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October 16, 1973 

Mr. F. E. Kimball, P.Eng., 
Manager of Northern Roads Program, 
Department of P u b l i c  Works of Canada, 
One Thornton Court, 
Edmonton, Alberta. 

Re: Geotechn ica l   Inves t iga t ion  Mackenzie Highway 
Proposed Bridqe S i te ,  Nota Creek, Mile 6 0 4 . 4  

Dear Mr. Kimball: 

We are pleased to submit a repor t   on  the site 
of the proposed bridge across Nota Creek. A s  you are 
aware, the l o c a t i o n  of the b r i d g e  s i t e  has been  changed 
subsequent to our  drilling program being completed. 
The revised bridge site i s  approximately one mile down- 
stream of the o r i g i n a l  s i t e .  

Should you wish for any exp lana t ion  of a m p l i f i c a t i o n  
of any p a r t  of t h i s  report w e  will be p leased  to be a t  your 
s e r v i c e .  

Respec t fu l ly   submi t ted ,  

R. M. HARDY & ASSOCIATES LTD, 

GM/ j c 

1 0 2 1 4  - 1 1 2  S T R E E T ,  E D M O N T O N ,  A L B E R T A  T 5 K  1 M 5   P H O N E  ( 4 0 3 )  4 2 6 - 0 4 0 5  
CONSOLIDATING THE SERVICES OF: R. M. HARDY b ASSOCIATES LTD., MATERIALS TESTING LABORATORIES LTD. & NON DESTRUCTIVE INSPECTION LTD. 
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INTRODUCTION 

A t  the  r eques t   o f  Mr. F. E .  Kimball, P-Eng., 

Manager of  Northern Roads Program, Department of P u b l i c  

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 

of  t h e  proposed  locat ion of the Mackenzie  Highway. 

Th i s   r epor t  deals o n l y   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  

appe r t a in ing  t o  the   p roposed   br idge  a t  Nota Creek. 

The l o c a t i o n  of t h i s   b r i d g e  s i te  i s  shown 

on mosaic sheet N o .  47  of   the set of mosaics prepared 

by the Department of Public Works for the Mackenzie 

Highway work. The site is  covered  by  aer ia l   photographs 

No. A22783-210, 2 1 1  and 212 (scale 1" = 1 0 0 0 ' ) .  The 

present   p roposed   c ross ing  i s  l o c a t e d  about 5000  f e e t  

downstream  from the or ig ina l   c ros s ing   wh ich  was the 

s u b j e c t  of t h e   i n v e s t i g a t i o n   c a r r i e d  o u t  as p a r t  of 

o u r   d r i l l i n g  program. 

I n  add-i t ion t o  t h e  mosaics and aer ial  photographs,  

R .  M. Hardy & Associates Ltd. was provided  with a sketch 

p l a n  and p r o f i l e  showing t h e   r e v i s e d  crossing. This  

drawing is e n t i t l e d  " P l a n  and P r o f i l e  Showing  Proposed 

Drainage S t r u c t u r e  a t  Nota Creek" and i s  n o t  dated. 

I t  was used as t h e  basis 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 635" has been  previously 

- 1 -  



(H) R.M.HARDY & ASSOCIATES LTD. 

submit ted t o  the Department. The geotechnical cond i t ions  

are d i s c u s s e d   i n  Volume I while  Volume I1 c o n t a i n s  

information on permafros t  of a more g e n e r a l   n a t u r e .  

We recommend t h a t   t h e s e  volumes be read i n   c o n j u n c t i o n  

with t h i s  report. 

TOPOGRAPHY 

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

t h e  area is  southwes ter ly  towards t h e  Mackenzie River. 

The v a l l e y  walls of Nota Creek are r e l a t i v e l y  steep. 

The v e r t i c a l   d i s t a n c e  from creek  bottom to t h e  surrounding 

t e r r a i n  i s  50 feet and  the  average gradient of t h e  

v a l l e y  wall on t h e   n o r t h e r l y  side is 1 0  percent and 

on t h e   s o u t h e r l y  s ide i s  1 2  percent.   Width of t h e  

creek a t  the water l i n e  i s  approximately 2 0  feet. 

