


" laboratory. On the r l g n t  can 
be  seen  an  e lectronic  Mettler scale. Three electric 
ovens were kept   beneath t h e  benches in  o rde r  t o  conserve 
space. The paper  cups  and aluminum bread  pans  contain 
samples  which  are  ready  for  drying i n  the  oven. 



Photograph Camp at mile 622 Bunkhouses are at the 
r i g h t .  . T h e  u t i l i t y  t ra i le r ,  a t  the l e f t  has  been  removed 
from i ts  runne r s .  



Photograph 6: LooKlng south across the Great Bear 
River from Test Hole 552. 



c 

LI 

Photograph 7: Looking n o r t h e r l y  t o  T e s t  Hole 459 on 
t h e   n o r t h   s i d e  of the  Great  Bear River. 

c .7” - - 

c 

I 

Photograph 8: Looking  southerly  towards Test Hole 
” 









Photograph 17:  From t h e   c e n t e r  of Vermilion  Creek 
looking  southerly.   Approximate  mileage i s  607.  

\ 

Photograph  18: At Test Hole 8 0 3  looking   nor ther ly .  
Approximate  mileage is  6 0 9 .  



Photograph 1 9 :  Cores from T e s t  Hole 503. A t  t h e  bottom 
of the  photograph  can  be  seen  organic  clay w i t h  high 
ice content .  The center  sample  (marked D 3 ,  D4) is c l a y  
till w i t h   q u i t e  low water conten t .  The top  sample 
(marked D6, D 7 )  i s  frozen  sand. 

Photograph 20:  Cores   taken  in  Test Hole 507. On t h e  
l e f t  i s  a sample of organic   c lay   wi th   h igh  ice con ten t  
and  on t h e  r i g h t  i s  a sample of c l a y  till. I n   t h i s  
case t h e   c l a y  till has a very  high ice content .  



Photograph 22: Clay  till  cores  from  Test Hole 612. 
Observe  the  ice banding  in the lower sample in this 
photograph. 



Photograph 2 4 :  A sample of c l a y  till, s i l t y - sandy ,  
water conten t  9 pe rcen t ,  from Test Hole 834 a t  a depth 
o f  11 t o  14 f e e t .  Note t h e r e  i s  no v i s i b l e  ice i n   t h i s  
sample. 







a 

Photograph 29: A sample of s i l t y - c l a y ,  medium p l a s t i c i t y ,  
f r o m '  T e s t  Hole 916.  Depth i n t e r v a l  is 5.2 t o  6 .0  f e e t .  
Water  content was 20 percent .  

Photograph 30:  A sample of s i l t y - c l a y ,  medium p l a s t i c i t y ,  
from Test Hole 916. Note t h e  pebb les   w i th in   t h i s  material. 
Water con ten t  was 25 percent .  







percent.  The  sample is lying  on its side ana the Ice 
lenses  would  have been horizontal in the in situ position. 

Photograph 36: A close-up of the  sample  shown in Photograph 
35. This  photograph is approximately f u l l  size. Notice 
the ice lenses and the pebbles  within  the material. 
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CANADA ESepa~mr3nt of Public ?Narks - 1 0 t h   F l o c r ,  One Thornton  C o u r t ,  

c 

M i n i s t + r ~  desTrz,vat?x publics 
P .  0 .  Box 488 ,  
E d m o n t o n ,  A 1  b e r t a .  
T5J 2 K 1 .  

September  1 9 ,  1972.  
your file/votre domer 

our fi!e/notra doa3ier 9 3 0 j - 5 2 - 3 0 7 . 

pi. $1. Hardy  8 . A s s o c i 8 t e s ,  
G e o t e c h n i c a l   D i v i s i o n ,  
1 0 2 1 4  - 1 1 2  I j t r c e t ,  
E d m o n t o n ,  A1 b z r t a .  
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APPENDIX C 

Terms of Reference 
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I ' i t U J r L  I b K l t i -  

( ( 
Mackenzie  Highway - G e o t e c h n i c a l   I n v c s t i q i t i o n s  - Pfile 3 4 6  t o   H i l e  7 2 5  

1 .  Genera l  

I 

! 

t 
i 

i -  

j 

S o i l  a n d  p e r m a f r c s t   c o n d i t i o n s   v a r y   C G n s i i e r a h l y  o v e r  t h e  3 7 5  m i l e   r e a c h  
o f  t h e  Mackenzie   Val ley   which   wi l l  he  t h e   s u b j e c t  o f  t h i s   i n v e s t i y a t i o n .  
T h e s e   v a r i a t i o n s ,  i n  combina t ion  w i t h  o t h c r  f a c t o r s   s u c h  as  m o b i l i z a t i o n ,  
e x i s t e n c e  o f  m a j o r   w a t e r   c o u r s e ,   e t c .   w i l l   r e s u l t   i n   q u i t e   d i f f e r e n t  
f i e l d  programmes f o r   e a c h   g e o t e c h n i c a l   c o n s u l t a n t   a p p o i n t e d  a l o n g  t h e  
r o u t e .  

The f o u r   g e o t e c h n i c a l   c o n s u l t a n t s   a p p o i n t e d  t o  d a t e  a n d  s e c t i o n s  o f  t h e  
r o u t e  d e s i g n a t e d  t o  e a c h   a r e  as f o l l o w s :  

Acres C o n s t r l t i n y  S e r v i c e s  L t d .  Mile 346  t o  450  

U n d e a w o o d - ~ ~ 1 c L e l l a n  ei A s s o c i a t e s .  L t d .  M i l e  450 t o  5 5 0  

R .  M. Hardy & A s s o c i a t e s  

E .  W. Bro0ker.A A s s o c i a t e s  L t d .  Mile 650 t o  7 2 5  

r b1i - j  e 556 .to 65s" 

A s  w i t h  a n y   g e o t e c h n i c a l   p r o j e c t  o f  t h e  magni tude  o f  t h e  proposed 
M a c k e n z i e   H i g h w a y   i n v e s t i g a t i o n s ,  i t  i s  n o t   d i f f i c u l t  t o  g e n e r a l i z e  w h a t  
t h e  i t e m s  o f  c o n c e r n  may b e ,  b u t  it i s  much more d i f f i c u l t   t o   t r a n s l a t e  
t h e s e  i n t o  an e s t i m a t e  o f  t h e  numbers a n d  l o c a t i o n s  o f  b o r i n g s ,  t h e  
d e p t h s  t o  w h i c h   t h e s e   s h o u l d  b e  d r i l l e d ,  2 n d  t h e  sampl ing  a n d  t e s t i n g  
r e q u i r e m e n t s .  S o i ~ l e  g u i d a n c e  i n  t h i s   r e s p e c t   i s   p r o v i d e d   h e r e i n .  

2 .  S o i l  a n d  P e r m a f r o s t   C o n d - i t i o n s  

To d a t e  c o p i e s  o f  t h e  P r e l i m i n a r y   E n g i n e 2 r i n g   A l i g n m e n t   R e p o r t   o d t l i n i n g  
t h e  r o u t e   l o c a t i o n  f r o m  lilile 2 9 7  t o  Hi l e  5 4 4  h a v e  been p rov ided  t o  t h e  
c o n s u l t a n t s   a p p o i n t e d   t h r o u g h   t h i s  s e c t i o n .  A p r e l i m i n a r y   a l i g n v e n t  
r e p o r t  f o r  thhe  r e m a i n d e r  G F  t he   rou . t c  i s  c u r r e n t l y   b e i n g   p r e p a r e d  a n d  
w i l ?  be a v a i l a b l e  t c . c o n s u l t a n t s  by September  2 1 .  

The r o u t e  v!ill c r o s s   t h e   M a c k e n z i e   R i v e r  a t  Camsell Bend, run g e n e r a l l y  

a p p r o x i G a t e ! y   f o l l o v i n g   t h e   e x i s t i n g  C . N .  T ~ 3 e ~ g r a p h  line. I n  t h e  

t h z .  p r o p o s e d   r o u t e   a r e   . s u m m a r i z e d .  

a) Mackenzie R ' i v e r .  C r d s s ' i n g  to."\liil-to:v Lzk.e''River - f . t i1e  '3.46 t o  3 .45 .  

n o r t h w a r d  t o  t h e  Nil l o w  Lake River ,  a n d  t h e n  n o r t h w a r d  t c  Nornan Wel 1 s  

f o l l o w i n g  . p a r a g r a p h s   t h e   s o i l .  a n d  p e r m a f r o s t   C o n d i t i o n s   e x p e c t e d   a l o n g  

From t h e  b l a c k e n z i e   R i v e r   c r o s s i n g  t o  t h e  Mil lovr  Lake R i v e r ,   t h e   r o a d  pass?:  
t h r o u g h  t h e  b r o a d   I n t e r i o r   P l a i n   R e g i o n .  The s u r f i c i a l   d e p o s i t s - - i n  t h i s  
s e c t i o n ' a r e   p r e d o m i n a n t l y   c l a y  t . i l1  t o  w ieh in  a b o u t  t e n  m i l e s  o f  t h ?  
Wil low Lake R i v e r ,   a f t e r   w h i c h   i n t e r b e d d e d   s i l t ,   f i n e  s a n d  a n d  s a n d y   c l a y s  

' a r c   a n t i c i p a t e d .  T h e   t h i c k n e s s  o f  p e a t  w i l l  p r o b a b l y  a v e r a g e  l e s s  t h a n  
1.5 f e e t  b u t  l o c a l   o c c u r r e n c e s  u p  t o  1 5  f e e t  t h i c k   a r e   a n t i c i p a t e d .  

