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I INTRODUCTION 

1.1  General 

This  report  presents  the  results  of a centerline  soil 
- 

c ,! survey  and  assessment  of  potential  borrow  sources  along 

i the Ft.  Liard  highway  route  between  the  Muskeg  River 

,' 

-1 
km 2071 and  the  British  Columbia  border  (km 2 5 4 . 5 ) .  

The objectives of this  geotechnical  programme  were  to 

identify and  classify  the  subgrade  soils  along  the 

route;  to  evaluate  their  suitability  for  conventional 

*cut  and  fill"  embankment  construction; to locate  and 

evaluate  sources of embankment  borrow as required;  and 

to  evaluate  all  potential  sources of granular  surfacing 

mater2als  within a reasonable  haul  distance  of  the 

right-of-way 

field work on this section of the  highway  was  carried 

Out  during  the  course of a field  investigation  over  the 

entire  non-completed  length of the  Ft.  Liard  Highway  in 

the N.W.T.,  i.e. from km 35 to km 254.5. This  overall 

programme,  as  described  below,commenced  in  mid  January, 

1978 and was completed  near  the  end of March. 

- 1.2 Scope  of  Field  Programme 

Field  operations  were  carried  out  from a mobile  camp 

and commenced  near  Ft.  Simpson  and  proceeded  toward  the 

B,c. Border. drilling equipment  was  supplied  by  P.W.C. 

and  camp  and  caterpillar  support  were  provided on  a 

. . .  
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contract  basis.  The  field  crew  averaged 15 throughout 

the work,  consisting  of  eight (8) to  nine (9) P.W.C. 

staff,  and  six (6) to  seven (7) contractor  employees. 

During  the  course  of  the  field  programme  approximately 

1500 holes  were  drilled,  logged  and  sampled. A total 

of 129 potential  borrow  areas  were  investigated. 

Approximately 8000 samples  were  taken  and  moisture 

contents  and  visual  classifications  were  obtained  on 

all  samples  in  the  Departmental  Laboratory  in  Edmonton. 

Selected  representative  samples,  primarily  from  major 

highway  cut  sections  and  from  borrow  sources,  were 

subjected  to  more  extensive  classification  testing. 

1.3 Field  Procedures 

Field  work  was  under  the  direction  of  a  geotechnical 

engineer  with  the  assistance  of  a  senior  technician, 

responsible  for  field  location  and  clearing  of  borrow 

sites, and  flagging  test  holes.  Technicians  assigned 

to each  drill  crew  were  responsible  for  logging  boreholes, 

field  identification  of  soil,  sampling,  packaging  and 

labelling  of  all  samples. 

- 

Prior  to  the  commencement  of  field  work,  and  throughout 

the  course of the  work,  aerial  photograph  analysis  was 

employed to evaluate  the  terrain  and  select  potential 

borrow  sites.  Centerline  drill  hole  locations  were 

determined  primarily  from  a  tentative  gradeline  along 
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the  centerline  profile,with  some  modifications  made on 

the  basis  of  terrain  observations  during  flagging.  The 

extent  of  borrow  search  along  any  portion of the  route 

was  modified  daily  on  the  basis  of  suitability of the 

right-of-way  subsoils  for cut and  borrow.  Drill  hole 

locations  were  marked on centerline  profiles, or, in the 

case  of  borrow  search,  on  air  photos  or  air  photo 

mosaics. 

The following  criteria,  based  on  both  construction  and 

environmental  considerations,  generally  were  observed 

in  hole  layout  for  borrow: 

1) Seismic  lines  and  trails  were  used  for  access 

whenever  possible; 

2 )  An attempt  was  made  to  locate  access  lines so 

they  could be used  for  future  haul  roads: 

3) In  order  to  screen  future  borrow  activity  from 

the  highway,  all  access  lines  were  'dog-legged' 

at  a  distance  of  approximately 75 m (250 feet) 

off  centerline; 

4 )  Holes  were  not  located  within 90 m (300 feet) of 

centerline,  nor  within 90 m (300 feet) of lakes 

or  streams,  as  environmental  restrictions 

dictated  against  obtaining  borrow  within  these 

limits; 

5) Wherever  possible  a  portion of  a  potential  borrow 

source  was  selected  for  investigation  in  such  a 
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manner that  the p i t ,  if developed, would no t  be 

v i s i b l e  from t h e  highway  and  would  have good 

drainage; 

6 )  Access l i n e s  were cleared with a minimum c u t t i n g  

of trees and  disturbance t o  t h e  organic  cover, 

and a l l   l i n e s  were 'cleaned  up'  w i t h  a l l  

'leaners' knocked down and  brush  cover  piled on 

one  s ide of t h e   l i n e s .  

