t   m a i n l y   o f   c l a y  

ove r ly ing   c l ay  till. I n  Test Hole 708 a b o u t   t h r e e  feet  

of silt w a s  encountered on top o f   t h e   c l a y  till. Relatively 

high  water con ten t s  are found i n   t h e  top f i v e   f e e t  of the 

s o i l  p r o f i l e   b u t ,   b e n e a t h   t h i s   d e p t h ,  t h e  water c o n t e n t s  

are q u i t e  law and average 1 0  t o  15  pe rcen t .  There i s  

relatively l i t t l e  excess ice so t h a t  embankment subsidence 

due t o  mel t ing  of t h e   s u b s u r f a c e  ice w i l l  not be a 

ser ious  problem. No unfrozen  ground was encountered 

i n  any of   t hese  tes t  holes. Occasional  cobbles were 

r e p o r t e d   w i t h i n   t h e  clay till d e p o s i t .  

DISCUSSION AND RECOMMENDATIONS 

The e f f e c t   o f  a stream on the   pe rmaf ros t  

p r o f i l e  is shown  on Plate 2 ,  Appendix A .  This  chart 

shows that t h e  thaw bulb  'beneath a small creek can  

p e n e t r a t e   t o   c o n s i d e r a b l e   d e p t h s  so t h a t ,  for br idge  

bui ld ing   purposes ,   p resence  of pe rmaf ros t   benea th   t he  

stream bed can be ignored. However, it should be noted 

t h a t   t h e   p e r m a f r o s t   p r o f i l e   b e n e a t h  t h e  s i d e s  of the 

stream bed plunges a t  an  extremely  s teep  angle .  

A s  is well known, t h e   f l o w  of water i n   n o r t h e r n  

streams var ies   t remendous ly   th roughout   the   year .  Very 

large flows  can be experienced during the sp r ing   runof f .  

The bed of t h i s  stream c o n s i s t s  of s i l t  and rock (according 
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t o  t h e  s u r v e y o r ' s   n o t e s  on the  above  mentioned  drawing) 

so t h a t  some scour  should be expec ted .  The amount of 

s c o u r   t h a t   s h o u l d  be expected will depend  on the f l o w  

of water d u r i n g   t h e   h e i g h t  of t h e  spring r u n o f f ,  t h e  

constriction imposed  on t h e  stream by the b r i d g e   s t r u c t u r e ,  

and the   wid th  of t h e  piers. Some e r o s i o n  of the   banks  

i s  probable  

While the  amounts of excess ice i n   t h e  clay 

till are   ex t remely  l o w ,  so t ha t   subs idence   due  t o  thawing 

will be quite small, w e  do n o t  b e l i e v e  it would be a d v i s a b l e  

t o  use  concrete   abutments  or piers. A l s o ,  because 

of d i f f i c u l t i e s  due t o  l o g i s t i c s ,  it would be highly 

desirable t h a t   o n - s i t e  work be k e p t  t o  a minimum. We 

t h e r e f o r e  recommend that t h e  bridge abutments  and  any 

p i e r s  be supported  on  dr iven s teel  H p i l e s .  I t  i s  

e x t r e m e l y   u n l i k e l y   t h a t  timber p i l e s   c o u l d  be d r i v e n  

a t  t h i s  s i t e  without r i s k  of damage t o  t h e  timbers. 

Precast conc re t e  pi les  should n o t  be used  due t o  t h e  

d i f f i c u l t i e s  of t r anspor t a t ion   and  a lso because the 

l e n g t h  of p r e c a s t   p i l e s  w i l l  have t o  be determined 

i n   a d v a n c e .   S t e e l   p i p e   p i l e s  are an a l t e r n a t i v e  

p o s s i b i l i t y .  However, it is p o s s i b l e   t h a t  t hey  would 

n o t  be able t o  w i t h s t a n d   t h e   d r i v i n g  stresses and 

prebor ing  of holes would be necessary .  