P e r m a f r o s t   w i l l   l i k e l y  b e   e n c o u n t e r e d   i n   a b o u t   o n e - t h i r d  o f  t h e   h o r i n g s  
d r i l l e d   n e a r   t h e   H a c k e n z i e   c r o s s i n g ,  ctcd a n  i n c r e a s i n g   f r e q u e n c y   t o  a b o u t  
o n e - h a l f  o f  t h e  h o l e s  d r i l l e d   n e a r   t h e   N i l l o p r  L a k g  R i v e r .  I t  i s  
g r n l i k u l y  t h a t  t h e  f r o z e n  s o i l  w i l l  c o n t a i q  much e x c e s s  i c e .  



( 

Between t h e  Mackenzie  and Willow Lake Rivers t h e r e   a r e  no m a j o r  E a t e r -  
c o u r s e s   i n t e r s e c t i n g   t h e   p r o p o s e d   r o u t e .  

b )  Willow Lake R ive r  t o  Wrig ley  - Mile 5 9 5  t o  4 3 5 .  

From the   Wi l low  Lake   River  t o  W r i g l e y   t h e   r o a d   p a s s e s  through t h e  
C o r d i l   l e r a n   R e g i o n .  To a b o u t  Mi l e  4 2 5 ;  s a n d s   i n t e r b e d d e d   w i t h   s i l   t s   a n d  
s i l t y  c l a y s  a n d  t i l   l - l  i ke s o i l  a r e  l i k e l y   t o   p r e d o m i n a t e .  Beyond  mile 
4 2 5 ,  s i l t y   c l a y s   c o v e r e d   w i t h  u p  t o  two f e e t  o f  p e a t   a r e   t h e   p r e d o m i n a n t  
s o i l s .   P e a t  u p  t o  t e n   f e e t   t h i c k   h a s   b e e n  f o u n d  i n   b o g s   a l o n g   t h i s  
s e c t i o n .   B e d r o c k  may be   found  c lose  t o  t h e   s u r f a c e  i n  p l a c e s .  O b v i o u s  
m a t e r i a l   s o u r c e s   w i l l   i n c l u d e   n u m e r o u s  s a n d  dunes ,  some e s k e r s   a n d  
o c c a s i o n a l l y   l i m e s t o n e  outcrops.  

P e r m a f r o s t   a l o n g   t h i s   s e c t i o n  of t h e   r o u t e  i s  a n t i c i p a t e d   i n   a b o u t  50  
! p e r c e n t  o f  t h e   b o r i n g s  b u t  t h e   f r o z e n   s o i l s   w i l l  most l i k e l y   c o n t a i n  

little e x c e s s  i c e  in t h e  form of  p o r e  i c e  and i c e   l e n s e s .  

M a j o r   w a t e r   c o u r s e s   i n   t h i  s r e a c h  o f  highway a re  t h e  Wi ll ow Lake   River  

s t r e a m   n e a r   M i l e  430  wh ich   w i l l   r equ i r e  a l a r g e   c u l v e r t .   T e r r a i n   a l o n g  
t h i s  s e c t i o n  i s  more   undu la t ing  t h a n  t h e  prev ious  50 m i l e s .  

! 
(Mi le  3 9 5 )  and   the   River   Between Two Mountains   (Mile  411) and o n e  

C )  Wrigley t o  B l a c k w a t e r   R i v e r  - Mile 435  t o  4 9 2 .  

The s u r f i c i a l   d e p o s i t s  i n  t h i s   s e c t i o n   c o n s i s t   p r i n c i p a l l y  o f  s i l t y   c l a y s  
w i t h  some o r g a n i c   c l a y  a n d  t i l l - l i k e   s o i l s   e x c e p t  a t  r i v e r  beds  a n d  i n  
f a n   f o r n a t i o n s   w h e r e   s i l t y   s a n d s  a n d  sandy g r a v e l s  are p r e v a l e n t ,  T h e s e  
P l e i s t o c e n e   d e p o s i t s   a r e   u n d e r l a i n  b y  l i m e s t o n e s  a n d  s h a l e s  o f  t h e  
F r a n k l i n  M o u n t a i n s  The p e a t   t h i c k n e s s   t o  be   encounterad  w i l l  l i k e l y  range 
u p  to f o u r   f e e t .   O b v i o u s   m a t e r i a l   s o u r c e s  w i l l  i n c l u d e   l a r g e  g rave l  
d e p o s i t s  a n d  l i m e s t o n e   o u t c r o p s  i n  t h e  v i c i n i t y  o f  W r i g l e y  

P e r m a f r o s t   i n   t h i s   s e c t i o n   i s   w i d e s p r e a d   a n d  f r o z e n  s o i l   c a n  b e  e x p e c t e d  
i n  t w o - t h i r d s  o f  the b o r i n g s .  T h e   f r o z e n   s o i l  i s  l i k e l y  t o  contain excessi 
i c e  i n  s i l t s  a n d   o r g a n i c   c l a y s  b u t  l i t t l e   e x c e s s - i c e  i n  o t h e r   m a t e r i a l s .  

O c h r e  R i v e r   ( M i l e  4 5 5 )  and s i g n i f i c a n t   s t r e a m s  a t  approximately Mile 460 ar 
mile , 4 7 1  a l l  of w h i c h   w i l l   r e q u i r e  bridges. 'As. w e l l , ,  t h e  r o u t e  crosses a 

i -  d )  B l a c k w a t e r   R i v e r  t o  L i t t l e  Smith Creek - mile 492  t o  Mi l e  5 3 3 .  

From t h e   B l a c k w a t e r   R i v e r  t o  t h e   S a l i n e  R i v e r ,  t h e   s u r f i c i a l  soils i s  
p r e d o m i n a n t l y   s i l t y   c l a y  w i t h  s i l t y   s a n d  and s a n d y   g r a v e l   b e i n g  common a t  

! -  C r e e k ,   s i l t s  a n d  s i l t y  c l a y s  u n d e r l a i n  by g r a v e l - s a n d - c l a y   m i x t u r e s  ; r e  

This s e c t i o n  o f  t h e  h i g h w a y   w i l l   c r o s s  Hadgson Creek (mile 4 3 6 ) ,  t h e  

.number   o f   'minor   watercourses   and  v a l l e y s  .and . l a r g e   c u l v e r t s   ' a r e   a n t i c i p a t e d  
a t  rough ly  mile 4 6 2 ;  N i l e  4 6 9  and mile 4 7 9 .  

r i v e r s  and i n  f a n  f o r m a t i o n s   P e a t  u p  t o  f o u r   f e e t  i n  t h i c k n e s s  has b e e n  
f o u n d  t o  o v e r l i e   t h e   m i n e r a l   s o i l s .  From t h e  Saline R i v e r  t o  L i t t l e  S m i t h  

I 
I p r e d o m i n a n t .   O c c a s i o n a l   r o c k   o u t c r o p s  w i l l  p r e s e n t  some o b v i o u s  m a t e r i a l  

s o u r c e s   t h r o u g h   t h i s   s e c t i o n .  

P e r m a f r o s t  i n  t h i s   s e c t i o n  i s  widesp read  a n d  i s   l i k e l y   t o  b e  p r e s e n t  i n  

f o u n d  i n   s i l t s  a n d  c l a y s  from t h e  Salline River t o  L i t t l e   S m i t h  C r e e k .  
I about t w o - t h i r d s  o f  t h e  b o r - i n g s .  E x c c s s  ice i n   q u a n t i t y   i s  l i k e l y  to be 



- I '  - 3 -  d 
\ ' 1  

7fi2 t z r r z i n  i n  t h i s  .sc!r,ticn i s  v e r y   i r r e g u l a r .   S r i d g e   c r o s s i n g s  w i l l  

74i1c 5 1 1  a n d . - f o r - t h e   S a l i n e   R i v e r   ( : 4 i l z   5 2 1 ) .   L a r g e   c u l v e r t s   w i l l  be 
requi red  f o r   s t r e a m s   n e a r   M i l e  4 9 8 ,  514,   519 and 528 .  

e )  L i t t l e  S I n i t h  ;:reek t o  F t .  FIorman - Mile 533 t o  584 .  

- . be 1;ecessai -y  a t  the? t ; ' l ackwater   River ,  f o r  a st ream a t  a p p r o x i m a t e l y  

. .  
1 

From L i t t l e   S m i t h   C r e e k  t o  B i g  S m i t h  Creek,  t h e  t e r r a i n   t r a v e r s e d  by 

nor%hward t o  F o r t  Norman,  however ,   t he  h ighway  w i l l  pas s  t h r o u g h  a r z g i o n  
o f  t h e r m o k a r s t  l a k e s  a n d  m u s k e g .   S u r f i c j a l   d e p o s i t s   a r e   l a r g e l y   s i l t y  

s e c t i o n .  . .  