A t r a c k  mounted Mobile B-50 auge r   r i g   u s ing  1 5  c m  ( s i x  

i n c h )   s o l i d  stem f l i g h t   a u g e r s  was used   for  t h e  majori ty  

of the  work. T h i s   r i g  was d o u b l e   s h i f t e d   u n t i l   t h e  

last t h r e e  ( 3 )  weeks o f   t he  programme when a t r u c k  

mounted a u g e r   r i g  was brought i n  v i a  F t .  Nelson  and 

F t .  Liard as a supplement. - 
. . .  

Center l ine  test ho le s  were g e n e r a l l y   d r i l l e d  t o  a depth - .  i.. ., 

of 3 t o  3 . 3  m (10 t o  11 feet)  or ,  i n  major c u t  

s e c t i o n s ,  below t h e   t e n t a t i v e   g r a d e l i n e   e l e v a t i o n .  - 
Disturbed g r a b  samples were obtained  off  the augers 

a t  depths  of 0 .5  m ( l . 5 ' ) r 0 . 9 m ( 3 ' ) ,  1 .5  m ( 5 ' ) ,  2 . 4  m 

(8'), 3 . 3  m (ll'), 4 . 6  m (15'1, 6 m ( 2 0 ' ) ,  7 .6  m ( 2 5 ' ) ,  

etc. 

- 

Borrow a rea  t es t  ho le s  were usual ly   advanced  to   depths  

of 6 m t o  9 m (20  t o  30 feet)  w i t h  ident ical   sampling 

methods  and depths.  

A l l  samples were returned t o  t h e  departmental labora tory  
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in  Edmonton,  and  were  visually  identified,  assessed  as 

to  relative  moisture  content,  and  tested  for  natural 

moisture  content.  Additional  testing  was  carried  out 

on  selected  samples  from  borrow  pits  and  major  cut  sec- 

tions - usually  both  grain  size  analysis  and  Atterberg 
Limits  were  performed.  Final  borehole  logs  were  then 

prepared  with  both  field  and  laboratory  data  included, 

for  evaluation  and  reporting. 

- 1.4 Numbering  and  Classification  Systems 

- A. Borehole  Numbering 

Boreholes on centerline  were  prefixed  with  the 

kilometre  in  which  it  was  located,  identified  by 

the  letter  C  to  indicate  centerline,  and  then 

progressively  numbered  within  each  kilometre.  Thus 

hole No. 102-C-4  is  the  fourth  hole  drilled  on 

centerline  between km 102  and km 103. 

Borrow  areas  were  numbered  consecutively  from km 35 

south and  holes  for  borrow  investigations  were 

prefixed  by  the  pit  number.  Subsequently,  the 

kilometre  in  which  the  borrow  area  is  located  was 

added to  the  number, i.e. #242-128B-3  indicates  the 

3rd  hole  drilled  in  borrow  area  128  which  is 

located  between  kilometre  242  and  243. 

- B. Soils  Classification 

Soils  were  classified  according  to  the  Unified 

Classification  System  which  is  outlined  at  the  rear 
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of  this  text. 

Soil  samples  were  also  categorized  in  the  laboratory 

using  a  series of terms  to  indicate  the  relative 

moisture  content of the  soil.  The  terms  and  their 

approximate  relationship  to  the  Atterberg  Limits 

are  summarized  below: 

Relative  Moisture  Content  Atterberg  Limits 

'dry' 

' humid ' 

' damp  plastic  limit 

'moist' 

'wet'  liquid  limit 

'saturated' 

'free  water' 

The  above  information  is  included  on  the  borehole 

log  sheets  for  all  samples. 

1.5 Permafrost  Ice  Description 

Very  little  permafrost  is  present  along  the  highway 

location;  that  which  was  encountered  occurs  as  random 

pockets  often  overlain  by  muskeg.  The  ice  classification 

> 
. .I 

system  used  was  the  National  Research  Council  system 

which  follows  this  text.  In  addition  to  the N.R.C.  

classification,  the  logging  technicians  also  employed  a 

series  of  relative  terms  to  indicate  the  amount of visual 

ground  ice.  These  terms  and  their  approximate  relation- 
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ship  to  ground  ice  are  outlined  below: 
I I, ' 

Relative  Term  Visual  Ground  Ice 

'nil' - frozen,  but  little  or  no  ice  in 
any  form - usually  confined to dry 
surface  gravels  or  bedrock. 

