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1 .  INTRODUCTION 
7- 

1.1 Genera 1 

The  Department o f  Public Works of Canada ( D P W ) ,  under  Contract 
No. A10/73, File  Number 9305-52-307, authorized  Elmer W .  Brooker 
and  Associates  Limited ( E B A ) ,  to  conduct a geotechnical  investigation 
of t h e  proposed  Mackenzie  Highway  route  between  Oscar  Creek, a t  

Mile 650, and  the  south b a n k  of  the R a b b i t  Skin  River  (Hare I n d i a n  
River), at Mile 724.7. This work was l a t e r  extended  (March 2, 1973) 
to include  the  section  between  Oscar  Creek a n d  Bosworth  Creek,  at 
Mile 632. The purpose  of t h e  investigation was fo obtain 
geotechnical d a t a  with  respect  to  center  line  subgrade  conditions, 
potential  borrow  resources, and river  crossings.  Figure 1 - 1  is a 
Key Plan of t h e  geotechnicat s t u d y  area. 

P l a n n i r r g  a n d  mobilizaticn conheneed a f t c r  authorization of t h e  

investigation  on  August 29, 1 9 7 2 ,  a n d  the  field  work  commenced  on 
December 4, 1972 .  In a l l ;  84 d a y s  were  spent in the  field  and  on 
75 d a y s  some d r i l l i n g  was  carried  out.  Field  activities  were 
terminated  on  March 13* ,  1973  with  the  demobilization  of t he  camp, 
equipment a n d  personnel. 

1.2 Engineering  Objectives 

T h e  geotechnical  investigation  was  oriented  towards t h e  fulfillment 
of  the  following  engineering  objectives: 

a) to provide a detailed  exploration and evaluation 
of  center  line  soil  conditions,  including  permafrost 
distribution a n d  properties. 

b) t o  locate and.evaluate  potential  borrow  materials, 

E.W.Brooker & Associates Ltd, 
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c) t o  provide  detailed  geotechnical  investigations 
with  design  recommendations a t  the, major  c r e e k  

a n d  river  crossings. 

d )  to locate  thaw  sensitive a r e a s  a n d  to evaluate 
the  potential m a g n i t u d e  of settlement. 

e) to locate a n d  evaluate a r e a s  of possible s l o p e  

i n s t a b i l i t y .  

f )  to  provide a detailed  terrain  analysis of a two 
mile  corridor  centered  on  the  proposed  highway 
route. 

g )  to recommend  additional  field a n d  engineering 
work beyond  the  scope of this study. 

h )  to  provide  geotechnical i n p u t  to the  design a n d  

construction of the  highway. 

1 * 3  Scope of Work 

Preparations f o r  field work included  securing  portable camp 

facilities,  sub-contracting  for d r i l l i n g  and sampling equipment, 
and p l a n n i n g  the  expediting and 'logistics of the w i n t e r  program. 
A preliminary a i r  photo interpretation of the  highway  corridor 
-and an  evaluation o f  t h e  route  location a n d  river  crossing  sites 
was carried  out i n i t i a l l y  to ensure p r o p e r  planning o f  the 
investigation. In October 1972, preliminary  inspection o f  the 
r i v e r  crossings  and  general  route  location was carried  out by 
both DPW a n d  E B A  s t a f f ,  utilizing a helicopter. 

E.W Brooker & Associates Ltd. 
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The field  operations  consisted o f  the d r i l l i n g ,  logging  and 
sampling of 1287  boreholes,  of  which 803 holes  were on center  line 
and a t  selected  'special'  sites  generally  on  center  line.  The 
remaining 484 holes were drilled in t h e  s e a r c h  for b o r r o w  materials. 
Moisture  contents  and  visual  classification  were  obtained  for  every 
sample in a field  operated  laboratory.  Selected  representative 
samples were returned to t h e  E B A  Edmonton  laboratory f o r  extensive 
classification  tests  and some special  testing,  where  required. 

F o l l o w i n g  the  field  program, a terrain  evaluation o f  a two mile 
corridor,  approximately  centered  on  the  highway  route,  was  conducted 
by air  photo  interpretation,  using  the  borehole  logs  for  ground 
control. 

1.4 Report  Organization 

The  report  encompasses 23 volumes of which  this  the  Geotechnical 
Engineering  Study is the  first.  Volumes I I  and 1 1 1  present  the A i r  
P h o t o  Mosaics  and  Volume IV presents  the  Laboratory  Data.  Volumes 

v to XIV  present  the  Borehole  Lo.gs,-which  have b e e n  -subdivided  into 
five  sections t o  coincide  with  five m a j o r  geographic  sections  of 
the  route.  These  sections  are  outlined in Table 1 - 1  a n d  i n  Figures 
1-2 to 1 - 5 ,  respectively.  Volumes X V  to X X l l l  present t h e  detailed 
river  crossing  reports i n  order  of  occurrence  southward. The 

subject  of  each  volume is given in t h e  TabIe of Contents of this 
w o  1 ume . 

E.W Brooker & Associates Ltd. 



' SECTION I 

SECTION I I 

SECTION I I I 

S E C T ' I  ON I v 

SECTION V 

TABLE ( - 1  

G E O G R A P H I C  S E C T I O N S  O F  ROUTE 

R a b b i t  Skin (Hare Indian) River Mile 724.7 
t o  S n a f u  (Sucker) Lake Mile 706* 

Snafu ( S u c k e r )   L a k e  
t o  Donnelly  River 

Donnelly River 
to Hanna River 

Mile 705 
Mile 689 

Mile 688 
Mile 669 

Hanna River Mile 668 
to Oscar  Creek  Mile 649 

Oscar Creek  
t o  Bosworth Creek 

Mile 648 
Mi le 631.5 

* Mileages noted for each  section a r e  inclusive. 

1 1 . .  G E N E R A L  F I E L D  O P E R A T I O N  

2.1 Field, P a r t y  Personne'l 

The field P a r t y  consisted of  t h i r . t e e n  members. The crew a n d  t5eir 
duties a r e  d e s c r i b e d  briefly in Table 1 1 - 1 .  In addition to the 
permanent s t a f f ,  a helicopter and pilot :were stationed i n  the camp 

f o r  much of the program and a Department  of  Public Works inspector 
was stationed i n  the  camp after the  Christmas  break. 

EMBrooker & Associates Ltd. 
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TABLE 1 1 - 1  

F I E L D  P A R T Y  PERSONNEL 

PERSONNEL 

Party Chief and 
Field Project 
Engineer ( l ) > t  

YI 

Senior  Technician 
( 2 )  - 

Sen i o r  Laboratory 
Technician (2) 

Drillers (2) 

Dozer  Operator ( 1 )  

Camp M a n a g e r  ( 1 )  

Cook ( 1 )  

C o o k ' s  Helper ( 1 )  

F I R M  DUTl E S  

E B A  

E B A  

E B-A 

Supervise f'ield d r i l l i n g  
program - select  borrow  sites - lay out special a n d  

potential  borrow  borehole 
locations 

- locate cente't 1 - i n e  ' 

- prepare field logs 
- assist in field  laboratory 

boreholes 

operation 

- canduct field laboratory 

- direct clearing  operations 
- surveying  where  required 

p r o g r a m  

into borrcw arn ,es  

1 )  Garrity E - operate  and rnai,ntain t h e  
Baker  respective d r i l l  rigs 

1 )  Mobile  Augers 

1 )  G a r r i t y  E Baker - assist  driller 
1 )  Mobile  Augers 

Arctic  Circle  --operater 06-C Dozer 
Enterprises 

Northern  Geophysical - maintain  camp  equipment 
and supplies 

transportation 
- maintain  vehicles  for 

Northern  Geophysical - prepare  meals 
Northern  Geophysical - assist cook - camp cleanup 

* N u m b e r  of staff in each  category. 

E.W.Brooker & Associates Ltd. 



P a g e  1 1  

2.. 2 t. Camp 

The  camp,  consisted of an  Office-Sleeper  Trailer, a skid-mounted 
Power  Supply  Shop, a Nodwell  FN-110  mounted  Kitchen-Dining  Room- 
Sleeper, a Nodwell F N - 1 1 0  mounted  Utility-Sleeper, a fuel  sled 
mounted  with  four-500  gallon b u l k  tanks,  and a fuel  flat  deck a n d  
supply  sleigh.  The  camp  was  very  mobile  and d u r i n g  the  winter 
five camp moves  were  made  without  retarding  the d r i l l i n g  program. 

Field  transportation  was  predominantly b y  a four  wheel  drive  Crew 
C a b  pick-up  truck  and a four  wheel  drive  pick-up. I n i t i a l l y ,  a 
Bombardier  crew-cab  was  utilized.  However, it was  discharged p a r t  
way  through t h e  program  because of excessive  mechanical  difficulties. 
A Bell 2 0 6 ~  helicopteF a n d  pilot  were  also  available  throughout  most 
o f  the  program.  The  helicopter  was  stationed in t h e  camp on a n  

oceassicha: ck,arteer b a s i s .  U s e  o f  the L-'"- I l e l i L u p t e r  was : ; K i t e d  io 
reconnaissance  and to support o f  the  field  equipment. 

2.3 D r i l l i n g  Equipment 

Two  drill-rigs  were  employed in the  geotechnical  investigation. 
One  was a Mayhew 500 mounted  on a Nodwell R N 1 1 0 .  The o t h e r  was 
a Texoma mounted  also on a Nodwell R N l l O  tracked  carrier. 

The  Mayhew 500 is a n  air  circulation r o t a r y  d r i l l  rig. I t  w a s  

equipped  to d r i l l  4 - 1 / 4  inch  to 4 - 3 / 4  inch in diameter  holes  to 
approximately 90 feet.  The  Mayhew  was a l s o  equipped  to  utilize a 
modified C R R E L  core-barrel,  standard  Shelby  Tubes, and a conventional 
N X  c o r e  barrel.  The  Texoma  power  auger  was  equipped to d r y  auger 
12 inch  diameter  holes  to a maximum  depth of 20 f e e t .  

E.W Brooker & Associates Ltd. 
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I l l .  F I E L D  A N D   L A B O R A T O R Y   P R O G R A M S  

3 . 1  Site  Selection 

The  location of the  center  line  boreholes  was  generally  left  to 
the  senior  technicians  logging  the  holes.  The  technicians  were 
instructed  to d r i l l  an  average of 7 t o  8 holes per  mile,  with 
extra  holes  to be drilled if conditions  were  erratic, a n d  fewer 
if conditions  were  quite  uniform.  Holes  were  generally  located 

on t h e  crests  of  hills, the bottoms o f  any  lowlying  areas, 
a n d  within a r e a s  o f  possible  excessive c u t s  o r  fills. In a r e a s  

where  uniform  conditions  existed,the  hole5  were u s u a l l y  spaced 
evenly  along t h e  center  line. 

'Special'  boreholes  were  located  on  the  banks o f  s t r e a m s ,  in a r e a s  

of  m a r g i n a l  conditions, o r  in areas  where  possible  borrow  material 
F O I J ~ ?  be t r a c e d -  on c e n t e r  1 i n e .  The special  holes  were  usually 

drilled  deeper t h a n  the  center  line  boreholes. 

For most of the  field d r i l l i n g  program,  the  center  line  boreholes 
were.drilled in advance of the  exp.loration  for  borrow  materials. 
The  areas  to b e  investigated  for  potential  borrow  materials  were 
usually  located on the a i r  photos, u s i n g  the  center  line  borehole 
d a t a  for  ground  control. A c c e s s  to a potential  borrow  area  was 
then  prepared by the D 6 - C  d o z e r ,  under  the  supervision of a n  E B A  

-technician,  using  the  airphotos f o r  a base map. 

Potential borrow sources  were  not  investigated  .within  either  the 
Fort Good Hope  Development  Control  Zone, o r  the  Norman  Wells 
Develbpment  Control  Zone.  Approximately  five  miles of the  route 
lies  within  the  Fort Good Hope  Development  Control  Zone.  However, 
the  field  party  was  denied  permission f o r  clearing a n d  d r i l l i n g  
proposed  borrow a r e a s  within  the F o r t  Good  Hope  Development  Control 

E.W. Brooker & Associates Ltd. 



I 

Page 1 3  

Zone by t h e  F o r t  Good Hope S e t t l e m e n t   C o u n c i l .  T h e  Norman W e l l s  

D e v e l o p m e n t   C o n t r o l   Z o n e ' s   n o r t h e r n   b o u n d a r y   i n t e r s e c t 5   t h e  proposed 

h i g h w a y   r o u t e  a t  B o s w o r t h   C r e e k ,  The o n l y   d r i l l i n g   i n   t h e  Norman 

W e l l s   C o n t r o l  Zone  was  on  the  banks of B o s w o r t h   C r e e k ,   w h e r e   t h e  

e x t e n d e d   c o n t r a c t   t e r m i n a t e d .  

3.2 D r i l l i n g ,   S a m p l i n g   a n d   L o g g i n g   o f   B o r e h o l e s  

3 . 2 . 1  G e n e r a l  
"" 

. .  

C e n t e r   l i n e   b o r e h o l e s   w e r e   g e n e r a l l y   d r i l l e d   t o  a d e p t h  o f  18 f e e t  

i n  S e c t i o n s  I and I I ,  a n d   a l t e r n a t e l y  t o  d e p t h s  of 9 f e e t   a n d  18 
f e e t ,   i n   S e c t i o n s  I I I ,  IV  and V .  Samp les   were   t aken  a t  d e p t h s  o f  

2 3 , ' 5 ,  10 ,  14 and 18 f e e t , i n   r e g u l a r   b o r e h o l e s ,   i n   S e c t i o n  1 .  I n  

- s u b s e q u e n t   s e c t i o n s , t h e  1 4  f o o t   s a m p l e  was o m i t t e d   a n d  a 9 f o o t  

s a m p l e . w a s   t a k e n   i n   t h e  9 f o o t   h o l e s .   S p e c i a l   b o r e h o l e s , a n d  some 

c e n t e r   l i n e   a n d  b c r r o w  exploration boreholes were   ex tended   to "dep th5  

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

d i s t u r b e d   s a m p l e s  were  g e n e r a l l y   t a k e n   a t  f i v e  f o o t   i n t e r v a l s   t o  

t h e  bottom o f  t h e  h o l e .  

Rock c o r i n g  was ' a t , t e m p t s d , w i t h   l i m i t e d   s u c c e s s , i n  some af  t h e  

p o t e n t i a l  b o r r o w  a r e a s .  O n l y   b a d l y   b r o k e n  core was o b t a i n e d   a n d  

r e c o v e r y  was v e r y   p o o r .   S h e l b y  t u b e  s a m p l i n g  was a t t e m p t e d   i n  

c o h e s i v e   u n f r o z e n   m a t e r i a l   w h e r e   p o s s i b l e .   A l t h o u g h   l a r g e   a r e a s  

o f  u n f r o z e n   c l a y  till w e r e   e n c o u n t e r e d , i t   p r o v e d  too  g r a v e l l y  f o r  

s u c c e s s f u l   S h e l b y   t u b e   s a m p l i n g .  A m o d i f i e d  CRREL core b a r r e l  was 

a v a i l a b l e  f o r  c o r i n g   f r o z e n  f i n e  g r a i n e d   s o i l s .  ,However, o n l y  a 

few c o r e s   w e r e   o b t a i n e d ' b e c a u s e  o f  t h e   i r r e g u l a r   d i s t r i b u t i o n  of 

s o i l s   t h a t   c o u l d  be s u i t a b l y   s a m p l e d   w i t h   t h e  CRREL c o r e   b a r r e l  

and t h e   d i f f i c u l t y   e n c o u n t e r e d   i n   e x t r u d i n g   t h e   c o r e s .  

E.W Brooker & Associates Ltd. 



I n  s p i t e  of the  inability  to  obtain a representative  number  of 
'undisturbed'  samples,  with t h e  equipment  available,  sufficiently 
representative  ',disturbed'  samples  were  obtained to permit accurate 
classification  and  logging of soil  materials  encountered. 

Ground ice contents,  distribution  and  classification  could not  be 
accurately  determined  from  the  disturbed  samples.  Therefore, 
the  classification a n d  quantities of the  ground i c e  t h a t  are  recorded 
on  the  borehole  logs  were  inferred  or  estimated  from  visual  observations 
by the senior  technician  logging  the  borehole. 

The ice classification used i n  this  report  and on the borehole 
logs is modified  from the standard N R C  cIassifications,*.  Without 
good  core  samples of frozen s o i l ,  I t  is impossible to determine if 
the  ground ice is stratified,  random, in individual  crystals  or 
coatings on larger  soil  particles.  Therefore, a geneial  symbol of 

lY' for visible e x c e s s  ice ** a n d  ' N '  for  non-visibleice h a s  

been  used.  Since i t  is genera1l.y  possible to determine,  from d r i l l i n g  
performance,  whether a frozen soil i s  well  bonded  or  poorly  bonded 
the  modifying  symbols B and F, ,respectively,  have  been  retained to 
describe the state o f  bonding f o r  non-visible ice content  soils. 

. -. " - _" . .. . 

* Subscripted numbers  refer.to the List o f  References  presented 
at the end of this  report. 

** Excess I c e  - Ice in excess  of the fraction that would be 
retained  as water in the  soil  voids  upon  thawing. 

E.W Brooket & Associates Ltd. 
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3 , 2 , 2  "" Sample  Recovery " """ 6 CharacteriztLcz 

The Marhew 500 i s  an  air  circulation r i g  which  returns  'disturbed' 
samples.  The size of the  cuttings  returned ranged from'chips,  not 
greater t h a n  one cubic inch, to powder. In most cases excess ice 
could be v i s u a l l y  detected in the  chIps or  cuttings  returned to the 
surface.  From  experience  and  through  correlation  with  better  methods 
o f  d r i l l i n g  a n d  coring, i t  is believed t h a t  the  quantity  estimates  of 
the  excess ice content are' reasonably  accurate. 

The  samples  obtained  from  the  Texoma,  which is a power  auger,  were 
much larger a n d  in a much more  representative  condition t h a n  those 
obtained  from  the  Mayhew 500. Generally, a better  evaluation of 
the  form  of  the  ground ice and  the  quantity o f  ice in the  soil  could 
be  made.  Representative  samples of excellent  quality  were  often 
obtained on the 12" auger  f o r  unfrozen  or l i g h t l y  frozen  materials. 
H i g h  Ice  content  soils a n d  rock  samples  were  finely  broken, m a k i n g  
the form a n d  q u a n t i t y  o f  ground ice more difficult to estimate. 

Because o f  the  better  quality  of sample obtained w'ith the Texorna, a n  
overlap o f  the  areas  drilled  with  the  two r i g s  was  carried  out in 
order  to  provide a check,on  the  field s a m p l i n g  a n d  classification. 
In most  instances  correlation  of  materials  logged  with  both r i g s  was 
good. 

3.3 D r i l l i n g  Coveraqe a n d  T i m i n g  

The  field d r i l l i n g  program  was  restricted to the winter  months  bet'ween 
freeze-up a n d  break-up. , M i l d  autumn  weather  caused a late start in 
the  work, a n d  in several  places  open  water,  encountered in mid-winter, 
necessitated  delays  and lengthy by-passes.  Excessively  cold  weather 
( i n  excess of - 5 O o F )  only stopped the d r i l l i n g  for  three d a y s  d u r i n g  

EN! Brooker & Associates Ltd. 
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the  winter, a n d  stormy  weather d i d  n o t  cause a n y  work  stoppage. O n  
75 o f  Ehe 84 d a y s  in the  field,  some d r i l l i n g  was  carried  out. 
Allowing  three d a y s  f o r  the  cold  weather, the remaining s i x  days were 

f o r  mobilization a n d  demobilization o f  the field  camp, a t  the beginning 
and  completion of the  contract,  respectively. 

D r i l l i n g  statistics,  summarized by the  mile  for  each  section,  are 
presented in Table 1 1 1 - 1 .  

3.4 Sample  Hand1 in g  

The  borehole  numbering  system  and  sample  numbering  system  employed 
was recommended by the  Department of  Public  Works. This required 
u s i n g  the  center  line  mileage of the  borehole,  followed by a ' C '  

'SI or IBl for  center  line,  special o r  borrow  area  bor'ehole, 
respectively, all followed by a consecutive  number  assigned in the 
field. 

For  example,  borehole n u m b e r  6 3 4 - C - 5  would be the f i f t h  center  line 
hole in Mile 634. A s  the d r i l l i n g  program  proceeded in the direction 
of decreasing  mileage, the f i r s t  o f  a n y  o f  the  boreholes  would be 
generally  nearest the next  highest mile (i.e. bo.rehole 634-C-1 would 
be closer t o  mile 635 t h a n  i t  would be to mile 634). The  samples 
were  numbered  consecutively in the  order they were  taken f o r  each 

hole. Thus, a s a m p l e  a t  the five  foot  depth  would be the second 
sample (see Section 3.2.1) a n d  would be numbered 634-C-5-2 f o r  the 
previously  described  borehole. 

A f t e r  examination, e a c h  sample  was  placed in a numbered plastic bag, 
a h d  a l l  bagged  samples  from  the  .hole  were  placed in a larger  plastic 
bag. These were returned to the  field  laboratory  where  some of each 

E.W. Brooker & Associates Ltd. 



T A B L E  1 1 1 - 1  

D R I L L I N G  STATISTICS 

Page 17 

L e n g t h  (miles) 18.7 17 

Total No. of Holes 335 2 5  5 

No. of C e n t r e - L i n e  

6 Special Boreholes 1 6 3  164 

No. o f  Borrow Area 

Boreholes 172 91 

Total No. o f  

Holes/Mile l7.9 15.0 

C e n t e r  L i n e  a n d  

S p e c i a l  Holes/Mi le 8.7 

Borrow Area 

Boreholes/Mile 9.2 

9 . 6  

5.4 

20  20 

243 249 

I 

6 9  8 2  

1 2 . 2  1 2 . 5  

' 8.7 8.4 

17.5 

209 

135  

70 

1 1 . 7  

7.7 

3.5 ' 4.1 4.0 

93.2 

1287  

803 

484 

13.8 

8 . 6  

5 . 2  

E.W. Brooker & Associates Ltd. 
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sample was removed f o r  r e - c l a s s i f i i a t i o n   a n d   m o i s t u r e   c o n t e n t  

d e t e r m i n a t i o n .   T h e  bags w e r e   t h e n   r e - s e a l e d   a n d   t h e  samples f r o m  

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

n u m b e r e d   c a r d b o a r d  boxes a n d   r e t a i n e d   a t   t h e   f i e l d  camp. When a 

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

s e l e c t e d   f r o m   t h e   b o x e s   a n d   s e n t  t o  t h e  EBA E d m o n t o n   L a b o r a t o r y   f o r  

f u r t h e r   t e s t i n g .   T h e   b o x e s   w e r e   r e s e a l e d   a n d   t a k e n  t o  t h e   D e p a r t m e n t  

of P u b l i c   W o r k s  camp a t  F o r t  Good  Hope o r  a t  N o r m a n   W e l l s ,   w h e r e   t h e y  

a r e   b e i n g   s t o r e d   f o r   f u t u r e   r e f e r e n c e .  C R R E L  c o r e   s a m p l e s   a n d , S h e l b y  

T u b e   s a m p l e s   w e r e   a l s o   r e t u r n e d  t o  Edmonton. 

I, 

3.5 T h e r m i s t o r   I n s t a l l a t i o n .  

A t  t h e   r e q u e s t   o f  DPW p e r s o n n e l ,   t h r e e   g r o u n d   t e m p e r a t u r e   s e n s o r s  

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

r o u t e .  Each modu le   had   t en   senso rs   spaced   as   shown i n  F i g u r e  No. 

1 1 1 - 1 .   T h e r m i s t o r s   ( s e m i - c o n d u c t o r ,   r e s i s t a n c e   t e m p e r a t u r e   s e n s o r s )  

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

a c c u r a c y ,   i n c r e a s e d   v e r s a t i l i t y   ( r o t a r y   s w i t c h i n g   c a p a c i t y )   a n d  

hand1 i n g  c o n v e n i e n c e .  T h e  i n s t r u m e n t s   s e l e c t e d  were .  p r o d u c t i o n  

( P R  99-3 t h e r m i s t o r s   a n d  

i s t o r s   w e r e   f a s t e n e d   t o  a 

l e  t u b i n g ,  awd moun ted   on  

c a b l e  a s  i l l u s t r a t e d   i n  

o n   i n s t a l l a t i o n   a n d   h a d  

t o  be a b a n d o n e d .   T h e   o t h e r   t w o  a r e  l o c a t e d  i n  B o r e h o l e s  No. 

682-C-4 and 6 7 7 - S - 1 ,  r e s p e c t i v e l y .  The i n i t i a l   s e t   o f   r e a d i n g s ,  

f r o m   F e b r u a r y  1 9 7 3 ,  and a s e t  of r e a d i n g s ,   t a k e n   i n   J u n e  1 9 7 3 ,  a r e  

summar ized i n  T a b l e   1 1 1 - 2 .   F i g u r e s  111-2  6 111-3  show t h e   g r o u n d  

t e m p e r a t u r e   p r o f i l e   i n   F e b r u a r y   a n d   J u n e ,  1973 .  T h e s e   t w o   t h e r m i s t o r s  

0 

E.W* Brooker & Associates Ltd. 

i t e m s   f r o m   A t k i n s   T e c h n i c a l   I n c o r p o r a t e d  

3 F O l  e l e c t r o n i , c   t h e r m o m e t e r ) .   T h e   t h e r m  

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

a v i n y l   c o v e r e d ,   1 2   c o n d u c t o r ,   t e l e p h o n e  

F i g u r e  No. 1 1 1 - 1 .  

One o f  t.he t h r e e   t h e r m i s t o r s  was  damaged 
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TABLE I I I -.2 

THERMISTOR R E A D I N G S  

T h e r m i s t o r  No. 1 
S t r i n g  No. 9 8  

L E A D  

A 
B 
C 
D 
E 
F 
G 
H 
J 
K 
L 
M 

COLOUR 

B l a c k  
Black 
B l a c k  
B l a c k  
B l a c k  
B l u e  ' 

Red 
Ye1 low 
Brown 
Green 

W h i t e  
" 

T h e r m i s t o r  No.  2 
- S t r i n g  No.  9 9 ,  

L E A D  C O L O U R  

A 
B 
C 
D 
E 
F 
G 
H 
J 
K 
L 
M 

B l a c k  
B l a c k  
B l a c k  
B l a c k  
B l a c k  
B 1  ue 
Red 
V e l  low 
Brown 
Green 

W h i t e  
" 

B o r e h o l e  6 8 2 - C - 4  
I n i t i a l   R e a d i n g  2:06 pm,  
F e b r u a r y  16 /73  

DEPTH  CALIBRATION SUBSURFACE  TEMPERATURE 
(feet) FACTOR ( F a h r e n h e i t )  

0 . 5  
1 . o  
2 
4 
6 
8 

10  
12  
1 6  
20 

Common 

- 0 . 2  
+o. 1 
+0.1 
4-0.1 
+o . 2  
4-0.2 
4-0.1 
+.o . 2  
+o . 2  
+,o .2 
" 

1 6 / 2 / 7 3  7 / 6 / 7 3  

9.4 
1 5 . 3  
2 0 . 4  
2 7 . 7  
3 1 . 8  
3 1 . 5  
32.0 
3 1 . 2  
3 1 . 6  
30.8 
I- 

4 7 . 0  
3 3 . 4  
3 0 . 1  
3 0 . 1  
3 2 . 9  
2 9 . 5  
3 0 . 8  
2 8 . 8  
3 1 . 3  
30.2 
" 

B o r e h o . l e   6 7 7 - S - 1  
I n i t i a l   R e a d i n g  1 0 : 5 0  am,  
F e b r u a r y  1 8 / 7 3  

D E P T H  C A L I B R A T I O N  SUBSURFACE  TEMPERATURE 
( f e e t )  FACTOR ( F a h r e n h e i t )  

0 . 5  
1 . o  

2 
4 
6 
8 

10 
12 
16  
2 0  
"1 

+ 0 . 2  
+o. 1 
+0 .2  

0 
+ 0 . 1  
+0.2 
+ 0 . 2  

4-0.2 
0 

+ 0 . 3  

" 

Common 

1 8 / 2 / 7 3  

8 . 2  
1 2 . 4  
1 7 . 1  
23 *9 
2 6 . 9  
2 9 . 2  
3 0 . 4  
30.6 
3 0 . 4  
3 0 . 3  -- 

7 / 6 / 7 3  

43.4 
36.9 
3 1  * 3  
29.6 

2 8 . 5  
2 8 . 9  

2 8 . 4  
2 8 . 5  
2 9 . 2  
2 9 . 6  
" 

E.WBrooker & Associates Ltd. 
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FIGURE 111 - 2  GROUND TEMPERATURE PROFILE FOR BOREHOLE 682-C-4 



a 

TEMPERATURE OF 

.,: 

Page 22 

o”--o FEB. 18 , 1973 (INITIAL) - JUNE 7 ,  1973 
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FIGURE I I 1-3 GROUND TEMPERATURE PROF1 LE FOR BOREHOLE 677-S- I 
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a r e  s t i l l  f n  p l a c e .  However, S t r i n g  No.,2 was n o t e d  t o  be  damaged, 

when t h e   s e c o n d   s e t  o f  r e a d i n g s   w e r e  t o  be t a k e n ,  and i t  was 

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

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

will b e   p r e s e n t e d ,   o n   r e q u e s t .  

3 . 6  L a b o r a t o r y   P r o g r a m  

T h e   l a b o r a t o r y   p r o g r a m  w a s  d e s i g n e d   t o   p r o v i d e   b a s i c   c l a s s i f i c a t i o n  

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

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

samp le   and   each   samp le  was v i . s u a l l y   r e c l a s s i f i e d .   T h e   f i n a l   f i e l d  

b o r e h o l e  logs were  p r e p a r e d   b a s e d   o n   b o t h  t h e  f i e l d   a n d   l a b o r a t o r y  

s o i l   c l a s s i f i c a t i o n s .  