II t h e  h i g h w a y  i s   r e l a t i v e l y   f r e e  from l a k e s .  F r o m  Big  Smith  Creek 

- s a n d .  - P e a t  c o v e r  u p  t o  1 5   f e e t   t h i c k   h a s  been f o u n d  i n  b o g s  a l o n g  t h i s  

- P e r m a f r o s t  i n  t h i s  regi0.n i s  widesp read  a n d  w i l l  l i k e l y  be e n c o u n t e r e d  
i n  7 5  p e r c e n t   o f   t h e   b o r i n g s .  The s o i l s   c o n t a i n   c o n s i d e r a b l e   i c e ,  
r a n c j i n g  from p o r e   i c e   n o t   v i s i b l e  t o  t h e  naked   eye   t o  i c e  l e n s e s  o f  a 
few i n c h e s   i n  thickness. 

L i t t l e   S m i t h   C r e e k  a n d  B i g  Smith Creek a r e   t h e  m a j o r  s t r e a m s  t o  be  
c r o s s e d  by t h e   h i g h w a y  i n  t h i s  s e c t i o n .  

f 1 F t .  Norman t o  Flormc?n We1 1 s - Nil e 58.1 t o  630.  

- 
. .  .. 

- 

I From"Ft .  florman t o  Florinan Wells t h e   r o u t e   t r a v e r s e s   a l c n g   t h e  b a s 2  o f  t h e  
? Norman Range a n d  c r o s s e s  numerous drd inacJ2   channels   wi th  h e a d w a t e r s  i n  t h e  

- c l a y s  w i t h  sO;ne s a n d y   G r a v e l s .  S e d r s c k  c c n s i s t - i n g  p r i m a r i l y  o f  s h d l ~ s ,  
a d j a c e n t   m o u n t a i n s .   S u r f i c i a l   s o i l s   a r e   p r e d o m i n a n t l y   s i l t s  a n d  s i l t y  

s a n d s t o n e s  a n d  som2.1 imes tone   can  be e x p ~ c t e d  a: shal loyr  d e p t h s  ir. x c n y  
l o c a t i o n s .   O r g a n i c  c o v e r  w i l l   g e n e r a l l y  b e  7 t o  4 f z e t  b u t  t h i c % n z s s ? s  

t h i  s a r e a .  
I o f  p e a t  u p  t o  1 5  f e e t  have   been   encountered  a t  s o n e  l o c a t i o n s  t h r o u g h  

4 " .  

P e r m a f r o s t  i n  t h i s  s e c t i o n  i s  widespre2.d a n d  w i l l  l i k e l y  b e  e n c o u n t c r r d  in 
75 - 8 0 %  o f  b o r i n g s .  I c e  w i l l  b e  e x c e s s i v e   i n   s i l t s  a n d  some c l a y s ,  b u t  
n o t  e x c e s s i v e  i n  g r a v e l s .  

Br idge  c r o s s i n g s   w i l l  be r e q u i r e d  a t  t h e  G r e a t  S e a r   R i v e r  (!-lilt. 5 8 5 ) ,  
j u n g l e   R i v e r   C r e e k   ( M i l e  6 0 1 ) ,  V e r m i l l i o n  Creek  (?157e 6 0 5 ) ,  P r c h i b i f i o n  
Creek ( V i l e  6 1 2 1 ,  C h r i s t i n a  C r 2 2 k  ( M i l e  6 1 5 1 ,  iie'lava Creek (Fl i le  G I G ) ,  
F r a n c i s   C r e e k  (Mi le  6 1 8 )  a n d  Canyon  Creek ( M i l e  6 2 0 ) .  

0 5 ~ 5 0 ~ s  m a t e r i a l   ' s o u r c e s  t h r o u g h  t h i s  s t r e t c h   w i l l   i n c l u d e   s h a l e  and 
s a n d s t o n e  o u t c r o p s  p a r a l l e l   t o  t h e  h i g h w a y ,   l a r g e   t a l u s  s l o p e s ,  a n d  
1 i ; n ~ s t c n e  riclgzr; p a r ~ i l e l  t o  t h e  r0ut;3-. . -  . . .  . . _  .. . . .~ . .  

g )  Norman !del I s  t o  F t .  G o o d  Hope - N i l e  630  t o  7 2 5 .  

Horth o f  rlorrnan W e l l s   t h e   r o u t e   w i l l   c o n t i n u e   a l o n g   t h e   b a s e  o f  t h e  
Norman R a n g e  t o  Gibson  Ridge,   swing e a s t  o f  G i b s o n  Ridge a n d  p r o c c e d  
north near   Chick   Lake  t o  F t .  Good Hope. S u r f f c i a l   s o i l s   a r e   p r e d o n i n z n t l y  
s i l - t s  a n d  c l a y s  w i t h  s o m e  s i l t y  s a n d s  a n d  sarldy g r a v e l s .   P z r n a f r o s t  c a n  
be c x p z c t c d  i n  9 0  - '100 p e r c e n t  o- f  t e s t  h o l e s  a r ~ d  e x c e s s i v e   i c e   w i l l  be  
e n c o u n t e r e d  i n  a l l  f i n c  g r a i n e d   s o i l s .  O b v i o u s  i s z t t e r i a l s   s o u r c e s   w i l l  
i n c l u d e  r o c k  o u t c r o ? s  a n d  r i d g e s ,  p r i m a r i l y  s h a l e ,  a n d   l a r g e  t3 . lus  s l o ~ e s .  

Cr i t lges  O T  large: c u l v e r t s   w i l l  b e  r e q u i r e d  a t  Basworth Creek (Mi l e  6 3 ? ) ,  
Oscar Creek   (Mi le  G 5 0 ) ,  E l l i o t  Creek ( 1 4 i l o  6 6 0 ) ,  H a n n a  Creek ( M i l e  6 7 @ ) ,  

- .. 



. .  
I - 4 -  

Donne l ly  River ( M i l e  6 8 5 ) ,  Snafu  Creek  (Mile  695), T s i n t u   R i v e r   ( v l i l e   7 1 0 ) ,  - . j a c k f i s h  Creek ( Mi 1 e 7 2 2 )  a n d  Hare I n d i a n  River (f4i l e  7 2 5 ) .  

3 ,  O b j e c t i v e  o f  I n v e s t i g a t i o n  

a )  Genera l  

I n  g e n e r a l   t e r m s ,   t h e   g e o t c c h n i c a l   c o n s u l t a n t  i n  each d e s i g n a t e d   s e c t i o n  
w i l l  be r e s p o n s i b l e  f o r  p r o v i d i n g  s u f f i c i e n t   s u b s o i l   d a t a  on t h e   r g u t e  
c e n t r e l i n e   a n d  o n  s e l e c t e d  borro:., a r e a s  t o :  p e m i t  t h e  D e p a r t n e n t  t o  
p roceed   w i th  f i n a l  h i g h w a y   . d e s i g n . a n d   t e n d e r  c a l l  f o r ' c o n s t r u c t i o n .  I n  
a d d i t i o n ,  t h e  c o n s u l t a n t   s h a l l   c o n d u c t   f o u n d a t i o n   i n v e s t i g a t i o n s  at m a j o r  
s t r e a m   c r o s s i n g   i n   c o l l a b o r a t i o n  w i t h  t h e  b r i d g e   c o n s u l t a n t s   a p p o i n t e d  
b y . t h e   D e p a r t m e n t .   T h e   f o l l o w i n g   p a r a g r a p h s  w i 7 7  o u t l i n e   s p e c i f i c   c o n -  
cern a n d   r e s p o n s i b i l i t i e s  o f  t h e  c o n s u l t a n t . .  . 

I '  

b )  D i f f e r e n t i a l   S e t t l e m e n t s  

In a d d i t i o n   t o   t h e   i d e n t i f i c a t i o n   a n d   c l a s s i f i c a t i o n  o f  g e n e r a l  s o i l  
c o n d i t i o n s   a l o n g   t h e   c e n t r e l i n e   o f   t h e   p r o p o s e d   h i g h w a y ,  i t   i s   e x p e c t e d  

' t h e  c o n s u l t a n t   w i l l   p r o v i d e  a t e r r a i n   c l a s s i f i c a t i o n   a l o n g   t h e   r o u t e  a n d  - w i l l   i n d i c a t e  a r e a s  o f  e x c e s s i v e   i c e ,   e x t e n s i v e   p e a t   z o n e s ,   e t c .   w h i c h  

- a n a l y s e s  a n d  i n d i c a t e   f i l l   h e i g h t   r e q u i r e m e n t s   t o   m a i n t a i n   p e m a f r o s t  

c o u l d   r e s u l t  i n  s u b s i d e n c e  o f  t h e   r o a d  embankment a n d  a m a i n t e n a n c e  
problem.  I t  i s  n o t  csxpected t h e  c o n s u l t a n t  s b c u l d  c o n d u c t   t h e r m a l  

i n  t i l t ?  underlying soil, b u t  t h a t  p o t e n t i a l  a r e a :  o f  e x t e n s i v e  embankrn2nt 
s u b s i d e n c e   d u e  t o  t h a w  be d e l i n e a t e d  a n d  an  es:i;nate o f  t h e   t o t a l   s u b -  

l o c a t e d  on a r eg imen ted   bas i s  b u t  shou ld  b e  tcl.:ated froin a i r p h o i o   a n a l y s i s  
o f  t e r r a i n  a n d  frorn f i e l d   j u d g e n c n t  a n d  assesc( . ien t  o f  p r e c e d i n g  b o r e h o ! ? $  

adeqwate  a n d  t h e  number o f  h o l e s  w i l l   depend  u, ion t h e  v a r i a t i o n  i n  t e r r a i n .  