' low' 

'moderate' 

' high' 

- ice  coatings,  ice  crystals and, 

possibly,  occasional  very small 

lenses. 

- numerous  small  ice  lenses. 

- continuous  small  ice  lenses  with 
a significant  amount of large 

(1.3 cm +) (1/2” +) ice  lenses. 

'very  high' - continuous  large  ice  lenses. 

' icet - ice  with  some  soil,  or  clear  ice. 
I1 SUMMARY OF RESULTS 

Blackstone  'River (km 107.8.)  to  Muskeg  River (km 208) 

T e s t  drilling  along  this  section o f  the  Highway  consisted 

o f  500 centerline  holes  plus 210 holes  in 60 potential  borrow 

areas. All hole  locations  are  shown  on  the  1:10,000 

airphoto  mosaics  included  with  the  design  packages. 

T h i s  volume  includes  borehole  logs  from km 107.8  to 164; 

volume I1 contains  borehole  logs  from km 164 to  208. 
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2 . 1  General  Geoloqy  and  Route  Location 

The highway l o c a t i o n   w i t h i n  t h i s  s e c t i o n   c l o s e l y   p a r a l l e l s  

t h e  Liard River,  and much of  the  topography  along t h e  

r o u t e   r e f l e c t s  t h e  p a s t   i n f l u e n c e  of t h e  Liard River. 

Between t h e  Muskeg River and km 1 6 2  (mile 101), t he   L ia rd  

River occupies  a f a i r l y  narrow  val ley t h a t  has  been  incised - 

i n t o  a ' g l a c i a l  till p la in   w i th  some la teral  bedrock  control .  

The river has probably  been located i n  i t s  p r e s e n t  - 

channel for  many thousands  of   years .   Within  thissect ion 

t h e  highway i s  located  above t h e  Liard Valley  and i s  

gene ra l ly  upon g l a c i a l  till. From ltm 1 6 2  t o  185 t h e  

topography i s  bedrock  control led w i t h  a thin  mant le   of  

g l a c i a l  till. Beginning  near  Rabbit Creek (km 185)   the  

g l a c i a l  till mantle becomes t h i c k e r  and t h e  su r face  

topography  begins t o  reflect  g lac ia l   advance ,  i .e.  drum- 

l i n e  and f lu t ing ,   r a the r   t han   bed rock   con t ro l .  Bedrock 

through t h i s  s e c t i o n  is  pr imari ly   dolomit ic   l imestone.  

From k m  1 6 2  t o  the  Blackstone River, t h e  Liard v a l l e y  

becomes very  broad  and t h e  width of o l d  river d e p o s i t s  and 

abandoned higher   channels  i s  a s  much as 15 krn i n  t h i s  

s ec t ion .  The r i v e r  i s  p r e s e n t l y   i n c i s e d   i n  a channel 

which has nea r   ve r t i ca l   banks  up t o  30 - 4 0  m i n   h e i g h t .  

On the  south  and east  i s  a gent ly   s lop ing ,   poor ly   d ra ined ,  

a l l u v i a l   p l a i n  t h a t  extends 7 - 8 km from t h e   i n c i s e d  

channel. Relief on t h i s  p l a i n  i s  minimal  and a t  a l l  

l o c a t i o n s  where t h e  te r ra in  i s  f l a t  o r  gent ly   s lop ing ,  
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and not  drained  by  incised  stream  gullies,  muskeg  has 

developed.  There  are  large  areas  of  such  organic  terrain, 

much  of  which  has  deep  deposits  of  peat  and  groundwater 

at or near  the  ground  surface.  The  highway  is  located 

relatively  near  the  Liard  channel  and  tends  to  be  located 

on  low  ridges  which  avoid  the  muskegs  and  provide  slightly 

improved  drainage.  Near the edges  of  steep  banks,  ie 

river or creek  gullies,  the  subsoil  is  better  drained at 

least  within  the  upper  few  meters.  Subsoil  thoughout 

this  section  consist  of  alluvial  clay-silts or silty 

clays  with'glacial!  till  at-  depth.  Borrow  sources  are 

limited  to  better  drained  promuntories  along  the  creeks 

or  rivers,  or  to  low ridges.  Well-drained  high  ground 

is  several km to  the  south  of  the route.  Granular  deposits 

near  the  route  are  non-existant  with  the  possible 

exception of localized  stream  deposits  along  the  Netla 

River. 

J ' +  

The  following  describes  this  portion  of  the  route  and  the 

test  boring  results  in  detail.  Cut  depths  and  fill  heights 
referred to herein  Were  based  upon  a  preliminary  gradeline  des 

- 2.2 Kilometer  by  kilometer  Comments 

Blackstone  River (km 107.8)  to km 109 

This  is  the  crossing  of a tributary  to  the  Blackstone  River 

and  the  ascent  out of the  Blackstone  River  valley. 