I n  t h e  E B A  Edmonton l a b o r a t o r y t r e p r e s e n t a t i v e  samples  were s u b j e c t e d  

t o   a d d l t i o n a l   c l a s s i f t t a t i o n  tests s ~ c h  a s  A t t e i - b a r g  L i m i L s ,  

H y d r o m e t e r   a n d   S i e v e   A n a l y s e s ,   O r g a n i c   C o n t e n t s   a n d   A c i d   R e a c t i o n  

Tests. Some s o l u b l e   s u l p h a t e   c o n c e n t r a t i o n   t e s t s   a n d   t e s t s  t o  d e f i n e  

t h e   a c i d i t y   r a n g e  of t h e  s u b s o i l   w e r e   a l s o   c a r r i e d   o u t  on r e p r e s e n t a -  

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

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

t a b u l a r  f o r m ,  i n  Volume I V ,  o f   t h i s   r e p o r t .  A l s o  i n c l u d e d   i n   V o l u m e  

I V ,  a r e  a i l  t h e   g r a i n   s i z e   d i s t r i b u t i o n   c u r v e s   f o r  the samples t e s t e d .  

I V .  REPORT P R E P A R A T I O N  

4 .1  B o r e h o l e  Logs 

The t i o r e h o j e  l o g s ,  p r e s e n t e d   i n   V o l u m e s  V t o  X l V  of t h i s   r e p o r t ,   h a v e  

e v o l v e d  f rom t h e   o r i g i n a l   f i e l d   n o t e s  o f  t h e   l o g g i n g   T e c h n i c i a n .  

The l o g   s h e e t ,  a s  p r e p a r e d   b y   t h e ' D e p a r t m e n t   o f   P u b l i c   W o r k s ,   c o n t a i n s  

E.W. Brooker & Associates Ltd. 
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space for  soil  and i c e  description a n d  the  basic  laboratory 
classification  tests.  The  original  field log ha5  been  altered to 
include the results of the  field  laboratory  classification  and  the 
Edmonton.  laboratory tests. The i c e  classifications  used  are . 

modified  from  those  outlined in the  National  Research  Council 
-Technical  Memorandum No. 73 (see  Section 3.2.1). ' The  soils 
were  classified  according to the  extended  Unified  Classification 
S y s  tem The  extended  Unified  Classification  System is different 
from  the  standard  system, in that, it defin-es  soils in the 
intermediate  plasticity range. The  intermediate  range,  according 
to the extended  system, is set a s  the  range  on  the  plasticity 
chart  between l i q u i d  limits of 35 a n d  50 percent.  Where  necessary, 
the classification of soils was augmented o r  modified  on the basis 
of  textural  classification  according to the U . S .  Engineers Department 

triangular  classification  chart 

2: 

3 '  

4.2 Mosaics 

The  airphoto  mosaics, of -the  highway  corridor,  show  an  area 
approximately  two  miles  wide centered about  the  center line of the 
highway.  The  field  location of. all boreholes,  potential  borrow 
areas,  and terrain units  has  been  added to the  mosaics.  The 
m o s a i c s  are presented, i n  total, i n  Volumes I t  and 1 1 1 ,  a n d  
additional  copies o f  each a r e  included, with their respective 
borehole  logs, in Volumes V to+XIV. 

The  center  line  boreholes a n d  borrow  area  access  locations  were 
~ located  on  the  mosaics, b y  scaling  the  distances on the  mosaics 
between  points of known  chainages,  ustng  the  field  chainage of 
,the boreholes  prepared, by 'rhe Department o f  Pub1 ic Works  Surveyors, 
d u r i n g  the winter.  Alterations were made t o  the  location of some 
center  line  boreholes and all  borrow  area  locations  when the results 
of the Canadian  Engineering  Surveys L t d .  spring  survey  became 
available. 

E.W Brooker & Associates Ltd. 
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The mi. leage  u n i t s   u s e d   o n   t h e  mosaics were p r e p a r e d   b y   f i x i n g  

the r i v e r   c r o s s i n g s  t o  t h e   C a n a d i a n   E n g i n e e r i n g   S u r v e y s   m i l e a g e  

a n d   p r o p o r t i o n i n g   t h e   m i l e a g e s   i n   b e t w e e n .  I t  was' n e c e s s a r y  t o  

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

e x a c t l y  t o  a s c a l e   o f  1 " : 1 0 0 0 ' ,  a n d   t h e   l o c a t i o n  o f  t h e   h i g h w a y  

on t h e   m o s a i c s   i s   n o t   p r e c i s . e .  

4 .3  T e r r a i n   E v a l u a t i o n  

I 

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

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

h i g h w a y .   T h e   c e n t e r   l i n e   b o r e h o l e   a n d   b o r r o w   a r e a   b o r e h o l e s   w e r e  

u s e d   i n   t h e   p r e p a r a t i o n  of t h e  t e r r a i n  map. C e n t e r   l i n e   t e r r a i n  

summary s h e e t s   i n c l u d e d   i n   V o l u m e s  I I  and 1 1 1 ,  h a v e   b e e n   p r e p a r e d  

t o  b e   u s e d   w i t h   t h e   m o s a i c s   w h i c h  show t h e   t e r r a i n   u n i t s .  A 

c e n t e r   l i n e   t e r r a i n  s u m m a r y   a n d   e n g i n e e r i n g   e v a l u a t i o n  is a l s o  

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

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

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

s t u d y   b y  J . D .  H o l l a r d   a n d   A s s o c i a r e s , f o r   t h e   C a n a d i a n   A r c t i c  Gas 

S t u d y   L i m i t e d  ( C A G S L ) ,  I t  was i n t e n d e d  t h a t  t h e  C A G S L  T e r r a i n  

S t u d y   a n d   t h i s   t e r r a i n   s t u d y   b e   c o m p l i m e n t a r y .   H o w e v e r ,   t h e  

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

s l i g h t l y   f r o m   t h o s e   u s e d   i n   t h e  C A G S L  t e r r a i n   s t u d y .  A l e g e n d ,  

d e s c r i b i n g   e a c h   u n i t  i n  g e n e r a l   t e r m s ,   h a s ' b e e n   i n c l u d e d   o n   t h e  

mosa i c s  
z 

E.WBrooker & Associates Ltd. 
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4.4 B o r r o w   Q u a n t i t i e s  

F o r   t h e   c a l c u l a t i o n   o f   b o r r o w   q u a n t i t i e s ,   t h e   p o t e n t i a l   b o r r o w  

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

m a t e r i a l .   T h e   a p p r o x i m a t e   a v e r a g e   t h i c k n e s s  o f  t h e   s u i t a b l e  

b o r r o w   m a t e r i a l   a n d   r e q u i r e d   s t r i p p i n g   d e p t h s  are summar ized 

i n   t h e   B o r r o w   A r e a  Summary T a b l e ,   A p p e n d i x  A o f   t h i s   V o l u m e ,  

T h e  s u r f a c e   a r e a  used i n   t h e   c a l c u l a t i o n  o f  t h e   q u a n t i t i e s  was 

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

p h o t o   s t u d y   o f   t h e   p o t e n t i a l   b o r r o w  a r e a  e x t e n t .   T h e   e x t e n t   o f  

t h e   b o r r o w   a r e a  was basad o n   t h e   b o r e h o l e   l o g s , .   a n d ' e v i d e n t .  - *  

p h y s i o g r a p h i c   f e a t u r e s .  

4 . 5  T h e o r e t i c a l   C o n s i d e r a t i o n s  of D e p t h  of F r e e z e ,  

D e p t h  o f  Thaw,   Thaw  Subs idence  and  Permaf ros t  

D i s t r i b u t i o n  

No a t t e m p t  has  been made w i t h i n   t h e   f r a m e w o r k  o f  t h i s   r e p o r t  t o  

p r o v i d e   s p e c i f i c   p r e d i c t i v e   v a l u e s   f o r   d e p t h   o f   f r e e z e ,   d e p t h  o f  

thaw, o r  amount  o f  t h a w   s u b s i d e n c e   a n t i c i p a t e d   f o r   a n y   s e c t i o n   o f  

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

a n d   a n a l y s i s ,   w h i c h  was c o n s i d e r e d  to be b e y o n d   t h e  scope o f   t h i s  

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

a n   e f f e . c t   o n   t h e   f r e e z i n g   a n d   t h a w i n g  phenomena i n   s o i l s .   H o w e v e r ,  

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

may be emp loyed  f o r  p r e d i c t i n g   d e p t h   o f   f r e e z e ,   d e p t h  of thaw  and 

m a g n i t u d e  of t h a w   s u b s i d e n c e ,  a d i s c u s s i q n   h a s   b e e n   i n c l u d e d  i n  

t h e   r e p o r t   c o n c e r n i n g   t h e s e   m e t h o d s .   T h i s   d i s c u s s i o n -  is p r e s e n t e d  

i n  d e t a i l   i n   A p p e n d i x  B o f  t h i s   r e p o r t .  I n  a d d i t i o n ,   d a t a   o b t a i n e d  

f r o m   t h i s   f i e l d   i n v e s t i g a t i o n ,   h a s   b e e n   a n a l y z e d   t o   p r o v i d e   s o m e , o f  

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

m e t h o d s   d i s c u s s e d .  

EM! Brooker & Associates Ltd. 
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An a t t e m p t  was also  made to ascertain t h e  factors  affecting  the 
presence o r  absence  of  permafrost  along  the  proposed  route. In 
this  regard, a statistical  analysis  of  permafrost  distribution, 
over a portion of the  route,  was  carried  out.  These  results  are 
discussed in detail in Appendix B, Subsection B . 1 . 3 ( b ) .  Based on 
the  analysis, it was  determined  that  permafrost was encountered 
i n  38 percent of the  boreholes  between  Mile 689 a n d  725. T h e  
incidence  of  permafrost  bore no significant  relationship to the 
p e a t  thickness.  However,  the  incidence o f  permafrost  was 
significantly  lower  on  the  old C.N.T. cut  line a n d  in burned  over 
areas (29 a n d  30 percent, respectively)  than in areas  where the 
r i g h t  of way had  been freshly  cleared ( 4 4  percent  occurrence). 

The incidence of permafrost in the section  studied  was  found to 

be significantly  greater in sands  and  silts t h a n  in other s o i l  

types. The true  significance of this  trend is difficult to 
ascertain  since  the  results  are  affected,  to  some  extent, by 
1 I m i t e d  d a t a  Per some s o i  1 t y p e s .  

Theoretical  studies  indicate  that,  under  constant  climatic 
conditions, t h e  presence of permafrost  may be dominantly a 
function o f  near  surface  soil  water  content.  Where  water  contents 
are  high,  permafrost  will  exist a n d  i t  will be non  existent  where 
water  contents  are low. D a t a  from  boreholes  between  Miles 700 a n d  
725 confirm t h i s  trend,  however, t h e r e  is considerable  scatter to 
the d a t a .  

v. R O U T E  CONDITIONS 

5 . 1  Bedrock  Geology 

The  northern  section  of the r o u t e ,  from Mile 7 2 5  t o  Mile 695, is 
on t h e  Anderson  Plain  division  of  the  Interior  Plains.  .The  section 
o f  t h e  route from Mile 695 Southward is in the F r a n k l i n  Mountains 

I 

E.M! Brooker & Associates Ltd. 
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division o f  the  Cordi.lleran  Region.  The geo 

s e c t i o n  of the  route i s  relatively  simple. 
logy o f  the  former 
However, in the latter 

section,  folding  and  faulting  have  expos-ed much more  varied a n d  
complex  geologic  conditions.  Table V - 1  provides a summary  of  the 
significant  bedrock  geology  over  which  the  highway m u s t  be b u i l t .  
The table  presented is a literature summary a n d  most  of  the 
information is very  general. A field  geological s t u d y  was  not 
conducted a s  p a r t  o f  this  investigation. 

4,5. 

The  pertinent  geologic f a c t o r s ,  summarized i n  Table V - 1 ,  a r e :  

1 )  Gypsum  beds  and  gypsum-rich  limestones  are 
found  through-out  the  study  area.  These  are 
the  probable  source of the  sulphur-rich  springs, 
seeps, a n d  streams  which  are  common  near  the 
mountains.  Sulphate  resistant  concrete  wlll 
probably be required  wherever  concrete i s  placed 
in contact  with n a t u r a l  materials,or  whenever 
local  aggregate i s  used. 

2) Exposed shales in t h i s  area  are often  unstable 
and  subject to mud-flows  on  moderate to steep 
slopes,  and 

3) Bedrock  of  the  Bear Rock Formation is cavernous 
a n d  therefore i s  a potential h a z a r d  wherever i t  
i t  i s  crossed. 

5.2 Surficial  Geology 

All of the  surficial d e p o s i t s ,  within  the  study a r e a ,  are  glacial 
to  post-glacial in age. T h e  area.north o f  Brokenoff Gap i s  

covered by glacial  age  deposits  consisting of glacial l a k e  sediments, 
basal tills,  and  eskers.  Some  fluvial  or  lacustrine  sediments 
exist  between  Fort Good Hope  and  the  Rabbit  Skin (Hare Indian) 

River-  South o f  Brokenoff Gap, in t h e  Hanna River Basin, a large 
glacial : a k e . i s  believed to h a v e  developed  due to a restricted 
outflow-from  the  Mackenzie R i v e r  at  some  unknown t i m e ,  

E,W Braoker & Associates Ltd. 
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T A B L E  V - l  
L 

B E D R O C K  G E O L O G Y  'O 
*I 

I FORHATI ON O R  
G R O U P  NAME G E O L O G I C  D E S C R I P T I O N  

S h a l e ,   s i l t s t o n e ,   s a n d s t o n e   a n d  
c o n g l o m e r a t e   I n   p a r t   n o n - m a r l n e ,  
S h a l e s   a r e   g r a y   t o   b l a c k ,  c l a y e y  
t o  s i l t y  m l c a c e o u s ,   c o n c r e t i o n a r y  
w i t h  some l o c a l   i t s n s t a i n l n g   a n d  
g y p s u m   c r y s t a l s .  The s l l t s t o n e s  
a r e  d e r k   g r e y  t o  g r e y   g r e e n ,  
m i c a c e o u s ,   l a m i n a t e d .   T h i n   b e d d e d  
b e n t o n i t i c  s h a l e s  a n d b l t u m l n o u s  
beds a r e  n o t  uncommon. 

E N G I N E E R I N G  S I G N I F I C A N C E  

T h i s   u n l t  1% a w h o l e   w e a t h e r s  
i n t o  l a r g e   s l u m p   b l o c k s   o n  
m o d e r a t e   t o   s t e e p  s l o p e s .  
B e n t o n i t e  b e d s  can  be h a r r a r d -  
01.1s on  any  s lope.   The  gypsum 
a n d   i r o n   s t a i n i n g   i n d i c a t e  
p o t e n t i a l   s u l p h a t e   a t t a c k s   o n  
a n y   c o n c r e t e   i n   c o n t a c t   w i t h  
t h e   m a t e r i a l  

C r e t a c e o u s  
( u n d l v l d e d )  

I 
E r o s i o n a l   U n c o n f o r m i t y  

I m p e r i a l   F o r m a t i o n  B r o w n   a n d   g r e e n i s h   b r o w n   f i s s i l e  The d a r k   c o l o u r e d   s h a l e s   a r e  
s h a l e s  w i t h   s u b o r d i n a t e   I m p u r e ,   k n o w n   t o  be s u b j e c t  t o  mud- 
brown , f i n e - g r a   i n e d   s a n d s t o n e   a n d   f l o w s  
s i l t s t o n e  b e d s  i n  p a r t   n o n - m a r i n e  

F o r t  Creek  o r  
C a n o l   F o r m a t i o n  

Upper 
Devon i an  

The b i t u m i n o u s   s h a l e s   a r e  
s u b j e c t  t o  s p o n t a n e o u s  
combust I on 

T h e   u p p e r   u n i t s   a r e   g r e y   s h a l e s ,  
t h i n   s a n d s t o n e s ,   b i t u m i n o u s  s h a l e s  
w i t h   c o r a l   r e e f s   a n d   l i m e s t o n e .  
The  lower u n l r s  a r e   d a r k   p l a t e y  
sh& 1 e 5  

Kee S c a r p   p a r t   i s  a t n i c k  b e d d e d  
and  mass ive  p a l e  b r o w n   I l m e s t o n e .  
t h e   R a m p a r t s   p a r t  i s  m a i n l y  
medium  bedded  brown I imes tone  

- 
S t a b l e ,   d u r a b l e   m a t e r i a l  
V e r y   d u r a b l e .   E x c e l l e n t  
M a t e r i a l  

P.a;:,pt: t s f+cr:;a t ; " 1 1  

and Kee Scarp  
F o r m a t   i o n  

H a r e   I n d i a n  
F o r m a t i o n  

M i d d l e  
Devon  ian  

C o n s i d e r a b l y   l e s s   d u r a b l e  
r o c k  

G r e e n i s h   g r e y ,  g r e y  a n d   p a l e  
b r o w n   s h a l e s   w i t h   c a l c a r e o u s  
s i l t s t o n e s   i n   t h i n   b e d s .   L o c a l l y  
t h i n  beds o f  f o s s l l l i f e r o u s  
1 i m e s t o n e  . 

W e l l   b e d d e d   a n d   r u b b l y   l i m e s t o n e .  
h l g h l y   f o s s i l i f e r o u s  Shales i n  
m i d d l e   a n d   l o w e r   p a r t s  

M i d d l e  
Devon ian  

S t a b l e   a n d   d u r a b l e   u p p e r  
p a r t s  

Hurne F o r m a t i o n  

.. .~ ~ _ _ _ _ _ _  

S i l u r i a n   t o  
M i d d l e  
Devon i an 

B e a r  Cock  
F o r m a t   i o n  

S o l u t i o n   b r e c c i a t e d   d o l o m i t e s   a n d  
l i m e s t o n e   w i t h   t h i n   t o   m a s s i v e  
b e d s  o f  gypsum  and some a n h y d r i t e  

S u l p h a t e  a t t a c k  o n   c o n c r e t e  
i s  p o s s i b l e .  The  cavernous  
n a t u r e  o f  t h i s   u n i t   a n d   t h e  
s i n k s   r e l a t e d   t o  i t  i n d i c a t e  
a p o t e n t i a l   h a z a r d  o f  c r o s s i n g  
t h i o   r o o f e d   c a v e r n s  

E r o s i o n a l   D i s c o n f a r m i t y  

Ronn ing   g roup  L o w e r   S i l u r i a n  B r o w n i s h  g r e y  t o  medium  g rey  C h e r t   c o n t e n t  make t h i s  
M o u n t   K i n d l e  t o  Upper f i n e l y   c r y s t a l l i n e   d o l o m i t e   a n d  m a t e r i a l   u n s u i t a b l e   f o r  
F o r m a t   i o n  O r d o v i c i a n  and  some l i m e s t o n e s   w i t h   c h e r t  c o n c r e t e   a g g r e g a t e  
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South o f  the  Paige  Mountain  spur,  almost all  glacial  sediments 
appear  to  have  been  scoured  out  and  replaced by fluvial  sediments. 
These  sediments  were  deposited a s  t h e  Mackenzie  Ri-ver, o r  a 
meltwater  channel i n  the  same  valley,  meandered  near  its  mountainous 
eastern  channel  wall. O n l y  on  the h i g h  ground  south o f  Mile 640, 
does a large  expanse of g r o u n d  moraine d e p o s i t  remain. Locally, 
lacustrine  sediments  can be  found in abandoned  meander  channels. 

A detailed  description of the  various  surficiat  deposits i s  

included  with  the  Terrain  Legend,  accompanying  the  airphoto  mosaics, 
in Volumes I I  and 1 1 1  of t h i s  report. The probable  origin of 
most d e p o s i t s  is discussed in P a r t  V I  o f  this  report. 

V I .  G E O T E C H N I C A L  ANALYSIS O F  T H E  P R O P O S E D  H I G H W A Y  R O U T E  

6.1 Section I (Mile 725 to  Mile 706) 

6 . 1 . 1  Surficial  Materials a n d  Londitions 
"""1""- "" 

6 . 1 . 1 ( a )  R a b b i t  Skin  (Hare  Indian)  RLvEr-Basjn- 
"""""I" 

A region o f  glacio-fluvial o r  glacio-lacustrine  sediments  exists 
between  the R a b b i t  Skin  (Hare I n d i a n )  River, a t  Mile 724.7 (south 
bank),  and  the  Fort  Good  Hope  esker, a t  M i l e  7 2 2 . 5 .  These 
sediments  were  deposited by a flooding  ancestor o f  the  present 
river  or in a lake  which  formed'in  the  late  stages o f  the l a s t  

glaciation.  The  sediments  are  generally silts and c l a y s ,  which 
are  siltier  towards  the  present  river, a n d  are  replaced b y  sandy 
to  gravelly  river t e r r a c e s  along  the  banks o f  the present  river 
channel.  Several  small l a k e s  and  ponds  have  developed in lowlying 

E.W. Brooker & Associates Ltd. 
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p o c k e t s  i n  the b a s i n   p l a i n .  I n  t h e s e   l o w l y i n g  a r e a s ,  u p  t o  6 
f e e t  o f  p e a t   a n d   o - r g a n i c   s o i l  h a s  f o r m e d   a n d   l o c a l i z e d  i c e  wedge 

p o l y g o n s ,  or t h e i r   r e m n a n t 5 ,  can be o b s e r v e d   n e a r   t h e  r o u t e  

p r o p o s e d  f o r  t h e   h i g h w a y .  

6 . 1 . 1  ( b )  F o r t  Good HoEe E s k e r  
""I- "" 

T h e   e s k e r   i s   t h e   p r i n c i p l e   l a n d   m a r k  o f  t h e  F o r t  Good  Hope a r e a .  

I t  i s  a p p r o x i m a t e l y  1 0 0  f e e t   h i g h ,   a n d   a l m o s t  2 m i l e s   l o n g .   T h e  

e s k e r   h a s   v e r y   s t e e p  s i d e s  and i s  o n l y   a b o u t  300 f e e t   w i d e ,  a t  t h e  

t o p ,  where  t h e  h i g h w a y   c r o s s e s  i t  a t   M i l e  7 2 2 . 2 .  C h a r a c t e r i s t i c a l l y ,  

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

and f i l l i n g s   i n   k e t t l e s .   T h e s e   m a t e r i a l s   w e r e   f r o z e n   w h e r e   t h e y  

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

p o o r l y   b o n d e d ,  I t  i s  e x p e c t e d  t h a t  the e s k e r  will be a n  e x c e l l e n t  

s o u r c e  of b o r r o w   m a t e r i a l s  for r o a d   g r a d e   c o n s t r u c t i o n   a n d   f o r   g r a v e l  

s u r f a c i n g  cot!rses .  F i g u r e  6 - 1 ,  f c r l l ~ w i n ; ,  shows t h e  t e r m i n o l o g y ,  

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

i n   t h i s   r e p o r t .  

6 . 1 . 1 ( c )  """""1 J a c k f i s h   C r e e k   G l a c i a l - L s k E  EasTn 

S a n d   d u n e s   o c c u r ,   o n   e i t h e r   s i d e  o f  J a c k f i s h   C r e e k ,   f r o m   t h e   e s k e r  

t o  a p p r o x i m a t e l y  M i l e  7 2 0 . 7 .  T h e y   a r e   p r e s e n t l y   s t a b i l i z e d   b y  

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

a n d   b e a c h   d e p o s i t s   w h i c h  a r e  f o u n d   b e t w e e n   t h e   c r e e k   a n d   t h e   e s k e r .  

These  dunes a r e  f r o z e n   a n d   g e n e r a l l y  t o o  s m a l l  t o  c o n s i d e r  f o r  

' p o t e n t i a l   b o r r o w   m a t e r i a l  

E.W Bsooker & Associates Ltd. 
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From M i l e  7 1 8 . 8   t o  7 1 8 . 0 ,  up io 1 1  f e e t  of g l a c i o - l a c u s t r i n e   c l a y s  

o v e r l i e   c l a y  t i l l. T h e   s e d i m e n t s  h e r e ,  and t o   t h e   n o r t h ,   a r e  

g e n e r a l l y   f r o z e n .   H o w e v e r ,   t h e   t i l l s   e n c o u n t e r e d   b e l o w   t h e s e  

s e d i m e n t s ,   a n d   s o u t h  o f  h e r e ,   a r e   o f t e n   u n f r o z e n .   T h e   s i g n i f i c a n t  

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

o p t i m u m   f o r   c o m p a c t i o n .   J a c k f i s h   C r e e k ,   w h i c h   h a s  t h e  l o w e s t  

e l e v a t i o n  of  t h i s   s e c t i o n  o f  h i g h w a y ,  i s  c r o s s e d  a r ' M i l e  7 2 1 . 2 .  ~h~ 
c r e e k   v a l l e y  i s  c h a r a c t e r i z e d  by h i g h  i c e  c o n t e n t   s i l t s   a n d   o r g a n i c  

m a t e r i a l s .   S i m i l a r   g l a c i o - l a c u s t r i n e   s i l t s   a n d   c l a y s   e x t e n d ,   f r o m  

t h e  c r e e k ,  t o  180 f e e t  a b o v e   t h e   e l e v a t i o n  o f  t h e  esker i n  M i l e  7 1 8 .  
A d e t a i l e d   d e s c r i p t i o n  of t h e  

C r e e k   C r o s s i n g  R e p o r t ,  Volume 

6 . 1 . 1 ( d ) .   D r u m l i n i z e d   T i l l  P i '  
""""" 

From M i l e  7 1 8  t o  t h e   T s i n t u  R 
708 t o  M i l e  7 0 2 ,  t h e   d o m i n a n t  

of p a r a l l e l   n o r t h - e a s t  t o  s o u  

c r e e k a r e a  is p r o v i d e d  i n  t h e   J a c k f i s h  

x v .  

I 
i n- 

v e r ,  a ' t - M i l e  7 1 1 . 3 ,   a n d   f r o m  M i l e  

p h y s i o g r a p h i c   f e a t u r e s   a r e  a s e r i e s  

h - w e s t   t r e n d i n g  t i l l  r i d g e s   a n d  

l o w l a n d s .   G e o m o r p h i c a l l y ,  t h e s e  r i d g e s   a r e   b e s t   d e s c r i b e d   a s  

mo lded  b a s a l  .t i l l .  The r i l l s  a r e   g e n e r a l l y   l o w  t o  i n t e r m e d i a t e  

p l a s t i c   c l a y  t i l l t o   c l a y - s i l t . t i l 1   a n d  become s i l t i e r  n e a r  

S n a f u   L a k e .   T h e y   a r e   w e l l   g r a d e d   a n d   c o n t a i n   g r a v e l   t o   c o b b l e s  

t h r o u g h o u t   t h e   r e g i o n .   I n  t h e  l o w l y i n g  a r e a s ,  b e t w e e n   t h e   r i d g e s ,  

g e n e r a l l y  2 t o  3 f e e t  o f  o r g a n i c   s o i l  a n d  p e a t   h a v e   f o r m e d   o v e r  

t h e  t i l l .  

F o r  3 4  r e p r e s e n t a t i v e  t i l l  s a m p 1 . e ~   t e s t e d ,   t h e   l i q u i d  limit a v e r a g e d  

3 0 . 0  p e r c e n t   a n d   t h e   p l a s t i c  limit a n d   p l a s t i c i t y   i n d e x   a v e r a g e d  1 5 . 6  
p e r c e n t   a n d  1 4 . 4  p e r c e n t ,   r e s p e c t i v e l y .  For  t h e  same s a m p l e s   t h e  

n a t u r a l   w a t e r   c o n t e n t  was f o u n d   t o   a v e r a g e  1 6 . 8  p e r c e n t .   B a s e d   o n  

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

c o n t e n t  f o r  t h e s e   t i l l s   i s   a b o u t   1 5   p e r c e n t .  

E.W. Brooker & Associates Ltd. 



6 . 1 . 1 ( e )  U n d i f f e r e n t i a t e d  Ground 
"""1""- "" 

M o r a   i n e  

S o u t h  of t h e   T s i n t u   R i v e r ,  a t  M i l e  7 1 1 . 3  t o  M i l e  ,708.2, s h a l e   b e d r o c k  

o c c u r s   w i t h i n  4 t o  6 f e e t  of t h e   s u r f a c e .   O r g a n i c   c l a y   a n d   p e a t  

d e p o s i t s   d i r e c t l y   o v e r l l e   t h e  s h a l e ,  i n  some a r e a s ,  or o v e r l i e   t h i n  

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

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

b o u l d e r s ,   w h i c h   a r e  common n o r t h   o f   t h e   T s i n t u   R i v e r  o r  south o f  M i l e  

708.2 .  

6 . 1 . 2  . Bo r row  Resources  
"11" " 

I n   t h e  F o r t  Good  Hope D e v e l o p m e n t   C o n t r o l   Z o n e ,   w h i c h   e x t e n d s '   o n  

c e n t e r   l i n e ,  f r o m  t h e   R a b b i t   S k i n   R i v e r   s o u t h   t o   a b o u t   M i l e  7 1 9 . 3  t h e  

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

e x c e l   l e n t   g r a n u l a r   b o r r o w .   m a t e r i a l .   H o w e v e r ,   t h e   f i e l d   p a r t y  was 

n o t  p e r m i i i e d  lo e x p i o r e   f o r   b o r r o w   w i t h i n  t h e  F o r t  Good Hope 

D e v e l o p m e n t   C o n t r o l  Zone, C o n s e q u e n t l y  ~ d e t a i l e d   i n f o r m a t i o n   c a n -  

n o t  be p r e s e n t e d .  I t  i s  e x p e c t e d ,  h o w e v e r ,   t h a t   g o o d   g r a v e l   b o r r o w  

m a t e r i a l   e x i s t s   i n   t h e   r i v e r   t e r r a c e   n e a r e s t   t h e   R a b b i t   S k i n   ( H a r e  

I n d i a n )   R i v e r   a n d   t h a t  good t o   e x c e l l e n t   s a n d   a n d   g r a v e l  could be 

o b t a i n e d  f r o m  t h e  e s k e r  and t h e   o u t w a s h  d e l t a  t o  t h e  w e s t  o f  t h e  

e s k e r .  

