


ISSUE #39 

m Underwood McLellan & Associates Limited 

2106-032-45 
J u n e  28, 1973 

Government of Canada 
Department. of P u b l i c  Works 
P.O. Box 488 
EDMONTON, Alber ta  T5J 2K1 

Attent ion:  M r .  F.  E. Kimball 
P r o j e c t  Manager-Mackenzie Highway 

Dear Sir: 

Re: Proposed  Mackenzie Highway 

Attached please f ind   ou r   r epor t  on the   geo techn ica l   i nves t i -  
gation from Mile 450 to 550 of the proposed  Mackenzie Highway. 

Th i s  r e p o r t  i n c l u d e s  detailed recommendations on g rade l ine  
revisions,   borrow p i t  se lect ion and  problem areas. Test hole  
logs and test hole l oca t ion  mosaics have been incorpora ted  i n  
s e p a r a t e  volumes. 

If you have any ques t ions  concerning the contents of t h i s  
r e p o r t ,  w e  would be p l e a s e d   t o  discuss them w i t h  you, a t  your 
convenience. 

Yours v e r y  truly, 
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I INTRODUCTION 

(a)  Authorization 

Authorization  to  proceed  with  the  geotechnical  in- 

vestigation of Mile 450  - 550  of the  proposed 

Mackenzie  Highway  was  received by  letter  dated 

August, 1972, from  Mr. J. A. Brown,  the  Regional 

Director,  Western  Region,  Department of Public 

Works.  The  investigation  was  under  the  direction 

of Mr. F. E. Kimball,  Project  Manager, N.W.T. 

Highways. 

(b) Terms of Reference 

The  consultant was directed to undertake  a  com- 

plete  soil  survey  along  the  length of the  desig- 

nated  section  of  the  proposed  Mackenzie  Highway, 

Mile 450 to 5 5 0  during  the  winter  (November to 

April) of 1972/73. The  limits of this  section 

are  approximately as follows: 

Section - Mile 450 to  Mile 5 5 0  - Begins  just 
south of the  Ochre  River to just  north of 

Big  Smith  Creek. 

The  geotechnical  consultant  was  to  be  responsible 

for  three  basic  areas of investigation - 
‘ 

- to locate  and  identify  potential  problem  areas, 
along  the  proposed  route  and  to  recommend 

1. 



s o l u t i o n s   i n   g e n e r a l  terms - i .e.  embankment s t a -  

b i l i t y ,  embankment se t t l emen t ,   backs lope  s t a b i l i t y  

i n   c u t s ,  e tc .  

- t o  loca te ,   eva lua te   and  recommend s u i t a b l e  embank- 

ment borrow areas a long  t h e  r o u t e   w i t h i n  a two 

mile corridor c e n t e r e d   o n   t h e   r o u t e .  

- to  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  a t  p r e s e l e c t e d  

b r i d g e  si tes and t o  make b r idge   founda t ion  recom- 

mendations;  and t o  i n v e s t i g a t e   p r e s e l e c t e d   a p p r o a c h e s  

t o  major s t r eam  c ros s ings ,   i den t i fy   p rob lem  a reas  

and t o  recommend g e n e r a l   s o l u t i o n s .  

I n   o r d e r   t o  comply  with the Terr i tor ia l  Land U s e  

Regu la t ions ,  a l l  f i e l d  o p e r a t i o n s  were t o  be com- 

p l e t e d   d u r i n g   t h e   w i n t e r   m o n t h s  commencing  no 

ear l ier  than  November 1, 1972. 

The Department of Pub l i c  Works was to  commence c e n t r e -  

l i n e   c l e a r i n g  of t h e   r o u t e  by  means of c a t e r p i l l a r  

t r a c t o r  on November 1, 1 9 7 2 ,  and access by t r a c k e d  

v e h i c l e s   w o u l d   b e   p o s s i b l e   o n   c e n t r e l i n e   a f t e r  tha t  

d a t e .  Prior t o  November 1, 1 9 7 2 ,  p re l imina ry   su rveys  

(a l ignment   and   leve ls )  were e s t a b l i s h e d   o n   t h e   g r o u n d  

by  hand c u t   l i n e s .  

The c o n s u l t a n t  was r e s p o n s i b l e  f o r  all 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   i n c l u d i n g   m o b i l i z a t i o n  of equip-  

ment  and  camps  and o p e r a t i o n a l   s u p p o r t .  It  was 

2. 



e x p e c t e d   t h a t   f i e l d   d r i l l i n g  crews would  have  mobile 

s e l f - s u s t a i n i n g  camps  and  would  be  supported as re- 

q u i r e d  by t h e  most economical   means  avai lable .  

(c) Study Area 

As p r e v i o u s l y   o u t l i n e d   t h e   s t u d y  area w a s  d e s i g n a t e d  

a s  Mile 450 - 550 of t h e  Mackenzie Highway.  However, 

by l e t t e r  da ted   January  30, 1973 ,   t he   s tudy  area w a s  

r e v i s e d   s u c h   t h a t   t h e   n o r t h e r n  l i m i t  was changed t o  

Big  Smith Creek  a t  approximately Mile 544. The fol- 

lowing l i s t  summar izes   the   r iver   c ross ings   which  re- 

qui red   foundat ion   inves t iga t ions   and   which   have   been  

completed by sepa ra t e   r epor t   submiss ions :  

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8.  

9. 

Mile 455.0 

Mile 4 6 0 . 0  

Mile 4 7 1 . 6  

Mile 491 .7  

Mile 498.5 

Mile 511.5 

Mile 520.3 

Mile 533.0  

Mile 544.0 

Ochre  River 

Whitesand  Creek 

Rainbow  Creek 

Blackwater  River 

No N a m e  Creek 

Steep  Creek 

S a l i n e  River 

L i t t l e  Smith  Creek 

Big  Smith  Creek 

Study  Methodology  and  Report   Preparation 

In   acco rdance   w i th   t he  terms o f   r e f e r e n c e   p r o v i d e d ,  

the   bas ic   s tudy   methodology  emphas ized   ob ta in ing  

maximum r e l e v a n t   f i e l d   d a t a   t h r o u g h  tes t  d r i l l i n g  

3 .  



w i t h i n   t h e  t i m e  a v a i l a b l e  and t h e  cost c o n s t r a i n t s .  

S ince   the   major   cos ts   assoc ia ted  w i t h  t h i s  work are 

i n  t h e  c o l l e c t i o n  of f i e l d   d a t a ,  maximum u t i l i z a t i o n  

of   dr i l l ing  equipment ,   support   equipment ,   por table  

camp f a c i l i t i e s  and   t ranspor ta t ion  f a c i l i t i e s  were 

of  prime  importance. 

In   o rde r  t o  achieve maximum f i e l d   e f f i c i e n c y   t h e  

fo l lowing   pre l iminary   s tud ies  were undertaken: 

1. Review and compi l a t ion   o f   ex i s t ing   da t a ,  

2.  I n t e rp re t a t ion   o f   a i rpho tos   and   p repa ra t ion  

of  mosaics,  

3 .  I d e n t i f i c a t i o n  of borrow  locat ions  f rom  airphotos  

a n d   c e n t r e l i n e   d r i l l  s i tes  from p l a n - p r o f i l e s ,  

4 .  Field  reconnaissance  and,  

5. Review of a l l  e x i s t i n g   t e r r i t o r i a l   r e g u l a t i o n s .  

The g e o t e c h n i c a l   f i e l d   i n v e s t i g a t i o n  commenced Novem- 

ber 1 4 ,  1 9 7 2  and was completed  February 1 9 ,  1973.  

The f ie ld   inves t iga t ion   compr ised   the   fo l lowing  

major  operations:  

1. Cen t re l ine  t e s t  ho le   l oca t ion  from p l a n - p r o f i l e  

and f i e ld   r econna i s sance ,  

2. Borrow p i t  tes t  ho le   l oca t ion  from airphoto  mosaics  

and he l icopter   and   land-vehic le   reconnaissance ,  

3 .  Bul ldozer   c iear ing   for   bor row  p i t   and   cen t re l ine  

t es t  hole access ,  

4 .  



4 .  Drilling  borrow  pit,  centreline  and  structure 

test  holes  with  Mayhew 1000 and  Heli  drills, 

5. Sample  retrieval  primarily  from  air-drilling  and 
penetrometer  sampling, 

6 .  Field  laboratory  sample  testing  and  identification. 

Compilation  and  analysis of all data  collected dur- 

ing  field and  laboratory  operations  was  performed 

in  Calgary  office of Underwood  McLellan  and  Associ- 

ates  Limited.  The  primary  objectives of this  report 

were: 

1. Presentation  of  test  hole  logs,  laboratory  data 

and test  hole  locations. 

2. Detailed  description of borrow  pit  materials  and 

recommended  borrow  pits for development. 

3 .  Discussion and recommendations on proposed  centre- 

line  gradeline  including  details on potential 

thaw-settlement  zones,  major cuts and  fills and 

other  identified  problems. 

I 

5. 



II ENVIRONMENTAL  CONSIDERATIONS 

(a)  Purpose  and  Scope 

I n   a d d i t i o n  t o  t h e  engineering  and  economic  problems 

of constructing  the  Mackenzie  Highway, a n  e s s e n t i a l  

e lement   for   p lanning   and   s tag ing   of   the   h ighway  pro-  

j ec t  i s  a knowledge  of  the  environment.  The purpose 

of t h i s   c h a p t e r  i s  t o  p resen t   env i ronmen ta l   a spec t s  

o b s e r v e d   d u r i n g   t h i s   i n v e s t i g a t i o n   a n d  r e l a t ive  

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

information  and i s  no t   i n t ended  t o  provide  conclu-  

s i o n s  on envi ronmenta l   condi t ions   which   a re   be ing  

s t u d i e d  by o t h e r s .  

(b)  C l i m a t e  

G e n e r a l l y ,   t h e  summers i n   t h e  area are c o o l   w i t h   l o n g  

co ld   win ters .   Tempera ture   condi t ions  of t h e   s t u d y  

area can  be  considered similar t o  t h o s e  a t  the  Wrigley 

a i r s t r i p  (Mile 4 2 7 )  where  the  annual  mean tempera ture  

i s  23’F.*1 The month ly   da i ly  mean tempera ture   aver -  

ages  below O°F f o r   t h e  months of December, January  

and  February  and  exceeds 50°F f o r   J u n e ,   J u l y   a n d  

August.  Wrigley has 73 f r o s t   f r e e   d a y s   w h i c h   o c c u r  

from  June 6 t o  August 1 9 .  The f reez ing   and   thawing  

index are approximately 6500  and 3100 degree   days ,  

r e s p e c t i v e l y   ( P l a t e  11-11. The a v e r a g e   p r e c i p i t a -  

t i o n  fo r  Wrigley  has  been recorded a t  1 3  inches  

*l D e p a r t m e n t  of E n v i r o n m e n t  of C a n a d a ,  
C l i m a t o l o g y   B r a n c h ,   C a l g a r y ,  Alberta. 
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wi th  60 p e r c e n t  i n  the   form  of  r a i n  and 4 0  p e r c e n t  

i n   t h e  form of snow. Thus,   the  average  amount of 

s n o w f a l l   i n   t h e  area would be approximately 50 inches  

per   year .   Average   wind   d i rec t ions   have   been  recorded 

f rom  the   no r th   and   t he  west. 

Climatic d a t a  are i n c l u d e d   i n  Plate II-2 f o r  Fo r t  

Norman n o r t h  of t h e   s t u d y  area and For t  Simpson* 2 

s o u t h   o f   t h e   a r e a .  

(c) Vegeta t ion  

The route   of   the   proposed  highway i s  conf ined   w i th in  

a narrow s t r i p  of t h e   B o r e a l   f o r e s t   w h i c h   r u n s   a d j a -  

c e n t  t o  t h e   M a c k e n z i e   R i v e r ,   t h u s ,   t h e   v e g e t a t i o n  

i s  a mixture  of coni fe rous   and   dec iduous  trees which 

change  according t o  the  topography  and soil c o n d i t i o n s .  

The s i z e   o f  trees v a r y   i n  diameter from  approximately 

3 i nches  t o  24 inches  and  from  approximately 1 5  f e e t  

t o  80  fee t  i n   h e i g h t .  

The s o i l s - v e g e t a t i o n   r e l a t i o n s h i p   a l o n g  t h e  r o u t e  

was s t u d i e d   t o   i d e n t i f y   a n y   o b v i o u s   r e l a t i o n s h i p .  

I n  l o w  l y i n g   p o o r l y   d r a i n e d   a r e a s ,  w i l l o w ,  a l d e r ,  

l a r ch   and   s tun ted   sp ruce  were p r e v a l e n t .  The soil 

i n   t h e s e  areas was a f i n e   g r a i n e d  material wi th  

h igh  ice and  moisture   content   and  sporadic   perma- 

frost  and  varying  depths   of  muskeg were recorded .  

Pure  and  mixed  combinations of p o p l a r ,   b i r c h   a n d  

*2 L. M.  L a v k u l i c h :   A l u r  1 9 7 1 - 7 2 ,  Soils, 
V e g e t a t i o n  a n d   L a n d f o r m s  of t he   For t  
S i m p s o n  A r e a ,  N.W.T., I n d i a n  and 
Nor thern  A f f a i r s .  7. 



spruce  were  found  in  well  drained  areas  containing 

granular  material.  The  granular  material  varied 

in  size  from  a  pea  gravel  to  large  boulders. The 

moisture  contents  were low and  permafrost  and  muskeg 

were  virtually  absent.  Jackpine  stands  were  encoun- 

tered  in  medium  drained  sites  which  contained  a  fine 

granular  soil  with  a  very  limited  amount of organic 

cover. Low  moisture  contents  were  prevalent with 

the  absence of permafrost. 

LOW brush  and  ground  vegetation  could  not  be  identi- 

fied with  the  snow  cover  that  existed  during  the 

investigation. 

(d) Permafrost  and  Muskeg 

Permafrost,  or  perennially  frozen  ground,  is  defined 

exclusively on the  basis of temperature  and  refers 

to the  thermal  condition of the  earth's  crust  mater- 

ials.  Any material  that  remains below 32’F for a 
period of one year  or  longer, is classified  as  per- 

mafrost. 

Canada is divided  into  two  major  zones of permafrost. 

The most northerly  part of the  nation is the  zone of 

continuous  permafrost  (Plate II-31. Immediately  be- 

l o w  this  zone,  lies  the  second  zone of discontinu- 

ous permafrost. , The 23’F (-5’C) isotherm of mean 

annual  ground  temperature  was  chosen  arbitrarily by 

the  Russians to be  the  division  between  the  zones 

8 .  



of  continuous  and  discontinuous  permafrost.  This 

c r i t e r i a   h a s  been  adopted  and  retained  in  North 

America. 

The s e c t i o n  of t h e  proposed  Mackenzie  Highway, Mile 

450  t o  545 l i e s  within  the  discont inuous  zone of 

permafrost .  The c h a r a c t e r i s t i c s   o f  t h e  zone a r e  

def ined  by the   occu r rence   o f   t he   pe rmaf ros t   i t s e l f .  

I n   t h e   s o u t h e r n   f r i n g e  of t h e  zone,  permafrost 

occurs i n   s c a t t e r e d   i s l a n d s  which  vary i n  s i z e  from 

a few squa re   f ee t   t o   s eve ra l   ac re s .   O the r   occu r rences  

a r e   a s s o c i a t e d  w i t h  fores t   cover   which   increases  

shading on no r th   s lopes ,  and areas   where snow cover- 

age  has  been  reduced. Northward, permafrost  becomes 

increasingly  widespread,   with  the  occurrence  being 

d i r ec t ly   a s soc ia t ed   w i th   t he   t ype  of t e r ra in .  Perma- 

f r o s t   h a s  been  encountered  from a f e w  i nches   i n   dep th  

a t  t he   sou the rn  l i m i t  of the   d i scont inuous   zone   to  

about 200  feet i n  d e p t h   a t   t h e   s o u t h e r n  l i m i t  of t h e  

continuous zone .  

The c l a s s i f i c a t i o n  of the  permafrost   encountered 

w i t h i n  t h i s   s e c t i o n  of t h e  proposed  Mackenzie Highway, 

was ca tegor ized  i n  accordance w i t h  the   Nat iona l  Re-  

search  C o u n c i l  Technical Memorandum 7 9 .   * 3  A summary 

of t h i s   c l a s s i f i c a t i o n  sys tem i s  included in 
Appendix C .  

Organic   mater ia l ,  or more commonly r e f e r r e d  t o  a s  

*3 J .  A .  P i h l a i n e n   a n d  G .  H. Johns ton :  G u i d e  t o  
a F i e l d  D e s c r i p t i o n  of Permafrost f o r  E n g i n e e r -  
i n g  Purposes. N a t i o n a l  Research C o u n c i l   C a n a d a ,  
A s s o c i a t e  C o m m i t t e e  on S o i l  a n d  S n o w  M e c h a n i c s .  9. 
T e c h n i c a l  M e m o r a n d a m  7 9 .  



muskeg, was encountered a t  numerous l o c a t i o n s   a l o n g  

t h e   i n v e s t i g a t e d   s e c t i o n  and  was  found t o  d e p t h s  as  

g r e a t  as  1 6  f ee t   a l t hough   mos t   depos i t s   ave raged  2 

f e e t   d e e p .  

For t h e   p u r p o s e   o f   t h e   f i e l d   i n v e s t i g a t i o n ,   t h e  

muskeg was c a t e g o r i z e d   i n t o   t h e   t h r e e   g r o u p i n g s ,  

g r a n u l a r ,   f i n e   f i b r o u s  and   coa r se   f i b rous .   Th i s  

s y s t e m   o f   c l a s s i f i c a t i o n  was used   w i th   r e f e rence  t o  

t h e  N.R.C. t e c h n i c a l  memorandum 44*4 which i s  sum- 

marized  in   Appendix C .  

(e)  W i l d l i f e  

The w i l d l i f e   t h a t  was o b s e r v e d   d u r i n g   t h e   f i e l d   i n -  

v e s t i g a t i o n  was r e l a t i v e l y   l i m i t e d   a n d   p r o b a b l y  was 

due t o  h i b e r n a t i o n   a n d   m i g r a t i o n   t h a t   t a k e s   p l a c e  

p r i o r  t o  freeze up. 

Mammals and   b i rds  were encountered by a l l  pe r sonne l  

d u r i n g   t h e i r   r e s p e c t i v e   d u t i e s   o n   t h e   p r o j e c t .  Mam- 

mals c o n s i s t i n g  of moose,   caribou,  t imberwolves,   fox, 

lynx,   snowshoe  rabbi ts ,   mink,  mole and s q u i r r e l  were 

observed by v a r i o u s  members of   the   p ro jec t .   T imber-  

wolves  and  fox were a t t r a c t e d  t o  t h e   c a m p s i t e s   f o r  

s h o r t   p e r i o d s   o f  time and   t he   o the r   an ima l s  were 

noted i n  t h e i r   r e s p e c t i v e   e n v i r o n m e n t s   d u r i n g   v a r i -  

o u s   o p e r a t i o n s  of t h e   g e o t e c h n i c a l   s u r v e y .  

B i r d s   t h a t  were p r e s e n t   d u r i n g   t h e   d u r a t i o n   o f   t h e  

*4 I .  C .  M a c F a r l a n e :  Guide t o  a F i e l d  Des- 
c r i p t i o n  of M u s k e g ,   N a t i o n a l  Research 
C o u n c i l  of C a n a d a ,   A s s o c i a t e   C o m m i t t e e  
"""- 

on S o i l  a n d  Snow M e c h a n i c s .   T e c h n i c a l  
M e m o r a n d u m   4 4 ,   O t t a w a .   1 9 5 8  
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p r o j e c t  were l i m i t e d  t o  t w o  s p e c i e s  - ravens  and 

whiskey-jacks.   Ravens  frequented  the  campsites,  

whi le   the   whiskey- jack  was encountered a t  o t h e r  

l o c a t i o n s   o n   t h e   p r o j e c t .  

F i s h  were not   encountered  a t  any of t h e  stream cross- 

i n g s   d u r i n g   t h 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 .  

Popula t ion  

The popu la t ion  of t h e  area from Mile 450  t o  545 i s  

v i r t u a l l y   n i l .  The Department of Pub l i c  Works 

Engineer ing Camp a t  the  Blackwater   River   with a 

popu la t ion  of 1 0 ,  and a f e w   t r a p p e r s   i n   t h e   a r e a ,  

make up the   popu la t ion   on  a s e a s o n a l   b a s i s .  

The popu la t ion  of s e t t l e m e n t s   i n   t h e   v i c i n i t y  of 

t h e   i n v e s t i g a t e d   s e c t i o n   i n c l u d e : * 5  

Nat ive  Other  
Wrigley (Mile 4 2 7 )  145 30 
F o r t  Norman (Mile 5 8 0 )  275 25 
F o r t  Simpson (Mile 2 9 6 )  300 4 5 0  
Norman Wells (Mile 6 3 0 )  2 0  290 

I 

*5 S e t t l e m e n t s  of t h e   N o r t h w e s t   T e r r i t o r i e s ,  
Descr ip t ions  prepared f o r  t h e  Advisory 
Commission  on  the  Development of Govern- 
ment i n   t h e  N.W.T., O t t a w a ,  1 9 6 6 .  
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III GEOLOGICAL  CONSIDERATIONS AND AIRPHOTO  INTERPRETATION 

( a )  Historical  Geology 

The main   e lements   in   the   phys iography of t h e   s t u d y  

area were probably w e l l  deve loped   before  Pleistocene 

time, a n d   t h e   o v e r a l l   e f f e c t  of g l a c i a t i o n  seems t o  

have  been t o  l e s s e n   t h e   a p p a r e n t   r e l i e f .  

G l a c i a l   f e a t u r e s   i n d i c a t e  t w o  d i r e c t i o n s  of g l a c i a l  

movement a t  approximately S 60° W and N 30° W. The 

s o u t h w e s t e r l y   o r i e n t e d   f e a t u r e s  are b e t t e r   p r e s e r v e d  

s u g g e s t i n g   t h a t   t h e y  were formed l a t e r   t h a n   t h e  

n o r t h w e s t e r l y   s t r i k i n g   f e a t u r e s .  

All g l a c i a l   f e a t u r e s   a n d   d e p o s i t s   i n   t h e  area are 

t h e   r e s u l t   o f   t h e   L a u r e n t i d e   i c e - s h e e t   w h i c h   c r o s s e d  

t h e  area and   pene t r a t ed   t he   moun ta ins  t o  t h e  west. 

D u r i n g   d e g l a c i a t i o n ,   t h e  i ce  flowed t o   t h e   n o r t h w e s t  

f rom  the  east  and w e s t  h i g h l a n d s   d e p o s i t i n g  mater ia l  

b rough t   f rom  g rea t   d i s t ances  by g l a c i a l   a c t i o n   a n d  

subsequen t ly   r edepos i t ed  it by f l u v i a l   a c t i o n .  Later 

southwester ly   or iented  ice-movements  a t  t he   marg in  

o f   t h e   L a u r e n t i d e   i c e - s h e e t   r e s u l t e d   i n   a d d i t i o n a l  

g l a c i a l - f l u v i a l   d e p o s i t s   o v e r   t h e   a r e a .  

(b) Topography 

I n  t h e   s t u d y   a r e a ,   t h e   M a c k e n z i e  r iver  v a l l e y  par- 

a l l e l s  the   Frankl in   Mounta in  Range  which  has  peaks 
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up t o  5 0 0 0  f e e t   a b o v e  sea l e v e l .  

The f l o o r   o f  t h e  v a l l e y  i s  r e l a t i v e l y   f l a t   t o   g e n t l y  

s lop ing   t owards   t he   r i ve r   and  is  d i s s e c t e d  i n  numer- 

ous  places   by  deep,   V-shaped  drainage  courses .  Topo- 

g r a p h i c   h i g h s   o n   t h e   f l o o r   o f   t h e   M a c k e n z i e   r i v e r  

v a l l e y  are gene ra l ly   bed rock   con t ro l l ed .  They are 

well de f ined   f ea tu re s ,   bounded   i n   mos t   p l aces   by  

s t e e p   s c a r p s .  

The banks  of  the  Mackenzie  River are g e n e r a l l y   v e r y  

s t e e p ,   a n d   s t a n d   a s   h i g h  as  2 0 0  f e e t   a b o v e   r i v e r  

w a t e r   l e v e l .  

(c)  S u r f   i c i a l  Geology 

(1) Glac ia l   Depos i t s  

The s tudy  area is  e n t i r e l y   c o v e r e d   w i t h  a con- 

t i nuous   and   gene ra l ly   t h i ck   man t l e  of P l e i s t o -  

c e n e  g l a c i a l  till which   ove r l i e s   bed rock .   In  

g e n e r a l ,   t h e  till is stony  and  grey-brown,  and 

i s  s i l t y  t o  c l a y e y   i n   t e x t u r e .  The a r e a   h a s  

the   t yp ica l   undu la t ing   t opography   o f   g round  

moraine. Re l i e f  i s  g e n e r a l l y  less t h a n  1 0  

fee t   except   where   the   g round  mora ine   sur face  

i s  i n t e r r u p t e d  by o t h e r   g l a c i a l   f e a t u r e s   s u c h  

as g l a c i a l   o u t w a s h   d e p o s i t s .  

Poor d r a i n a g e   h a s   r e s u l t e d  in l a r g e   a r e a s  of 
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swamp and  muskeg. The t h i c k n e s s   o f   t h e   o r g a n i c  

cover   var ies   be tween 0 t o  1 8  f e e t   b u t  most de- 

p o s i t s  are  less t h a n  5 f e e t   i n   d e p t h .  

G lac i a l -F luv ia l   Depos i t s  

D e p o s i t s   o f   g l a c i a l - f l u v i a l   o r i g i n  are f a i r l y  

common i n   t h e   s t u d y  area. Sand  and  gravel,  

gene ra l ly   bou lde ry ,   fo rm  the   e ske r s   and   ou t -  

wash d e p o s i t s .  

Bra ided   eskers  were found a t  approximately 

Mile 529, 4 miles eas t  of the  proposed  highway 

c e n t r e l i n e .  They a r e   o r i e n t e d  on an  east-west 

d i r e c t i o n   a n d  composed of  well-washed  ice-con- 

t a c t  s t r a t i f i e d   d r i f t ,   c h i e f l y   s a n d   a n d   g r a v e l .  

They were depos i t ed  by s u b g l a c i a l  meltwaters 

f l o w i n g   i n   t u n n e l s  n e a r  t h e  bot tom  of   the 

g l a c i e r  ice.  

R e l a t i v e l y   l a r g e   o u t w a s h   d e p o s i t s  are common 

i n   t h e   s t u d y  area. They a r e   b o d i e s  of s t ra t i -  

f i e d   d r i f t  t h a t  were washed o u t  and   depos i ted  

by meltwater   s t reams  issuing  f rom  and  discharg-  

i n g   b e y o n d   a c t i v e   P l e i s t o c e n e   g l a c i e r  ice .  

Coar se   g ranu la r s  were d e p o s i t e d   c l o s e s t  t o  t h e  

glacier margin  and  these  grade  downstream  into 

more extens ive   a reas   o f   sand .   Such   bodies  were 

i d e n t i f i e d  a t  t h e  B lackwa te r  River ,   f rom Mile 

4 9 8  t o  Mile 504, a t  Mile 509 a n d   f i n a l l y  a t  
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Mile 533. Most of t h e   d e p o s i t s  of t h i s   t y p e  

have   been   te r raced   and   e roded   by   pos tg lac ia l  

stream act ions.  

( 3 )  A l l u v i a l   D e p o s i t s  

I n  small a reas   a long   t he   Mackenz ie   and   o the r  

ma jo r   r i ve r s ,   depos i t s   o f   s and   and  s i l t  are  

found w e l l  a b o v e   t h e   p r e s e n t   f l o o d   p l a i n  of 

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

t h a t   p r e d a t e   t h e   p r e s e n t   r e g i m e n s   o f   t h e  

streams. Eleva ted  s i l t  terraces  a l o n g   t h e  

Mackenzie   River   are  a good  example. 

( 4 )  Lacus t r ine   Depos i t s  

There i s  no   ev idence   o f   widespread   lacus t r ine  

a c t i o n   i n  t h e  s tudy  area. L a c u s t r i n e   d e p o s i t s  

c o n s i s t   m a i n l y   o f   t h i n  lake bottom s i l t s  and 

c l ays   wh ich   fo rmed   f rom  ma te r i a l s   r a f t ed   i n to  

g l ac i e r -marg in   l akes  by i c e b e r g s .  They resemble 

t h e   g l a c i a l  till a n d  are o f t e n   d i f f i c u l t  t o  

d i f f e r e n t i a t e .  

(5)  Aeol ian   Depos i t s  

Small  and low s a n d   r i d g e s  were i d e n t i f i e d  a t  

Mile 5 2 6 ,  approximately 5 miles e a s t   o f   t h e  

highway c e n t r e l i n e   a n d  a t  Mile 541,  approxi- 

mately 1 mile e a s t   o f   t h e   h i g h w a y   c e n t r e l i n e .  

The short  r i d g e s  are  o r i e n t e d  t o  t h e   n o r t h e a s t  
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and  the  re l ie f  r a r e l y   e x c e e d s  10 f e e t .  They 

are be l i eved  t o  be  formed  by  outwash  sand t h a t  

has  been  reworked by wind a c t i o n .  

Bedrock  Geology 

The east s ide   o f   the   Mackenzie   River ,   be tween  Mile 

450 and 550 i s  underlain  by  middle  t o  Upper  Devonian 

l imes tones   and   sha les .  A t  t he   bo t tom  o f   t he   va l l ey ,  

f l a t  l y i n g  t o  gen t ly   s lop ing   l imes tone   beds  were 

obse rved .   In   t he   moun ta in   r ange ,   mos t   o f   t he   l i t ho -  

l o g i c a l   u n i t s  are f o l d e d   a n d   f a u l t e d .  

On t h e  west s ide   o f   the   Mackenzie  River Cre taceous  

shales   outcrop  a long  the  Redstone  and  Dahadinni  

Rivers   where  they l i e  a t  the   sou the rn   end  of a b a s i n  

that   extends  northwestward  and  beyond Norman Wells. 

The bedrock   sur face  i s  genera l ly   weathered   and  frost- 

s h a t t e r e d .  

(e) A i r p h o t o   I n t e r p r e t a t i o n  

Methodology 

The ae r i a l   pho to   cove rage  was ob ta ined  f r o m  t h e  

Federal   Department of Pub l i c  Works p r i o r  t o  i n i -  

t i a t i n g   t h e   f i e l d   i n v e s t i g a t i o n s .  The photos  

were then   assembled   in to   uncont ro l led  mosaics 

a t  t h e  approximate scale of 1 inch  = 3100  f e e t .  

These  mosaics   proved  to   be a v a l u a b l e   t o o l   i n  

I 
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p l a n n i n g   t h e   d r i l l i n g   p r o g r a m   a n d   a s s i s t i n g   i n  

t h e  search f o r   c o n s t r u c t i o n   m a t e r i a l s .  

The i n t e r p r e t a t i o n  was achieved by s tudy ing  

t w o  consecut ive  photographs,   which are c a l l e d  

s t e r e o p a i r ,   u s i n g   p o c k e t s i z e   s t e r e o s c o p i c   g l a s s e s  

and a more s o p h i s t i c a t e d  Carl  Zeiss, model N 2  

s t e r eoscope   w i th  a b inocular   a t tachment .  The 

p o c k e t s i z e   s t e r e o s c o p e   s u p p l i e d   t h e   i n t e r p r e t e r  

w i t h  a g e n e r a l   a p p r e c i a t i o n  of the  ground  condi-  

t i o n s   a n d   t h e   s o p h i s t i c a t e d   u n i t   a l l o w e d   r e f i n e -  

m e n t s   i n   t h e   c l a s s i f i c a t i o n  of t h e   t e r r a i n   u n d e r  

s tudy .  

F o l l o w i n g   t h e   i d e n t i f i c a t i o n  of d i f f e r e n t   t y p e s  

of m a t e r i a l s   a n d   g r o u n d   f e a t u r e s ,  a number (sym- 

bo l s   cou ld   be   u sed )  was a t t r i b u t e d  t o  each  mater- 

i a l  type   on   the   mosa ics .  A legend was t h e n  p re -  

p a r e d ,   w h i c h   c o n s i s t s   i n   t h e   l i s t i n g  of a l l  u n i t s  

( n u m b e r s )   e n c o u n t e r e d   d u r i n g   t h e   i n t e r p r e t a t i o n ,  

accompanied by a d e t a i l e d   d e s c r i p t i o n   o f   t h e i r  

n a t u r e ,   s t r u c t u r e ,   r e l a t i v e   t h i c k n e s s ,  mode of 

d e p o s i t i o n   a n d   o t h e r   c h a r a c t e r i s t i c s   s u c h  a s  

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

( 2 )  Mosaic Legend 

The fo l lowing   legend  has   been   u t i l i zed  t o  des-  

cribe a i r p h o t o  resu l t s  on mosaics  which are  

included  as   Appendix E i n  a separate   volume:  
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Unit  N o .  2 :  Th i s   un i t   g roups  a l l  g r a n u l a r  de- 

p o s i t s ,  old and r e c e n t ,   o f   d i f f e r e n t   o r i g i n s .  

The u n i t  i s  subd iv ided   i n to :  

Uni t  2A:  F l o o d   p l a i n s   a n d   f l o o d   p l a i n   t e r r a c e s  

a s s o c i a t e d  w i t h  the  Mackenzie  River and i t s  

t r i b u t a r i e s .   T h e s e   d e p o s i t s  are composed  of 

f i n e  sand t o  coarse g r a v e l ,  are r e l a t i v e l y  

p e r m a f r o s t   f r e e   a n d   t h e   w a t e r   t a b l e   r e f l e c t s  

e x i s t i n g   s t r e a m  water l e v e l s .   D r i l l i n g   h a s  

p roven   t h i cknesses   i n   excess   o f  1 0 0  fee t .  

Unit  2B: T h i n   s a n d y   a l l u v i a l   f a n s ,   g e n e r a l l y  

wel l -dra ined   and   permafros t   f ree .  

Unit  2 C :  Remnants  of d e l t a i c ,  outwash  and 

e s k e r i n e   d e p o s i t s   w h i c h   a r e  composed of f i n e  

sands   t o   coa r se   g rave l s ,   gene ra l ly   bou lde ry .  

Depos i t s  of t h i s   k i n d  are g e n e r a l l y  well- 

dra ined   and   permafros t   f ree .  They s t a n d   o u t  



t o p o g r a p h i c a l l y   a n d   t h e i r   t h i c k n e s s  i s  o f t e n   i n  

excess  of 20 f e e t .  

Un i t  2 D :  F ine  t o  coarse sand  over   permafrost  

a f f e c t e d   s i l t y   c l a y s .   D e p o s i t s   o f   t h i s   k i n d  

were i d e n t i f i e d  a t  t h e   n o r t h   e n d  of t h e   s t u d y  

area,  between Mile 545 and Mile 555. They 

f e a t u r e  numerous f ros t   me l tou t   po tho le s   i ng rown  

wi th   o rgan ic .  Permafrost p r o b a b i l i t y  i s  h i g h ,  

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

Un i t  N o .  3 :  T h i s   u n i t   g r o u p s   t h e   s i l t y  t o  

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

g l a c i a l  till and i s  subd iv ided   i n to :  

Uni t  3A: S t r a t i f i e d  s i l t s  and   c l ays   w i th  a 

minor   sand   and   grave l   conten t .   Sha l low  organic  

cover and   dense   coni fe rous   g rowth   preva i l .  

Drainage i s  g e n e r a l l y  moderate t h r o u g h o u t   t h e  

d e p o s i t s  of t h i s   k i n d .   T h i s   u n i t  erodes i n t o  

s t e e p   s i d e d   g u l l i e s   w h e r e   t h e  s i l ts  a n d   c l a y s  

are gene ra l ly   we l l -d ra ined .   Gu l l i e s   fo rmed  

a long   escarpments   a re   due  t o  pe rmaf ros t  melt- 

ing .  The t h i c k n e s s  i s  g e n e r a l l y   i n   e x c e s s  of 

20 f e e t  over t h e  g l a c i a l  till and  permafros t  

is preva len t   t h roughou t .  

Un i t  3 R :  S i l t s  a n d   c l a y s   o v e r l a i n  by p e a t  

p l a t eaus ,   heav i ly   pe rmaf ros t   a f f ec t ed .   Dra in -  

age  i s  moderate t o  poor and t h e   t h i c k n e s s  of 

I 
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the  organic  cover  can  be as much a s  5 f e e t .  

The r e l i e f  i s  low  and hummocky.  The th i ckness  

of t h i s   u n i t   o v e r   t h e   g l a c i a l  till i s  o f t e n   i n  

excess  of 1 0  f e e t .  These   depos i t s   fea ture  a 

moderate  coniferous  growth  and many permafrost  

c o l l a p s e  scars, some of them ingrown w i t h  

o rganic .  

Unit  3C: Reworked 3A u n i t  by wave and  f lood 

a c t i o n s ,   r e s u l t i n g   i n  a sand  segregat ion a t  

t h e   s u r f a c e  of t h e  s i l ts  and c l ays .  

Unit 3D:  G lac i a l  till and t h i n  s i l ts  and  c lays  

ove r ly ing   t he  till. The organic   cover   var ies  

from 1 t o  3 f e e t  and  most of t he   sub -pa ra l l e l ,  

closely-spaced  drainage courses are i n f i l l e d  

with  organic .  The r e l i e f  i s  very l o w  and  these 

deposi ts   general ly   occupy  higher   ground  a t  

the  base  of  the  mountain  range. 

Unit  N o .  4 :  S i l t s  and clays of u n i t  3 underly- 

ing  thermokarst   ponds and lakes .   Rel ie f  i s  

gene ra l ly   absen t  and   organic   cover   p reva i l s .  

Permafrost  i s  depressed   severa l   fee t   benea th  

t h e  w e t  marshes  and  small  thaw  lakes  and  ponds. 

Unit  N o .  5 :  Limestone  and  shale  outcrops  and 

shal low  bedrock  covered  by  col luvial   mater ia ls  

and/or  glacial   deposits.   Bedrock i s  r e spons ib l e  

fo r   t he   ma jo r   t opograph ic   va r i a t ions   i n   t he  

I 
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study  area. 

( 3 )  Glacial  Landforms 

The study of  aerial  photographs  has  revealed 

two outstanding  glacial  landforms  namely;  crag- 

and-tail  ridges  and  roches  moutonnees. 

Crag-and-tail  ridges  are  streamlined  ridges 

resulting  from  overriding  glacial  ice  and  con- 

sisting of a  knob  of  resistant  bedrock  (the 

crag)  with  an  elongated  tapering  body  (the 

tail) of softer  erodible  bedrock or till. 

These  ridges  were  identified at approximately 

Mile 525 just  east of the  proposed  highway 

centreline. 

Roches  mountonnees  with  associated  streamlined 

ridges  are glacially  moulded  rock  outcrops  hav- 

ing  a smooth,  gently  sloping  upstream  side, 

(the  result of abrasion) , and  a steep, rough, 
irregular  downstream  side,  (the  result of 

plucking).  Roches  mountonnees  were  identified 

at approximately  Mile 525 and 542 ,  east of the 

proposed  highway  centreline.  They  may  be  dis- 

tinguished  from  crag-and-tail  hills  by  the 

lack of a  tapered  streamlined  tail  composed 

of lodgement  till. 
I 
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( 4 )  Conclusions  of  Airphoto  Interpretation 

Numerous  field  observations  and  extensive  drill- 

ing  have  proven  the  office  interpretation of 

aerial  photographs  to  be  a  valuable  tool.  Gen- 

erally, the  identification  of  surficial  deposits 

based on airphoto  interpretation  was  found  to 

be accurate.  Minor  discrepancies  were  revealed 

as  drilling  proceeded  and  re-adjustments  were 

made to  satisfy  localized  subsurface  conditions. 
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IV DESCRIPTION OF I N V E S T I G A T I O N  PROCEDURES 

T h i s   s e c t i o n   i n c l u d e s  a d e t a i l e d   d i s c u s s i o n   o f   f i e l d   i n -  

v e s t i g a t i o n   p r o c e d u r e s ,   l a b o r a t o r y   t e s t i n g   a n d   f i e l d  

equipment. The informat ion   presented   and   exper ience  

gained  can be u t i l i z e d ,   f o r   f u t u r e   p l a n n i n g   o f   o t h e r  

s i m i l a r   i n v e s t i g a t i o n s .  