SOIL PROFILE 

The s o i l s  a t  t h i s  site c o n s i s t  of g l a c i a l  

lake b a s i n  deposits o v e r l y i n g   c l a y  till which overlies 

the  bedrock.  The g l a c i a l  lake basin deposits c o n s i s t  

of s i l t s  and c lays   which   genera l ly   conta in   h igh   excess  

ice contents .   Sur face  cover i s  p e a t  which  general ly  

v a r i e s  i n  th i ckness  from one foot t o  as much as 1 0  

feet .  

The excess ice i n  t h e  soils i n  the approaches 

t o  the   b r idge  site w i l l  l e a d  to se t t l emen t s   o f  t h e  

approach f i l l s .  
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Because  our   nearest  test holes t o  t h e  r e v i s e d  

s i te  are at some c o n s i d e r a b l e   d i s t a n c e ,  w e  are bas ing  

our  recommendations on our  general   knowledge of t h e  

area  and  examination of aerial  photographs. The Department 's  

survey staff r e p o r t s  that the creek   bed   cons is t s  of 

rock and gravel and t h a t  the banks  have been eroded 

t o  some e x t e n t .  We b e l i e v e   t h a t  shale bedrock w i l l  

be encountered a t  shal low  depths   beneath t h e  stream 

bed. 

DISCUSSION AND R F , C O ~ N D A T I O N S  

The effect  of a stream on t h e  permafros t  

p r o f i l e  i s  shown on Plate 2 ,  Appendix A. T h i s  chart 

shows tha t  the t h a w  b u l b  beneath a small c reek  can 

penetrate t o  cons iderable   depths  so that ,  for  b r idge  

bui ld ing   purposes ,  the presence of permafros t  beneath 

t h e  s t ream bed can be ignored.  However, it should 

be noted t ha t  the permafrost  profile beneath t h e  sides 

of t h e  stream bed plunges a t  an  extremely steep angle .  

As is well known, the flow of water i n  nor thern  

streams varies  tremendously  throughout the year. Very 

l a r g e  flows can be exper ienced   dur ing  t h e  s p r i n g  runoff 

so t h a t  some scour   should be expected.  The amount w i l l  

depend on the   f low of water ,  t h e  cons t r ic t ion   imposed  

on the   s t ream by br idge ,  and the width  of t h e  p i e r s .  

Some eros ion   of  the banks i s  also possible. 
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Because  of  the soil and permafrost c o n d i t i o n s  

i n  the v a l l e y  walls and  the approach area t o  t h i s   b r i d g e  

s i te ,  we do n o t  b e l i e v e  it would  be  advisable t o  use 

concrete abutments or p i e r s .  We t h e r e f o r e  recommend 

t h a t  the bridge abutments  and any p ie rs   be   suppor ted  

on d r iven  s teel  H p i l e s ,  I t  i s  ex t remely   un l ike ly  

t h a t  timber p i l e s  cauld be d r i v e n   a t  this s i t e  t o  t h e  

des i red   depth   wi thout   encounter ing   bedrock .  Precast 

concrete p i l e s   s h o u l d   n o t  be used  due t o  d i f f i c u l t i e s  

of t r a n s p o r t a t i o n  and also because of t h e   l e n g t h  of 

p r e c a s t   p i l e s  have t o  be determined i n  advance. Steel 

p ipe  pi les  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 i s  probable  t h a t  t h e y  would n o t  be a b l e   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.  

Steel H p i l e s  which are t o  be   p laced  on t h e  

banks where t h e y  w i l l  no t   be   a f f ec t ed  by scour should 

be d r iven  a minimum of 30 f e e t  below e x i s t i n g  grade and 

designed on the b a s 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 

400 psf  (on t h e  gross per ime te r )   w i th   t he   t op  1 0  f e e t  

of p i l e   b e i n g  assumed t o  car ry   no  load. 

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

be  dr iven a minimum d i s t a n c e  of 20  feet below t h e  bottom 

of a n t i c i p a t e d   s c o u r  and  should be designed on t h e   b a s i s  

of the   "Table   o f   Pene t ra t ion  Resistance" fol lowing.  
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Design  parameters are summarized  on Plate 3 ,  Appendix A .  

I f   bedrock  is  encountered  within  the  depths   given  above,  

p i l e s  should be dr iven  10 f e e t   i n t o  it. 

Driving steel  H p i l e s  w i l l  r equ i r e   cons ide rab le  

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

be a t  least twice the   we igh t  of t h e   p i l e   b e i n g  dr iven.  