T h e  f i r s t  a r e a   e x p l o r e d   f o r   b o r r o w ,   o u t s i d e   t h e   C o n t r o l   Z o n e ,  w a s  

' t h e  e x t r e m e   e a s t   e n d  o f  the  e s k e r .  The d r i l l i n g   i n   p o t e n t i a l  

b o r r o w   a r e a   n u m b e r   o n e  ( B A  1 )  p r o v e d   t h a t  t h e  e s k e r  i s  a s o u r c e  o f '  

l a r g e   q u a n t i t i e s  o f  h i g h   q u a l i t y   s a n d   a n d   g r a v e l  for r o a d   g r a d e  

c o n s t r u c t i o n   a n d  for g r a v e l   s u r f a c i n g   c o u r s e s .  A g r a i n  s i z e  

d i s t r i b u t i o n   c u r v e ,   f r o m   b o r e h o l e  7 2 1 - B - 4  on t h e   e s k e r ,   i s   p r e s e n t e d  

i n  Volume I V  o f   t h ' i s   r e p o r t .  

E.W hooker & Associates Ltd. 



For t h e   n e x t   s e v e r a l   m i l e s ,   t h e r e   a r e  no m a t e r i a l s  o f  a p p a r e n t  

s u i t a b l e   q u a l i t y  o r  s u f f i c i e n t   q u a n t i t y  t o  be  used f o r   b o r r o w  

m a t e r i a l .  S a n d   d u n e s   e x i s t   w i t h i n   t h e   C o n t r o l  t o n e ,  b u t   g e n e r a l l y  

t h e y   a r e   s m a l l  a n d ,  based on l i m i t e d   d r i l l i n g ,   t h e y   w e r e   f o u n d  t o  b e  

f r o z e n   b e l o w  a 1 0  f o o t  a - c t i v e   z o n e .   M o i s t u r e   c o n t e n t s   i n   e x c e s s   o f  

2 0  p e r c e n t   w e r e   p r e v a l e n t .  I t  i s   e x p e c t e d   t h a t   t h e   s a n d   w o u l d   n o t   b e  

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

a l l o w e d  t o  t h a w   t h e   h i g h   w a t e r   c o n t e n t   w o u l d  make e x c a v a t i o n   a n d  

p l a c i n g   e x t r e m e l y   d i f f i c u l t .  I f  t h e  sand was p l a c e d  a s  r o a d   g r a d e  

m a t e r i a l   w h i l e  s t i l l  f r o z e n ,  i t  w o u l d   p r o b a b l y   b e   u n s t a b l e  f o r  a 

p e r i o d  of t ime   when  i t  thawed .  

A r i d g e  o f  e x p o s e d   l i m e s t o n e   ( U p p e r   - R a m p a r t s   F o r m a t i o n )   c o n s t i t u t e s  

a p o s s i b l e   b o r r o w   s o u r c e  a t  M i l e  7 1 8 . 7  ( B A 2 A  & B A 2 B ) .  I t  i s  

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

b u t   t h a t   s u b s t a n t i a l   q u a n t i t i e s  of good m a t e r i a l   c o u l d   b e   o b t a i n e d  

h e r e .  i j r a i n a g e   a n d   s t r i p p i n g   r e q u i r e m e n t s  a r e  n o t   e x p e c t e d  t o  

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

A n t i c i . p a t e d ,   p i t  conditions a,re summarized i n  .Tab le  V I - 1  and i n  

A p p e n d i x  A o f   t h i s  Volume, 

A d d i t i o n a l   source^ of good b o r r o w   m a t e r i a l   a r e   s c a r c e   i n   t h e  

r e m a i n d e r  o f  t h i s   s e c t i o n .   T h e r e   a r e ,   h o w e v e r ,  two a l t e r n a t i v e  

s o u r c e s  of s e c o n d a r y   q u a l i t y   m a t e r i a l   w h i c h   c o u l d   b e   d e v e i o p e d .  ' 

One s o u r c e  is t h e  u n f r o z e n   t i l l s ,   w h i c h   w e r e   f o u n d   b e t w e e n   M i l e  718  
and S n a f u  L a k e ,  a t   M i l e  703 ;  a n d   t h e   o t h e r  is s h a l l o w   s h a l e   b e d r o c k  

w h i c h   g e n e r a l l y   o c c u r s ' a t   d e p t h s   g r e a t e r   t h a n  10 f e e t ,   e x c e p t   b e t w e e n  

M i l e  7 1 3 . 3  a n d   M i l e  706. 

E.W Braoker & Associates Ltd. 
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These  materials  are  considered to be  less  deslreable  than  granular 
materials  or  quarried  limestone  because  the  shales  will  degrade  into 
silt a n d  clay  within a f e w  years.  The  tills also have a h i g h  
percentage o f  silt a n d  clay.  The  silt,and  clay  content in these 
materials is undesireable  because  they  are h i g h l y  . f r o s t  susceptible 
a n d  easily  eroded.  The t i l l  will  require a capping  of g r a n u l a r  
material  or  broken  limestone  when it is placed,  and  the  shale  will 
re,quire a similar  capping  within a few  years. 

Table V I - 1  summarizes  the  borrow a r e a s ,  for  this  section,  which  are 
believed t o  have  the most favorable  materials a n d  conditions  for 
development.  Appendix A presents a summary o f  all potential  borrow 
area5  explored 

6 . 1 . 3  
””” D r a  i nage  CongiLeratiEns 

Jackfish  Creek is. the  only  major  drainage  channel  encountered 
between t h e  R a b b i t  S k i n  River  and  Mile  718. A discussion of the 
creek  crossing is presented in Volume X V  of this  report. A major 
spring  runoff  channel a t  Mile 724.3 is the  only  other  drainage 
feature  which  could be a problem  north  of  Jackfish  Creek. 

Between  Mile 718  a n d  714, the  route  cro~ses  two  wide  peat  lands  or 
fen  areas.  The  potential  for s p r i n g  flooding is h i g h  a n d  the  soil 
conditions  are  poor. A re-routing h a s  been  proposed  for t h i s  region 
to by-pass  some of the  problems  expected in t h i s  area.  This  re-route 
is discussed i n  more  detail in subsection 8.3 o f  t h i s  report. 

In the  drumlinized t i l l  plain, n o r t h  of the  Tsintu  River,  considerable 
spring  flooding is anticipated.  There  will be a need  for  culverts 
to join all lowlying rr.gions. A creek  crosses  the  highway a t  M i l e  

713.6. I t  is expected t h a t  a considerable  volume of water  will p a s s  
th.rough the  lowlands  an  either side -of t h i s  stream a t  the time  of 
break-up.  Consequently, a majo-r  culvert is anticipated  to be 

requ i red here. 
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B O R R O W  
A R E A  
N O .  

1 

2 A  E 
2B 

9 

10B E. 
1 1  

1 3  
14 

1 6 A  i 
1 6 ~ .  

1 7  

19  
2 0  

2 2  

S U G G E S T E D  B O R R O W  

A C C E S S  
MI L E  

7 2 1 . 5  

7 1 8 . 7  

715.3 

714.5 

713.8 

7 1 3 . 2  

7 1 2 . 7  

709 t o  
7 1 0  

706 7 

M A T E R I A L  
D E S C R I P T I O N  

S a n d  a n d  
G r a v e l  

L i m e s t o n e  

C l a y  Till 

L i m e s t o n e  

C l a y  Till 

C l a y  Till 

S h a l e  

S h a  1 e 

S h a l e  

P O T E N T I A L  
U S A G E  

S u r f a c e  
C o u r s e  
S u b g r a d e  

S u r f a c e  
C o u r s e  

S u b g r a d e  

S u r f a c e  
C o u r s e  

S u b g r a d e  

S u b g r a d e  

S u r f a c e  
C o u r s e  

S u r f a c e  
Course  to 
S u b g r a d e  

S u b g r a d e  

A N T I C I P A T E D  
P I T  
C O N D I T I O N S  

We1 1 
D r a i n e d  

We1 1 
D r a  i n e d  

U n f r o z e n ,  
L o w  M/C 

C o n s  i d e r -  
a b l e  
S t r i p p i n g  

Unf  r o r e n  , 
Low M / C  

U n f r o z e n ,  
Low M / C  

M a y  be 
Wet 

W e t   i n  
S p r i n g  

M a y  be 
Wet in 
S p r i n g  

EST I M A T E D  
Q U A N T I  TY 

V e r y  Great  

C O M M E N T S  

F t  . Good 
Hope Esker 

260,000 y d s ,   O u t c r o p  
M i n i m u m  

U n c e r t a  i n 

78,000 y d s  
M i n i m u m  

U n c e r t a i n   L a r g e   A r e a  

U n c e r t a i n   L a r g e   A r e a  

160,000 y d s  
M i n i m u m  

V e r y   G r e a t   P o t e n t i a l  
L a r g e  P i t  
L o c a  t i on 

200,000 yd  s 
M i n i m u m  
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I 
between 5 and 10 feet. 

The  Tsintu  River  crossing is considered in greater  detail in 
Volume X l l l  of  this  report.  South of the  Tsintu  River,  at  Mile 
711.3, a wide  lowlying  peaty  area  extends  for half. a mile.  This 
lowlying  area  should  receive  careful  attention  when  placing 
culverts because i t  will probably be flooded  every s p r i n g .  

Between M i l e  708.6 a n d  Mile 708.3, a lowlying  region  exists  which 
could be completely  flooded in the s p r i n g .  I t  is believed t h a t  
there  will be a need  for a major  culvert  system  through t h i s  
regian. From Mile 708.3 to S n a f u  Lake,  lowlying  areas in the 
drumlinized t i l l  p l a i n  will be major  channels  for  spring  runoff, 
These  channels  will  each  require  culverts. 

6. I . 4  Construction  Problems  and  Recommendatiznq """""""""- 

The  principle  design  consideration a n d  construction  problem 
antIcIFsted f c r  t h i s  scctIor: of t h e  hI,-t;:-:ey w i l l  52 to d e v c ! G F  

adequate s u p p l i e s  of good  quality  borrow  materials.  The  only 
sources  of good material a r e  t h e  Fort Good Hope  esker,  the  bedrock 
ridge at Mile 718 a n d  the  limestone  bedrock a t  Mile 7 1 4 . 5 .  However, 
much  of t h e  esker  lies  within  the  Fort Good Hope  Development  Control 
Zone a n d  may,  therefore,  not be available a s  a s o u r c e  of  borrow 
material. 

South o f  approximately  Mile.714, it is considered  necessary  to 
develop  poorer q u a l i t y  borrow  from  either the unfrozen t i l l s  or 
from  the  shale  bedrock.  The t i l l  i s  more  readily  available  and 
very  little  stripping  would be required.  The s h a l e  i s  generally 
deeper t h a n  10 feet,  except  between  Mile 713.3 a n d  706, where  the 
depth to shale  within  the  potential  borrow  areas was noted  to  range 

E,W. Brooker & Associates Ltd. 
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The  tills a r e  f r o s t  susceptible  and,  therefore,  are  slightly 
undesireable f o r  road bed materials.  However,  they  generally 
e x i s t  at  natural  moisture  con'tents  very  near t o  the  optimum 
moisture  content f o r  placement  and  compaction,  they  are  unfrozen 
and  therefore  should be easy to excavate, a n d  they  are  readily 
available. I t  is recommended t h a t  use o f  the  unfrozen  tills be 
confined  to a summer  construction  program. D u r i n g  a late  wi,nter 
construction  program,  their  use is regarded a s  undesireable  because 
they  will,,,be  seasonally  frozen  for a considerable  depth m a k i n g  
excavation  difficult. In addition, i t  is desireable t h a t  the 
t i l l  be excavated,  placed  and  compacted  under  above  freezing 
conditions. A n y  delays d u r i n g  a winter  construction  schedule 
would  allow  freezing.  However, in some a r e a s  where  borrow  area 
a c c e s s  difficulties  will be encountered, a n  early  winter  construction 
schedule m a y  be desireable. 

The s h a l e s  a r e  believed  to  be.compaction  sh,ales* a n d  it appears, 
from  uncontrolled  slaking  tests, t h a t  the  material  will  break 
down  relatively  quickly.  The  resulting  material is h i g h l y  frost 
susceptible s i l t  and  clay  which is also  readily  subject to scour. 
I t  is considered t h a t  this  material  would  serve a s  a suitable b a s e  

course  for a n  i n i t i a l  two  or  three  years, b u t  would  slowly  break 
down  into  easily  eroded, h i g h l y  frost  susceptible  material. 
Therefore, i t  is believed t h a t  the  shale  will  require a protective 
covering of gravel  or  crushed  limestone o r  dolomite if i t  is to be 
incorporated  into a road  grade. 

* Compaction  Shales: a r e  shales  that  have  formed  predominantly by  
compaction of silt  and  clay  sediments  with  limited  recrystalization 
and  little  or no cementing.  The  compaction  bonds a r e  usually  easily 
broken by the  swelling  and s h r i n k i n g  of the  clays a s  they  alternately 
absorb  and  release  moisture  under  normal  weathering  processes. 

E.W.BBrooker & Associates Ltd. 
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6.2 Section I t  (Mile 705 to Mile ' 6 8 9 )  

6.2.1 """"_ Surficial  Material5 &n& LoEditions- "1 

6.2.1 (a) ""I" Snafu  Lake Gla~i=l_B=sI-n- 

From  Mile 705 to  Mile 700, glacio-lacustrine  silts  and  clays,  and 
organic  soils  and  peat,  overlie  the  drumllnized t i l l  plain  described 
in subsection 6.1.1(c). The  glacio-lacustrine  sediments  average 
about 6 feet  thick in the lowlying a r e a s ,  b u t  a r e  absent  from  the 
drumlinoid  features.  The  peat  and  organic  soil in this  area is 
generally  thicker  than  elsewhere.  Consequently, i t  is believed 
that  these a r e a s  will  require  more  road bed fill  to  maintain t h e  

grade.  The h i g h  water  and  ice  contents in these  soils  will probably 
lead  to  significant  settlements  which will continue  for a 
considerable  period o f  time. 

6.2.l(b) Beavertail G a p  (Mile 695.1 t o  694.1) 
""""""""I 

From Mile 699.7 to 695.1, the  route passes  over undifferentiated 
ground  moraine. I n  this  section, local peat cover is commonly -up 
to four  feet  thick.  Silt  tills  and  clay  tills,  which  are  probably 
unfrozen in the  summer  ~eason,  overlie  shale  bedrock  at  about 13 
feet.  Far  the t i l l  samples  tested in this  region,  the  average 
l i q u i d  l i m i t  was 30.0 percent a n d  the  average  plastic l i m i t  and 
plasticity  index  was 16.1 percent a n d  13.9 p e r c e n t ,  respectively. 

W i t h i n  the g a p , .  Mile 695.1 to 694.1, the surficial  geology is 
very complex. Sand and  gravel kames appear in one  section o f  

the  route, a n d  a t  least 9 feet o f  gravel  overlies  an  apparent 
bedrock h i g h  at  Mile 694.1. Two  glacial  lake arms; one  from 
Snafu  Lake  and  one  from  Chick L a k e ,  approach  the  pass  from  their 
respective  sides. It is believed  that a t  one  time the two  lakes 
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were joined  through t h e  P a s s -  On the higher  slopes,  all  glacio-’ 
lacustrine  sediments  probably  have been removed b y  slopewash  and 
t h e  u n d e r l y i n g  silt tills and  clay  tills  are  exposed.  These t i l l s  
have  a moderate to h i g h  i c e  content, in the upper  10 feet,  where 
they  are  overlain b y  organic  rich soil  or  peat,  Active  solifluction 
and  slopewash  continue  and in several  areas  relatively  thick  deposits 
of peat  have b u i l t  up. 

Alluvial f a n s  have developed  where  small streams drain o f f  

Beavertail  Ridge.  Although  center  line  and  borrow  area  borings 
d i d  not  reveal  much of the nature of these deposits i t  is believed 
t h a t  they  represent.an  unproven b u t  potential  source of barrow 
sands a n d  gravels. 

6.2.1(~) Chick Lake Glacial  Basin 
““““““1 

From  Mile 693.0 to Mile 691.6, the  route c r o s s e s  a glacial lake- 

basin  which  now  contains  Chick L a k e ,  H i g h  ice  content  lacustrine 
clays, overlain b y  several  feet o f  organic soil a n d  peat a r e  common, 
Ice contents  are  estimated t o  average u p  to 25 percent in the top 
10 feet of the subgrade. 

Silt  tills a n d  clay  tills a r e  found,  at o r  near  the  surface,  between 

Mile 694.1, in the north,  and t h e  Donnelly River (Mile 689.7) in 
the south. A t h i n  mantle of o r g a n t c  soils,  lacustrine clay a n d ’  

silt, o r  solifluction  silt  occurs in local depressions. I t  i s  

believed t h a t  the  tills  were  completely  overlain b y  glacio-lacustrine 
sediments  which have been  largely  stripped  away by slopewash a n d  
solifluction.  Generally,  the  lacustrine  silts  and  solifluction  silts 
are h i g h  ice content  material  which  on t h e s e  moderate  to  gentle 
slopes,  could be .unstable. 

E.W Brooker & Associates Ltd. 
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6.2.2 Borrow R e s ~ u ~ c e s -  ""- c 

An irregular  deposit o f  well  graded  gravel  was  located a t  Mile 
703.9 ( B A 2 5 ) .  The q u a n t i t y  available is uncertain, b u t  based on 
a g r a i n  s i t e  distribution  curve of this  material,  presented in 
Volume IV ,  the q'uality is considered to be good.  I t  i s  recommended 
t h a t  additional d r i l l i n g  o r  test p i t t i n g  be carried  out  to  better 
m a p  t h i s  deposit. 

A t  Mile 703.4 ( B A 2 6 )  , a n  app.arent. 1 imestone  bedrock h i g h  was 

located. I t  i s  not  known  for  certain t h a t  the limestone is t r u l y  

bedrock a n d  not p a r t  of a very large boulder  or  .collection of boulders. 
The  limited  geologic data from t h i s  area do  not  indicate t h a t  

1 imestone  bedrock  should be found  here.  The 1 imestone  would, 
however, provide a good source of borrow  material. I t  is believed 
t h a t  i t  will require d r i l l i n g  a n d  blasting. 

In the Beavertail Gap area,there a r e  several possible  borrow  sources. 
However, from Mile 703.4 to Mile  696.l.no'suitable sources  of borrow 
were  discovered. A t  Mile 696, 0143.3 and E A 3 4  should  provide same 

good q u a l i t y  sources of sand a n d  gravel borrow  material. A t  Mi'le. 
695.5 ( B A 3 5 1 ,  1imestone.was  located, a n d '  a t  Mile 694.1 - ( B A 3 7 )  good 

to  excellent  gravel  borrow was located. I f  additional  material is 
needed,  the  exposed  limestone  bedrock  on  either side of the route 
should  provide  good to excellent  material,' b u t  acces5  will be more 
difficult a n d  d r i l l i n g  a n d  b l a s t i n g  will be required. I t  is possible 
t h a t  the bedrock m a y  contain  some of the g y p s u m - r i c h  Bear Rock 

Formation  which is soft a n d  h i g h l y  susceptible to solution. 

1 
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From t h e   B e a v e r t a i  1 Gap t o  the Don-ne1 l y  R i v e r ,   t h e r e   d o e s   n o t  seem 

t o  be , a n y   s u i t a b l e   b o r r o w .  On t h e   n o r t h - w e s t   b a n k  o f  t h e   D o n n e l l y  

R i v e r  ( B A 4 1 )  , *  s h a l e - b e d r o c k   o c c u r s .  a t ;  r e l a t i v e l y   s h a l l o w ' d e p t h s .   T h e  

m a t e r i a l   i s   s i m i l a r  t o  t h e   s h a l e s   d e s c r i b e d  i n  s u b s e c t i o n  6 . 1 . 4  and 

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

subsec tOon 6 . 1 . 4 .  I n   a d d i t i o n ,   t h e   s h a l e   b e d r o c k   i s   o v e r l a i n  b y  an 

a v e r a g e  of 7 f e e t  o f   h i g h   i c e   c o n t e n t   m a t e r i a l ,   w h i c h  will r e s u l t   i n  

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

p e r i o d .  

T a b l e   V I - 2   s u m m a r i z e s  t h o s e  p o t e n t i a l   b o r r o w   a r e a s  i n  w h i c h   g o o d  

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

d e v e l o p m e n t .  A comple te   summary  of a l l   p o t e n t i a l   b o r r o w   a r e a s  

e x p l o r e d   i s   p r e s e n t e d   i n   A p p e n d i x  A .  

6.2 .3  " Ora i n a e  - C g n z i d e r a  "1 t: i o n s  

T h e   d r u m l i n o i d   f e a t u r e s   n o r t h  o f  S n a f u   L a k e  will c h a n n e l   c o n s i d e r a b l e  

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

e x p e c t e d   t o  be f l o o d e d   i n   t h e   s p r i n g .  Up t o  55  p e r c e n t  o f  t h e  

p o r t i o n  o f  t h e  r o u t e  f r o m  M i l e  -705.2 t o  M i l e  702.4 i s  a n   l o w l y i n g  

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

a l t e r n a t e   r o u t e ,   s h o r t   o f - a n   e x t e n s i v e r ! r e l o c a t i o n ,   c o u l d   n o t  be 

f o u n d   f o r l t h i s   a r e a .  

T h e   t w o   m a j o r   c r e e k s   f e e d i n g .  i n t o  t h e   w e s t   e n d  of S n a f u  Lake a r e  

major  d r a i n a g e   c h a n n e l s   w h i c h   a r e   c o v e r e d   i n   V o l u m e  X V l l  of t h i s  

r e p o r t  . 
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BORROW 
A R E A  
NO. 

25 

2 6  

3 3  

3 4  

35 

37 

4 1  
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TABLE V1;2 

* 
SUGGESTED B O R R O W  A R E A S  - MILE 705 TO MILE 689  . 

A C C E S S  
MI L E  

703.5 

703.4 

6 9 6 . 1  

696.0 

495.5 

694.1 

690.0 

ANTICIPATED 
MATER I AL POTENTIAL P I T  
D E S C R I P T I O N  USAGE C O N D I T I O N S  

G r a v e l  

L i m e s t o n e  

G r a v e l l y  
S i l t  T i l l  

G r a v e l  a n d  
Sand 

L i m e s t o n e  

G r a v e l  

S h a l e  

Surface 
Cou.rse 

S u r f a c e  
C o u r s e  

Subgrade 

Subgrade 
t o  S u r f a c e  
C o u r s e  

S u r f a c e  
C o u r s e  

S u r f a c e  
Course  

S u b g r a d e  
t o   S u r f a c e  
Course 

May be 
;L+rraguIar 
D i s t r i b u -  
t i o n  

May be 
F l o o d e d  
i n  S p r i n g  

U n f r o z e n  
Low M / C  

U n f r o z e n  
May be 
Wet 

We1 1 
Dra i ned 

U n f r o z e n ,  
We1 1 
Dra i ned 

Wet, 
U n d e r  1 i es 
H i g h  Ice 
Con t e n t  
Material 

E S T 1  MATED 
QUANTI TY 

3OO,OOO y d s .  
U n c e r t a i n  

80,000 y d s .  
Minimum 

460,000 y d s .  

V e r y  G r e a t  

1 8 0 , 0 0 0  y d s .  
Minimum 

1 3 0 , 0 0 0  y d s .  
Minimum 

4 

COMMENTS 

May be t o o  
Met t o  
Hand I e 

EM! Brooker & Associates Ltd. 



- 

Page 45 

From Mile 699.7 to Mile 6 9 4 . 0 ,  the r o u t e  i s  cross-slope t o  the 
natural  drainage  direction f o r  the  area.  There  are  no  pronounced 
streams in this a r e a ,  b u t  'there  are  very  many  slopewash  gullies 
which  will  channel  runoff. A culvert for each of these  channels 
will  probably be required.  Channelling o f  the  runoff  could  lead 
to major  erosion  and/or  ponding ,. resulting; i n  washing out o f  the 
r o a d .  A careful  study of the  problem of channelling  runoff is 
requ i red here 

f. 

The  route  runs  downslope,  parallel  to  the  natural  slope,  from 
Beavertail  Gap  to  Mile 692.5. There is a danger  that  the  highway 
bed will  channel  drainage  resulting in deep scouring i n  t h i s  area. 
T h i s  problem is compounded by the  existence o f  h i g h  ice  content 
material in this  section.  The  lack of similar  features  associated 
with  the CNT line,  however, is somewhat  re-assuring.  However, a 
flow  breaker  system  should b e  considered  where  the  gradient is 
steepest. A theoretical  discussion  with  respect  to  flow  velocities 
in channels, is presented, in Appendix C of this-  report. 

. .  

The  route is aligned  across  the  natural  slope  between  Mile 692.5 
a n d  the  Donnelly  River. Some deep gullies  are  crossed  wherein 
drainage  from  the slopes to the  south-west is concentrated.  These 
gullies  will  require  major  or  multiple  culverts  and a s y s t e m  to 
protect  against  their  blockage  with  slopewash  sediments. R i p r a p p i n g  

around  culvert  entrances  and  exits is considered  necessary in order 
to avoid  severe  scour  and  washout o f  culverts. 

The  Donnelly  River  crossing is discussed in detail in Volume X V l l l  
of this  report. 
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6.2.4 C o n s t r u c t i o n   P r o b l e m s   a n d   R e c o m m e n d a t i o n s  """"""""""- 
'. * 

I n  S e c t i o n  1 . 1 ,  i t  i s   c o n s i d e r e d   t h a t   t h e   m a j o r   d e s i g n   ' c o n s i d e r a t i o n  

will b e   d r a i n a g e .   F r o m   t h e  e a s t  end of S n a f u   L a k e  t o  B e a v e r t a i l  G a p  
( M i l e  700 t o  6 9 5 ) ,  t h e   r o u t e   r u n s   c r o s s - s l o p e   a n d   t h e r e f o r e   c u t s  

a c r o s s   t h e   n a t u r a l   d r a i n a g e   s y s t e m   f o r   t h e   a r e a .   F r o m   B e a v e r t a i l  

Gap, a t   M i l e  694  t o  M i l e  6 9 1 . 5 ,  t h e   d r a i n a g e   p a r a l l e l s   t h e   h i g h w a y  

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

I t  w i  11 be n e c e s s a r y   t o   e n s u r e   t h a t   t h e   h i g h w a y   d o e s   n o t   c h a n n e l  

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

6 9 1 . 5  t o  t h e   D o n n e l l y   R i v e r ,  a t  M i l e  6 8 9 . 7 ,  t h e r e   a r e   s e v e r a l   d e e p  

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

s u b s t a n t i a l  f i l l s  will b e   n e c e s s a r y .   T h e   u s e   o f  a l l  r o c k   f i l l s  

i s  recommended f o r   a r e a s   w h e r e   p o n d i n g  of r u n o f f  may o c c u r .  

On t h e   n o r t h   s i d e  of Sna fu   Lake ,  i n  t h e   l o w l y i n g   a r e a s ,   s e v e r a l  f e e t  

Of p e a t  and o r g a n i c  s o i l  has accumulated To p r o t e c t  t h e  p e a t  f r o m  

t h a w i n g ,   e x t r a   t h i c k n e s s  o f  r o a d   b e d   m a t e r i a l  will be r e q u i r e d .  

T h e   c h a n n e l l i n g   e f f e c t  of r u n o f f  on  t h i s   m a t e r i a l   b y   c u l v e r t s   m u s t  b e  

c o n s i d e r e d .  The h i g h   i c e   c o n t e n t  o f  t h e   f r o z e n   p e a t   m a k e s  i t  v e r y  

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

I n  B e a v e r t a i l  Gap, t h e   r o u t e ,  a s  i t  i s   p r e s e n t l y   l o c a t e d ,  will 

r e q u i r e  a deep c u t  p o s s i b l y   t h r o u g h   b e d r o c k   ( M i l e  6 9 4 . 1 ) .  I t  was 

n o t   p o s s i b l e   t o   p e n e t r a t e   m o r e   t h a n  9 f e e t  of g r a v e l ,   w i t h   e i t h e r  

d r i l l   r i g .  However ,  i t  i s   b e l i e v e d   t h a t   b e d r o c k   e x i s t s   b e l o w   t h e  

g r a v e l .  I n  s u b s e c t i o n  . , b . 7 . 3  o f  t h i s   r e p o r t ,  a n  a l t e r n a t e   r o u t e   i s  

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

s o u t h  of t h e  G a p .  I f ,  h o w e v e r ,   t h e  r o u t e  i s   m a i n t a i n e d  i n  i t s   p r e s e n t  

l o c a t i o n  i t  i s   c o n s i d e r e d   t h a t  a s t a b l e   c u t  c a n  be  made I n   t h e  

g r a n u l a r   m a t e r i a l .  A b a c k s l o p e   o f   a b o u t  1 . 5 : 1 , .  i n   t h e   g r a n u l a r  

m a t e r i a l ;   s h o u l d   b e   c o n s i d e r e d  for d e s i g n   p u r p o s e s .  ' I f  b e d r o c k  

i s   e n c o u n t e r e d ,   b a c k s l o p e s  may b e - s t e e p e n e d .  