(a) Mobilization  and  Equipment 

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

was p o s i t i o n e d  a t  Hay River   docks   p r ior   to   September  

16, 1 9 7 2 ,  and  then  barged down the  Mackenzie   River  

and  unloaded a t  the  Blackwater  River on October 1 6 ,  

1 9 7 2 .  The camp w a s  barged  up  the r iver from  Inuvik 

a n d   t h e   f u e l  was ob ta ined  f r o m  Norman Wells. The 

camp w a s  unloaded a t  the   Blackwater   River   the  week 

of  October 5, 1 9 7 2 .  

The camp and  equipment were assembled and  ready   for  

use  on November 1 , 1 9 7 2  , b u t   d u e   t o   t h e  Land Use 

Regula t ions   requi r ing   approximate ly  2 f e e t  of f r o s t  

p e n e t r a t i o n ,   t h e   a c t u a l   f i e l d   d r i l l i n g   d i d   n o t  com- 

mence u n t i l  November 16, 1 9 7 2 .  The fo l lowing  sum- 

m a r i z e s  the   bas ic   equipment   and  camp f a c i l i t i e s  

u t i l i z e d  by the  C o n t r a c t o r .  

Contractor  Equipment 

Kenting  Big  Indian Mayhew 1 0 0 0  D r i l l  Track 
mounted  on F N  1 1 0  Nodwell. 
H e l i  Drill Track  mounted 
on Foremost.  
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Cont rac to r  

F o r t i e r   a n d   A s s o c i a t e s  

Goodzeck Cons t ruc t ion  
Ltd. 

Precambrian  Mining 
S e r v i c e s  

Equipment 

3/4  t o n  4 x 4 GMC pick-up. 
FN 6 0  Nodwell. 
H i ldeb ran t  K b a l l o o n   t i r e d  
c a r r i e r .  
3/4 t o n  4 x 4 crew cab  
pick-up. 
3 t o n  GMC F la tdeck .  
Misce l laneous   suppor t  
equipment. 

1 D i n e r   k i t c h e n   u n i t .  
1 U t i l i t y  w a s h e r  u n i t .  
4 - 4 man s l e e p e r s .  
1 - 1 0  man s l e e p e r .  
1 - 2 0  KW l i g h t   p l a n t   w i t h  
f u e l   t a n k   a n d   s l o o p .  

A l l  u n i t s  were s le igh   mounted .  

1 - D 7  Dozer  with  winch  and 
g i n   p o l e s .  
1 - D 6  Dozer   wide  t rack  with 
winch. 
1 - f u e l   s l o o p   w i t h  2 - 1 0 0 0  
ga l .  t a n k s .  

1 s i n g l e   s i d e  band r a d i o  
e x p e d i t i n g   s e r v i c e   i n  
Norman Wells. 

S ince  a 2 4  hour   opera t ion  was undertaken t h e  tech-  

n i c a l   f i e l d   s t a f f ,   s u p p l i e d  by Underwood McLellan 
and   Assoc ia tes   L imi ted ,   cons is ted   o f  8 personnel  

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

a n d   p r o j e c t   s u p e r v i s o r s .  

A i r  s u p p o r t   f o r   t h e   p r o j e c t  was o b t a i n e d  by u t i l i z -  

i n g   f i x e d   w i n g   a n d   h e l i c o p t e r   a i r c r a f t .   I n   g e n e r a l ,  

camp moves were s t aged  so t h a t   e x i s t i n g   l a n d i n g  
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s t r i p s   o r   l a k e s   c o u l d   b e   u t i l i z e d  f o r  supply  of 

materials and  personnel  movement.  The f i e l d  inves- 

t i g a t i o n  work  was s t a r t e d   a t  Mile 4 9 1 ,  and  proceeded 

s o u t h   t o  Mile 4 5 0 ,  then   re turn ing   and   working   nor th  

t o  t e r m i n a t i o n  a t  Mile 545.  This   procedure  had t h e  

advan tage   o f   l eav ing   t he   ma in   fue l   supp ly   i n  a cen- 

t r a l  l o c a t i o n   a n d  also was schedu led   t o   co -o rd ina te  

w i t h   t h e   c l e a r i n g   c o n t r a c t o r .  

The above  equipment   proved  sat isfactory  with  minor  

excep t ions .  The camp f a c i l i t i e s  were s l i g h t l y   i n -  

a d e q u a t e   e s p e c i a l l y  when e x t r a   p e r s o n n e l   a r r i v e d   i n  

camp ( i .e .  s u p e r v i s o r y ,   l a n d   u s e   i n s p e c t o r s ,   P u b l i c  

Works i n s p e c t o r s ,   e t c . )   w h i c h   a d d e d   s i g n i f i c a n t l y  

t o  t h e   b a s i c   f i e l d   s t a f f  of 20  people .  The m o b i l i t y  

of   the  camp was acceptable   even  though  an  extra  

t r i p  was r e q u i r e d   f o r  movement o f   f u e l  by t h e   f u e l  

s loop  which  w a s  towed  by a dozer .  The t w o  d o z e r s  

were s u i t a b l e   f o r   t h e   o p e r a t i o n  a s  they  were u t i l -  

i z e d  for  camp moves,   hauling camp w a t e r ,   c l e a r i n g  

borrow p i t   a r e a s  and  dozing snow on c e n t r e l i n e   a n d  

f o r   l a n d i n g   s t r i p s .  With r e g a r d   t o   t h e   d r i l l i n g  

equipment, it became appa ren t  t h a t  t h e  Mayhew 1 0 0 0  

d r i l l  was s u p e r i o r  t o  t h e  Heli d r i l l ,   a s  t h e  Mayhew 

d r i l l   o b t a i n e d   e x t r a   f o o t a g e  when they  were compared 

unde r   s imi l a r   cond i t ions .  The Mayhew was also more 

a d a p t a b l e   f o r   s u b s u r f a c e   i n v e s t i g a t i o n  of t h e  stream 

c r o s s i n g s  as  w e l l  a s  d r i l l i n g   g r a n u l a r   d e p o s i t s .  

The pe r fo rmance   o f   t he   He l i -d r i l l  was good when 

I 
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encounter ing  s i l t  and c l ay   subsu r face   cond i t ions   and  

t h e r e f o r e   t h e   f i e l d  work  was a d j u s t e d   i n   t h i s   r e g a r d .  

F o r   t h i s   t y p e  of p r o j e c t ,   s u p p o r t   v e h i c l e s   r e q u i r e  

s p e c i a l   c o n s i d e r a t i o n   s i n c e  it is  e s s e n t i a l   t h a t  

adequa te   mob i l i t y  be maintained on the  ground.  

S i n c e   t h e  i n i t i a l  p lanning  was based  on a November 

1 s t a r t u p  a p re fe rence  was g iven  t o  track v e h i c l e s  

and large t i red   equipment   such  as t h e   H i l d e b r a n t  K .  

However, a s   t h e  work progressed  it was a p p a r e n t   t h a t  

o n l y   o n e   t r a c k   s u p p o r t   v e h i c l e  was r e q u i r e d  (FN 6 0 )  

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

s ist  of  4 x 4 ,  3 / 4  ton   p ick-up   cabs  or  crew c a b  

t r u c k s ,  and t h e r e f o r e   t h e   l e a s e  o n  t h e   H i l d e b r a n t  K 

was terminated.  Although 4 x 4 ,  3/4 t o n   t r u c k s  

provide  good  t ransportat ion,   numerous  problems were 

exper ienced  w i t h  t ransmiss ion ,   rear -end   and   f ront -  

end   f a i lu re s   du r ing   t he   ex t r eme ly   co ld   wea the r .  

Based  on  the  experience  encountered,  w e  would re- 

commend t h a t  a l l  4 x 4 ,  3 / 4  t o n   s u p p o r t   v e h i c l e s  

be equipped  with  special ly   designed  heavy  duty 

" d r i v e   t r a i n "   p a r t s  t o  p r e v e n t   f a i l u r e s   d u r i n g   t h e  

ex t r eme ly   co ld  weather period.  This  recommendation 

could  be expanded t o  i n c l u d e   s p e c i a l   m o d i f i c a t i o n s  

f o r  a l l  equipment   opera t ing   in   co ld   weather .  

(b) F i e l d   D r i l l i n g  

D u r i n g   t h e   f i e l d   d r i l l i n g   p r o g r a m   r e c o r d s  were main- 

t a i n e d   o n   t h e   p r o d u c t i o n   r a t e s   a c h i e v e d ,   a n d   t h e s e  
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are  summarized below: 

Summary of Test Hole 
P r o d u c t i o n  Rates 

St ream TH T o t a l  Avg. TH 
Date C TH BP TH C r o s s i n g s  TH p e r   d a y  

ov.17/72-Dec.17/72 188  68 7 263  8.2 
an.  8/73-Jan.  31/73 115 236  34 385 1 6 . 0  
eb. 1/73-Feb.19/73 202 241 2 4  467  24.7 

I Totals ( 7 5  d a y s )  505 545  65 1115 14.9 I 
Note: T e s t  h o l e s   g e n e r a l l y  1 5 '  d e e p   e x c e p t   f o r  

stream c r o s s i n g s   w h i c h  were v a r i a b l e   i n  
d e p t h  ( 2 0 '  - 9 0 ' ) .  

D u r i n g   t h e   f i e l d   p r o g r a m   d a i l y   d r i l l   f o o t a g e  ra tes  

were compi l ed   and   emphas i s   p l aced   on   improv ing   ove r -  

a l l  p r o d u c t i o n  ra tes .  The major f a c t o r s   a f f e c t i n g  

t h e   d r i l l i n g  rate were t y p e   o f   s u b s u r f a c e  material, 

a v e r a g e   d a i l y   t e m p e r a t u r e ,   t y p e  of d r i l l i n g   t e c h n i -  

q u e ,   a n d   d i s t a n c e  of d r i l l  s i t e  from camp. 

I n i t i a l l y ,   t h e   s u b s u r f a c e  materials e n c o u n t e r e d  were 

g r a n u l a r ,   a n d   d u e  t o  l a n d  use r e g u l a t i o n s ,   t h e  drill- 

i n g  a c t i v i t y  was c o n f i n e d   t o   t h e   e x i s t i n g  C.N.T. 

r igh t -of -way.  A s  a r e s u l t ,   t h e   d r i l l s  were f a r  from 

t h e  camp a n d   t h e   d r i l l i n g   p r o g r e s s  was poor   due  t o  

t h e   d i f f i c u l t   d r i l l i n g   i n   t h e   g r a n u l a r  materials 

as  w e l l  a s  t h e   t r a v e l  time between dri l l  s h i f t s .  

Dur ing   the   month  of J a n u a r y   t h e   w o r k  was expanded 



t o  inc lude   bo r row  p i t s   and  stream cross ings   wh ich  

c o n c e n t r a t e d   t h e   d r i l l i n g   a c t i v i t y   n e a r   t h e   p o r t a b l e  

camp a n d   t h e   t r a v e l  time was r educed .   Th i s   a spec t  

increased   the   p roduct ion ,   however ,  t h e  cold  tempera- 

t u r e s  i n  January (-65’F r e c o r d e d )   p r o v e d   t o   b e  a 

s i g n i f i c a n t   f a c t o r .   D u r i n g   t h e  month  of  February, 

t h e   a v e r a g e   d a i l y  temperatures increased   and  t h e  

main  subsurface materials encountered were f i n e  

g ra ined  materials and as a r e s u l t  improved  produc- 

t i o n  was achieved.  

The t w o  r o t a r y   d r i l l s  were equipped  with a i r  com- 

p r e s s o r s   a n d   i n   a d d i t i o n   o n e  m u d  pump w a s  a v a i l a b l e  

t o  dri l l  wi th  water. Ro ta ry   d r i l l i ng   w i th   compressed  

a i r  as t h e  c i r c u l a t i n g   f l u i d   p r o v i d e d   t h e  best  method 

of o b t a i n i n g   f o o t a g e ,  however the   sample   recovery  

was poor  and  only  broken  samples  could be ob ta ined .  

I n   a d d i t i o n ,   c o n s i d e r a b l e   d i f f i c u l t y  was exper ienced  

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

d r i l l i n g   o p e r a t i o n s   p e r m a f r o s t  was i d e n t i f i e d  by 

the   p re sence   o f  ice c r y s t a l s   a n d / o r   t h e   h a r d   n a t u r e  

of   f rozen  as compared t o  unf rozen   cohes ive  soils.  

Exce l len t   sample   recovery  was ob ta ined  by use  of 

2 inch  and 3 inch   d i ame te r   sp l i t   spoon   s ample r s  

b u t   t h i s   p r o c e d u r e  was time consuming. The use  

o f   s t a n d a r d   S h e l b y   t u b e s ,   s p i r a l   s o i l   a u g e r s  and 

core b a r r e l s  were t r ied  bu t   d id   no t   p rove   t oo  

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

, 
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g r a n u l a r  materials. D u r i n g   t h e   f i e l d   i n v e s t i g a t i o n  

it became i m p o r t a n t   t o   p r o v i d e  a balance  between 

o b t a i n i n g   a n   a c c e p t a b l e   f o o t a g e   p r o d u c t i o n  ra te  and 

o b t a i n i n g   s u f f i c i e n t   u n d i s t u r b e d   s a m p l e s   f o r  labor- 

a t o r y   t e s t i n g   i n   e v a l u a t i n g   t h e   e n g i n e e r i n g  proper- 

t i e s .  This  was gene ra l ly   accompl i shed   by   u t i l i z ing  

an a i r  r o t a r y   d r i l l i n g   t e c h n i q u e   a n d   o b t a i n i n g  "un- 
d i s turbed"   samples  a t  prede termined   depths   wi th  t h e  

s p l i t  spoon  dr ive   samplers .  

For t h e   f o u n d a t i o n   i n v e s t i g a t i o n  of t h e   b r i d g e  s i tes ,  

s a t u r a t e d  sands and  gravels   below t h e  stream bed 

were f a i r l y  common and it became necessary  t o  con- 

v e r t  t o  a w e t  d r i l l i n g   t e c h n i q u e   u t i l i z i n g   d r i l l -  

i n g  mud and i n   s p e c i a l   c i r c u m s t a n c e s   s e t t i n g  cas- 

ing  was necessary  t o  prevent   cav ing .  When ex t remely  

cold t e m p e r a t u r e s   o c c u r r e d   d u r i n g   t h i s   d r i l l i n g  

phase ,   t he   p roduc t ion  was s e r i o u s l y  hampered  and 

t h e   d r i l l e r   r e q u i r e d   c o n s i d e r a b l e   e x p e r i e n c e  t o  

p r e v e n t   t h e   c i r c u l a t i n g   f l u i d   f r o m   f r e e z i n g .   I n  

a d d i t i o n  t o  undis turbed  sample  recovery a t  the 

b r idge  si tes s t a n d a r d   p e n e t r a t i o n  tes ts  were con- 

ducted t o  d e t e r m i n e   t h e   r e l a t i v e   d e n s i t y   o f   t h e  

s u b s o i l s .  Due t o  t h e   c o a r s e   g r a n u l a r   s o i l s   e n c o u n -  

tered a t  t h e  b r idge  si tes a s p e c i a l  2 i nch  diameter 

so l id  s teel  penetrometer  was f a b r i c a t e d   f o r   p e n e t r a -  

t i o n   t e s t i n g  s ince  t h e   s t a n d a r d  2 i n c h   s p l i t   s p o o n  

d r ive   s ample r  was e a s i l y  damaged. 
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(c) F ie ld   and   Labora tory   Tes t ing  

A f i e l d   l a b o r a t o r y  w a s  u t i l i z e d  a t  t h e   i n v e s t i g a t e d  

s i te  t o  l i m i t  sample  volume  shipments  and  eliminate 

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

a f rozen  s ta te  during  shipment  t o  a c e n t r a l   l a b o r a -  

t o r y .  The t e s t i n g   l a b o r a t o r y   i n   t h e   f i e l d  was equip- 

ped t o   c o n d u c t   m o i s t u r e   c o n t e n t ,  Atterberg L i m i t ,  

g r a i n   s i z e   a n a l y s i s   a n d  ice volume tests and i n  

addi t ion ,   equipment  was a v a i l a b l e  t o  photograph 

samples. The photographic   equipment   which  consis ted 

of  a s t a n d   m o u n t e d   s i n g l e   l e n s e   r e f l e x  35 mm. camera 

wi th   f l ood l igh t s   p rov ided  a v a l u a b l e   a i d   i n   r e c o r d -  

i n g   t h e  ice  l e n s e s   a n d   s o i l   t y p e s .  The f i e l d  labor- 

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

f i e l d   d r i l l   i n s p e c t o r s  t e s t  h o l e  logs and a s s i s t e d  

on any d i f f i c u l t   c l a s s i f i c a t i o n .  

The m a j o r i t y  of t h e   t e s t i n g  was performed i n  t h e  

f i e l d   l a b o r a t o r y   e x c e p t   f o r   A t t e r b e r g  L i m i t  tests 

and  hydrometer  analysis  which were p r i m a r i l y   c a r r i e d  

o u t   i n  the  Ca lga ry   cen t r a l   l abo ra to ry .   Dur ing   t he  

l a t t e r  s t a g e s   o f   t h e   i n v e s t i g a t i o n  when high  pro-  

d u c t i o n   r a t e s  were ob ta ined  it was necessa ry  t o  

sh ip   the   over f low  samples  t o  t h e   c e n t r a l   l a b o r a t o r y .  

D u r i n g   t h e   f i e l d   d r i l l i n g  i t  became a p p a r e n t   t h a t  

due t o  t h e   s p o r a d i c   n a t u r e  of t h e  permafrost   (espe-  

c i a l l y   i n   f i n e   g r a i n e d   m a t e r i a l s )  random tes t  h o l e s  

d i d   n o t  a t  times provide   an  accurate assessment  of 
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t h e  ice  volume of t h e  subso i l .  I n  some l o c a t i o n s  

t es t  holes   spaced   c lose   toge ther   ind ica ted   d i f fe r -  

e n t  resu l t s  with  respect   to   permafrost   occurrence 

and ice  lense c l a s s i f i ca t ion .   Pe rmis s ion  t o  use 

d o z e r   p i t s   f o r  borrow a r e a s  was obtained  from  the 

land u s e  inspec tor   p rovided   spec ia l   cont ro l led   p ro-  

cedures  were u t i l i z e d .  

Dozer p i t s   excava ted  i n  coarse   g ra ined   mater ia l s   p ro-  

v ided   super ior   g ranular   samples   for   g ra in  s i z e  a n a l y s i s .  

Moisture  contents  and ice c l a s s i f i ca t ions   de t e rmined  

from t e s t  ho le s  i n  granular   mater ia l s   checked   very  

favorably w i t h  s i m i l a r  tests on t h e  dozer   p i t   samples .  

However, when d o z e r   p i t s  were e x c a v a t e d   i n   f i n e  

g ra ined   ma te r i a l s ,  t h e  t e s t  resul ts  from previous 

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

assessment   of   the   subsoi l   condi t ions.  Some of t h e  

dozer   pi ts   revealed  is lands  of   permafrost   randomly 

d i spe r sed   bo th   ho r i zon ta l ly   and   ve r t i ca l ly  w i t h  very 

i r r e g u l a r  i ce  concent ra t ions  i n  t h e  permafrost .  

Under these   condi t ions   an   ind iv idua l  t e s t  ho le   o r  

a small  number of t e s t  holes   could be misleading. 

With r e f e r e n c e   t o  t h e  above it i s  recommended t h a t  

some caut ion  i s  requi red  i n  se lec t ing   bor row  a reas  

in   f i ne   g ra ined   ma te r i a l s   even   t hough  a test hole  

may i n d i c a t e   t h a t   t h e   m a t e r i a l   c o n t a i n s   n e g l i g i b l e  

excess  ice or unfrozen  conditions.   During  the 

cons t ruc t ion   s t age  a procedure  should be adopted 

t o  tes t  proposed  borrow  areas   with  dozer   pi ts   or  
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backhoe p i t s   p r i o r   t o   c l e a r i n g  and t o t a l  commitment 

on t h e  pa r t i cu la r   a r ea .  
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v PRESENTATION OF SUBSURFACE DATA 

T h i s   s e c t i o n   c o n t a i n s  a d e s c r i p t i o n   o f   s u b s u r f a c e   d a t a  

p re sen ta t ion   i nc lud ing   t he   va r ious   append ices  w h e r e  spe- 

c i f i c   i n f o r m a t i o n   c a n   b e   l o c a t e d .   I n   a d d i t i o n ,  t e s t  

h o l e   l o c a t i o n  c r i t e r i a  are  desc r ibed .  

(a) C e n t r e l i n e  Test Hole Data 

C e n t r e l i n e  t es t  h o l e s  were d r i l l e d  a t  spac ings  of 

approximately 1 0 0 0  f e e t  w h e r e v e r   t e r r a i n   c o n d i t i o n s  

were r e l a t i v e l y   u n i f o r m .  I n  a d d i t i o n ,  t e s t  h o l e s  

were d r i l l e d  a t  a l l  p r o p o s e d   c u t   a n d   c u l v e r t   s e c t i o n s .  

C e n t r e l i n e  t es t  ho le s  were g e n e r a l l y   d r i l l e d   t o  a 

15 f o o t   d e p t h   e x c e p t  a t  c u t   s e c t i o n s   w h e r e   t h e   h o l e s  

were d r i l l e d  t o  depths   below  the  proposed c u t  grade- 

l i n e .  I n d i v i d u a l  t e s t  h o l e   r e s u l t s  are summarized 

i n  Appendix D and  include t h e  ma jo r   so i l   t ype   en -  

coun te red   i n   each  t e s t  ho le  as  w e l l  as l a b o r a t o r y  

r e su l t s .   Append ix  F which i s  a separate   volume t o  

t h i s   r e p o r t   i n c l u d e s  a l l  c e n t r e l i n e  t e s t  ho le  logs 

wi th   cop ie s  of a l l  s ieve   and   hydrometer   ana lys i s  

performed. 

(b) B o r r o w  P i t  Test Hole Data 

Borrow p i t   l o c a t i o n s  were s e l e c t e d   w i t h   t h e   a i d   o f  

a i r  p h o t o   i n t e r p r e t a t i o n   s t u d i e s   a n d   f i e l d  recon- 

naissance.   Apprbximately 1 6 5  l o c a t i o n s  were inves-  

t i g a t e d   f o r   p o t e n t i a l  borrow m a . t e r i a l   w i t h   d r i l l i n g  
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of 3 t es t  h o l e s   t o   t h e  1 5  foot  depth  a t  each   loca-  

t i o n  t o  c o n f i r m   t h e   u n i f o r m i t y   o f   s u b s o i l   c o n d i t i o n s .  

Appendix D i n c l u d e s  a summary of borrow p i t  t e s t  

ho le  logs similar t o  t h e   c e n t r e l i n e   l o g  data i n d i -  

ca t ed   i n   t he   p rev ious   s ec t ion .   Append ix  G which is  

a s e p a r a t e  volume t o  t h i s   r e p o r t   i n c l u d e s   a l l   b o r r o w  

p i t  t es t  ho le  l o g s ,  l oca t ion   ske t ches   and   s i eve   and  

hydrometer   ana lys i s   curves .  

(c)  Bridge  Crossing Test Hole Data 

Nine  proposed  br idge  crossings were i n v e s t i g a t e d  

from Mile 450  t o  545 and   s eve ra l  t e s t  h o l e s  were 

d r i l l e d  t o  v a r i o u s   d e p t h s   t h r o u g h o u t   t h e   r i v e r  

v a l l e y s   t o   e s t a b l i s h   t h e   s o i l   p r o f i l e .   S e p a r a t e  

r e p o r t s  f o r  each of t h e  n i n e  si tes have  been pre-  

pared.   Copies  of  b r i d g e   o r   s t r u c t u r e  t es t  h o l e s  

have  been  included  in  Appendix F w i t h   c e n t r e l i n e  

test  hole l o g s .  

(d) Test Hole Location  Mosaics  and Air Photo   In te rpre-  
t a t i o n  S h e e t s  

Appendix E which i s  a s e p a r a t e  volume t o   t h i s   r e p o r t  

con ta ins   uncon t ro l l ed   mosa ic s  (I." = 1 0 0 0 ' )  which 

show l o c a t i o n s  of a l l  c e n t r e l i n e  t e s t  holes   and  

borrow p i t s .  Only t h e   b o r r o w   p i t  areas have  been 

i n d i c a t e d  on t h e   m o s a i c   a s   t h e   e x a c t  t e s t  h o l e  

l o c a t i o n s  could n o t  be shown as  a result of t h e  

mosaic scale and t h e  proximity of t h e  holes t o   o n e  
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ano the r .  The e x a c t   l o c a t i o n  of t e s t  h o l e s   a t   b o r r o w  

p i t s  are shown on separate   sketches  which  have  been 

i n c l u d e d   w i t h   t h e  t e s t  ho le   l ogs   i n   Append ix  G .  

Spec i f i c   zones   w i th in  recommended borrow  a reas  as 

shown on the   Mosaics   have   been   ident i f ied  as t h e  

best probable  area t o   o b t a i n   b o r r o w   m a t e r i a l .  These 

expans ion   a r eas   a r e   ou t s ide   t he   zone   i nves t iga t ed  

by d r i l l  holes and were d e f i n e d   p r i m a r i l y   f r o m   a i r  

photo   in te rpre ta t ion .   Appendix  E a l s o   i n c l u d e s  a l l  

a i r  p h o t o   i n t e r p r e t a t i o n  sheets (1" = 3 1 0 0 ' )  which 

were u s e d   p r i m a r i l y   f o r   b o r r o w   p i t   s e l e c t i o n   a n d  

t es t  hole  l o c a t i o n s .  

(e) Photographs 

Appendix B of t h i s   r e p o r t   i n c l u d e s  numerous t y p i c a l  

photographs of l abora to ry   s amples   i nd ica t ing   f rozen  

s i l t y   c l a y ,   g r a v e l   a n d   s a n d   e t c .  The penet rometer  

s i l t y   c l a y   s a m p l e s   w h i c h   c o n t a i n e d   t h e  l a rges t  ex- 

cess ice l e n s e s   a r e   i n c l u d e d .   P h o t o g r a p h s   a r e  also 

inc luded  of p ro jec t   equ ipmen t ,   t e r r a in   and  miscel- 

l a n e o u s  items. 

T e s t  Hole Numbering  System 

Test holes   have  been  designated by mi leage ,   type  

and  number.  Examples  include 543 B 632 B, 544 C 

4 4 8  A and  545 S 4 4 1  A. The le t ter  symbols  and 

numbers i n d i c a t e :  
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543,  544,  545 - highway  mileage.  

B, C ,  S - between  mi leage   and  t e s t  h o l e  number i n -  

d icate  b o r r o w ,   c e n t r e l i n e   a n d   s t r u c t u r e  

t e s t  holes,  r e s p e c t i v e l y .  

632,  448, and 441 - tes t  hole  numbers. 

A ,  B - a f t e r  t e s t  h o l e   n u m b e r s   i n d i c a t e   d r i l l i n g  

performed by Mayhew 1 0 0 0  o r  Heli d r i l l ,  

r e s p e c t i v e l y .  
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VI E N G I N E E R I N G   A N A L Y S I S  OF DATA,  BORROW P I T  SELECTION, 
GRADELINE  DESIGN  AND  CONSTRUCTION  METHODS 

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

and t h e i r  p r o p e r t i e s ,   b o r r o w   p i t   s e l e c t i o n   a n d   d e v e l o p -  

ment   recommendat ions,   gradel ine  revis ions  and  construc-  

t i on   p rocedures .  It  i s  e x p e c t e d   t h a t   t h e   c o n t e n t   o f  

t h i s   s e c t i o n  will b e   o f   g r e a t e s t   i n t e r e s t   t o   t h e  highway 

e n g i n e e r   r e s p o n s i b l e   f o r   d e t a i l e d   d e s i g n .   I n   p a r t i c u l a r ,  

s e c t i o n  ( d )  c o n t a i n i n g   t h e   g r a d e l i n e   r e v i s i o n  recommenda- 

t i o n s   s h o u l d   b e   u t i l i z e d   i n   c o n j u n c t i o n   w i t h   t h e   p l a n -  

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

Major S o i l  Types  and  Engineer ing  Propert ies  

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

e s t a b l i s h  s o i l  t y p e s   a n d   e n g i n e e r i n g   p r o p e r t i e s  

are desc r ibed  i n  t h i s  sec t ion .  A t a b u l a t i o n  of t h e  

1115 t e s t  h o l e s   d r i l l e d   d u r i n g  t h 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   f r o m  Mile 450 t o  550 i s  i n c l u d e d   i n  

Appendix D .  T h i s   t a b u l a t i o n   i d e n t i f i e s   t h e   m a j o r  

s o i l  t y p e s   e n c o u n t e r e d   i n   t h e   t o p   f i v e   f e e t   b e l o w  

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

c l a s s i f i c a t i o n ,  wet and   d ry   un i t   we igh t s ,   mo i s tu re  

con ten t s   and   A t t e rbe rg  L i m i t s .  A s  would  be  expected, 

over  a 1 0 0  mile highway l e n g t h  many d i f f e r e n t  s o i l  

t y p e s  were encoun te red .   In   o rde r   t o   s imp l i fy   de -  

sign  recommendations it was cons idered   necessary  t o  

i d e n t i f y   a n d   s t u d y   i n   d e t a i l   t h r e e  of the   mos t  com- 

monly o c c u r r i n g  s o i l  t ypes   found   a long   t he   rou te   and  
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i n   t h e  borrow p i t s .  The t h r e e   g e n e r a l   s o i l   g r o u p s  

i n c l u d e   s i l t y   c l a y ,   g l a c i a l   c l a y  till and  gravel-  

sand  mixtures .  A summary o f   t h e  s o i l  p r o p e r t i e s  

i s  inc luded   i n   Tab le  V I - 1 .  The r e s u l t s  summarized 

inc lude   bo th   permafros t   and   non-permafros t   a reas .  

The m a j o r i t y   o f   t h e   s i l t y   c l a y   d e p o s i t s   c o n s i s t e d  

of permafros t   a l though  on ly  a few areas e x h i b i t e d  

s i g n i f i c a n t   e x c e s s  ice.  I n  most cases t h e  perma- 

f r o s t   a n d   u n f r o z e n   d e p o s i t s   e x h i b i t e d   s i m i l a r   m o i s -  

t u r e   c o n t e n t s   u n l e s s  excess i c e  was p r e s e n t   i n   t h e  

permafros t .  

The a v e r a g e   m o i s t u r e   c o n t e n t   f o r   t h e   s i l t y   c l a y  was 

found t o  be   26 .5%  wi th   l i qu id   and   p l a s t i c  limits of 

4 0 %  and 2 3 . 4 % ,  r e s p e c t i v e l y .  The w e t  u n i t   w e i g h t  

var ied   f rom 8 9 . 1  pcf t o  127 .6  pcf   wi th   an   average  

of  111 p c f .  The d ry   un i t   we igh t   va r i ed   f rom  58 .9  

p c f   t o  106 .2  pcf   with  an  average  of  92 p c f .  Hydro- 

meter a n a l y s i s  of 1 2  d i f f e r e n t   c l a y  t o  c l ayey  s i l t  

samples   ind ica ted   c lay   conten ts   f rom 0 %  to  1 2 %  and 

s i l t  s i z e s  as high as 9 0 % .  A l t h o u g h   s i l t y   c l a y  

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

many d e p o s i t s  cons is t  p r i m a r i l y   o f  s i l t  and  would 

be d e s c r i b e d   a s   c l a y e y  s i l t  o r  s i l t .  A Standard 

Proctor   compact ion t e s t  performed on a s i l t y   c l a y  

wi th  a l i q u i d  l i m i t  of 50.8% i n d i c a t e d  a maximum 

d r y   d e n s i t y   o f  102.0 pcf  and  optimum  moisture  con- 

t e n t  of 2 0 . 3 % .  The a v e r a g e   i n s i t u   m o i s t u r e   c o n t e n t  
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of  26.5%  would  be  approximately 6 %  t o  8 %  above   the  

optimum m o i s t u r e   c o n t e n t .   I n   a d d i t i o n ,  a s l u r r y  

sample  prepared a t  6 1 . 2 %  m o i s t u r e   c o n t e n t  f r o m  t h e  

P r o c t o r   m a t e r i a l   r e s u l t e d  i n  a w e t  d e n s i t y   o f  1 0 0 . 1  

pcf   and   dry   dens i ty   o f  6 2 . 1  p c f .   C a l c u l a t i o n s   o f  

t he   deg ree  of s a t u r a t i o n   f o r   r e p r e s e n t a t i v e   s i l t y  

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

seasona l   f l uc tua t ions   can   be   expec ted .  

The a v e r a g e   m o i s t u r e   c o n t e n t   f o r   t h e   g l a c i a l   c l a y  

till was 1 4 . 0 %  w i t h   l i q u i d   a n d   p l a s t i c  limits of 

28.5%  and 15.0%, r e s p e c t i v e l y .  The w e t  u n i t   w e i g h t  

var ied   f rom 1 2 0 . 0  p c f   t o  130.7 pcf   with  an  average 

of   125.0  pcf .  The d ry   un i t   we igh t   va r i ed   f rom 1 0 4 . 2  

pcf to 114.0 pcf   wi th   an   average   o f  1 0 5 . 9  pc f .  A 

Standard Proctor compaction t es t  performed  on a 

t y p i c a l   g l a c i a l  till wi th  a l i q u i d  limit of  31.4% 

r e s u l t e d   i n  a maximum d r y   d e n s i t y   o f  1 2 1 . 0  pcf a t  

an  optimum  water  content  of 1 2 . 8 % .  The average  

i n s i t u   m o i s t u r e   c o n t e n t   o f  1 4 . 0 %  would  be  approxi- 

mately 2 %  above  the optimum m o i s t u r e   c o n t e n t .  A 

s l u r r y   s a m p l e   p r e p a r e d   a t  4 2 . 5 %  m o i s t u r e   c o n t e n t  

from t h e  Proctor sample   ind ica ted  a w e t  u n i t   w e i g h t  

o f  1 1 0 . 6  pcf  and a d r y   u n i t   w e i g h t  of 77.6 pcf when 

poured   i n to  a g r a d u a t e d   c y l i n d e r .  A small tare  load  

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

m o i s t u r e   c o n t e n t   o f  35% and a d r y   d e n s i t y   o f  86 p c f .  

The s lu r ry   s amples  were prepared  i n  o r d e r  t o  g i v e  

some ind ica t ion   o f   u l t ima te   dens i ty   subsequen t  t o  
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TABLE V I - 1  

TYPICAL SOIL TYPES 
AND 

ENGINEERING PROPERTIES 

N o .  of Holes 

Average Mois ture  
C o n t e n t  

A v e r a g e  P l a s t i c  
L i m i t  

Average L i q u i d  
L i m i t  

Average Wet U n i t  
Weight 

Maximum Wet U n i t  
Weight 

Minimum Wet U n i t  
Weight 

Average Dry U n i t  
Weight 

Maximum Dry U n i t  
Weight 

Minimum Dry U n i t  
W e i g h t  

Maximum P r o c t o r  
Dry Dens i ty  

O p t i m u m  Proctor  
Moisture Content  

I 

S i l t y  
C lay  

5 5 0  

26 .5% 

2 3 . 4 %  

4 0 %  

111 pcf 

1 2 7 . 6  pcf 

8 9 . 1  pcf 

92  pcf 

1 0 6 . 2  pcf 

5 8 . 9  pcf 

1 0 2 . 0  pcf 

’ 2 0 . 3 %  
: L i q u i d  
L i m i t  

5 0 . 3 )  

G lac i a l  
- Clay  T i l l  

115 

1 4 . 0 %  

1 5 . 0 %  

2 8 . 5 %  

1 2 5 . 0  pcf 

1 3 0 . 7  pcf 

1 2 0 . 0  pcf 

1 0 5 . 9  pcf 

1 1 4 . 0  pcf 

1 0 4 . 2  pcf 

1 2 1  pcf 

1 2 . 5 %  
( L i q u i d  
L i m i t  
31.4) 

Gravel and 
S a n d  

4 5 0  

8.5% 

(Sand) 
1 1 0  pcf 

6% 
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thawing  of ice r i ch   zones .  

The g r a v e l   a n d   s a n d   d e p o s i t s   e x h i b i t e d   a n   a v e r a g e  

m o i s t u r e   c o n t e n t  of 8.5%  with  extreme limits of  3% 

and  25%. The h ighe r   mo i s tu re   con ten t s  w e r e  o b t a i n e d  

where t h e  s i l t  c o n t e n t  was h i g h e s t   a n d   t h e   m a t e r i a l s  

were submerged. The g r a d a t i o n  limits f o r   g r a v e l   a n d  

sand   depos i t s  are shown on t h e   i n d i v i d u a l  t es t  h o l e  

l o g s .  A pe t rog raph ic   ana lys i s   and  Los Angeles 

Abrasion Test was performed  on a gravel   sample ob- 

ta ined   f rom t h e  d i s p o s a l   p i t   o n   t h e   a i r s t r i p  a t  

Mile 533.  Photographs 55 and 56 d e p i c t  t h e  p i t   r u n  

g rave l   i n   p l ace   du r ing   doze r   excava t ion .  The p e t r o -  

g r a p h i c   a n a l y s i s   o f   t h e  1/2" t o  3 / 4 "   g r a v e l   s i z e  

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

Limestone  46.5% 
G r a n i t i c  39.23, 
Volcanic  10.5% 
Cher t  1.4% 
S c h i s t  1 . 4 %  
Sibieous  Sandstone 1 . 0 %  

The L o s  Angeles   abras ion  tes t  i n d i c a t e d  a weight  

loss of  21.8%  which i s  r e l a t i v e l y  low  and i s  pro-  

bably a r e s u l t   o f   t h e   r o u n d e d   p a r t i c l e s   a n d   t h e  

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

T h i s  doze r   p i t   s ample   cons i s t ed   o f  maximum 6 "  g r a v e l  

s i z e s .  A s i eve   ana lys i s   conduc ted   on   t he   minus  3 

i n c h   i n d i c a t e d  5 0 %  s i z e s   l a r g e r   t h a n   t h e  #4 s i e v e  

s i z e   a n d  4 6 %  f i n e  t o  c o a r s e   s a n d   s i z e s .  The rock 
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c h a r a c t e r i s t i c s   o f   t h i s   g r a v e l   d e p o s i t  are probably 

t y p i c a l  Of the   g ranular   mater ia l s   which   have   been  

encountered f r o m  Mile 4 5 0  t o  550. T h i s   p i t   w o u l d  

p r o v i d e   e x c e l l e n t  roadway s u r f a c e   c r u s h e d   g r a v e l  

O r  p i t   r u n  and it may be u t i l i z e d  f o r  c o n c r e t e  

aggrega te .  

The g l a c i a l   c l a y  till was p r i m a r i l y   i d e n t i f i e d  by 

i t s  heterogeneous  nonsorted  nature  with  numerous 

pebbles .  A s  a g e n e r a l   g r o u p ,   t h e  tills a re   p recon-  

s o l i d a t e d   h a v i n g   d r y   d e n s i t i e s   a v e r a g i n g  1 0 5 . 9  pcf 

and   mo i s tu re   con ten t s  of 1 4 . 0 % .  The s i l t y   c l a y  

t y p e   s o i l s   t e n d   t o   b e   s t r a t i f i e d   a n d  do n o t   c o n t a i n  

s t o n e s   o r   p e b b l e s   b u t   b e i n g   i n t e r - g l a c i a l  i n  o r i g i n  

have  been  subjected t o  va r ious   deg rees   o f   p recon-  

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

f l u v i a l  or l a c u s t r i n e   d e p o s i t e d  and. e x h i b i t   a n  

ave rage   d ry   dens i ty   o f  92 pcf  and  an  average m o i s -  

t u r e   c o n t e n t  of 2 6 . 5 % .  I n   g e n e r a l   t h e r e  i s  less 

s c a t t e r  from t h e   a v e r a g e   f o r   p r o p e r t i e s   r e p o r t e d   f o r  

t h e   g l a c i a l  till a s  compared t o  t h e  s i l t y   c l a y .  