I f  a d i e s e l  hammer is used t h e  weight  of t h e  hammer 

should be a t  least equa l  t o  the w e i g h t   o f   t h e   p i l e .  

T o  prevent  damage t o  the p o i n t s  of the p i l e  they should 

be 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  equal 

to 1.5 times t h e   s i z e  of t h e  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 be r e in fo rced   w i th  a d r i v i n g  shoe. Piles  

should be d r iven  to p r a c t i c a l   r e f u s a l  o r  r e fusa l   acco rd ing  

t o  t h e  following table  of pene t ra t ion   res i s tances   assuming 

t h a t  the hammer d e l i v e r s  an energy  of 1 5 , 0 0 0  f t .  pounds 

per blow. 

TABLE O F  PENETRATION RESISTANCE 

Descr ip t ion   Inches  Per B l o w  

r e f u s a l  .oo-.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  

medium r e s i s t a n c e  

.25-.50 

-50-1 .25  

I n  order t o  ensure that r e fusa l   has   been   r eached ,   d r iv ing  

should be con t inued   fo r  a t  least LOO blows a f t e r   r e f u s a l  

i s  first recorded. 
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Piles d r iven  t o  r e f u s a l  i n  t h e  stream bed, 

as defined  above,  may be designed for t h e  full s t r u c t u r a l  

s t r e n g t h  of the p i l e   s e c t i o n   a c t i n g  as a column. The 

des ign  load w i l l  depend  upon  allowable stresses i n  

t h e   p i l e ,  column length  and  the  arrangement  of la teral  

brac ing .  Piles d r iven  t o  p r a c t i c a l   r e f u s a l ,  as def ined  

above,  should be designed for two-thirds  of the va lue  

permi t ted  for the pile as a s t r u c t u r a l  column. Cons ide ra t ion  

should  be  given to us ing  battered p i l e s  on t h e   o u t s i d e  

of t h e   p i l e   b e n t s   i n   o r d e r   t o  provide la teral  r e s i s t a n c e .  

I f  a drop hammer is used i n  d r i v i n g   t h e  piles, 

care shou ld   be   t aken   t ha t  the energy   de l ivered  t o  t h e  

p i l e  is n o t   g r e a t e r   t h a n  1 5 , 0 0 0  f t .  pounds per blow 

u n l e s s   c a l c u l a t i o n s  show that  t h e   p i l e   c a n   s a f e l y  take 

higher  impact stresses. A s  mentioned  above,  bedrock 

may be encountered   before   the   des ign   depth  i s  reached. 

I n  such a case, the p i l e s   s h o u l d  be d r i v e n   i n t o  t h e  

bedrock a d i s t a n c e  of 1 0  f e e t .  

One of the   p roblems  fac ing   br idges  i n  this 

area i s  t h e   p o s s i b i l i t y  of l o g  jams occurr ing  which 

c a n   c a u s e   p a r t i a l  or c o m p l e t e   f a i l u r e   o f   t h e   b r i d g e .  

Log jams are o n l y   l i k e l y  t o  occur  where trees t r a v e l l i n g  

down t h e   r i v e r   h a v e  a g r e a t e r   l e n g t h  than t h e  clear 

span of t h e   b r i d g e .  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  Nota Creek  upstream of t h e  
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br idge   should  be checked and, should it be observed 

that there is a possibility of l a r g e  trees being washed 

downstream, such facts should be borne i n  mind by the 

bridge designer . 
I f  p i l e s  are used t o  suppor t  a v e r t i c a l  face 

of embankment fill the la teral  force aga ins t  t h e  p i le  

can be computed by assuming t h e  b a c k f i l l  t o  be a f l u i d  

wi th  a density of 60 pounds p e r   c u b i c   f o o t  where t h e  

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

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

expected flood l e v e l  should be p ro tec t ed  with riprap. 

A s  su i t ab le   rock  may n o t  be a v a i l a b l e ,  sandbags f i l l e d  

w i t h  concre te  nay have t o  be used. 

GM/ j c 
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APPENDIX A 

Chart 
Sect ion 
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Piles on dry land to be designed on the  b a s i s  of an 
allowable s h a f t  friction over effective length of 
embedment of D-10 with D minimum = 30 ft. 

Piles  in stream be8 t o  be driven t o  2 0 t  feet below 
scour depth and designed on the basis of penetration 
values (see t e x t ) .  
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