E.W Brooker & Associates Ltd, 



6 . 3 '  Section I I I (Mile 688 to  Mile 6 6 9 )  

6.3.1 """"_ Surficial  Material5  and  Conditions 
"""" 

6 * 3 * 1 ( a )  - - 3 - - - I - - - I - I I I I - - Donnelly  River to Little  Chick  Lake 

South of the  Donnelly  River, to Mile 686.8, the  cross  slopes a r e  not 
a s  steep  as  north o f  the  river.  Therefore,  glacio-lacustrine  clays 
generally  have  not  been  stripped  away by slopewash,  The ' 

clays  are  often  organic i n  the  upper  portion  and  ice  contents, i n  

the  upper  ten  feet,  average 30 percent or greater  between  Mile 6 5 1  

and  Mile 687. The  glacio-lacustrine  sediments  are  replaced by  a n  
almost  featureless t i l l  plain  between  Mile 686.9 and  Mile 680.8. In 
localized  areas,  several feet of peat o r  arganic  soils  have  developed, 
b u t  generally  clay  tills  and  clay-silt  tills  extended to the  depth 
o f  d r i l l i n g  (generally 18 feet  maximum).  The t i l l s  generally  have 
a low i c e  contcnt a n d  a r c  n o t  nearly a s  thaw-scnsitivc a s  the 

glacio-lacustrine  clays.  Greater  than  normal  road bed fill  thicknesses 
a r e  believed to be warranted  between  Mile 691 a n d  Mile 687 to l i m i t  
thaw  subsidence e f f e c t  in the h i g h  ice  content  foundation  materials. 

6.3.1 ( b )  Little  Chick L a k e  to Brokenoff G a e  
1"""""""- 

A bedrock  (limestone a n d  shale)  ridge,  trending  northwesterly  to 
southeasterly; is exposed  on  the w e s t  side  of  Little  Chick  Lake 
between  Mile 680.8 and  Mile 676. The  route  proposed f o r ,  t h e  highway I 

i s  along  the  east  side or backslope o f  this  ridge,  which is overlain 
b y  an average o f  eight  feet o f  clay t i l l .  Between t h e  bedrock  ridge 
and  the  bottom of the  valley  containing  Little  Chick  Lake,  silts 
which m a y  be lacustrine,  occur  with  and  over  the t i l l .  Visual 
estimates of excess i c e  content  range u p  to 90 percent  for  the  silts, 

E.W Brooker & Associates Ltd. 
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b u t   g e n e r a l l y   a r e   b e l o w  30 p e r c e n t  f o r  t h e  till. S i m i l a r l y ,   i n  

t h e  till, o v e r   t h e   b e d r o c k   r i d g e ,   i c e   c o n t e n t s  a r e  e s t i m a t e d   t o  

be b e l o w  3 0  p e r c e n t ;   e x c e p t   w h e r e v e r   p e a t   o r   o r g a n i c   s o i l s   o c c u r  

i c e   c o n t e n t s   a p p e a r  much h i g h e r .   T h e s e   s o i l s   a r e ,   t h e r e f o r e ,  

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

will be r e q u i r e d .   S u b s t a n t i a l   t h i c k n e s s e s  of r o a d   g r a d e  f i l l will 

b e  r e q u i r e d  t o  m i n i m i z e   s u b s i d e n c e .  

The r o u t e  a n d  b e d r o c k   r i d g e   d i v e r g e   n e a r   M i l e  6 7 8  a n d   t h e   r o u t e  

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

d e p o s i t s ,   l o c a l l y   u p   t o  s i x  f e e t   t h i c k ,   o v e r l i e   c l a y  t i l l  and s i l t  

t i l l down t o  b e d r o c k   a t  1 4  t o  18 f e e t .  E x c e s s   i c e   c o n t e n t s   i n   t h e s e  

m a t e r i a l s  i r e  g e n e r a l l y   l e s s   t h a n  4 0  p e r c e n t .  

V e r y   c o m p l e x   c o n d i t i o n s   a n d   s t r a t i g r a p h y  occur i n  B r o k e n o f f  G a p ,  

between B k o k e n o f f . M o u n t a i n . ' a n d . . G i b s o n  R i d g e .   I r r e g u l a r l y   f r o z e n  

g r o u n d   c o n d i t i o n s   e x i s t   i n   t h i s   s e c t i o n   a n d   o p e n   s t r e a m s  were 

o b s e r v e d  i n  m i d - w i n t e r .  I t  i s   b e l i e v e d   t h a t   b o t h   t h e s e   f e a t u r e s  

a r e   r e l a t e d   t o   c o n c e n t r a t e d   g r o u n d   w a t e r   s e e p a g e   t h r o u g h   t h e  Gap 

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

s h o u l d e r s  t o  t h e   n o r t h   a n d   s o u t h   o f   t h e  G a p .  T h i s   s e e p a g e   i s  

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

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

make a summer c o n s t r u c t i o n   , p r o g r a m   v e r y   d . i f f ' i c u l t ,  i n  t h a t ,  a c c e s s  

t o   b o r r o w   a r e a s   a n d   a l o n g  c e n t e r  l i n e  will b e   p o s s i b l e   o n l y   a f t e r  

a w o r k i n g   g r a d e   h a s   b e e n   p r e p a r e d   o n   t h e s e   m a t e r i a l s .   T h e   a d v a n t a g e  

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

s o i l  will commence i m m e d i a t e l y  on p l a c e m e n t  o f ,  t h e  fill a n d  will be 
r e l a t i v e l y   u n i f o r m ;  whereas;  f i l l L p l a c e d   i n   t h e   w i n t e r  may  u n d e r g o  

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

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

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

a r e a ,  however ,  i s  d e s i r e a b l e   w i t h   r e s p e c , t  t o  a c c e s s   t o   b o r r o w   a r e a s  

a n d   a l o n g   c e n t e r   l i n e .  

€.We Brooker & Associates Ltd. 
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The  route  passes  over a moderately  sloping t i l l  p l a i n  w i t h  some 
local  peat  deposits u p  t o  six f ee t  thick  between  Mile 676.3 to 675.8. 
This  ma.teria1  appears  to  have a n  estimated e x c e s s  ice content bet.ween 
10 percent a n d  40 percent  to 10 foot  depths. A t  about  Mile 675.8, 
the r o u t e  crosses  the h i g h  water-line of a large  glacial  lake  which 
formed i n  the  Mackenzie  Valley.  Lacustrine  silt  and  some  clay, 
noted  to  the  depth o f  drilling,  have  been  deposited  on  these 
moderate to steep  slopes.  The  ice  content o f  the  silts  are  generally 
lower t h a n  would be expected  which m a y  indicate t h a t  t h e  material 
may be only  seasonally  frozen. I f  t h i s  is true; the. potential; f o r  

extensive  solifluction  movements i s  very h i g h .  

Patches o f  better  drained  soil  exist i n  several  places in t h e  lower 
g a p .  They  have  been  interpreted  as  hummocky  moraine, but due to 
only  limited  borehole  data f o r  this,  material,  which  indicates 
sand, i t  is possible t h a t  these  features  are  remnant  deltaic or 
a l l u v i a l  fans, o r  per i laps* ,ka~nes .  Ti~ey.gene.raily e x i s t  a s  raised , 

mounds. The surrounding  flat l y i n g  s i l t s  are  generally  unfrozen 
and  very s o f t .  

6 . 3 . 1  (d) I”” The Lower Eakna LiKec EaZiL 

O v e r  five  miles of the  route,  from Mile 673.8 to Mile 668.5, traverses 
a large  glacio-lacustrine  basin,which  occupies t h e  area  bounded by  

the  Rouge  Mountain - Carcajou  Ridge - E a s t  Mountain  upland to the 
south,  and  the  Brokenoff  Mountain - Gibson  Ridge - Bat  Hills u p l a n d  

to the east and  north. The route.runs  along  the  front  (west  side) 
o f  Brokenoff  Mountain  where  well  developed  talus  slopes  should  supply 
excellent  borrow  materials.  However,  subgrade  supporting  soils a r e ,  
h i g h  ‘ice  content,  glacio-lacustrine  clay  and  silt  sediments.  The 
terrain u n i t s ,  based  on  the  morphology,  subdivide  thEs  region  into 

E N  Brooker & Associates Ltd. 
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p e a t   c o v e r e d  a r e a s  and t h e r r n o k a r s t - l a k e  a r e a s i e a c h   h a v i n g   v e r y   h i g h  

i c e   c o n t e n t   m a t e r i a l s .   T h e  top t e n   f e e t  o f .  t h e  a r e a  h a s  a n   a v e r a g e  

i c e   c o n t e n t  o f  40 t o  7 0  p e r c e n t .   E x t r e m e   c a r e  will be n e c e s s i t a t e d  

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

E x t e n s i v e   f i l l s  will be r e q u i r e d  to p r e v e n t   m a s s i v e   t h a w - s u b s i d e n c e .  

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

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

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

.6.3.2 Borrow Resources  

T a b l e  V l - 3  s u m m a r i z e s   t h o s e   p o t e n t i a l   b o r r o w   a r e a s   i n   w h i c h  

good m a t e r i a l   a n d   a c c e p t a b l e   p i t   c o n d i t i o n s  a r e  a n t i c i p a t e d .  

S o u t h  of t h e  D o n n e l l y   R i v e r , .   p o o r   q u a l i t y   s h a l e   b o r r o w  was l o c a t e d  

a t  M i l e  687.9 (BA43). T h i s   m a t e r i a l  i s  c o n s i d e r e d   u s u a b l e   b u t  o f  

p a o r   q u a l i t y ,   a n d  i s  e x p e c t e d  t o  q u i c k l y   d e g r a d e   o n   e x p o s u r e .  The 

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

I n  M i l e  6 8 6 , t h e   r o u t e   p a r a l l e l s   t h e   c r e s t  o f  a l i m e s t o n e   r i d g e   o n  

t h e  b a c k  of G i b s o n   R i d g e .  Good t o  excellent b o r r o w   m a t e r i a l   c a n  

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

t h e   l i m e s t o n ' e  will be r e q u i r e d .   T h i s   r i d g e   c o n t i n u e s   p a s t   L i t t l e  

C h i c k  Lake  a l m o s t  t o  t h e   e n t r a n c e  t o  B r o k e n o f f  Gap. 
1 

A t  t h e   e n t r a n c e  t o  B r o k e n o f f  Gap, a p o o r   q u a l   i r y   s o u r c e  of b o r r o w  

m a t e r i a l  was f o u n d   i n  a l o w   s h a l e   b e d r o c k   r i d g e .   T h i s   a p p e a r s   i n  

B A  5 2  and 53, i n  M i l e  6 7 6 .  I n   t h e   g a p , t h e r e   a r e   s e v e r a l   p o s s i b l e  

s o u r c e s  o f  b o r r o w   m a t e r i a l .   T h e   b e d r o c k   w a l l s   c o u l d  be d e v e l o p e d .  

H o w e v e r ,   t h e y   a r e   g e n e r a l l y   q u i t e   s t e e p   a n d  a c c e s s  i s  d i f f i c u l t .  

F e a t u r e s   s i m i l a r  t o  t h e   s a n d  mound i n  B A  5 7  a r e   f o u n d  a t  l o w e r  

l e v e l s   i n   t h e  Gap, b u t   t h e y   h a v e   n o t   b e e n   d r i l l e d   a n d   t h e   q u a l i t y  

a n d   q u a n t i t y  o f  m a t e r i a l  h a s  n o t   b e e n   p r o v e n .  BA 5 7  was too  w e t  

f o r   d e v e l o p m e n t .  

E.WBrooker & Associates Ltd. 
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BORROW 
A R E A  
NO. 

4 3  

4 5  8 
46 

47,48 E 
49 

52 E 53 

58B 

60A E 
6 0 5  

6 1  

S U G G E S T E D  B O R R O W  A R E A S  - M I L E  688 TO M I L E  6 6 9  

A C C E S S  
MILE 

687  9 

688.5 
t o  68 

680.5 

5 

675.0 

672.8 

6 7 1 . 5  
to 

6 7 1 . 4  

ANCICIPATED 
MATER1 A L  POTENTIAL P I T  ESTIMATED 
DESCRIPTION USAGE C O N D I T I O N S  QUANTITY COMMENTS 

S h a l e  

Limestone 

L i m e s t o n e  

S h a l e  

G r a v e  1 

Limestone 
E D o l o m i t e  

G r a v e l  

Subgrade  Under  1 i es  
t o  S u r f a c e  H i g h  I c e  
C o u r s e  C o n t e n t  

M a t e r i a l  

S u r f a c e  We1 1 
C o u r s e  Dra i ned 

S u r f a c e  We1 1 
Course Dra i n e d  

Subgrade   .May  b e  
t o  S u r f a c e  Wet 
C o u r s e  

S u r f a c e   F r i a b l e  
C o u r s e   F r o z e n  

Low M / C  

S u r f a c e  We1 1 
Course  Dra i ned  

S u r f a c e   F r i a b l e  
Course F r o z e n  

Low M / C  

250,000 y d s .  
Minimum 

V e r y   G r e a t   B e d r o c k  
R i d g e  

Very G r e a t  Bedrock 
Ridge 

Un e r t a i n  
G a  r g e )  

660,000 y d s .  

V e r y  G r e a t  T a l u s  
Slopes 

700,000 yds .  
Minimum 

E.W Broaker & Associates Ltd. 
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I n  t h e  l o w e r   H a n n a   R i v e r   B a s i n ,  t h e  m a i n  source o f  borrow m a t e r i a l  

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

T h e   q u a n t i t y  o f  t a l u s   m a t e r i a l  from b o t h   s o u r c e s   . s h o u l d  be s u f f i c i e n t .  

A l t h o u g h   t h e   r o c k   g l a c i e r s   h a v e  a much f l a t t e r   s u r f a c e ,   a n d   t h e r e f o r e ,  

p r o v i d e   m o r e   c o n v e n i e n t  a c c e s s ,  it i s   p o s s i b l e   t h a t   t h e y  will be 

f i n e r   a n d   h a v e  a h i g h e r   i c e   c o n t e n t .  The  p i t s   a t t e m p t e d   i n  t h e  - 
w i n t e r   w i t h   t h e  D6-C d o z e r ,   w i t h o u t  a r i p p e r   t o o t h  a n d  w i t h  g r o u n d  

p r o t e c t i o n   p a d s   o n   t h e   d o z e r   b l a d e ,   d i d   n o t   p e n e t r a t e   m o r e   t h a n  a 

few f e e t .  C o n s e q u e n t l y ,   a n   i n s u f f i c i e n t   a m o u n t   o f   d a t a  was o b t a i n e d  

w i t h  r e s p e c t   t o   t h e   q u a n t i t y   a n d   q u a l i t y  of t h e   t a l u s   m a t e r i a l .   T e s t  

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

t h e  summer w o u l d   q u i c k l y   p r o v e  t h e  q u a n t i t y   a n d   q u a l i t y  of t h e  

m a t e r i a l s .  

T h e   o u t w a s h   d e l t a   t h a t   h a s   d e v e l o p e d   i n   f r o n t  of t h e  Hanna Gap 

( B A  6 1 ,  M i l e  6 7 1 . 4 )  a p p e a r s   t o  be a g o o d   s u p p l y   o f   s a n d   a n d   g r a v e l  

b o r r o w .   T h i s  material i s  g e n e r a l l y   u n f r o z e n   a n d   r e a d i l y   e x c a v a t a b l e .  

No m a j o r   p r o b l e m s  w i t h  p i t   d e v e l o p m e n t   a r e  f o r e s e e n  i n   t h i s   m a t e r i a l .  

6 . 3 . 3  
" I  D r a i n a a e  " " l  C o n s i d e r a L i g n s  I 

T h e   p o r t i o n  of t h e  r o u t e   b e t w e e n   t h e   D o n n e l l y   R i v e r   a n d   L i t t l e  

C h i c k   L a k e  is g e n e r a l l y   d r a i n e d   t h r o u g h   s m a l l   g u l l i e s   i n t o   C h i c k  

L a k e ,   T h e   r o u t e   r u n s   p a r a l l e l   t o   t h e   l a k e   s h o r e   a n d   a c r o s s   t h e  

d r a i n a g e   p a t h  of t h e s e   g u l l i e s .   T h e r e  will be a n e e d   f o r  some 

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

a p p e a r   t o  b e  g r e a t .  

A t  M i l e   6 8 7 . 9 , t h e r e   i s  a deep w i d e   d r a i n a g e   c h a n n e l   w h i c h ,   f r o m  

t h e  s i z e  o f  t h e   d e l t a   a n d   v a l l e y ,   m u s t   f l o w  w i t h  a c o n s i d e r a b l e  

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

i n  Volume X X l l l  o f  t h i s  r e p o r t .  

E.W. Brooker & Associates Ltd. 



A second l a r g e  s t r e a m  i s  c r o s s e d  a t   M i l e  6 8 4 . 6 .  However ,  i t  i s  

n o t   k n o w n   h o w   m u c h   r u n o f f  will be c h a n n e l l e d   t h r o u g h   t h i s   v a l l e y .  

It  i s  l i k e l y   t h a t   m a j o r   o r   m u l t i p l e   c u l v e r t s  will be r e q u i r e d .  

1 
t 

A t  t h e  o u t l e t  t o  L i t t l e   C h i c k   L a k e ,  a t  M i l e  680.9,: i s  a c-reek 

c r o s s i n g   w h i c h  will r e q u i r e  a m a j o r   c u l v e r t .   T h i s   c r e e k   c r o s s i n g  

i s  d i s c u s s e d  i n  m o r e   d e t a i l   i n   V o l u m e  X X I I I .  From t h e   c r o s s i n g   t o  

B r o k e n o f f  Gap t h e   c r o s s   s l o p e s ,   w h i c h   t h e   r o u t e   t r a v e r s e s ,  a r e  n o t  

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

S e v e r a l  s t r e a m s   f u n n e l   t o g e t h e r   i n   B r o k e n o f f  Gap and a c o m p l e x  

sys tem o f  c u l v e r t s  will b e   n e c e s s a r y .  Open w a t e r  was n o t e d   i n  

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

i n  c u l v e r t s  may be a p r o b l e m ; .   p a r t i c u l a r l y   i n   t h e   l o w e r   l e v e l s  of 

B r o k e n o f f  Gap. 

From the b o t t o m  of B r o k e n o f f  G a p ,  a t  Mile 6 7 3 . 5 ,  t o   b e y o n d   t h e   e n d  

o f  t h e   S e c t i o n  a t  M i l e  6 6 8 : 6 ,  d r a i n a g e   c o n d i t i o n s   a r e   e x c e p t i o n a l l y  

p o o r .  T h e  n e a r l y  f l a t  l y i n g ,   h i g h   i c e  content,glacio-lacustrine 
sed imen ts   and  p e a t  a r e   e x c e p t i o n a l l y   t h a w   s e n s i t i v e .   C o n s e q u e n t l y  

f l o o d i n g ,   s c o u r   a n d   p o n d i n g  will have a m a j o r  d e t r i m e n t a l  e f f e c t  

o n   t h e   s t a b i l i t y  o f  these  sed imen ts .   The r 'e  a r e  s e v e r a l   s t r e a m s  

and m e l t  w a t e r   c h a n n e l s   t h r o u g h   t h i s   a r e a   w h i c h -  may have  some 

f l o w  o f  s u l p h u r   r i c h   w a t e r   i n   t h e   w i n t e r .   P o t e n t i a l   i c i n g   i n   t h e s e  

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

o f  1 i ne. 



, -  

The  lower  Hanna  River  Basin is believed  to be the most sensitive 
permafrost  region  encountered in this  study  area.  The h i g h  ice 
content in the  subsurface  soils  could  contribute to major  road 
bed failures a n d  subsidence if controlled  construction  practices 
a r e  not,followed. The route  has  been  examined  for  possible 
relocation b u t  a significantly  better  alternate  could not be 
found  short o f  a major  re-location. 

This a r e a ,  because of i t s  sensitive  nature,  should be instrumented 
'to  provide  long  term  information of the  highway  performance  and to 
obt.ain valuable  information  for  northern r o a d  construction.  The 
advantage o f  using  this  area a s  a test  section  -is t h a t  i t  h a 5  

uniform,very  adverse  conditions  over  several  miles o f  road.  Trial 
designs a n d  construction  methods  could be compared  with  respect  to 
t h e r m a l  i n f l v e n c e  o f  t h e  constructed T J T A ~ P -  on t h e  n a t u r a l  soil a n d  

their  long  range  performance. I t  is mcommended,  therefore, t h a t  

a carefully  planned  thermal a n a l y s i s  a n d  thaw-settlement  analysis 
be set u p  f o r  t h i s  area:  It would be desireable to have  such a 

s t u d y  initiated a s  soon a s  possible, to provide  pre-construction 
through  to  post-construction. d a t a .  

Borrow  can be obtained  from  the  limestone  ridge  which  parallels 
the  highway a n d  which  the  highway  follows  between  Chick L a k e  a n d  
the top  of  Brokenoff Gap. These  materials  should be of  excellent 
q u a l i t y ,  a r e  readily  available  and  should be present in sufficient 
q u a n t i t y  f o r  construction of  t h e  highway  grade. 

In the G a p ,  there  are  several  unproven b u t  potential  sources  of 
b o r r o w  in low kames or deltaic  mounds. I f  these p.roved unsatisfactory 
the  bedrock  walls  could be developed.  However,  they  are  quite  steep 
and  access is difficult. 

E.W.Brooker & Associates Ltd. 



The  development of the  talus slopes of the Norman Range f o r  borrow 

presents  several  slope  stabi 1 ity considerations.  The most apparent 
o f  these is the s t a b i l i t y  o f  the t a l u s  slopes  themselves.  They  are 
presently a t  about  their  angle of repose  and,therefore a n y  increase 
through  excavation a t  the t o e  o f  t h e s e  slopes  will  cause  oversteepening 
and  the  possibility of some  movement. The hazards  involved in s l i d i n g  
will  depend on the  rate o f  excavation,  the  height o f  t h e  excavation, 
t h e  size of the t a l u s  rock  and  the  method o f  excavation. 

The  possible  existence of easily  eroded o r  deeply  weathered  rock, 
on o r  just  behind  the  cliff  face,. is significant because.  its 
nature  lead5  to i n s t a b i l i t y  o f  the f a c e .  A p a i r  of large rock slides 
on  the  face ,- beside  Mile .656,. e x t e n d  over-4300 f-eet o f  t h e  face. I t  

is believed t h a t  t h e s e  slides  are  directly  related to t h e  existence 
of the.easi1y e r o d e d  bedrock u n i t s  behind t h e  original  rock f a c e .  

It is beyond  the  scope of this  investigation  to  determine  the 
stability  of  the  cliff %ace,above  potential  borrow  sources in the 
t a l u s  s l o p e s  of the  Norman Range. However, the  potential  for  massive 
i n s t a b i l i t y  does e x i s t  a n d  should  therefore be considered. I t  is 

recommended t h a t  in this  area,  where t h e  developmen; of t a l u s  slopes 
is necessary, a careful  inspection of the  slopes  and  upper  cliffs 
be  performed. 

6.4 Section IV (Mile 668 to Mile 6 4 9 )  

6.4.1 """""" Surficial  Materials  and  CoLdLtLons " 

The  section of the  route  from  Mile 668.5 to  Mile 667 p a s s e s  over 
a breached  anticlinal  arm  which  extends  from  Paige  Mountain to 
C a r c a j o u  Ridge.  The  ground  rises  on a lo,ng steep  grade ,. on t h e  

EM! Brooker & Associates Ltd. 



n o r t h   s i d e   d i p   s l o p e ,  and. c r o s s e s  t h e  f i r s t   o u t c r o p  of breached .  

b e d r o c k  a t  M i l e  668.0.  T h i s   g e o l o g i c   u n i t   i s   r e c r o s s e d   o n   t h e  

o t h e r   s i d e  o f  t h e   a n t i c l i n e   a p p r o x i m a t e l y  0 . 7  m i l e s   t o  the s o u t h .  

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

R o c k   F o r m a t i o n  a l s o  o u t c r o p s   t w i c e   w i t h i n   t h e  Same 0.7  m i l e s .  

Many l a r g e   s i n k s   i n   t h e  Bear Rock F o r m a t i o n  c a n  be f o u n d   w i t h i n  

two m i l e s  o f  t h e   c r o s s i n g   a n d   t w o  o f  t h e s e ,   o n l y  3000 f e e t   f r o m  

t h e   c e n t e r   l i n e ,   a r e   s h o w n   o n   t h e   a i r   p h o t o   m o s a i c s .   S e v e r a l  

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

t h e   p r o p o s e d   c e n t e r   l i n e .   B o r e h o l e  667-C-2 p e n e t r a t e d  8 f e e t  o f  

p e a t ,   w h i c h  may  be t h e   i n f i l l i n g  o f  such .a s i n k   a n d  may or may 

not be s t a b l e .  

6 , 4 . l ( b )  P a i g e   M o u n t a i n   t o   E l l i o t  Creek 
"""""""" 

The s u r f i c i a l   d e p o s i t s   s o u t h  o f  M i l ' e  6 6 7 . 3  a r e  more f l u v i a l ,  o r  

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

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

s e d i m e n t s .   S t r a n d   l i n e s   o r   r i v e r   t e r r a c e s  a r e  composed o f  w e l l   s o r t e d  

s a n d   a n d   t h e   s e d i m e n t s   b e l o w   t h e   s t r a n d   l i n e s  a r e  medium t o  h i g h  

i c e   c o n t e n t   l a c u s t r i n e - l i k e   c l a y s ;   w h e r e a s ,   t h e   s e d i m e n t s   a b o v e   t h e  

l o w e s t   s t r a n d   l i n e   a r e   d o m i n a n t l y  flood p l a i n   l i k e ,   l o w   i c e   c o n t e n t ,  

s i l t s   w i t h  some c l a y   b e d d i n g .  

T h e   s e d i m e n t s   h e r e  a r e  much s i l t i e r  and  have a m u c h   l o w e r   a v e r a g e  

i c e   c o n t e n t   t h a n   t h o s e   i n   t h e   l o w e r  Hanna R i v e r   B a s i n   a n d   a l m o s t  

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

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

p o s t - g l a c i a l   t i m e s  b e f o r e  t h e   M a c k e n z i e   h a d   i n c i s e d   i t s e l f   a s  

d e e p l y  a s  a t   p r e s e n t .   T h e s e   m a t e r i a l s  a r e  o n l y   m o d e r a t e l y   t h a w -  

s e n s i t i v e   b u t   s o l i f l u c t i o n  may b e   v e r y   a c t i v e   t h r o u g h o u t   t h e  a r e a .  

E.W. Brooker & Associates Ltd. 
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T h e   l o w e r   p a r t s  of E l l i o t  C r e e k   ( M i l e  659.3), O s c a r   C r e e k   ( M i l e  

6 4 9 . 0 )  a n d   t h e   s t r i n g  of ox-bow l i k e  lakes a n d   c h a n n e l s ,   e x t e n d i n g  

f r o m   E l l i o t   C r e e k  t o  p a s t   N o r m a n   W e l l s ,   r e p r e s e n t   a b a n d o n e d   c h a n n e l s  

of t h e   M a c k e n z i e   R i v e r .  On e i t h e r   s i d e  of t h e s e   c h a n n e l s ,   f l o o d  

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

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

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

g e n e r a l l y   s i l t s  w i t h  some s a n d s   a n d   a r e   b e t t e r   d r a i n e d .   T h e   t e r r a c e  

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

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

t r a v e r s e s   t h e s e   d e p o s i t s  a s  i t  c r o s s e s '  t h i s   r e g i o n .  

6 . 4 . 2  Borrow Resourcgs-  """_ 
T a b l e  '41-4-  l i s k s  ilte p ~ l e ~ ~ t i a l  Lui+ i 'uw a r e a s , . b e t w e e n  Miie'668 and , 

M i l e  6 4 9 ,  w h i c h   w e r e   e x p l o r e d   a n d   f o u n d   t o  h a v e  s u i t a b l e   b o r r o w  

m a t e r i a l   a n d   c o n d i t i o n s   f o r   p i t   d e v e l o p m e n t .  

T h e   b e d r o c k   r i d g e ,  a c r o s s  t h e  r o u t e  a t  P a i g e   ~ o u n t a i n ,  i s  a n  

e x c e l l e n t  s o u r c e  o f  g o o d   q u a l i t y   r o c k   b o r r o w  (BA63, B A 6 5 A ,  and 

B A 6 5 B ) .  T h e   l i m e s t o n e   o u t c r o p p i n g   o n   t h e   r i d g e   i s   h a r d   a n d  

d u . r a b l e ;  a n d  will r e q u i r e   d r i l l i n g   a n d   b l a s t i n g .   H o w e v e r ,  i t  i s  

recommended t h a t   r o c k  of t h e  g y p s u m - r i c h   B e a r  Rock F o r m a t i o n   b e  

a v o i d e d  as  i t  i s  e x t r e m e l y   s o l u t i o n   s u s c e p t i b l e .   T h e   m a t e r i a l  

f r o m   t h i s   r i d g e  may be required f o r  r o a d   g r a d e   c o n s t r u c t i o n   a n d  

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

E.W.Brooker & Associates Ltd. 
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. I  , -  S U G G E S T E D  B O R R O W  A R E A S  - M I L E  668 TO M I L E  649 

B O R R O W  ANTICIPATED 
A R E A  A C C E S S  MATERIAL POTENT I AL P I T  

I N o *  

t 

E S T  I M A T E D  
MI L E  DESCRIPTION U S A G E  C O N D I T I O N S  QUANTITY COMMENTS 

6 3  6 6 8 . 5  L i mes t o n e  S u r f a c e  Good V e r y   G r e a t   B e d r o c k  
C o u r s e  

6 5 A  6 6 6 8  t o  L i m e s t o n e  S u r f a c e  Good 
6 6 7 . 6  C o u r s e  

V e r y  G r e a t  Bedrock  

7 4  6 6 2 . 7  Sand  and  Subgrade  May be 180,000 y d s .  