R a t h e r   t h a n   i n d i c a t e  the un i fo rmi ty  of t h e  till it 

i s  b e l i e v e d   t h a t   t h e   s c a t t e r  i s  based   p r imar i ly   on  

t h e  number of   samples   repor ted .   Spec i f ica l ly ,   few 

d e n s i t i e s  were o b t a i n e d   o n   t h e   g l a c i a l  till a s  com- 

pared t o  t h e   s i l t y   c l a y .   A l t h o u g h   f u r t h e r   d i s c u s s i o n s  

w i l l  re la te  t o  t h e   a v e r a g e  s o i l  t y p e ,  it i s  empha- 

s i z e d   t h a t   i n d i v i d u a l   d e p o s i t s   m u s t   b e   e x a m i n e d .  

For example, some s i l t y   c l a y   d e p o s i t s   w i t h   h i g h  
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dens i ty   and  l o w  m o i s t u r e   c o n t e n t s  w i l l  have  proper- 

t ies s i m i l a r  t o  t h e   g e n e r a l l y   d e n s e r   g l a c i a l  t i l l s .  

A l l  g l a c i a l   c l a y  t i l l s  a r e   n o t   n e c e s s a r i l y   s u i t a b l e  

c o n s t r u c t i o n   m a t e r i a l s ,   t h e r e f o r e ,   m o i s t u r e   c o n t e n t s  

and ice c o n d i t i o n s   o f   e a c h   d e p o s i t   m u s t  be s t u d i e d .  

T h e r e  were approximately  1115 t e s t  h o l e s   d r i l l e d  

d u r i n g   t h e   i n v e s t i g a t i o n   w i t h   t h e   o c c u r r e n c e  of t h e  

s i l t y   c l a y   i n   5 5 0 ,   t h e   g l a c i a l   c l a y  till i n  115  and 

the   g rave l -sand   mix ture   in   450 .   Therefore ,  5 0 %  con- 

t a i n e d   s i l t y   c l a y ,  4 0 %  g r a n u l a r   m a t e r i a l   a n d  1 0 %  

g l a c i a l  till, a l though   t he   spac ing  of t es t  h o l e s  was 

v a r i e d   i n   v a l l e y s   a n d   u p l a n d s  the percen tages  are a 

good  guide t o  t h e   a c t u a l   d i s t r i b u t i o n  of t h e  mater- 

i a l s  from Mile 450 to 545. 

The s o i l  types  which  have  been  discussed  above were 

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

I n   t h e  t e s t  h o l e s   d r i l l e d ,  55%  exhib i ted   permafros t .  

The i d e n t i f i c a t i o n   a n d   e x t e n t  of ground ice  i n  t h e  

pe rmaf ros t   r eg ions  i s  of  importance when e v a l u a t i n g  

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

and  r ight-of-way  problems.  In many c a s e s   t h e  class- 

i f i c a t i o n   o f  i ce  c o n d i t i o n s   w i t h  a i r  recovery  proce-  

du res  i s  imposs ib le  or a t  t h e   b e s t   d i f f i c u l t ,   t h e r e -  

f o r e ,   e x t e n s i v e   u s e  was made of 2"  O.D.  and 3" O.D. 

s p l i t  spoon   pene t r a t ion   t ubes .  The p e n e t r a t i o n  

tubes  al lowed  recovery  of   approximately 1 f o o t   l o n g  

s a m p l e s ,   a l l o w i n g   e x c e l l e n t   v i s u a l   i n s p e c t i o n   a n d  

, 
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descr ip t ion   of   g round ice. A f t e r   e v a l u a t i o n   o f  w e t  

a n d   d r y   u n i t   w e i g h t s ,  a l a rge   po r t ion   o f   t he   s ample  

was u t i l i z e d   f o r  m o i s t u r e  con ten t   de t e rmina t ions .  

Several   hundred  penetrometer   samples  were recovered  

throughout   the  1 0 0  miles inves t iga t ed   and  i n  g e n e r a l  

very  few  high i ce  content   zones were l o c a t e d .  The 

loca t ions   where  ice r i c h   a r e a s  were i d e n t i f i e d  w i l l  

be d e s c r i b e d   i n   t h e   r e s p e c t i v e   r e p o r t   s e c t i o n s  on 

c e n t r e l i n e   g r a d e s  and  borrow  materials.   Although 

open p i t s  would  give be t te r  v i s u a l   i n s p e c t i o n  of 

i c e  e x t e n t ,  it i s  f e l t  t h a t   t h e   a v e r a g e   c o n d i t i o n s  

have  been  recorded by r e t r i e v a l  of penetrometer  

samples.  The i ce  occurs   mainly as h a i r l i n e   t h i c k -  

n e s s e s  and i s  i r r e g u l a r i l y  and   randomly   d i s t r ibu ted .  

(b) Permafrost  Thaw Se t t l emen t   Ana lys i s  

Two a s p e c t s   o f   r o a d w a y   c o n s t r u c t i o n  in permafros t  

t ha t   mus t   be   cons ide red  by the  design  highway  en- 

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

t o  embankment cons t ruc t ion   and   the   magni tude  of 

thaw-set t lement .  

The d e p t h   o f   t h e   a c t i v e   l a y e r  a t  any   po in t  i s  

a f f e c t e d   p r i n c i p a l l y  by a i r  t e m p e r a t u r e s ,   b u t  i n  

a complex way i s  r e l a t e d   t o  time, r e l i e f ,   v e g e t a -  

t i o n ,   d r a i n a g e ,  snow cover  and soil type .  The 

most a c c u r a t e  means of d e t e r m i n i n g   t h e   a c t i v e   l a y e r  

t h i c k n e s s  i s  s u r f a c e   p r o b i n g   i n   t h e   l a t e  summer 
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b e f o r e   s e a s o n a l   f r o s t   p e n e t r a t i o n .   D u r i n g   t h i s  

dr i l l ing   p rogram  which   began  i n  l a t e  November a f t e r  

s i g n i f i c a n t   f r o s t   p e n e t r a t i o n ,   d i f f i c u l t y  was ex- 

p e r i e n c e d   i n   i d e n t i f y i n g   t h e   u n f r o z e n   p o r t i o n   o f  

t h e   a c t i v e   l a y e r   b e l o w   t h e   s e a s o n a l   f r o s t .  Know- 

l edge  of t h e   a c t i v e   l a y e r   d e p t h  below a road e m -  

bankment  ai.ds i n   t h e   s e l e c t i o n   o f  roadway f i l l  

depths .   Theore t ica l   p rocedures   based  upon thermal  

conductivity  have  been  developed by Sanger*6 (Plates 

A-1 and A-2)  t o   e v a l u a t e   t h e   t h a w   p e n e t r a t i o n   d e p t h s  

f o r   f i n e   a n d   c o a r s e   g r a i n e d  soils. The parameters  

r equ i r ed   i nc lude   mo i s tu re   con ten t ,   d ry   dens i ty   and  

sur face   thawing   index .  A t  Mile 450  t o  550 o f  t h e  

Mackenzie  Highway, t h e  a i r - thawing   index  i s  3100 F 

degree   days .  The sur face   thawing   index  i s  greater 

t h a n   t h e  a i r  thawing  index  and is dependent   upon  the 

average  windspeed  and  surface  mater ia ls  (P la te  A - 3 ) .  

The r a t i o  of t he   su r f ace   t hawing   i ndex  t o  t h e   a i r  

thawing  index  has  been  suggested by some i n v e s t i g a -  

tors a t  1 .5 .  Using a 1 .5  r a t i o   t h e   s u r f a c e - t h a w i n g  

index  would be 4650  F degree days  and a p p l i c a t i o n  

o f   S a n g e r ' s   p r o c e d u r e   r e s u i t s   i n   p o t e n t i a l   t h a w  

depths  of 7 . 1  f e e t  i n  t h e   s i l t y   c l a y ,  8 . 3  f e e t   i n  

t h e   g l a c i a l  till and 1 3  f e e t   i n   g r a v e l .   I n   g e n e r a l ,  

t haw  inc reases   w i th   dec reas ing   mo i s tu re   con ten t ,  

i nc reas ing   dens i ty   and   i nc reas ing   t haw  index .  A 

recent study*7  undertaken  for  the  Government  of 

Canada,  Department of Pub l i c  Works on t h e  Dempster 

*6 Sanger F .  J .  "Degree-days and Heat 
Conduction i n   S o i l s " ,   P r o c e e d i n g s ,  
F i r s t   In t e rna t iona l   Permaf ros t  Con- 
f e r e n c e ,  National A c a d e m y  of S c i e n c e s ,  
1 9 6 3 .  
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Highway wi th  a n  a i r  thawing  index  of 2 2 0 0  F deg ree  

days   concluded   tha t   the   thaw  depth   var ied   f rom 4 . 5  

fee t  f o r   f i n e - g r a i n e d   s o i l s  t o  7 . 5  f e e t   f o r   c o a r s e -  

g r a i n e d   s o i l s .  A s  ment ioned   prev ious ly ,   these  

depths   vary,   being  dependent   upon many f a c t o r s   o t h e r  

t h a n   j u s t  s o i l  type .  D r i l l  h o l e  t e s t  r e s u l t s   d u r i n g  

t h i s   i n v e s t i g a t i o n   i n d i c a t e d  a n  a v e r a g e   a c t i v e   l a y e r  

dep th  i n  t h e   g r a n u l a r   s t r a t a  of 8 . 2  f e e t  and 7 . 2  

f e e t   i n   t h e   c o h e s i v e   f i n e - g r a i n e d  soi ls .  Therefore ,  

based   upon   t heo re t i ca l   me thods ,   f i e ld   da t a ,   expe r -  

ience i n   o t h e r  areas and  personal  judgement,  it i s  

recommended t h a t   g r a n u l a r   f i l l   d e p t h s  of 9 f e e t  and 

f ine -g ra ined   dep ths   o f  7 f e e t   s h o u l d   b e   p l a c e d   i f  

i t  is necessary  t o  prevent   deve lopment   o f   an   ac t ive  

l a y e r   i n   t h e   e x i s t i n g   i n s i t u   s u b s o i l s .  The thaw 

dep ths  below t h e  embankments w i l l  o f   course   be   in -  

f luenced  by the   p l acemen t   mo i s tu re   con ten t s ,  com- 

pac t ion   o f   t he   subgrade   and   vege ta t ion   d i s tu rbance .  

I t  i s  f u r t h e r  recommended t h a t  a l l  s u r f a c e   v e g e t a -  

t i o n   a n d  muskeg  remain  undisturbed  before f i l l   p l a c e -  

ment .  Recommendations w i l l  be   g iven   for   subgrade  

t reatment   wherever   deep muskeg d e p o s i t s   c o n t r i b u t e  

t o  embankment i n s t a b i l i t y .  

Although  the f i l l   d e p t h   r e q u i r e d .  t o  prevent   thaw 

i n   t h e   s u b g r a d e   h a s   b e e n   e s t a b l i s h e d ,  it becomes 

more  important t o  e v a l u a t e   t h e   s e t t l e m e n t ,   p o t e n t i a l  

i n s t a b i l i t y  and o the r   p rob lems   i f   t he   subgrade  i s  

allowed t o  thaw.   I f  7 t o  9 f e e t   o f   f i l l -  were 

H i g h w a y   D e s i g n   C o n c e p t ,   C o n s t r u c t i o n  P r a c -  
t i c e s  a n d  M a t e r i a l s ,  Mackenzie a n d  D e m p s t e r  
H i g h w a y s .  Report p r e p a r e d  for Government of 
C a n a d a ,   D e p a r t m e n t  of P u b l i c  Works b y  Associ- 
a t e d   E n g i n e e s i n g  Serv i ces  L t d .  , C o n s u l t i n g  
E n g i n e e r s .  
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u t i l i z e d  over the   pe rmaf ros t  area which  comprises 

55% o f   t h e  1 0 0  mile sec t ion ,  excess ive  costs would 

resu l t .  A s p e c i f i c   c r i t e r i a  is  n e c e s s a r y   o u t l i n i n g  

t h e   s u b g r a d e   p r o p e r t i e s  which w i l l  a l l o w   s a t i s f a c -  

tory  performance  of  roadway  embankments  and  surfaces 

when minimum fill dep ths  are  u t i l i z e d   t h a t  al low thaw 

p e n e t r a t i o n  i n t o  the   subgrade .  The thaw-set t iement  

which   takes   p lace  i s  p r i m a r i l y  a f u n c t i o n   o f   t h e   e x -  

cess ice  content   and i s  r e f l e c t e d   i n  t h e  b u l k   u n i t  

we igh t .   Dur ing   t he   d r i l l i ng   p rog ram  unde r t aken  i n  

t h i s   i n v e s t i g a t i o n ,   s e v e r a l   h u n d r e d   p e n e t r o m e t e r  Sam- 

p l e s   a l l o w e d   t h e   e v a l u a t i o n  of t h e   f r o z e n   b u l k   d e n s i t y .  

I n   o r d e r  t o  c a l c u l a t e   p o t e n t i a l   t h a w - s e t t l e m e n t s   a n  

estimate must  be made o f   t h e   d e n s i t y   s u b s e q u e n t   t o  

thawing. The f i n a l   d r y   d e n s i t y   o b t a i n e d  f o r  t h e  

s i l t y   c l a y   a n d   g l a c i a l  till p r e p a r e d   a t   d i f f e r e n t  

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

v i o u s   s e c t i o n .  

I n  a d d i t i o n  t o  the  above  approach a thaw-set t lement  

v e r s u s   f r o z e n   b u l k   d e n s i t y   r e l a t i o n s h i p   h a s   b e e n  es- 

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

Inuvik  and Norman Wells permafros t  test  si tes (P la te  

A - 4 ) .  Th i s   empi r i ca l   da t a   does   no t   cons ide r   t he  

f i n a l   d r y   d e n s i t y   a f t e r   t h a w   d u e  t o  superimposed 

l o a d s   b u t  as a f i r s t   a p p r o x i m a t i o n   t h e   p i p e l i n e  

weight may be assumed  equal t o  a minimum 2 '  f o o t  

embankment f i l l .  

An example i s  inc luded  i n  Appendix A ,  P la te  A-5 which 
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compares the thaw-set t lement   determined.   by  the  above 

two  methods  for a clay  sample  from t e s t  h o l e  458 B 

1 6 0  B w i t h  a n  excess ice  c o n t e n t  of 2 7 % .  The s l u r r y  

p rocedure   r e su l t ed   i n   t haw-se t t l emen t  of 3 . 3  inches /  

foo t   whereas   t he   empi r i ca l   p ipe l ine   approach   based  

o n   t h e   i n i t i a l  bulk d e n s i t y   i n d i c a t e d  a p o t e n t i a l  

thaw-set t lement  of 3 . 4  i nches / foo t .  

These  resul ts   compare  more  favourably  than  expected 

and it i s  recommended t h a t   t h e   e m p i r i c a l   p i p e l i n e  

c u r v e   b e   u t i l i z e d   f o r   e s t i m a t e s   o f   p o t e n t i a l  thaw- 

s e t t l e m e n t .   I n   g e n e r a l   c o h e s i v e  soils e x h i b i t i n g  

f r o z e n   b u l k   d e n s i t i e s   g r e a t e r   t h a n  1 1 0  pcf w i l l  n o t  

p roduce   s ign i f i can t   s e t t l emen t s   and  minimum recom- 

mended f i l l s  of 2 . 5  f e e t  may b e   u t i l i z e d .   I n   i n d i -  

v i d u a l  cases where  the bulk d e n s i t y  i s  lower t h a n  

1 1 0  pcf  and the s o i l   c o n t a i n s  excess ice ,  r e f e r e n c e  

w i l l ' b e  made t o  t h e s e  areas and   r emed ia l   ac t ion  

sugges ted .  

Frozen soils have   ve ry   h igh   s t r eng ths   bu t  when t h e  

pe rmaf ros t  melts t h e   s u b s o i l   p o s s e s s e s  a much lower 

s t r e n g t h ,   e s p e c i a l l y  when excess  ice  e x i s t s   i n i t i a l l y .  

Whenever i c e - r i c h  soils a re   a l lowed  t o  thaw,   the em- 

bankment  load i s  c a r r i e d  by the   po rewa te r   and   t he  

soil is uns tab le ,   pe r fo rming   a s  a f l u i d .  The a b i l i t y  

of t h e  thawed  subgrade  to carry a superimposed  load 

depends  upon  the  'permeabili ty  of t h e  subso i l   and  

t h e   r a t e  of consol idat ion.   Impermeable   f rozen 
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i c e - r i c h   f i n e - g r a i n e d  s i l t s  a n d   c l a y s   u p o n   m e l t i n g  

w i l l  p r o d u c e   d e t e r i o r a t i o n   a n d   f a i l u r e  of t h e   d r i v i n g  

s u r f a c e .  Pumping of t h e   s u b s o i l   i n t o   r o a d w a y   g r a n u l a r  

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

The  pr imary c r i t e r i a  f o r  c o n s t r u c t i o n   o n   p e r m a f r o s t  

i s  t o  m a i n t a i n   t h e   f r o z e n   i n s i t u  s ta te  of t h e   s u b -  

s o i l .  A s ' d i s c u s s e d   a b o v e   t h e   t h a w - s e t t l e m e n t  may 

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

p reven t   deve lopmen t  of a n   a c t i v e   l a y e r   i n   t h e  perma- 

frost .  A n o t h e r   a l t e r n a t i v e   w h i c h   h a s   b e e n   g i v e n  

c o n s i d e r a t i o n  i s  t h e   u t i l i z a t i o n   o f  an i n s u l a t i o n  

material be tween   t he   embankmen t   and   t he   ex i s t ing  

subgrade, .  Test sec t ions*8   have   been   p l aced  i n  t h e  

c o n t i n u o u s   p e r m a f r o s t  area bu t   comple t e   pe r fo rmance  

r e s u l t s   h a v e   n o t   b e e n   p u b l i s h e d .  A two t o  t h r e e  

i n c h   l a y e r   o f   p o l y u r e t h a n e  or e q u a l   c a n  be u t i l i z e d  

a n d   s i g n i f i c a n t   r e d u c t i o n s   i n   t h a w   d e p t h s   h a v e   b e e n  

no ted .  Of c o u r s e ,   t h e   g r e a t e s t   a d v a n t a g e  w i l l  be 

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

t h e   h i g h e s t   a n d   t h e   t h a w i n g   i n d e x  i s  r e l a t i v e l y   h i g h .  

C o n s i d e r a t i o n   c a n  be g i v e n   t o   i n s u l a t e d  road s e c t i o n s  

where excess i ce  c o n t e n t s  are  h igh   f rom Mile 4 5 0  t o  

550 b u t   t h e   o c c u r r e n c e   o f   e x c e s s  ice i s  e x t r e m e l y  

s p o r a d i c   a n d  i s  n o t   e x t e n s i v e .  The r e l a t i v e   e c o n -  

omics  of i n s u l a t i o n   a n d   d e e p e r   f i l l   d e p t h s   w o u l d  

r e q u i r e   s t u d y .  , 

Although f i l l   h e i g h t s  of s u f f i c i e n t   t h i c k n e s s e s   c a n  

8 K n i g h t  G. R .  a n d  C o n d o  A .  C. "Desiqn a n d  
E v a l u a t i o n  of I n s u l a t e d   a n d   U n i n s u l a t e d  
R o a d w a y  E m b a n k m e n t s  for t h e  A r c t i c . "  Pro- 
c e e d i n g s ,  S y m p o s i u m  on C o l d  R e g i o n s  E n g i -  
n e e r i n g ,  U n i v e r s i t y  of A l a s k a ,  1971. 
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be p l a c e d   t o   p r e v e n t   t h a w i n g   o f   t h e   e x i s t i n g   s u b g r a d e ,  

t h e   d e s i g n e r   m u s t   b e  aware o f   c r o s s - d r a i n a g e   w h i c h  i s  

i n t e r c e p t e d   b y   t h e   r o a d w a y   f i l l   o v e r  long f l a t  s l o p e s .  

T h i s  water f l o w i n g  a g a i n s t  o n e   s i d e  of t h e  embankment 

f i l l  c a n   c a u s e  severe t h e r m a l  e r o s i o n   a n d   s u b s e q u e n t  

i n s t a b i l i t y  of the   roadway.  

The d e s i g n   g r a d e l i n e   a n d   a l i g n m e n t   s h o u l d  be checked  

t o  e n s u r e   t h a t   c r o s s - d r a i n a g e  does n o t   o c c u r   i n  ice- 

r i c h   p e r m a f r o s t .  

Wherever f i l l s  are p l a c e d  over i c e - r i c h   z o n e s ,  se t t le-  

m e n t   a n d   f a i l u r e   o f   s i d e - s l o p e s   h a s   b e e n   f o u n d  t o  b e  

common subsequen t  t o  thawing .  I t  i s  recommended t h a t  

s l o p e s  of 4:l be c o n s t r u c t e d   i n   e x c e s s  i ce  zones i f  

t h e   f i l l  i s  p l a c e d   d u r i n g   t h e   w i n t e r .  When t h e  f i l l s  

are p l a c e d   d u r i n g   t h e  summer a f t e r   t h a w i n g   o f   t h e  

a c t i v e   l a y e r ,   s e t t l e m e n t   o c c u r s   d u r i n g   p l a c e m e n t  of 

t h e   f i l l   a n d   i n   t h e s e  cases s l o p e s  of a p p r o x i m a t e l y  

3:l c a n   b e   c o n s i d e r e d .  

(c )  Genera l  Cr i te r ia  f o r  Borrow P i t  S e l e c t i o n  
and   Cen t re l ine   Grade   Des ign  

The s e l e c t i o n   o f  embankment material  w i l l  depend  upon 

a v a i l a b l e   b o r r o w   m a t e r i a l s ,   e x c a v a t i o n   p r o b l e m s ,   w i n -  

t e r  or summer c o n s t r u c t i o n ,   r i g h t - o f - w a y   c o n d i t i o n s ,  

and r e l a t ive  h a u l   d i s t a n c e s ,   T h e   m a t e r i a l s   w h i c h  

o c c u r   a l o n g   t h e ’ p r o p o s e d   h i g h w a y   h a v e   b e e n   d i s c u s s e d ,  

i n   g e n e r a l  terms, p r e v i c u s l y ,   I n   s e c t i o n  V I ( a )  and 
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t he i r   p rope r t i e s   summar ized .  T h e  fo l lowing  is  a 

summary o f   p o t e n t i a l  embankment ma te r i a l s   wh ich  

are a v a i l a b l e   i n  order o f   d e c r e a s i n g   p r e f e r e n c e  

1. 
2 .  
3 .  
4 .  
5. 
6 .  
7 .  

8.  

Broken shale ( l imi t ed   supp ly )  
Wel l -graded   dry   coarse   sandy  grave l  
Gravelly-sand 
Unf rozen   g l ac i a l   c l ay  till (W% = 1 5 )  
Unfrozen s i l t y   c l a y  (W% = 25) 
F r o z e n   g l a c i a l  c l a y  till (W% = 1 5  t o  2 0 % )  
F r o z e n   s a t u r a t e d   s i l t y   c l a y  (W% g r e a t e r  
than   25)  
Unfrozen   sa tura ted  s i l ts .  

A major   des ign   cons idera t ion   which  was made i n  t h e  

s e l e c t i o n   o f   t h e   i n i t i a l   g r a d e l i n e  was t o  e l i m i n a t e  

c u t  sections.  T h i s   d e s i g n   c r i t e r i a  i s  w e l l  j u s t i f i e d  

i n  permafrost   areas   where  severe   s lope  aggradat ion 

may r e s u l t  b u t   c o n s i d e r a t i o n  can be g iven  t o  conven- 

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

absen t .   Eowever ,   d r i f t i ng  snow t e n d s  t o  c o v e r   c u t  

sec t ions ,   and   present   main tenance   p roblems.   In   addi -  

t i o n ,  c u t  s e c t i o n s   s h o u l d   o n l y  be considered  where 

d ra inage  i s  r e l a t i v e l y  good  and  water  ponding  along 

t h e  roadway w i l l  no t   occu r .  

Both summer and   win ter  embankment cons t ruc t ion   have  

advantages  and  disadvantages.  The pr imary  advantages 

of w i n t e r   c o n s t r u c t i o n  i n c l u d e  a c c e s s  t o  b o r r o w   p i t s ,  

r i gh t -o f -way   c l ea r ing   and   gene ra l   mob i l i za t ion   and  

maneuverabi l i ty   of   construct ion  equipment .   Wherever  

summer a c c e s s  proves d i f f i c u l t   i n t o  borrow p i t s ,  
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cons ide ra t ion   shou ld   be   g iven  t o  c o n s t r u c t i o n  of 

hau l   roads   du r ing  t h e  w i n t e r .  The major  advantages 

of summer c o n s t r u c t i o n   i n c l u d e :  

1. 

2 .  

The 

I n c r e a s e d   d e n s i t y  of cohes ive  embankment mater- 

i a l s  r e s u l t  from passage of c o n s t r u c t i o n   e q u i p -  

ment   over   unf rozen   mater ia l s  when the  a i r  temper- 

a tures   remain  above 32OF. A high pe rcen tage  of 

t h e  cons t ruc t ion   a long   the   p roposed   h ighway w i l l  

be  undertaken  by  Conventional  procedures  and  there-.  

f o re ,  compaction  techniques  can be g iven   cons ide r -  

a t i o n .  

E f f i c i e n c y  of men and equipment is h i g h e r   i n  

summer as compared t o  t h e  ex t r eme ly   co ld   w in te r  

period  from mid-December through  January  and 

February.  

borrow m a t e r i a l   a v a i l a b l e   a l o n g  a g i v e n   s e c t i o n  

of t h e  h i g h w a y   o f t e n   d i c t a t e s  t h e  cons t ruc t ion   s chedu le .  

Although  unfrozcn till and s i l t y  c l a y   b o r r o w   p i t s  

e x i s t ,  t h e  development of t h e s e  p i t s  i n  t h e  winter 

i s  d i f f i c u l t .   E x c a v a t i o n  of these p i t s  may be under- 

t a k e n   i n  t h e  summer u t i l i z i n g   c o n v e n t i o n a l   s c r a p e r  

and   push -ca t s   bu t  t h e  s e a s o n a l   f r o s t - p e n e t r a t i o n  of 

6 t o  1 0  f e e t  would n e c e s s i t a t e   r i p p i n g  or  b l a s t i n g  

and  placement of undes i rab le   f rozen   "chunks"   in  t h e  

roadway embankment. I n  other words ,   an   exce l l en t  

borrow p i t  when worked i n  t h e  summer can become of 
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i n f e r i o r   q u a l i t y  when developed i n  sub-zero  tempera- 

t u r e s .  Many a reas   where   f ros t -pene t r a t ion   dep ths  

reach  6 t o  1 0  f e e t  may be  economically  worked i n   t h e  

l a t e  f a l l  be fo re  a s i g n i f i c a n t   d e p t h  of f r o z e n   s o i l  

has  developed. T h i s  pe r iod   w i th  some f ros t :   pene t ra -  

t i o n   p r o v i d e s  good t r ac t ion   fo r   ea r th -mov ing   equ ip -  

ment. 

Gravel   and  sand  deposi ts   can  be  excavated  and  placed 

t h r o u g h o u t   t h e   y e a r   w i t h   s a t i s f a c t o r y   r e s u l t s .  

Another   par t icular   problem  which w i l l  be  encountered 

i s  t h e   e x c a v a t i o n  of u n f r o z e n   m a t e r i a l   w h i c h   e x h i b i t s  

m o i s t u r e   c o n t e n t s   a b o v e   t h e  optimum. A s  a g e n e r a l  

gu ide   fo r   p red ic t ing   p rob lem  excava t ion  areas,  c l a y s  

w i t h   i n s i t u   m o i s t u r e   c o n t e n t s  less t han  5% g r e a t e r  

t h a n   t h e  optimum may be removed  and p l aced  by  conven- 

t i o n a l   s c r a p e r   p r o c e d u r e s   b u t   m o i s t u r e s  7 %  and 8 %  o r  

higher  above optimum w i l l -  p r o v e   d i f f i c u l t   a n d  i n  many 

c a s e s  borrow p i t s  would  be r e j e c t e d   o n   t h e   b a s i s   o f  

h igh  water c o n t e n t s .   I n   t h e   s u b s e q u e n t   s e c t i o n  V I - ( d )  

su i t ab le   bo r row  p i t s   have   been  recommended based upon 

t h e i r   u n f r o z e n   c o n d i t i o n   b u t  some s o i l s  have  been re-. 

j e c t e d   w h i c h   e x h i b i t   s a t u r a t e d   o r   h i g h   m o i s t u r e   c o n -  

t e n t   c o n d i t i o n s .  

G e n e r a l l y ,   w i t h i n   e a c h   s i m i l a r   s o i l   t y p e   s e c t i o n   t h e  

borrow p i t s  do n o t  c o n t a i n   s i g n i f i c a n t l y   d i f f e r e n t  

soils. Of c o u r s e ,   w h e r e v e r   s e v e r a l   b o r r o w   p i t s   e x i s t  

w i t h i n  a s h o r t   d i s t a n c e  t h e  s u p e r i o r   m a t e r i a l s   s h o u l d  
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b e   u t i l i z e d .  

An exce l l en t   supp ly   o f   g raded   g rave l   and   s and  i s  d i s -  

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

some h a u l   d i s t a n c e s  would  be  excessive.   Several   sand 

d e p o s i t s  e x i s t  which may be   readi ly   excavated   and  

p l aced   bu t  t h e  l a c k  of f i n e   f r a c t i o n  (less t h e  # 2 0 0  

s i e v e )  may p reven t  a s t a b l e   s u r f a c e   f r o m   b e i n g  es- 

tablished.  These  sand  embankments  should  be  capped 

by 1 / 2  t o  1 f o o t  of coa r se   g raded   g rave l .  

The pr imary  source  of  embankment material should  be 

the   coarse   g rave l   and   sand   mix tures .   Al though  broken  

bedrock  would be t h e  most d e s i r a b l e   f i l l  i t s  cost w i l l  

b e   h i g h e r   t h a n   t h e   g r a n u l a r  materials and  the  bedrock 

supply i s  concen t r a t ed   nea r   t he   no r th   end  of t h e  sec- 

t i o n   n e a r  Mile 5 4 0 .  

A s  a r e s u l t  of t h e   e x t r e m e   v a r i a t i o n   i n  s o i l  condi-  

t i o n s   a n d   i n   p a r t i c u l a r ,   p e r m a f r o s t   a n d  non-perma- 

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

borrow p i t s ,   c e n t r e l i n e   g r a d e l i n e s  and  problem  areas 

has   been   unde r t aken   i n   s ec t ion  V I  ( d )   f o r   e a c h   s e c t i o n  

of t h e  highway  from Mile 4 5 0  t o  550. 

( d )   D e t a i l e d  Borrow P i t  S e l e c t i o n ,  Recormended 
- Grade  Revisions  and  Problem  Areas 

T h i s  s e c t i o n   c o n s i s t s  of detai led  recommendat ions 

on   g rade l ine   r ev i s ions ,   p rob lem  a reas   and  borrow p i t  

s e l e c t i o n .  T h e  g r a d e l i n e  upon  which  recommendations 
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have  been made i s  t h a t  shown o n   p l a n - p r o f i l e s  received 

from t h e  D.P.W. i n   J a n u a r y ,  1 9 7 3 .  

The d i s c u s s i o n  relates t o  1 9  i n d i v i d u a l   s e c t i o n s  

which  have  been selected o n   t h e  basis of l e n g t h s  

o f   p r o p o s e d   r o a d w a y   t h a t   e x h i b i t   c o n t i n u o u s l y  similar 

so i l  t y p e s .  

E i g h t y - e i g h t  (88 )  borrow p i t s   h a v e   b e e n  recommended 

s u i t a b l e   f o r   d e v e l o p m e n t   b a s e d   p r i m a r i l y   u p o n   t h e i r  

u n f r o z e n   n a t u r e .   I n   g e n e r a l ,   f r o z e n   s i l t y   c l a y   a n d  

g l ac i a l  till h a v e   b e e n   c l a . s s i f i e d  a s  u n s u i t a b l e   f o r  

embankment f i l l .   S e v e n t y - s e v e n  ( 7 7 )  o f   t h e   o n e -  

hundred   and   s ix ty - f ive   (165)  borrow p i t s   i n v e s t i g a t e d  

c o n s i s t e d   o f   f r o z e n   c o h e s i v e  materials. 

A s  i n d i c a t e d  above, b o r r o w   p i t s   h a v e   b e e n   s e l e c t e d  

a n d   c l a s s i f i e d   s u i t a b l e   f o r  embankment c o n s t r u c t i o n  

p r i m a r i l y  based upon s o i l   t y p e ,   u n f r o z e n   c o n d i t i o n  

a n d   l o w   m o i s t u r e   c o n t e n t .   T h e   u t i l i z a t i o n  of t h e  

u n s u i t a b l e   f r o z e n   c o h e s i v e  soils would  only be con- 

s i d e r e d  when h a u l   d i s t a n c e s  a r e  t o  b e   d e c r e a s e d .  

From Mile 450 t o  4 9 2  t h e   s e c t i o n s  w i l l  i nvo lve   max i -  

mum h a u l   d i s t a n c e s   o f  1 . 5  miles i f  on ly   t he   r ecom-  

mended b o r r o w   p i t s  are  developed .   The   sec t ion   f rom 

Mile 4 9 2  t o  545 w i l l .  i nvo lve   two  maximum h a u l   d i s -  

t a n c e s   o f  2 . 3  and  2.5 miles w i t h   t h e   r e m a i n d e r   b e l o w  

1 . 5  miles bu t   numerous   hau l s  w i l l  b e   i n   t h e   o r d e r  of 

1 mile. I n   a d d i t i o n ,   t h e   a b o v e   a p p r o x i m a t e   h a u l  

d i s t a n c e s  are  based  on t h e   a s s u m p t i o n   t h a t   s u f f i c i e n t  
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m a t e r i a l  i s  a v a i l a b l e  i n  each  borrow area. I f   g r a n u l a r  

m a t e r i a l s  are  u t i l i z e d   t h r o u g h o u t   t h e   s e c t i o n   t h e   a v e r -  

a g e   h a u l   d i s t a n c e s   f o r   t h e   s o u t h  6 5  miles w i l l  be 

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

30 m i l e  s e c t i o n  would  have some h a u l   d i s t a n c e s   o f  

5 t o  6 miles. 

From l i m i t e d   e x p e r i e n c e   w i t h   c u t   s e c t i o n s  i n  perma- 

f r o s t   c o h e s i v e   s o i l s ,  it i s  recommended t h a t   o n l y  

f i l l   s e c t i o n s   b e   d e s i g n e d .   T h i s   c o n s e r v a t i v e   a p p r o a c h ,  

a l t h o u g h   j u s t i f i e d   i n  many cases, e s c a l a t e s   c o n s t r u c -  

t i on   and   r e -a l ignmen t   cos t s .  F i e l d  d r i l l i n g   i n v e s t i -  

g a t i o n   p r o c e d u r e s   c a n n o t   d i s c l o s e   a c c u r a t e l y   t h e  ice 

c o n d i t i o n s  i n  a c o h e s i v e   s o i l .   T h a t  i s ,  a l though  

moi s tu re   con ten t s   and   bu lk   dens i t i e s  may i n d i c a t e  no  

excess i ce ,  the   occu r rence   o f  ice i s  s p o r a d i c .  I n  

any case, t h e  r i s k  of c o n s t r u c t i n g   c u t   s e c t i o n s   w i t h  

major   main tenance   p roblems  and   po ten t ia l   fa i lure  

should  be  compared t o  re-alignment. I n   t h i s   r e p o r t  

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

cohes ive   so i l s ,   a l though  recommendat ions  are  on ly  

g iven   i n   zones   where   f i e ld   and   l abo ra to ry   da t a   do  

n o t   d i s c l o s e   e x c e s s  i ce  c o n d i t i o n s .  

The performance  of  permafrost   cohesive c u t s  h a s   n o t  

been w e l l  documented  and l i t t l e  experience  has   been 

gained i n  Canada .   In   genera l ,  a designer   wouid 

c h o o s e   c u t   b a c k s l o p e s   a s   f l a t   a s   p o s s i b l e   t o   p r o v i d e  

t h e  maximum f a c t o r   o f   s a f e t y   a g a i n s t   f a i l u r e   a l o n g  
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a weak zone c r e a t e d  by melted ice. Slopes  should 

n o t   b e   c o n s t r u c t e d   s t e e p e r   t h a n  2+ or  3 : l  when con- 

s i d e r i n g   o v e r - a l l   s t a b i l i t y .  

F l a t   c u t s   u n d e r t a k e n   n o r t h   o f   F a i r b a n k s ,   A l a s k a ,  re- 

po r t ed  by ” Keyes*’, produced  greater   aggradat ion  and  main-  

t e n a n c e   p r o b l e m s   t h a n   t h e   s t e e p e r   s l o p e s .   F l a t   s l o p e s  

p r o d u c e d   g r e a t e r   a c t i v e   e r o s i o n a l   d e b r i s  a t  t h e  slope 

base a s  a r e s u l t  of t h e   g r e a t e r   s u r f a c e   a r e a   a n d   i n  

g e n e r a l   t h e   h e a l i n g  or  the rma l   equ i l ib r ium  p rocess  

takes l o n g e r   w i t h   f l a t t e r   s l o p e s .  

Although  excess ice cohes ive  cuts a r e   n o t  recommended 

from Mile 4 5 0  t o  550 c o n s i d e r a t i o n  may be  given a t  

o ther  l o c a t i o n s   i n   p l a c i n g  a g r a v e l   p r o t e c t i v e   c o v e r  

over  a insulation l a y e r  on t h e  exposed  f rozen  face.  

The gravel  slope.   would  be  placed a t   t h e   a n g l e  of re- 

pose  and would b e   r e t a i n e d  a t  t h e   b a s e  by a r e t a i n i n g  

w a l l  ( P l a t e  A - 6 ) .  

The remainder of t h i s   s e c t i o n  is  devoted t o  a d i s -  

cuss ion  of t h e   i n d i v i d u a l  roadway s e c t i o n   w i t h  re- 

f e rence   t o   g rade l ine   des ign ,   p rob lem  a reas   and   bo r row 

p i t  select ion.  Table VI-2 i n c l u d e s  a summary o f   t h e  

i n d i v i d u a l   s e c t i o n s .  

Table  VI-3 l o c a t e d  a t  t h e   e n d   o f   t h i s   s e c t i o n  i n -  

c l u d e s  a surnmary of t h e   b o r r o w   p i t s  recommended f o r  

development   with  es t imated  potent ia l   volume  of   each 

borrow p i t .  

9 Keyes D. E .  “Arctic a n d   S u b - A r c t i c   R o a d  
C o n s t r u c t i o n  T e c h n i q u e s ”  Proceedings, 
Symposium on C o l d  R e g i o n s   E n g i n e e r i n g ,  
University of A l a s k a ,  1971. 

” 
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TABLE V I  -2 

SUMMARY OF HIGHWAY SECTIONS 

BASED UPON SOIL CHANGES 

MILEAGE STATION SOIL TYPE 

449 - 454 369+00 - 585+00 F r o z e n   s i l t y  

454 - 456 585+00 - 686+00 Unfrozen 
c l a y  

g r a v e l  & sand 

c l a y  

g r a v e l  & sand 

c l a y  

456 - 459  686+00 - 855+00 Frozen s i l t y  

459 - 460 855+00 - 925+00 Unfrozen 

460 - 464  925+00 - 1395+00 F r o z e n   s i l t y  

464 - 465  1395+00 - 1335+00 Sand & g r a v e l  

4 6 5  - 468  1135+00 - 1195+00 F r o z e n   s i l t y  

468 - 471  1195+00 - 1040+00 Gravel  and 

471 - 482  1040+00 - 485+00 Frozen s i l t y  

c l a y  

sand 

c l a y  

g l a c i a l  till 

c l a y  & g r a v e l  
500 - 504  480+00 - 711+00 Gravel  & sand 

482 - 492  485+00 - 87+00 Gravel  & sand 

492 - 500  87+00 - 480+00 F r o z e n   s i l t y  

504 - 507 711+00 - .875+00 F r o z e n   s i l t y  

507 - 512 875+00 - 1137t-00 Gravel  and 

512 - 523  1137+00 - 1086+00 F r o z e n   s i l t y  

523 - 531  1086+00 - '660+00 Glacia l  till 

531 - 536  660+00 - 370-t-00 Gravel  & sand  

c l a y  

sand 

c l a y  & g r a v e l  

& g r a v e l  

STREAM 
CROSSING 

Ochre 
R ive r  

Whitesand 
Creek 

R a inb ow 
Creek 

Blackwater  
R ive r  
Creek 
Mile 498.5 

S t e e p  
Creek 
S a l i n e  
R ive r  

L i t t l e  Smith 
Creek 
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MILEAGE 

TABLE V I  -2 (conk - ' d) 

STATION SOIL  TYPE STREAM 
CROSSING 

536 - 543  370+00 - 10+00 Frozen  g l a c i a l  
till & silty 
c l a y  

bedrock  Creek 
543 - 545 10+00 - 0 - 84+33 Sand & gravel  B i g  S m i t h  

I 
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1. Mile 449  - 4 5 4  - (369-1-00 - 585+00)  

This section  consists of frozen  silty  clay  with 

average  moisture of 2 4 %  but  little  excess  ice. 