The  channels  of  the  Blackstone  and  its  tributary  are 

roughly  parallel  at  the  crossing  and  separated  by  a  narrc 
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(200 m) ridge  of  non-eroded  till  and  alluvium  some 

11-12 m  above  the  general  level  of  the  floodplains. A 

major cut of about 10 m is proposed  here. Test  borings 

reveal 5 - 6 m  of  alluvial  sands,  silts  and  some  gravel 
over  glacial  clay-till  that  is  near  optimum. All 

material  in  the cut  will  be  suitable  for  embankment 

* 
I ! t' 

construction. 

From km 108.2 to 108.7 the  route  crosses  the  flood  plain 

and  an  old  infilled  channel  of  the  tributary  stream. 

Muskeg  and  organic  silts  can  be  expected  in  the old 

channel  and  both  short  and  long  term  settlements can be 
expected  under  the  proposed 6 - 8 m  fill.  Three  to  one 
side  slopes  and/or  berms  are  recommended  to  safeguard 

against  a  shear  failure  here. 
- 

From km 108.7 to km 109 the  highway  is  in  cut  section  as 
A 

it  ascends  through  the  valley  wall  of  the  tributary  stream. 

The  entire  cut  section  (maximum  depth  of  about 5 m) Will 

be  in  a  medium  plastic  silty  clay  with  moisture  contents 

probably 5 - 7% above  optimum.  Backslopes  in  this - 
material  will  be  stable  with  little  or  no  seepage  and 

the  excavated  material  may be used at  the  base  of  the 

high  fill on the  floodplain  with  some  rutting  under 

loaded  equipment. 

Km 109 to km 124 

Through  this  section  the  highway  is  located on a gently 
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sloping  alluvial  plain.  Relief  is  minimal  and  drainage 

poor.  The  route  follows  as  best  possible  the  available 

treed  relief  to  bypass  areas  of  muskeg,  shallow  peat 

and  surface  wetness.  The  water  table  is  shallow  through- 

out.  Good  borrow  is  practically  non-existant - the 
subsoil  profile  consists  generally  of 1 - 2  m  of  silt 
over  a  medium  plastic  silty  clay.  Moisture  contents 

range  between 20 and 30% (or  higher)  and  are  consistently 

above  the  plastic  limit  and  well  above  optimum.  Perma- 

-. . 

-”, 

I .  . .  frost  was  not  encountered  in  any  test  holes,  however, 
i :,, 

S‘J isolated  pockets  probably  exist  in  muskeg  areas - 
fortunately  the  route  largely  avoids  significant  muskegs. 

,- I 

h ;  

- 
The  ground  elevation  is  consistently  near  elevation 123 - 
124  throughout  and  the  entire  section  will  be  in  fill  with 

the  exception  of  shallow  cuts  proposed at a  large  creek 

at km 115.4.  Cuts  here  to  about 1.5 m  maximum  will  be 

in  damp  to  moist  silt  and  should  present  no  problems. 

There  are  few  features  within  this  section  that  offer 

hope  for  good  borrow.  The  highway  is  located  near  or 

upon  the  best  terrain  possible  across  the  plain  and  the 

greatest  relief  tends to be  near the  alignment.  Nine 

(9) features  were  test  drilled  for  borrow  between km 109 

and  124  (borrow  areas # 3 8  to  #46).  None  will  provide 

good  borrow  as  the  subsoil  consists  of 1 - 2  m  of  clay 
silt  over  silty clay, with  moisture  contents  averaging 

near  25%  and  well  above  optimum  (estimated atabout 1g-20% 

in the Silty  clay  and  about  15-17%  in  the  clay-silt). 
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Construct ion w i l l  have t o  make do  with  what i s  ava i l ab le  

and  shallow  borrow  areas ( 2  - 3 m) and l i g h t ,  small 

c a p a c i t y   e a r t h  movers a re   sugges ted .  Areas # 4 2  and # 4 3  

are t h e  wettest f e a t u r e s   d r i l l e d -  a l l  remaining areas 

conta in  some usable  material. 