- s i d e n c e  b e   p r o v i d e d .   C 2 n t r e l i n e  b o r e h o l e s  s h c - ! l d   t h e r e f o r e  n o t  b e  
F 

I d a t a .  A b o r e h o l e  d 2 p t h  o f  no m o r e  t h a n  1 5 '  o ~ c e n t r e l i n e   i s   c o n s i d z r e d  

I .  c )  Roadway - S t a b i l i t y -  

1 
l- 
i- 

- 
O v e r a l l  s t a b i l i t y  o f  t h e  road!\iay may be apro57':m i n  some h i g h  f i l l s  and 
c u t s  o n  s i d e  h i l l s ,   e s p e c i a l l y  i f  t h e   l a t t e r  ic, o f  a p a r t  c u t ,  p a r t  f i l l  

. -  d e f i n e  a p a r t i c u l a r   s i t u a t i o n ,   h o w e v e r ,   w i l l  depend l a r g e l y  on t h e  s r z d e  
! -  na tu r ' c .   The   number ,   l oca t ion  a n d  d e p t h  o f  ho!:?s n e c e s s a r y  t o  a d e q u a t e l y  
! 
t a n d  a 1  ignment  o f   t h e  r o a d .  S i n c e  gr2de  1 i R e s  drc u i l l  i ke'iy t 3  i [ z ! : z  be-crn 

1 

I 

e s t a b l i s h e d  a t  t h e  t i n e  o f  t i l e  g e o t e c h n i c a l   i w z s t i g a t i o n ,   t h e   c o n s u l i a n t s  
e n g i n e e r i n g   s t a f f   m u s t   u s e   t h c . i , r   e x p e r i e n c e  to. j u d g e  c u t   a n d   f i l l  
r e q u i r e m e n t s ,   i d e n t i f y   p o t e n t i a l  problc ; [ l  a r e a ?  and o u t l i n e   s o l u t i o n s   i n  
g e n e r a l  terms. . 

L i q u e f a c t i o n  and s o i l  p u m p i n g  nay c a u s e  problms w i t h  some s o i l s  i n  
c e r t a i n   g r a d e   s i t u a t i o n s .  A n  a s s e s s m e n t  o f  t,ke p o t e n t i a l   o c c u r r e - r i c e  o f '  

1 -  
I 

t h e s e  phenomena  should  be  included.  
i 

d )  S e l e c t i o n  o f  Bor row 

The u t i l i z a t i o n  o f  borr0r.j a r e a s   a l o n g  a h ighwa-y  r o u t e   m u s t   d e p e n d  n o t  o n l y  

1 

i 
1 -  

1 u p o n  t h e  l o c a t i o n  o f  s u i t a b l e  m a t e r i a l s  b u t  u;;r?n t he   economics  o f  con-  
l- s t r u c t i o n .   C o n s e q u e n t l y  i t  i s  e x p e c t e d  t h e  c x n s u l t a n t   w i l l   t a k e   i n t o  

i c o n s i d e r a t i a n   v a r i o u s   i t e m s  on t h e   c o n s t r u c t i o n  o f  embankmen t  s e c t i o n s  i n  
.- 



his s e l e c t i o n  o f  the b o r r o w   p i t s   t o  be t e s t e d .   T h e s e   f a c t o r s   w i l l  i n -  
c l u d e   d e a d h a u l ,   o v e r b u r d e n ,   c l e a r i n g ,   a c c e s s   r o a d s ,   a n d   t h e   c o m p a r i s o n  
o f   e x c a v a t i o n  a n d   h a u l   c o s t s   f o r  common m a t e r i a l   o r   r o c k   b o r r o w .  A p r e -  
e s t a b l i s h e d   s e a r c h   c o r r i d o r   c e n t e r e d   a l o n g   t h e   r i g h t - o f - w a y   n e e d   n o t   b e  
t h e  r a n g e - l i m i t  in t h e  s e a r c h   f o r   s u i t a b l e  b o r r o w ,  b u t  r a t h e r  on economic 

. , a s s e s s i n g   b o r r o w   l o c a t i o n s ,   t h e   s u i t a b i l i t y  o f  m a t e r i a l  i n  o b v i o u s   c u t  
l imi t  b a s e d   u p o n   t h e   f a c t o r s   o u t l i n e d   a b o v e   s h o u l d   b e   u s e d .   I n  

m a j o r i t y   o f   t h e   h i g h w a y   w i l l  be  embankment ( e s p e c i a l l y  s o  n o r t h  o f  Willow 
s e c t i o n s  s h o u l d  h e   c o n s i d e r e d ,  b u t  i t  c a n   b e   g e n e r a l l y   a s s u m e d   t h e  

Lake   R ive r )  w i t h  m i n i m a l   c u t   s e c t i o n s ,  a n d  embankment r e q u i r e m e n t s  w i l l  be 
a p p r o x i m a t e l y  6 0 , 0 0 0  c u b i c   y a r d s  p e r  m i l e . '  

a l l   p o t e n t i a l   b o r r o w   a r e a s  s h o u l d  i n i t i a l l y  be   l oca t ed  f r o m  a i r p h o t o  
a n a l y s i s  a n d  r o u t e   r e c o n n a i s s a n c e .  The a r e a s   s u b s e q u e n t l y   i n v e s t i g a t e d  
i n  t h e  f i e l d  - s h o u l d  depend  upon continued f i e l d   j u d g e m e n t  a s  a c c e p t a b l e  
borrow a r e a s  a r e  p r o v e n .   - I t   i s   e s t i m a t e d  an average   o f  f o u r  b o r r o w   a r e a s  
p e r   m i l e  w i l l  r e q u i r e   e v a l u a t i o n  t o  s t r a t e g i c a l l y   l o c a t e   s u i t a b l e   b o r r o w  
s o u r c e s .  The   number ,   depth   and   loca t ion  o f  b o r e h o l e s   i n   a n y   a r e a   s h o u l d  

e )  B a c k s l o p e   S t a b i l i t y  a n d  S l o p e E r o s i o n .  

d i t c h e s  a n d  toes   o f   embankment   has   been  a f a i r l y  common s o u r c e  o f  t r o u b l e  
! i n  p e r m a f r o s t   a f f e c t e d   a r e a s .  W i t h  t h e   c u r r e n t   e m p h a s i s  o n  e n v i r o n m e n t a l  

B a c k s l o p e   s t a b i l i t y  i n  c u t s ,   a n d   s l o p e   e r o s i o n   a l o n g   c u t s   a n d   s i d e h i l l s ,  

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

! t h e   c o n s u l t a n t  w i l l  i d e n t i f y   p o t e n t i a l   e r o s i o n  or b a c k - s l o p e   s t a b i l i t y  p r o b l e m   a r e a s   a n d   s u g g e s t   s o l u t i o n s  i n  gene ra7   t e rms .  

I 

t h a n   e v e r .   T h e  p r o p o s e d . h i g h w a y  d e s i g n  i n  c u t   s e c t i o n s  w i l l  i n c l u d e   o n l y  
V - d i t c h e s   h e n c e  e r o s i o n   p r o b l e m s  c o u l d  b e  s i g n i f i c a n t .  I t  i s  e x p e c t e d  

I 

I 
! f )  Dra inage  

The Depar tment  w i l l  c o n d u c t   d r a i n a g e   s u r v e y s ,   a n d   s u r f a c e   d r a i n a g e   w i l l  

be o u t s i d e   t h e   s c o p e  o f  t h e s e   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 .   H o w e v e r ,  
s u b s u r f a c e   d r a i n a g e  i s  p r e v a l e n t  i n  t h e   a c t i v e   l a y e r   i n  many p a r t s   o f   t h e  
Mackenz ie   Va l l ey ,  a n d  i n t e r c e p t i o n s  o f  such   s eepage   pa ths   w i th  a highway 
may r e s u l t   i n  t h e  f o r m a t i o n  o f  i c i n g s  during t h e  winter. The constants 
f i e l d   s t a f f   s h o u l d   b e  on t h e   l o o k o u t  for  s e e p a g e   a r e a s  a n d  a n y   s u s p e c t  
regions s h o u l d  be n o t e d ,   d e s c r i b e d   a n d   s a m p l e d ,   w h e r e v e r   p o s s i b l e .  

? 

" 

g )  B r i d g e   L o c a t i o n s  

P e r m a f r o s t   c o n d i t i o n s   a t  r i v e r  c r o s s i n g s   a r e   u s u a l l y   q u i t e   c o m p l e x .  Many 
of  t h e  b a n k s  a n d   b e d s   o f   t h e   w a t e r c o u r s e s   d r a i n i n g   i n t o   t h e   M a c k e n z i e  
R i v e r   f r o m   t h e   e a s t   a l o n g   t h i s   r e a c h  o f  t h e   M a c k e n z i e   V a l l e y   a r e   f r e e   f r o m  
p e r m a f r o s t   t o  a c o n s i d e r a b l e   d e p t h .   E x p o s u r e  o f  t h e   b a n k s ,   h o w e v e r ,  i s  a 
s i g n i f i c a n t   v a r i a b l e   a n d   t h e   p e r m a f r o s t   c o n d i t i o n s   w i l l   h a v e   t o  be 
conf i rmed  a t  t h e   s p e c i f i c   l o c a t i o n s   c h o s e n   f o r   b r i d g e   c r o s s i n g s .  