No significant  thaw-settlement  expected,  utilize 

minimum  fill  depths  of 3 feet  over  most  of  the 

section. 

Mile 4 5 1  to 453 - 2 feet of muskeg  present, 
can  expect 1 foot  of  settlement  therefore, 
increase  design  depth 1 foot  so  that  final 
fill  will  be  minimum 3 feet  above  existing 
grade. 

575+00 - 15 foot cut will be  in  permafrost 
with low moisture of 108, utilization of 
24:l slope  is  recommended  but  surface  aggra- 
dation  can be  expected.  Most  conservative 
design would be design as a fill  section as 
the extent  of  thawed  ice  layers  is  unknown. 

Borrow  Pits 

Mile 450 - 369+00 - frozen  clay  unsuitable. 
378+00 - low moisture content, 
frozen  clay  and  gravel,  develop 
pit  north  from  hole 91B. 

401+00 - frozen  clay  unsuitable. 
Mile 4 5 1  - 440+00 - frozen  clay  unsuitable. 

I 

Mile 452  - 497-1-00 - frozen  clay  unsuitable. 
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Mile 453 - 537+00 - u n f r o z e n  clay. 

2. 

548+00 - u n f r o z e n   c l a y .  

Mile 454 - 591+00 - ( 1 2 0 0 '  west E )  - d r y  
u n f r o z e n   g r a v e l ,   s t r i p p i n g  up 
t o  4 f e e t  s i l t .  

591+00 - (500 '  weste) - u n f r o z e n  
s i l t y  and  sandy grave l .  

Recommend development  of pit 378+00 f o r   f i l l   n e a r  

Mile 4 5 0 .   E x c e l l e n t   g r a n u l a r   f i l l  may be o b t a i n e d  

from  591+00 p i t s   b u t   u p - h i l l   h a u l  t o  uplands  would 

be 300 f e e t  w i t h   h o r i z o n t a l   d i s t a n c e s  of u p  t o  

t h r e e  miles. Secondary source would  be unfrozen 

c l a y   f r o m  537+00 and 5 4 8 + 0 0  b u t   u t i l i z i n g  summer 

c o n s t r u c t i o n .  Use g r a n u l a r  p i t  591+00 f o r   s o u t h  

a p p r o a c h   f i l l   t o   O c h r e   B r i d g e .  

Mile 454-456 - (585+00 - 6864-00) - O c h r e   R i v e r   V a l l e y  

T h i s   s e c t i o n   c o n s i s t s   o f   l o w   m o i s t u r e   c o n t e n t ,  

u n f r o z e n ,   g r a v e l   a n d   s a n d .   S t a b i l i t y  of 3 5 '   d e e p  

a p p r o a c h   g r a n u l a r   f i l l s  a t  b r i d g e  w i l l  be s t ab le  

u s i n g  2 : l  s l o p e s .  

603+00  and 6 3 0 + 0 0  - c u t s  a t  t h e s e   t w o   s e c t i o n s  
w i l l  be u n d e r t a k e n   i n   u n f r o z e n   g r a v e l   a n d   s a n d  
s t r a t a ,  s t a b i l i t y  w i l l  be a d e q u a t e   w i t h  2:l s l o p e s .  

Borrow P i t s  

Mile 4 5 4  - 630+00 - dry u n f r o z e n   g r a v e l  on 
r i v e r  terrace. 
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Mile 4 5 6  - 631+00 - unfrozen c l a y ,  h igh  mois- 
t u r e   c o n t e n t   o f  3 0 % ,  u n s u i t a b l e  
f o r   f i l l  and  excavat ion.  

Recommend deve lopmen t   o f   g ranu la r   p i t  630+00 on 

r ive r  t e r r a c e   f o r   d e e p   a p p r o a c h   f i l l s   a n d   u p l a n d  

embankments.   Several   hundred  thousand  yards of 

borrow i s  ava i l ab le   a long   Ochre   R ive r .  

3 .  Mile 456-459 - (686+00 - 855+00)  

T h i s   s e c t i o n   c o n s i s t s   p r i m a r i l y  of f r o z e n   s i l t y  

c l a y .   C e r t a i n   l e n g t h s   e x h i b i t   h i g h  ice c o n t e n t ,  

i nc lud ing  705+00,   725+00,   735+00,   745+00,   765+00,  

805+00,  835+00,  845+00 and 855+00.  I f   g r a n u l a r  

f i l l  i s  p laced  when the subgrade i s  f r o z e n ,  7 

foo t   dep ths   shou ld   be   u sed   ove r   t h i s   s ec t ion .  

I f  minimum 3 f o o t   d e p t h s  are  p l aced ,   t haw-se t t l e -  

ments  of 3 0 %  o r  2 fee t  a r e   e s t i m a t e d  i n  a thaw  depth 

of  approximately 7 Zeet. Summer c o n s t r u c t i o n   o v e r  

t h e  thawed a c t i v e   l a y e r  would r e q u i r e  f i l l  dep ths  

of approximately 5 feet  a s  s e t t l e m e n t  w i l l  occur  

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

Borrow P i t s  

Mile 4 5 6  - 738+00 - unr‘rozen  Clay W = 2 0 % .  

Mile 4 5 7  - 781+00 -- s i l t y   g r a v e l   a n d   s a n d  
W = 1 3 8 ,  unfrozen.  

, 
Mile 4 5 8  - 8174-00 - 8 f e e t  of unfrozen s i l t y  

c l ay   ove r   s and .  
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831+00 - f r o z e n   s i l t y   c l a y ,  un- 
s u i t a b l e .  

Recommend development   o f   p i t   781+00,   which  i s  i n  

t h e   c e n t r e   o f   t h i s   s e c t i o n   b u t   w o u l d  be more econ-  

omical t o  h a u l   g r a v e l   f r o m   W h i t e s a n d   C r e e k  terrace 

f o r  f i l l   a l o n g  Mile 458 t o  459. 

4 -  Mile 459-460 - (855+00 - 925+00) - Whitesand 
Creek   Va l l ey  

U n f r o z e n   g r a v e l   a n d   s a n d  are t h e   p r i m a r y  s o i l  t y p e s  

i n  t h i s   s e c t i o n .  U t i l i z e  minimum f i l l   d e p t h s  of 

3 f ee t ,  except   where  deep  embankments  are r e q u i r e d  

a t  t h e   b r i d g e   c r o s s i n g .  

872+00 - 35 f o o t   c u t  w i l l  be made i n   f r o z e n  
d r y   s a n d   a n d   g r a v e l  w i t h  W = lo%, s t a b i l i t y  
s h o u l d   n o t  be a p r o b l e m   w i t h   s l o p e s   o f  2:l. 

880+00 - terrace f o r  a 6 foot d e p t h   o f  mus- 
keg  which w i l l  f o r m   t h e   b a s e   f o r  a 30 f o o t  
fill. Recommend removal   o f   muskeg   to   en-  
s u r e   s t a b i l i t y  of t h e  f i l l .  

885+00 - 10 f o o t   c u t  i s  p r o p o s e d   n e a r   t h e  
n o r t h   a b u t m e n t   i n   f r o z e n  s i l t  a n d  c l a y ,  it 
i s  recommended t h a t   t h e   g r a d e   b e   r a i s e d  
1 3   f e e t   t o   e n s u r e   s l o p e   s t a b i l i t y  by elim- 
i n a t i o n  of t h e   c u t .  

Borrow P i t s  - 

Mile 45,9 - 871+00 - unfrozen  l o w  m o i s t u r e  
c o n t e n t   g r a v e l .   s o u t h  terrace 
of Whitesand  Creek. 
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891+00 - unfrozen low mois ture  
c o n t e n t   g r a v e l   n o r t h   t e r r a c e   o f  
Whitesand Creek .  

Mile 4 6 0  - 925+00 - u n s u i t a b l e ,  10 f e e t  of 
f r o z e n   c l a y  - high  ice c o n t e n t .  

Recommend development of g r a v e l  terrace p i t s  a t  

871+00 and 891+00 t o  be  hauled  north  and  south 

t o  the   up lands .  

5 .  Mile 460-464 - (925+00 - 1395-1-00) 

T h i s   s e c t i o n  cons is t s  p r i m a r i l y  of f r o z e n  silty 

c l a y  wi th  bulk d e n s i t i e s  as l o w  as 9 0  p c f .  F i l l .  

dep ths   shou ld   be   ma in ta ined   g rea t e r   t han  minimum 

as  no ted   be low  to   r educe   po ten t i a l   t haw-se t t l emen t .  

9651-00 - 10 f o o t   c u t  w i l l  be made i n   f r o z e n  
c l a y   w i t h   m o i s t u r e   c o n t e n t   n e a r  optimum  and 
no excess  i ce .  A 23i:l backs lope   should   no t  
p r e s e n t  a s l o p e   s t a b i l i t y   p r o b l e m   b u t  some 
minor   sur face   aggrada t ion  may occur .  

989+45 - p r o p o s e d   c u l v e r t   i n  7 0  f o o t   r a v i n e  
should   be   p laced  on g l a c i a l  till a f t e r  re- 
moval  of 1% f e e t  of muskeg. 

1095+00 - 1110+00 - grave l   and   s and   depos i t s  
occur,  t h e r e f o r e  use minimum 3 f e e t   d e p t h  
f i l l s .  

1110+00 - 1 3 9 5 + 0 0  - high  ice  c o n t e n t  - low 
b u l k   d e n s i t y .   I n c r e a s e   f i l l   d e p t h   f r o m   p r o -  
posed  average  of 4 f e e t   t o  7 f e e t .  

I 
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B o r r o w  P i t s  

Mile 460 - 948+00 - f r o z e n   a n d   u n f r o z e n   c l a y ,  
w = 20%. 

Mile 461 - 983+00 - ( 5 0 0 '  W o f  E) f r o z e n  
c l a y ,   u n s u i t a b l e .  

983+00 - ( 5 0 0 '  E of E )  f r o z e n  low 
m o i s t u r e   c o n t e n t   c l a y .  

993+00 - v a r y i n g   d e p t h s  of f r o z e n  
s i l t  a n d   c l a y   o v e r  gravel  a n d   s a n d .  

1051+00 - ( 2 0 0 0 '  E of E)  f r o z e n  
c l a y ,   u n s u i t a b l e .  

1051+00 - ( 2 0 0 0 '  E and  S of E )  
f r o z e n  s i l t  a n d   s a n d .  

1051+00 - (3800 '  E o f  E )  f r o z e n  
c l a y ,   u n s u i t a b l e .  

1051+00 - ( 9 0 0 '  E of E )  f r o z e n  
s a n d   a n d   c l a y .  

1051+00 - (4800 '  E o f  E )  f r o z e n  
c l a y .  

Mile 463 - 1072+00 - f r o z e n   s i l t y   c l a y ,  un- 
s u i t a b l e .  

1084+00 - f r o z e n   s i l t y   c l a y ,   u n -  
s u i t a b l e .  

1107+00 - 2 h o l e s   o f   f r o z e n   s a n d  
and  2 s i l t  a n d   c l a y .  Develop p i t  
w e s t  from  117B  and  118B. 

Mile 464 - 1409+00 - f r o z e n   c l a y   w i t h  excess 
ice ,  u n s u i t a b l e .  
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Recommend h a u l i n g   o f   g r a n u l a r   f i l l   n o r t h   f r o m  

Whitesand terrace a n d   d e v e l o p   p i t  a t  Mile 463, 

1107+00 f o r   f i l l s   n e a r  Mile 463  and 4 6 4 .  Mater- 

i a l  may also be h a u l e d  from p i t  a t  Mile 465, 

s t a t ion   1365+00   wh ich  is i n c l u d e d   i n   t h e   f o l l o w -  

i n g   s e c t i o n .  

6 .  Mile 464-465 - (1395+00 - 1335+00) 

T h i s   s e c t i o n   c o n s i s t s   o f   f r o z e n   a n d   u n f r o z e n   s a n d  

a n d   g r a v e l ,   t h e r e f o r e ,   r e d u c e  fill h e i g h t s  t o  

minimum 3 f e e t   d e p t h .  A t  1 3 7 0 + 0 0  lower  grade 1 0  

f e e t  t o  produce  a s h o r t   l e n g t h  of c u t   a n d   i n  

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

C u t   w o u l d   b e   i n   u n f r o z e n   s a n d   o r  gravel.  

Borrow P i t s  

Mile 465 - 1365+00 - f r o z e n   s a n d   a n d   g r a v e l ,  
l o w  m o i s t u r e   c o n t e n t .  

1363+00 - f r o z e n   s a n d   a n d   g r a v e l .  

Deve lop   p i t s   1365+00  or  1363+00 f o r  fill n o r t h  

a n d   s o u t h .  

7. Mile 465-468 - (1135+00 - 1195+0C) 

T h i s   s e c t i o n   c o n t a i n s   f r o z e n   s i l t y   c l a y ,  muskeg 

d e p o s i t s   a n d   e x c e s s  ice zones .  
t 

1235+00 t o  1295+00 - m a i n t a i n  fill d e p t h  a t  
4 f e e t ,  ice  c o n t e n t  i s  low. 
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8. 

1290+00 t o  1270+00 - 4 feet  of p e a t ,  settle- 
ment of 2 f e e t   a n t i c i p a t e d ,   i n c r e a s e  grade 
h e i g h t  t o  6 fee t  to allow f o r   s e t t l e m e n t .  

1270+00 t o  1195+00 - m a i n t a i n   p r o p o s e d   g r a d e  
b u t  a t  l eas t  5 f e e t  d e e p   a l o n g   t h i s   l e n g t h ,  
excess ice a n d  4 f o o t   d e e p  muskeg d e p o s i t s  
are p r e s e n t .  

Borrow P i t s  

Mile 466 - 1322+00  West - f r o z e n   c l a y ,  un- 
s u i t a b l e .  

1322+00 East - f r o z e n  s i l t ,  ex- 
cess ice ,  u n s u i t a b l e .  

1307+00 - f r o z e n   c l a y ,  low mois tu re  
c o n t e n t ,   u n s u i t a b l e .  

Mile 467 - 1260+00 - f r o z e n   c l a y ,  low m o i s t u r e ,  
u n s u i t a b l e .  

Mile 478 - 1227+00 - s i l t y   c l a y   o v e r   g r a v e l  
u n f r o z e n   i n   t w o  t es t  h o l e s ,  l o w  
m o i s t u r e   c o n t e n t ,   d e v e l o p   n o r t h  
from 210B and 211B.  

Recommend development  of p i t  1227+00 f o r  summer 

c o n s t r u c t i o n .   T h i s   p i t  i s  t h e   o n l y   u n f r o z e n  

p o t e n t i a l  borrow f i l l   l o c a t e d   f r o m  Nile 465 

to 468. For embankment   requirement   near  466  

u t i l i z e   f r o z e n   g r a n u l a r   f r o m   p i t  a t  1363+00, 

Mile 465.  

Mile 468-471 (1195+00 - 1040+00) 

T h e   p r i m a r y   s o i l   t y p e   i n   t h i s   s e c t i o n  is g r a v e l  
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and   s and ,   and   i nc ludes  two m a j o r   d r a i n a g e   c o u r s e s  

i n c l u d i n g  Rainbow  Creek a t  Mile 471.6  and a pro-  

p o s e d   c u l v e r t  a t  Mile 4 6 9 .  

1182+00 to 1190+00 - proposed  30 f o o t   c u t  
w i l l  b e   u n d e r t a k e n   i n   s a n d   a n d   g r a v e l ,   b u t  
s u r f a c e  10 f e e t  a t  1183+00 c o n s i s t s  of s i l t  
a n d   c l a y   o f  l o w  m o i s t u r e   c o n t e n t s .  Recom- 
mend b a c k s l o p e s   o f  2 3 : l  so t h a t   s t a b i l i t y  
w i l l  be adequa te .  

1177+00 - f i l l   d e p t h s   o f  45 f e e t  w i l l  be 
s u p p o r t e d   o n   u n f r o z e n   g r a v e l   u n d e r l a i n  by 
s h a l e .   S t a b i l i t y  w i l l  be adequa te   and   g ran -  
u l a r   e x c a v a t i o n   f r o m   c u t s  may be u t i l i z e d .  

1174-t-00 t o  1166+00 - c u t   s e c t i o n   o n   n o r t h  s lope  
w i l l  be made i n   f r o z e n   c l a y   w i t h   t h e   s u r f a c e  
1 5   f e e t   c o n t a i n i n g  excess ice ,  bu t   be low 1 5  
f e e t   c l a y  i s  g r a v e l l y   a n d  W% = 1 0 .  Severe 
aggrada t ion   can  be e x p e c t e d   o v e r   t h e  8 0 0  
f o o t   c u t ,   t h e r e f o r e ,   e i t h e r   t h e  % g r a d e   s h o u l d  
be i n c r e a s e d  o r  t h e   f i l l   d e p t h   i n   t h e   v a l l e y  
i n c r e a s e d .  

1 1 G O - k O O  t o  1155-t-00 - e x c e s s  ice ,  s i l t y   c l a y  
W% = 5 0 .  M a i n t a i n  8 f o o t   f i l l   d e p t h s .  

1155-t-00 t o  1 0 6 4 + 0 0  - m a i n t a i n   e x i s t i n g   g r a d e s ,  
or minimum 3 f o o t   d e p t h s  may be used .  

1 0 6 4 + 0 0  t o  1058+00 - sou th   approach  t o  Rainbow, 
i n c r e a s e  fill d e p t h  t o  s i x   f e e t  t o  reduce  sub-  
grade  thaw.  

1058+00 t o  1 0 4 0 + 0 0  - m a i n t a i n  minimum 3 f o o t  
d e p t h s   o v e r   g r a n u l a r   s u b g r a d e .  
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B o r r o w  P i t s  

9 .  

Mile 468  - 1184+00 - f r o z e n   a n d   u n f r o z e n   s i l t y  
sand  and  gravel .  

Mile 4 6 9  - 1 1 6 2 + 0 0  - l o w  m o i s t u r e  c o n t e n t  
gravel   and  sandy s i l t  unfrozen.  

1 1 4 0 + 0 0  - f r o z e n   c l a y ,   u n s n i t a b l e .  

Mile 471 - 1056+00 - l o w  moi s tu re   con ten t  
g r a v e l ,   f r o z e n .  

Recommend development  of p i t s   a t  1184+00, 1 1 6 2 + 0 0 ,  

1 1 0 4 + 0 0  and 1 0 5 6 + 0 0 ,  a l though 1 1 6 2 + 0 0  and 1 0 5 6 + 0 0  

would   supply   super ior   mater ia l .  

Mile 471-482 - (1040+00 - 485t-00) 

T h i s   s e c t i o n  consis ts  p r i m a r i l y  of f r o z e n   s i l t y  

c l a y  w i t h  some g r a v e l   d e p o s i t s .  

1 0 4 0 + 0 0  t o  966+00  - main ta in  minimum 3 f o o t  
dep th .  There is no s i g n i f i c a n t   e x c e s s  ice .  

966+00 - f i v e   f e e t   o f  muskeg i s  p r e s e n t ,  
t h e r e f o r e  increase f i l l   d e p t h  t o  5 f e e t  to 
e n s u r e   f i n a l  fill a t  l eas t  3 fee t   above   ex-  
i s t i n g   s u r f a c e .  

970+00 t o  947+00  - proposed  deep f i l l  w i l l  
h a v e   a d e q u a t e   s t a b i l i t y .  

947+00 t o  936+00 - deep c u t  s e c t i o n  w i l l  
be i n  u n f r o z e n   s t i f f   c l a y .   S o i l   c o n d i t i o n s  
a r e  good  and  do  not  govern  design. 

, 
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931+00 t o  926+00 - shal low c u t  w i l l  be i n  
f r o z e n   c l a y  recommend grade  change t o  4 
foot  fill. 

926+OO t o  890+00 - use  minimum 3 f o o t  fill 
dep ths .  

890+00 t o  725+00 - l o w  swampy area wi th  
l a r g e   p o r t i o n   e x h i b i t i n g  2 t o  5 f e e t   o f  
muskeg o v e r   c l a y .   P l a c e   f i l l   d e p t h s   o f  
5 t o  6 f e e t  so t h a t  t h e  f i n a l   g r a d e  will 
be 3 t o  4 f e e t   a b o v e   e x i s t i n g   g r o u n d .  

725+00 - 635+00 - mainta in  minimum 3 f o o t  
f ill dep ths .  

633+00  and 6 2 4 + 0 0  - c u t s   a r e   i n   g r a v e l  s t ra ta  
so t h a t   s t a b i l i t y  w i l l  be adequate   wi th  2 : l  
slopes. 

620+00 t o  530+00 - main ta in  minimum 3 f o o t  
f i l l   d e p t h s .  

521+00 - proposed 8 f o o t   c u t  w i l l  be i n   f r o -  
zen   c l ay   w i th   h igh  ice c o n t e n t   t o   d e p t h   o f  
8 fee t .   S ix   hundred   fee t   o f   roadway w i l l  
cons i s t   o f   deg rad ing   f rozen   c l ay .  Recommend 
grade   change   to  a 5 f o o t   f i l l   s e c t i o n .  

521+00 t o  485+00 - main ta in  minimum 3 f o o t  
d e p t h s   a t  500+00  and 4 9 0 + 0 0 ,  5 fee t  Of muskeg 
e x i s t s  and   se t t lement   o f  2 f e e t   p r e d i c t e d ,  
t h e r e f o r e   p l a c e  6 f o o t   f i l l   i n   o r d e r  t o  
ma in ta in  4 foo t   f i na l   dep th   above   g round .  

Borrow P i t s  

Mile 4 7 1  - 1025+00 - f r o z e n   c l a y ,   u n s u i t a b l e .  

Mile 4 7 2  - 977+00 - f r o z e n   c l a y ,   u n s u i t a b l e .  

Mile 4 7 3  - 923+83 - two ho le s  un f rozen   c l ay ,  
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low m o i s t u r e .  

Mile 474 - 892+00 - f r o z e n   c l a y ,  l o w  mois- 
t u r e ,   u n s u i t a b l e .  

Mile 475 - 846+00 - t w o  h o l e s   u n f r o z e n   c l a y ,  
l o w  m o i s t u r e   c o n t e n t .  

822+00 - f r o z e n   c l a y  l o w  m o i s t u r e  
c o n t e n t ,   u n s u i t a b l e .  

Mile 476 - 781+00 - f r o z e n   c l a y ,   u n s u i t a b l e .  

Mile 477 - 731+00 - f r o z e n   c l a y ,   u n s u i t a b l e .  

Mile 478 - 655+00 - f r o z e n   c l a y ,  l o w  mois- 
t u r e ,   u n s u i t a b l e .  

Mile 479 - 605+50 - g r a v e l ,   e x c e l l e n t   f i l l ,  
u n f r o z e n  low m o i s t u r e .  

Mile 480 - 550+00 - u n f r o z e n  c l a y  till. 

Mile 481  - 505+00 - f r o z e n   s a n d y   g r a v e l .  

Mile 481  - 493+00 - f r o z e n   a n d   u n f r o z e n  
g r a v e l   a n d  till. 

Recommend deve lopmen t   o f  p i t s  923+89  and  846+00 

f o r  summer c o n s t r u c t i o n .   O t h e r   p i t s  a t  605+00, 

569+50,  550+00,  505+00,  493+00  should be d e v e l -  

oped   bu t   605+50  i s  t h e  bet ter  s u p p l y .   I n   a d d i -  

t i o n ,   d e v e l o p   g r a v e l  p i t s  a l o n g  water c o u r s e   o n  

s l o p e s   a t  624+00  and  633+00. Near t h e  south  p o r -  

t i o n  of t h i s   s e c t i o n  a t  Mile 471  t o  474 it is 
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recommended t h a t   g r a v e l   b o r r o w  be obtained  f rom 

t h e   p r e v i o u s   s e c t i o n   a t  Mile 4 7 1 ,  s t a t i o n  1056+00.  

1.0. Mile 482-492 - (485+00 - 87+00)  - 
T h i s   s e c t i o n   c o n s i s t s   p r i m a r i l y   o f   g r a n u l a r  mater- 

i a l s ,  w i t h  some g l a c i a l  till. 

g r a v e l .  480+00 - c u t  will be   per formed  in   d ry   unf rozen  

470+00  t o  450+00 - recommend d e s i g n   t h i s  sec- 
t i o n   a s   c u t  and  use common e x c a v a t i o n   f o r  
f i l l  a t  Mile 482. 

450+00 t o  270+00  - granular   subgrade ,   use  3 
f o o t  minimum f i l l   d e p t h s .  

275+00 - c u t  w i l l  b e   i n   g r a v e l   w i t h  good 
s t a b i l i t y .  

248+00 - c u t  w i l l  b e   i n   f r o z e n   c l a y   w i t h  
h igh  ice  c o n t e n t ,   r e - d e s i g n   g r a d e   f o r   f i l l  
a t  t h i s   s e c t i o n .  

2 4 0 + 0 0  t o  0 t o  87+00  - granu la r   subgrade  
u s e  minimum f i l l   d e p t h s   o f   2 . 5   f e e t .  
B l a c k w a t e r   R i v e r   f i l l s  at 53+00 are  ade- 
q u a t e  as  designed.  

215+00 - 1 9 2 + 0 0  - s e c t i o n  may be   des igned  as 
c u t - f i l l   b a l a n c e .  

30+00 - excess  ice  occurs i n   s i l t y   c l a y ,   i n -  
crease f i l l   d e p t h  t o  7 f e e t   n e a r   t h i s   s t a t i o n .  

Borrow F i t s  

Mile 4 8 2  - 465 t -00  - f r o z e n   g r a v e l ,  l o w  mois- 
t u r e  c o n t e n t .  
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Mile 483 - 427+50 - 2 h o l e s   u n f r o z e n   g r a v e l ,  
1 u n f r o z e n   c l a y .   D e v e l o p   t o w a r d s  
166A and 1 6 7 A .  

Mile 484 - 375-tOO - unf rozen   s and .  

334+00 - u n f r o z e n   s a n d .  

Mile 485 - 289+00 - u n f r o z e n   g r a v e l .  

Mile 487 - 221+00  - u n f r o z e n   g r a v e l .  

190+00 - unf rozen   s and .  

Mile 488 - 1 4 1 + 0 0  - d r y  grave l .  

Mile 489 - 114-t-00 - d r y  gravel .  

78+00 - d r y  grave l .  

Mile 49C - 33+00 - d r y  gravel.  

Mile 491 - 15+00 - d r y   g r a v e l .  

Mile 492 - 66+53  (700' West) - u n f r o z e n  
h i g h   m o i s t u x e   c o n t e n t   c l a y .  

66+53  (1700' West) - 8 f e e t  of 
f r o z e n   c l a y  over d r y   s a n d .  

Recommend deveLopment of a l l  g r a n u l a r   p i t s   a l o n g  

t h i s   s e c t i o n ,   e x c e p t   t h o s e   i n v e s t i g a t e d  a t  66+53. 

I n   g e n e r a l ,   t h e  gravel  p i t s   r a t h e r   t h a n   t h e   s a n d  

p i t s   s h o u l d  be u t i l i z e d   f o r   f i l l   u n l e s s   h a u l   d i s -  

t a n c e s  a re  t o  b e   d e c r e a s e d .  

11. Mile 432-50Q - (87+00 - 480+00) - Mile 498.5  Creek 

T h i s   s e c t i o n   c o n s i s t s   p r i m a r i l y  of f r o z e n   s i l t y  
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c l a y ,   b u t  a major muskeg deposi t   and some grave l  

i s  p resen t .  

93+00 - exis t ing   g round  leve l  i s  a t  proposed 
grade.  Subgrade  consists  of  frozen  clay,  re- 
commend over-excavation to  7 f e e t ,  and  recom- 
p a c t i o n   o f   g r a n u l a r   f i l l ,  or r a i s e   g r a d e l i n e  
t o  produce 7 feet  f i l l   s e c t i o n  above  perma- 
f ros t   to   p revent   thaw-se t t lement .  

107+00 t o  123+00 - proposed  cuts  of 30 f e e t  
w i l l  be i n  f rozen   s i l t y   c l ay   w i th   subsequen t  
s e v e r e   s l c p e   i n s t a b i l i t y  and surface  aggra-  
d a t i o n .  Recommend re-alignment t o  e l imina te  
c u t  s e c t i o n s   o r  a t  l e a s t   d e c r e a s e  maximum 
dep th   t o  less t h a n  1 0  f ee t .   Cons ide ra t ion  
may be   g iven   to  t r i a l  permafrost  slope in-  
su la t ion   t echniques .  

123+00 t o  380+00 - f rozen  s i l t y  c l a y   w i t h  
i so la ted   h igh   excess  ice  sec t ions   such   a s  
i nd ica t ed  by t e s t  hole  347B a t  338+00. R e -  
commend  minimum 5 foo t   dep th   ove r   t h i s   s ec -  
t i o n ,  bu t  some thawing of ice-rich  zones 
w i l l  resul t   wi th   subsequent   maintenance.  

380+00 t o  390+00 - 3 t o  16 f e e t  of muskeg 
e x i s t s  a t  proposed  bridge Mile 498.5. R e -  
commend complete  organic  removal  and  place- 
ment  of f i l l  on grave l  below muskeg l e v e l .  
See   b r idge   repor t  Mile 4 9 8 . 5  f o r   d e t a i l e d  
recommendations. 

390+00 t o  4084-00 - grave l   subgrade   therefore ,  
u s e  minimum f i l l  depths  of 3 f e e t .  C u t  a t  
406+00 i s  s a t i s f a c t o r y  i n  g ranu la r   ma te r i a l .  

408+00 t o  480+00 - u n f r o z e n   s i l t y   c l a y  may 
u s e  minimum 3 f o o t   f i l l   d e p t h s .  
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B o r r o w  P i t s  

Mile 493 - 93+00 - (3800'   North)  - f r o z e n  
c l a y ,   u n s u i t a b l e .  

137+50 - u n f r o z e n   c l a y ,   2 0 %  mois- 
t u r e   c o n t e n t .  

Mile 494 - 178+42 - f r o z e n   c l a y ,   u n s u i t a b l e .  

178+42 - ( 6 0 0 0 '  Nor th )  - f r o z e n  
c l a y ,   u n s u i t a b l e .  

Mile 495 - 238+50 - f r o z e n   c l a y ,   u n s u i t a b l e .  

Mile 4 9 6  - 252i-00 - f r o z e n   c l a y ,   u n s u i t a b l e .  

274+50 - f r o z e n   a n d   u n f r o z e n   c l a y .  

Mile 497 - 300+00 - f r o z e n   s i l t y   c l a y   a n d  un- 
f r o z e n  s i l t .  

330+50 - ( 1 5 0 0 '  West) - f r o z e n  
c l a y ,   u n s u i t a b l e .  

Mile 4 9 7  - 330+50 - ( 1 0 0 0 '  E a s t )  - f r o z e n  
c l a y ,   u n s u i t a b l e .  

Mile 498 - 365i-00 - f r o z e n   c l a y ,   u n s u i t a b l e .  

Mile 4 9 9  - 412+00 - u n f r o z e n   s i l t y   c l a y ,  l o w  
m o i s t u r e   c o n t e n t   w i t h  1 t o  2 feet  
of o r g a n i c   o v e r b u r d e n .  

Mile 4 9 9  - 436+75 - u n f r o z e n  s i l t  and  silty 
c l a y ,   s u r f a c e  mater ia l  v e r y  w e t .  

Mile 500 - 453+00 - coarse g r a v e l   a n d   s a n d ,  
d r y   a n d   u n f r o z e n .  

I 

L i t t l e  s a t i s f a c t o r y   b o r r o w  is p r e s e n t   a l o n g   t h i s  
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section from Mile 4 9 2  t o  499 .   Fo r   t he   sou th   po r -  

t i o n   n e a r  Mile 492  material  c a n  be hau led   f rom 

t h e   g r a n u l a r   p i t s   l o c a t e d   a l o n g  Miles 490 t o  491. 

T h e   o n l y   p i t s   t h a t  are recommended f o r   d e v e l o p -  

ment are t h o s e   a d j a c e n t  t o  s ta t ions   137+50,   274+50 

and   412+00,   which   cons is t  of u n f r o z e n   c l a y   a n d  

a t  t h e  extreme n o r t h   e n d  of t h i s   s e c t i o n   p i t  

4 5 3 + 0 0   c o n t a i n s   e x c e l l e n t   g r a n u l a r  material 

which may be h a u l e d   s o u t h .  

1 2 .  Mile -500-504 - (480+00 - 711+00) 

480+00 t o  670+00 - d r y   g r a n u l a r   s u b g r a d e ,  
t h e r e f o r e ,   d e p t h s  of 2 . 5   f e e t   a n d   c u t  sec- 
t i o n s  may be cons idered   where   good l a t e r a l  
d r a i n a g e   h a s   b e e n   c o n f i r m e d .  

670+00 to 711+00 - consists of  2 to 6 fee t  
of muskeg o v e r   g r a v e l .   R e c o m e n d   i n i t i a l  
f i l l  d e p t h   o f  5 f e e t   w i t h   u l t i m a t e  fill 
h e i g h t  of 3 f e e t   a b o v e   e x i s t i n g   s u r f a c e  
a f te r  s e t t l e m e n t .  

Borrow P i t s  

Mile 500 - 510+00 - u n f r o z e n   d r y   s a n d ,   t o p p e d  
w i t h  4 f e e t  of g r a v e l .  

Mile 501  - 550+78 - 6 f e e t  of g r a v e l  over 
u n f r o z e n   s a n d .  
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Mile 502 - 567+00 - d r y   u n f r o z e n   s a n d   a n d  
g r a v e l .  

596+50 - d r y   u n f r o z e n   g r a v e l   a n d  
sand .  

Mile 5 0 3  - 625+00 - d r y   u n f r o z e n   s a n d   a n d  
g r a v e l .  

665+00 - m o i s t   s i l t y   s a n d   w i t h  
water t a b l e  a t  1 4  f e e t .  

Mile 504 - 698+00 - u n f r o z e n   g l a c i a l  till, 
low m o i s t u r e   c o n t e n t .  

Recommend development   o f  a l l  p i t s   a l o n g   t h i s  

s e c t i o n ,   a n d   i n   a d d i t i o n ,   n u m e r o u s   o t h e r   l o c a -  

t i o n s  may be u t i l i z e d   i f   c l e a r i n g  i s  a l lowed  

by l a n d   u s e   r e g u l a t i o n s .  The e x c e l l e n t   q u a l i t y  

of t h e   g r a n u l a r  material a l o n g   t h i s  4 mile sec- 

t i o n  w i l l  p r o v i d e   a n   i m p o r t a n t .   s o u r c e  of g r a v e l  

f o r   r o a d w a y   s u r f a c i n g .  

13 .  Mile 504-507 - (711+00  - 875+00)  

This   two  mile s e c t i o n   c o n s i s t s   p r i m a r i l y  of fro- 

z e n   s i l t y   c l a y .  

711+00 t o  730+00 - 6 f e e t  of muskeg o v e r  
s i l t y  c l a y  e x i s t s .  Recommend f i l l   d e p t h s  
of 7 f e e t  be u t i l i z e d  so t h a t   f i n a l   d e p t h  
w i l l  be 3 t o  4 f e e t   a b o v e   e x i s t i n g   g r o u n d  
l e v e l .  

730+00 to 840+00 - recommend c u t   s e c t i o n  
at 736-t-00 be r e - d e s i g n e d  a s  a f i l l  i n  t h i s  
p e r m a f r o s t  area a n d   m a i n t a i n  f i l l  d e p t h s  
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a t  4 feet  t h r o u g h o u t   t h i s   s e c t i o n .  

840+00 t o  875+00 - ice  c o n t e n t  i s  h i g h  a t  
v a r i o u s   l o c a t i o n s ,  recommend f i l l   d e p t h s  
o f  7 f e e t .  

Borrow P i t s  

Mile 505 - 729+00 - f r o z e n   c l a y ,   u n s u i t a b l e .  

758+00 - u n f r o z e n   s i l t y   c l a y ,   b u t  
1 0  f e e t  of s e a s o n a l   f r o s t ,  recom- 
mend summer d e v e l o p m e n t   o r   e a r l y  
f a l l .  

Mile 506 - 781+00 - u n f r o z e n   g l a c i a l  till, 
h i g h   m o i s t u r e   c o n t e n t   i n  1 0  f o o t  
s e a s o n   f r o s t   z o n e .  

Mile 506  - 802+00  - f r o z e n   s i l t y   c l a y ,  un- 
s u i t a b l e .  

826+00 - f r o z e n   s i l t y   c l a y ,  un-- 
s u i t a b l e .  

Mile 507 - 840+00 - f r o z e n   s i l t y   c l a y ,  un- 
s u i t a b l e .  

856+68 - f r o z e n   s i l t y   c l a y ,  un- 
s u i t a b l e .  

Recommend deve lopmen t   o f   un f rozen   c l ay   and  till 

borrow p i t s  a t  758+00  and  781i-00 b u t  it would 

b e   p r e f e r a b l e   t o   h a u l   g r a n u l a r  mater ia l  from 

g l a c i a l - f l u v i a l  borrow p i t s  a t  Mile 504 to t h e  

sou th   and   f rom  sand   bo r row  p i t s  a t  Mile 508. 
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14. Mile 507-512 - (875+00 - 1137+00) - Steep  Creek 

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

sands   bu t  some c l a y  was encountered   a long   the  

c e n t r e l i n e .  

875+00 t o  910+00 - 2 to 8 f e e t  of muskeg 
o v e r l i e s   s a n d   a n d   g r a v e l   t h e r e f o r e ,   c o n s t r u c t  
f i l l   d e p t h s  so t h a t   f i n a l   d e p t h s  w i l l  be ap- 
proximate ly  3 t o  4 f ee t   above   ex i s t ing   g round .  
Where t h e  muskeg i s  8 f e e t   d e e p   t h e  recommend- 
e d   i n i t i a l  f i l l  should  be 8 f e e t   h i g h .  

910+00 t o  1045+00 - U t i l i z e  minimum 3 f o o t  
f i l l   d e p t h s .   P r o p o s e d  c u t s  a t  c u l v e r t  
( 9 7 6 + 0 0 )  a r e   s a t i s f a c t o r y   a n d   a d d i t i o n a l  
c u t s  may be   cons idered   south   f rom  the  c u l -  
v e r t   i n  t h e  s and   subgrade   whereve r   l a t e ra l  
d ra inage  i s  good. 

1030+00 - proposed 30 f o o t   c u t  w i l l  be  under- 
t aken   i n   un f rozen   s and   and   g rave l   and   c l ay  
till. Back s lopes   o f  2 4 : l  will ensure  sta- 
b i l i t y   i n   t h i s   u n f r o z e n   d e p o s i t .  

1045+00 t o  1 0 7 0 + 0 0  - high  ice content   zone ,  
i n c r e a s e   f i l l   d e p t h s  t o  7 feet .  

1 0 7 0 + 0 0  t o  1090+00 - a t  Steep  Creek cross- 
ing   main ta in   p roposed   grades   over   g ranular  
subgrade. 

1090+00 t o  1102+00 - high  muskeg  and ice 
c o n t e n t  i n  c lay   and  s i l t  d e p o s i t s .  Recom- 
mend f i l l   d e p t h  of 6 f e e t   a b o v e   e x i s t i n g  
g round   e l eva t ions  . 
11b2+00 t o  1130+00 - material  c o n s i s t s   p r i -  
m a r i l y   o f   f r o z e n   g l a c i a l  till b u t  ice con- 
t e n t  i s  n o t   h i g h .   S u g g e s t   t h a t   t h e   s h a l l o w  
c u t s  be e l imina ted  i n  t h i s   s e c t i o n   w i t h  
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r e d e s i g n  as minimum f i l l   d e p t h s   o f  3 f e e t  
o v e r   g r a n u l a r   d e p o s i t s .  