I 
I 

G r a v e l  Wet 

7 7  653.7 G r a v e l  a n d  S u b g r a d e  May be 3 O O , O O O  y d s .  
Sand F r o z e n  Minimum 

and Wet 

I 8 o  

79 E 6 5 8 , s  Sand a n d  S u b g r a d e  F r i a b l e  V e r y   G r e a t  
to 6 5 7 . 2  G r a v e l  t o  F r o z e n  

S u r f a c e  L a w  M/C 
C o u r s e  

I 86A E 653 * 4 Sand S u b g r a d e   U n f r o z e n   V e r y   G r e a t  R i v e r  
86B t o  L o c a  1 1 y T e r r a c e  

I 6 5 2  8 Wet 

9 1 A  E 6 4 9 . 1  G r a v e l  and S u b g r a d e  I r r e g u l a r -  260,000 y d s .  
Sand t o  i y  F r o z e n  

S u r f a c e  and Wet 
C o u r s e  

E.W. Brooker & Associates Ltd. 





Page 6 0  

6.4.3 "- Drainage "" Consideyaticnq 
*. 

The bedrack ridge, between Paige  Mountain and Carcajou  Ridge,  forms 
the southern  boundary of the hi g h  ice content, poorly drained, 
lacustrine  sediments  of the lower Hanna River Basin.  South of Paige 
Mountain t h e  materials a r e  generally  fluvial silts and clays, in 
the north, to silts and sands in the s o u t h .  T h e  highway is routed 
along the front o f  the Norman  Range and the surface runoff from 
t h e  mountains must all cross the  highway.  Concentrated  runoff 
can be expected in all gullies and spring  flooding  can be e x p e c t e d  

in all lowlying  basins. 

Drainage  considerations  at  Elliot Creek and a t  t he  unnamed creek, 
a t  Mile 657.2, have been discussed in more  detail in Volumes X X  

and X X I I I ,  respectively;  Drainage  conditions in the wide  flood 
plain of  Oscar  Creek a r e  discussed In Volume XXI o f  this report. 

Between Mile 666.8 a n d  Mile 6 6 2 ,  exists several potentially h a z a r d o u s  
drainage  channels which c r o s s  the highway. I t  is believed t h a t  t h e s e  

drainage  channels may be potential mud slide  channels. I n  addition, 
f r o m  Mile 6 6 5 . 3  t o  Mile 6 6 1 . 6 ,  the  route  parallels a beach ridge 
which concentrates runoff and potential mud slides, into narrow 
channels  which  cross the highway. Several o f  these channels, when 
drilled,  were unfrozen and very  soft, indicating the possible 
existence of mud flows o r  concentrated  solifluction.  These  areas 
will require extra a t t e n t i o n  in t h e  designing and placing  of  culverts. 
I n  particular,,the  channels a t  B.H.-664-S-l (Mile 664.8), and between 
664-S-2 and 664-C-4 (Mile  664.3),are  potentially  the  most  hazardous. 

The  poorest  drainage  conditions in this section of highway occur 
between Mile 6 4 1 . 6  and Elliot Creek crossing. Soil conditions 
reflect the poor drainage in the f o rm of an above normal 
accumulation of peats and organic  soils, and medium t o  high ice 
contents. A major  culvert will tie required a t  the location o f  

B . H .  6 6 0 - S - 1  (Mile 6 6 0 . 1 ) .  

E.WBrooker I% Associates Ltd. 
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S o u t h   o f  E l l i o t  Creek  (Mile 6 5 9 . 3 ) , t h e   p r o p o s e d   r o u t e   i s   a g a i n  

a l i g n e d   a c r o s s   t h e  l oca l  d r a i n a g e .  From E l l i o t  C r e e k  to t h e   l a r g e  

unnamed creek,at  M i l e   6 5 9 . 2 , t h e   r o u t e   c r o s s e s   s e v e r a l   s m a l l   c h a n n e l s ,  

e a c h  o f  w h i c h  will r e q u i r e  a c u l v e r t .   F r o m   M i l e  657 t o  651.2,the 
r o u t e   f o l l o w s  a s e r i e s   o f  well d r a i n e d   t e r r a c e s  w i t h  v e r y   f e w   p r o b l e m  

a r e a s ,   w i t h   r e s p e c t  t o  d r a i n a g e ,   a n t i c i p a t e d .  

Two l a r g e   c r e e k s   a r e   c r o s s e d   i n   t h e   a p p r o a c h  t o  t h e   O s c a r   C r e e k  

c r o s s i n g .   T h e   f i r s t  creek is a t  M i l e  6 5 1 . 1  a n d   t h e  second a t  

M i l e  650.1. N e i t h e r  o f  t h e s e  s h o u l d   p r e s e n t   m a j o r   d r a i n a g e   p r o b l e m s ,  

b u t   m a j o r   c u l v e r t s   o r   c u l v e r t   s y s t e m s  will be  needed t o  h a n d l e  

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

6.4.4 
""" C o n s t r u c t i o n - P l o b l g r n s  "" and Rec-ommEndations I "I- 

The m a j o r   p r o b l e m   i n   t h i s ' s e c t i o n  o'f t h e   h i g h w a y  i s  t h e   n e e d   t o  

m a i n t a i n  good cross-slope d r a i n a g e  a n d  to b e  a w a r e  o f  the. Incations 

of p o t e n t i a l  mud f l o w s .   T h e   r e g i o n 5   f r o m   M i l e  6 6 7  t o  6 6 2 ,  a n d   M i l e  

6 5 9  t o  6 5 7 ,  a r e  t h e  m o s t   h a z a r d o u s   i n   t h i s   r e s p e c t .  To r e - r o u t e  the  

h i g h w a y   t h r o u g h   t h i s   a r e a  does  n o t  p r e s e n t l y  seem p r a c t i c a b l e  u n l e s s  

m a j o r - m u d   f l o w s   a r e ' a c t u a l l y   o b s e r v e d .   I n   a d d i t i o n ,   t h e r e   d o e s  n o t  

a p p e a r   t o  be  a much b e t t e r   a l i g n m e n t   t h a n   t h e   o n e   p r e s e n t l y   p r o p o s e d .  

A r e - l o c a t i o n  o f  t h e ,   r o u t e   t h r o u g h   t h e   r e g i o n  from M i l e  6 6 2  t o  Elliot 

C r e e k   ( M i l e  6 5 9 . 3 )  has  a l s o  been c o n s i d e r e d .   S u b g r a d e   c o n d i t i o n s   a r e  

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

i n c r e a s e d   t h i c k n e s s   o f   r o a d  g r a d e  m a t e r i a l  will b e   w a r r a n t e d .   S e v e r a l  

a l t e r n a t e   r e - a l i g n m e n t s  h a v e  b e e n   ~ t u d i e d , ~ b u t   n o n e  seem t o   o f f e r  

c o n d i t i o n s   s i g n i f i c a n t l y   b e t t e r   t h a n  those e x p e c t e d  on  t he  p r e s e n t  

a 1 i gnmen t .  
* 

E,W.Brooker & Associates 1.td. 
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A t h i r d   p r o b l e m   a r e a ,   f o r   w h i c h  a r e - r o u t e   h a s   b e e n   c o n s i d e r e d ,   i s  

t h e  P a i g e   M o u n t a i n  Spur  c r o s s i n g .   S i n k   h o l e s   i n   t h e   g y p s u m - r i c h  

Bear  Rock F o r m a t i o n  may p o s s i b l y   u n d e r l i e   t h e   h i g h w a y  on b o t h  

s i d e 4  of t h e   a n t i c l i n a l   r i d g e .   T h e  8 f e e t  o f  p e a t ,   p e n e t r a t e d  

by B.H.  6 6 7 - C - 2 ,  t e n d s  t o  i n d i c a t e   t h a t  . t h e  c e n t e r  l i n e  i s   p r e s e n t l y  

l o c a t e d  o v e r  a f i l l e d   s i n k .  A m a j o r   r e l o c a t i o n   a w a y   f r o m   t h e   u n i t  

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

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

M ino r   changes  i n  t h e   r o u t e   o v e r ' t h e   r i d g e   s h o u l d  be c o n s i d e r e d  

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

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

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

n o t  r e v e a l   p o t e n t i a l   a 1   t e r n a t e s .  

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

s u b s e c t i o n  6.4.2,  h a v e   g e n e r a l l y  low m o i s t u r e   c o n t e n t s ,  some w e t  sands 

were e n c o u n t e r e d  i n  t h e   p o t e n t i a l  bor row a r e a s .   T h e   d r y   s a n d s   s h o u l d  

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

However ,  f r o z e n  h i g h   m o i s t u r e   c o n t e n t   s a n d s  will be d i f f i c u l t   t o  

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

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

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

t h e   f i l l s  and s o f t ,  p r o b a b l y   u n t r a f f i c a b l e  , g r - a d e s   u n t i l   d r ' a i n a g e  

and d e n s i f i c a t i o n  o f  t h e   f i l l s   o c c u r .  

U s e  o f  sand   bo r row,  w h e t h e r  d r y  o r  we t ,  s h o u l d   o n l y   b e   c o n s i d e r e d  

for t h e   c o n s t r u c t i o n  of c o m p o s i t e  o r  f u l l y   c a p p e d   ' r o a d   g r a d e s  t o  

m i n i m i z e   e r o s i o n   o f   r o a d   g r a d e s   b y   w i n d  a n d  r u n n i n g   w a t e r .  

E M  Brooker & Associates Ltd. 
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6 . 5  S e c t i o n  V ( M i l e  648 t o  M i l e  6 3 2 )  

6 . 5 . 1  S u r f i c i a l   M a t e r i a l s   a n d   C o n d i t i o n s  
""""""""" 

6 . 5 . l ( a )  O s c a r   C r e e k   M e a n d e r   P l a i n  
"-.""""" 

The h i g h w a y   c r o s s e s   O s c a r   C r e e k   w h e r e  it f o l l o w s   a n   a b a n d o n e d  

c h a n n e l   o f   t h e   M a c k e n z i e   R i v e r .   T h e   l o w l y i n g   a r e a  o f  t h e   c h a n n e l  

s w i n g s  t o  t h e   s o u t h ,   a w a y   f r o m   O s c a r   C r e e k ,   a n d   i n t o  a s y s t e m  o f  

l o n g   n a r r o w   l a k e s   w h i c h   e x t e n d ,   f r o m   E l l i o t   C r e e k ,   s o u t h  p a s t  Norman 

W e l l s .   T h e   i n t e r s e c t i o n   o f  t h e  h ighway   and  t h i s  l o w l y i n g   r e g i o n ,  

i n c l u d i n g   O s c a r   C r e e k ,   e x t e n d s   f r o m   M i l e  6 4 9  t o  M i l e  6 4 8 .  The 

m a t e r i a l s   a n d   c o n d i t i o n s   a t   t h e  Oscar C r e e k   c r o s s i n g   a r e   d i s c u s s e d  

i n   d e t a i l   i n  Volume X X I ,  of t h i s   r e p o r t .  

T h e   l o w l y i n g   a r e a   b e t w e e n   t h e   r i v e r   G r o s s i n g   a n d   t h e  top of t h e  

b a n k ,   a t  M i l e  648.1 ,  p r e s e n t s   s e v e r a l   p r o b l e m s .  The m a t e r i a l s  

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

w e r e   f o u n d  t o  be u n f r o z e n  to f r o z e n   w i t h  a v e r y  low ice c o n t e n t .  

However ,   t hey  a r e  wet: w h e r e   u n f r a z e n .  " O l d  m e a n d e r   c h a n n e l s ,   w h i c h  

a r e   e v i d e n t  o n  the a i r  p h o t o s ,  may c o n t a i n   s e v e r a l  f e e t  o f  p o o r l y  

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

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

l e v e l  of Oscar   Creek ,up  t o  t h e   o l d  flood p l a i n   l e v e l .   T h e   h i g h w a y  

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

problem i f  a d e q u a t e  d r a i n a g e  i s  m a i n t a i n e d   a n d   s e v e r e   d e g r a d a t i o n   o f  

t h e   p e r m a f r o s t  does n o t  o c c u r .  



The  sand i s   g e n e r a l l y   f i n e ,  

d u n e   m a t e r i a l   w h i c h   i s  dom 

The   sand   dune   ma te r ' i a l  was 
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6 . 5 . l ( b )  M i l e  6 4 8  t o  M i l e  639 
"""""d 

. *  
M i l e  648 marks t h e   a p p r o x i m a t e   m i l e a g e  of t h e   t o p   o f   t h e  w e s t  

bank of a n   a b a n d o n e d   M a c k e n z i e   R i v e r   c h a n n e l .   B e t w e e n   M i l e  648  
and  Mi , le  639, t h e   h i g h w a y   c r o s s e s   o v e r  a r e l a t i v e l y  f l a t  s a n d   p l a i n  

f o r m e d   f r o m   e i t h e r   f l o o d   p l a i n   o r   m e a n d e r   p l a i n   d e p o s i t s .  A t  M i l e  

639 t h e   h i g h w a y   c r o s s e s   f r o m   t h e   w e s t  t o  t h e  e a s t  s i d e   o f   t h e  

a b a n d o n e d   c h a n n e l .  

The  sand i n   t h i s   a r e a  was g e n e r a l l y   f r o z e n .   H o w e v e r ,  some u n f r o z e n  

sand was e n c o u n t e r e d .   T h e   e x c e s s   i c e   c o n t e n t   s e l d o m   e x c e e d e d  10 

p e r c e n t   a n d  w a s  u s u a l l y   u n d e r  5 p e r c e n t .  Where p e a t   d e p o s i t s   h a v e  

f o r m e d  i n  s h a l l o w   d e p r e s s i o n s   a n d   s t r e a m   c h a n n e l s , .   i c e   c o n t e n t s  a r e  
g e n e r a l l y   h i g h e r .   B a s e d  on n o t e d  . ice c o n t e n t s ,  i t  ' i s  be1   ieved  : th ,a , t  

s e v e r e   t h a w - s e t t l e m e n t -  o f  - road  g rade.s , founded on  t h e   s a n d ,  will 

.not l i k e l y   o c c u r  i f  t h e   p e r m a f r o s t   d e g r a d e s .  

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

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

r e l a t i v e l y   d r y   a n d   u n f r o z e n .   H o w e v e r ,  

t h e   f l u v i a l   s a n d   h a s   m o i s t u r e   c o n t e n t s   a v e r a g i n g  2 0  p e r c e n t  t o  25 
p e r c e n t i a n d   o f t e n   m o i s t u r e   c o n t e n t s   a r e   h i g h e r   i n  t h e  u p p e r  3 f e e t  

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

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

Silt a n d   c l a y ,   w h i c h   g e n e r a l l y   h a v e   a n   i c e   c o n t e n t  of 3 0 - 4 0  p e r c e n t ,  

i n  t h e  u p p e r   f i v e  t o  e i g h t   f e e t ,   o c c u r   s o u t h   o f  M i l e  6 4 0 . 4  t o  M i l e  

6 3 8 . 8 .  T h e r e  i s  a p o t e n t i a l   f o r   s i g n i f i c a n t   t h a w - s e t t l e m e n t  damage 

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

t h i c k n e s s e s  of road   bed  f i l l s  w'ill be r e q u i r e d  t o  p r o t e c t   t h e  

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

E.W, Brooker & Associates Ltd. 
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6.5.l(c) M i l e  639 t o  B o s w o r t h   C r e e k  
""""""" 

T h e   l e v e l  of t h e   l a n d   r i s e s  f r o m  t h e   C r e e k   c r o s s i n g  a t  M i l e  639, 
a n d   t h e   s o i l s   a r e   s i g n i f i c a n t l y   d i f f e r e n t   t h a n   t h o s e   t o   t h e  w e s t  

of t h e   c r e e k .  Silt t i l l s  a n d   c l a y   t i l l s ,   u n d e r l y i n g   u n c o n s o l i d a t e d  

s l o p e w a s h   d e p o s i t s ,   a r e   t h e   m a j o r   s o i l   t y p e s   i n   t h i s   s e c t i o n  of 
h i g h w a y   r o u t e .   S o u t h  o f  a p p r o x i m a t e l y   M i l e  6 4 4 . 5 ,  s h a l l o w   l i m e s t o n e  

b e d r o c k   u n d e r l i e s   t h e   t i l l s .   T h e   t i l l s   w e r e   g e n e r a l l y   f o u n d  t o  be 

s e a s o n a l l y   f r o z e n  t o  8 t o  12  f e e t   a t   t h e  t i m e  o f  t h e   f i e l d  

i n v e s t i g a t i o n .   H o w e v e r ,   u n f r o z e n  t i l l s  w e r e   e n c o u n t e r e d  i n  6 0  

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

s o i l s ,   t h e   e s t i m a t e d   e x c e s s  i c e  c o n t e n t  Is a p p r o x i m a t e l y  2 5  p e r c e n t ,  

b u t   b e l o w   t h e   s e a s o n a l l y   f r o z e n   s o i l s   t h e   i c e   c o n t e n t   a v e r a g e s  0 - 1 0  

p e r c e n t .  Thaw s e t t l e m e n t s ,  i n  excess.of 2 f e e t   a r e   n o t   a n t i c i p a t e d  

even i n  t h e   h i g h e r   i c e   c o n t e n t   m a t e r i a l s .  

6 . 5 . 2  B o r r o w  R e s o u r c e s  
""""3 

T a b l e  V I - 5  p r e s e n t s  a summary o*f t h e   s u g g e s t e d   b o r r o w   a r e a s .   T h e s e  

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

f a v o r a b l e  t o  d e v e l o p m e n t .  A l l  p o t e n t i a l   b o r r o w   a r e a s   e x p l o r e d  a r e  

summar ized i n  A p p e n d i x  A .  

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

b o r r o w   m a t e r i a l s ,  were f o u n d   i n   t h i s   s e c t i o n  of h ighway .   These  a r e  

t h e   s a n d   d u n e s   a t   B o r r o w   A r e a s  9 4  and 95, i n  M i l e  6 4 6 ,  t h e  kame 

comp lex  a t  Bor row  A rea  107, a t  M i l e  637, t h e   b e d r o c k   r i d g e s   p a r a l l e l i n g  

t h e   h i g h w a y   f r o m  M i l e  637 t o  6 3 4 ,  and  t h e  e s k e r   c o m p l e x ,   j u s t   n o r t h  

of B o s w o r t h   C r e e k ,   a t  M i l e  6 3 2 .  A l l  o t h e r   d e p o s i t s ,   w i t h   t h e  

e x c e p t i o n   o f   t h o s e  i n  B A l l 3 ,  p r o v e d   t o   b e  of u n s u i t a b l e   m a t e r i a l  o r  

h a d  u n s u i t a b l e   m o i s t u r e  o r  i c e   c o n t e n t s .  B A 1 1 3 ,  w h i c h   a p p e a r s  to be 

i n  a r i v e r   t e r r a c e ,   a p p e a r s   t o   b e   s m a l l   a n d  of u n c e r t a i n   q u a l i t y .  

I E M  Broooker & Associates Ltd. 
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BORROW 
A R E A  
NO 

94 E 
95 

107 

1 O 9 A  
t o  1 1 1  

1 1 2  

1 1 3  

1 1 4  

SUGGESTED B O R R O W  

A C C E S S  
M I  L E  

646 7 

646.2 

6 3 7  0 

t o  

637.0 
t o  6 3 4  

6 3 3  3 
t o  
632.7 

6 3 3 . 0  

632.0 

M A T E R  I A L  
D E S C R I P T I O N  

Sand 

Sand  and 
G r a v e l  

S h a l e  and 
L i rnes t o n e  

L i m e s  tone  

Sand  and 
G r a v e l  

Sand a n d  
G r a v e l  

Page 6 6  

T A B L E  V I  - 5  

A R E A S  - M I L E  648 TO M I L E  6 3 2  

A N T I C I P A T E D  
P O T E N T I A L   P I T  

U S A G E   C O N D I T I O N S  
E S T  I M A T E D  
Q U A N T I T Y  

S u b g r a d e   D r y  

S u b g r a d e  Low Ice 
t o  Content 
S u r f a c e  I r r e g u l a r  
C o u r s e  M/C 

S u r f a c e  We1 
C o u r s e  , Dra 

s u r f a c e  We1 
Course E r a  

1 
i n e d  

1 
i ned 

S u b g r a d e   P a r t l y  
F r o z e n  
and Wet 

S u b g r a d e   P o s s i b l y  
t o  Wet 
S u r f a c e  
C,our s e  

1 , 3 0 0 , 0 0 0  
y d s .  

850,000 

c o  M M E N T S  

Sand D u n e s  

Kame 

Very  Great  Bedrock 

1 0 0 , 0 0 0  y d s . B e d r o c k  
ti i ti  i mum 

2 0 0 , 0 0 0  y d s .  

8 0 0 , 0 0 0  y d s . E s k e r s  

E.W Brooker & Associates Ltd. 
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The s a n d   d u n e   m a t e r i a l  will p r o b a b l y   o n l y  b e  s u i t a b l e   f o r   s u b g r a d e  

c o n s t r u c t i o n  a s  it will be v e r y   s u s c e p t i b l e  t o  w i n d   a n d   w a t e r  

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

will be r e q u i r e d .   T h e   s a n d   a n d   g r a v e l   d e p o s i t s  of B A l O 7  ( M i l e  637.0) 
and  B A  1 1 4  ( M i l e  632.0) b o t h   h a v e   i r r e g u l a r   f r o z e n   p a t c h e s   w i t h  

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

b e   t h e   b e s t   q u a l i t y   m a t e r i a l .  I f  t h e   f r o z e n   m a t e r i a l   i s   p l a c e d  

i n   t h e  summer, i t  s h o u l d   t h a w   a n d   d r a i n   q u i c k 1 . y   e n o u g h  t o  p r o v i d e  

a s u i t a b l e   s u b g r a d e .   H o w e v e r ,   t h e   h i g h   m o i s t u r e   c o n t e n t s  may l e a d  

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

i s  p l a c e d   i n  t h e  w i n t e r , ; r o a d   g r a d e s : . w i l l   b e   s u b j e c t  ..to c o n s i d e r a b l e  

s e t t l e m e n t s  when  they   thaw.  

T h e   s h a l l o w   b e d r o c k ,   w h i c h  was e x p l o r e d  i n  B o r r o w   A r e a s  1 0 9 A ,  109B, 
1 1 0 ~ ,  1 1 1   a n d   1 1 2 , . S h o ~ l d - p r o v i d e  good d u r a b l e   l i m e s t o n e   b o r r o w - a n d  

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

p l a c e .   T h e   s h a l e s  of t h i s   a r e a  a p p e a r  more d u r a b l e   t h a n  t h o s e  i n  ' 

t h e   F o r t  Good Hope a r e a   a n d   s h o u l d   p r o v i d e   a n   a d e q u a t e  road g r a d e .  

6.5.3 
I" D r a i n a z e  "-" C o n s i d e r a L i z n q  

E x t e n s i v e   s p r i n g   f l o o d i n g  i n  t h e   l o w l y i n g   O s c a r   C r e e k   M e a n d e r   P l a i n  

i s  expec ted .  A m o r e   d e t a i l e d   d i s c u s s i o n  of t h e   O s c a r   C r e e k   C r o s s i n g  

i s   p r e s e n t e d  i n  Volume X X I  of t h i s   r e p o r t .  A m a j o r   c r e e k ,   w h i c h   i s  

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

a t  b o r e h o l e  6 4 8 - S - 1 ,  M i l e  6 4 8 . 2 .  When t h i s  hole  w a s  d r i l l e d  i n  e a r l y  

March,  1 9 7 3 ,  o p e n   w a t e r  was e n c o u n t e r e d ,   T h i s   i n d i c a t e s   t h a t  a 
p r o b l e m   c o u l d   d e v e l o p   w i t h   i c i n g  of c u l v e r t s   a n d   f l o o d i n g  o f  t h e  

h i g h w a y   d u r i n g   t h e   w i n t e r .  

E.M! Brooker & Associates 1-td. 
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T h e   d r a i n a g e   p a t t e r n   f r o m   M i l e  647  t o  640  i s   p o o r l y   d e v e l o p e d .  

Severa.1 m a i n   s t r e a m s   e x i s t   w h i c h  will r e q u i r e   c u l v e r t s .  I n  p a r t i c u l a r ,  

the s t r e a m s   a t  M ~ I G  646.9 ,  M i l e  645 .9 ,  M i l e  6 4 4 * 3 ,  M i l 6  642.6, 
M i l e  6 4 1 . 8 ,  a n d   M i l e  641 .2  will r e q u i r e   s p e c i a l   a t t e n t i o n .   T h e   l a s t  

of t h e s e   i s  a n a t u r a l l y   i n - f i l l e d   p o n d  wh ich  i s  c r o s s e d   b y   t h e  

h i g h w a y .   T h e , i n - f i l l i n g  i s  o r g a n i c   r i c h   a n d   h i g h l y   c o m p r e s s i b l e .  

E x t e n s i v e  f i l l  will be r e q u i r e d   i n   c o n s t r u c t i n g  a r o a d   g r a d e  a c r o s s  

r h  i s pond 

A discussion of t h e   d r a i n a g e   a t   t h e  c r e e k ,  a t  M i l e  639, i s  p r e s e n t e d  

i n  more d e t a i l   i n  Volume X X l l l  o f   t h i s   r e p o r t .  On t h e   e a s t   s i d e  o f  

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

d r a i n a g e   p a t h s .   T h e r e   a r e  many c r e e k   c r o s s i n g s   i n  t h i s  s e c t i o n ,  

however ,   mos t  o f  t h e m   a r e   i n t e r m i t t e n t   a n d   n o n e  a r e  v e r y   l a r g e .   T h e  

c r o s s i n g s  a t  M i l e  676,9 a n d   a t  M i l e  6 3 4 . 0  a r e   t h e   l a r g e s t  of t h e s e ,  

6 .5 .4  C o n s t r u c t i o n  Prcrb!erns a n d  Reccmmen&at ig r~s  """"""""- - 

T h i s   s e c t i o n  o f  h i g h w a y   o v e r l i e s   g e n e r a l l y   l o w   i c e   c o n t e n t   m a t e r i a l .  

Thaw s e t t l e m e n t s   a r e   n o t   e x p e c t e d  to be a m a j o r   p r o b l e m  i n  t h i s  area. 

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

c a n   b e   e x p e c t e d .   S o f t   n a t u r a l   s u b g r a d e   c o n d i t i o n s   c o u l d   d e v e l o p  

i n   t h e   h i g h   m o i s t u r e   c o n t e n t   s a n d s   n o r t h  of M i l e  640,  i f  t h e y  a r e  

d i s t u r b e d  or i f  t h e y   a r e   e x p o s e d   i n  a c u t .  Use of t h e s e   m a t e r i a l s  

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

g r a d e s ,   u n t i l   d r a i n a g e  occurs. 

I n  t h e   l o w l y i n g   a r e a  from Oscar Creek t o  M i l e  6 4 8 ,  t h e r e  i s  a p o s s i b l e  

h a z a r d   o f   e x t e n s i v e   f l o o d i n g  i n  t h e   s p r i n g .  I t  i s  b e l i e v e d , t h a t  i t  

will be n e c e s s a r y   t o   u s e   h i g h   q u a l i t y   b o r r o w   t o   p r o v i d e   a d e q u a t e  

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

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

a t  l i t i l e  648.2 .  

E.W, Brooker & Associates Ltd. 
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South  of  Mile 639, supplying  adequate  drainage  will be a m a j o r  

problem  because  the  highway  cuts  across  most  natural  drainage  channels. 
There i s  a potential  'for  spring  flooding  and m u d  flows i n  this  area 
and  washing  out o f  parts  of  the road m a y  occur. 

V I I .  R E - R O U T I N G S  

7 .1  Genera 1 

Route  location  has  generally  been  carefully  selected  and a great 

deal of  attention h a s  been p a i d  to expected  subgrade  soils  and 
permafrost  conditions,  slopes,  cross-slopes,  borrow  sources a n d  
d r a i n a g e  requirements.  Therefore,  only a few  suggestions  for 
re-routings  are  considered  necessary. 

In several  places  undesireable  conditions  cannot be avoided.  These 
areas a r e  e x p e c t e d  to be l o n g - t e r m  m a i n t e r l ~ n c t :  d r e a s  a n d  Wai-rdrIL e x i f a  

d e s i g n  a n d  construction c a r e .  These a r e a s  in order o f  occurrence 
southward  are: 

I )  Jackfish Creek, at Mile 721 
2) The  north-west  end of Snafu Lake, a t  Mile 703 
3) The west  end .of Chick L a k e ,  a t  Mile 693 to 691 
4) Brokenoff G a p ,  at Mile 676 to 673 
5) The lower. H a n n a  River Basin, a t  Mile 673 to 668 a n d  
6 ) .  From Mile 662 to  Elliot  Creek, a t  Mile 659. 

A minor  re-route m a y  be warranted a t  Mile 708 where the proposed 
alignment  crosses a shallow  peat.fil4ed  depression. A by pass, 
approximately 500 feet to the west, would  avoid much of this poor 
material.  The  major  disadvantage of this by p a s s  1 s  t h a t  three 
additional  curves  would be required.  This  re-route is not  considered 
necessary  unless v e r y  adverse  conditions a r e  found at  the time of 
construction. 

E.W Brooker & Associates Ltd. 
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A similar  re-route  may be warranted, b u t  only  after more detailed 
field  inspections, f o r  t h e  Paige  Mountain  Spur a t  Mile 667. The 
possibility  exists t h a t  the  present  route  may be located  over a n  

in-fil,leds  possibly  unstable  sink  hole. 