From a s o i l s   p o i n t  o f  v i ew,  t h e  b r i d g e  d e s i g n e r   w i l l  be i n t e r e s t e d   i n   t h e  
n a t u r e  a n d  s t a b i l i t y  o f  t h e   s o i l s   f o r m i n g   t h e   b a n k s ,   t h e   p e r m a f r o s t  profil 
t h e  s t r e n g t h  a n d  d e n s i t y   p r o f i l e s  of t h e   s o i l s ,  t h e  d e p t h  o f  t h e  presant 
and f u t u r e ,  ( i . e -  a n t i c i p a t e d   p o s t - c o n s t r u c t i o n ) ,   a c t i v e   l a y e r ,   t h e  
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f o u n d a t i o n   d e s i g n   c r ' i t e r i a ,  a n d  whether  a p p r o a c h  f i l l - s   o r ' c u t s  w i l l  
e n d a n g c r   t h e   s t r u c t u r e .  Many o f  t h e   w a t e r c o u r s e s   i n t e r s e c t e d  by t h e  
h ighway  route   f f t3v  i n  d e e p l y   i n c i s e d   v a l l e y s   h a v i n g   s t e e p   s l o p e s ,  and  t h e r e  
i s  e v i d e n c e  o f  v d l l e y   w a l l   e r o s i o n   a n d   c h i n n e l   s h i f t  i n  some.  They 
r e p r e s e n t   a r e a s   t r l l i c h  w i l l  r e q u i r e   f a i r l y   e x t e n s i v e   i n v e s t i g a t i o n  t .o  
e s t a b l i s h   f o u n d a t i o n   d e s i g n   c r i t e r i a ,  even i f  t h e y   a r e   f o u n d  t o  be f r e e  
f r o i n   p e r m a f r o s t .  

. # A t  a l l  s t r e a m   c r o s s i n g s   t h e   g e o t e c h n i c a l   c o n s u l t a n t  s ' h a l l  r e spond  t o  t h e  
r e q u i r e m e n t s  o f  t h e   b r i d g e   c o n s u l t a n t s   a n d / o r   t h e   h y d r o l o g y   c o n s u l t z n t s  
a p p o i n t e d  by t h e   D e p a r t m e n t .  The f i rms  commissioned t o  d a t e   a r e   s u m m a r i z e d  

beyond  blile 5 0 0 ,  w i l l  be a p p o i n t e d  i n  t h e   n e a r   f u t u r e  a n d  t h e   g e o t e c h i c a l  
c o n s u l t a n t ( s )   i n v o . l v e d   i n   t h e s e   s e c t i o n s   w i l l  b 2  n o t i f i e d   a c c o r d i n g l y .  

c o n s u l t a n t s b y   a t   l e z s t  December 1 ,  1 9 7 2 .  

b e l o w .  B r i d g e   c o n s u l t a n t s   b e y o n d  r4ilc 5 5 0 ,  a n d  h y d r o l o g y   c o n s u l t a n t s  

B-ridge s i t e   d r i  17 i n g  re~quipcgn_t_s w i l l  be  provided by t h e   v a r i o u s   b r i  clge 

B r i d g e   C o n s u l t a n t s  

T .  Lamb,  PlcManus 8 Assoc ia - t e s  W i l l o w  Lake  River 
- Canada   Nor th   Engineer ing  L t d .  - Blacklva ter   River  

Reid.. Crowtiler & P a r t n e r s  L t d .  - ! t i l e  300 - 450 
S t z n l e y   A s s o c i a t e s   E n g i n e e r i n g  L t d .  - f4iIe 467 - 550.  

H y d r o l o g y   S t u d i e s  

B o l t e r ,   P a r i s h  & T r i m b l e "  Mile  300 - 500 

h )  F i e l d   O b s e r v a t i o n s ,  S a m p l i n g  a n d  L a b o r a t o r y   T e s t i n q .  

D u e  t o  t h e   c o s t  a n d  t i m e   l i m i t a t i o n s   i m p o s e d  o n  t h e  f i e l d   o p e r a t i o n s ,  
movement o f  d r i l l   c r e w s   a l o n g   t h e  rou te  must be r e l a t i v e l y   r a p i d  - i n  t h e  

i m p o s s i b l e ,  t o  c o n f i r m  f i e l d   d r i l l  l o g s  a t  a n y  l o c a t i o n  w i t h  l a b o r z t o r y  
t e s t  r e s u l t s ,  u n t i l  d r i l l   c r e w s  h a v e  advanced s e v e r a l  m i l e s   a l o n g  t h e  
r o u t e .  The s u c c e s s  o f  t h e  f : e l d  o 2 e r a t i o n s   n G s t ,   ' i i i e ; - e f o r z ,  d e p e n d  
l a r g e l y  u p o n  t h e   i n f o r m a t i o n   a n d  d a t a  o b t a i n e d ,  a n d  t h e  judge inen t s  i ! Iade,  
by d r i l l  i n s p e c t o r s  and  f i e l d   e n g i n e e r s .   P e r t i n e n t   i n f o r n a t i o n   r e c o r d e d  

o r d e r  0-$  1 t o  2 m i l e s   p e r   d a y .  Hence i t  w i l l  be d i f f i c u l t ,   i f   n o t  

i n  t h e  f i e l d   s h o u , l d   i n c l u d e :  

( i )   V i s u a l   i d e n t i f i c a t i o n  and c l a s s i f i c a t i o n   o f  t h e  m i n e r a l  a n d '  o l ; g i n i c  
s o i l s  i n  a c c o r d a n c e   w i t h  t h e  M o d i f i e d   U n i f i e d   C l a s s i f i c a t i o n  Syst-zm. 
b lhcrc   permafros t  i s  f o u n d ,   i c e   d e s c r i p t i o n   s h o u l d  be in   acc-0rdanc.e  

Guide t o  t h e  F i c ' l d  D e s c r i p t i o n  o f  P e r m a f r o s t .  
w i t h  t h e  rn:: thods s e t   f o r t t i ' i n  N . R . C .  Techn ica l  Memorandum s o .  7 9 ,  

( i i )  Depth o f  t h e   a c t i v e   l a y e r   ( w h e r e   a p p a r e n t ) .  
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c o n t e n t s  a n d  v o l u m e s -   o f   i c e ,  a n d  t o  p rov ide   s amples  from which t h a w  
s e t t l e m e n t s   c a n  be e s t i m a t e d .   T h e s e   s a m p l e s  c a n  be l a r g e l y   d i s t u r b e d  
f o r   c l a s s i f i c a t i o n   t e s t i n g ,  however some s e m i - c o n t i n u o u s   c o r e s  w i l l  be 
r e q u i r e d  i n  i c e   r i c h   z o n e s  f o r  i c e  volume  and t h a w  s e t t l e m e n t   e v a l u a t i o n s .  

Sampl ing  i n  bo r row  a reas   shou ld  be s u f f i c i e n t   t o   c o n f i r m   t h e  d r i l l  
i n s p e c t o r s   l o g s ,  and t o  p r o v i d e   m o i s t u r e   c o n t e n t s  a n d  s o i l   c l a s s i f l c a t i o n  
d a t a   w h i c h   w i l l   b e   i n c l u d e d   i n   t h e   t e n d e r   d o c u m e n t s  for  c o n s t r u c t i o n .  
S i n c e   c o m p a c t i o n   c o n t r o l   . w i l l   n o t  be e x e r c i s e d   d u r i n g   c o n s t r u c t i o n ,  
m o i s t u r e   d e n s i t y   r e l a t i o n s h i p s  on  b o r r o w  m a t e r i a l s   w i l l   n o t  b e  r e q u i r e d .  

S a m p l i n g   a n d   t e s t i n g  i n  a n t i c i p a t e d   p r o b l e m   a r e a s   s u c h  as  d e e p   c u t s ,  
h i g h  f i l l s ,   s e e p a g e   z o n e s ,   e t c .   s h o u l d  be s u f f i c i e n t  t o  a c c u r a t e l y   d e f i n e  
t h e   p r o b l e m .   I t   i s   a n t i c i p a t e d   s a m p l i n g  wou ld   be   s emi -con t inuous   w i th  
c o r i n g  o r   p e n e t r a t i o n   s a m p l i n g   d e v i c e s .  

S a m p l i n g   a n d   t e s t i n g  a t  b r i d g e   s i t e s   s h o u l d  be c o n s i s t e n t  w i t h  normal 
e n g l n e e r i n g   p r a c t i c e  f o r  f o u n d a t i o n   i n v e s t i g a t i o n s .   S a m p l i n g   s h o u l d   b e  
on a s e m i - c o n t i n u o u s   b a s i s   u s i n g  coring, S h e l b y   t u b e s   o r   p e n e t r a t i o n  
s a m p l i n g   d e v i c e s .  