Borrow P i t s  

Mile 508 - 923+00 - u n f r o z e n   v e r y   d r y   s a n d .  

Mile 509 - 956+00 - f r o z e n   d r y   s a n d .  

972+00 - ( 1 0 0 0 '  West o f  E )  - 1 0  
f e e t   o f   u n f r o z e n   s a n d   o v e r   c l a y .  

972+00 - ( 6 0 0 '  West o f  E )  - un- 
f r o z e n   d r y   s a n d .  

Mile 510 - 1016+00 - ( 2 5 0 0 '  Eas t  o f  E) - un- 
f r o z e n   d r y   s a n d .  

1016+23 - (800 '  West o f  E )  - un- 
f r o z e n   d r y   s a n d   o v e r   g l a c i a l  till. 

Mile 511 - 1050+00 - u n f r o z e n   g r a v e l   a n d  
c l a y  till. 

1065+00 - dry   un f rozen   s andy  
g r a v e l  2 t o  3 f e e t   o r g a n i c   s t r i p -  
p i n g .  

Mile 512 - 1098+00 - u n f r o z e n   s a n d y   c l a y  - 
t o p   e i g h t   f e e t   h a s   h i g h   m o i s t u r e  
conten t   and   would  be u n s u i t a b l e  
as embankment f i l l .  

1136+50 - 3 to 4 f e e t   o f   g r a v e l  
o v e r   u n f r o z e n  l o w  mois ture   con-  
t e n t   c l a y .  

Recommend deyelopment of al.1 p i t s   a l o n g   t h i s  sec- 

tion except 1098+00 which  would n o t  allow excava- 

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

s e c t i o n  are  coarse g r a d e d   a n d   c o n t a i n  l i t t l e  f i n e  

f r a c t i o n  less t h a n   t h e  # 2 0 0  mesh s i e v e .   W i t h o u t  

s t a b i l i z a t i o n  some d i f f i c u l t y  w i l l  be e x p e r i e n c e d  

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

c o n s e q u e n t l y ,  a coarse g r a v e l   c a p  of a p p r o x i m a t e l y  

8 i n c h   t h i c k n e s s   s h o u l d  be p l a c e d   o v e r   t h e   r o a d w a y  

s u r f  ace. 

15.  Mile 512-523  - (1137+00 - 1086+00)  - S a l i n e  River 

T h i s   s e c t i o n   c o n s i s t s   p r i m a r i l y   o f   f r o z e n   s i l t y  

c l a y   w i t h   g r a v e l  a t  t h e   S a l i n e   R i v e r   v a l l e y .  

1137+00 to   1180+00  - u n f r o z e n   s i l t y   c l a y .  
U t i l i z e  minimum f i l l  d e p t h s  of 2 . 5   f e e t   a n d  
c u t   s e c t i o n s  may be c o n s i d e r e d   s u c h  a s  a t  
s t a t i o n  1175+00.  

1180+00 to  1195+00 - t h i s   c u t   s e c t i o n  i s  
p r o p o s e d   i n   f r o z e n   a n d   u n f r o z e n   s i l t y   c l a y  
b u t   b u l k   d e n s i t y   a n d   m o i s t u r e   c o n t e n t   o f  
p e r m a f r o s t   s e c t i o n s   i n d i c a t e   l o w   e x c e s s  
ice.  C u t   s e c t i o n s  may be made a t  3 :I w i t h  
s u b s e q u e n t  slope a g g r a d a t i o n  of f r o z e n  sec- 
t i o n s   b u t   v e r t i c a l   a n d   h o r i z o n t a l   a l i c j n m e n t  
s h o u l d   b e   g i v e n   p r i m a r y   c o n s i d e r a t i o n   t o  
e l i m i n a t e   t h e  c u t .  

1203+00 - 35 f o o t   c u t ,  600  fee t  long w i l l  
be p e r f o r m e d   i n   f r o z e n   s i l t y   c l a y   a n d  
b o u l d e r   g l a c i a l  till. I t  i s  recommended t h a t  
t h i s   s e c t i o n  be re -des igned  as  fill or re- 
a l i g n m e n t   s h o u l d  be g i v e n   c o n s i d e r a t i o n .  

1213+00 - G O  f o o t   f i l l  w i l l  o v e r l i e   f r o z e n  
s i l t y  c l ay   wh ich  w i l l  p r o v i d e  s u i t a b l e  

I 
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f o u n d a t i o n   s t a b i l i t y .  The  embankment 
must  be  compacted from s u i t a b l e  un- 
f r o z e n  materials t o  e n s u r e   s l o p e   s t a b i l i t y .  
The s i d e   s l o p e s  w i l l  depend  upon  mater ia l  
u t i l i z e d   b u t  2 : l  are  recommended f o r  
g raded   g ranu la r   ma te r i a l s .   S lopes   o f   cohes ive  
soils w i l l  depend  upon t h e i r   i n d i v i d u a l  
s t r e n g t h   c h a r a c t e r i s t i c s .  

1218+00 t o  1307+00 - main ta in  minimum 4 
foot  f i l l s   o v e r   t h i s   s e c t i o n .  

1308+00 - 1 0  f o o t   c u t  w i l l  be   performed  in  
u n f r o z e n   s i l t y   c l a y   a n d   s t a b i l i t y  w i l l  be 
adequa te   w i th  2 : l  s l o p e s .  

1315+00 t o  1333+00 - u t i l i z e  minimum f i l l  
dep ths  of 2 . 5   f e e t .  

1338+00 t o  1341+00 - i n c r e a s e   f i l l   d e p t h  
t o  7 f e e t   o v e r   t h i s   h i g h  ice c o n t e n t  ''knob" 
h i l l .  

1341+00 t o  1390+00 - main ta in  a t  least 4 
f o o t   d e p t h   o f   f i l l .  

1395+00 - recommend c u t  a t  t h i s   s e c t i o n   b e  
changed t o  a s h a l l o w   f i l l .   F r o z e n  m o i s t u r e  
c o n t e n t s  of 30% i n   t h i s   p e r m a f r o s t  w i l l  re- 
sult i n   s u r f a c e   a g g r a d a t i o n .  

1395+00 t o  1285+00 - (chainage e q u a t i o n )  
- mainta in  minimum 3 f o o t   f i l l   d e p t h s   o v e r  
t h i s   s e c t i o n .  

1280+00 and  1265+00 - r e d e s i g n   c u t s  a t  t h e s e  
t w o  sections through  permafros t  as 5 foot  
deep f i l l s .  
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1260+00 - large c u l v e r t   f i l l  w i l l  be c o n s t r u c t -  
ed o v e r   s i l t y   c l a y   p e r m a f r o s t .  I t  i s  recom- 
mended t h a t   c o m p a c t i o n   o f   d e e p  f i l l s  be under-  
t a k e n   a n d   g r a n u l a r  material i s  p r e f e r r e d .  

1257+00 - proposed  1 0  f o o t   c u t  w i l l  be under -  
t a k e n   i n  a l o w   m o i s t u r e   c o n t e n t   f r o z e n  s i l ty  
gravel .  

1255+00 t o  1220+00 - h i g h  ice  c o n t e n t  s i l t  
t h e r e f o r e ,   u t i l i z e  6 f o o t  f i l l s  t h r o u g h o u t  
t h i s  area. 

1220+00 to  1173+00 - S a l i n e  River v a l l e y .  
M a i n t a i n   p r o p o s e d   d e s i g n   c u t s   a n d  f i l l s  
t h r o u g h   g r a v e l   a n d  g l a c i a l  till o n   b o t h  
n o r t h   a n d   s o u t h   s l o p e .  (See S a l i n e   R i v e r  
b r i d g e   s u b s u r f a c e  s o i l  r e p o r t ) .  

1173+00 t o  1086+00 - m a i n t a i n   p r o p o s e d  de- 
s i g n   f i l l  grades. 

Borrow P i t s  

Mile 513 - 1178+00 - u n f r o z e n   s i l t y   c l a y ,  
low m o i s t u r e   c o n t e n t .  

1188+00 - f r o z e n   s i l t y   c l a y ,  
u n s u i t a b l e .  

Mile 5 1 4  - 1212+00 - f r o z e n   c l a y ,   u n s u i t a b l e .  

1212+00 - (3000'  West o f  E )  - 
f r o z e n   c l a y ,   u n s u i t a b l e .  

Mile 515 - 1269+00 - f r o z e n   c l a y ,   u n s u i t a b l e .  

Mile 516 - 1310+00 - f r o z e n   a n d   u n f r o z e n  
f s i l t y   c l a y .  

1339+00 - f r o z e n   s i l t y  c lay,  un- 
s u i t a b l e .  
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Mile 517 - 1369+00 - f r o z e n   s i l t y   c l a y ,  un- 
s u i t a b l e .  

1396+00 - u n f r o z e n   s i l t y   c l a y .  

1408+00 - f r o z e n  c lay,  u n s u i t a b l e .  

Mile 518 - 1447+00 - f r o z e n   c l a y ,   u n s u i t a b l e .  

Mile 519 - 1292+00 - f r o z e n   l o w   m o i s t u r e  
c o n t e n t   c l a y  till, u n s u i t a b l e .  

1250+00 - f r o z e n  s i l t ,  u n s u i t a b l e .  

Mile 520 - 1222+00 - f r o z e n  s i l t ,  u n s u i t a b l e .  

1210+00 - u n f r o z e n   g r a v e l   a n d   c l a y .  

Mile 521 - 1177+00 - f r o z e n  till a n d   s i l t y  
c l a y ,   u n s u i t a b l e .  

Mile 522 - 1135+79 - ( 3   p i t s )   f r o z e n  s i l t y  
c l a y ,  g lac ia l  till and s i l t ,  un- 
s u i t a b l e .  

1121+00 - u n f r o z e n   a n d   f r o z e n   c l a y .  

1100+00 - f r o z e n  silty c l a y .  

I n   g e n e r a l ,  little s u i t a b l e  borrow material  is  

available a l o n g   t h i s   s e c t i o n .  A l l  u n f r o z e n   p i t s  

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

c l u d i n g   t h o s e  a t  1178+00, 1396+00,  1210+00  and 

1121+00.   Alternat ive  embankment  material  must  

be  composed of l o c a l l y   f r o z e n   c o h e s i v e  s o i l s  o r  

g r a n u l a r  materials may b e   u t i l i z e d   b u t   w i t h   l o n g  

h a u l   d i s t a n c e s .   D e v e l o p m e n t  of gravel d e p o s i t s  

a l o n g   t h e   S a l i n e   R i v e r   s h o u l d  be g i v e n   c o n s i d e r a t i o n .  
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16. Mile 523-531 - (1086+00 - 660+00)  

T h i s   s e c t i o n   c o n s i s t s   p r i m a r i l y   o f  l o w  moi s tu re  

c o n t e n t  f rozern  and  unfrozen  glacial  till and 

g r a n u l a r  materials. 

1086+00 t o  980+00 - u t i l i z e  fill dep ths  of 
2.5 f e e t   a n d   c u t   s e c t i o n s  are recommended 
i n   u n f r o z e n  till d e p o s i t s .  C u t  a t  1056+00 
w i l l  be  performed i n   u n f r o z e n   g l a c i a l  till. 

980+00 t o  925+00 - area o f   s i l t y   c l a y   o v e r -  
burden  with  high ice c o n t e n t .   I n c r e a s e   f i l l  
dep th  t o  6 f e e t .  

925+00 t o  820+00 - maintain  proposed f i l l  
g r a d e l i n e  or  minimum 2.5 f e e t .  

820+00 t o  790+00 - a t  t h i s   c u l v e r t   l o c a t i o n ,  
t h e   i n i t i a l   g r a d e l i n e   p r o d u c e s  a 1 4 0  f o o t  
deep f i l l  b u t  a n   a l t e r n a t e   g r a d e   h a s   b e e n  
proposed  which  involves a 80 f o o t   f i l l  and 4 0  
foo t   deep  c u t s  a t   t h e   v a l l e y   s l o p e s .  The c u t  
a l t e r n a t i v e  may b e   c o n s i d e r e d   a l t h o u g h   t h e  
s o u t h   s l o p e  consis ts  o f   f rozen   bou lde r  till 
w i t h  a mois ture  c o n t e n t  of  9 % .  S i d e   s l o p e s  
of  3:l s h o u l d   b e   u t i l i z e d   b u t   t h e   f r o z e n  
excavated till canno t   be   p l aced   i n   t he  e m -  
bankment. On t h e   n o r t h   s l o p e   u n f r o z e n   g l a c i a l  
till was present   and  may b e   p l a c e d   i n   t h e  
deep embankment i f  compacted t o  95%  of  Stand- 
a rd   P roc to r   Dens i ty .   Des ign   shea r   s t r eng th  
p a r a m e t e r s   a n d   s i d e   s l o p e s   f o r   t h e  9 0  f o o t  
f i l l  shou ld   be   e s t ab l i shed   wheneve r   t he  
bor row  mater ia l  i s  s e l e c t e d .  The very  dense 
n a t u r e  of t h e  i n s i t u  till a s   i n d i c a t e d  by 
blow  counts  from 29 t o  104 w i l l  provide  ade- 
q u a t e   f o u n d a t i o n   s t a b i l i t y  for the   p roposed  
embankment. A l t e r n a t e   a l i g n m e n t   r o u t e s  
should   be   s tud ied  t o  reduce t h e  proposed 
c u t   s e c t i o n s .  
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790+00 t o  720+00 - m a i n t a i n   e x i s t i n g   g r a d e s  
o r  minimum 2 . 5   f o o t   d e p t h .  

720+00 t o  660+00 - s u b g r a d e   c o n s i s t s   o f   f r o z e n  
s i l t y   c l a y ,   a n d  s i l t  w i t h   h i g h  ice c o n t e n t  
z o n e s .   I n   a d d i t i o n   u p  t o  4 f e e t   o f  muskeg 
i s  p r e s e n t .  Recommend f i l l   d e p t h   o f  5 f e e t  
over t h i s   t e r r a i n .  

B o r r o w  P i t s  

Mile 523 - 1056+00 - f r o z e n   a n d   u n f r o z e n  
g l ac i a l  till, l o w   m o i s t u r e   c o n t e n t .  

Mile 524 - 1013+00 - f r o z e n   c l a y ,  low mois- 
t u r e   c o n t e n t ,   u n s u i t a b l e .  

Mile 525 - 980+00 - 10 feet  of f r o z e n   a n d  
u n f r o z e n  till and gravel o v e r  
l i m e s t o n e .  

934+50 - (1400' E a s t )  - f r o z e n  
c l a y ,   u n s u i t a b l e .  

934+00 - (2000  t o  4000 f t .  East) 
- 4 t o  8 f e e t   o f  s i l t  over   bed-  
r o c k .   ( l i m e s t o n e ) .  

Mile 526 - 900+00 - u n f r o z e n  g lac ia l  till. 

Mile 527 - 862+00 - (3000'  East)  - u n f r o z e n  
sand .  

862+00 - (500 '  West) - u n f r o z e n  
d r y  g l ac i a l  till. 

Mile 528 - 817+00 - d r y   g l a c i a l  till. 

794+00 - unf rozen  gravel and  clay. 

Mile 529 - 760+00 - f r o z e n   g r a v e l   a n d  s i l t y  
c l a y .  
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Mile 530 - 694+73 - f r o z e n   s i l t y   c l a y ,   h i g h  
ice c o n t e n t ,   u n s u i t a b l e .  

670+50 - ( 5 0 0 '  E a s t )  - f r o z e n  
c l a y  t i l l , , l o w  m o i s t u r e   c o n t e n t ,  
u n s u i t a b l e .  

670+50 - (3500'  West) - unf rozen  
s a n d   a n d   g r a v e l .  

670+50 - ( 3  miles w e s t )  - 11 test  
h o l e s  - material v a r i e s   f r o m  un- 
f r o z e n   g r a v e l  t o  f r o z e n   c l a y   b u t  
h a u l   d i s t a n c e   e x c e e d s  3 miles. 

Recommend development  of b o r r o w   p i t s  a t  1056+00, 

980+00,  900+00,  862+00,  817+00,  794+00,  670+50 

(3500'  West). Limes tone   bedrock   under  4 t o  10 

f e e t  of ove rburden  i s  a v a i l a b l e  a t  Mile 525, 

s t a t i o n  934+00 to  9SO-kOO. 

Mile 531-536 - (660+00 - 370+00) - L i t t l e  Smith  Creek 

T h i s   s e c t i o n   c o m p r i s e s  gravel  a n d   s a n d   d e p o s i t s  

e x t e n d i n g   a p p r o x i m a t e l y  3 miles s o u t h   a n d  3 miles 

n o r t h   o f   L i t t l e   S m i t h   C r e e k .   T h i s   g l a c i a l - f l u v i a l  

terrace c o n s i s t s   p r i m a r i l y   o f  medium g r a i n e d   s a n d s  

w i t h  a l i t t l e  s i l t  b u t  g rave l  s t ra ta  are  encoun- 

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

660+00 t o  552+00 - low m o i s t u r e   c o n t e n t   s a n d y  
g r a v e l .  U t i l i z e  proposed  grades or  b a l a n c e d  
material  d e s i g n   w i t h  some c u t .  F i l l s  i n  f l a t  
areas shou ld   be  minimum 2 .5  feet  deep .  

552+00 t o  490+00 - p r o p o s e d   c u t  a t  544+00 w i l l  
be u n d e r t a k e n   i n   u n f r o z e n   s i l t y   c l a y   a n d  w i l l  
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perform  adequately a t  2:l s i d e   s l o p e s .   T h i s  
c u t  of 10 f o o t   d e p t h  may be  deepened t o  ap- 
proximately 1 6  f e e t   i n   o r d e r  t o  r educe   t he  
approach  grades o r  f i l l   d e p t h   b u t   p e r m a f r o s t  
was encountered a t  t h e  2 2  f o o t   d e p t h .  

The 10 f o o t   c u t  a t  515+00 i n   d r y   l o o s e   g r a v e l  
may b e   i n c r e a s e d   i n   d e p t h  t o  r e d u c e   f i l l  a t  
br idge   approach .  C u t  a t  4 9 4 + 0 0  i s  s u i t a b l e  
i n   t h e   d r y   g r a v e l  till. 

490+00  t o  370+00 - u t i l i z e   p r o p o s e d   g r a d e s  
o r  use minimum f i l l   d e p t h  of 2.5 f e e t .  

Borrow P i t s  

Mile 531 - 626+00 - d r y  coarse g r a v e l .  

Mile 532 - 600+00 - very   d ry   g rave l ly   s and  
and  gravel .  

i 

I 

! -  

I 

Mile 532 - 584+17 - d r y   g r a v e l l y   s a n d .  

Mile 533 - 548+00 - dry   g rave l ly   s and .  

531+00 - u n f r o z e n   g r a v e l l y  till. 

519+00 - sand  and  sandy  gravel  
deve lop   p i t   t owards  t e s t  h o l e s  
567B and 569B. 

Mile 534 - 505+00 - e x t r e m e   v a r i a t i o n   i n  
p i t  from s i l t y   s a n d ,   s a n d y   g r a v e l  
a n d   g l a c i a l  till. 

Mile 535 - 4 4 6 + 0 0  - ( 6 9 0 0 '  Eas t )  dry  sand.  

446+00 - ( 2 1 0 0 '  North)   f rozen 
g rave l ly   s and .  

Mile 535 - 427+00 - f r o z e n   g r a v e l l y   s a n d  
o v e r   s i l t y   c l a y ,   u n s u i t a b l e .  
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Recommended development   of  a l l  p i t s   a l o n g   t h i s  

s e c t i o n   e x c e p t   p i t  427+00  where   sha l low  depth  of 

gravel  o v e r l i e s   f r o z e n   s i l t y   c l a y .  
I 

1 8 .  Mile 536-543 (370+00 - 10i -00)  

T h i s   s e c t i o n  of r o a d w a y   c o n s i s t s   p r i m a r i l y  of 

f r o z e n  g l ac i a l  till w i t h   a n   i n i t i a l   l e n g t h  of 

s i l t y   c l a y   d e p o s i t .  

370+00 t o  320+00 - t h i s   s e c t i o n   c o n s i s t s  of 
f r o z e n   s i l t y   c l a y   w i t h  i so la ted  e x c e s s  ice 
p o c k e t s .  Recommend minimum f i l l   d e p t h s  of 
5 feet .  

320+00 t o  10+00 - f r o z e n   g l a c i a l   c l a y  till, 
l o w   m o i s t u r e   c o n t e n t .   U t i l i z e  minimum f i l l  
d e p t h  of 3 feet .  

Borrow P i t s  

Mile 538 - 292+00 - ( 5  miles E a s t )  - 4 t o  
6 f e e t   o f   f r o z e n   s i l t y   c l a y   a n d  
g r a v e l   o v e r   s h a l e   b e d r o c k .  

290+00 - f r o z e n ,   l o w   m o i s t u r e  
c o n t e n t  till, u n s u i t a b l e .  

258+00 - u n f r o z e n   g l a c i a l  till. 

Mile 539 - 203+50 - ( 1 0 0 0 '  East )  - f r o z e n  
g l a c i a l  till, u n s u i t a b l e .  

203+50 - ( 9 0 0 '  East) - f r o z e n  
g lac ia l  till, u n s u i t a b l e .  

Mile 540 - 189+50 - f r o z e n  g l a c i a l  c l a y  till, 
u n s u i t a b l e .  
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187+00 - f r o z e n   g l a c i a l  till, un- 
s u i t a b l e .  

140+00 - f r o z e n   g l a c i a l  till, un- 
s u i t a b l e .  

I 

Mile 541 - 98+00 - f r o z e n   g l a c i a l  till, un- 
s u i t a b l e .  

Mile 542 - 50+00 - f r o z e n   g l a c i a l  till, un- 
s u i t a b l e .  

Mile 543 - 24+50 - ( 2 0 0 0 '  East)  - 2 to 6 
feet  o f   s i l t y   c l a y   a n d   c l a y  till 
over   sha le   bedrock .  

24+50 - ( 1 5 0 0 '  East) - 2 to 6 
f e e t   o f   g l a c i a l  till o v e r   s h a l e  
bedrock. 

Borrow material a l o n g   t h i s   s e c t i o n  i s  p r i m a r i l y  

unsu i t ab le   f rozen   cohes ive  soils.  A p i t  a t  Mile 

5 3 8 ,   s t a t i o n  258+00 should   be   deve loped   for  summer 

c o n s t r u c t i o n  as it c o n s i s t s   o f   u n f r o z e n   g l a c i a l  

till. The m a j o r i t y  of t h e   s h a l l o w   f i l l s   w h i c h  

have   been   proposed   for   the   s ix  miles should  be 

cons t ruc ted   o f   sha le   bedrock   which  w a s  encountered 

i n   l a r g e  volumes  adjacent  t o  Mile 543. 

Mile 543-545 - (10+00 - 0 - 84+33) - Big  Smith  Creek 

T h i s   s e c t i o n  consists pr imar i ly   o f   sand   and   grave l  

with  bedrock  outcrops  a long  the  Big  Smith  Creek.  

10+00 t o  84+33 - recommend ma in ta in ing  ex is t -  
i ng   g rades   w i th  3 f o o t  minimum d e e p   f i l l s .  
Proposed  cut   on  north  s lope  of   Big  Smith Creek  

9 0 .  



was n o t   i n v e s t i g a t e d   i n   d e t a i l  as a r e s u l t  
of c l e a r i n g   r e g u l a t i o n s ,   b u t   t h e  nearest 
tes t  hole i n d i c a t e d  t h a t  s t a b i l i t y  w i l l  be  
adequate .  

I 

Borrow P i t s  

Mile 543 - 0+50 - 2 t o  4 f e e t   g l a c i a l  till' 
over  shale bedrock. 

17+00 - 2 t o  3 f e e t   o f  s i l t  and 
sand  over sha le   bedrock .  

21+75 - (1 m i l e  West) unfrozen 
sand. 

I t  i s  recommended t h a t   t h e  embankments i n   t h i s  

r eg ion   be   cons t ruc t ed   w i th   sha l e   bed rock .  The 

Big Smi th  Creek   b r idge   approach   f i l l s   shou ld  also 

be c o n s t r u c t e d   w i t h   s h a l e  o r  gravel   f rom  borrow 

? i ts  deve loped   on   t he   r i ve r  terraces. 

I n   c o n c l u s i o n ,  the granular   bor row  p i t s   which   have   been  

inves t iga t ed   f rom Mile 450 t o  515 w i l l  a l l ow  cons t ruc -  

t i o n  of a l l  embankments i n  t h i s  6 5  m i l e  s o u t h   s e c t i o n  

from  gravel   and  sand.  The u n i f o r m i t y   o f   g r a n u l a r   f i l l  

t h r o u g h o u t   t h i s   s e c t i o n  w i l l  f a c i l i t a t e   c o n s t r u c t i o n  

a n d   r e s u l t   i n  lower maintenance costs then  if cohes ive  

s e c t i o n s  are u t i l i z e d .  

From Mile 515 t o  5 4 5   m a j o r   g r a v e l   d e p o s i t s   e x i s t  a t  

stream terraces b u t  naximum h a u l   d i s t a n c e s  w i l l  be 

i n   t h e   o r d e r  of 5 t o  6 miles. I n   a d d i t i o n  t o  g r a v e l  

depos i t s ,   bedrock   which  was found  ad jacent  t o  Mile 
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525  and 5 4 0  shou ld  be d e v e l o p e d   i n   l i e u  of c o h e s i v e  soils.  

A f t e r  t h e   d e s i g n e r   h a s   c h o s e n  a f i n a l   g r a d e l i n e   a n d  

d e t e r m i n e d  f i l l  q u a n t i t i e s   t h e , p o t e n t i a l  borrow p i t  

v o l u m e s   i n  Table V I - 3  may b e   u t i l i z e d  t o  e s t a b l i s h  

t h e  number  of p i t s  to be   deve loped .  

(e) C o n s t r u c t i o n   a n d   D e s i g n   A s p e c t s  

R e c e n t   c o n s t r u c t i o n   e x p e r i e n c e   a t t a i n e d   a l o n g   t h e  

Dempster  Highway,  Northwest Terr i tor ies ,  a n d   o n   t h e  

M a c k e n z i e   H i g h w a y   n e a r   I n u v i k   h a s   i n d i c a t e d   t h a t  

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

r o a d w a y s .   I n   a d d i t i o n ,   c o n s t r u c t i o n   m e t h o d s   a n d   s c h e -  

d u l i n g  f o r  f r o z e n   c l a y  soils v a r i e s   e x t e n s i v e l y   f r o m  

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

areas. 

T h i s   i n v e s t i g a t i o n   f r o m  Mile 450 t o  550 i s  s i t u a t e d  

i n   t h e   d i s c o n t i n u o u s   p e r m a f r o s t   z o n e   w i t h   5 5 %   o f   t h e  

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

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

ment may be e m p l o y e d   t h r o u g h o u t   t h e   m a j o r i t y   o f   t h i s  

sec t ion   of   h ighway.   This   recommendat ion  i s  based  

u p o n   t h e   e x c e l l e n t   d i s t r i b u t i o n   o f   g r a n u l a r   c o n s t r u c -  

t i o n  materials e x i s t i n g   t h r o u g h o u t   t h i s   p r o p o s e d  

h i g h w a y   s e c t i o n .   F i f t y - f i v e   ( 5 5 )  of t h e   p r o p o s e d  

borrow p i t s   c o n s i s t e d   o f   g r a n u l a r  materials which 

o c c u r   a l o n g   t h e  stream c h a n n e l s   f l o w i n g   i n t o   t h e  

M a c k e n z i e   a n d   i n   o t h e r   g l a c i a l - f l u v i a l   d e p o s i t s  on 
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RECOMMENDED "- BORROW PITS  FOR DEVELOPMENT 

* NOTE: S o i l s   U n f r o z e n   u n l e s s   i n d i c a t e d   o t h e r w i s e .  

MILE STATION  MATERIAL  ESTIMATED BORROW 
P I T  VOLUME (cu.yd.)  

450 
453 
453 
454 
454 
456 
457 
459 
459 
460 
463 
465 

465 

468 

468 

469 
470 
471 
47 3 
475 
479 
480 
480 
481 
481 
482 
483 
484 
484 

378+00 

548+00 
591+00 
630+00 
7 38+00 
781+00 
871+00 
891+00 
948+00 

1107+00 
1365+00 

1363+00 

1227+00 

1184+00 

5 37-t 00 

1162+00 
1104+00 
1056+00 

923+89 
846+00 
605+50 
569+50 
550+00 

493+00 
465+00 
427+50 
375+00 
334+00 

505+00 

f r o z e n   g r a v e l  
c l a y  
c l a y  
grave  l 
g r a v e l  
c l a y  
g r a v e l  & sand 
g r a v e l  
g r a v e l  
c l a y  
s i l t  & c l a y  
f rozen   sand  
& g r a v e l  
f rozen  sand 
& g r a v e l  
s i l t y   c l a y  
& g r a v e l  
s i l t y   s a n d  
& g r a v e l  
g r a v e l  & s i l t  
f r o z e n   g r a n u l a r  
f r o z e n   g r a v e l  
c l a y  
c l a y  
grave  l 
g r a v e l  
c l a y  till 
f r o z e n   g r a v e l  
f r o z e n   g r a v e l  
grave  l 
g r a v e l  
sand 
sand 

60,000 
10,000 

200,000 
600,000 
800,000 
150,000 
100,000 

1,500,000 
1,250,000 

60,000 
50,000 

500,000 

60,000 

330,000 
350,000 
330,000 
200,000 
800,000 
100,000 
500,000 
330,000 
300,000 
800,000 

80,000 
I, 700,000 

250,000 
350,000 
350,000 
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TABLE VI -3 ( con t ' d)  - 
MILE  STATION  HATERIAL ESTIMATED BORROW 

P I T  VOLUME (cu.yd.1 

485 
487 
487 
488 
489 
489 
490 
491 
493 
496 
499 
500 
500 
500 
501 
502 
502 
503 
503 
504 
505 
506 
508 
509 
509 
509 
510 
510 
511 
5 11 
512 
513 
517 
520 
522 
523 
525 
525 
526 

289+00 
221+00 
19OCOO 
141+00 
1 1 4 ~ 0 0  

7 8 ~ 0 0  
3 3 ~ 0 0  
1 5 ~ 0 0  

1 3 7 ~ 5 0  
274+50 
4 1 2 ~ 0 0  
4 5 3 ~ 0 0  
480+00 
510+00 
5 5 0 ~ 7 8  
5 6 7 ~ 0 0  
596+50 
625+00 
6 6 5 ~ 0 0  
698+00 
7 5 8 ~ 0 0  
781~00 
923+00 
956+00 
972+00 
972+00 

1 0 1 6 ~ 2 3  
1 0 5 0 ~ 0 0  
1065+00 

1178+00 
1396+00 
1210+00 
1121+00 
1056+00 

980+00 
934t00 
900+00 

1016-1-00 

11364-50 

I 

grave  1 
grave  1 
sand 
g r a v e l  
g rave  1 3 
g r a v e l  
g rave  l 
grave  l 
c l a y  
c l a y  
c l a y  
g r a v e l  
g r a v e l  
sand 
sand 
sand & g r a v e l  
g r a v e l  
g r a v e l  & sand 
sand 
g l a c i a l   c l a y  till 
s i l t y   c l a y  
g l a c i a l   c l a y  t i l l  
sand 
f rozen   sand  
sand 
sand 1 
sand 
sand 
g r a v e l  & till 
sandy  grave l  
g r a v e l   o v e r   c l a y  
c l a y  
c l a y  
g r a v e l  & c l a y  
c l a y  
g l a c i a l  till 
g l a c i a l  till 
l imes tone  
g l a c i a l  till 

120,000 
200,000 
400,000 

3,000,000 

1,000, 000 
500,000 

1 ,500 ,000  
80,000 

200,000 
300,000 
80 ,000  

300,000 
300,000 
400,000 

3,000,000 

300,000 
100,000 

50 ,000  
80,000 

5 ,000 ,000  

400,000 
400,000 
200,000 
600,000 
100,000 

60,000 
60,000 

400,000 
50, COO 
90,000 
80 ,000  

Unlirnited 
150,000 
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TABLE VI-3 ( c o n t ' d )  

MILE STATION MATERIAL ESTIMATED BORROW 
P I T  VOLUME ( cu .  yd. 1 

527 

527 

528 
528 
531 
532 
5 32 
533 
533 
533 

5 34 

535 

535 

5 38 
538 
543 

543 

543 
543 
543 

862+00 
(3000 f t . E . )  

(500 ft.W.) 

794+00 
626+00 
600+00 
584+17 
548+00 
531+00 
519+00 

505+00 

446+00 

446+@0 

862-t.00 

817+00 

(6900 f t . E . )  

(2100 f t .N.)  

292+00 
258+00 

24+50 
(2000 f t .E . )  

24+50 
(1500 f t .E . )  

0+50 
17+00 
21+75 

(1 mile W.) 

sand 

g l a c i a l  t ill  
g l a c i a l  till 
grave l  & c l a y  
g rave l  
sand & grave l  
sand 
gravel ly   sand 
g r a v e l l y  till 
sand & sandy 
grave l  
sand,  gravel 
& till  

Sand 

frozen  gravel  
sand 
bedrock 
g l a c i a l  till 

shale  bedrock 

shale  bedrock 
shale  bedrock 
shale  bedrock 

sand 

250,000 

100,000 
100,000 

6 0 , 0 0 0  
1,000,000 

160,000 
1,250,000 

300,000 

80,000 

500,000 

- 

100,000 
Unlimited 

350,000 

Unlimited 

600, OCO 

1 
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t h e   u p l a n d s .  

A l though   an   economic   ana lys i s  i s  n o t   w i t h i n   t h e   s c o p e  

o f   t h i s   i n v e s t i g a t i o n   o r   r e p o r t ,  it i s  f e l t   t h a t   t h e  

h a u l   d i s t a n c e s  for  s u i t a b l e  materials are  n o t   g e n e r -  

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

t o  t h e   u t i l i z a t i o n  of f r o z e n   c o h e s i v e  embankment 

soils. A s  p r e v i o u s l y   n o t e d ,  a l a r g e   p o r t i o n   o f   t h e  

h ighway   s ec t ion  may be c o n s t r u c t e d   w i t h   g r a n u l a r  

s o i l s   r a t h e r   t h a n   u n f r o z e n   c o h e s i v e  materials.  Frozen  

c o h e s i v e  s o i l  "chunks"   p l aced   i n   embanknen t s  w i l l  

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

f o r  many y e a r s   a n d   p o t e n t i a l   f a i l u r e   o f   d e e p  f i l l  

s e c t i o n s .  If f r o z e n   c l a y  i s  u t i l i z e d   f o r   v a r i o u s  

s e c t i o n s ,   t h e  material  s h o u l d   o n l y   f o r m  a c e n t r a l  core 

wi th   an   a rmour  coat o f   g r a v e l  o r  b roken   sha le .   Under  

no c i r c u m s t a n c e s   s h o u l d   f r o z e n   c l a y s   b e   u t i l i z e d   i n  

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

Many roadway f i l l s  w i l l  have  minimum d e p t h s   o f  2 . 5  

t o  3 fee t  and   an   a rmour  cover o f  1 . 5  t o  2 f e e t  of 

g r a v e l  o r  r o c k   w o u l d   n o t   j u s t i f y  a t h i n   i n n e r   c l a y  

c o r e .   C o n s e q u e n t l y ,  i t  would be r e a s o n a b l e  t o  o n l y  

e m p l o y   f r o z e n   c l a y   w h e r e   f i l l s  are  i n   t h e   r a n g e  of 

5 t o  1 0  feet  deep  and  where l a rge  q u a n t i t i e s  of 

g r a n u l a r  or  bedrock  are  n o t   a v a i l a b l e .   A l t h o u g h  

w e  d o   n o t   a n t i c i p a t e   t h e   u t i l i z a t i o n   o f  large 

volumes of f r o z e n   c l a y ,  i t  i s  n e c e s s a r y   t o   e m p l o y  

r i p p i n g   t e c h n i q u e s   i n   t h e   b o r r o w   p i t   w h e r e v e r   f r o z e n  

s o i l s  are encountered .   Equipment   manufac turers  
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relate r i p p i n g   c h a r a c t e r i s t i c s   o f  soils and   rocks  t o  

t h e i r  seismic re sponse ,   bu t  t o  d a t e ,   t h e   r i p p a b i l i t y  

of f rozen  soils has   no t   been   e s t ab l i shed .  It  i s  re- 

commended t h a t   a n   i n v e s t i g a t i o n   o f   f r o z e n  s o i l  seismic 

p r o p e r t i e s   b e   u n d e r t a k e n   a n d   c o r r e l a t e d   w i t h   a c t u a l  

f i e l d   r i p p i n g  tests. T h i s   c o r r e l a t i o n   w o u l d  be of  

va lue   i n   t he   con t inuous   pe rmaf ros t   r eg ion   where  soils 

are predominant ly   f rozen .  Where bed rock   ma te r i a l s  

are u t i l i z e d   f o r   f i l l   n e a r  Mile 5 4 0 ,  s t anda rd  t r ac to r  

a n d   r i p p e r   t e c h n i q u e s  w i l l  be   necessary ,   a l though 

some b l a s t i n g  may be   necessary   where   the  s t r a t a  are 

hard  and  durable .  

The u n f r o z e n   g l a c i a l  till and   c l ay   bo r row  p i t s   shou ld  

be  developed  f rom  July t o  December,   general ly   avoid-  

i n g   t h e   p e r i o d s  of d e e p   s e a s o n a l   f r o s t   p e n e t r a t i o n .  

Wherever  borrow p i t   a c c e s s  i s  d i f f i c u l t   d u r i n g   t h e  

summer season ,   t he   pe r iod   f rom November t o  December 

can be a c r i t i c a l  pe r iod  when s l i g h t   f r o s t   p e n e t r a -  

t i o n  allows good veh ic l e   mob i l i t y   bu t   does   no t   neces -  

s i t a t e  the   excavat ion   and   p lacement  of f r o z e n   s o i l s .  

The  numerous g r a n u l a r   b o r r o w   p i t s  w i l l  i n  many cases 

allow bo th  summer and   win ter   cons t ruc t ion .   Wherever  

borrow p i t s  are l o c a t e d   g r e a t   d i s t a n c e s   f r o m  t h e  

c e n t r e l i n e ,   c o n s i d e r a t i o n   s h o u l d   b e   g i v e n  t o  w i n t e r  

c o n s t r u c t i o n   i n  order t o  e l imina te   haul   road   main-  

t e n a n c e   d u r i n g   t h e  summer. 

The p resen t   p rac t i ce   o f   t he   Depa r tmen t  of P u b l i c  
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Works i s  v e r y   l i m i t e d  u s e  of  compaction  equipment i n  

pe rmaf ros t   r eg ions .   Th i s   p rac t i ce  i s  r easonab le  

where  f rozen  cohesive soils are u t i l i z e d  or unfrozen 

c o h e s i v e   s o i l s   a r e   p l a c e d  a t  tAmperatures well below 

f r eez ing .   In   gene ra l ,   compac t ion   t echn iques   have  

been  found to  b e   i n e f f e c t i v e   i n   s i g n i f i c a n t l y   i n c r e a s -  

i n g   t h e   d e n s i t y   o f   f r o z e n   c l a y   a n d   t h e   r e s u l t i n g  em- 

bankments are o f   poor   qua l i t y .   Consequen t ly ,   s ec t ions  

of t h e  roadway  cons t ruc ted   wi th   f rozen   c lay   would  

c o n s i s t  of p o o r   q u a l i t y   b u t   o t h e r s   w h i c h  are cons t ruc t ed  

o f   g r a n u l a r   m a t e r i a l  and  unfrozen  c lays   would  provide 

good s u r f a c e   r o a d a b i l i t y   a n d   s t a b i l i t y .  

I t  i s  recommended t h a t   v i b r a t o r y  or s h e e p s f o o t   r o l l e r s  

be employed i n   f i l l s  a t  c u l v e r t   a n d   b r i d g e   c r o s s i n g s .  