S t e e l  H piles which are t o  be p l aced  on t h e  

banks where t hey  w i l l  n o t  be a f f e c t e d  by scour  should 
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be d r i v e n  a minimum of 30 feet  be low  ex i s t ing   g rade  and 

designed on t h e  bas i s  of  an a l l o w a b l e   s k i n   f r i c t i o n  of 

8 0 0  psf (on t h e  gross per ime te r )   w i th  t h e  t o p  1 0  feet  

of p i l e   b e i n g  assumed t o  c a r r y  no load .  

Steel  H p i l e s   d r i v e n   i n   t h e  stream bed  should 

be d r i v e n  a minimum d i s t a n c e  of 20 f ee t   be low  the  bottom 

of a n t i c i p a t e d  scour and  should  be  designed an  the b a s i s  

of t h e  "Table of Penet ra t ion   Res is tance"   fo l lowing .   Des ign  

approaches are summarized on Plate  3 ,  Appendix A. 

Driving s tee l  H piles w i l l  r e q u i r e   c o n s i d e r a b l e  

energy. The weight of t h e  pile d r i v i n g  hammer should be 

at least twice t h e  weight of the p i l e  being d r iven .  I f  

a diesel hammer i s  used  the  weight  of t h e  hammer should 

be a t  l east  equal t o  t h e  w e i g h t   o f   t h e   p i l e .  T o  p r e v e n t  

damage t o  the p o i n t s  of the p i l e s   t h e y   s h o u l d   b e   r e i n f o r c e d  

w i t h   f l a n g e   p l a t e s   f o r  a d i s t a n c e   e q u a l  t o  1 . 5  times t h e  

s i z e  o f  the p i l e .   A l t e r n a t i v e l y ,   t h e   p o i n t  can b e   r e i n f o r c e d  

wi th  a d r iv ing   shoe .  Piles d r i v e n   i n   t h e  stream bed  should 

be d r i v e n  t o  p r a c t i c a l   r e f u s a l  o r  r e f u s a l  according t o  t h e  

f o l l o w i n g   t a b l e  of p e n e t r a t i o n   r e s i s t a n c e s   a s s u m i n g   t h a t  

the hammer d e l i v e r s  an energy of 1 5 , 0 0 0  foo t  pounds  per 

blow. 
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TABLE O F  PENETRATION RESISTANCE 

Desc r ip t ion  Inches  Per B l o w  

r e f u s a l  - 0 0  - .05  

p r a c t i c a l   r e f u s a l  . 05  - . 25  

high r e s i s t a n c e  -25 - .SO 
medium r e s i s t a n c e  ,50 - 1 . 2 5  

I n  order t o  e n s u r e   t h a t   r e f u s a l   h a s  been reached,  driving 

should be cont inued  f o r  a t  least 1 0 0  blows a f t e r   r e f u s a l  

i s  f i rs t  recorded.  

Pi les  d r i v e n  t o  r e f u s a l ,  as d e f i n e d  above, 

may be des igned  for t h e  f u l l   s t r u c t u r a l   s t r e n g t h  of t h e  

p i l e   s e c t i o n   a c t i n g  as a column for t h e   s e c t i o n  below 

scour   depths .  However t h e   a c t u a l   d e s i g n  load w i l l  depend 

upon t h e  allowable stresses i n  t h e   p i l e ,   t h e  column l e n g t h  

and  the  arrangement of l a t e ra l  b rac ing .  Piles d r i v e n  

t o  p r a c t i c a l   r e f u s a l ,  as def ined  above w i l l  p rovide   suppor t  

equa l  t o  2/3 of t h e  axial load permi t t ed  for t h e   p i l e  

as a s t r u c t u r a l  column. Cons idera t ion   should  be g iven  

t o  u s i n g   b a t t e r e d   p i l e s  on t h e  outtside of the p i l e  bents 

i n  order t o  p rov ide   i nc reased  lateral r e s i s t a n c e .  