4 .  F i e l d  O p e r a t i o n s  

a )  C o n s u l t a n t   R e s p o n s i b i l i t y  

The c o n s u l t a n t   w i l l  be r e s p o n s i b l e   f o r   a l l   a s p e c t s  o f  t h e   f i e l d   o p e r a t i o n s  
i n c l u d i n g   m o b i l i z a t i o n   o f   e q u i p m e n t   a n d   c a m p s ,   s t a f f i n g  a n d  o p e r a t i o n a l  
s u p p c s r t .  A n t i c i p a t e d   e q u i p m e n t   r e q u i r e m e n t s   w i l l   i n c l u d e  two t r a c k   m o u n t e d  
d r i l l i n g   r i g s ,  a t  l ea s t   one   o f   wh ich   mus t   be   capab le  o f  d r i l l i n g   r o c k ,  
d o z e r  s u p p o r t  f o r  c l e a r i n g   a c c e s s  t o  borrow p i t s ,   g r o u n d   t r a n s p o r t   v e h i c l e s  
f o r   c r e w s  camp t r a i l e r s  a n d   f u e l   s l o o p s .  Camps must  be  mobile a n d  
e i t h e r   t r a c k   m o u n t e d  o r  s l e d  m o u n t e d  f o r   t r a v e l  on t h e   c l e a r e d   h i g h w a y  
c e n t r e l i n e .   F i e l d   l a b o r a t o r i e s  may b e   u t i l i z e d   h o w e v e r   t h e   b e n e f i t s   o f  
o n - s i t e   t e s t i n g  a n d  t h e   i n h e r e n t   c o s t s  o f  a f i e l d  l a b  a n d   m a i n t a i n i n g  
t e c h n i c i a n s  i n  t h e   f i e l d   s h o u l d   b e - b a l a n c e d   a g a i n s t   t h e   c o s t   a n d   d i s -  
a d v a n t a g e s   e n v i s a g e d   i n   s h i p p i n g   s a m p l e s   ' s o u t h '  f o r  t e s t i n g .   S u p p o r t  
fo r  field c r e w s   s h o u l d  be s u p p l i e d  i n  t h e  most e c o n o m i c a l   m e a n s   a v a i l a b l e .  

T h e  c o n s u i t a n t   s h o u l d   e n d e a v o u r  t o  employ  r e s i d e n t s  o f  t h e  N.V.7. whenever  
p o s s i b l e ,   s u b j e c t  t o  t h e   a v a i l a b i l i t y  o f  t h e   s k i l l s   r e q u i r e d .  A l l  empioy-  
rnent  of l o c a l   s t a f f   m u s t  be t h r o u g h  t h e  Canada  Manpower C e n t r e s   a t  F t .  
Simpson o r   I n u v i k .  

b )  D e p a r t m e n t a l   A c t i v i t i e s .  

T h e  Depar tmen t  w i l l  commence c e n t r e l i n e   c l e a r i n g   o f   t h e   r o u t e   b y   m e a n s   o f  
d o z e r s  and mobile   camps o n  November 1 ,  1972 a n d  a c c e s s   w i t h   t r a c k e d  
v e h i c l e s   w i l l  be p o s s i b l e   t h e r e a f t e r .   C e n t r e l i n e   c l e a r i n g   w i l l   b e g i n   a t  
3 l o c a t i o n s  - t h e   s t a r t i n g   m i l e a g e s ,   d i r e c t i o n  o f  work  a n d  c l e a r i n g  
c o n t r a c t o r s   a r e   o u t l i n e d   b e l o w .  The p r o g r e s s   r a t e   f o r   c l e a r i n g  i s  
e s t i m a t e d   a t   a p p r o x i m a t e l y  2 m i l e s  p e r  day a n d  g e o t e c h n i c a l   c o n s u l t a n t s  
can  p l a n   f i e l d   o p e r a t i o n s   a c c o r d i n g l y .  No d o z e r   a s s i s t a n c e   w i l l   b e  
p r o v i d e d  by t h e   D e p a r t m e n t  f o r  t h e  b o r r o w  p i t  c l e a r i n g .  
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Cont rac to r   Equ ipmen t  Work S c h e d u l e  

R o b e r t  R e a s o n   C o n t r a c t i n g  2 - D-7 D o z e r s   S t a r t  a t  Mackenzie   River  
C r o s s i n g - M i l e   3 4 6 - a n d  w o r k  

. n o r t h  t o  Mi le  4 7 0 .  

D a l l a s   C o n t r a c t i n g  2 - D-8 Dozers S t a r t   a t  F t .  Fiorman'-Mi l e 
584-and   work   south  t o  Mile 
470. 

Carl  M u e l l e r   C o n t r a c t i n g  1 -'D-7 D o z e r   S t a r t   a t  F t .  Good Hope-Mile  
1 -;D-8 Dozer  725-and  work s o u t h  t o  F t .  

Norman-Mi l e 6 0 4 .  

T h e   D e p a r t m e n t  wi l l  e s t a b l i s h  a n d  m a i n t a i n  camps a t  F t .  S i m p s o n  ( M i l e  2 9 7 ) ,  
Willow Lake  R i v e r   ( M i l e  3 9 5 ) ,  Blackwater   River  (mile 4 9 2 ) ,  I\!orman 'Ae? l s  
( M i l e   6 3 0 ) ,   a n d  F t .  Good Hope (Mi le  7 2 0 ) .  With t h e   e x c e p t i o n  o f  F t .  
S i m p s o n ,   t h e   c a m p s   w i l l   b e   s t a f f e d  w i t h  on ly  a s k e l e t o n   c r e w  d u r i n g  t h e  
w i n t e r  m o n t h s ,  h o w e v e r   c o n s u l t a n t s  may u t i l i z e   t h e  camps a s   s t a g i n g   a r e a  
a n d  may make  use o f  t h e   a c c o m m o d a t i o n   f a c i l i t i e s   a v a i l a b l e   a t   a n y t i m e  
d u r i n g  t h e i r   f i e l d   o p e r a t i o n s .  F o o d  s u p p l i e s  a t  the  camps w i l l  b e  m i n i m a l  
a n d  c o n s u l t a n t s   w i l l  b e  e x p e c t e d  t o  p r o v i d e   t h e i r  own r e s o u r c e s  i n  t h i s  
r e g a r d .  

c )  Land Use R e g u l a t i o n s  

Al l  c o n s u l t a n t   f i e l d   o p e r a t i o n s   m u s t   c o m p l y   w i t h   T e r r i t o r i a l  Land Use 

of way must be approved by an addition al permit or by a n   e x t e n s i o n  n to the 

e x t e n t  o f  movement i n t o  v i r g i n   t e r r a i n .   T h e r e f o r e  the consultant s h a l l  

R e g u l a t i o n s .  The d e p a r t m e n t   w i l l  o b t a i n  a General  L a n d  Use P e r m i t   f o r  
o p e r a t i o n s  o n  t h e  r o u t ?  r i gh t -o f -way ,   however  al l movement of f  the r i g h t -  

g eneral permit. In o r d e r   f o r   t h e   D e p a r t m e n t  t o  o b t a i n  a permi t f o r  
e x p l o r a t i o n  o f f  t h e   r i g h t - o f - w a y  i t  w i l l  be   necessa ry  t o  i n d i c a t e   t h e  

p r e - s e l e c t   p o t e n t i a l   b o r r o w   s o u r c e s .   f r o m  air photo s t u d y  a n d   r o u t e  
r e c o n n a i s s a n c e  a n d  s u b m i t  a mosaic outlining these tentative exploration 
areas t o  t h e   D e p a r t m e n t   p r l o r   t o   t h e   s t a r t   o f   f i e l d   o p e r a t i o n s .  S i n c e  a n y  
r e q u e s t   f o r  a l a n d   u s e   p e r m i t   r e q u i r e s   a p p r o x i m a t e l y  l month f o r   a p p r o v a l ,  
t h e s e  mosa ic s  s h o u l d  be available as  q u i c k l y  as  possible t o  a v o i d  any 
d e l a y  in f i e l d   o p e r a t i o n s .  Any s p e c i f i c   q u e r i e s   r e g a r d i n g  Land Use 
R e g u l a t i o n s   d u r i n g   f i e l d   o p e r a t i o n s   s h o u l d   b e   d i r e c t e d   t o :  

Mr. D: J .  Gee,   Regional  M a n a g e r ,  Water ,  F o r e s t s  & Land 

. Y e l l o w k n i f e ,  N . W . T .  
Depar tment  o f  I n d i a n   A f f a i r s  a n d  Nor thern   Development ,  

5. A v a i l a b l e   R o u t e   I n f o r m a t i o n  

The  Department  has a s s e m b l e d   e x i s t i n g   t e r r a i n  m a p p i n g  a n d  b o r e h o l e   d a t a  
a l o n g   t h e   g e n e r a l   r o u t e   c o r r i d o r  t o  r o u g h l y  Mile 6 6 0 ,  and t h i s  d a t a  i s  
a v a i l a b l e   t o   c o n s u l t a n t s .  I n  a d d i t i o n ,  two s e t s  o f   a i r p h o t o s  ( 1 0 0 0  a n d  

t h e  R e g i o n a l   O f f i c e  i n  Edmonton,  Copies o f  t h e   a i r p h o t o s   w i l l  be made 
a v a i l a b l e  t o  t h e   c o n s u l t a n t s  a s  s o o n  a s  p o s s i b l e .  