optimum bu t  it i s  expec ted   t ha t   d i t ch ing  w i l l  d r a i n  and 

f u l l y   s t a b i l i z e   c u t  areas. A t  km 125 a c u t   t o   1 . 5  m 

w i l l  be i n  sandy  c lay - s i l t  t h a t  i s  above optimum but  

acceptable .  A t  km 125.7 a c u t   t o   a b o u t  2 m i s  proposed 

a t  an  approach t o  a creek g u l l y  - subso i l  i s  s i l t  t h a t  

is m o i s t   t o  w e t  and  above  optimum; in   add i t ion   pe rmaf ros t  

was noted  near t h e  start of c u t .  Any por t ion   of  t h i s  

cut   in   permafrost   should  probably  be  sub-cut   and back- 

f i l l e d  - most material from the cut   a l though  above 

optimum can  be  used a t  t h e  base of t h e   g u l l y  fill - w e t  

material w i l l  have t o  be was ted .   Sha l low  cu ts   to  1 m 

are proposed a t  km 1 2 8  and 131 - both i n  s i l t s  t h a t  are 

-.. 

-c 

4 
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above optimum; wi th   d i tch ing ,   cu t   sec t ions   should   d ry  

o u t  and f i r m  up. An add i t iona l   cu t   s ec t ion   cou ld   be  

considered a t  km 1 2 9 . 1  where the subso i l  is damp t o  

moist sand - s i l t  which  should  drain and s t a b i l i z e  

r ead i ly   w i th   d i t ch ing .  

Again t h e  most promising  features  for  borrow are near 

t h e  low treed r idges  on which t h e  highway is  located.  

Nine a r e a s  were tes t  d r i l l e d   f o r  borrow  between km 1 2 4  

and 132 ( B o r r o w  areas #47 t o  855) .  None w i l l  provide 

good borrow a s   t h e   s u b s o i l   c o n s i s t s   g e n e r a l l y   o f  2 - 4 

m of   c layey  or   sandy s i l t  o v e r   s i l t y   c l a y   w i t h   m o i s t u r e  

contents  above optimum below a depth of about 2 m. Again 

shal low  borrow  pi ts  and l i g h t ,   s m a l l   c a p a c i t y  earth 

movers are suggested.  Areas #47 ,  # 4 8 ,  # 4 9  (holes  #1, #2, 

#3) , #52 (holes  #2 and # 3 )  , #53 (holes #1, # 2 ,  # 4 )  , #54 

and #55 a l l  should  provide some usable   mater ia l  in t h e  

upper 2 - 3 m. 

Km 1 3 2  t o  km 133.5 

Through t h i s  s ec t ion  the  highway c rosses  two ( 2 )  major 

creek gu l l i e s   t ha t   ex t end   approx ima te ly  11 m and  18 m 

below the   su r round ing   t e r r a in .  Major c u t s  and f i l ls  are 

proposed  here. The g u l l i e s  are V-shaped and  probably 

s t i l l  ac t ive ly   e roding   dur ing   f lood  a t  t h e  base hence 

do n o t  con ta in   any   s ign i f i can t   o rgan ic   depos i t s .  F i l l  

se t t lements   should  not   be a problem. 

A c u t   t o   a b o u t  3 m a t  km 1 3 2 . 1  w i l l  extend  through  about 

2 m of moist t o  w e t  c l a y - s i l t   i n t o   s i l t y   c l a y   t h a t   s h o u l d  
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be  stable.  Most  material  from  the cut,  although  above 

optimum,  can  be  used  for  fill - some  wet  zones  may  have 
to  be  wasted.  At km 133.1 a  cut  to 4 - 5 m  will 
encounter  similar  subsoil - again  all  materials  are 
above  optimum  but  cuts  should  be  stable  and  most  materials 

can be  placed  in  the  large  fills. 

One  borrow  area (#56) was  test  drilled  between  the  two 

gullies  and  proved  to  be  the  best  construction  material 

encountered  west  of  the  Blackstone  River  (km 107.8). The 

subsoil  is  a  silty  clay  over  a  silt-gravel-sand  mix  with 

low  moisture  contents.  Although  this  area  is  near  a 

creek  it  is  recommended  this  borrow  source  be  developed 

and  utilized  to  the  maximum,  possibly as a  surface  lift 

over  silty  embankments. 

Km 133.5 to km 137 

The  route  is  located  within  about 100 to 300 m  of  the 

incised  Liard  channel  here, on flat  alluvial  sediments 

with  no  relief.  A  series  of  small  slumps  on  the  channel 

bank are  indicative  of  the  weak  unstable  soils  in  this 

area.  The  highway  through  this  section  will  be  entirely 

in  fill.  Subsoil  is  clayey  and  sandy  silt  that  is 

somewhat  better  drained  in  the  upper  few  meters  than  the 

route to the  east. 