7 . 2  Mile 714.6 t o  Mile 7 1 7 . 9  

A re-routing  of  the  highway-  between  Mile 7 1 4 . 6  and 717.9, to  obtain 
b e t t e r  natural  subgrade  conditions,  appear5  to be justified. 
Approximately 15 percent o f  the  originally  planned  route,  within 
these  mileages, i s  over  very  poor  subgrade  material  consisting o f  

several f e e t  of pea't and  organic  soil  with h i g h  ice  contents. 

The  proposed  alternate,  shown  on  Figure V l l - 1 ,  is longer by 
approximately 4 3 0 0  f e e t  or 25 percent  (measured PI to P I ) .  However ,  

on  this  re-route  the  road  would  encounter  only  about 2.6 percent o f  

t h e  very  poor  subgrade  materials. A l s o ,  t h e  route w o u i d  be shifted, 

approximately 3300 feet to the  east  and u p  t h e  ridge  on  which 
Potential  Borrow A.rea 9 was drilled. O n  the crest  of  the  ridge, 
along  which  the h i g h w a y  i s  routed, it i s  suspected t h a t  shallow 
bedrock m a y  be found  which  would be a n  additional source o f  borrow 
in a n  area  lacking  good  barrow  resources. 

7.3 """"""""""""""~ 
Beavertail. Gap to Chick  Lake  (Mile 691.9 to Mi1.e 694.7) 

A proposed  alternate r o u t e  for  the  highway,  between  Mile 691.9 a t  

the  west  end of Chick Lake and  Mile 694.7 in Beavertail G a p ,  is shown 
on Figure V l l - 2 .  In Beavertail  Gap, at Mile 6 9 4 . 2 ,  the  route a s  i t  

h a s  been  located  orginally, c r o s s e s  a ridge in a deep cut with a 
curve in the  cut. By shifting  the  route  approximately 400 feet t o  

E.W.Brooker & Associates Ltd. I 
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t h e  west,this cut is a v o i d e d .  I t  is considered  desireable to 
avoid.the  cut  because  the  maximum  depth  dri1,led  on t h e  ridge is 
nine  feet,  and  although  only  gravel was encountered, it i s  believed 
t h a t  bedrock  may be exposed in the cut. In addition, i f  the  route 
is shifted  away  from  the  ridge i t  will  permit  full  development of 
the  ridge f o r  bor rdw materials. 

I t  is believed t h a t  the  relocated  route  would  encounter  lower  ice 
content  tills t h a n  the  original  route  from  Mile 694.2 to  Mile 693, 
a n d  the  higher  elevation o f  the  relocated  section  should  provide 
b e t t e r  drainage  conditions.  From  Mile 693  to Mile 692, t h e  conditions 
o n  both  the  original a n d  p r o p o s e d  route  are  expected t o  be similar. 

The  original  route is shorter  than  the  proposed  re-route, b u t  only 
by approximately 100 feet,  measured from P I  to PI. 

V I I I .  S U M M A R Y  

8 . 1  Genera 1 

A geotechnical  evaluation  of  the  proposed  Mackcnzie  Highway,-between 
Norman  Wells a n d  Fort  'Good Hope, h a s  beensreported  herein. In total, 
1287 boreholes  were  drilled,of  which 484 were in search of borrow 
materials,  The  remainder of the  holes were drilled  on  center  line 
to evaluate  natural  subgrade  conditions. 

Disturbed  samples were obtained f rom all  boreholes a n d  a limited 
number o f  undisturbed  samples were collected. All  soil  samples 
were  field  classified  and a visual  estimate was made of  the  quantity 
and  form of ground  ice  conditions. In t h e  f i e l d  laboratory,  moisture 
contents  were  determined f o r  every  sample  and a visual  classification 
was  undertaken.  Selected  samples were returned to Edmonton f o r  basic 
classification tests. 

E.W Brooker & Associates Ltd. 
i 
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D e t a i l e d  river  crossing  reports  for  this  section o f  highway  have 
been prepared a n d  are  presented as Volumes X V  t o  X X l l l  o f  this 
report. All d a t a  and  borehole  logs  have  been  presented a s  Volumes 
I I  to IV ,  and V to X I V ,  respectively, af  this  report. 

I t  is beliqved t h a t  most of t h e  objectives o f  th.is study  have  been 
accomplished.  Sufficient  data on the  natural  subgrade  materials 
and  conditions  has  been  obtained.  Potential s o u r c e s  of '  acceptable 
borrow  materials  have  been  identified; a n d  a terrain  analysis  of 
a two  mile  corridor,  centered  on  the  highway,  has been provided. 

A n  attempt  to  analyse  those  factors  affecting  the  origin a n d  
distribution  of  permafrost h a s  been  made  with  only  limited S U C C ~ Z I S .  

The  amount  of d a t a  available  for  this  kind of analysis h a s  permitted 
a statistically  significant  examina,tion of permafrost occurrence on 

a scale not  generally  possible.  However,  the  lack  of  conclusive 
r e s ~ i l t r  ~ r r p h a s i z e s  ? h e  cornp:ex n a t d r e  of t h e  ground t h e r n a l  resine., 
I t  i s  believed  that  equations  presented  can  be  employed in the 
evaluat'ion o f  permafrost  behavior d u r i n g   a n d  after  highway  construction. 

8.2 Problem A r e a s  

The  route  location  has'been  carefully  selected  and  generally  the 
subgrade  conditions  encountered a r e  believed  to be the  best  available. 
Only  two r o u t e  re-locations  are  considered  to be warranted. However ,  

several  other  problem  areas  are  listed a 5  follows: 

1 )  Jackfish  Creek, a t  Mile 721 
2) The  northwest  end of S n a f u  Lake, a t  Mile 703 
3) The  west  end o f   C h i c k  Lake ,  at  Mile 693 to 691 
4 )  Brokenoff Gap,  a t  Mile 676 to 673 
5) The  lower H a n n a  River  Basin,  at  Mile 673  to 668 and 
6 )  From  Mile 662 to  Elliot  Creek, a t  Mile 659. 

E.W. Brooker & Associates Ltd. 
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The l o w e r  Hanna R i v e r   B a s i n  is t h e  most t h a w   s e n s i t i v e   s e c t i o n  of 
t h e  r o u t e .  T h e   m a t e r i a l s   h a v e  v e r y  h i g h   i c e   c o . n t e n t s  over s e v e r a l  

r n i 1 e s " o f   r o a d  a n d  l o c a l   d r a i n a g e   i s  v e r y  p o o r .  V e r y  c a r e f u l   d e s i g n  

and c o n s t r u c t i o n   p r a c t i c e s  m u s t  be emp loyed  t o  p r o t e c t   t h e   p e r m a f r o s t  

or e x t e n s i v e  r o a d  s e t t l e m e n t s  will o c c u r .  

T h i s   a r e a  , because o f  i t s   s e n s i t i v e   n a t u r e ,   s h o u l d  b e  i n s t r u m e n - t e d  

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

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

a d v a n t a g e  o f  u s i n g  t h i s  a r e a  a s  a t e s t   s e c t i o n   i s   t h a t  i t  has ' 

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

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

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

p e r f o r m a n c e .  I t  i s  r e c o m m e n d e d ,   t h e r e f o r e ,  t h a t  a n e t w o r k  o f  

t e m p e r a t u r e   m e a s u r i n g   i n s t a - l l a t i o n s   b e   p l a c e d   i n   t h i s  a r e a ,  on 
c e n t e r   l i n e ,  off c e n t e r   l i n e   a n d   f a r   e n o u g h   a w a y   f r o m   t h e   p r o p o s e d  

h i g h w a y   t o  be f r e e  f r o m  t h e   e f f e c t s  of c o n s t r u c t i o n .   T h e s e   s h o u l d  

be i n s t a l l e d  a s  soon a s  p o s s i b l e ,   t o   p r o v i d e   p r e - c o n s t r u c t i o n   t h r o u g h  

p o s t - c o n s t r u c t i o n   d a t a .  

The o t h e r  major  s u b g r a d e   p r o b l e m   t h a t  i s  f o r . e s e e n ,  coh&irns. t h k *  

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

s i n k   h o l e s ,   e x i s t i n g   i n   g y p s u m - r i c h   l i m e s t o n e   b e d r o c k  of t h e  

Bear  Rock F o r m a t i o n .  I t  i s   b e l i e v e d   t h a t   t h i s   f o r m a t i o n  may 

o u t - c r o p   i n   B e a v e r t a i l  G a p ,  a t   M i l e  695 ,  - B r o k e n o f f  Gap, a t  M i l e  

6 7 5 ,  a n d   t h e   r i d g e   b e t w e e n   P a i g e   M o u n t a i n   a n d   C a r c a j o u   R i d g e ,  a t  

M i l e  667.5. A d e t a i l e d   g e o l o g i c a l   a n d / o r   g e o p h y s i c a l   s t u d y  of 
t h e s e   a r e a s  may b e   w a r r a n t e d .  I f  such  a s t u d y   i s   u n d e r t a k e n ,   t h e  

f o u n d a t i o n   b e d r o c k   a t   t h e   m a j o r   r i v e r   c r o s s i n g s   s h o u l d   a l s o  be 

i n v e i t i g a t e d .  

, . .  

E-W. Brooker & Associates Ltd. 



8.3 Borrow Pit Development 

Tables V i - 1  to V I - 5  l i s t  and  evaluate  those  potential  borrow areas,., 
for each  section of the  highway,  which  have  been  proved b y  d r i l l i n g  
and a r e  believed to b e  most  suitable  for  development.  These 
potential  borrow  area5  are  expected to provide  most  of  the  material 
required  for  the  highway.  Several  other  unproven  areas  are 
discussed in the  main  body o f  this  report a n d  all areas  explored  for 
borrow a r e  summarized a n d  evaluated in Appendix A .  Test pits  will 
probably be required a t  several  of  the  suggested p i t  locations  to 
more  accurately  evaluate  permafrost  conditions,  ground  moisture 
conditions, a n d  material  quality  and  quantity. 

In Section I l l  of  the h i g h w a y ,  south o f  Brokenoff G a p ,  it is quite 
likely  that t he  t a l u s  slopes  along .the w e s t  side  of  Brokenoff 
Mountain,  between M i l e  673 a n d  671, will be developed  for  borrow 
resources.  The  cliff  faces  above  the ta'lus slopes  should be 

inspected,  before a n y  development,  for  signs o f  instability. 
Tension  cracks or deeply  weathered  zones may have  weakened  the 
r o c k  f a c e  to the  extent  where  slides  could  possibly be initiated 
by  t h e  effects of blasting  or  heavy  equipment  working  below. 

Respectfully  Submitted, 

E B A  E N G I N E E R I N G  C O N S U L T A N T S  LTD. 

E.W. Brooker & Associates Ltd. 
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rrqe A I  

r 

Bonuow k C C E S S  

( F E E T )  

A V t R A G C  

D E P T H  
(FEET)  EVALUATION 

l 0 R R O W  Q U A N T l t V  THICV.NES¶ 
(CU.YD.) ( f E t T )  

A R E A  ACCESS B O R E H O L E  OlftAHCL @ O R R O W  
NUMBER R I L E  NUHSERS M A T E R I A L  M A T E R I A L  C O N D I T I O N S  

QUAL ITV I X P E C T C O  S T R I P P I N G  O V E R A L L  ISTIMATID A V E R A G E  
OF r I y  

I 721.5 721-11-1 t o  7 4 . 5  m l l t s  Sand and  
E r r v c l  

b o d  to 
E x c m l l o n ~  N F  Ory3U/F* o E x c e l t e n t  Vary  g r e a t  I I+ 

b u t  Ion0 

dl. tancc 
h a u l  

""- 
2 A  7 1 8 . 7  7 1 8 - 8 - 1 0  to 660 L imes tone  Good t o  O v e r l a l o  by 5 et 160 ,OOD+ Good 

W a t c r l s l  
Fa i r 
Condltlons 

. .. 

1 5  
7 1 8 - 8 - 2 8 . 2 9  t o   m o d e r a t e  

b o d r o c k  E x c e l l a n t  low t o  

i c e  c o n t e n t  
s i l t  a n d  c l a y  

2 8  7 1 8 . 7   7 1 8 - 0 - 3 1  t o  2 0 0 0  Llrnascont Good t o   V I 1 1  r e q u l r c  8 
36 

~ 

B e d r o c k  E x c a l l e n t   b l u r t i n g  
1 o+ 100 ,000t  

M a t e r i a l  
Good 

F d l r  
C o n d i t i o n s  

3 7 1 8 . 3  7 1 a - e . - 1 6  t o  400 L lmes tonc  Good 
" 

1 9  
L i m i t e d  

Dudrock Quant I t y  
7 f a i r  t u   U n t o r t a l n  I I* 

H o d e r r t r  t o  
M l g h  I c e  
Conten t  

Poor 
Condl t i o n s  
U o s u i t e b l e  
Dave lopn~s r t  

U n s u i t a b l a  
~ " , - 

4 7 1 7 . 9  7 1 8 - 8 - 2 0  t o  3 7 5  
" - 

C l a y - S i  I t  Poor l r r a g u l a r l y  
T I I I  

Sill  Till U n r u i t 4 b l t  
rind C l a y  T r l l  

C l a y - S i l t   U n s u i t a b l e  L o w  i c e  

-. 

F r o z t n  
I.I "- 

U n s u l l a b l Q  

"" 

7 1 7 - 0 - 6  t o  1 0  r 1 1 1  U n s u i t a b l e  
c o n t e n t  - 

C l a y  T i l l   t o   U r ~ s u l ~ r b l e  XanJomly 
Sllt T I I I  

unsuitable 

"" ". - "" - " F r o z e n  
I ""A 

6C 7 1 1 . n  7 1 6 - 0 - 4 . 5 ,  400 C l a y  t i l l  U n s u i t a b l e  U/F t o  UnSUl tab lR  
6 . 8  P a r t i a l l y  

- F r o r a n  

7 7 1 7 . 0  7 1 7 - 8 1 1  t o  5 6 0  C l a y  T i l l  U n s u l t a b l a   F r o z e n  U n s u i t a b l e  

- 

18 S l l t - C l a y  
T I 1 1  -- 

8 7 1 6 . 7  7 1 6 - 8 - 1  to 7 5.50 Si l t  Till U n s u i t a b l a  Frozen  t o  

9 7 1 5 . 3  7 1 5 - 8 - 1  to 5 8 0 0  c l a y   T i l l  Poor t o  

" 

6 C l a y  Till U/F 
U n s u i t a b l c  

-_ - "- - 

U n s u i t a b l e  H l C  5 
U I F ,  l o w  Paor 

1 0 A  7 1 h . 6   7 1 5 * 8 - 6  t o  550  C l a y  Till U/F t o  
"-...l" 

1 1  t o  $ 1 1 1  l i l l  F r o r a n  Low 
U n s u i t a b l e  

M / C  .- 
108 7 1 4 . 6  7 1 5 - 8 - 1 2  t o  2 0 0 0  S h a l e  an< Good Deep IO P o o r   t o  U n c t r t a i n  9 

" 

Limestone  f a i r  

1 1  7 1 4 . 4  7 1 4 - 0 - 1  t o  5 5 0  L lmtscono  o r  Good Daep 1 3  

Good 
C t h n r w i s e  
Very deep  77,8[10+ 64 

U / F .  Low Poor 

" " 

5 Oolomi t e  

1 2  7 1 4 .  0 7 1 4 - 0 - 6  to 5 5 0  C l a y  Till 6 Poor to 

. "- 
1 1  SII t  T i l l  U n s u i t a b l e  U/C 

1 3  7 1 3 . 8  7 1 4 - 8 - 1 2  t o  550  C l a y  Till 6 Poor U I F  

"" 

17 Silt Till 
Poor 

I.+ 7 1 3 . 7   7 1 3 - a - 7  t o  5 5 0  C l a y   T i l l  Poor 
1 2  

U/F Po0 r 

1 5  7 1 3 . 5   7 1 3 - 1 1 - 1 3  to 5 5 0  S h a l e  f a i r  to 
Good M l t n r f a l  

U/F 

D r y ,  Dens.. 
Hard  

L l m l t c d  b+ 

b u t  
1 7  M a t e r i a l  

Good 

Q u a n t i t y  
S m r  I I 

1 .  Nunbnrs   a re  inclurlvo. 
2. U / f  - v n f r o r e r  
3 .  YF - Non v i s i b l e  Ico-  f r l a b l s  4, la+ - i n  e x c e l l  o f  18 f..t o f  m a t t r l a l .  A c t u a l  amount unknown. 
I. H/C - m o i s t u r e  t o n t n n t  



I 
I 
4 
I 
I 

TABLE A - 1  (Cont'd) 
SUflHARV OF POTEHTIAL BORROW AREA CONDlTlOU5 

SECTION I (Mil* 714 .7  f o  H l l s  706) 

B O R R O W  
AREA ACCESS B O R E H O L E  

A C C E S S  
D l S T A l l C i  B O R R O W  

EVALUATION ( C U . Y D . )  ( F E E T )  ( F E E T )  COMDlflONS MATERIAL  MATERIAL YUHBER R I L E  W U M I I R S  ( F L L T )  

OVERALL ESTIHATED AVERAGE SYRIPPING EXPECTED QUAL I TV 
AVERAGE 

OF mORnOu QUANTITV THICKNESS DEPTH P I T  

16A 713.2 713-1-1.1,3 100 C l a y  4nd Poor  U/F.  Low roor  
713-11-18 t o  
2 2  

C l a y  f i l l  n/r 

161 7 1 3 . 2  7 1 3 - 6 - 5 . 5 . 6  300 Po0 r U / F ,  LOW Poor C l a y  Till 
a n d  S i l t  
T i l l  

M / C  

17 712.7 712-6-1 t o  5 550 F a l r  t o  160,000+ 9+ 9 D r y ,  Denre ,  F a i r  S h a l e  
H4rd Good b u t  

Derp 

18 711.0  711-1-1 to 6 400 

Flooding 
& P a s r i b t c  

C s n d i r l o n s  C o n t e n t s  
U n r u l  t e b l c  Hlgh  Ics F 8 l r  Sba l e  
- 

" 

19 710.0 710-8-1 to 3 400 1 5 6 , 7 0 0  9+ 9 U n d t r l   l c s  F b l r  Shale  
". 

Randurnlv 

M a t e r i a l  

Poor 
F r o z e n  

F e i r  t o  

20  709.0 703-11-1 t o  6 5 5 0  Poor t u  1 ,302 ,200+  12+ 9 . 5  U n d e r l i e r  Fa I r  S h a l e  
I 

High  t o  
Hediurn I c e  

U n s u i t a b l e  

M a t e r i a l s  

Conditions 
For  F a i r  
H a t c r i a l  

U n s u i t a b l e  

' C o n t e n t  

21 707.9 708-B-l-Zb I I 1800 
$ 1 1 1  f i l l  U n s u i t a b l e  

" 

I 
"" 

, n a . ~ . v  ._ I f c!27 T ! ! !  I I I I I 

S h a l e  
I"." 

F a i r  F a i r   t o  220.000 1 I +  7 #IF, Very  
" 

S O f  t Po0 t 



I I I I 
B O R R O W  
A R E A  ACCESS B O R E H O L E  DISTANCE B O R R O W  
NUMBER M I L E  NUMBERS (FEET)  MATERIAL 

A C C E S S  

23 7 0 5 . 8   7 0 5 - 1 - 1  t o  $ 5 0  Silt T I 1 1  
10 t o  c l a y  

T I 1 1  

24 7 0 4 . 1   7 0 4 - 0 - 1  t o  7 550 Silt f i l l  
& C l a v  T I I I  

Urn 1 I Graded 
C r a v a t  

L l m e r t o n e  
B e d r o c k  

S i l t  f l I I  

S i l t  f i l l  
t o  Sand T i  1 I 

699.6  6 5 9 - 8 - 1 . 2  600 S i l t  T I 1 1   t o  
C l a y  T I 1 1  

I I I I 
31 6 9 7 . 1  6 9 7 - a - 1  t o  6 400 

I G r a v e i  
Sand  and 

4 00 G r a v e l   a n d  
Sand 

400 G r a v e l l y  
S i l t  T I 1 1  

4 0 0  G r a v e l   a n d  
Sand 

900 G r a v e l  T i l l  
o v e r  

L i m e s t o n e  

2 0 0  

500 

500  

5 5 0  

Sand and 
G r a v e l  

E r a v o  1 

S I I t  a n d  
C l a y  

C l a y  

F S h a l e  

I U n s u l t * b l w  

U n r u l t a b l a   R a n d o m l y  
F r o z e n  

Good t o  M a y  b. 
E x c s l l t n t  I r r s g u l a r  

1 10 .5  

I I I 

Good 
D l r r r l b u t l o n  
I r r s g u l a r  ' 9 9+ ' 

307,200 

" 

8a,ooo+ 

I U n s u l  t a b l a  

Good 
Mnt t r I . 1  

Q u r n t l   t y  
b u t  

Uncer  t a  i n  

Good b u t  
OSSP 

1 I 

P o o r  t o  
U n s u i t a b l e  I U n r u l   t a b l e  

I I I I I ~- 
U n s u l r r b l e  C o n t e n t  
P o o r   t o  H i g h  I c e  

P o o r   t o  H i g h  I c e  
U n s u l   t a b l e  C o n t e n t  

Good LO F r o z e n  - Mlgh 0 

P a r t i a l l y  
F r o z e n  

P o o r   t o  
F a i r  

U n r u i  t s b l c  

roo Wet 

2 4 0 , 7 0 0  

6 5 7 , 8 0 0  Poor t o  
F a i r  

I I "~ 

Good 
l U / F  1 0 I I 8 +  1 466,700 I Good I I . "" 

Good 
F a i r   t o   L i g h t l y  1 I 11 5 1 3 . 3 0 0  

Po0 r 
F a i r  t o  

Good V e r l a b l r   1 1  7+ 326,700+ Good b u t  

F r o z e n  F a i r  
To   Poor  

S u r f a c e  Deep - 
E x c e l l e n t   P e r t l y  0 7* 67.410+ Poor t o  

F r o z e n  U n s u i   t e b l o  

E x c e l   l e n t  U/F 0 8+ 1 8 3 . 7 0 0 +  E x c e l   l e n t  

U n r u l t a b l e  H i g h  I c e  
C o n t e n t  

U n s u i t a b l e  

U n r u l t a b l o   H i g h  I c a  
C o n t e n t  

U n s u i t a b l e  

H a t e r l a 1  

U n s u i t a b l a  

F a i r   t o  
Good 



TABLE  A-3 

SUNNARY OF POTENTIAL U O R R O W  A R I A  COl lDlT lOWS 

SECTION I l l  ( H I L L  688 T O  H I L I  669)  - 
A C C E S S  
H I L L  

" 

688.8 

- 
B O R R O W  
A R E A  
N U M 8 E R  

h l  

43 

E X P E C T E D  STRIPPING AVERAGE ESTIMATED O V E R A L L  

CONOltiONS  (FEET)  (fEET)  (CU.VP.) EVALUAYIOU 

AVERAGE 

P l t  DEPTH THICKNESS QUANTITV B O R R O W  
A C C E S S  
DISTANCE B O R R O W  
(FEET)  MATERIAL M A T E R I A L  

QUAL I T V  
O F  

I_ 

1300 c 14-Y U n s u i   t a b l a  

3000 S h a l e  F a i r  

NUMBERS 
BOREHOLE 

- 
U n d e r 1  I e s  
H i 9 h  I c e  
C o n t e n r  C l a y  

Good 

" 

687-E- 1 :::: I I E x c e l l c n t  E x c e l  l e n t  

L i m e s t o n e  Good t o  

L i m e s t o n e  Good t o  

686.5 

6 8 6 . 5  

6 8 5 . 0  

" 

6 8 0 . 5  

619.9 

Will R e q u i r k  4 5,5+ 7 , k 5 O / l O O +  Good 
E l s s t i n g  

Will R f q u l r s  7 5+ 5 .000 /100+  Good 
B l a s t i n g  I 

I 
685-B-1  t o  4 L i m e s t o n e  

L i m e s t o n e  

L lmes t o n e  

1 4 0 0  L i m e s t o n o  

Good t o  
E x c e l  lent 

Good t o  
E x c e l  l e n t  

Good to 
i x c e l l c n t  

Good to 
E x c e l l e n t  

"" 

W i l l  R e q u i r e  2 j I O +  
B l a s t i n g  I I I Good 

680-8-  I ,  2 

" 

679-8- I .2.3 W i l l  R e g u l r e  2 1 Y +  I 8 , 0 k O / I O O '  I Good 
B l a s t i n g  , 

679.4 

" 

677 - 6  

6 7 6 . 7  
" 

6 7 6 . 6  

9 0 0  F a i r  t o  ' I Good 

1250 I Shale I F a i r  Too Oeep I 1 6  I I I U n s u i t a b l e  

5 2  6 7 6 - 6 - 3  5 0 0  i S h a l e  U n d e r 1   i e s  9 E x t e n t  Poor t u  

C o n t e n t  
M a t e r i a l  o p m e n t  

F a i r   A r e a  
For  D e v c l -  

53 616-8-4.5 7 5 3  I I Poor t o  F u l r  I 7 I 1 1 +  1 134 ,400+  I Poor E O  
F a i r  

676.5 

6 7 5 . 8  

676.1 

676.0  

54 

5 6 A  

568 

U n s u i t a b l e  

U n s u i t a b l e  

U n s u i t a b l e  

U n s u i t a b l e  

I Silt f f l l  I Unsuitable Frozen I I U n s u i t a b l e  

6 7 5  a 4 6 7 4 - 0 - 8 , g  5 0 0  I Sand 1 Fa1  r t o  Good H i g h  H / C  
Low i c e  
C o n t e n t  I I  U n s u i t a b l e  57  

58A 675.0 674-8-  1 + Poor   to  
U n s u l   t a b l e  

G r a v r l  Good t o  
E x c e l l e n t  t n s u l  t a h l e  

Good t o  
E x c e l l e n t  

5 E B  6 7 5 . 0  6 7 4 - 8 - 2 . 3  

58C 

- 
675.0 

- 
6 7 4 - 8 - 4  t o  7 

5 3 0 0  I I U n s u l t s b l s  
Poor t o  F r o z e n  U n s u i t a b l e  

2 .  6 6 7 0 / 1 0 0 ' .  On l i n e a r   f e a t u r e s  s u c h  a s  b e d r o c k   r i d g e   q u s n t l t l e r   a r 4   g l v c n   p e r  100 f e e t  o f  r l d g e   l e n g t h .  
1 .  E +  I n  e x c e s s  o f  e i g h t   f e e t  o f  a a t c r l s l .   A c t u a l   e x t e n t   u n k n o w n .  

3 .  0 1 0 0 )  D i s t a n c e  or  a c c e s s   t o  borrow a r e a  b y  r o u t e  m o r e   d i r e c t   t h a n   t h a t  u r a d  b y  D r l l l l n g   P a r t y .  
4. Nan v i s i b l e   i c e "   f r l s b l e .  



TADLE A - 1  ( e o n t ' d )  
SUMMARY OF P O T E N T I A L  B O R R O W  A R E A  CONDITIONS 

S E C T I O N  I l l  ( M I L E  6 8 8  TO M I L E  669)  

P.90 4s  

- ,  - 

AVERAGE 1 E S T I M A T E 0  O V F R . 1 L L  

EVALUATION 
B O R R G Y  

A V E R A G E  1 P I T  / O . I T *  
E X P E C T E D  S T R I P P I N G  

M A T E R I A L  C O N D l T l C N S  ( F E E T )  
O F  A R E A  

B J R R O U  

N U M B E R  

5 9  

L O A  

I 

608 

6 1  

62.4 
I 

6 2 ~  

B O R E H O L E  
A C C E S S  

N U h B E R S  
O l S T A N t E  B O R R O W  
( F E E T )  U A T E R I A L  

" 

6 7 3 - B - 1 , 2 , 3  4900 S a n d  

A C C E S S  
M I L E  

U n r u f  t a b l e  ( 6 7 4 . 0 )  

H i g h  I c e  
I r r e g u l a r  

C o n t e n t  

Good to  
Excellcnl 

.- 

Excel l e n t  

Good t o  
E x c e l  l e n t  I t o c d  I O 

Unknown I V t r y   G r e a t  E x c e  I I en t 

" - " 
Good t o  
E x c e  1 I en t 

( 6 7 1 . 4 )   6 7 0 - 8 - 1 . 2 . 3   1 3 0 0  I G r a v e l  I I Good I N F  l 2  l a +  I 7 3 3 . 0 0 0 +  
Geod t o  I N F  t o  low I 1 . 0  Excellent Icr C o n t e n t  

6 3 3 3 . 0 0 0  Good i n  
Top 6 '  
O n l y  

U n s u i t a b l e  U n s u i t a b l e  
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TABLE A - 4  
SUHHARY O F  POTENTIAL B O R R O W  A R E A  C O N D I T I O N S  

S E C T I O N  I V  (MILE 668 TO M I L E  649) 

QUAL I T Y  €XPECTEO S T R I P P I N G  A V E R A G E  ESTIMATED OVERALL 
B O R R O W  
MATERIAL MATERIAL C O N O i T i O N S  (FEET)  (FEET)  (CU.VD.) EVALUATION 

A V E R A G E  

OF P I T  D E P T H  THICKNESS Q U A H T I T V  B O R R O W  

- 
L l m e r t o n e   E x c e l l e n t  W i l l  l l e q u l r s  40 9+' 11 ,670/100+3 Good t o  

B l a s t i n g  E x c e l l e n t  

T i l l  
Sand, S i  1 t Poor P o c s i b l y   H i g h  0 f 28.500 Poor t o  

I c e   C o n t e n t  6 
wet 

U n s u i t a b l e  

1 
L i m e s t o n e  Excellent Will R e q u l r c  1 6 2 , 2 2 0 / 1 0 0 +  E x c e l l c r ~ t  2 1 +  

"" 

B l a s t i n q  I 

A R E A  A C C E S S  
B O R R O W  

NUHBER H i l E  

A C C E S I  
BOREHOLE DISTANCE 
HUNGERS ( F E E T )  

I . ." 