3000 f e e t  t o  t h e  inch   f l own   i n  surnmer 1 9 7 2 )  a r e   a v a i l a b l e   f o r   s t u d y  i n  
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6. S c h e d u l e s  
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N a r r a t i v e   r e p o r t s   o u t l i n i n g   t h e   p r o g r e s s  of t h e '   i n v e s t i g a t i o n s  should be 
submitted t o   t h e   D e p a r t m e n t  on a b i - w e e k l y   b a s i s ,   a n d   v e r y   p r e l i m i n a r y  
t e c h n i c a l   r e p o r t s   c o n s i s t i n g  primarily of borehole l o g s  s h o u l d  be 
p r o v i d e d   a t   t h e  same t i m e .   F i n a l   r e p o r t s  o n  t h e   c e n t r e l i n e ,   b o r r o w  p i t  
and p r o b l e m   a r e a   i n v e s t i g a t i o n s ,   i n c l u d i n g   l a b o r a t o r y   t e s t i n g   a n d   r e c o m m e n -  
d a t i o n s ,   s h a l l  be s u b m i t t e d  by A p r i l  30 ,  1973.  F o u n d a t i o n   r e p o r t i n g  
on b r i d g e  s i t e s   . s h o u l d  be c o - o r d i n a t e d   t h r o u g h   t h e   b r i d g e   c o n s u l t a n t s ,  

' however ,  i t  i s  a n t i c i p a t e d  a f i n a l   r e p o r t  on a n y   b r i d g e   s i t e   s h o u l d  be 
a v a i l a b l e  w i t h i n  5 weeks a f t e r   c o m p l e t i o n  o f  t h e  f i e l d  work a t  t h e   b r i d g e  
s i t e .  

.. 
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EXPLANATION O F  TERMS AND SYMBOLS 

USED ON TEST HOLE LOG SHEETS 

Depth 

This  column refers t o  t h e  d e p t h  below t h e   g r o u n d  

s u r f a c e   i n   f e e t .  

Sample Number' 
" 

Tube  and  core   samples  were numbered   consecut ive ly  

from t h e  surface. Grab samples were not   numbered.  

T h i s   c o l u m n   i n d i c a t e s   t h e   d e p t h   i n t e r v a l  

a n d   c o n d i t i o n  of each   s ample   a t t empted .   Und i s tu rbed  

s a m p l e s   i n   t h i s   p r o g r a m  were o b t a i n e d   w i t h   S h e l b y   t u b e s  

of 1 8  i n c h e s   l e n g t h   a n d  3 i n c h e s   d i a m e t e r ,   m a n u f a c t u r e d  

from 11 gauge s t e e l ,  o r  by c o r e   d r i l l i n g .   C o r e s  were 

of 2.85  i n c h   d i a m e t e r   a n d   u p   t o  3 6  i n c h e s   l o n g .  

D i s tu rbed   s amples  were ob ta ined   f rom t h e  

r e t u r n e d   c u t t i n g s .  

T i n d i c a t e s   t u b e   s a m p l e  

C i n d i c a t e s   c o r e   s a m p l e  

i n d i c a t e s   l a r g e   g r a b   s a m p l e  

Note:   Grab  samples   taken for water c o n t e n t   a n d   v i s u a l  

e x a m i n a t i o n  are n o t   i n d i c a t e d   i n   t h i s   c o l u m n .  

Pe rcen t   Recove ry  

This   co lumn  shows  the   l ength   o f   sample   recovered  

as a p e r c e n t a g e  of t h e   l e n g t h   a t t e m p t e d .  1 0 0 %  r e c o v e r y  i s  

n o t   i n d i c a t e d   a n d  may be  assumed  where  no  value i s  shown. 
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P e n e t r a t i o n   R e s i s t a n c e  

N o  s t a n d a r d   p e n e t r a t i o n  tes ts  were performed 

dur ing   t h i s   p rog ram.  

Soil Symbol 

The soil symbols  used are e x p l a i n e d   i n   f u l l  

on page 5 of t h i s   a p p e n d i x .  

S o i l  Desc r ip t ion  

S o i l s   o f   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  

a r e   g r o u p e d   g e n e r i c a l l y   f o r  ease of r e f e r e n c e .  The system 

used i s  the   Modif ied   Uni f ied   Class i f ica t ion   Sys tem  for  

S o i l s  

Frozen  Ground 

The depth   in te rva ls   over   which   f rozen   and   unf rozen  

ground were encoun te red   a r e   i nd ica t ed  by F and UF r e s p e c t i v e l y .  

No a t t empt  was made t o   d i f f e r e n t i a t e   b e t w e e n   s e a s o n a l  

f r o s t   a n d   p e r m a f r o s t .  

Ice Desc r ip t ion  -_- 

The ice  c o n t e n t   o f   p e r m a f r o s t   s o i l s   h a s   b e e n  

c l a s s i f i e d   a c c o r d i n g   t o  t h e  National  Research  Council  

Sys t em  fo r   desc r ib ing  pe rmaf ros t .  A b r i e f   r e v i e w  of t h e  

n o   e n t r y  i s  made, t h e   t y p e  was not   recorded  i n  t h e   f i e l d .  

The  amount of  ice c o n t a i n e d   i n  a s o i l  sample 

was e s t i m a t e d  i n  t h e   f i e l d   l a b o r a t o r y  by i n s p e c t i o n .  T h e  

v a l u e   a r r i v e d   a t  by t h e   l a b o r a t o r y   t e c h n i c i a n   h a s   b e e n  

l e f t  unchanged. 
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Water C o n t e n t  

T h e   n a t u r a l  water c o n t e n t  of t h e   s o i l  a t  t h e  

t i m e  o f   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   o n   t h e   c h a r t  

a t  t h e   r i g h t   h a n d  side of t h e   l o g .  The water c o n t e n t ,  

which i s  i n d i c a t e d  by a c i r c l e ,  i s  e x p r e s s e d  as a p e r -  

c e n t a g e  of t h e   d r y   w e i g h t  of t h e   s o i l .  I t  will be   obse rved  

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

the   co lumn a t  t h e   r i g h t   o f   t h e   c h a r t  by f i g u r e s .  

Volume o f  Ice 

The t o t a l  volume of i c e  i n   u n d i s t u r b e d   s a m p l e s  

i s  i n d i c a t e d  on t h e  same c h a r t  as water con ten t s .   The  

v a l u e  i s  i n d i c a t e d  by a t r i a n g l e .   T h i s   v o l u m e  i s  t h e  

t o t a l  volume of i ce  i n  an  Und i s tu rbed   s ample   and   i nc ludes  

i n t e r s t i c i a l  ice ,  as well as e x c e s s  i c e ,  and i s  expressed.  

as a p e r c e n t a g e   o f   t h e   t o t a l   v o l u m e  of t h e   s a m p l e .  

G r a i n   S i z e   A n a l y s i s  

T h e   p r o p o r t i o n s  of  c l a y ,  s i l t ,  sand   and   g rave l  

i n  a sample   a r e   summar ized .   Gra in   s i ze   cu rves   fo r   each  

sample so  a n a l y z e d  are  o n   s e p a r a t e   s h e e t s .  

Wet D e n s i t y  

The wet i n   s i t u   d e n s i t y  of u n d i s t u r b e d   s a m p l e s  

i s  t h e  t o t a l   w e i g h t  of t h e   s a m p l e   i n   p o u n d s   ( i n c l u d i n g  ice  

and  water) d i v i d e d  by t h e  volume of t h e   s a m p l e   i n   c u b i c  f ee t .  
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Dry   Dens i ty  

The d r y   i n   s i t u   d e n s i t y   o f   u n d i s t u r b e d  samples 

is  t h e   w e i g h t  of d r y  s o i l  d iv ided   by   t he   vo lume  of t h e  

s a m p l e   i n   c u b i c  feet .  

At te rberg  L i m i t s  

The p l a s t i c   a n d   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   b y  a h o r i z o n t a l   b a r .  The A t t e r b e r g  

s y s t e m  is d i s c u s s e d   i n   t h e   f o l l o w i n g   s e c t i o n .  