Three (3) areas ( # 5 7 ,  #58 and # 5 9 )  were  test  drilled 

for  borrow.  Subsoil  is  primarily  clayey  and  sandy  silt 

and  areas #57, and #58 (holes #1 and #2) will  provide 
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usable  material  to  a  limited  depth ( 2  - 4 m). 

Km 137 to km 139 

T h i s  is the  crossing of the  Netla  River  and the Netla 

River  valley. A major cut to 14 - 15 m  deep  and 
approximately 300 m  long  is  proposed  on  the  descent 

thrudgh  the  valley  wall on  the east.  The  subsoil  here 

is  primarily  silty  sand  that  is  well  drained  and  near 

optimum. No problems  with  the  cut  are  anticipated. 

Ditch  erosion  here  could  be  severe - frequent  ditch 
checks  will  be  required. 

Holes on either  side  of  the  Netla  River  within  the  valley 

encountered  permafrost  and  thawed  moisture  contents  near 

30 - 35%. On  the  east  the  permafrost  area  will  be  under 

3 - 4 m of fill which  should  insulate  the  permafrost  and 

result  in  very  slow  thaw  degradation  and  settlement.  This 

side of the  valley  floor  should  be  disturbed as little  as 

possible  before  and  during  construction.  On  the  west  a 

shallow cut is  proposed  (to 3 m) at km 138.3 in  the 

permafrost  area.  Thawed  moisture  contents  are  near  the 

liquid  limit  hence  cuts  in  this  material  will  be  unstable. 

Raising  the  gradeline  here  is  not  feasible as it  would 

increase  the  bridge  length  over the river. It is 

recommended  the  cut  be  made  to  a  depth  of  at  least 2.5 m 

and  allowed  to  thaw,  drain  and  stabilize  during  one (1) 

summer  period,  before  being  repaired  to  design  grade. 
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A second  cut to about  3  m  is  proposed  near  the  top of 

the  valley  wall on  the  west  at km 138.6. The  subsoil 

here  is  permafrost  free  and  slightly  above  optimum  and 

will  present  no  problems  to  the  cut. 

Two (2) areas  along  the  Netla  River  were  test  drilled 

for  gravel - area  #60  approximately 500 m + downstream 
of the  crossing  site  and  area  #61  approximately  500  m 

upstream  of  the  crossing.  Both  areas  are  within  meander 

bends  of  the  river  and  only  slightly  above  river  level. 

Deposits  tend  to  be  very  sandy,  although  some  holes 

encountered  sandy  gravel, i..e. holes  #60 - 3, 4  and 5 and 
#61 - 3, 4, 5  and 9. These  areas  would  not  appear  to 

be  viable  sources  of  gravel,  however,  they do indicate 

there  is  potential  for  gravel  along  the  Netla.  Fortunately 

the  highway  location  roughly  parallels  the  river  to 

approximately  kilometre  146  and  there  are  two (2) areas 

where  test  pitting  is  recommended,  both on the  south  side 

of  the  Netla - at  approximately  kilometre  142.5  and  146.0. 
Both  areas  are  higher  abandoned  terraces  of  the  Netla 

and  may  provide  a  gravel  source  above  the  water  table 

and  away  from  the  present  stream  channel. 

Km 139  to km 141 

Within  this  section  the  route  traverses  to km 140.4 en 

old  floodplain  where  both  the  Liard  and  Netla  Rivers 

appear to have  meandered  during  downcutting,  and  then 

climbs  back  to  the  alluvial  upland  through  a  cut  section 
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in  the  valley  wall. 

Deposits  on  the  old  floodplain  are  silts  and  clays  and 

several  holes  encountered  permafrost. A minimum  fill  height 

of about 1.5 m is  recommended  here  with  no  disturbance  to 

the  existing  surface.  Long  term  settlements  can  be 

expected  across  this  area  as  the  permafrost  thaws,  however, 

they  should  occur  slowly  and  can  likely  be  repaired 

during  normal  maintenance  blading. 

T h e  cut  section  at km 140.6  will  be  roughly 200 m in 

length  and 6 m in  depth.  Deposits  in  the  cut  consist  of 

approximately 3 m of silt  over a silty  clay.  Moisture 

contents  are as much as 10% above  optimum,  and  difficulty 

will  occur  during  excavation  and  fill  placement.  The  cuts 

( 3 : l  minimum)  should  remain  stable,  however,  rutting  and 

shoving  in  fills  will  occur  until  the  material  dries. 
. . .. 