These  areas must   be  constructed  of   unfrozen soils 

compacted t o  95% o f   S t anda rd   P roc to r   dens i ty .  

T h e r e f o r e ,   t h e   b e t t e r   q u a l i t y   m a t e r i a l s  w i l l  p rovide  

good  embankments a s  compared t o  f rozen   cohes ive  soils 

and  even much h i g h e r   q u a l i t y  when compacted accord- 

i n g  t o  s t a n d a r d   s p e c i f i c a t i o n s .  

I t  is  recommended t h a t   f i l l   s i d e   s l o p e s   o f  3 : l  be 

u t i l i z e d   i n   g e n e r a l   w h e r e v e r   f i l l   d e p t h s   v a r y   f r o m  

approximately 3 t o  1 0  f e e t  a n d   s u b g r a d e   i n s t a b i l i t y  

i s  no t   ques t iona lbe .   In   i ce - r i ch   pe rmaf ros t   zones  

t h e   s i d e   s l o p e s   s h o u l d  be 4:l t o  allow f o r  thaw- 

se t t l emen t   be low  the   l ower   po r t ion   o f   t he   s lope .  

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

e s t a b l i s h e d .  

Culver t s   should   be   p laced   when,backf i l l   and   temper-  

a t u r e s  are compatible  so t h a t  95% of  Standard Proc- 

t o r  can  be achieved.  Compaction i s  necessa ry  t o  en- 

su re   s t ab i l i t y   and   p reven t   road   subs idence .   Whereve r  

stream channels  are r e -a l igned   i ce - r i ch   pe rmaf ros t  

zones,   should  be  avoided.  

( f )   Bridge  Foundat ion  Design and  Cons t ruc t ion  

The proposed  Mackenzie Highway from Mile 4 5 0  t o  550 

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

Sepa ra t e   b r idge   r epor t s   on   t he   subsu r face  so i l  con- 

d i t ions   have   been   prepared   and   recommendat ions   for  

cons t ruc t ion   and   des ign  of t h e   b r i d g e   f o u n d a t i o n s  

and  approaches were presented .  

The s o i l  t ypes  a t  t h e   b r i d g e  sites are  predominantly 

stream deposi ted  gravels   and  sands  but   bedrock  and 

g l a c i a l  till were encountered a t  some l o c a t i o n s .  

I n   t h e   g r a v e l   s t r a t a ,   d r i v e n  steel-H o r   p i p e   p i l e s  

have  been  recommended f o r   t h e   p i e r   f o u n d a t i o n s   p r i -  

mar i ly   based  upon t h e i r   h i g h   d r i v i n g   s t r e n g t h ,   h i g h  

l o a d   c a p a c i t y   a n d   r e l a t i v e   e a s e   i n   s p l i c i n g .  The 

major   cons t ruc t ion   problem w i l l  b e   t h e   d i f f i c u l t y  

i n   a t t a i n i n g   p i l e   p e n e t r a t i o n   a r o u n d   l a r g e   b o u l d e r s .  

To a d v a n c e   p i l e s  it may b e   n e c e s s a r y   t o   u t i l i z e  

v i b r a t i o n   t e c h n i q u e s  o r  l a rge   d i ame te r   open   p ipe  
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p i l e s  may be employed   wi th   churn-dr i l l   c rush ing  of 

large b o u l d e r s   i n s i d e   t h e   b o t t o m   o f   t h e   p i p e .  Where- 

e v e r   p i l e   d r i v i n g  i s  u n d e r t a k e n   i n   g r a n u l a r   d e p o s i t s ,  

t h e   a l l o w a b l e   l o a d   c a p a c i t y   s h b u l d   b e   e s t a b l i s h e d  from 

a p p l i c a b l e   p i l e - d r i v i n g   f o r m u l a e .  A t  shallow  bedrock 

l o c a t i o n s ,   c o n v e n t i o n a l   p i e r - f o o t i n g   f o u n d a t i o n s  are 

recommended. 

A l l  bridge  approach  embankments m u s t  be  compacted t o  

959, of   S tandard  Proctor d e n s i t y   u t i l i z i n g   h i g h   q u a l -  

i t y   u n f r o z e n  materials. G r a n u l a r   a p p r o a c h   f i l l s  are 

recommended t o  p r o v i d e   g r e a t e s t   s t a b i l i t y   d u r i n g  

r a p i d  drawdown cases a f t e r   f l o o d  water levels  drop.  

Design f i l l   s l o p e s  w i l l  depend  upon t h e   m a t e r i a l  

t ype   ava i l ab le   bu t   we l l -g raded   g rave l   and   s and  mix- 

t u r e s  may be   p laced  a t  2:l slopes.   Bridge  abutments  

may be p laced   on   sha l low  spread   foo t ings   in   the  com- 

p a c t e d   a p p r o a c h   f i l l s   b u t   w h e r e v e r   t h e   s t a b i l i t y  o r  

settlement c h a r a c t e r i s t i c s   o f  a p l a c e d   f i l l  i s  i n  

doubt   the   abutments   mus t   be   suppor ted   on   p i les   d r iven  

i n t o   t h e   u n d i s t u r b e d   s u b s o i l .  The l a t e ra l  p r e s s u r e s  

s u b j e c t e d  t o  the  abutments   by  compacted f i l l  should 

be   based   upon   t he   co -e f f i c i en t   o f   ea r th   p re s su re  

at-rest .  

I n   a l l  cases, approach  br idge  roadway  grades  should 

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

cohes ive  soils. 

S o l u b l e   s u l p h a t e   a n a l y s i s  of s o i l s  a t  t h e   v a r i o u s  
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b r i d g e  sites indicated s a l p h a t e   c o n t e n t s   n e a r  -1%. 

There fo re ,   su lpha te   cond i t ions  do not   appear  t o  be 

severe and  normal   Port land Cement may be used. 
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V I  I RECOMMENDATIONS 

T h i s   s e c t i o n   c o n s i s t s  of major  recommendations r e l a t i v e  

t o  t h e  design and cons t ruc t ion   of  the Mackenzie Highway 

from Mile 450 t o  550 and  recommendations f o r   f u t u r e  

geotechnica l  work. 

A t  least the  i n i t i a l  65  m i l e  section  should  be  con- 

s t r u c t e d   e n t i r e l y  w i t h  g r a n u l a r   m a t e r i a l   a s  t h i s  in-  

v e s t i g a t i o n   h a s   d i s c l o s e d  a good d i s t r i b u t i o n  of 

granular   borrow.   Considerat ion  should  a lso  be  given 

t o   g r a n u l a r  and  bedrock u t i l i za t ion   t h roughou t   t he  

remainder  of the sec t ion ,   a l t hough   hau l   d i s t ances  

w i l l  be   g rea te r   than   those   on   the   south   por t ion .  

A l l  deep  approach  bridge embankments should  be  con- 

s t r u c t e d  of granular  or broken  bedrock  compacted t o  

95% of  Standard Proctor by vibratory  compaction 

techniques.  

Numerous good g r a v e l   s o u r c e s   e x i s t   a l o n g   t h i s   s e c t i o n  

from Mile 4 5 0  t o  550 bu t   accu ra t e   g ra in  s i z e  a n a l y s i s  

are not   obtained when diamond b i t s  and a i r   d r i l l i n g  

techniques are u t i l i z e d .  The coarse f r a c t i o n  is 

broken down and   t he   a i r   r ecove ry   s epa ra t e s   va r ious  

p a r t i c l e   s i z e s  making r e t r i e v a l  of a r e p r e s e n t a t i v e  

sample d i f f i c u l t .  A f t e r  recommended gravel  borrow 

p i t s   a r e   deve loped   fo r  embankment material, t h e  

w e l l  graded  gravel-sand m i x t u r e s  should  be  fur ther  

s u b j e c t e d   t o   l a b o r a t o r y   t e s t i n g   t o  more accu ra t e ly  

I '  
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d e f i n e   t h e i r   s u i t a b i l i t y   f o r   c r u s h e d  roadway  gravel 

and   conc re t e   g rave l .  

(d )  Severa l   deep  embankment f i l l s  are proposed a t  bridge 

a p p r o a c h e s   a n d   c u l v e r t   l o c a t i o n s .  The foundat ion  

c o n d i t i o n s   f o r   t h e s e   f i l l s  were de termined   dur ing  

t h i s   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   b u t   t h e   s t a b i l i t y  

and   s e t t l emen t  of t h e  embankment has   no t   been   in -  

v e s t i g a t e d .  The d e s i g n   s i d e   s l o p e s   a n d   p o t e n t i a l  

u l t i m a t e  s e t t l e m e n t  w i l l  depend  upon  the  borrow p i t  

sou rce   chosen   fo r  embankment f i l l .  Although coarse 

g raded   g rave l  i s  recommended f o r  all d e e p   f i l l s ,  

o t h e r   f a c t o r s  may d i c t a t e   a l t e r n a t e   s o u r c e s .  The 

s t a b i l i t y  of e a c h   f i l l   m a t e r i a l   s h o u l d   b e   d e t e r m i n e d  

a f t e r   o b t a i n i n g   s h e a r   s t r e n g t h   p a r a m e t e r s   a n d  pore 

p r e s s u r e   r e s p o n s e   c h a r a c t e r i s t i c s .  

(e) A l t h o u g h   c u t s   i n   i c e - r i c h   c o h e s i v e   p e r m a f r o s t  are 

n o t  recommended c o n s i d e r a t i o n  may be g i v e n   t o   c u t t i n g  

f r o z e n   s l o p e s   w h e r e   i n i t i a l   f i e l d   a n d   l a b o r a t o r y  tests 

do n o t   i n d i c a t e   e x c e s s  i ce  c o n d i t i o n s .  The r i s k  of 

l a r g e  c u t s  has  been discussed p rev ious ly .  The deci- 

s i o n  t o  u t i l i z e  some cu t   s ec t ions   shou ld   be   fo l lowed  

by t e s t  p i t s   t o   c o n f i r m   t h a t   e x c e s s  ice i s  n o t  

p r e s e n t .  

I n   a d d i t i o n  some s l o p e   p r o t e c t i o n   s h o u l d  be employed 

t o  r e d u c e   t h e   a g g r a d a t i o n   d e b r i s   t h a t  w i l l  oc occur 

when t h e   a c t i v e  l aye r  i s  e s t a b l i s h e d .  
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( f )   Ai r -dr i l l ing   t echniques   and   pene t rometer   sampl ing  

gave a good i n d i c a t i o n  of t h e  s o i l  types   encountered  

b u t   b e f o r e   p o t e n t i a l l y   l a r g e   b o r r o w   p i t s  are c l e a r e d ,  

it is  recommended t h a t   v i s u a l   i n s p e c t i o n   o f   b a c k - h o e  

t es t  p i t s   b e   u n d e r t a k e n .   I n   p a r t i c u l a r ,   b o r r o w   p i t s  

have  been recommended for  development  where 2 t es t  

ho le s   i nd ica t ed   un f rozen   cond i t ions   and  1 test  ho le  

f r o z e n   c o n d i t i o n s .  The p i t   s u i t a b i l i t y  and  sporadic  

pe rmaf ros t   occu r rence   wou ld   be t t e r   be   eva lua ted   by  

test  p i t s   b e f o r e   e x t e n s i v e   c l e a r i n g  was undertaken.  

(9) Condi t ion  of h a u l   r o a d s   t o   s e l e c t e d   b o r r o w   p i t s  i s  

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

s u r f a c e s  are f rozen   and  t e s t  h o l e s   a r e   n o t   d r i l l e d .  

Where good  access   on  high  wel l -drained  ground i s  

n o t  a v a i l a b l e ,  summer reconnaissance  by h e l i c o p t e r  

and  foot  would  be recommended t o   e s t a b l i s h   t h e   e x t e n t  

of h a u l   r o a d   c o n s t r u c t i o n .  

(h)  The recommendat ions   and   da ta   p resented   in   th i s  re- 

p o r t   s h o u l d   p r i m a r i l y   b e   u t i l i z e d  t o  e s t a b l i s h  a 

f i n a l   d e s i g n   g r a d e l i n e .   S u b s e q u e n t l y ,  embankment 

f i l l  volumes a n d   h a u l   d i s t a n c e s  may be   ob ta ined .  

A t  t h i s   p o i n t  it can  be  es tabl ished  which  borrow 

p i t s  would  be  most  economically  developed. 

I 
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APPEND IX ’ A ’ 

PLATES AND SAMPLE CALCULATIONS 



THEORETICAL  PENETRATION OF 32OF  ISOTHERM 
" 

F I N E  G R A I N E D  S O I L S ,  THAWING 

F r o m :   " D e g r e e - d a y s   a n d   H e a t   C o n d u c t i o n   i n  Soils" by 
F .  J .  S a n g e r .   I n t e r n a t i o n a l   P e r m a f r o s t   C o n f e r e n c e  
P r o c e e d i n g s  1 9 6 3 ,  p a g e  2 5 8 .  

P L A T E  A-I 



I -  

T H E O R E T I C A L   P E N E T R A T I O N  OF 3 2 O F  I S O T H E R M  
" 

C O A R S E   G R A I N E D   S O I L S ,   T H A W I N G  

F r o m :   " D e g r e e - d a y s   a n d   H e a t   C o n d u c t i o n   i n   S o i l s "  b y  
F .  J .  S a n g e r .   I n t e r n a t i o n a l   P e r m a f r o s t   C o n f e r e n c e  
P r o c e e d i n g s  1 9 6 3 ,  p a g e  2 5 7 .  

PLATE A - 2  
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A V E R A G E  W I N D S P E E D  ( m p h )  

R a t i o  o f  s u r f a c e   t h a w i n g   i n d e x  ( S T I )  t o  a i r   t h a w i n g  
i n d e x  ( A T I )  f o r   a s p h a l t  a n d  c o n c r e t e   p a v e m e n t s  f o r  
v a r i o u s   w i n d s p e e d s .  

F r o m :   " D e g r e e - d a y s   a n d   H e a t   C o n d u c t i o n   i n  S o i l s "  b y  
F .  J .  S a n g e r .  I n t e r n a  t i o n a l   P e r m a f r o s t   C o n f e r e n c e  
P r o c e e d i n g s  1 9 6 3 ,  p a g e  2 6 1 .  

P L A T €  A - 3  
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Example  of   Thaw-Set t lement   Calculat ion . 

Test Hole - 458 B 160  B 

I n s i t u   p r o p e r t i e s  - Bulk w e t  u n i t   w e i g h t  - 95.1  pcf  
Dry u n i t   w e i g h t  - 62.9  pcf 
M o i s t u r e   C o n t e n t  - 52% 
L i q u i d   L i m i t  - 36% 

I 

A .  T h a w - S e t t l e m e n t   f r o m   F i e l d   I n i t i a l   D e n s i t y   a n d  
F i n a l   S l u r r y   D e n s i t y  

! 
- 

S l u r r y   s a m p l e   p r o p e r t i e s  
- Bulk w e t  u n i t   w e i g h t  = 116 pcf 

Dry u n i t   w e i g h t  = 86 pcf 
M o i s t u r e   c o n t e n t  = 35% 
L i q u i d  L i m i t  = 31.4% 
S p e c i f i c   g r a v i t y  = 2.70 

F i e l d   v o i d   r a t i o  = 1.70  
Slur ry   Sample   Void  Ratio = .96 

e S = H - -  - 1 2  1.70 - . 9 6   ( - 7 4  ) = 1 2  - (2 .70)  l+eo 1 + 1 . 7 0  

S e t t l e m e n t  = 3 . 3   i n c h e s / f o o t  

B. Thaw-Se t t l emen t   f rom  Empi r i ca l   P ipe l ine  Data (Plate A - 4 )  

I n s i t u   b u l k   d e n s i t y  = 9 5 . 1  pcf  
From c u r v e - s e t t l e m e n t  = 3 . 4   i n c h e s / f o o t  

P L A T E  A - 5  
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' APPENDIX . 'B '  

PHOTOGRAPHS 



1 .  M i l e  4 9 3 ,  d e p t h  1 5  f e e t ,  s i l t y  c l a y   w i t h   r a n d o m  
i c e  l e n s e s .  

2 .  T y p i c a l  i c e  l e n s e s  ( l i g h t   c o l o u r e d )  i n  s i l t y  
c l a y  w i t h  f r a c t u r i n g   a l o n g  t h e  l e n s e s .  

B - 1  



3 .  Frozen d a r k  brown c l a y ,  m o i s t u r e   c o n t e n t  
20.6%, random i c e .  

a 

4 .  Random i c e   l e n s e s   i n   s i l t y  c l a y  d e p o s i t .  

B - 2  



5 .  Frozen  borrow p i t  m a t e r i a l ,  s t i f f  s i l t y  c l a y ,  
random i c e   l e n s e s ,   m o i s t u r e   c o n t e n t  2 1 % .  

6 .  F r o z e n   s i l t y  c l a y ,  v i s i b l e  random i c e   l e n s e s ,  
m o i s t u r e   c o n t e n t  2 2 % .  

B - 3  



7 .  Frozen s i l t y  c l a y ,  v i s i b l e  random i c e ,   m o i s t u r e  
c o n t e n t  2 3 % ,  b u l k  d e n s i t y  1 2 2  pcf. 

8 .  F r o z e n   c l a y ,   o n e - i n c h   i c e   l e n s e s ,   a v e r a g e  
m o i s t u r e   c o n t e n t  5 0 % .  

B - 4  



9 .  Random i c e   l e n s e s   i n  s i l t y  c l a y ,   e x c e s s   i c e  
l e s s   t h a n  5 % ,  m o i s t u r e   c o n t e n t  21%, b u l k  d e n s i t y  
1 2 6 . 4  p c f .  

10. Brown f r o z e n   s i l t y  c l a y ,  low m o i s t u r e   c o n t e n t  
o f  2 5 %  d o e s   n o t   r e f l e c t   1 / 4 - i n c h   i c e   l e n s e s  
found   i n   pene t rome ter   sample .   Where   i ce  i s  
w i d e l y   d i s t r i b u t e d   l a r g e   m o i s t u r e   s a m p l e s   s h o u l d  
b e   t a k e n .  

B - 5  



11 .  Frozen s i l t y  c l a y ,  random i c e   l e n s e s ,   m o i s t u r e  
c o n t e n t  22%,  p l a s t i c  l i m i t  2 5 % ,  l i q u i d  l i m i t  
40%, b u l k  d e n s i t y  1 2 3 . 3  p c f  and e x c e s s   i c e  
n e g l i g i b l e .  

1 2 .  Frozen  borrow p i t  s i l t y  c l a y ,  v i s i b l e  random 
i c e   l e n s e s ,   m o i s t u r e   c o n t e n t  4 1 % .  

B - 6  



1 3 .  Frozen  s i l t y   c l a y ,   1 / 4 - i n c h  i c e  l e n s e s ,  m o i s t u r e  
c o n t e n t  3 5 % ,  p l a s t i c  limit 2 6 % ,  l i q u i d   l i m i t   4 1 % .  

14. Frozen  s i l t y  c l a y ,  i c e  l e n s e s  w i d e l y   d i s t r i b u t e d .  

B - 7  



1 5 .  C o a r s e   f r o z e n   f i b r o u s   m u s k e g   M i l e  4 9 8 .  ( T h a w  
s e t t l e m e n t   e x p e r i m e n t . )  

1 6 .  Above   muskeg   sample   un f rozen  w i t h  t h a w  s e t t l e -  
ment  of a b o u t  1 5 %  a n d  m o i s t u r e   c o n t e n t  2 7 5 % .  

B - 8  



1 7 .  G r a v e l  borrow p i t ,  t e s t  h o l e  21624, u n f r o z e n  
c o a r s e   g r a v e l ,   m o i s t u r e  c o n t e n t  5 . 6 %  a t   2 - f o o t  
d e p t h .  

1 8 .  S a m e  borrow p i t   a s   a b o v e   e x c e p t   a t  1 0 - f o o t  
d e p t h  i n  t e s t  h o l e  2 1 8 A .   W a t e r   t a b l e   e n c o u n t e r  
a t  1 2 - f e e t  r e s u l t s  i n  m o i s t u r e  c o n t e n t  o f  1 6 . 2 % .  

B - 9  



1 9 .  G r a n u l a r  borrow p i t   a t   1 5 - f e e t ,   u n f r o z e n   c o a r s e  
s a n d  w i t h  p e b b l e s ,   m o i s t u r e  c o n t e n t  6 % .  

2 0 .  Same  borrow p i t   a s   a b o v e   e x c e p t   m a t e r i a l  Con- 
t a i n s  f e w e r  p e b b l e s   a n d   m o i s t u r e  c o n t e n t  i~ 
11% a t  1 0 - f o o t  d e p t h .  

B - 10 



2 1 .  S a m e   b o r r o w   p i t   a s   p h o t o g r a p h s  1 9  a n d  2 0  e x c e p t  
i n  t e s t  h o l e  2 2 2 A  a t   1 5 - f e e t  f r o z e n  s a n d y   c l a y  
o c c u r s   w i t h   m o i s t u r e  c o n t e n t  1 6 % .  

22.  G r a v e l  borrow p i t  w i t h  coarse s a n d   a n d   m o i s t u r e  
c o n t e n t  2 % .  

B - 11 



2 3 .  Gravel   borrow p i t  a t  5 - f e e t ,   t e s t   h o l e  2 1 9 A ,  
u n f r o z e n  and d r y ,  m o i s t u r e   c o n t e n t  0 . 8 % .  

2 4 .  Same borrow p i t  a s  a b o v e ,   t e s t   h o l e  2 2 0 A ,  e x -  
c e p t  h i g h  sand c o n t e n t  w i t h  p e b b l e s .  

B - 1 2  



25. G r a n u l a r   g r a v e l   p i t ,   p r i m a r i l y   g r a v e l   a n d  
c o a r s e   s a n d ,   a t  2 - f o o t  d e p t h ,   m o i s t u r e  con- 
t e n t  2 % .  

2 6 .  S a m e  t e s t  h o l e  a s  above  a t   5 - f o o t   d e p t h ,  e x -  
c e p t   c o a r s e   s a n d  w i t h  f e w e r  p e b b l e s .  

B - 1 3  



2 7 .  C o a r s e   g r a v e l   n e a r  t h e  s u r f a c e  of b o r r o w   p i t  
w i t h  l i t t l e  s a n d .  

2 8 .  S a m e  borrow p i t   a s   a b o v e   e x c e p t  i n  a d j a c e n t  
t e s t  h o l e .  M a t e r i a l  is c o a r s e   s a n d   w i t h   s o m e  
p e b b l e s  . 

B - 14 



2 9 .  Dozer p i t   g r a v e l   s a m p l e s  from g l a c i o f l u v i a l  
p l a i n   a t  M i l e  5 0 3 .  

3 0 .  D o z e r   s a m p l e  from s i m i l a r   l o c a t i o n   a s   a b o v e  
p h o t o g r a p h .  

B - 1 5  



3 1 .   D o z e r   s a m p l e   a t  4 1 / 2  t o  5 1 / 2 - f e e t  f r o m  s a m e  
p i t   a s   p h o t o g r a p h s   2 9   a n d  3 0 .  

3 2 .   D o z e r   s a m p l e   a t  1 1 / 2  - 3 - f e e t  f r o m  s a m e  loca- 
t i o n  a s  2 9 ,  3 0   a n d  3 1  p h o t o g r a p h s .  

B - 16 



3 3 .  Typical   example of f r o z e n   s i l t y   c l a y   p e n e t r o -  
m e t e r   s a m p l e   w i t h   v i s i b l e  random l e n s e s  b u t  
l i t t l e   e x c e s s   i c e .   M o i s t u r e   c o n t e n t  2 6 %  i s  
n e a r   t h e  p l a s t i c  l i m i t  o f  2 5 % .  The l i q u i d  l i m i t  
i s  4 7 %  and t h e   b u l k   d e n s i t y  1 2 1 . 6  p c f .  

3 4 .  Frozen s i l t y   c l a y  borrow p i t ,  random i c e ,   m o i s -  
t u r e   c o n t e n t  2 5 % .  G e n e r a l l y   u n s u i t a b l e   f o r  em- 
bankment f i l l .  

B - 17 



3 5 .  Frozen  s i l t y  c l a y ,   r a n d o m  i c e ,  m o i s t u r e  c o n t e n t  
2 6 % .  

3 6 .  Frozen  s i l t y  c l a y ,   r a n d o m  i c e ,  m o i s t u r e  c o n t e n t  
3 0 % ,  b u l k  d e n s i t y  120.9 p c f .  

B - 1 8  



3 9 .  Borrow p i t  f r o z e n   c l a y ,   m o i s t u r e   c o n t e n t  2 7 % ,  
random i c e .   U n s u i t a b l e  f o r  embankment fill. 

4 0 .  Frozen s i l t y  c l a y ,   b o r r o w  p i t ,  low random i c e  
c o n t e n t ,   m o i s t u r e   c o n t e n t  2 5 % .  

W 

B - 20  



4 1 .  F r o z e n   s i l t y  c l a y ,  t h i n  random i c e   l e n s e s ,  
m o i s t u r e   c o n t e n t  3 3 % .  

4 2 .  M i l e  5 0 8  m u s k e g   d e p o s i t   w i t h   m o i s t u r e   c o n t e n t  
200%. 

B - 21 



4 3 .  Borrow p i t ,  4 - 5 - f e e t   c o a r s e   d r y   s a n d ,  mois- 
t u r e  c o n t e n t  2 . 0 % ,  g a p - g r a d e d .  

4 4 .  S a n d   s a m p l e  f r o m  s a m e  borrow a s   a b o v e   e x c e p t  
a t  9 - 1 0 - f e e t ,  

B - 2 2  



I 

4 5 .  Dozer  s a m p l e  o f  d r y  brown c o a r s e   s a n d   f r o m  
O . S - f e e t ,  Mi l e  5 0 9 .  

4 6 .  Dozer s a m p l e   f r o m   s a m e   p i t   a s   a b o v e  e x c e p t   a t  
6 . 0 - f e e t .  C o a r s e   s a n d ,   g a p - g r a d e d ,  v e r y   d r y .  

B - 2 3  



3 7 .  T y p i c a l   f r o z e n   s i l t y  c l a y ,  random i c e ,   m o i s t u r e  
c o n t e n t  2 8 % .  Loca t ion  4 t o   5 - f e e t   b e l o w   s u r f a c e .  

38. Same t e s t   h o l e  a s  above   excep t  a t  9 - 1 0 - f e e t  
w i t h  m o i s t u r e   c o n t e n t   o f  2 3 % .  

B - 19 



4 7 .  Frozen s i l t y  c l a y ,  1 / 4 - i n c h   i c e   l e n s e s ,   m o i s -  
t u r e   c o n t e n t  1 0 0 % .  

4 8 .  Frozen s i l t y  c l a y ,  I / 4 - i n c h   i c e   l e n s e s   ( n o t  
well d e f i n e d   i n   p h o t o g r a p h )   s a m p l e   i m m e d i a t e l y  
a f t e r  r emova l   f rom  f r eez ing   env i ronmen t .  

B - 24 



4 9 .  S a m e   s a m p l e   a s   p h o t o g r a p h  4 8  b u t   t h a w i n g  i s  
w e l l   a d v a n c e d .  

5 0 .  S a m e   s a m p l e   a s   p h o t o g r a p h  4 8  a n d  4 9  b u t   t h a w i n g  
o f  p e r m a f r o s t   h a s  been c o m p l e t e d .   S a m p l e  i n  
s i m i l a r   c o n d i t i o n  t o  t h a t   n e a r   r o a d w a y   s u r f a c e  
s u b g r a d e   a f t e r   t h a w .  

B - 2 5  



51.  Borrow p i t  Mi l e  5 1 1 ,  s t a t i o n  1065 + 0 0  a t  4 - 
5 - f e e t .   S a m p l e   c o n s i s t s  of f r o z e n  sand and 
grave l  w i t h  h i g h  o r g a n i c   c o n t e n t .   M o i s t u r e  
c o n t e n t  6 5 % .  

52. Frozen s i l t y  c l a y ,  random i c e   l e n s e s ,   m o i s t u r e  
c o n t e n t  2 9 % .  

B - 2 6  



5 3 .  Frozen  s i l t y  c l a y ,   2 5 - f o o t   d e p t h ,   m o i s t u r e  
c o n t e n t  2 6 % ,   b u l k   d e n s i t y   1 2 3 . 6   p c f .  

5 4 .  F r o z e n  s i l t y  c l a y ,   r a n d o m  i c e ,  m o i s t u r e  c o n t e n t  
2 5 % ,  b u l k  d e n s i t y  1 2 5 . 9  p c f .  

B - 2 7  



I 

I 

5 5 .  Dozer p i t   ( g a r b a g e   d i s p o s a l   e x c a v a t i o n )   a t  
a i r s t r i p ,  Mi l e  5 3 3 .  M a t e r i a l  c o n s i s t s  of w e l l -  
g r a d e d   g r a v e l   a n d   s a n d  w i t h  some silt l a y e r s .  

5 6 .  S a m e   l o c a t i o n  a s  p h o t o g r a p h  5 5 .  

B - 28 



5 7 .  Dozer   excavat ion   sample   f rom  s i l t y   c lay   borrow 
p i t ,  Mi le  5 2 0 ,  8 0 0 - f e e t   e a s t  on s e i s m i c   l i n e ,  
s t a t i o n  1250 + 0 0 .  N o t e   i c e   l e n s e s .   M o i s t u r e  
c o n t e n t  6 3 . 3 % .  

5 8 .  Same borrow p i t  a s  above   excep t  a f e w   f e e t  a w a y .  
Note l a c k  o f   i c e   c r y s t a l s ,  and m o i s t u r e   c o n t e n t  
1 7 . 4 % .  These  two  photographs and mo i s ture   con-  
t e n t s   d e p i c t   e x t r e m e   v a r i a t i o n s   w h i c h   e x i s t   i n  
p e r m a f r o s t .  

B - 2 9  



5 9 .  Dozer c l e a r i n g   a c c e s s  for d r i l l   r i g  t o  borrow 
p i t .  

60. Snow r e m o v a l   f r o m   a i r s t r i p   a t  Mile  4 8 6 .  

B - 3 0  



6 1 .  E q u i p m e n t   u s e d  for d o z e r  p i t   i n v e s t i g a t i o n s  
s h o w i n g   r i p p e r .  

6 2 .  M o v i n g  s k i d  m o u n t e d   c a m p  t o  a n o t h e r   l o c a t i o n .  

B - 31 



6 5 .  Mayhew 1 0 0 0  d r i l l  rig. 

6 6 .   C a m p s i t e  Mile 4 7 1 . 6 ,  J a n u a r y  1 5 ,  1 9 7 3 ,  - 6 5  0 F. 



6 3 .  T y p i c a l   t e r r a i n .   M a c k e n z i e  R i v e r  t o  t h e  l e f t ,  
C . N . T .  r i g h t - o f - w a y   a n d  Mile 4 6 6   a i r s t r i p .  
F r a n k l i n   M o u n t a i n s  t o  t h e  r i g h t .  

6 4 .  H e l i  d r i l l  r i g .  

B - 3 2  



I 6 7 .  Typical t e r r a i n  w i t h  C.N.T. r i g h t - o f - w a y  line. 

6 8 .   M u s k e g   d e p o s i t s  at Mile 4 9 8 .  

B - 3 4  



6 9 .  A i r - d r i l l i n g   o p e r a t i o n s .  

7 0 .  C l e a r i n g   a c c e s s  t o  Borrow P i t .  

B - 35 



7 1 .  Dozer p i t  w i t h  f r o z e n   m a t e r i a l   b e i n g   r i p p e d  
i n  a c ross  p a t t e r n .  

B - 3 6  



73. Trapper's  log  cabin  at  Steep  Creek,  Mile 511. 

74. Technicians  obtaining  gravel s a m p l e  f r o m  d o z e r  
pit. 

B - 37 



7 5 .  S u p p l i e s   b r o u g h t  t o  c a m p s i t e  b y  c h a r t e r e d   a i r c r a f t .  

7 6 .  The mos t  e f f i c i e n t  me thod  of t r a n s p o r t a t i o n  on 
t h e  p r o j e c t .  

B - 38 



7 7 .  Camp move a l o n g  C . N . T .  r i g h t - o f - w a y   t h r o u g h  
creek v a l l e y .  

7 8 .  A e r i a l  v iew of For t  N o r m a n .  

B - 3 9  



7 9 .  H e l i c o p t e r   b r i n g i n g   s u p p l i e s  t o  c a m p s i t e   t h a t  
were b r o u g h t  t o  a n   a i r s t r i p  some 10-miles a w a y .  

80. D r i l l  r i g   m o v i n g  on t o  t y p i c a l  t e s t   s i t e .  

B - 4 0  



I 

APPENDIX ' C '  

EXPLANATION O F  FIELD AND LABORATORY TEST DATA 
USED ON TEST HOLE LOG SHEETS 



i 

These   pages   p resent   an   explana t ion  of t h e  terms and  symbols  used 

i n  summar iz ing   f i e ld   and   l abo ra to ry   r e su l t s   on   t he  D r i l l  Hole 

Logs. 

DEPTH 

" 

T h i s   c o l u m n   r e f e r s  t o  t h e   d e p t h   i n   f e e t   b e l o w   t h e   e x i s t i n g   g r o u n d  

s u r f a c e .  

SAMPLE  TYPE 

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

c o n d i t i o n  and  type.   The  following  symbols were u t i l i z e d  t o  de- 

f i n e   t h e ,   s a m p l e   t y p e :  

Shelby  tube  sample 

Split-spoon  penetrometer  sample 

Core  sample 

Disturbed  grab  sample 

PENETRATION RESISTANCE 

Th i s  t e s t  i s  c o n d u c t e d   i n   t h e   f i e l d  t o  d e t e r m i n e   t h e   i n s i t u  

r e l a t i v e   d e n s i t y   o f   c o h e s i o n l e s s   s o i l s   a n d   t h e   c o n s i s t e n c y  of 

cohes ive  soils. The "N" va lue  o r  blow  count i s  t h e  number of 

blows  from a 1 4 0  l b .  hammer dropped 3 0  i n c h e s   ( f r e e   f a l l )   w h i c h  

i s  r e q u i r e d  t o  d r i v e  a 2" O.D. sp l i t - spoon  type   sampler  1 2  i nches  

i n t o   t h e   u n d i s t u r b e d  soi l .  

1. 



! 

U N I F I E D  SOIL SYMBOL 

A l l  soils are c l a s s i f i e d   a c c o r d i n g  t o  t h e   U n i f i e d   S o i l  Class i f i -  

cat ion  System  which i s  out l ined  on  Page 5 of t h i s  Appendix. 
I 

SOIL DESCRIPTION 

This   column  includes a d e t a i l e d   d e s c r i p t i o n   o f  s o i l  types  and 

i n d i c a t e s   c h a n g e s   i n   s o i l  s t ra ta .  

LIMITS OF FROZEN GROUND 

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

encountered  have  been  indicated by F and U F  r e s p e c t i v e l y .  

I C E  DESCRIPTION 

The  ground ice  i n   p e r m a f r o s t  was c l a s s i f i e d   a c c o r d i n g   t o   t h e  

Nat iona l   Research   Counci l   Sys tem.   This   permafros t   c lass i f ica t ion  

system i s  o u t l i n e d  on  Page 6 of t h i s  Appendix. 

The excess  ice c o n t e n t  was e s t ima ted  by f i e l d   l a b o r a t o r y   t e c h n i -  

c i a n s .   T h i s  estimate i s  shown i n   t h e  i ce  d e s c r i p t i o n  as a per-  

cen tage   o f   t he  t o t a l  sample. 

NATURAL WATER CONTENT 

The n a t u r a l   w a t e r   c o n t e n t  i s  i n d i c a t e d  by a c i rc le  a t   v a r i o u s  

dep ths .  I t  i s  expressed as a percentage  of t h e   d r y  s o i l  weight.  

ATTERBERG LIMITS 

The p l a s t i c   a n d   l i q u i d  limits a r e  shown a l o n g   w i t h   t h e   m o i s t u r e  

con ten t   by  a h o r i z o n t a l   b a r .  The lower m o i s t u r e   c o n t e n t  of t h e  

b a r   i n d i c a t e   t h e   p l a s t i c  l i m i t  whereas   the   upper   por t ion  

2. 



i n d i c a t e s   t h e   l i q u i d  limit. At te rbe rg  limits a re  u t i l i z e d  t o  

a s s i s t   c l a s s i f i c a t i o n   o f   c o h e s i v e  soils and e s t i m a t e   t h e i r  

i n s i t u   c o n s i s t e n c y .  

1 

G R A I N - S I Z E  ANALYSIS 

The p r o p o r t i o n s  of c l a y ,  s i l t ,  sand  and  gravel   obtained  f rom. 

hydrometer  and sieve ana lys i s   a r e   summar ized .  The a c t u a l   g r a i n  

s i z e   c u r v e s  

WET D E N S I T Y  

have   been   inc luded   wi th   the  Test Hole Logs. 

The wet or bulk  densi ty   of   penetrometer   samples  i s  t h e   t o t a l  

weight of the   sample   d iv ided  by t h e  volume  and i s  e x p r e s s e d   i n  

l b s .   p e r   c u b i c   f o o t .  

DRY D E N S I T Y  

The d r y   d e n s i t y  i s  t h e  d r y  s o i l  weight   divided  by  the  volume  and 

i s  expressed in l b s .   p e r   c u b i c   f o o t .  

TEST HOLE NUMBERING SYSTEM 

Test holes  have  been  designated  by  mileage,  type  and  number.  

The l e t te r  symbols  and  numbers in   t he   fo l lowing   examples ;  

543B632Bf 544C448Af  545S441A 

i n d i c a t e :  

The i n i t i a l  number i s  t h e  highway  mileage, The fo l lowing  l e t te rs  

B ,  C and S denote  a borrow p i t ,   c e n t r e l i n e  and s t r u c t u r e  t es t  

hole  r e s p e c t i v e l y .  The nex t  number i s  t h e  t e s t  ho le  number  and 

t h e   f i n a l  l e t te rs  A or  B d e n o t e   d r i l l i n g   p e r f o r m e d  by Mayhew 

1000 o r  H e l i  D r i l l  r e s p e c t i v e l y .  

3 .  



MUSKEG CLASSIFICATION 

The Nat ional   Research  Counci l  muskeg c l a s s i f i c a t i o n   s y s t e m   d e -  

veloped by Radfo r th   has   been   u t i l i zed  t o  p a r t i a l l y   c l a s s i f y  

muskeg d e p o s i t s .  Muskegs h a v e   o n l y   b e e n   c l a s s i f i e d   i n t o  three 

basic  groups  based  on the i r  p r e d o m i n a n t   c h a r a c t e r i s t i c s .  A 

b r i e f  summary of the   Radfor th   Sys tem i s  g iven  on Page 7 of  

t h i s  Appendix. 

4 .  



1JNlFlED SOIL CLASSlFlCATiON SYSTEM 
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NATIONAL RESEARCH COUNCIL PERMAFROST 

CLASSIFICATION SYSTEM 
" 

Permafrost  ground ice  occurs  i n  t h r e e   b a s i c   c o n d i t i o n s  

inc luding   non-v is ib le ,  v is ible  (less than  one i n c h   i n  
I 

thickness) and   c l ea r  ice. 

! 

A .  Non-visible - N 

Nf - poorly  bonded o r  f r i a b l e   f r o z e n  so i l  

Nbn - w e l l  bonded s o i l ,  no excess  ice 

- w e l l  bonded s o i l ,   e x c e s s  ice' 

B. Vis ible  - V ( less  than  1" thick) 

vx 

vc - ice  coa t ings  on p a r t i c l e s  

vr 

- i n d i v i d u a l  ice c r y s t a l s   o r   i n c l u s i o n s  

- random o r   i r r e g u l a r l y   o r i e n t e d  ice formations 

Vs - s t r a t i f i e d  or o r i e n t e d  ice  formations 

c, V i s i b l e  Ice - ( g r e a t e r   t h a n  1" t h i c k )  

Ice - ice w i t h   s o i l   i n c l u s i o n s  

Ice + S o i l  - i c e   w i t h o u t   s o i l   i n c l u s i o n s .  

A more complete   descr ipt ion  of  t h i s  system is  i n c l u d e d   i n  

NRC p u b l i c a t i o n  TM 7 9 .  