I f  a drop hammer i s  used i n   d r i v i n g   t h e  p i l e s ,  

care should be taken  that t h e   e n e r g y   d e l i v e r e d  t o  t h e  

p i l e  i s  n o t  g r e a t e r   t h a n  5 0 , 0 0 0  f t .  lbs . /b low  unless  

c a l c u l a t i o n s  show that t h e  pile c a n   s a f e l y   t a k e  higher 

impact stresses. 
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One of the   p rob lems   f ac ing   t he   b r idges  is 

t h e   p o s s i b i l i t y  of log jams occurr ing  which  can  cause 

p a r t i a l   o r   c o m p l e t e   f a i l u r e  of t h e  bridge. Log jams 

are only l i k e l y   t o   o c c u r  where trees travelling down 

t h e   r i v e r  have a greater l e n g t h   t h a n   t h e  clear span 

of the br idge .  We s u g g e s t   t h a t   t h e   h e i g h t  of trees 

growing adjacent t o  t h e   J u n g l e  Ridge Creek  upstream 

of the   b r idge  should be checked  and,  should it be 

observed that there i s  a p o s s i b i l i t y   o f  large trees 

being  washed  downstream,  such  facts  should be borne 

i n  mind by t h e  bridge des igne r .  

I f  p i l e s  are used t o  support a vert ical  

f ace  of embankment f i l l  t h e  l a te ra l  f o r c e   a g a i n s t  the 

p i l e   c a n   b e  computed by a s s u m i n g   t h e   b a c k f i l l  t o  be 

a f l u i d   w i t h  a d e n s i t y  of 60 l b s , / c u .   f t .   w h e r e   t h e  

b a c k f i l l  i s  not  compacted. 

Embankments cons t ruc t ed  below t h e   h i g h e s t  

expected flood l eve l   shou ld   be   p ro t ec t ed   w i th  rip-rap. 

A s  s u i t a b l e  rock may n o t  be a v a i l a b l e ,   s a n d b a g s   f i l l e d  

w i t h  concre te  may have t o  be used. 
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APPENDIX A 
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SOIL DESCRIPTION 
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AP PGND I X B 

Exp lana t ion  Sheets 



EXPLANATION  OF TERMS AND SYMBOLS 

USED ON TEST HOLE LOG SHEETS 

Dewth 

This column refers t o  t h e  depth below t h e  ground 

s u r f a c e   i n  feet. 

Sample Number 

Tube and core samples were numbered consecu t ive ly  

from the s u r f a c e .  Grab samples were not  numbered. 

Sample Type 

This  column indicates the depth  interval 

and  condi t ion of each sample at tempted.  Undisturbed 

samples i n   t h i s  program were obta ined   wi th  Shelby tubes 

of 18  inches   l eng th  and 3 inches  diameter, manufactured 

from 11 gauge steel ,  o r  by core d r i l l i n g .  Cores were 

of 2.85 inch diameter and up t o  36 inches   long ,  

Disturbed samples were ob ta ined  from the 

re turned  c u t t i n g s .  

T indicates tube sample 

C i n d i c a t e s  core sample 

0 indicates l a r g e  grab sample 

Note: Grab samples taken for water c o n t e n t  and visual 

examination are n o t  indicated in t h i s  column. 

Percent  Recovery 

This  column shows t h e   l e n g t h  of sample recovered 

as a percentage of t h e  length at tempted.  1 0 0 %  recovery i s  

n o t   i n d i c a t e d  and may be assumed where no value is shown. 
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Penet ra t ion   Res is tance  

N o  s t anda rd   pene t r a t ion  testa were performed 

dur ing  t h i s  program. 

So i l  Symbol 

The soil symbols used are expla ined  i n  f u l l  

on page 5 of this appendix. 

Soi l  Descr ip t ion  

Soils of d i f f e r e n t   e n g i n e e r i n g   c l a s s i f i c a t i o n  

are grouped  gener ica l ly  for ease of r e fe rence .  The system 

used i s  t h e  Modified U n i f i e d   C l a s s i f i c a t i o n  System far 

Soils. 

Frozen Ground 

The d e p t h   i n t e r v a l s   o v e r  which frozen and unfrozen 

ground were encountered are i n d i c a t e d  by F and UF respectively. 

NO at tempt  was made t o  d i f f e r e n t i a t e  between seasona l  

f r o s t  and permafrost .  