One  borrow  area  (#62)  was  test  drilled on the  old  flood- 

plain.  All  holes  encountered  permafrost  and  this  area 

is  unsuitable. . 
Xm 141  to kni 146 

The  route  traverses a narrow ( 3 0 0  to 500 m)  ridge  of 

high ground  that  separates  the  Netla  River  valley on the 

south and on the  north, a former  temporary  channel  and 

floodplain  of  the  Liard  River  that is now  poorly  drained 

witR  extensive  muskeg.  The  terrain  is  relatively  flat 

near  elevation  154  and  the  highway  will  be  in  fill 
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throughout.  Subsoil  through  this  area  is  alluvial  silts 

and  clays. No permafrost  was  encountered. 

Five ( 5 )  borrow  areas  (#63  to #67) were  test  drilled 

here.  The  subsoil  in  all  areas  is  low  plastic  silty  clay 

with  a  thin  overlay  of  silt (1 - 2 m). Moisture  contents 

are  slightly  above  optimum.  Areas #63,  #64 and  #67 

(holes #1 and #2) offer  the  best  material.  Again 

shallow  pits  and  light  construction  equipment  are 

recommended. 

Km 146  to km 149 

At km 146  the  route  turns  away  from  the  Netla  river 

valley  and  parallels  the  edge of a  former  temporary 

channel  of  the  Liard  River.  The  location  is on the  edge 

of  the  slight  upland  adjacent  to  the  old  channel: on 

both  sides  of  the  highway  are  flat,  poorly  drained, 

muskeg  areas  probably  with  extensive  permafrost.  The 

present  location  offers  the  best  possible  route  across 

this  very  bad  area  and  avoids  most of the  muskeg.  Sub- 

soils are  silts,  clays  and  some  sands  that  are  wet  of 

optimum  with  the  exception  of  possibly  the  upper 1 m  on 

slight  ridges  where  cross  drainage  occurs.  Permafrost 

was  encountered  in  several  holes. 

Several  shallow  cuts  are  proposed  through  slight  ridges. 

As some  of  the  ridges  are  in  permafrost,  it  is 

recommended  the  proposed  gradeline  be  raised  such  that 

shallow  cuts  are  effected o n l y  at  km 147.5  and  at  149.0. 
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Three ( 3 )  borrow  areas (#68 t o  #70) were checked  along 

the   edge   of   the   s l igh t   up land .  Only a rea  #70 i s  

considered  to   have  any  potent ia l  as a usable  borrow 

source  and it i s  borderl ine  with  moisture   contents  

above optimum. 

Km 1 4 9  t o  km 155 

From k m  1 4 9  t o  155 t h e  rou te  is w i t h i n  about 1 0 0  t o  

500 m of t h e  s teep   banks   o f   the   p resent   L iard   r iver  

channel.  To t h e   e a s t  and  south is a f l a t ,   p o o r l y  

dra ined ,  muskeg area  with  high  groundwater  levels.  For 

t h e  most p a r t ,   t h e   r o u t e  i s  c l o s e  enough t o  the Liard  

channe l   t ha t   t he   subso i l  i s  s u f f i c i e n t l y  w e l l  d r a ined   t o  be 

f r e e  of  ponds  and  muskegs,  however,  groundwater l e v e l s  

are high.  Several   deep V-shaped c r o s s   d r a i n a g e   g u l l i e s  

are crossed ,  a l l  of  which are ac t ive ly   e rod ing  and free 

of   extensive  peat  and sof t   sed iments  a t  the base. 

" ." 

Subsoi l   through t h i s  s e c t i o n  is pr imar i ly  low p l a s t i c  

s i l t y   c l a y   t h a t  i s  w e l l  above optimum. Cuts are proposed 

a t  t w o  major   c reek   gu l l ies .  At km 152 .8  c u t s   t o t a l l i n g  

about 350 m i n   l e n g t h  and  up t o  5 m i n   d e p t h  are planned. 

Subsoi l  i s  s i l t y   c l a y  w i t h  moisture   contents   averaging 

near 25% and well above optimum (estimated a t  17-18%).  Perma- 

frost was encountered a t  d e p t h   i n   h o l e  t152-6  on the  

S.W. s ide   o f  t h e  gul ly .   These  cuts   can  be  completed as 

planned  and  backslopes  should remain s t a b l e ,  however, 

t h e   l a r g e  volume of   excavated  mater ia l  w i l l  no t  compact 

w e l l  i n  fill and w i l l  r u t  and  shove  badly  under  loaded 
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equipment.  The S.W. side  of  this  gully  where  permafrost 

A slight  gradeline  raise  here  would  be  beneficial. - 
At km 154.0 shallow  cuts  of  less  than 1 m  are  proposed 

on  each  side  of a gully,  which  will  be  okay. 