! 
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NATIONAL  RESEARCH  COUNCIL  MUSKEG  CLASSIFICATION SYSTEM 

I -  

PREDOMINANT 
CHARACTERISTIC  CATEGORY NAME 

Amorphous- 1. Amorphous-granular  peat 
granular 

2. Non-woody,  fine-fibrous  peat 

3 .  Amorphous-granular  peat  containing 

4. Amorphous-granular  peat  containing 

5. Peat,  predominantly  amorphous-gran- 

woody  fine  fibres 

woody  fine  fibres 

ular,  containing  non-woody  fine  fibres, 
held  in a  woody,  fine  fibrous  frame- 
work 

6. 

i 
- 

7. 

Peat, predominantly  amorphous-gran- 
ular,  containing  woody  fine  fibres, 
held  in a  woody,  coarse-fibrous 
framework 

Alternate  layering of non-woody, fine 
fibrous  peat  and  amorphous-granular 
peat  containing  non-woody  fine  fibres 

Fine-fibrous a. Non-woody,  fine-fibrous  peat  con- 
taining  a  mound  of  coarse  fibres 

9.  Wood,  fine  fibrous  peat held in a 
woody,  coarse-fibrous  framework 

10. Woody  particles  held  in a non-woody, 

11. Woody  and  non-woody  particles  held 

fine-fibrous  peat 

in  fine-fibrous  peat 

Coarse-f  ibrous 12 Woody,  coarse-fibrous  peat 

13. Coarse  fibres  criss-crossing  fine- 
fibrous  peat 

14. Non-woody  and  woody  fine-fibrous  peat 
held  in a  coarse-fibrous  framework 

15. Woody  mesh  of  fibres  and  particles 
enclosing  amorphous-granular  peat 
containing  fine  fibres 

16. Woody,  coarse-fibrous  peat  containing 
scattered  woody chunks 

7. 
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APPENDIX " D ' 

SUMMARY OF TEST HOLE LOGS 



SUMMARY OF TEST HOLE LOGS 

TEST HOLE 
TYPE NO. 
SOIL 

449 C 898  
449 C 8 8 B  
450 B 97B 
450 B 96B 
450 B 958 
450 B 94B 
450 C 87B 
450 B 90B 
450 B 91B 

450 B 92B 

450 !3 93B 

450 C 86B 
450 C 85B 
450 c 8 4 B  
450 C 83B 
450 B 194B 
450 B 195B 
450 B 196B 
451 C 8 2 B  
451 C 92A 
451 C 91A2 
451 C 91A 
451 C 90A 
451 C 89A 
451 B 191B 
451 B 1 3 2 E  
451  B 193B 
452 C 8 8 A  
452 C 87A 
452 C 86A 
452 C 85A 
452 C 84A 
452 B 1 8 8 B  
452 B 189B 
452 B 190B 
453 C 83A 
453 C 8 2 A  

S i l t y  C l a y  
S i l t y  C l a y  
S i l t y  C l a y  
S i l t y  C l a y  
S i l t y   C l a y  
S i l t y   C l a y  
S i l t y  c l ay  
Clayey S i l t  
S i l t  
(Gravel  
Below) 

S i l t y  C lay  
T i l l  (Grav- 
el B e l o w )  
S i l t y  C l a y  
T i l l  
S i l t y  c lay 
S i l t y   C l a y  
c lay  
S i l t y  Clay  
Dry S i l t  
Dry S i l t  
S i l t y  C l a y  
S i l t y  C l a y  
S i l t y  C l a y  
Clay 
Clay  
Clay  
C l a y  
Clay  
Clay 
C l a y  
S i l t y  C l a y  
S i l t y  C l a y  
S i l t y   C l a y  
S i l t y  C l a y  
S i l t y  C l a y  
S i l t y  C l a y  
S i l t y   C l a y  
S i l t y  C l a y  
S i l t y  c l a y  
C l a y  

UNIT 
Wet 
pcf 

114.6 
11.7.3 
121.4 

118.8 

107.6 

115 .1  
,112 ~ 2 
118.3 
110.6 
110.2 
113.5 
117 .9  

120.7 

110.3 
111.6 
113.6 
120 .0  
115.4 
125.7 
122.5 
123 .9  
124 .1  
119.0 
104 .1  

96.4 
118.8 
125.3  

EIGHT "- 
Dry 
PCf 

90.8 
96 .3  
99. 

93.7 

94.9 

87.2 
88 .0  
89 .4  
94.2 
94 .6  
92 .1  
93.6 

99.2 

86 .1  
86.2 
88.6 
96.2 
8 7 . 2  
98.0 
95.8 
98.9 

100.0 
95.2 
77.5 
64 . (3 
97.3 

101.7 

W% 

20 
20 
24 
2 1  
2 2  
1 9  
26 
1 2  

1 4  

9 

6 
20 
26 
23 
32 
18 
17 
22  
25 
24 
2 1  
2 2  
23 
2 8  
24 
27 
24 
2 8  
24 
25 
25 
2 2  
25 
3 4  
50 
2 2  
2 2  

ATTERBERG 
LI 

Wp% 

23 
2 2  
23 

2 2  

2 1  

19 
1 9  

20 

2 2  
2 2  
2 2  
25 

20 
2 1  
2 2  

TS 
W %  

36 
39 
36 

35 

3 5  

34 
3 1  

36 

35 
39 
37 
41 

35 
27 
42  



TEST HOLE 
TYPE NO. 
SOIL 

453 C 97A 
453 C 98A 
453 C 99A 

453 B 1 8 2 B  
453 B 183B 
453 B 184B 
453 B 185B 
453 B 186B 
453 B 187B 
454 C l O O A  
454 C 95A 

454 C 96A 
454 C 94A 

454 S l O l A  

454 S 102A 

454 S 93A 
454 C 65B 
454 C 64B 
454 B 176B 
454 B 177B 
454 B 178B 

454 B 179B 

454 B 180B 
454 B 1 8 1 B  
454 S 129A 
454 S 130A 
454 S 1 3 1 A  

455 C 8 0 A  
455 C 62B 
455 C 61B 
455 C 608 
455 C 59B 
455 C 79A 

S i l t y   C l a y  
S i l t y  c l a y  
C l a y  -Sand 
& Gravel 
S i l t y  c l a y  
S i l t y  c l a y  
S i l t y  c l ay  
s i l t y  c l a y  
S i l t y  c l a y  
S i l t y  c l a y  
c lay  & S i l t  
S i l t  - 
Sandy 
Gravel 
Sand - 
Gravel ly  
S i l t  7 '  - 
Sand 
C l a y  over 
Gravel 
Gravel 
S i l t y  c l ay  
Sand 
Gravel 
G r a v e l  
S i l t   4 '  
over Gravel  
S i l t  - 
Sandy 
S il t y  Sand 
Gravel 
Grave l  
S i l t y  c l a y  
Silty c l a y  
Gravel 
Gravel  
Sand 
Sand 
Sand 
Sand 
Clay - 
Organ ic  

U N I T  
w e t  
" 

PCf 

123 .1  
110.3 

117.7 

119.8 

EIGHT 
Dry 
pcf 

99 .5  
90 .5  

" 

98 .3  

98 .1  

W% 

25 
1 9  

10  
20 
20 
20 
22 
19 
2 0  
20  

10 
4 

10 

10 

2 0  
9 

35 
10 

3 
7 

1 2  

9 
8 
9 

18 

18 
5 
9 

10 
8 

1 2  

40 

ATTERBERG 
LIm 

Wp% 

23 
2 1. 

21  

2 1  

18 

18 

TS 

38 
31 

32 

34 

23 

27 

CE 
ESCRIPTION 

F, Vr 
F, vr 

F, V r  
UF 
UF 
F, V r  
UF 
UF 
UF 

Nbn 

UF 
UF 

UF 

UF 

F 
UF 
F 
UF 
UF 
UF 

UF 

UF 
UF 
UF 
F, Nf 
F* Nbn 

UF 
UF 
UF 
UF 
UF 
F, Nf 

UF 
2. 
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TEST HOLE 
TYPE NO. 
SOXL 

I 
455 B 173B 
455 B 174B 
455 B 175B 
456 C ‘78A 

456 C 77B 

456 C 76B 

456 C 75B 
456 C 74B 
456 B 170B 
456 B 1 7 1 B  
456 B 1 7 2 B  
457 C 73B 
457 C 7 2 B  
457 C 7 1 B  

457 C 70B 
457 C 69B 
457 B 1 2 8 A  
457 B 168B 

457 B 169B 
457 B 165B 
457 B 166D 
457 8 167B 

458 C 68B 

458 C 67B 

458 C 66B 
458 C 7 7 A  
458 C 78B 

458 B 162B 
458 B 163B 
458 B 164B 

458 B 159B 
458 B 160B 
458 B 161B 

Gravel 
Gravel  
Gravel 
s i l t y   C l a y  
o r g a n i c  
S i l t y   C l a y  
Organic 
7 ’  S i l t y  
Clay  Organi 
S i l t y   C l a y  
Si1.t.y  Clay 
S i l t y   c l a y  
s i l t y   c l a y  
s i l t y   c l a y  
Sandy  Clay 
Sand 
Clay - 
O r g a n i c  
c l a y  
Gravel 
Clay 
c l a y  - 
S i l t y  
Clay 
Gravel  
Gravel  
Sand & 
Gravel  
Clay - 
Sandy 
Clay - 
Sandy 
c l a y .  S a n d y  
Clay 
Clay - 
O r g a n i c  
S i l t y   C l a y  
S i l t y   c l a y  
1 0 ’  S i l t y  
c l a y  - Sanc 
S i l t y   C l a y  
S i l t y  c l a y  
S i l t y   c l a y  

r 
UNIT 
Wet 
PCf 

104.0 
92.0 

1 1 2 . 2  

86.7 
110.0 

1 2 2 . 8  

114.3 
123.7 

121.0 

101.1 

117.3 

99.5 
95.4 

Wl 

76.6 
58.9 

85.9 

59.8 
82 .1 .  

102.6 

101.2 
103.9 

98.2 

79.2 

93.8 

71.0 
69.9 

w% 

‘5  
4 
4 

30 

50 

17 
36 
56 
32 
30 
2 6  
35 
20 

44 
33 
8 

19 

13 
19 
11 
10 

17 

23 

2 0  
24 
42 

27 
2 0  
25 

25 
42 
40 
36 

LI b 
W p% 

3 1  

22  

19 

rs 
d 1% 
- 

54 

33 

36 



TEST HOLE ~ 

NO. 

459 C 79B 

459 C ROB 
459 C b l B  

459 C 103A 

459 C 76A 
459 C 98B 

459 S 123A 
459 S 132A 

459 S 124A 

459 E3 125A 
459 B 126A 
459 B 1 2 7 A  
459 B 156B 
459 B 157B 
459 B 158B 
460 C 99B 

460 C lOOB 
460 C 75A 
460 C 74A 
460 C 73A 
460 B 150B 
460 B 151B 
460 B 152B 
460 B 153B 
460 B 154B 
460 B 155B 
461 C 7 2 A  

461 C 7 1 A  
461 C 58B 
461 C 57B 
461 B l O l B  

461 B 102B 

- 
S O I L  
TYPE 

I rgan ic  
: l ay  
;ilt 
Sand & 
;rave 1 
Sand & 
;rave 1 
; r ave l  
Sand & 
; r ave l  
S i l t  & Cla ,  
Sand & 
sr a v e l  
sand & 
S r a v e l  
Gravel 
Gravel 
Gravel  
Gravel  
Gravel  
Gravel  
Sand  over 
Gravel  
S i l t  
Gravel  
S i l t y  clay 
S i l t y  Clay 
c l ay  
clay 
c l a y  
c l a y  
Clay  
S i l t y   C l a y  
6 ’  Silty 
c l a y  - San 
S i l t y  C l a y  
S i l t y   c l a y  
c l a y  
Gravel  & 
Sand 
Sandy - 
c l a y  

r 
” 

Y 

d 

Wet 
PCf 

100.0 
96.8 

113.3 

104.1 
91.9 

119 .1  

112.0 

114.5 

UlJTT WE 

- 

LGHT 
Dry 
PCf 
” 

71.9 
69.0 

88.7 

7 2 . 8  
57.9 

101.6 

86.7 

96.5 

I W% 

I 

40 
40 

10 

10 
6 

5 
26 

15 

8 
10 
8 
3 
3 
3 
3 

25 
16  
24 
24 
63 
23 
25 
1 7  
31 
33 
29 
33 

23 
35 
35 

5 

18 

LIF 
” 

”E- w % 

2 1  
26 

23 

20 
2 1  

23 

19 

rs  
4 ,*% 
” 

39 
45 

41  

32 
39 

43 

30 

CE 
iESCRIPTION 



TEST HOLE 
NO. 

461 B 103B 

461 B 104B 

461 C 56B 
461 S 1 2 1 A  
461 S 1 2 2 A  
461 S 133A 

461 B 144B 
461 B 145B 
461 B 146B 
461 B 1478 
461 B 1 4 a ~  
4 6 1  B 149B 
461 S 197B 
462 B 1 1 2 A  
462 C 55B 
462 C 54B 

462 C 53B 
462 C 52J3 

462 C 5 . l B  
462 B 106B 

462 B 107B 
462 B 108B 

462 B 109B 
462 B l l O B  
462 B l l l B  
462 B 1 1 2 B  
462 B l b 3 A  
462 B 113B 
462 B 114A 
462 B 115A 
462 B 114B 
462 B 115B 

I 

S O I L  
TYPE 

: lay  over 
;rave 1 
3 '  S i l t  
m e r  
;rave 1 
:lay 
:lay 
;ravel 
r i l l  - 
:lay 
S i l t  
S i l t  
Clay 
Clay 
Clay 
Clay 
Clay 
Clay 
Clay 
i '  c l a y  
jver Gravel 
Clay 
Clay  over 
S i l t  
S i l t  
Clay - 
( T i l l )  
Clay (Till 
Clay - 
Stones  
( T i l l )  
Clay ( T i l . 1  
Clay 
Clay 
S i l t y  Clay 
Sand 
S i l t  
S and 
S i l t y   C l a y  
Silty Clay 
S i l t y  c l a y  

U N I T  
Wet 
pcf 

9 6 , 4  

117.0 
113.0 

1 1 0 . 5  
103.C 
110.1 
114.C 

122.1 

116.5 
123.2 
119.f 

;IGI€I' 
Dry 
PC f 

73.6 

95.5 
85.3 

84.2 

95.f 
88.1 
85. E 
99. e 

102. I 

93. t 
99.; 
97.; 

W% 

I 

23 

26 
26 
20 

9 

1 5  
26 
40 
25 
2 2  
2 1  
2 1  
31 
30 
20 

30 
40 

25 
23 

1 5  
16  

15  
1 7  
16 
27 
1 4  
20 
1 9  
24  
25 
24 
23 

r 
L, 

- 
ATTEREERG 

LIP 
" 

W %  

19 

15 
16 

2 2  
24 
25 
19 

2 2  

2 2  
26 
26 
23 

21 

24 
2 1  

'S - 
7 1% 

29 

24 
30 

43 
43 
40 
26 

43 

43 
45 
44 
42 

41  

4a 
35 

3E 
ZSCKIPTION 

F l  Nbn 

U F  
U F  

F l  v, 

5. 



TEST HOLE 
NO. 

462 B 116A 
462 B 1 1 7 A  
462 B 1 1 8 A  

462 B 1C15B 
463 B 107A 
463 I3 106A 
463 C 70A 
463 C 69A 
463 13 105A 
463 B 104A 
463 C 68A 
463 B 109A 

463 B 10dA 
463 B l l O A  
463 B 1llA 
463 C 50B 
463 C: 49B 

463 C 488 

463 B 1 1 8 B  
463 B 119B 
463 I3 117B 
463 B 116B 
464 C 67A 
464 C 66A 
464 C 65A 

464 C 64A 
464 C 63A 
464 B 120B 
464 B 1 2 1 B  
464 B 1 2 2 B  

I 

SOIL 
TYPE 

S and 
3 and 
S i l t  - 
c layey  
Silt 
S i l t y  - 
Clay 
S i l t y  C l a y  
Clay 
Clay 
Clay 
Clay 
Clay 
C l a y  
S i l t  
S i l t y  C lay  
S i l t  
S i l t y  C l a y  
c l ayey  S i 1  
S i l t y  c lay  
C l a y  
Sand & 
Gravel  
Sand & 
Gravel 
Sand 
Sandy S i l t  
Sand 
S a n d y   S i l t  
S i l t y  C l a y  
C l a y  
5 '   S i l t  
over Grave 
C l a y  
Clay 
c l a y  
C l a y  
C lay  

T Wet 
pcf 

113.9 
112.4 

1 2 1 . 2  
127.6 

118 .3  

125.0 
101 .5  
117 .0  
1 2 8 . 1  
126.9 

1 1 8 . 7  
118.3 
1 2 2 . 7  

117 .0  

108 .1  

89.1 

125 .0  
97.0 

91.2 

"- 
UNIT WEIGHT 

" 

Dry 
PCf 

90.7 
90 .1  

98.2 
106.2 

93 .5  

100.0 
64 .1  
89 .1  

105.6 
105.3 

91 .5  
8 7 . 3  

102 .0  

94.0 

8 2 . 0  

52.5 

101.8 
57.1 

67 .3  

" 

W% 

I 

8 
1 4  

24 
25 

26 
2 8  
15  
24 
35 
26 
1 5  
2 1  

30 
40 
2 1  
30 
24 

1 3  

1 3  
10 
33 
1 2  
1 5  
35 
90  

23 
72 
40 
26 
35 
35 

T ATTEFU3ERG 
X I 1 . l  "- 

"e- w"/, 

1 9  
22  

2 1  

2 1  
2 1  
50 
1 7  
2 2  
18 

23 
26 
2 2  

2 8  

17 

49 

19 

TS 
__I 

w 1% 

27 
38 

2 8  

36 
38 
7 1  
23 
29 
25 

36 
47 
34 

49  

25 

72  

34 

CE 
XSCRIPTION 



TEST HOLE 
NO. 

464 B 123B 
465 C 6 2 A  

465 C 61A 
465 B 1 2 7 B  
465 B 126B 
465 B 125B 
465 E 124B 

465 C 60A 

465 B 1 2 8 B  
465 E 129B 
465 B 130B 
465 B 131B 
465 B 132B 
465 B 133B 
465 B 134B 

465 B 135B 

465 C 59A 
465 C 58A 
465 C 57A 

"_I 

SOIL 
TYPE 

Clay  
5 '  S i l t  
over  
Gravel  
Sand 
Sand 
Gravel  
Sand 
5 '  Clay 
over  
Gravel  
c l d y   o v e r  
Gravel  
Sand 
Sand 
Sand 
Sand 
Sand 

6 '  C lay  - 
Sand 
Gravel  & 
Sand 
Silt 
Clay 
Sand & 
Gravel  

Gravel  

l- 
I 

Wet 
pcf 

IJNIT WEIGHT - 
" 

W% 

I 

23 

40 
11 
1 2  
1 3  
11 

19 

2 5  
17  
16 
1 2  
1s 
15 
15 

23 

10 
4 3  
55 

7 

T 
" 

ATTERBERG 
LI 

__I 

wp: 

21 

ITS 
Wl% 

35 

ICE 
DESCRIPTION 

7. 



-~ 

TEST HOLE SOIL 
NO * TYPE 

466 B 136B 
466 I3 137B 
466 B 1385 
465 8 139B 
466 B  140B 
466 I3 141B 
466 B 142B 
466 B 143B 
466 C  56A 
466 C  55A 
466 B 205B 
466 B 204B 
466 B 203B 
466 B 2016 
466 B 202B 
466 B 198B 
466 B 1 9 9 E  
466 B 200B 
466 C  54A 
466 C  47B: 
466 C 46R 
467 C 45B 
467 C 44B 
467 B  206B 
467 B 207B 
467 B 208B 
467 C 43B 
467 C 42B 
467 C 41B 
468 C 36B 
468 C 37B 
468 C 38B 
468 C 39B 

468 B 209B 
468 B 210B 
468 B  211B 
469 C  29B 
469 C 30B 

468 c  OB 

" 
I 
I 
Silty Clay 
Silty Clay 
Silty  Clay 
Silty  Clay 
Silty  Clay 
Silty Clay 
Silty Clay 
Silty Clay 
Silty  Clay 
Silty  Clay 
Silty  Clay 
Silty  Clay 
Silty  Clay 
Silty Clay 
Silty  Clay 
C1  ay 
c1 ny 
Clay 
C1 ay 
Clay 
C1 ay 
Silty Clay 
Silty Clay 
Clay 
Clay 
Silty Clay 
Silty Clay 
21 ay 
5 ' Clay Grv. 
Sand 
Silty Clay 
Silty Clay 
Silty Clay 
Silty Clay 
S i 1  t y  Clay 
Silty Clay 
S i l t y  Clay 
9' Silt G r  
S i l t y  Clay 

UNIT 
Wet; 
W f  

1 1 2 . 5  

113.b 

104.5 

3IGEIT 
"1 

Dr Y 
PCf 

86.4 

90.5 

84.5 

W% 

26 
30 
3G 
29 
50 
91 
46 
73 
40 
40 
28 
20 
25 
24 
40 
22 
21 
30 
34 
30 
47 
60 
30 
24 
23 
30 
35 
25 
40 
27 
28 
25 
45 
33 
25 
22 
24 
26 
40 

ATTERBERG 
LIb 

w p.% 

19 
26 
23 

62 
26 
41 

24 

19 
23 
22 

17 

rs 
9 % 
- 

33 
45 
36 

86 

59 
38 

43 

32 
34 
42 

31 



TEST HOLE 
NO. 

469 C 31B 
469 S 134A 
469 S 135A 
469 B 212B 
469 B 213B 
469 B 214B 
469 B 215B 
469 B 216B 
469 B 217B 
469 B 2 1 8 B  
469 B 219B 
469 B 220B 
469 B- 2 2 1 B  
470 C 2 6 B  
470 C 27B 
470 C 2 8 B  
470 C 52A 
470 B 2 2 2 B  
470 B 2 2 3 B  
470 B 224B 
470 C 225B 
471 S 32B 
471 S 33B 
4 7 i  S 34B 
471 S 35B 
471 C 50A 
471  C 51A 
471 C 53A 
471 S 137A 
471 s 1 3 a ~  
4 7 1  S 140A 

471 B 226B 

471  B 227B 

471 B 2 2 8 B  

471  S 229B 
471 C 236B 
472 C 44A 
472  C 45A 

SOIL UNIT 
TYPE Wet 
" 

pcf  

;ilty Clay  103.8 
s i 1  t 
3 ' ~ r v l  & S h l  
;ilty Clay  

j I Snd Sr G r v l  
j i l t  & Sand 

110.2 j i l t  
103 .6  

S i l t y  Clay  
Silty Sand 
S i l t  

105.8 S i l t y  Clay  
5 i l t y  Clay  

2 r a v e l  
Silty Clay 
; r a v e l  
Snd & Grav. 
rill 

2rvl. & Snd 
S r v l  & Snd 
S r v l  & Snd 
7 '  S I t  Snc7 
Sravel. 
12  ' Grvl  Shl 
1 2  ' G r v l  Shl 
3' Grvl Shl 
Sand 
3 '  Cly  & GI 
Srave l  
Sand 
Gravel 
4 '  Grvl  Shl 

S i l t y  Sand 
6( Gravel  
S i l t y   S a n d  
6( Gravel 
S i l t y  Sand 
& Gravel  
Sand & Grv 
Clay  
S i l t y - C l a y  
Sand 

110.1 
110.1 

EIGHT 
Dry 

pcf 

74.9 

77.7 
8 8 . 2  

85 .6 

84 .1  
81.9 

t 

L 

W% 

" 

' 37 
23 

3 
3 3  
25 
10 
5 

12  
10 
20 
40 
24 
10 

7 
11 
22 
6 
8 

. 6  
6 

30 
5 

6 
1 3  

5 
5 
7 

Shale 
z 5'  

6 

5 

4 
15 
30 
31 
34 

ATTERBERG 
L I P  

- 
23. 
1.5 

18 

TS 
I_ 

31 
25 

25 

CE 
lESCRIPTION 

F-Vr 
UF 
UF 
F-Nf 
F-Nf 
UF 
UF 
UF 
UF 

F-Nb 
F-Vr 
F-Vr 
F 
F-Nf 
U F  
U F  
F-Nf 
P 
F 
F 
F 
F-Nf 
UF 
UF 
UF 
U F  
F-%n 
U F  
U F  
UF 

UF 

F 

F 

F 
UF 
F-V, 
F-%n 
F-Nbn 

9, 



TEST HOLE SOIL 
no . TYPE 

472 C 46A 
472 C 47A 
472 C 49A 
471 B 230B 
471 B 231B 
471 B 232B 
471 B 233B 
472 B 234B 

472 B 235B 
473 B 40A 
473 B 41A 
473 C 4 2 A  
473 c 4% 
473 C 139A 
473 B 141A 
473 B 1 4 2 A  
473 B 143A 
473 C 237B 
474 C 34A 
474 C 35A 
474 C 39A 
474 C 38A 
474 B 238B 
474 B 239B 
474 B 240B 
474 C 37A 
474 C 36A 
475 C 33A 
475 B 144A 
475 B 145A 
475 B 146A 
475  C 32A 
475 C 31A 
475 B 147A 
475 B 1 4 8 A  

Silty-Sand 
Silty-Sand 
Clay & Sand 
Silty-Clay 
Silty-Clay 
Silty-Clay 
Silty-Clay 
9 Muskerg 
Clay 
Sandy-Clay 
Clay 
Clay 
Gravel 
5 Peat Clay 
Clay 
Clay 
Clay 
Clay 
Clay 
Clay 

Clay 
Clay 
Clay 
C1  ay 
Clay 
Clay 
Clay 
C1  ay 
Silty-Clay 
Silty-Clay 
Silty-Clay 
Clay 
Silty-Clay 
Silty-Clay 

Clay 

Silty-Clay 

" 

Wet 

114.7 

114 .4  
103 .9  

97.0 

102 .8  
111.3 

119.0 

121.1 

126.0 

110 .8  
108 .4  
113 .3  
121.7 

126.0 

111.9 

123 .1  

116.9 

" 

D r y  

88 .6  

83 .8  
8 1 . 3  
8 3 . 6  

75.0 
89.9 

98.7 

99.4 

101.0 

88.4 
85 .3  
91.8 
99.6 

95.3 

87.0 

97.4 

97.8 

W% 

29 
25 
26 
37 
35 
16 
18 

Clay 
25 
37 
24 
3 4  

4 
33 
2 1  
17 
2 2  
1 6  
22  
2 5  
45 
25 
20 
25 
27 
23 
2 2  
34 
32 
2 5  
2 3  
27  
26 
25 
24 
16 

ATTERBERG 
LIMITS 

e 

35 

25 

25 

24 

29 
25 

31  

2 1  

27 

W 

57 

48 

46 

35 

46 
53 

45 

46 

55 

CE 
ESCRIPTION 

F"Nbn 
f-nbn 
F"e 
F-Vr 

f - v r  
F - V r  

U F  
F-V, 

F - V r  
F-V, 
F - V r  
UF 
U F  
U F  
F - V r  
UE' 
u 17 
F - V r  
U F  
u F 
U F  
U F  
F-Vr 
F-V, 
F - V r  
F - V x  
U F  
F-V, 
F-Vr 
U F  
U F  
F-Nbn 
UF 
F-V, 
f - v r  

10. 



" 

TEST HOLE 
NO. 

475  B 1 4 9 A  
4 7 5  C 25B 
4 7 5  C 2 4 B  
4 7 6  C 2 3 B  
476  C 22B 
476  B 241B 
476  B 242B 
476 B 243B 
4 7 6  C 2 1 B  
476  C 2 0 B  
476  C 1 9 B  
477 C 3 0 A  
477 C 29A 
477 B 244B 
477 B 245B 
477 B 246B 
477 C 247B 
477 C 4 8 A  
478 C 28A 

478 C 251A 
475  C 1 8 B  
478  B 248B 
4 7 8  B 249B 
4 7 8  B 250B 
4 7 8  C 17B 
478 C 1 6 B  
479 C 1 5 B  
473 S 150A 
479  C 14B 
479  S 152A 
479  S 151A 
479 C 26A 
4 7 9  C 25A 

479 C 24A 

479  B 153A 
479 13 154A 
479 B 1 5 5 A  
479  C 23A 

" 

S O I L  
TYPE 

S i l t y - C l a y  
S i l t y - C l a y  
S i l t y - C l a y  
S i l t y - C l a y  
S i l t y - C l a y  
Clay 
C l a y  
C l a y  
S i l t y - C l a y  
Silty-Clay 
S i l t y - C l a y  
C l a y  
C 1  ay 
C1 ay 
C l a y  
C l a y  
C l a y  
C l a y  
5 '  P e a t  & 
5' C l a y  
C l a y  
Gravel 
C l a y  
C l a y  
C l a y  
7 ' C l a y   G r v l  
C l a y   O r g a n .  
G r a v e l  
5 '  Grvl C1: 
G r a v e l  
Sand 
G r a v e l  
G r a v e l  
6 '  Peat 
G r a v e l  
9 '  Muskeg ti 
; rave l  
G r a v e l  
G r a v e l  
G r a v e l  
5 P e a t  c l a :  

UNIT 
Wet 

113.8 

1 2 0 . 1  
125 .0  

111 .7  

116 .9  

EIGHT 
Dry 
pc r' 

8 8 . 7  

96 .0  
100.1 

8 9 . 1  

9 6 . 1  

" 

W% 

" 

25 
2 4  
18 
24  
20 
22 
2 8  
32 
13 
25  
24 
2 5  
25 
27 
26  
34 
30 
25  

30 
3 s  
8 

2 9  
23 
29 
27 
9 3  
8 

1 2  
6 
8 
5 
4 
8 

11 

4 
4 
4 

22 

ATTERRERG 
LI b 

Wp% 

22 

26  
25  
2 9  

2 6  
23  
22 
2 6  
22 

18 

24  

TS 

wI% 

45 

41  
46 
53 

5 5  
62 
37 
44 
58 

32 

5 1  

I 

2E 
E S C R I P T I O N  

UF 
F - V r  
F-Vs 
f-vr 
F"Vr  
F - V r  
F-Vr 
F - V r  
F - V r  
F-Vr 
F-Vx 
F-Vx 
F-V, 
F -Vr  
F -Vr  
f - v r  
F"Vr 
F--Nbn 

F-Vr  
F - V r  

f-nbn 
UF 
U P  
U F  
U F  
U P  

F Nbn 
U F  
U F  
U F  
UF 
C F  
U F  
U F  
UF 
UF 



" 

TEST HOLE 
TYPE 

480 C 2 2 A  
480 C 2 1 A  
480 C 20A 
480 B 1 5 6 A  
480 B 157A 
480 B 158A 
480 C 13B 
480 B 252B 
480 B 253B 
480 B 2S4B 

480 C 12B 
481 B 159A 
481 B 160A 
481 B 161A 
481 C 7 B  
481 C 1 1 B  
481 C 10B 
481 C 9B 

481 C 8 B  

481 B 162A 
481 B 163A 
481 B 164A 
482 C  169A 
482 C 255B 
482 C 261B 
482 C 6B 
482 C 168A 
482 C 170A 
482 B 2593 
482 B 2 6 0 B  
483 C 262B 
483 B 165A 
483 B 166A 
483 B 167A 
483 C 263B 
493 C 264B 
483 C 19A 
483 C 1 8 A  
483 C 1 7 A  

Gravel 
Gravel 
5 '  Peat t i l l  
Gravel 
Gravel 
Gravel 
Silty-Clay 
Clay 
Clay 
5'  Clay 
Gravel 
Till 
Gravel 
Gravel 
Gravel 
7 Peat Clay 
T i l l  
T i  ll 

Clay 
(Organic) 
Clay 
Fibrous 
Silty Clay 
Gravel 
Gravel 
Gravel 
Sandy  Grvl 
Gravel 
Clay 
Gravel 
Gravel 
Gravel 
Gravel 
Silty Clay 
Silty  Clay 

Till 
Gravel T i l l  

Gravel 
Gravel 
Sand 
Sand 

U N I T  
Wet 

pcf  

1 1 2 . 1  

W% 

5 
9 

25 
5 

10 
9 

35 
1 4  
15 
26  

25 
8 
5 
5 

32 
15 
13 

100 4- 

55 

8 
4 
3 

1 2  
5 

10 
35 

3 
5 
4 
8 

38 
24 
8 
8 
3 
5 
7 

13 
9 

ATTERBERG 
LIMITS 

p% W 

25 

2 3  

17 

24 
14 

6 

w1% 

5 1  

42 

32 

46 
35 
27  

CE 
E S C R I P T I O N  

U F  
U F  
U F  
U F  
f-nbn 
F-Nf 
UF 
U F  
U F  
UF 

F-V, 

U F  
F 
F 
U F  
F 
F-Nbn 
F-Nbe 
U F  
F-Nbn 
F-Nbn 

F-Nbn 
F - V r  
UF 
UF 
F 
U F  
UF 
U F  
U F  
UF 

12. 



~~ 

TEST HOLE 
NO. 

484 C 1 6 A  
484 B 2 6 5 B  
484 I3 2 6 6 B  
484 B 2 6 7 B  
484 C 15A 
484 C 1 4 A  
484 C 1 3 A  
484 C 1 2 A  
484 B 2 5 2 B  
484 B 2 5 6 B  
484 B 2 5 8 B  
485 C 1lA 
485 C 1 0 A  
485 C 3R 
485 C 2 7 1 B  
485 B 2 6 8  E! 
485 B 2 6 9 B  
485 B 2 7 0 B  
486 C 5 B  

486 C 4B 

486 C 17124 
486 C 2 7 4 B  
487 B 2 7 5 B  
487 B 2 7 6 B  
487 B 2 7 7 B  
487 B 1 7 2 A  
487 13 1 7 3 A  
487 B 1 7 4 A  
487 C 6A 
487 C 3 B  
487 C 8 A  

487 C 7 A  
487 C 2 7 3 B  
488 C 2 8 3 B  
488 C 2 8 0 B  
488 C 2 8 1 B  
488 C 2 8 2 B  
488 C 5A 

I 

S O I L  
TYPE 

Gravel 
Sand 

Sand 
Gravel 
Gravel 
Gravel 
Gravel 
S i l t y  Sand 
S i l t y  Grvl  
S i l t y  Sand 
Gravel 
Gravel 
Gravel 
Gravel 
Gravel 
Gravel 
Clay T i l l  
6 '  S i l t  
Gravel 
7 '  Muskeg 
Till 
S i l t y  Clay 
Clay T i l l  
Sand 
Sand 
Sand 
Clay 
Gravel 
Gra.ve1 
Gravel 
Clay T i l l  
5 '  Sandy 
S i l .  t Gravel 
Gravel 
C lay  T i l l  
Gravel 
Gravel 
Gravel 
Gravel 
Sravel 

UNIT 
Wet 

114.4 

W% 

. r ,  
4 
4 
9 
5 

20  
14 

5 
6 
5 
5 
5 
5 
5 
5 

1 2  
10 
14 
2 7  

2 4  

3 3  
9 
8 
5 

15 
5 
4 
3 
5 

13 

4 
5 

1 2  
4 
4 
4 
4 
5 

ATTERBERG 
TS 
kJ l%, 

3 6  

2 5  

CE 
ESCRIPTION 

U F  
U F  
U F  
U F  
U F  
U F  
U F  
U F  
U F  
U F  
UF 
U F  
U F  
U F  
U F  
U F  
U F  
U F  
U F  

U F  

F-V, 
F-%n 
UF 
U F  
U F  
F-V, 

F-Nbn 

UF 
Uf 

UF. 
U F  
U F  
U F  
U F  
U F  
U F  
U F  

13. 



488 c 278B 
488 C 279B 
489 B 2 8 4 B  
489 B 285B 
489 B 287B 
489 B 2 8 8 8  
489 C 2 8 9 B  
489 B 286B 
489 B 290B 
489 B 291B 
489 C 292B 
490 C 1 B  
490 C 2 B  
490 C 4A 
490 B 295B 
490 B 296B 
490 B 297B 
490 C 3A 
491 E 304B 

491. 'E 303B 
491 E 302B 
491 E 301B 
491 C 298B 
491 C 299B 
491 C 300B 
491 B 292B 
491 B 293B 
491 B 294B 
491 C 2 A  
491 C 1A 
491 C 305B 

491 S 180A 
491 S 175A 
491 S 178A 
491 S 1 8 1 A  
491 S 179A 
491 S 1 8 2 A  

Gravel 
Gravel 
Gravel 
Gravel 
Gravel 
Gravel 
c l a y  ~ i i l  
Gravel 
Gravel 
Gravel 
Gravel 
Sand 
G r V l  & Sand 
Grvl & Sand 
Grvl & Sand. 
Grvl & Sand 
Grave l 
Sandy Grvl 
6 '  Clay 
Silt Gravel 
Sandy S i l t  
Sandy S i l t  
Gravel 
Grvl & Snd 
Silty Clay 
S i l t y  Sand 112.3 
Sand 
Gravel 
Grvl & Snd 
Grvl & Snd 
S i l t y  Clay 
9 '  S i l t  
Gravel 
Gravel 
Gravel 
Gravel 
Gravel 
Gravel 
Gravel 

I I 

84.5 



TEST HOLE 
NO. 

492 S 176A 
432 S 1 7 7 A  
492 S 183A 
492 c 319B 

492 C 318B 
492 C 317B 

492 C 316B 
492 B 311B 
492 B 310B 
492 B 309B 
492 B 314B 
492 B 3 1 3 B  
492 B 312B 
492 C 315B 
492 C 320B 
493 C 321B 
493 B 326B 
493 B 325B 
493 B 324B 
493 C 322B 
493 C 323B 
493 C 327B 
493 B 330R 
433 B 329B 
493 B 3288 
493 C 184A 
494 C 185A 
494 C 186A 
494 C 1 8 7 A  
494 B 190A 
494 B 189A 
494 B 1 8 8 A  
494 B 191A 
494 B 132A 
494 B 1‘) 
494 C 194A 
495 C 331B 
495 C 332B 
495 C 333B 
495 B 336B 

soil 
TYPE 

Grave l  
G r a v e l  
Grave l  
8 ’  S i l t y  - 
Grave l  
G r a v e l  
5 ’  S i l t y  - 
Sand 
Sand 
Clay  
Clay 
Clay  
C l a y  
C lay  
C l a y  
S i l t y  C l a y  
S i l t y  C l a y  
S i l t y  c l a y  
Clay  
Clay 
C l a y  
S i l t y  C l a y  
Clay 
Clay 
c l a y  
C lay  
C l a y  
C l a y  
Clay 
Clay 
S i l t y  C l a y  
Sandy  Clay 
Sandy C l a y  
C lay  
C l a y  
C l a y  
C l a y  
C l a y  
Clay 
S i l t y  C lay  
C l a y  
C l a y  

UNIT 

pcf 

.“I 

Wet 

122.6 

119 .5  
1 1 2 . 7  
118.8 
121 .5  
117.9 
1 2 2 . 2  
127.0 
125.9 
1.22 2 
123 .1  

106.4 
121.4 

” 
E I GHT 

PCf 

101.2 

97 -8 
92.6 
98 .1  
99.8 
95.4 
98.0 

L04.7 
101 .9  
99 .1  

101. 6 

83.3 
99.4 

W% 

6 
10 

2 8  
29 
26 
45 
55 
4 3  
36 
40 
35 
25 
3 1  
25 
24 
24 
23 
17  
23 
2 1  
20 
20 
2 2  
2 2  
2 1  
22  
2 4  
2 5  
2 1  
24 
23 
2 1  
27  
2 0  
27  
2 2  
27 

I ATTERBERG 
TI  



TEST HOLE 
NO . 