Ice Descr ip t ion  

The ice con ten t  of permafros t  soils has  been 

classified according t o  t h e  National Research  Council 

System for  descr ib ing   permafros t .  A b r i e f   r e v i e w  of t h e  

NRC System i s  contained  on page 9 of this appendix. Where 

no   en t ry  i s  made, t h e  type was n o t  recorded i n  t h e  f i e l d .  

The amount of ice conta ined  i n  a s o i l  sample 

was estimated i n  t h e  f i e l d  l abora to ry  by i n spec t ion .  The 

va lue   a r r ived  a t  by the l a b o r a t o r y   t e c h n i c i a n  has been 

l e f t  unchanged, 
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Water Content 

The n a t u r a l  water con ten t  of the s o i l  a t  t h e  

time of d r i l l i n g  i s  p l o t t e d   a g a i n s t   d e p t h  on t h e   c h a r t  

a t  the r i g h t  hand side of t h e  log. The water c o n t e n t ,  

which i s  i n d i c a t e d  by a circle,  i s  expressed  as a per -  

centage of t h e  dry  weight of t h e  soil. I t  will be observed 

t h a t  water c o n t e n t s   i n  excess of 1 0 0 %  are i n d i c a t e d  i n  

the column a t  t h e   r i g h t  of the c h a r t  by f i g u r e s .  

Volume of Ice 

The t o t a l  volume of ice i n   u n d i s t u r b e d  samples 

is  ind ica t ed  on the  same c h a r t  as water con ten t s .  The 

va lue  i s  ind ica t ed  by a t r i a n g l e .   T h i s  volume is the  

t o t a l  volume of ice i n  an undisturbed  sample  and  includes 

i n t e r s t i c i a l  i ce ,  as well as excess ice ,  - and i s  expressed 

as a percentage  of t h e  t o t a l  volume of t h e  sample. 

Grain Size Analysis 

The proportions of clay, s i l t ,  sand and gravel 

i n  a sample are summarized. Grain s i z e  curves for  each  

sample so analyzed are on separate sheets. 

and water) d iv ided  by t h e  volume of t h e  sample i n   c u b i c  feet. 
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Dry Density 

The dry  i n   s i t u   d e n s i t y  of undisturbed samples 

is  the weight of dry s o i l  d iv ided  by t h e  volume of t h e  

sample i n  cubic feet. 

At te rbe rg  L i m i t s  

The plastic and l i q u i d  limits are shown on 

t h e  water c o n t e n t   c h a r t  by a h o r i z o n t a l  bar. The Atterberg 

system is discussed  i n  the fo l lowing   s ec t ion .  

NOTES ON ATTERBERG LIMITS 

S o i l s  which  possess a s i g n i f i c a n t   f r a c t i o n  

of clay can e x i s t  i n  liquid, p l a s t i c  or so l id  s t a t e s   a c c o r d i n g  

t o  t h e  water con ten t .  Where t h e  water c o n t e n t  i s  very 

h igh ,  so t h a t  the soil i s  i n   t h e  form of a s l u r r y ,  t h e  

s o i l  behaves as a l i q u i d .  I f  the water con ten t  i s  reduced, 

for  example  through  evaporation,  the clay w i l l  enter i n t o  

a p l a s t i c  s ta te .  If t h e  wa te r   con ten t  is reduced y e t  

further, t h e  c l a y  w i l l  become  a so l id .  The t r a n s i t i o n  

from one s ta te  t o  another   occurs   g radual ly  over a range 

of water content. A t t e r b e r g ,  a Swedish  agronomist,  developed 

a method for del ineat ing  the  boundaries   between the t h r e e  

s t a t e s .  If h i s  method i s  used, the water c o n t e n t  which 

marks t h e   d i v i d i n g  l i n e  between t h e  p las t ic  and l i q u i d  

s t a t e  is  known as the Liquid L i m i t .  These wa te r   con ten t s  

are a l l  expressed as percentages of the d r y  weight  of 

so i l .  The range of water   content   between the p l a s t i c  
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and l i q u i d  limit is known as t h e   p l a s t i c   r a n g e   a n d   t h e  

numerical   d i f ference  between the liquid and p l a s t i c  limits 

i s  c a l l e d  the Plas t i c i ty   Inde 'x .  