NOTES ON ATTERBERG LIMITS 

S o i l s  wh ich   posses s  a s i g n i f i c a n t   f r a c t i o n  

of c l a y   c a n   e x i s t   i n   l i q u i d ,   p l a s t i c   o r   s o l i d  s ta tes  a c c o r d i n g  

t o  t h e  water c o n t e n t .  Where t h e  water c o n t e n t  i s  v e r y  

h i g h ,  so  t h a t   t h e  s o i l  i s  i n   t h e  form of a s l u r r y ,   t h e  

soil behaves  as a. l i q u i d .   I f   t h e  water c o n t e n t  i s  r educed ,  

f o r  example   kh rough   evapora t ion ,   t he   c l ay  will e n t e r   i n t o  

a p l a s t i c  s t a t e .  I f  t h e  water c o n t e n t  i s  r e d u c e d   y e t  

f u r t h e r ,   t h e   c l a y  w i l l  become a s o l i d .  The t r a n s i t i o n  

from one s t a t e  t o  a n o t h e r   o c c u r s   g r a d u a l l y   o v e r  a r a n g e  

of water c o n t e n t .   A t t e r b e r y ,  a Swedish   agronomis t ,   deve loped  

a method f o r   d e l i n e a t i n g   t h e   b o u n d a r i e s   b e t w e e n   t h e   t h r e e  

s t a t e s .  I f  h i s  method i s  u s e d ,   t h e  water c o n t e n t   w h i c h  

m a r k s   t h e   d i v i d i n g   l i n e   b e t w e e n   t h e   p l a s t i c   a n d  l i q u i d  

s t a t e  is  known as t h e   L i q u i d  L i m i t .  These water c o n t e n t s  

are a l l  e x p r e s s e d  as p e r c e n t a g e s   o f   t h e   d r y   w e i g h t   o f  

so i l .  The r ange  of water c o n t e n t   b e t w e e n  the p l a s t i c  
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MODIFIED  UNIFIED  CLASSIFICATION SYSTEM FOR SOILS 

CLEAN  GRAVELS 

DIRTY  GRAVELS 
(WITH SOME FINES) 

CLEAN  SANDS 
(LITTLe OR NO FINES) 

(WITH SOME FINES) 
DIRTY  SANDS 

INORGANIC  CLAYS  OF HIGH PLASTICITY, 
FAT  CLAYS BLUE 

Y 

WL <50% OL I GREEN 
I l l  

I l l  

ORGANIC SILTS AND  ORGANIC SILTY 
CLAYS  OF  LOW  PLASTICITY 

WL >50% OH BLUE ORGANIC  CLAYS  OF HIGH PLASTICITY 
m 

HIGHLY  ORGANIC  SOILS  PEAT AND OTHER HIGHLY  ORGANIC SOILS 

I t  PLASTICITY  CHART 

LABORATORY 
CLASSIFICATION 

CRITERIA 

NOT  MEETING 
ABOVE  REQUIREMENTS 

ABOVE ”A” LINE 

ABOVE  REQUIREMENTS 
NOT  MEETING 

CLASSIFICATION 
IS BASED  UPON 

PLASTICITY  CHART 
(see below) 

WHENEVER  THE  NATURE  OF  THE FINE 
CONTENT  HAS  NOT  BEEN  DETERMINED, 
IT IS DESIGNATED BY THE LETTER “F”, E.G. 
SF IS A MIXTURE  OF  SAND  WITH SILT OR 
CLAY 

STRONG  COLOR  OR  ODOR, AND OFTEN 
FIBROUS  TEXTURE 

40 

30 

20 

10 
7 
4 

0 10 20 30 40 50 60 70 80 W 
LIQUID  LIMIT i % I  

1.  ALL  SIEVE  SIZES  MENTIONED ON THIS  CHART  ARE US. STANDARD,  A.S.T.M. 

2. BOUNDARY  CLASSIFICATIONS  POSSESSING  CHARACTERISTICS OF TWO 
GROUPS  ARE GIVEN COMBINED  GROUP  SYMBOLS.  E.G.  GW-GC IS A WELL 
GRADED  GRAVEL  SAND  MIXTURE  WITH  CLAY  BINDER  BETWEEN 54: AND 
1 2 % 

E.ll. 
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and l i q u i d  l i m i t  i s  known as t h e   p l a s t i c   r a n g e   a n d   t h e '  

numer i ca l   d i f f e rence   be tween   t he   l i qu id  and p l a s t i c  limits 

i s  c a l l e d   t h e   P l a s t i c i t y   I n d e x .  

I t  w i l l  b e   a p p r e c i a t e d   t h a t  where t h e   n a t u r a l  

water c o n t e n t  i s  i n  excess of  t h e  l i q u i d  l i m i t ,  t h e   s o i l  

mass w i l l  be  most  unstable  and will r e a d i l y  flow i n t o  

excava t ions  or t renches .   Such   cons idera t ions  will not 

apply  where t h e  s o i l  mass i s  kep t   f rozen .  However, i n  

c a s e s   w h e r e   t h e   f r o z e n   s o i l  i s  a l lowed  to   thaw,  the r e l a t i o n s h i p  

be tween   t he   na tu ra l   wa te r   con ten t  and l i q u i d  l i m i t  becomes 

c r i t i c a l .  

On page 5 t h e r e  i s  a char t   showing t h e  r e l a t i o n -  

s h i p  b e t w e e n   t h e   P l a s t i c i t y  Index, t he   L iqu id  L i m i t  and 

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

The   At te rberg  L i m i t  s y s t e m  i s  e x t r e m e l y   u s e f u l   f o r   i d e n t i f y i n g  

a n d   c l a s s i f y i n g   s o i l s .  

NOTES ON THE RADFORTH SYSTEM 

FOR CLASSiFYING PEAT 

The R a d f o r t h   c l a s s i f i c a t i o n   s y s t e m   f o r   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 )  i s  a method f o r   c l a s s i f y i n g   t h e  

three   e lements   o f   vege ta t ion ,   topography  and   organic   sur face  

cover u s i n g  l e t t e r  and figure  symbols.   Height  and  type 

of v e g e t a t i o n  i s  d e s c r i b e d  by u s i n g   c a p i t a l  l e t t e r s  ( A  

th rough I ) .  Topography i s  desc r ibed  by u s i n g  lower c a s e  

l e t te rs  (a   through  p)   Organic   cover   type if d e s c r i b e d  

b y   u s i n g   f i g u r e s  (1 through 1 6 )  
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Table I o u t l i n e s   t h e s e  symbols and t h e  

peat s t r u c t u r e  and t y p e   r e p r e s e n t e d   b y   t h e m .  A comple t e  

d e s c r i p t i o n  of t h e   R a d f o r t h  s y s t e m  is c o n t a i n e d   i n   " G u i d e  

t o  a F i e l d   D e s c r i p t i o n   o f  Muskeg" p u b l i s h e d  by N a t i o n a l  

R e s e a r c h   C o u n c i l ,  Ottawa, from  which has been   copied  Table 

I. 

. 
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TABLE I 

SUBSURFACE CONSTITUTION 

Predominant 
C h a r a c t e r i s t i c   C a t e g o r y  N a m e  

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 f i n e   f i b r e s  

4 .  Amorphous-granular   peat   containing 
woody f i n e   f i b r e s  

5 .  Peat ,  predominantly  amorphous-granular, 
c o n t a i n i n g  non-woody f i n e   f i b r e s  , h e l d  
i n  a woody, f ine   f ib rous   f ramework .  

6 .  Peat,   predominantly  amorphous-granular 
c o n t a i n i n g  woody f i n e   f i b r e s ,   h e l d   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   o f  non-woody, f i n e  
f i b r o u s   p e a t  and  amorphous-granular 
p e a t   c o n t a i n i n g  non-woody f i n e   f i b r e s .  

a .  Non-woody , f i ne - f   i b rous   pea t   con ta in ing  
a mound of c o a r s e   f i b r e 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. 

1 0 .  .Woody p a r t i c l e s   h e l d   i n  a non-woody, 
f i n e - f i b r o u s   p e a t .  

11. Woody and non-woody p a r t i c l e s   h e l d   i n  
f i n e - f i b r o u s   p e a t .  

1 2 .  Woody, coa r se - f   i b rous   pea t .  

13.  Coarse f i b r e s   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 .  

1 4 .  Non-woody and woody f i n e - f i b r o u s   p e a t  
h e l d  in 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  fibres. 

1 6 .  Woody, c o a r s e - f i b r o u s   p e a t   c o n t a i n i n g  
s c a t t e r e d  woody c h u n k s .  
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SYSTEM FOR D E S C R I B I N G  PERMAFROST 

Ground ice  occurs i n   t h r e e   c o n d i t i o n s .  N o r i -  

v i s i b l e ,   v i s i b l e   ( b u t  less t h a n   o n e   i n c h   i n   t h i c k n e s s )  

and clear ice. 'Non-vis ib le  i ce  i s  des igna ted  N w i t h  an 

added   su f f ix .  of one o r  t w o  lower case l e t t e r s .  V i s i b l e  

ice i s  des igna ted  V wi th   an   added   suf f ix  of one lower 

case l e t t e r .  Clear ice is des igna ted  I C E  w i t h  notes  on 

ice  type .  

TABLE I V  

Symbol 

N f  

Nbn 

Nb e 

Desc r ip t ion  

Non-visible i ce ,  f rozen  so i l  i n  
f r i a b l e   c o n d i t i o n .  

Non-visible i ce ,  f rozen  s o i l  w e l l  
bonded,  no  excess ice .  

Non-visible i ce ,  f rozen  s o i l  well 
bonded, excess ice revea led  on 
melting  sample.  

vx V i s i b l e  ice  c r y s t a l s .  

vc 

Vr 

Ice c o a t i n g s  on s o i l  p a r t i c l e s .  

Ice f o r m a t i o n s   i r r e g u l a r l y  
o r i e n t a t e d .  

vs S t r a t i f i e d  ice l e n s e s .  

I C E  C lea r  i ce  ove r   one   i nch   i n   t h i ckness .  

I C E  + soil Ice over   one   inch   th ick  w i t h  s o i l  
i n c l u s i o n s .  

A comple t e   desc r ip t ion   o f   t h i s   sys t em i s  conta ined  

i n  "Guide t o  a F i e l d   D e s c r i p t i o n  of Permafros t"   publ i shed  

by National  Research C o u n c i l ,  Ottawa. 
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