6G8-B-2,3,4 4700 I--- ( 2 0 0 )  

668-8-6 
667-8- 1 

/236.700 I Excc i i cn t  

L i m e s t o n e   E x c e l l e n t  Will R c q u l r s  3 9+ 
B l s s t l n g  

Silt T i l l  Poor t o  F r o z e n  
U n s u i t a b l e  

SI It Poor t o  

Ssnd Fa i r  U / F 4  0 15+  

U n s u i t a b l e  

Si l t ,  C l a y  Poor t o   U n f r o z e n  
T i l l  

Sand F a i r  t o  Poor F r o z e n  May ba 0 6 
I 

U n s u i t a b l e  
I 

Wet 

Sand F a i r  U l F  Hay be  5 . 5  8 . 5  
VI= t 

Sha le   Poor  

I U n s u i t a b l e  

U n s u i t a b l e  

116.700 Poor t o  

" 

U n s u l t a b l t  

U n s u i t a b l e  G67-8-9,IO I 1800 

667-8-3 93,100 
U n s u i t a b l e  

Poor 10 
( ! . . . . " ? h l .  

U n c e r t a i n  

--" 667-6-4 

SIIt a n d  U n s u i t a b l e  Fcoren 
Si l t  T l l l  I I I Unsu i  l a b i e  

U n s u i t a b l c  
To Poor 

U n o u i   t a b l e  

- 
Sand  and  Poor t o  F r o r c n  
Sand 5 1 1 t  U n s u i t a b l e  
T i l l  

Silt Till U n r u l t a b l e   F r o z e n   H i g h  
I c e   C o n t t n t  

I 
" 

Sand a n d  Good U / F  t o  N F ~  1 9.5 I83,OOO 
G r a v e l  

Sand  and  Good 
G r a v e l   F r o r c n   t a  NF 

Hay b e  Vet  

i r r e g u l a r l y  

Some C l a y   a n d  
S i l t  Beds. Wet 

I "I I ~ 

C l ay   and  
Sllt 

U n s u i t a b l e  

G r a v e l   a n d   F a l r  t o  Good U/F t o  NF 0 
Sand 

G r a v t l  Good T h i n   T h i n  

15+ 300 . O O O +  
Wet 

" 

Oepos I t 

Sand  and 
G r a v e l  

Good t o  F r o z e n   L o r  IO 3 4* Area 
Excellent i c e   C o n t e n t  

t o  NF 
U n c e r t a l n  
L a r g e  I 

Poor   to  
U n s u i t a b l e  

76 I 661.7 U n s u i t a b l e  

F a i r  t o  
Poor 

U n s u i t a b l e  

Good 

2 .  9+ T h i c k n e s s  o f  m a t e r i a l  I n  tmcess o f  9 f e e t .  A c t u o i  q u a n t i t y  unknown. 
1 .  (3800) O i r t a n c c  t o  borrow a r e s  by a r o u t e   m o r e  d i r e c t  t h a n   t h a t  used b y  t h e   O r i l l l n g  P a r t  w h i c h   i s   g i v e n   a b o v e .  

3 .  11,670/100' On l i n e a r   f e a t u r e s .   s u c h   a 5   b e d r o c k   r i d g e ,   q u a n t i t i e s   a r e   p i v e n   p e r  100 f e e t  o f  r i d g e   l e n g t h .  
4. U / F  - u n f r o z e n  
5 .  N F  - NOn v l s l b l e  Ice - f r i a b l e  



TABLE A - 4  (cont'd) 
SUUHARY O f  POTENTIAL B O R R O W  A R E A  C O N D I T I O N S  

S E C T I O N  I V  ( U I L E  6 6 8  TO M I L E  649) - 
B O R R O W  
A R E A  
N U M B E R  

" 

80 

8 1  

8 2  

-.." 

8 3  

84 

A C C E S S  
OISTANCE 
( F E L T )  

A V E R A G E  
S T R I P P I N G  A V E R A G E  
D E P T H  T H I C K N E S S  
( F E E T )  ( F E E T )  

QUAL I T Y   E X P E C T E D  

U A T E R I A L  CONDITIONS 
OF PIT 

Good t o  NF 
E x c e l l e n t  

U n r u i t b b l c  Too Wet 
b f r o x t n  

F a  I r V e t  Below 
IO' F r o z e n  
low Ice 
C o n t e n t   t o  
N F  

U n r u i t a b l e  

f a i r  NF t o  U / F  

B O R E H O L E  
NUMBERS M A T L R  I A 1  

BORROY QUANTITY B O R R O W  
( C U . Y D . 1  EVALUATION 

ACCESS 
H l L E  

500 
G r a v e l  
Sand and  " 6 5 7 . 5  

" 

6 5 7 .  I 

-, 

6 5 5 . 8  

654.8 

658-8-4,s 

657-8 -  I ,  2 

L a r g a  E x c e l  l e n t  

400 c l a y  

656-8-1,2 500  Sand 

400 Silt U n s u i t a b l e  

U n s u i t a b l e  
Sand 654.0 

654 .0  

" 

653.4 

643 * 4 
_" 
652. I 

Where   F rozen  I 
85 

8bA 

654-8-2,3 

I 

654-8-4 
653-8-1.2.3 

5il.100 F a i r  l o  I poor  

6 5 3 - B - 4  4200 I Sand F a i r  t o  I Good 
8 2 2 , 2 0 0  F a i r  t o  

U n r u l  t i i b l o  
1100 1 Sand I F a i r  1 I r r e g u l a r l y  

f r o z e n  , ". 

1650  +nd 4 ljll 900 5 1 l t  & C l a y  U n s u i t a b l e   F r o z e n  C Wet 

1 1 0 0  

t o  U/F  , T o o  Wet 0 6 

- " 

400 S I I t  6 C l a y  U n s u i t a b l c   F r o z e n ,  Wet 
" ". - -t" 
.".-̂_._._.._..I I " 

G r a v e l  U/F t o  N F  4 1 I +  
H a y  be Y e t  - 

651.5 

650.8 

U n c e r t a i n  i p o o r  to.  
U n s u i t a b l e  

6 5 2 - 8 - 1  

" 

651-8-1.2,3 I U n s u i t a b l e  

"I U n s u i t a b l e  

2 6 0 , 7 0 0  I G o o d  

6 5 0  651-8 -4 ,5  

6 4 9 . 1  6 5 0 - 8 - 1  

b 4 9 .  I 

- 
Irregular I 2 
D i s t r l b u t l o n  

I 



101 400 641-8-3,4.5 641.3 

IOZA 1000 641-~-7.8,9 640.8 

1028  400 641-8 -6  6 4 0 . 8  

10.9 2800  s 3 8 - 8 - 2  t o  5 636.9 
(637.8) 

109A 2650 636-0-1,2,3 6 3 5 . 9  

1096  1000 636-E-4 t o  7 6 3 5 . 9  

T A I L t  A - 5  
IUI IMARV OF POTENTIAL WRROW AREA C O W D l t l O M $  

S E C T I O N  Y (MILE 646 TO MILE 6 3 2 )  

B O R R O W  
MATERIAL 

Sand 

S8nd 

Sand 

Sand 

Sand 

S8nd 

Clay. Silt 
T i l l  

Sand 

Sl l t  and 
Sand 

Sand 

Sand 

Sand 

Sand 

Sand 

C lay  

T i  I I 
Sand, Silt 

Silt, C l a y  
c Silt 7111 

Sand and 
Gravel 

S f  I t  and 

T I  I 1  
t l a y  SIIt 

Sha le  

Sha le  

' P o o r   t o   F 4 l r   P o o r ,  Wet 0 1 let' I 1 0 6 , 7 0 0  Poor t o  I I 
, P o o r   t o  1Frez.n  LOU^ 0 . 5  I 8.5 I u n c m r t o l n  6 I U n s u i t a b l e  I 

U n r u l t a b l s   I c a   C o n t e n t .   L l n l   r e d  

Good t o  F s l r  U/F2, D r y  0 . 5  32 1,090,hOO F a i r   t o  
Good 

I I I I I 

l P o o r   t o  F r o t e n  
U n s u l t a b l e  I U n a u i t a b l c  

~ P o o r   t o  U n r u i f a b l c  Sm8 I 1 Frozen  
UnSUi t8b le  

U n r u l   t a b l e  U n s u i t a b l e  F rozen  

.., 
, P o o r   t o   F a i r  0 . 5  f r o z e n ,  3 H i g h  M / C  

18+ Poor t o  426,700 
U n r u l t a b l e  

Poor * U n s u i t a b l e  F r o z c n   H i g h  
__. 

ICR Content  
1 

I F a i r  t o  Poor 
U n s u i t a b l e  n/c I I 

F rozen ,   H igh  Poor t p  

Poor t o  
U n r u l   t a b l e  H / C  

Frozen,   H igh  
I 

U n s u i t a b l e  

Poor to U n r u l t a b l r  F r o r a n ,  High 
U n r u t t s b l e  H/C 

Poor t o  F.1r 

U n s u i t a b l e  H i g h   i c e   U n s u i t a b l e  

U n s u i t a b l e  Frarmn Poor 

Toor 327,800 l 5 +  3 . 0  \ l e t  

i o n t e n t  

Poor to  

U n s u i t a b l e  H i g h  I c e  I U n r u l t a b l s  

U n s u i t a b l e  U/F Low HlC 

I 
c o n t e n t  I 

Good t o  k x c e l l t n t  
l o w  I$e C o n t e n t   E x c e l l e n t  

853.300 32 I r r e g u l a r  N/C 0 
b u t  Hay b e  

t o  NF I 

P o o r   t o  I r r e g u l a r l y  
U n r u l t a b l s   F r o r a n  I I I 1  I I U n s u l t a b l e  

1 

Poor t o  F a i r  S o f t  p r o b a b l y  8 I lo+ I 3 8 . 5 t 0 / 1 0 0 5 +  Poor t o  I R i p a b l e  I I Good I 
P o o r   t o   F a i r   S o f t   p r o b r b l y  8 I IO+ I 26,700/100'   Poor  to I R i p a b l e  I I Good I 

2. U I f  Unf rozen  
I .  18+ I n  cxcess o f  18 f 8 ~ t  o f  a r t s r l a l .   A c t u 4 l   d e p t h  unknown. 

3 .  M I C  - H e l s t u r e   C o n t e n t  
4. N F  - Non v l r l b l s  I c e  - f r l a b l a  
5. 3 8 .  520/100' On l i n e a r   f e a t u r e ,  such 4 s  b e d r o c k   r t d g r ,   q u a n t l t l o r  a r m  given p a r  100'  o f  r t d g e   l e n g t h .  



, I  
TABLE A - 5   ( c o n t ' d )  

SUMMARY OF POTENTlAL BORROW AREA CONDlTlONS 

SECTION V (MILE  648 TO MILE 6 3 2 )  

BORROW 
AREA 
NUMBER 

A C C E S S  
MlLE 

AVERAGE 

BOREHOLE /::::::CE 1 BORROW 1 OF I P I T  1 DEPTH 1 THlCKNESS 1 QUANTITY I 
NUMBERS ( F E E T )  MATERIAL  MATERIAL CONDITIONS ( F E E T )  (FEET) ( C U . Y D . 1  

B O R R O W  
EVALUATION 

QUALlTY EXPECTED STRIPPING A V E R A G E  ESTIMATE0 OVERALL 

I 

l i O A  Poor  1.617.410 11+ Sof t  P r o b a b l y  1 Poor t o  F a i r  S h a l e  1950 635-B-i.2,3,4 6 3 5 . 0  
R i p a b l t  

l l O B  Good U n c o r t r l n  1 4  0 Cood Good 6 r b V e l  8 0 0  635-6-5 635.0 
1,078.500 

111 

Good 2 0 0 , 0 0 0  18 7 Wet Where E x c e l l e n t  Snnd and  2300 633- I -h .5  6 3 3 . 0  I 1 3  

Good 106.700+ 4 5 Good Good L imestone  1100 633-B-1.2 633.0 1 1 1  

Good 563 .OOQ+ 8+ 1 Good Good 1 i m e s  t o n e  1200 635-S-6 ,7 .8  634.5  

Pars I b l  y 

""". ~ - .. . 

Gravel F r o z e n ,  
F r o z e n   t o  
U/F to  HF 

too  w e t  

114 F a i r  t o  810,700+ 18+ S i l t y   L a y e r r  0 f a l r  t o  Sand and 400 632-1-1.2 6 3 2 . 0  
G r a v e l  

U n s u i t a b l e  

Poor i f Wa P o r s l b i y  Wet Pood 

115 H t g h   I c e  U n r u i t r b l s  S i l t - C l a y  2500 632-B-3,h 632.0  
T i l 1  C o n t e n t  
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A P P E N D  I X B 

THERMAL ANALYSIS 

1 . 1  Introduction 

The determination o f  the  effect  which  construction  activity 
has  on  permafrost,is  the  analysis  of  the  ground  thermal  regime 
a n d ,  therefore, is fundamental  to  geotechnical  design in the 
Arctic. ' I n  the past, the design o f  structures in the  north  has 
been hampered b y  the limited amount  of  precise  field d a t a  with 
regard  to the various  factors  affecting  ground  temperatures. I t  
is, therefore,  appropriate t o  analyse  all available borehole d a t a  
with a view to establishing  the  factors  which  affect the ground 
thermal  regime. 

Specifically,  some  data f r o m  t h i s  s t u d y  was used  to  provide a n  
indication,as to the  predictive  accuracy of the Modified  Berggren 
equation  for  predicting  depth o f  freeze a n d  depth of  thaw. A n  
attempt  wa5  also made to establish  the  factors  affecting the 
i.ncidence o f  permafrost a l o n g  a portion of the  proposed  highway 
route . 
8 . 1 . 2  Theory 

B . 1 . 2 ( a )  c D e e t h  of Freeze 
""11 

The modified  Berggren  equation * i s  useful  for  determining the 

depth o f  freeze where a thawed,  homogeneous  deposit is subjected 
to freezing  temperatures  at  the s u r f a c e .  The  expression  for  the 
depth  of  freeze is: 

. - .  . . .  * Reference: A d r i c h  H . P .  and  Payter, H.'M., 1953, ' Analytical 
. .  . 

Studies o f  Freezing and  Thawing of Soils', U . S .  
Corps of Engineers, Technical  Report N o .  4 2 ,  

E,W Brooker & Associates Ltd. 
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1 
.I 
, e  

where xf 

Kf 

denotes the d e p t h -  o f  f r e e z e  (ft) 

denotes t h e  thermal  conductivity o f  the 
1 -  frozen  material  (BTU/FT H R  F )  

L denotes  the  volumetric  latent  heat o f  
S freezing o f  the  soil  (BTU/CU FT) 

' f  denotes  the  air  freezing  index ( F d a y s )  0 

n denotes  the  ratio  between  the  ground  surface 
freezing  index  and  the  air  freezing  index 

and x denotes a dimensionless  correction  coefficient 

Equation ( B - 1 )  can be rewritten as: 

x f  = J f p f  

It can be shown that  the  freezing  thermal  constant, , is p r i m a r i l y  
a function  of  soil  type  and soil water  content,  The  freezing  thermal 
constant, , has  been  plotted a s  a function o f  soil  water  content 
i n  Figure B - 1 .  One  curve is obtained  for  coarse  grained s o i l s  

(sands  and  gravels)  and a second  curve i s  obtained  for  fine  grained 
soils ( s i l t s  a n d  clays).  The  thermal  constant f o r  p e a t  i s  indicated 
on the  figure a n d  is essentially  constant f o r  water  contents  greater 
t h a n  50%. 

J f  

J f  

B.1.2(b) I Deeth " C "  o f  Thaw 

Equation (B-1) can also be used,for  the  prediction o f  d e p t h  of thaw 
in a homogeneous  frozen  material  subjected t o  thawing  temperatures 
at t h e  surface. 

E.W.Brooker & Associates Ltd. 
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I n  t h i s   i n s t a n c e   t h e   u n f r o z e n   t h e r m a l   c o n d u c t i v i t y ,  K t , i s  

s u b s t i t u t e d  f o r  t h e   f r o z e n   c o n d u c t i v i t y   i n   e q u a t i o n  ( 6 - 1 ) .  . A s  

b e f o r c l ;   t h e   d e p t h  o f  thaw will be g i v e n  b y :  

X t  
= J t  03-41 

where 

and 
' t  

d e n o t e s   t h e   a i r   t h a w i n g   i n d e x  

A g a i n ,   t h e   t h e r m a l   c o n s t a n t  f o r  t h a w i n g ,  J t '  i s  p r i m a r i l y  a 

f u n c t i o n  of w a t e r   c o n t e n t   a n d  s o i l  t y p e   a n d   h a 5   b e e n   p l o t t e d  a s  

s u c h   a n   F i g u r e  0 - 2 .  

B.1.3 D a t a   A n a l y s i s  

B . l  . 3 ( a )  Eeeth ""-1 of F r e e z e  

T h e   b o r e h o l e   d a t a  was i n i t i a l l y   a n a l y s e d   w i t h  a v i e w   t o   e s t a b l i s h i n g  

t h e   p r e d i c t i v e   a c c u r a c y - o f   e q u a t i o n s  ( 8 - 2 )  and (B-4). 

T h e   d e p t h  o f  f r e e z e ,  X f ,  was d e t e r m i n e d   f r o m   F i g u r e  6 - 1 , ,  p r o v i d e d  

t h e   a v e r a g e ,   n e a r   s u r ' f a c e ,   w a t e r   c o n t e n t   h a d  been d e t e r m i n e d   f o r  

t h e   p a r t i c u l a r   b o r e h o l e .  ,The a i r  f r e e z i n g   i n d e x ,  I f ,  w a s  d e t e r m i n e d  

f r o m   t h e   a v e r a g e   m o n t h l y   a i r   t e m p e r a t u r e   r e c o r d s   f o r   t h e   p e r ' i o d   f r o m  

September,  1 9 7 2  t o   M a r c h ,  1 9 7 3 .  The a i r   f r e e z i n g   i n d e x  was f o u n d   b y  

i n t e g r a t i n g   t h e  a i r  t e m p e r a t u r e  - t i m e   c u r v e , ' b e l o w ,  3 2  F ,  u p  t o  t h e  

d a t e  a t  w h i c h   t h e   b o r e h o l e  was d r i l l e d .  T h e  t y p i c a l   c o n f i g u r a t i o n   o f  

t h e   f r o z e n   g r o u n d  w h i c h  was f o u n d   i n  many b o r e h o l e s ,   a n d   w h i c h   p e r m i t s  

0 
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t h e r m a l   a n a l y s i s   f o r   b o t h   t h e   f r e e z i n g   a n d   t h a w i n g   s i t u a t i o n   i s  

shown i n   F i g u r e  B-3. I t  i s   t h e r e f o r e   p o s s i b l e   t o   s o l v e   e q u a t i o n  

( 8 - 2 )  f o r  t h e  r a t i o ,  n,   between the g r o u n d   s u r f a c e   f r e e z i n g   i n d e x  

and  t h e  a i r   f r e e z i n g   i n d e x .  The  r e s u l t s   a r e   p r e s e n t e d   i n   T a b l e  B - 1 .  

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

p o r t i o n  o f  t h e   r o u t e   b e t w e e n   m i l e s  632 and  648 .  T h e   v a l u e s  f o r  the 

r a t i o ,   n ,  f o r  38 b o r e h o l e s ,   a r e   s e e n  t o  v a r y   f r o m  0 .05  t o  4 . 2 .  

I n f o r m a t i ' o n   p u b l i s h e d   i n   t h e   l i t e r a t u r e   i n d i c a t e s   t h a t   t h e   v a l u e  

f o r   t h e   I n 1   F a c t o r   s h o u l d   b e   b e t w e e n  0.3 and 1 . 0 ,  d e p e n d i n g  on 
s u r f a c e   c o v e r   a n d   s n o w   d e p t h s .   - T h e  mean v a l u e  f o r  t h e   f r e e z i n g  

' n u  F a c t o r ,   f o r   t h e  39 c a s e s  a n a l y s e d ,  w a s  c a l c u l a t e d  t o  be 0 . 5  

w i t h  a s t a n d a r d   d e v i a t i o n  o f  0.3. I t  i s  p r o b a b l e   t h a t   t h e   l a r g e  

r a n g e   i n   v a l u e s  f o r  t h e  I n '   F a c t o r   i s   t h e   r e s u l t  of t h e   d i f f i c u l t y  

i n   o b t a i n i n g   r e p r e s e n t a t i v e   w a t e r  c o n t e n t s  f o r  t h e   s o i l s .   T h e  

f r e e z i n g   I n '  F a c t o r  i s   a l s o   e x t r e m e l y   s e n s i t i v e   t o   d e n s i t y   a n d   d e p t h  

o f  snow  cove r   and   no   accoun t  of t h e s e   e f f e c t s  was t a k e n  i n  t h e  

a n a l y s i s .  

T h e   a n a l y s i s   i n d i c a t e s   t h a t   e q u a t i o n  B-2 w i l l ' p r o v i d e   a n   a p p r o x i m a t e  

e s t i m a t e  f o r  t h e   d e p t h  o f  f r e e z e   i n  homogeneous  depos i ts .   The 

e q u a t i o n   i s   s e v e r e l y   l i m i t e d ,   h o w e v e r ,   i n   t h a t   s u c h  e f f e c t s  a s  

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

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

e q u a t i o n .  

B .1 .3 (b )  D e p t h   o f  Thaw 
""-1 

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

many b o r e h o l e s   i s  a s  shown i n  F i g u r e  B-3. The s o i l   w h i c h   h a d  

t h a w e d   t h e   p r e v i o u s  summer h a d   n o t   y e t   c o m p l e t e l y   r e f r o z e n   i n  many 

i n s t a n c e s .   T h i s  is t h e  r e s u l t  o f  a n   u n u s u a l l y   m i l d   A u t u m n   a n d  

w i n t e r  UP u n t i l  C h r i s t m a s .  

E.W. Brooker & Associates Ltd. 
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' I  

M I  L E  

6 4 0  

635 

634  
6 3 3  

6 3 2  
6 4  1 

6 4 4  
6 4 4  

6 4 4  
6 4 4  
6 4 4  
6 4 5  
645  
6 4 5  
6 4 6  
647 
6 4 7  

TABLE B-1 

DATA A N A L Y S  I S 

DEPTH OF F R E E Z E  

L O G G E D  WATER 
D E P T H  O F  D O M I N A N T  CONTENT 

H O L E  F R E E Z E  X- S O I L  ( 2) 

c - 5  
c - 3  
c - 4  
C-6 
c - 3  

c - 7  
c - 2  

c - 1  

c - 4  
c -  1 

c - 1  

c - 4  
c - 4  
c - 3  
c -  1 

c - 2  

c - 4  
c - 5  
C-6 
c - 3  
c - 4  
c - 5  
c - 7  
c -  1 

c - 4  

3 . 0  
I 7.0 

5.0 
5 . 0  
2.0 

3.5 
4 .5  

14 .0  

6 , o  
6.0  

5 . 0  

1 2 . 0  

1 0 . 0  

5 .0  

4 . 0  

5.0 
5.0 
6.0 

7 . 0  

3 . 0  
3 . 0  
5 . 0  

11.0  

3 . 0  

5-0 

S M  

PT  

CL 

CL 

PT 

C L  

C L  
ML 

C L  
G W  
c w  
PT 

CL 

PT 

S M  

SM 
SM 
SM 
S M  

S M  

S M  

SP 
SM 

CL 

M L  

3 5  
1 6 6  

6 5  
15 
50  

1 2  

35 
50 

20  

3 
5 

1 0 0  

28 

93 
3 2  

27 

25 

1 3  
5 

32 
2 5. 
2 2  

2 9  

34 
30 

J f  ( f rom n = ( X / J f _ )  
F i g .  1 )  I f  

2 

0 . 1 1 6   . 1 2  

0.080 1 . 3 6  

0 . 1 0 0  - 4 5  
0 . 1 5 6  . 1 8  

0 0 7 7  12  
0 .168  .08 
0 . 1 1 6   ' 2 7  

0 . 1 0 4  3 . 2 3  
0 . 1 4 2  3 2  

0 . 2 0 8   - 1 5  

0.078 4 .2  

0 .078 73 
0 . 1 3 6   - 1 5  

0 . 1 6 0  . 17  

0 . 1 2 4  1 . 1 6  

0 . 1 4 8  .20 

0 . 1 5 3   . 1 9  
0 . 2 0 4  - 1 5  

0 . 1 4 4  .42 

0 . 1 3 6  09 
0 , 1 5 3  07 
0 . 1 6 3  - 17  

0 .156 89 
0 . 1 1 6  . 12  

0 . 1 2 2  3 0  

E.W-Brooker & Associates Ltd. 



MI L E  

6 4 8  
648 
6 4 8  

632 
632 
6 3 2  
6 3 2  
6 3 3  
6 3 4  
6 3 5  
6 4 3  
6 4 5  
6 4 8  

HOLE 

c - 3  
c - 5  
C - 6  
s- 1 

S - 6  
s - 1 1  

5 - 1 2  

s- 1 

s - 2  

s - 1  

s - 1  

$4- 1 

s - 1  

T A B L E  B - 1  (cont'd) 
DATA A N A L Y S I S  

D E P T H  O F  FREEZE 

L O G G E D  WATER 
D E P T H  OF D O M I N A N T  CONTENT J f  ( f r o m  
F R E E Z E  S O I L  ( % I  F i g .  1 )  

4 . 0  SP 1 5   0 . 1 9 2  

4.0 ' SM 8 0 . 1 2 5  

4.0 S M  2 2  0 . 1 6 3  

1 0 . 0  C L  15 0 .156 

5 . 0  GW 1 2   0 . 2 1 2  

1 3 . 0  ML 17 0 . 1 5 0  

1 4 . 0  C L  40  0 . 1 1 0  

3 . 0  ML 9 0 . 1 8 6  

3 . 0  CL 50 0 . 1 0 4  

3 . 0  ML 1 5  0 . 1 5 7  

4 . 0  ML 1 5  0 . 1 5 7  

3 . 0  S M  . 32 0 . 1 3 6  

3 - 0  P i  1 1 5  0 . 0 7 8  

.E 

Page B 9  

n = ( X / J  l 2  7 
. 08  

.18 
0 1 1  

73 
. 1 0  

1 . 3 4  
2 . 8 9  

05 

*15 
07 

. 1 2  

09 
. 2 6  

A I R  F R E E Z I N G  I N D E X  I t  = 5616  F D a y s  

F R E E Z l  N G  ' n '  FACTOR 

A V E R A G E   V A L U E  - 0.5 

0 

S T A N D A R D  D E V I A T I O N - O , ~  

E.W Brooker & Associates Ltd. 
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Computer analyses h a v e   i n d i c a t e d   t h a t   r e f r e e z i n g  o f  t h e   a c t i v e  

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

t h e   d i s t a n c e   t o   t h e   p e r m a f r o s t   t a b l e ,  on  F i g u r e  B - 3 ,  will c o r r e s p o n d  

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

f a l l .  T h e r e f o r e  i t  i s   p o s s i b l e   t o  u s e  e q u a t i o n  ( B - 4 )  t o  s o l v e  

f o r   t h e   t h a w i n g  ' n '  F a c t o r  w h i c h   o p e r a t e d   t h e   p r e v i o u s  summer. 

The a i r   t h a w i n g   i n d e x  was d e t e r m i n e d   f r o m   t h e   a v e r a g e   m o n t h l y  

t e m p e r a t u r e   r e c o r d s   b e t w e e n   M a r c h   a n d   N o v e m b e r ,  1 9 7 2 .  The a i r  

t h a w i n g   i n d e x  was f o u n d   b y   i n t e g r a t i n g   t h e   a i r   t e m p e r a t u r e  

t i m e  c u r v e ,   a b o v e  3 2  ' F ,  o v e r   t h e   e n t i r e  summer p e r i o d .   T h e  

t h a w i n g   t h e r m a l   c o n s t a n t ,  J,, was d e t e r m i n e d   f r o m   F i g u r e  B - 2 ,  

p r o v i d e d   t h e  n e a r  s u r f a c e   w a t e r   c o n t e n t   d a t a  was known.  The 

r a t i o   b e t w e e n  t h e  g r o u n d   s u r f a c e   t h a w i n g   i n d e x   a n d   t h e   a i r  

t h a w i n g   i n d e x  was t h e n   c a l c u l a t e d   f r o m   e q u a t i o n  (B-4). The 

r e s u l t s  a r e  p r e s e n t e d   i n   T a b l e  B - 2 . '  

The maximum d e p t h  o f  t h a w   w h i c h   o c c u r r e d   d u r i n g  the p r e v i o u s  

summer c o u l d  be deduced i n  29 of t h e   b o r e h o l e s   d r i l l e d   d u r i n g  

t h e   w i n t e r .   A ' r e v i e w   o f   t h e   l i t e r a t u r e   i n d i c a t e s   v a l u e s  f o r  t h e  

t h a w i n g  I n '  Factor  g e n e r a l l y   r a n g i n g  f r o m  0 . 8  t o  1 . 5 .  An a v e r a g e  

v a l u e  o f  2 . 3  w a s  c a l c u l a t e d  , ' f r o m  t h e  d a t a   p r e s e n t e d .  i n  Tab l ' e  B-2, 
w i t h  a s t a n d a r d   d e v i a t i o n  o f  1 . 9 .  T h e   a v e r a g e   v a l u e   i s   s o m e w h a t  

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

a c t i v e   l a y e r   h a d  n o t  c o m p l e t e l y   t h a w e d ,  may be i n c l u d e d   i n   t h e  

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

b e   b i a s e d   o n   t h e   h i g h   s i d e .   T h e r e  i s  c o n s i d e r a b l e   s c a t t e r   t o   t h e  

d a t a  a 5  i n d i c a t e d   b y   t h e   v a l u e  f o r  t h e   s t a n d a r d   d e v i a t i o n .   T h i s  

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

n e a r  s u r f a c e   w a t e r   c o n t e n t s .   F u r t h e r m o r e ,   t h e   t y p e  o f  s u r f a c e  

c o v e r   a n d   t h e   e f f e c t - o f   s t r a t i f i e d   d e p o s i t s  was n o t   a c c o u n t e d   f o r  

i n  t h e   a n a l y s i s .  