I t  w i l l  be apprec ia t ed  that where   t he   na tu ra l  

water con ten t  is  i n   e x c e s s  of the l i q u i d  l i m i t ,  t h e  so i l  

mass w i l l  be most unstable   and w i l l  r e a d i l y  flow into 

excavat ions  or t r enches .  Such cons ide ra t ions  w i l l  n o t  

apply  where  the soil mass is kept   f rozen .  However, i n  

cases where the   f rozen  soil is  allowed to t h a w ,   t h e   r e l a t i p n s h i p  

between t h e   n a t u r a l  water con ten t  and l i q u i d  limit becomes 

c r i t i ca l .  

On page 5 t h e r e  is a cha r t   showing   t he   r e l a t ion -  

ship  between the P l a s t i c i t y  Index, t h e  Liquid L i m i t  and 

the   g roup  symbols of the   Un i f i ed   C las s i f i ca t ion   Sys t em.  

The At t e rbe rg  L i m i t  system i s  extremely u s e f u l   f o r   i d e n t i f y i n g  

and   c l a s s i fy ing  soils. 

NOTES ON THE RADFORTH SYSTEM 

FOR CLASSIFYING PEAT 

The Radforth c lass i f icat ion system for d e s c r i b i n g  

muskeg ( o r g a n i c   t e r r a i n )  is a method f o r   c l a s s i f y i n g   t h e  

three  e lements   of   vegetat ion,   topography  and organic s u r f a c e  

cover  us ing  l e t t e r  and figure  symbols.   Height  and  type 

of vege ta t ion  i s  desc r ibed  by u s i n g   c a p i t a l  le t ters  ( A  

through I ) .  Topography i s  desc r ibed  by us ing  lower case 

le t ters  (a  through p)  Organic   cover   type if desc r ibed  

by u s i n g   f i g u r e s  (1 through 1 6 )  . 
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Table I outlines these f igure  symbols and the 

peat structure and type represented  by them. A complete 

description of t h e  Radforth system is' contained i n  "Guide 

to a Fie ld  Description of Muskeg" published by National 

Research Council, Ottawa, from which has been copied Table 

I .  



TABLE I 

SUBSURFACE CONSTITUTIOR 

Predominant 
Charac t e r i s t i c   Ca tegdry  Name - 

1. Amorphous-granular  peat 

2 .  Non-woody, f i n e - f i b r o u s   p e a t  

3 "  Amorphous-granular  peat  containing 
woody fine fibres 

4 "  Amorphous-granular peat con ta in ing  
woody f i n e  fibres 

5. Peat, predominantly  amorphous-granular, 
con ta in ing  non-woody f i n e  fibres, he ld  
i n  a woody, f ine  f ibrous  f ramework.  

6 .  Peat, predominantly  amorphous-granular 
con ta in ing  woody f i n e  f ib res ,  he ld  i n  
a  woody, coarse-fibrous  framework. 

7. A l t e r n a t e   l a y e r i n g  of non-woody, f i n e  
fibrous  peat  and  amorphous-granular 
peat con ta in ing  non-woody f i n e   f i b r e s  . 

8. Non-woody, f i n e - f i b r o u s  peat con ta in ing  
a mound o f   coa r se   f i b re s .  

9 .  wood, f i n e   f i b r o u s   p e a t   h e l d   i n  a woody, 
coarse-fibrous  framework. 

10. woody p a r t i c l e s  held i n  a non-woody, 

11. Woody and non-woody p a r t i c l e s  held i n  

1 2 .  Woody, coarse- f ibrous  peat. 

fine-fibrous p e a t .  

f i n e - f i b r o u s   p e a t .  

13.  Coarse f ibres  c r i s s - c r o s s i n g   f i n e -  
f i b r o u s   p e a t .  

14. Non-woody and woody f ine - f ib rous  peat 
h e l d   i n  a coarse-fibrous  framework. 

15.  woody mesh of fibres and p a r t i c l e s  
enclosing  amorphous-granular   peat  
c o n t a i n i n g   f i n e   f i b r e s  . 

1 6 .  woody, coa r se - f ib rous   pea t   con ta in ing  
scattered woody chunks. 