495 B 337B 
495 B 338B 
495  C 334B 
496 B 3398 
496 B 340B 
496 B 3 4 1 B  
436 C 335B 

496 R 342B 
496 B 343B 
496 B 344B 
496 C 195A 
496 C 1 9 6 A  
496 C 19724 
497 B 200A 
497 B 199A 
497 B 198A 
497 c 345B 
497 C 346B 
497 B 201A 
497 B 202A 
4 9 7  B 203A 
497 3 204A 
497 B 205A 
497 B 206A 
497 C 347B 
497 C 348B 

498 C 349B 
498 B 2 0 7 A  
498 B 208A 
498 B 209A 
498 C 350B 

498 C 351B 
498 C 265A 

498 C 352B 

498 C 2 6 6 A  

498 C 267A 

498 C 353B 

SOIL 
TYPE 

S i l t y   C l a y  
Silty Clay 
C l a y  
silty C l a y  
S i l t y  C l a y  
Silty C l a y  

c l a y  
S i l t y  C l a y  
S i l t y  Clay 
S i l t y  C l a y  

c l a y  
C l a y  
C l a y  
c l a y  
S i l t y  C l a y  
C l a y  
C l a y  
C l a y  
S i l t y  C l a y  
S i l t y  clay 
S i l t y  Clay 
S i l t y  C1 a y  
S i l t y   C l a y  
C l a y  
5 '  Sand 
C l a y  
C l a y  
Silty C l a y  
S i l t y   C l a y  
S i l t y   C l a y  
C l a y   w i t h  
O r g a n i c  
C l a y  
1 7   G r g a n i c  
C l a y  
1 7   ' O r g a n i c  
C l a y  
16 O r g a n i c  
G r a v e l  
1 5 ' 0 r g a n i c  
Gravel  
8 I O r g a n i c  
G r a v e l  

6 '  Silty *- 

S i l t y  Clay 

UNIT 
Wet 
" 

pcf 

126 .8  

119 .0  
1 1 8 . 2  
120 .4  
1 1 2 . 1  

117.3 

1 1 7 . 9  
1 2 2 . 5  
124 .6  
120 .2  

114.9 

E I G H T  
Dry 
PCf 

100.6 

9 7 . 5  
95 .9  
3 8 . 4  

39.4 

95 .2  

96 .5  
97 .0  

101.3 
9 8 . 5  

91 .9  

W% 

27 
25 
24 
24 
33 
20 

2 5  
27 
20 
25 
26 
46 
22 
23 
22 
25 

2 2  
24 
20 
22 
26 
23  
22 
25 

25 
27 
25  
40  
27 

56 
4 5  

2 1  

2 0  

ATTERBERG 
Li MITS 

25 
23  

2 3  

25 

4 5  
39 

36 

40  

I CE 
DESCRIPTION 



."""""._._"I. ". . . .. . . 

"- - I__ 

TEST HOLE 
NO . 

~~ 

498 C 3 5 4 B  
498 C 3 5 5 B  
499 C 210A 
499 l3 211A 

~~ 

493 B 212A 

499 B 2 i 3 A  

499 C 214R 
499 C 215A 
499 B 35SB 
499 B 3 5 7 B  
493 B 3 5 8 B  
499 c 3598 
299 B 216A 
499 B 2 1 7 A  
499 B 2 1 8 . A  
500 C 3 6 C B  
500 C 3618 
500 B 219A 
500 B 22OA 
500 B 2 2 1 A  
500 C 362B 
500 C 263B 
500 B 222A 
500 B 223A 
500 B 224A 
501 C 364B 
501 C 3 6 5 B  
501 C 3 6 6 B  
501 C 3678  
501 C 3G8B 
5 0 1  B 2 2 5 R  

5 0 1  B 226A 

501 B 2 2 7 A  

501 C 369A 
5 0 2  B 227A(2) 

"" 

SOIL 
TYPE 

""-. 
G r a v e l  
G r a v e l  
G r a v e l  
Sandy S i  It 
C l a y  
Sandy  S i l t !  
C l a y  
Sandy S i l t ]  

Sandy C l a y  
S i l t y  c l a y  
C l a y  
Silty Clay  
S i l t y  C l a y  
C l a y  
G r a v e l  
Grave 1 
GravE?!l 
S i J . t y  C lay  
C lay  
G r a v e l  
G r a v e l  
G r a v e l  
G r a v e l  
G r a v e  I. 
Sand 
Sand 
Sand 
G r a v e l  
Sand 
Sand 
Sand 
Sand 
3 '  G r a v e l  
Sand 
6 '  G r a v e l  
Sand 
5' G r a v e l  
Sand 
Sand & G r a d  
G r a v e l  

C l a y  

wu/, 

" 

23 
6 
3 

2 1  

2 5  

2 0  
2 5  
20  
25 
22 
2 2  
2 2  

4 
4 
5 
21 
20 

3 
2 
6 
3 
3 
4 
7 

10 
3 
4 
2 
2 
3 

4 

2 

2 
3 
2 

ATTERBERG 
LI1 

Wp% 

22  

2 0  

- "- 
C CE 
3ESCRXPTION 

" "̂"__ 

U F  
F 
U F  

U F  

U F  

U F  

'r 
U F  
U F 
U F  
U F  
U F  
U F  
U F  
U F  
U F  
U F  
U F  
UF 
U F  
U F  
U F  
I? Vr . 

Ur' 
U F  
U F  
U F  
U F  
U F  
U P  

U F 

U F  

U F  
U F  
U F  

17. 



TEST HOLE 
NO . 

502 B 2 2 8 A  

502 B 229A 

502 C 370B 

502 C 371B 
502 C 372B 
502 B 230A 

502 B 231A 
502 B 232A 
502 C 373B 
502 C 374B 
503 C 3758 
503 B CAT 
503 B 233A 
503 B 234A 
503 B 235A 
503 C 376B 
503 C 377B 
503 C 378B 
503 B 249A 
503 B 250A 
503 B 25lA 
504 C 379B 
504 C 380B 
504 C 381B 
504 B 236A 
504 B 237A 
504 B 238A 
504 C 249A 
505 C 248A 

505 B 386B 
505 C 247A 
505 C 24614 
505  B 382B 
505 B 3898 
505 B 390B 
505 B 388B 

5 2 5  B 387B 

"- 
SOIL 
TYPE 

"- 
4 '  G r a v e l  
Sand 
4 '  G r a v e l  
Sand 
S i l t y  Sandy 
G r a v e l  
SandyGravel  
Sandy  Gravel 
4 '   G r a v e l  
Sand 
G r a v e l  
Sand 
SandyGravel  
Sandy Gravel 
Sandy Gravel 
Sandy Gravel 
Sandy  Gravel 
Sandy  Gravel 
SandyGravel  
Sandy  Gravel 
Sandy  Gravel 
G r a v e l  
S i l t y   S a n d  
S i l t y   S a n d  
Sandy  Gravel 
S i l t y  Sand 
S a n dy Gr a ve l 
S i l t y   S a n d  
S i l t y  C l a y  
S i l t y   C l a y  
C l a y   T i l l  
Sandy  Gravel 
G r a n u l a r  
P e a t  
C l a y  
C l a y  
C l a y  
S i l t y   C l a y  
C l a y  
C l a y  
C l a y  
S i l t y   C l a y  

UNIT 
Wet 
" 

pc: f 

138.7 

121 .9  
121 .6  

EIGHT 

pcf  

124 .9  

9 7 . 5  
95.9 

W% 

3 

3 

3 
3 
3 

3 
1 2  

5 
2 
3 

1 2  

3 
3 
2 
6 
3 
2 
5 
5 
G 

1 6  
18 
80  
33 
20 
11 
15 

100+ 
10 
2 4  
27 
28 
2 2  
2 4  
25 

1 5  

LIm 

p% Wp% 

2 1  

18 

29 
25 

TS 
W 1% 

34 

25 

51 
47 

CE 
ESCRIPTION 

UF 

UF 

UF 
UF 
UF 

UF 
UF 
UF 
UF 
UF 
UP 
F 
UF 
UF 
UF 
UF 
UF 
UF 
UF 
UF 
UF 
UF 
UF 
F 
UP 
UF 
UF 

Nbn 

F vr 
F V r  vr vr 
F V r  
F vr 

F vr 
F V r  

F 
18. 



" 

TEST HOLE 
NO. 

505 C 245A 
505 C 244A 
506 C 243A 
506 B 385B 
506 B 384B 
506 B 383B 
506 C 242A 
506 C 241A 
506 B 391B 
506 B 392B 
506 B 3933 
506 C 240A 
506 C 239A 
506 B 3943 
506 B 395B 
506 B 396B 
507 B 397B 
507 B 398B 
507 B 3993 
507 C 252A 
507 C 253A 
507 C 254A 
507 B 400B 
507 B 401B 
507 B 4023 
507 C 255A 
507 C 256A 
508 C 257A 

508 C 258A 

508 C 259A 
508 C 260A 

508 B 403B 
508 B 4 0 4 B  
508 B 405B 
508 C 261A 
509 C 262A 
509 C 263A 
509 B 412B 
509 B 413B 

SOIL  
TYPE 

C l a y  
C l a y  
Clay  
S i l t y  C l a y  
S i l t y   C l a y  
S i l t y  C l a y  
C lay  
C l a y  
S i l t y   C l a y  
S i l t y  C l a y  
S i l  t y  C l a y  
C l a y  
C l a y  
C l a y  
C l a y  
C l a y  
Silty C l a y  
C l a y  
S i l t y  Clay 
S i l t y  C l a y  
S i l t y  C l a y  
C l a y  
C l a y  
C l a y  
C l a y  
S i l t y  Clay 
Clay  
6 M u s k e g  
G r a v e l  
8' Muskeg 
Sand 
Grave l  
Sand & 
G r a v e l  
Sand 
Sand 
Sand 
Sand 
Sand 
Sand 
Sand 
Sand 

UNI T 
Wet 

." 

PCf 

119.1 
123.7 
1 2 7  .O 

108.7 
117.2 

121.6 
120 .9  

123.2 
123.3 
154 .8  

127.8 

E I G H T  
D r y  
PCf 

97 . E  
100.; 
100.7 

8 6 . :  
9 3 .  E 

94.e 
92 .9 

99 .0 
97 .6 

119.f 

104.1 

" 

W% 

2 2  
23 
26 
35 
25 
25 
26 
2 5  
30 
32 
25 
2 8  
30 
2 8  
2 7  
2 2  
33 
2 7  
33 
24 
26 
30 
27 
27 
37 
23 
30 

10 

15 
5 

1 2  
5 
3 
3 
3 
3 
3 
3 
7 

ATTERBERG 
LI m 

Wp% p 

25 
19  
2 1  

23 

23 

22  

2 2  
23 
25 

20 

8 F  
TS 

35 
4 1  
39 

41  

35 

43 

42 
36 
61 

35 

ICE 
ESCRIPTION 



TEST HOLE 
NO. 

509 B 414B 
509 B 409B 
509 B 410B 
509 B 411B 
509 E3 4 0 6 B  
509 B 407B 
509 B 408B 
509 C 264A 
509 C 268A 
509 C 269A 
509 C 270A 
510 S 275A 

510 C 276A 
510 C 277A 
510 B 280A 
510 B 279A 
510 B 278A 

510 B 272A 
510 B 273A 
510 B 274A 
510 C 2 8 1 A  

510 C 27lA 
511 C 2 8 2 A  
511 C 283A 
511 B 415B 

511 B 416B 
511 B 417B 

511 C 284A 
511 B 420B 
511 B 419B 
511 B 418B 

511 C 285A 
511 C 286A 

511 C 287A 
511 S 2 8 8 A  

SOIL 
TYPE 

Sand 
Sand 
S i l t y  Sand 
Sand 
Sand 
Sand 
Sand 
Sand 
Sand 
Sandy C l a y  
Sandy S i l t )  
S i l t y   C l a y  
Gravel  
S i l t y  Sand 
S i l t y  C lay  
Gravel  
Sand 
Sand & 
Gra ve 1 
Sand 
Sand 
Sand 
Sand & 
Gravel  
Sand 
Clay 
Sandy Silt! 
S i l t y  Gra- 
v e l  & Clay  
Gravel  Til: 
Gravel  Sand 
& Clay  
S i l t y  C lay  
Sand 
G r  ave  1 
Gravel  & 
Clay 
Gravel  
Gravel  & 
Sand 
S i l t y  Sand 
Grave l 

t- 
U N I T  
Wet 

pcf 

w 

" 

W% 

* 9  
3 
5 
4 
3 
3 
3 
3 

10 
27 

4 

1 5  
5 

20 
8 
7 

7 
3 
4 
4 

3 
11 
31 

100 

35 
1 5  

30 
35 
0 
4 

37 
37 

10 
45 

5 

ATTERBERG 
LIMITS 

W P 

2 2  

Wl% 

32 

I 
D 

"I- 

CE 
E S C R I P T I O N  

U F  
UF 
UF 
UF 
UF 
UF 
UF 
UF 
UF 
F 
U F  

F 
U F  
U F 
UF 
UF 

UF 
UF 
UF 
UF 

U F  
UF 
U F  
:F vs 
U F  
F 

F 

F Vr 
U F  
UF 

U F  
UF 

U F  
UF 
UF 

20. 



TEST HOLE 
NO. 

51 I S 2 9 1 A  
511 S 2 9 0 A  
511 S 28914 

511 S 2 8 9 A   ( 2 )  

512 C 4 2 1 B  
512 B 2 9 2 A  
512 B 29311 
5 1 2  B 2 9 4 A  
512 C 4 2 2 B  

512 C 4 2 3 3  
5 1 2  C 4 3 6 B  
512 C 4 2 4 B  
5 1 2  C 4 2 5 B  
512  C 4 2 6 B  
512 C 4 3 5 B  

512  B 4 3 7 B  

512 B 43813 
512 B 4 3 9 B  
513 C 4 2 7 B  

513 C 4 2 8 B  

513 C 4 2 9 B  
513 B 2 9 5 A  
513 B 2 9 6 A  
513 B 2 9 7 A  
513 C 4 3 0 B  
513 C 3 0 1 A  
513 B 3 0 2 A  
513 B 3 0 3 A  
513 B 3 0 4 A  
513 C 4 3 1 B  
513 C 3 0 5 A  
514 C 3 0 6 A  
514 C 4 3 2 B  
514 B 2 9 9 A  
51.; 3 0 0 A  
514 B 2 9 8 A  

S O I L  
'rmx 

Gravel  
G r a v e l  
G r a v e l  & 
Sand 
Grave l  & 
Sand 
Clay  & Sand 
Sandy  Clay  
Sandy  Clay  
Sandy  Clay  
C l a y  & Mus. 
key   Lenses  
G r a v e l  
C l a y  & Sand 
T i l l  
Ti 11 
G r a v e l  
Sand & 
Grave 1 
Sand & 
Grave l  
C l a y  
C l a y  
C l a y  & 
G r a v e l  
Clay  & 
Grave 1 
C l a y  
C l a y  
C l a y  & S i l t  
C l a y   &  S i l t  
C l a y  
C l a y  
Sandy S i l t  
Clay  
S i l t y  c l a y  
S i l t y  c l a y  
S i l t y  C l a y  

S i l t y  C l a y  
Silty C l a y  
S i l t y  C l a y  
Silty c l a y  

C l a y  

! 

Wet 
pcf  

1 2 3 . 3  
113.6 

119 .3  

Dry 
pcf 

101.5 
9 3 . 3  

97.6 

W% 

S 
3 

10 

10 
3 2  
8 

2 0  
45 

68 
6 

2 5  
1 5  
1 6  

4 

5 

3 
1 5  
2 0  

15 

20 
2 8  
2 1  
2 %  
2 2 
2 2  
22  
1 5  
20 
18 
20 
18 
1 5  
20 
2 3  
24  
18 

1,18 

p 
" 

2 2  

22  
2 5  

2 3  

18 
2 5  

18 

2 5  

I 

TS q% 

48 

38 
4 2  

38  

3 6  
36 

2 5  

36 

UF 

UF 
UF 
'U F 
F V r  
F 
'U F 

'U F 

UF 
F 
F 

F 

F 
F 
U F  
UF 
UF 
F Vr 
vr 

F Vr 
UF 

vr 
F 
F 
F Vr 

vx 
F   V  
F   V  
F   V  

21. 



TEST HOLE 
NO. 

514  C 307A 
514 B 440B 
514 €3 441B 
514 B 442B 
514 C 433B 
514 C 434B 
514 C 308A 
514 C 309A 

' 515 C 310A 
515 C 311A 
515 B 443B-  
515 B 444B 
515 B 445B 
515 C 314A 
515 C 313A 
515 C 312A 
516 C 315A 
516 B 446B 
516 B 447B 
516 B 448B 
516 C 449B 
516 C 450B 
516 B 452B 
516 B 453B 
516 B 454B 
516 C 451B 
51.6 C 316A 

516 C 317A 
517 C 318A 
517  B 462B 
517 B 463B 
5 1 7  B 464B 
517 C 319A 
517 C 455B 
517  C 320A 
5 1 7  C 32lA 
517 B 456B 
5 1 7  B 457B 
517 B 458B 
5 1 7  C 322A 
517 C 323A 

- 
SOIL 
' rym 

S i l t y  C l a y  
Clay  
Clay 
C lay  
Clay  
Clay 
S i l t y  C l a y  
S i l t y  C l a y  
Clay 
C l a y  
S i l t y  C l a y  
S i l t y  C lay  
S i l t y  Clay  
S i l t y  C l a y  
Clay 
S i l t y  c l a y  
S i l t y   C l a y  
S i l t y  C l a y  
Sancly C l a y  
S i l t y  c l a y  
Sancly Clay  
Si1 t .y  Clay  
S i l t y  Clay  
Clay  
Clay  
Clay  
S i 1  t y  Clay 
& Roots 
C l a y  
C lay  
C l a y  
S i l t y  Clay 
S i l t y   C l a y  
S i 1  t:y C l a y  
C l a y  
Clay  
c l a y  
C l a y  
S i l t y   C l a y  
Clay  
Silty Clay  
Clay 

T JN :I T 
'$J f?  t 
pcf 

1 1 5 . 9  

" 

112 .2  
11.6.6 
1 1 7  .O 

122.9  
1 1 6 . 5  
1 2 5 . 3  
127 .3  

1 2 1 . 1  
118.9 

120 .6  

123 .2  

125 .3  
123 .6  

21GtPl' 
" 

Dry 
p.2 f 

9 5 . 4  

8 7 . 0  
94.7 
90.7 

96.8 
9 2 . 1  
9 9 . 8  

103 .4  

93.2 
92 .4  

95.2 

97 .1  

100 .3  
97 .0  

c " 

2 1  
25 
2 2  
25 
55 
32 
32 
29 
23  
29 
26 
2 8  
2 8  
27 
26 
2 6  
23 
23 
25 
22 
23 
18 
2 8  
27 
28 
25  

7 5  
2 8  
27 
20 
25  
29 
25 
40 
24 
2 7  
18 
2 1  
25  
25 
2 7  

r I 

"" 

ATTERBERG 
LIMITS 

-P sir 

24 
22 

2 2  
33  
22 
2 6  
22 
2 1  
23  

23  
22 

2 3  

2 1  

22 

2 5  

1 

22 
25  

1 7  
27 

25  
2 1  
22 

18 
2 1  

,% 
L 

35 
42 

35 
4 8  
38 
4 1  
42 
35 
4 4  

38 
41 

4 1  

37 

3 1  

47 

42 
4 5  

33 
5 5  

44  
34 
27 

35 
4 3  

F vr 
F v, 
I' v, 
F v, 
I? V r  
I? V r  
I? v, 
F v, 

I? v, 
1' v, 
F vx 
I' v, 
I? v, 

F vr 

F v, 

F v, 

1' V r  

I:' V r  

1JF 

U F  

U F  
U F  
F Vr 
I? v, 

IF vr. 

F V r  

F Vr 
F Vr 
'r 

F Vr 
F Vr 
F Vr 
'r 

F Vr 
U F  
F Vr 
U F  
U F  
U F  
F v, 
F Vr 

22. 



TEST HOLE 
NO. 

518 B 459B 
513 B 460B 
518 B 461B 
518 c 32419 
518 C 325A 
518 B 335A 
518 B 336A 
518 B 337A 
518 C 326A 
519 C 327A 
519 3 332A 
519 B 333A 
519 B 334A 
519 C 328A 
519 C 329A 
519 c 330A 
519 C 331A 
519 C 348A 
519 B 345A 
519 B 346A 
519 B 347A 
519 C 3 4 9 A  . 

520 C 3 3 8 A  

520 C 339A 

520 B 342A 
520 B 343A 
520 B 344A 
520 C 340A 
520 C 341A 
520 C 350A 

521 S 351A 
521 S 352A 
521 S 355A 
521 S 353A 
521 S 354A 
521 S 356A 
521 C 357A 
521 B 364A 
5 2 1  B 365A 
F 2 1  B 366A 

SOIL 
TYPE 

Sil t y  C l a y  
C l a y  
S i l t y  C l a y  
S i l k y   C l a y  
c l ay  
C l a y  
C lay  
C l a y  
T i l l  
T i l l  
C l a y   T i l l  
C lay  T i l l  
C lay  T i l l  
T i l l  
Till 
C l a y  T i l l  
C lay  
G r a v e l  
S i l t y   C l a y  
C l a y  
S i l t y  Sand 
Sandy  Grav 
S i l t y  Sand 
& G r a v e l  
S i l t y  Sand 
& G r a v e l  
S i l t y  Sand 
S i l t y  Sand 
S i l t y  Sand 
G r a v e l  
c l a y  Till 
S i l t  & 
G r a v e l  
G r a v e l  
G r a v e l  
G r a v e l  
G r a v e l  
G r a v e l  
G r a v e l  
G r a v e l  
G r a v e l  
G r a v e l  
C lay  

Wet 
pcf 

113.0 
1 2 2 - 8  

11.3.7 
1 2 5 . 3  

127 .5  
1-28 1 
121.9 

126.0 

""- 
Dry 

p C f 

92.2 
38 .5  

88 .5  
1.01 5 

104 .2  
104 7 

95.6 

1 0 6 . 3  

" 

w%, 

31 
30 
25 
25 
2 2  
2 8  
25 
30 
16  
1 2  

5 
1.0 
1 5  
1 3  
2 0  
2 2  
27  
10 

6 
2 1  
1 5  

3 

38 

68 
38 
25 
30 

3 
20 

1 2  
5 
6 
5 
6 
14 

4 
15  
1 5  
20 
18 

____"_" 
ATTERBERG 

L I P  
W % p 

2 2  
2 5  
22  
23 
22  

18 

2 2  

23 

2 2  

TS 
W 1% 

42 
45 
31 
40 
47 

31  

38 

55 

42 

UF 
U F  
U F  
F   V  
U F  
F 
F 
F 

23.  



TEST HOLE 
NO. 

5 2 1  C 4 6 9 B  
5 2 1  C 468B 
5 2 1  C 467B 
522 C 466B 
522  B 375A 

522  B 376A 
5 2 2  B 377A 
522  B 360A 
522  B 359A 
5 2 2  B 3 5 8 A  
522 B 363A 
522  B 362A 
522  B 361A 
522 C 465B 
5 2 2  C 470B 
522 C 4 7 1 B  
522  C 472B 
522  C 477B 
5 2 3  C 505B 

5 2 3  C 474B 
5 2 3  C 50GB 
5 2 3  C 475B 
5 2 3  C 476B 
5 2 3  B 5088 
5 2 3  B 509B 
5 2 3  B 507B 
5 2 3  C 477B 
523 C 478B 

2; 0 I L 
TYPE 

Clay 
Clay 
Clay 
Clay 
s i l t y  Sand 
& G r a v e l  
Sandy C l a y  
Clay 
Clay 
Clay ' T i l l  
Silty C l a y  
Clay 
Clay 
Clay 
Clay 
S i l t y  C l a y  
Clay T i l l  
S i lty Sand 

S i l t y   C l a y  
& Organ ic  
r i l l  
T .i ll 
silty Sand 
Clay Till 
T i l l 
r i l l .  
Till 
Till 
S i l t y  Sand 

Clay Till 

W% 

10 
* 20  

20  
2 4  

15 
2 3  
16 
2 3  
13 
16 
2 6  
22 
2 ' I  
2 5  
2 4  
1 2  
1 6  
2 2  

80 
10 
1 5  
1 5  

6 
20  
2 0  
1 5  
1 3  
1 5  

ATTERRERG 
LIMITS 

w 

2 2  

29  

1 5  

14 

2 1  

w 1% 

4 2  

49 

28 

2 5  

3 5  

: CE 
E S C R I P T I O N  

U F  
UP 
F 
F 

F 
F 
F Vr 
F   V  
F   V  
F 
F V 
F   V  
F   V  
F Vr 
U F  
UF 
UF 
UF 

U F  
U F  
F 
E' 
UF 
F 
F 
U F 
UF 
F 

24. 



TEST HOLE 
NO 

~~ 

520 B 499B 

520 B 500B 
520 B 501B 

522  B  502B 
522 B  503B 
522 B 504B 
522  B 367A 
522  B  368A 
522 B  369A 
523 C 370A 
524 C 479B 

524 C 480B 

524 B 37lA 

524 B 372A 
524 B 373A 
524 C 481B 
524 C 482B 
524 C 4835 
525 C 484B 
525  B  374A 
525 B 378A 

525 B 379A 
525 C 48% 
525 C 486B 
525 C 487B 
525 C 488B 
525 B  380A 
525 B  381A 
525 B 510B 
525 B 454A 
525 B 455A 

525 B 456A 

525 C 489B 

SOIL 
TYPE 

5 '  Gravel 
- C l a y  
Clay 
5 '  Gravel  
- C l a y  
3 i l t y  c l a y  
S i l t y  c l a y  
S i l t y  Clay 
S i l t y  Clay 
S i l t y  Clay  
Clay 
Clay 
Gravel & 
Sand 
Gravel & 
S and 
Clay & 
Gravel 
S i l t y  Clay  
Clay 
Sandy S i l t  
Gravel 
Gravel 
S il t y  Sand 
T i l l  
7' C l a y  - 
Rock 
c l a y  
Sandy C l a y  
Gravel 
c lay  
Gravel T i l  
Clay 
Clay  
c l a y  
Clay 
4 '  S i l t  - 
Limes tone  
9' S i l t  & 
Clay  - 
L i m e s  tone 
Clay  

UNIT 
Wet 
pcf 

5 
27 

5 
27 
20 
27 
26 
24 
18 
15 

20 

20 

10 
15 
15 
19 
17 
17 
13 
10 

4 
15 
26 
10 
25 
10 
29 
15 
15 
1s 

4 

5 
12 

LIM 
w p % 

22 

23 

14 

25 
16 

TS 
wl% 

38 

38 

25 

35 
2? 

CE 
ESCRIPTiON 

UF 
F 



TEST HOLE 
NO. 

5 2 6  C 490B 
5 2 6  C 491B 
5 2 6  C 492B 
5 2 6  B 511B 
526 B 512B 
5 2 6  B 513B 
5 2 6  C 493B 
5 2 6  c: 4 9 4 B  
5 2 7  C 495B 
5 2 7  B 514B 
5 2 7  B 515B 
5 2 7  B 516B 
5 2 7  B 5 1 7 8  
5 2 7  C 496B 

5 2 7  C 497B 
5 2 7  C 498B 
5 2 7  C 5188 
5 2 8  B 519B 
5 2 8  B 520B 

5 2 8  B 521B 
5 2 8  S 382A 
5 2 8  S 3 8 4 A  
5 2 8  S 3 8 3 A  
5 2 8  B 522B 
5 2 8  B 523B 

5 2 8  B 5 2 4 8  
5 2 8  C 525B 
5 2 8  C 526B 
5 2 9  C 527B 
5 2 9  C 5 3 1 B  

5 2 9  B CAT 
5 2 9  B 528B 

5 2 9  B 529B 
5 2 9  B 530B 

5 2 9  C 5 3 2 B  

SOIL 
TYPE 

r i l l  
r i l l  
; rave l  
r i l l  
rill 
rill 
Gravel 
Sandy  Clay 
Gravel 
Sand 
T i l l  
Till 
Gravel 
S i l t y  
Gravel 
Gravel 
Gravel 
S i l t y  Sand 
Clay 
5 '  Sand - 
Grave l 
Gravel  
Grave l 
Gr ave l 
Gravel 
Gravel 
5 ' Organic 
- c l a y  
Gravel 
Gravel 
Gravel 
Gravel 
6 '  S i l t  - 
Clay 
S i l t  
Gravel & 

Sandy 
Gravel  
5 '  Clay - 
Gravel  
T i l l  

U N I T  
Wet 
PCf 

W% 

13 
1 2  
10  
16  
16 
15 
10  
15 
10 
1 0  
1 0  
13  

7 

13 
15 
11 
10 
1 5  

10 
9 

10 
8 
8 

10 

13 
10 
10 
7 
10 

10 

1 2  
1 3  

2 0  
1 5  

ATTERBERG 
TS 
wl./o 

2 6  

2 4  

I 
D 

" 

CE 
ESCRIPTION 

F 
F 
F 
F, v r 
F 
F 
F 
F 
F 
UF 
UF 
UF 
F 

UF 
F.  v r 
F 
F 
F 

UF 
UF 

FV 
F 
F 
F 

F 
F 
F 
F 
F 

F 
F 

F 
F 

F 
F 

26. 



TEST HOLE 
NO 

529 C 533B 
529 C 534B 
529 C 535B 
5 3 0  C 536B 
530 C 537B 
530 B  388A 
530 B  389A 
530 B  390A 
530 B 391A 
530 C 538B 

530 C 539B 

530 C 543B 

530 B  385A 
530 B 3 8 6 ~  
5 3 0  B 387A 
5 3 0  B 540B 

530 B  541B 

530 B  542B 

530 B 641B 
530 B  C42B 
530 B 643B 
530 B 644B 
530 B 645B 
530 B 646B 
5 3 0  B 647B 
530 B 648B 

530 B 649B 
531 C 544B 

531 C 543B 
531 C 545B 
531 C 546B 
531 C 547B 
531 B 548B 
531 B 549B 

SOIL 
TYPE 

"- 

r i l l  
rill 
S i l t  
S i l t  
S i l t  
Clay 
Clay 
Clay 
Clay 
5 '  S i l t  - 
Clay 
5 ' Organic  
- c l a y  
4 I Organic  
- c l a y  
Till 
Clay Till 
C l a y  T l l l  
5 '  Sand - 
Gravel 
7 '  Sand - 
Gravel 

Gravel 
C lay  
Sand 
Sand 
Sand 
Gravel 
Grave l 
Till 
6' Sand - 
Gravel  
Gravel  
4' Muskeg 
- T i l l  
Grave l 
Gravel  
Gravel  
Gravel 
Gravel  
Gravel  

5 '  Sand - 

UNIT WEIGHT 
Wet 
PC f 

114.1 

D r y  
pcf 

90.1 

W% 

14 
12 
15 
23 
53 
30 
42 
30 
16 

30 

20 

20 
13 
5 

15 

14 

20 

20 
30 
5 

10 
10 
10 
10 
15 

22 
5 

30 
5 
5 
5 

10 
6 

10  

ATTERBERG 

222 
15 
16 

15 
14 
15 

25 

LIMITS 
? W l %  

26 
27 

29 
27 
27 

46 

CE 
DESCRIPTION 



TEST HOLE 
NO. 

531 B 550B 
531 C 551B 
531 C 552B 
531 C 553B 
532 C 554B 
532 B 555B 
532 B 556B 
532 B 557B 
532 C 392A 
532 C 393A 
532 B 558B 
532 B 559B 
532 B 560B 
532 C 394A 

532 C 395A 
532 C 396A 
532 C 397A 

533  B  561B 
533 B 562B 
533 B 563B. 
533 C 398A 
533  B  564B 
533  B  565B 
533  B  566B 
533 C 399A 
533 S 400A 
533 S 401A 
533 S 403A 
533 S 402A 
533 B 567B 
533 B 568B 
533 B 569B 
533 S 404A 
533 C 405A 
534 C 406A 
534 B  570B 
534 B  571B 
534 B 572B 

SOIL 
TYPE 

Gravel 
Gravel 
Gravel 
Gravel 
Gravel 
Sand 
Sand 
Sand 
Gravel 
Gravel 
Sand 
Sand 
Sand 
Sand & 
Grave 1 
Gravel 
Grave 1 
Sand & 
Gravel 
Sand 
Sand 
Sand 
S i l t y   C l a y  
T i l l  
T i l l  
Gravel 
Gravel  
C l a y  T i l l  
Grave l  
Grave l  
Grave l  
Sand 
C lay  
Grave 1 
Grave l  
G r a v e l  
Grave l  
Gravel  
C l a y  Till 
Gravel  

W% 

5 
5 
5 
5 
4 
5 
5 
5 
5 
5 
5 
5 
5 

5 
5 
5 

5 
10 
5 
6 
20 
10 
20 
10 
5 
6 
15 
15 
5 
5 
23 
5 
5 
5 
6 
6 
20 
6 

P 
I ATTERBERG 

LIP. 
W %  

17 

TS 
w 1% 

3 1 

UF 
F 
UF 
F 
F 
F 
F 
F 
F, vr 
F, v r 
F 
F 
F 

F 
F 
F 

F 
UF 
F 
F 
F 
F 
UF 
UF 
F 
F 
UF 
UF 
UF 
F 
F 
UF 
UF 
UF 
F 
UF 
F 
F, vc 

28. 



" 

TEST HOLE 
NO. 

534 C 407A 
534 C 408A 
534 C 409A 
534 C 410A 
535 C 411A 
535 B 59lB 
535 B 592B 
535 B 593B 
535 B 573B 
535 B 574B 
535 B 5758 
535 C 412A 
535 C 413A 

535 B 576B 

535 B 577B 
535 B 578B 
535 C 414A 
535 C 415A 
536 C 416A 

536 C 417A 

536 C 418A 
536 C 419A 
536 C 579B 

536 C 580B 
537 C 5818 
537 C 420A 

537 C 42lA 
537 C 422A 
537 C 582B 
537 C 583B 
538 B 457A 

538 B 458A 

538 B 459A 

SOIL 
TYPE 

Gravel  
Clay  Till. 
Grave l  
Sand 
Sand 
Gravel  
Sand 
Grave l  
Gravel  
Grave l  
Gravel  
Gravel  
Sandy 
Gravel  
Sandy 
Grave l  
Grave l  
Grave l  
T i l l  
Sand 
5 '  S i l t  - 
Gravel  
3 '  S i l t  - 
Gravel  
Sand 
S and 
Sand & 
Clay  
Clay 
Clay  
4 Organic  
- Clay  
S i l t y  C l a y  
S i l t y   C l a y  
S i l t y  C lay  
Clay  
6 '  Clay  - 
S h a l e  
5 '  c l a y  - 
S h a l e  

S h a l e  
8' c l a y  - 

U N I T  
Wet 

PC f 

W% 

' 6  
5 
5 
5 
5 
5 
5 
5 

1 5  
10 
1 5  
7 

6 

15  
20 
1 2  
1 0  

9 

5 

4 
5 
5 

25 
26 
2 8  

1 5  
27 
30 
15  
1 5  

5 

5 

5 

ATTERBERG 
LIM 

W p% 
TS 

CE 
ESCRIPTION 

F 

F 

F 
F 
F 

F,  v r 
F 
F 
F 
F 

F 

F 

F 

29. 



TEST HOLE 
NO . 

538 C 584B 
538 B 5858 
538 B 586B 
538 B 587B 
538 C 423A 
538 C 424A 
5 3 8  c 425A 
538 B 5888 
538 B 5898 
538 B 590B 
538 C 426A 
539 C 427A 
539 C 428A 
539 C 429A 
539 c 430A 
539 C 431A 
539 E 451A 
539 B 452A 
539  B  453A 
539 B 594B 
539 B 595B 
539 B 596B 
540 C 432A 
540 B  597B 
540 B 598B 
540 B  599B 
540 B 600B 
540 B 601B 
540 B 602B 
540 C 433A 
540 C 434A 
540 C 435A 
540 C 436A 
540 C 437A 
540 B 603B 
540 B 6048 
540 B 605B 
541 C 438A 
541 C 439A 
541 C 440A 
541 C 606B 
541 B 607B 

S O I L  
TYPE 

Clay 
Clay 
Clay 
Clay 
Clay 
Clay 
Clay T i l l  
Clay Till 
Clay 
c l a y  
c l a y  T i l l  
c l a y  T i l l  
C l a y  T i l l  
C l a y  T i l l  
Clay 
Clay 
Clay 
Clay 
Clay 
Clay T i l l  
Clay T i l l  
Clay T i l l  
C l a y   T i l l  
C lay  S i l t y  
Clay S i l t y  
C lay  S i l t y  
C l a y  S i l t y  
C l a y  S i l t y  
C l a y  S i l t y  
Clay  
C l a y  
C l a y  
Clay 
Clay S i l t y  
C l a y   S i l t y  
C l a y  S i l t y  
C l a y  S i l t y  
C l a y  
C l a y  T i l l  
Clay Till 
Clay T i l l  
C l a y  Silty 

U N I T  
Wet 
PC f 

c 

W% 

‘1 2 
12 
12 
13 
13 
10 
13 
20 
20 
20 
12 
10 
10 
15 
20 
18 
2 0  
15 
20 
20 
20 
21 
22 
20 
20 
20  
20 
17 
15 
17 
15 
17 
18 
10 
20 
19 
18 
16 
21 
16 
20 
14 

ATTERRERG 
LIMITS 

14 

15 

22 
15 
13 

16 
17 
17 

17 
25 
18 

17 

18 
15 
18 
15 
16 

21 
19 
16 
18 
16 

18 

w 1% 

27 

27 

34 
32 
29 

31 
33 
33 

32 
32 
32 

32 

33 
32 
32 
27 
35 

32 
32 
29 
42 
32 

32 

CE 
ESCRIPTION 



TEST HOLE SOIL 
NO TYPE ' 

541 B 608B 
541 B G09B 
541 B 639B 
541 C 610B 
542 C 6 1 1 B  
542 C 612B 
542 C 613B 
542 B 6158 
542 B 61bB 
542 B 617B 
542 C 614B 
542 C 618B 
543 C 619B 
543 C 620B 

543 B 621B 

543 B 622B 

543 E) 636B 

543 B 6378 

543 R 638B 

543 C 623B 
543 C 624B 

543 C 6258 
543 B 6263 

543 B 627B 

543 B 628B 

543 C 629B 

543 B 630B 

543 B 631B 

:lay S i l t y  
: lay S i l t y  
:lay S i l t y  
:lay T i l l  
Zlay T i l l  
Zlay T i l l  
Zlay T i l l  
Clay T i l l  
: l a y   s i l t y  
: l a y   S i l t y  
: l ay  S i l t y  
?ill 
5 '  T i l l  - 
sha le  
3 '  T i l l  - 
Shale 
4 '  T i l l  - 
; h a l e  
3 '  T i l l  - 
Shale 
4 '  S i l t y  
Zlay - 
Shale  
6 '  T i l l  - 
Sha le  
S i l t y  C l a l  
9 '  Grave l  
- S h a l e  
Gravel  
4 '   G r a v e l  
- S h a l e  
3 '  Gravel  
- S h a l e  
2 '  Grave l  
- Shale  
1 0 '  Sand 
- S h a l e  
3 '   Grave l  
- S h a l e  
2 '  Sand - 
Sha le  

r W% 

'14 
15  
20 
10  
15 
1 5  
15  
26 
25 
1 5  
15  
15 
2 2  

10 

1 0  

5 

10  

20 

1 0  
10 

6 
7 

5 

5 

5 

1 0  

5 

5 

-~ 

ATTERBERG 
LIM 

w p% 

19 

16 
18 
2 1  
2 2  
1 7  
19 

17 

15  

1 2  

I 

36 

34 
33 
27 
33  
3 0  
46 

2 8  

30 

19 

IIC: r E SCRIPTION 



t 
WE 

TEST HOLE 
U N I T  

NO. 

543 B 6328 

543 C 633B 
544 B 460A 
544 B 46lA 
544 B 462A 
544 C 634B 
544 C 635B 
544 C 449A 

544 C 448A 
544 C 450A 

544 C 441A 
544 S 442A 
544 S 443A 
544 s 44A 
544 S 445A 
544 S 446A 

544 s 447A 

2 '  Sand - 
S h a l e  
Clay  Till 
Sand 
Sand 
Sand 
Clay Till 
Gravel  
12' Sand 
- S h a l e  
Clay  Sandy 
Gravel  - 
Sandy 
S and 
Gravel  
Sand 
Sand 
Gravel T i l :  
4 '   Grave l  
- S h a l e  
Bedrock 

l 

EIGHT 
Dry 
pcf 

"- W% 

5 
17 
5 
5 
5 

20 
10 

20 
20 

1 2  
10 

5 
2 0  
10 

- 
- 

ATTERBERG 

16 

18 

1 5  

LIM rs 
W1% 
" 

4 

17 

31 

;CRIPTION 

v, 
UF 
UF 
UF 
F v, 
F 

F 
F 

F 
UF 
F 
UF 
F 

F 

32. 