EM! Brooker & Associates Ltd. 



M I L E  

6 4 3  
6 4 4  
6 4 4  

6 4 3  

6 4 5  
7 2 3  

7 2 2  

722 
7 2  1 

7 2 1  

7 2  1 

7 2 1  

7 2 0  

720 
7 2 0  

7 1 9  
692 
6 8 9  
6 7 7  
6 7 4  
6 6 5  
6 6 4  

664 
6 6 4  
664 
6 6 4  

HOLE 

c - 1  

c -  1 

c - 2  

s- 1 

s - 1  

c - 7  
c - 5  
c - 9  
c - 2  

c - 3  
C - 6  

c - 7  
c-5 
c - 7  
C-8 

c - 5  
c - 5  
s- 1 

c - 4  
c - 5  
C-6 

c - 2  

c - 3  
c - 4  
c - 5  
C-6 

A P P A R E N T  
DEPTH OF 
THAW ( X )  

1 4 . 0  

8 . 1  
1 0 . 0  

1 9 . 0  

1 2 . 0  

9.0 
9.0 

1 0 . 0  

1 1 . 0  

9 . 0  

2 . 0  

2 . 5  
8.5. 
9.0 
9 . 5  
9.0 
7.0 

9.0 
6.0 

4.0 
7.0 
8.0 

7.0 
9.0 
4.0 
7 . 0  

D O M  1 N A N T  
SOIL  IN 
TOP 3 FT 

S P  

SP 
SM 

ML 

SM 
ML 

ML 

CL 

S P  

S M  
S M  
SM 
ML 

ML 

C L  

CI 
ML 

CL 

M L  

ML 

s c  
M C  

MC 

ML 

S M  

ML 

TABLE 8 -2  

DATA ANALYSIS 
DEPTH O F  THAW 

WATER 
CONTENT 
AT 
2 . 5  ( % I  

6 
32 
27 
15 

32 
5 0  
10 

12  

. 3  
3, 
5 

27 
3 5  
1 3  

24  

7 5  
5 1  

30 

15 

1 3  

32 

2 7  
25  

20  

1 0  

20 

0 . 2 6 4  

0 0 9 4  

0 . 1 0 6  

0 . 1 3 2  

0.094 
0.076 
0 . 1 6 2  

0 . 1 4 8  
0 . 3 0 0  

0 . 3 0 0  

0.290 

0 . 0 8 0  

0 . 1 0 6  

0. 1.42 

0 - 099 
0.076 
0 .076  

o 0 8 6  

0 . 1 3 2  

0 . 1 4 2  

0 094 
0.092 
0.096 
0 . 1 1 0  

0 . 2 0 0  

Q . 1 1 0  

Page Bll 

n = (X/Ja)2 I L  

t 

1 . 0 2  

2 . 6 9  

3,22 
7.49 
5 . 8 9  
5.07 
1 . 1 2  

1 . 6 5  

0 . 4 9  

0 . 3 3  
0.02 

0 . 2 0  

4 . 0 8  

1 . 4 5  

3 . 3 3  
5 . 0 7  

3 07 

3.96 
0.75 
0 . 2 3  

2 . 0 1  

2 . 7 4  

1 . 9 2  

2 . 4 2  

0 .15  

1 . 4 7  

E.W Brooker & Associates Ltd. 



T A B L E  8 - 2  ( c o n t . ' d )  

D A T A  ANALYSIS 
D E P T H  O F  THAW 

A P P A R E N T  D O M I N A N T  
D E P T H  O F  S O I L  IN 

M I L E  HOLE THAW ( X )  T O P  3 FT 

663 c - 2  4.0 M L  
6 6 3  c - 7  1 2 . 0  ML 

662  c - 1  9 . 0  ML 

WATER 
C O N T E N T  
A T  
2 . 5  (%I J t  

; c 

Page B 1 2  

15 0-,. 1 32 0 . 3 3  
5 0.234 0 . 9 5  

23   0 .102 2 . 8 2  

2 n = ( x / J , )  
I -  
t 

A I R   T H A W I N G   I N D E X ,  I t  = 2 7 6 5  F D A Y S  
0 

NUMBER O F  S A M P L E S , : .  29 
T H A W I N G  ' n '  F A C T O R  

A V E R A G E   V A L U E  - 2 . 3  

S T A N D A R D   D E V I A T I O N  - 1 . 9  

E.W.Brooker & Associates Ltd. 
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The r e s u l t s   i n d i c a t e   t h a t   e q u a t i o n  ( 8 - 4 )  will p r o v i d e   a n  

a p p r o x i m a t e   i n d i c a t i o n   o f   d e p t h  o f  t haw.  A s  w i t h   t h e   e q u a t i o n  

f o r   p r e d i c t i o n   o f   d e p t h  o f  f r e e z e ,   e q u a t i o n  ( B - 4 )  i s  s e v e r e l y  

l i m i t e d   i n   t h a t  i t  d o e s   n o t   e x p l i c i t l y   a c c o u n t  for s u r f a c e   c o v e r ,  

a n d   v a r i a t i o n s  i n  soil t y p e   a n d   s o i l  w a t e r  c o n t e n t   w i t h   d e p t h .  

B .  1 . 4  F a c t o r s   I n f l u e n c i n g   t h e   O c c u r r e n c e   o f   P e r m a f r o s t  

A r e v i e w  of t h e   d a t a  f r o m  332 b o r e h o l e s ,   l o c a t e d   b e t w e e n   m i l e s  

6 8 9  t o  7 2 4 ,  r e v e a l e d   t h a t   p e r m a f r o s t  was e n c o u n t e r e d   i n  38% o f  t h e  

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

s e c t i o n  o f  t h e   r o u t e ,  p e r m a f r o s t  w a s  e n c o u n t e r e d  i n  30% o f   t h e  

b o r e h o l e s .   T h i s  i s  s i g n i f i c a n t l y   d i f f k r e n t  f rom t h e   o v e r a l l  

i n c i d e n c e  of p e r m a f r o s t ,   a n d  i s  v e r y   c l o s e  to 29% f o r  t h e  

p r e s e n c e  of p e r m a f r o s t   o n   t h e   o l d   c u t   l i n e .   T h e r e f o r e ,  i t  w o u l d  

seem t h a t  the i n c i d e n c e  of p e r m a f r o s t   u n d e r  open or e x p o s e d  a r e a s  

will be a p p r o x i m a t e l y  30%; w h e r e a s ,   , i n   t r e e   c o v e r e d , a r e a s  i t  will 

be a p p r o x i m a t e l y  4 4 % ,  w h i c h  was f o u n d  f o r  b o r e h o l e s   d r i l l e d   w h e r e  

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

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

C.N.T. ' 1  i n e .  

The e f f e c t   w h i c h   d e p t h   o f   p e a t   h a s  on t h e   i n c i d e n c e   o f   p e r m a f r o s t ,  

b e t w e e n   M i l e s  6 8 4  a n d  7 2 4 ,  w a s  a l s o  i n v e s t i g a t e d .   T h e   a v e r a g e  

d e p t h  o f  p e a t  i n  p e r m a f r o s t   a r e a s  was f o u n d   t o   b e  1 . 0  f e e t  w i t h  a 

s t a n d a r d   d e v i a t i o n  .o f  1 . 5 ,  f e e t .   - I n   n o n   p e r m a f r o s t   a r e a s   t h e  

a v e r a g e   p e a t   d e p t h  was 0.9 f e e t  w i t h  a s t a n d a r d   d e v i a t i o n  o f  0 . 9  

feet. I t  i s  a p p a r e n t   t h a t   t h e   d i f f e r e n c e   b e t w e e n   t h e  two a v e r a g e  

v a l u e s  i s  i n s i g n i f i c a n t .  

E.W Brooker & Associates Ltd. 
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The i n c i d e n c e  of p e r m a f r o s t  a s  a f u n c t i o n  of s o i l   t y p e  w a s  a l s o  
i n v e s t i g a t e d   a n d   t h e   r e s u l t s  are p r e s e n t e d  i n   T a b l e  8 - 3  b e l o w :  

T A B L E  B-3  

I N V E S T I G A T E D   I N C I D E N C E  O F  P E R M A F R O S T  

I N  V A R I O U S  SO I L T Y P E S  

M I L E S -  684 TO 724 

SOIL T Y P E  ( E X T E N D E D  
U N I F I E D  C L A S S I F I C A T I O N )  G S M L  CL c '1 C H  O H  

P E R C E N T  O F  TOTAL N O .  O F  
B O R E H O L E S ,  O F  I N D I V I D U A L  
S O I L   T Y P E S ,  W H E R E  P E R M A F R O S T  
W A S  L O C A T E D  . 3 3 %  65% 8 1 % .  2 5 %  3 4 %  25% 3 6 %  

From t h e  a b o v e   t a b l e ,  i t  a p p e a r s  t h a t  p e r m a f r o s t  i s  more l i k e l y  t o  

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

a n a l y s i s   i n d i c a t e s   t h a t  6 5  and 81 p e r c e ' n t  o f  t h e   b o r e h o l e s   t h a t  

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

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

t h e . r e s u l t s ,   h o w e v e r ,   s i n c e   t h e y  a r e ,  a f f e c t e d ,  t o  some e x t e n t  by 
t h e  number of  samples of e a c h  s o i l  t y p e  e n c o u n t e r e d .  For e x a m p l e ,  

g r a v e l  was e n c o u n t e r e - d   i n   o n l y  3 o f   t h e   b o r e h o l e s   i n   t h e  a r e a  
analysed, a n d   h e n c e ,   t h e   v a l u e  of 3 3  p e r c e n t   f o u n d  f o r  t h e  i n c i d e n c e  

of p e r m a f r o s t   i n  g r a v e l  c o u l d  be s i g n i f i c a n t l y   i n   e r r o r .  

E.W Brookur & Associates Ltd. 
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T h e o r e t i c a l   s t u d i e s   h a v e   i n d i c a t e d   t h a t   t h e  p r e s e n c e  o f  p e r m a f r o s t  

may  be d o m i n a n t l y   c o n t r o l l e d   b y  t h e  r a t i o   o f   t h e   f r o z e n  t o  thawed 

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

a r e  p r i m a r i l y  a f u n c t i o n  o f  s o i l   w a t e r   c o n t e n t ,  it w o u l d  seem 

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

c o n d i t i o n s ,   s u r f a c e   c o v e r   a n d   s o i l   t y p e ;   p e r m a f r o s t   c a n   e x i s t   w h e r e  

w a t e r   c o n t e n t s   a r e   h i g h e r   t h a n  some c r i t i c a l   v a l u e ,   a n d  will be 

n o n - e x i s t e n t   w h e r e   t h e   n k a r   s u r f a c e   w a t e r   c o n t e n t s   a r e   l o w e r   t h a n  

t h i s   c r i t i c a l   v a l u e .  

D a t a   f r o m   m i l e s  700 t o  7 2 4  was a n a l y s e d   i n   t h i s   r e s p e c t .   T h e  

a v e r a g e   n e a r   s u r f a c e   w a t e r   c o n t e n t  of t h e   b o r e h o l e s ,   w h e r e  

p e r m a f r o s t  was f o u n d ,  was c a l c u l a t e d   t o   b e  2 8 . 1 % ,  w h i c h   i s  

s i g n i f i c a n t l y   g r e a t e r   t h a n   t h e   a v e r a g e  w a t e r  c o n t e n t   o f  1 5 . 3 % ,  

m e a s u r e d   w h e r e   p e r m a f r o s t  was n o t   f d u n d .   T h i s   t r e n d   s u p p o r t s  

t h e   t h e o r e t i c a l   p r e d i c t i o n .   H o w e v e r ,   t h e r e  was f o u n d   t o  be  

c o n s i d e r a b l e   s c a t t e r  t o  t h e  d a t a .   F o r   e x a m p l e ,   i n  many i n s t a n c e s  

w h e r e   n e a r   s u r f a c e   w a t e r   c o n t e n t s   g r e a t l y   e x c e e d e d  1 5 . 3 %  p e r m a f r o s t  

was n o t   f o u n d   t o  exist. Converse1y;permafrost  was f o u n d   i n  many 

b o r e h o l e s  where w a t e r   c o n t e n t s   w e r e   v e r y  much l e s s  t h a n  2 8 . 1 % .  

T h e   s c a t t e r   t o  t he  d a t a   r e f l e c t s   t h e   e f f e c t s   w h i c h   o t h e r   f a c t o r s  

such  a s  s u r f a c e   c o v e r ,   s o i l   t y p e ,   a n d   m i c r o - c l i m a t e   h a v e   o n   t h e  

e x i s t e n c e  o f  p e r m a f r o s t .  

B.1 . 4  C o n s l u s i o n s  

I t  i s  c o n c l u d e d   t h a t   e q u a t i o n s  (8-2. )  and  ( B - 4 )  will p r o v i d e  

a p p r o x i m a t e   e s t i m a t e s   f o r   d e p t h   o f   f r e e z e   a n d   d e p t h  o f  thaw,  

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

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

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

e x p l i c i t l y   a c c o u n t e d  f o r  i n   t h e   e q u a t i o n s .   T h e r e f o r e ,   c o n s i d e r a b l e  

j u d g e m e n t   i s   r e q u i r e d   i n   t h e i r   u s e .  

E.W. Brooker & Associates Ltd. 
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P e r m a f r o s t  was e n c o u n t e r e d   i n  38% of t h e   b o r e h o l e s  between m i l e s  

6 8 9  and 7 2 4 .  The i n c i d e n c e  of p e r m a f r o s t  b o r e  n o   s i g n i f i c a n t  

r e l a t i o n s h i p  t o  t h e  p e a t  t h i c k n e s s .   H o w e v e r   i n   b u r n  a r e a s  and 

o n   t h e  o l d  C . N . T .  c u t   l i n e   t h e   i n c i d e n c e  of p e r m a f r o s t  was 

lowers (30% a n d  2 9 % ,  respectively) a 5  compared to 
t h a t  f o u n d   w h e r e   t h e   r i g h t   o f  way had b e e n   f r e s h l y  c l e a r e d  ( 4 4 % ) .  

The i n c i d e n c e - o f   p e r m a f r o s t   i n  t h i s  s e c t i o n  was' f o u n d  t o  be 
s i g n i f i c a n t l y   g r e a t e r   i n  sands; and s i l t s  a s  compared t o  o t h e r  

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

t o   a s c e r t a i n   s i n c e  t h e  r e s u l t s   a r e   a f f e c t e d   t o  some e x t e n t   b y  

l i m i t e d   d a t a  f o r  some s o i l   t y p e s .  

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

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

f u n c t i o n  o f  n e a r   s u r f a c e   s o i l   w a t e r   c o n t e n t .   W h e r e   w a t e r  

c o n t e n t s  a r e  h i 2 h ,  p e r m a f r Q s t  will e x j s t  a n d  it: w i l l  be 
n o n   e x i s t e n t  where  w a t e r   c o n t e n t s   a r e ,  low. A f i a i y s i s  o f  d a t a  

f r o m   b o r e h o l e s   b e t w e e n  Miles 7 0 0  and  724 c o n f i r m  t h i s  t r e n d ,  

however?   t he re  i s  c o n s i d e r a b l e   s c a t t e r  to t h e   d a t a .  

B.2 S e t t l e m e n t  

8 . 2 . 1  Genera 1 
"" 

Numerous  methods f o r  p r e d i c t i n g   t h e   m a g n i t u d e   a n d   r a t e  o f  

s e t t l e m e n t , a s s o c i a t e d   w i t h   t h a w i n g  o f  soils under  embankments,., 

have been p r e s e n t e d   i n   t h e   l i t e r a t u r e .   G e n e r a l l y ,   t h e   a m o u n t  

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

t h a w e d   s o i l   a n d   t h e   d e p t h  t o  w h i c h  i t  thaws.  T h a t  is: 

E.W Brooker & Associates Ltd. 
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where 

s = M X t  

S denotes  the  settlement  which o c c u r s .  

M denotes  the  volumetric  compressibility of 
s o i l  under  specific  stress  conditions. 
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I 
I 

and 
x t  

denotes  the  depth  to  which  the  soil  thaws. 

I t  is apparent t h a t  the  accuracy  to  which  settlements  can  be 
predicted is a function o f  both  the  accuracy to which  the  depth 
o f  t h a w  and t h e  compressjbility of the  soil  can  be  determined. 

8 . 2 . 2  
c DeEth "" of T h a w  

A wide  variety of analytical  and  numerical  methods of determining 
the  depth of thaw in frozen  ground  are  available.  The  Modified 
Berggren  Equation,  Equation B - 1 ,  represents  one o f  the  simpler 
methods  for  predicting  depth o f  thaw. T h e  accuracy o f  t h e  Modified 
Berggren  Equation is limited., in t h a t ,  i t  can  not  explicitly  account 

for  Variations i n  surface  cover,  snow  depth a n d  inhomogeneous  Soil 
thermal  properties.  The  equation  can  be  used  where  approximate 
estimates  for  depth o f  thaw a n d  settlement  are  required. 

, I  
I 
I 
1 
1 
I 

Where  more  accurate  predictions  are  required I i . t  is n e c e s s a r y  to 
predict  the  depth of thaw  accurately  through  the use of more 
sophisticated  numerical  solutions  programmed  for  the  computer. 
Both finite  difference a n d  finite  element  computer  programs  are 
privately  available  which  incorporate  explicitly  into  their  solutions, 
the ground surface heat  balance, a s  we11 a s ,  variations in Soil thermal 

properties  with  depth.  The  accuracy o f  thermal  predictions is 
/c 

I 
restricted 6'nly by the  accuracy to which the various i n p u t  parameters 
can be determined. 

E.W.Brooker & Associates Ltd. 
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occurs b e l o w  

upon  the fol 
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thaw  and,  hence, t h e  amount o f  settlement  which 
a gravel  highway fill, will d e p e n d ,  in general, 
towing f a c t o r s :  

ground  surface  temperature  variation 

with  time 

thermal  properties  and  depth of gravel 

3 )  thermal  properties  and  depth o f  subgrade 
soi 1 s 

4 )  the  construction  schedule 

B 1 8  

T h e s e  factors  can be accounted  for i n  existing  computer  programs. 
The optimum  depth  of  gravel,  which will ensure t h e  thaw  plane  does 

n o t  p e n e t r a t e  into h i g h l y  compressibie  sub-soils,  can be determined 
a s  a function o f  these  factors. 

The volumetric  compressibility o f  the  thawed  soil  can b e  determined 
through a variety o f  methods  which  employ  standard  soil  mechanics 
procedures.  One o f  the  simpler  techniques will be reviewed  here. 

The  volumetric  compressibility, M ,  can be defined a s ;  

M =  e i  
- e t 

1 + e  i 

E.W. 6rooker & Associates Ltd. 
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where e denotes  the i n i t i a l   ( f r o z e n )   v o i d  r a t i o  
o f  t h e   s o i l .  

i 

and e d e n o t e s  t h e  f i n a l   ( t h a w e d )   v o ' i d   r a t i . 0  of 
t h e   s o i l .  

n t 

P r o v i d e d   t h e  s o i l  i s  c o m p l e t e l y   s a t u r a t e d  w i t h  w a t e r ,  t h e   c o m p r e s s -  

i b i l i t y  M ,  will. be a f u n c t i o n  of t h e   i n i t i a l   a n d   f i n a l   s o i l   w a t e r  

c o n t e n t s .  

M = 1 . 1  w i - wt  

l/Gs + 1.1 w i  

where W d e n o t e s  t h e  i n i t i a l   s o i l  w a t e r  c o n t e n t  

( b y   w e i g h t )  
i 

W t  
d e n o t e s   t h e   f i n a l   s o i l   w a t e r   c o n t e n t  

( b y   w e i g h t )  

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

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

2 .65  f o r   m i n e r a l   s o i l s .  

and t h e   f a c t o r   1 . l . a c c o u n t s  f o r  t h e  vo lume 

c h a n g e   a s s o c i a t e d  w i t h  t h e   i c e / w a t e r  

t r a n s f o r m a t i o n  

E.W. Brooker & Associates Ltd. 
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Accurate  prediction o f  the  settlement  below a gravel  highway 
is seen to depend on the  accuracy to which  the t h a w  depth a n d  
compressibility  of t h e  soil can be determined, Where approximate 
estimates o f  depth of t h a w  a n d  settlement a r e  required, i t  i s  

possible  to  employ t h e  simpler analytical  thermal  solution. 

The accurate  prediction  of  settlements  requires  the u s e  o f  more 
soph-isticated computer solutions  which  can  account  for t h , e  

majority o f  factors  which  significantly  affect'depth of t'haw. 

T h e  compressibility o f  the thawed soil  can be determined  using 
standard  soil  mechanics procedures. The rnagnitude o f  t h e  

settlements c a n  therefore be determined u n d e r  a w i d e  variety 
of temperature a n d  soil  conditions.'  The  design  depth  for t h e  

gravel  forming t he  roadbed,  which will ensure  settlements a r e  

not  excessive,  can  therefore be  determined in a rational w a y .  

E.W Brooker & Associates Ltd. 
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A P P E N D  I X C 

RECOMMENDED FLOW VELOCITIES F O R   D R A I N A G E   C H A N N E L S  

c . 1  I N T R O D U C T I O N  

T h e r e   a r e  many c o m p l e x   f a c t o r s   a f f e c t i n g   t h e   d e s i g n  o f  t h e   d r a i n a g e  

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

o f   t h e   h i g h w a y  will i n v a r i a b l y   r e s u l t  i n  some r e - a r r a n g e m e n t  of t h e  

n a t u r a l   d r a i n a g e   p a t t e r n ; w h i c h  will r e q u i r e   c h a n n e l l i n g  of r u n o f f  

o v e r  new c o u r s e s , o r   t h e   c o n c e n t r a t i o n  of m o r e   w a t e r   i n  some o l d  

c h a n n e l s .   I n   t h e s e  a r e a s  t h e   p o t e n t i a l  f o r  s c o u r   e r o s i o n  is,. 

t h e r e f o r e ,   i n c r e a s e d .   W h e r e  new d r a i n a g e  COURSES a r e   d e v e l o p e d , t h e  

p r o b l e m   o f   t h e r m a l   e r o s i o n  also e x i s t s .  

I n   t h e   n o r t h ,   t h e   g r e a t e s t   c o n c e n t r a t i o n   o f   w a t e r  comes d u r i n g   t h e  

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

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

v e g e t a t i o n   a n d  by  t h e   s e a s o n a l   f r o s t   i n   t h e   g r o u n d .  A s  t he  s e a s o n a l  

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

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

s t ream,   and  the   bed o f  t h e  s t r e a m   i s   i n   b a l a n c e  w i t h  t h e   r a t e  of 

f l o w .   I n  a new c h a n n e l   t h i s   e q u i l i b r i u m  will n o t  h a v e  e s t a b l i s h e d .  

C o n s e q u e n t l y ,  i t  i s  d e s i r e a b l e   t h a t  a new c h a n n e l   a n d  f l o w  v e l o c i t i e s  

of r u n o f f  be a d j u s t e d  t o  p r e v e n t   s c o u r i n g  of t h e  exposed c h a n n e l  

m a t e r i a l ,   b y   t h e   r u n o f f .  

c . 2  D e s i g n   E q u a t i o n s  

" 

D e s i g n   e q u a t i o n s   e x i s t  for o p e n   c h a n n e l   f l o w ,   w h i c h   r e l a t e   f l o w  

v e 1 o c i . t ~   t o   t h e   g r a d i e n t  of the c h a n n e l  a n d  t h e   c r o s s - s e c t i o n a l  

c o n f i g u r a t i o n .   T h e   M a n n i n g   f o r m u l a l " ,  i s  s u c h   a n   e q u a t i o n ,   w h i c h  

i s  common ly   emp loyed   fo r  open c h a n n e l   f l o w   c a l c u l a t i o n s .  The 

f o r m u l a   i s  a s  f o l l o w s :  

R e f e r e n c e  
1 .  U . S .  D e p a r t m e n t  of t h e   I n t e r i o r ,   B u r e a u  of R e c l a m a t i o n   C a n a l s  

a n d   R e l a t e d   S t r u c t u r e s .   D e s i g n   S t a n d a r d s  N o .  3 .  

E.W Uraoker & Associates Ltd. 
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where V = velocity o f  water, i n  f e e t  p e r  second, 
s = slope o f  energy  gradient, in feet per f o o t ,  

r = hydraulic radius (water area  divided b y  
wetted perimeter), a n d  

n = coefficient  of  roughness  (Mannings 'n'). 

For uniform  channel sections  covered  with sand and gravel, the 
Mannings's 'n' may be determined by the  Strickler  equat-ion,  which 
i s ,  

1 /8 n = 0.0342 d S 0  

In the kquation,d  equals the size, in feet, for which 50 percent 
o f  bed material by w e i g h t  i s  finer-. U a l u e s o f  Manning's I n 1  have 
also been dete-rmined for  other s o i l  types. Table C - 1  presents 
recommended values of Mannings In' f o r  the soils found along  this 
section o f  the highway. 

5 0  

0 "  

In unlined channels, the velocity should be such a s  to prevent 
cutting of the  channel prism or  deposition of silt. The maximum 
velocity allowable to prevent cutting, or the minimum allowable 
to prevent  silt  deposition,will  depend upon soil characteristics, 
sediment load in the w a t e r ,  and other natural factors. However, 
general limits c a n  b e  set down. The Kennedy  formula for sediment 
laden water  flowing in a bed of  similar material is, 

/ 

V = C D  0.64 
S ( c - 3 )  

E.W Brooker & Associates Ltd. 
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TABLE C - 1  

. *  
Manning's'n'for  Natural Stream channels a n d  Design  Velocities 
for  Non-Silt,  Non-Scour  Conditions. f o r  use on t h e  Mackenzie 
Highway. 

* ..? 

R E C O M M E N D E D  . 
DES I G N  
V E L O C I T I E S  

( f P d  
M A N N I N G  

n MATER I A L  

Stiff C l a y  0.025 2.00 

Colloidal S i l t  0 . 0 2 5  
Non-Colloidal S i l t  0 . 0 2 0  

1 . o o  
2.00 

Fine  Sand 
Coarse S a n d  
Si 1 t y  Sand 

0 . 0 2 0  
0 .020  
0 . 0 2 0  

1 .25 
1 .25  
1.50 

S i l t  Till 
C l a y  Till 

0 .025  
0 .025 

2 . 0 0  
2.00 

0 . 0 2 0  
0 . 0 2 5  
0 . 0 2 5  

2 . 0 0  

3.00 
3.00 

F i ne Gravel 
Coarse Gravel 
Well  Graded  Gravel 

C o b b l e s  5.00 

3.00 Broken Stone 

4 . 0 0  0 . 0 2 5  Shale 

Vegetal-1  ines 0.033 3.5 maxi mum 

1 .  Table C-1 is based  on  channel  depths  being  between 0 . 5  a n d  3.0 f e e t ,  
2. A g i n g  of channels permits  velocities to be  increased b y  30%. 
3 .  For  vegetal-lined  channels  increase  the  given  values b y  u p  

4 .  Gradients  should not e x c e e d . 4  p e r c e n t  f o r  a n y  drainage  course. 
to 1.5 ( f p s )  b.ut not exceeding m a x i m u m   v a l u e s  given. 

I 
I 

, I  
1 
8 
I 
I 

E.W+ Brooker & Associates Ltd. 
b 

* References: 

1. Seelye, E.E., 1 9 5 6 :  Foundations,  Design  and  Practice 

2. Handbook o f  Steel D r a i n a g e  and  Highway  Construction 
P r o d u c t s .  Highway Task Force,  American  Iron a n d  Steel 
Institute. 
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Where V s  = velocity for nonsilt and nonscour, 
0 = depth of water in f e e t ,  and 
C = coefficient  for  various  soil  conditions. 

Typical  values f o r  the  coefficient C a r e  a s  follows: 

M A T E R I A L  C - 
Fine, l i g h t ,  sandy  soil 0 . 8 4  
C o a r s e r ,  light,  sandy  soil 0.32 
Sandy,  clayey s i l t  1.01 

Coarse  silt or hard  Soil  debris 1 . 0 9  

A suggested  modification o f  t h e  Kennedy f o r m u l a  f o r  c l e a r  water . 
is, 

Fiyule C-I s i rows the r e i a t i o n s i ~ i p  o f  L' tu D cor Larious  water 
depths,:for clear  water;and  Figure C-2 shows  'this  relationship 
f o r  sediment  laden  water. 

s 

After a channel is in operation  for,an  extended  period,  heavy 
concentrations o f  fine  sediments in the  flow may c a u s e  cementing 
(cohesion) o f  some fine s a n d s  in t h e  b e d .  This  often'results in 
a n  increase in the n o n s c a u r  velocities o f  u p  ,t'o 50 percent.  The 
amount of increase  suggested f o r  the  design of drainage  systems 
for  the  Mackcnzie  Highway,  should  not exceed  30 percent. 

Design  velocities based on  non-silt,  non-scour  conditions a n d  
M a n n i n g  In' values  are  presented in Table C - 1 .  These v a l u e s  can 
be employed i n  Equation C - 1  to s o l v e  f o r  design  gradients  whenever 
t h e  m a t e r i a l s  a n d  drainage  channel  size a r e  known.  However, i t  is 

. recommended t h a t  design  gradients should not exceed 4 percent. 

E.W.Barooker & Associates I.td. 
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