Five ( 5 )  borrow  areas (#70 to #75)  were  test  drilled 

in  this  section,  all  on  better  drained  promontories 

near  gullies or on  bluffs  above  the  Liard  River.  Borrow 

areas #71 (holes #1, # 2  and # 5 )  and #75 are  slightly 

above  optimum  and  most  suitable.  The  remaining  areas 

contain  material  at  moisture  contents  similar to that 

in  the  major  cut  sections. 

Km 155 to km 156.5 

This  is  the  crossing  of  a  major  creek  gully  roughly 30 m 

deep,  that  will  entail  cuts of possibly 8 - 10 m on 
either  side  and a fill of possibly 1.5 m. The  subsoil 

is  similar on both  sides of the  gully - a  low  plastic 
silty  clay with  moisture  contents  averaging 25 - 27% and 
well  above  optimum  (estimated  at 1 8 8 .  This  gully 

crossing  could  represent a major  problem  both  in  back- 

slope  stability  and  embankment  stability.  The  natural 

slopes  in  the  gully  have  stabilized  at  about 8: l  and  the 

subsoil  is  sufficiently  wet  that  sloughs  may  occur  in 

cut  slopes  of 8 - 10 m. In  addition  the  material  will 

not  compact  in fill at  the  in-situ  moisture  content,  and 

will  rut  and  shove  under  loaded  equipment.  Thus  a  high 
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fill  constructed  with  this  material  could  be  unstable. 

In  order  to  provide  some  safeguards  against  failures 

the  following  is  recommended: 1. It  is  considered  that 

two (2) short  cut  slopes  with  an  intervening  bench  will 

be  more  stable  than  a  single  slope. Thus it  is 

recommended  the  cut  slopes  be  benched  at  mid-height  with 

each  cut  above  and  below  the  bench  be  limited  to 5 m 

at  a 2:l  slope. A bench  width  of  20'  is  recommended. 

Further  it  is  recommended  the  cut  (and  resulting  fill) 

be  placed  in  two  (2)  stages  with  initial  excavation  to 

5  m  (or  bench  level),  followed  by  a  delay  of at least 

two  (2)  summer  months  before  completion  of  cut.  2.  The 

fill  should  be  placed  at 3:l slopes  with  a 6 m  berm 

(from  stream  bed  level)  placed on both  sides.  The'bench' 

width  of  the  berm  should  be  about 9 - 10 m. Ideally  the 

material  should  be  dried  to  near  optimum  and  compacted 

in  the  fill,  however  this  simply  may  not  be  possible  or 

practical.  Relatively  small  earthmovers  and  a  limited 

rate  of  fill  placement - say 0.5 m per  day  is  suggested 
to  promote  some  drying,  increased  compaction  and  improved 

equipment  mobility. 

Km 156.5  to km 164 

Within  this  section  the  highway  turns  away  from  the 

Liard  River  channel  across  a  slightly  sloping,  poorly 

drained  plain. To km 162  the  route  crosses  alluvial 

silts  and  silty  clays  with  the  groundwater  table  near 

the  surface.  Near km 162 the  terrain  begins  to  climb  and 
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the  subsoil  changes  to  thin (1 - 1.5 m)  slopewash 
deposits  over  glacial  clay  till.  Between  approximately 

km 159.5 and km  162  there  are  thin (to 1 m)  pockets 

and  overlays  of  peat  and  organic  silts  which  should  be 

removed  before  fill  placement. No permafrost  was qoted 

in  test  holes,  however,  pockets  of  permafrost can be 

expected  through  this  area. 

A long cut (400 + m)  to  a  depth  of  about 1.5 m  is 

proposed  near km 163. The  subsoil  here  is 1 to 1.5 m 

of  clay-silt  over  low  plastic  clay  till.  Deposits  above 

the  till  are  wet  whereas  the  till  is  slightly  above.' 

optimum  and  a  good  construction  material.  It  is  suggested 

this  cut  be  deepened  into  the  till  to  gain  more  good 

embankment  material. 

Five (5) borrow  areas  were  test  drilled  through  this 

section.  Areas 876, #77 and #78 are  in  the  alluvial 

deposits  between km 157 and 160. The  subsoil in  these 

areas  consists  of  clayey-silts  over  silty  clays  and 

only  the  upper 1.5 to  2  m  is  reasonably  close  to 

optimum  moisture.  Area #78 is  the  best  of  these  three 

( 3 ) .  Area #79 is adjacent  to  the  proposed cut at 

km 163 and  the  subsoil  is  similar - wet  clay-silts  to 
1 - 2  m  over  clay  till  with  some  gravelly  sand.  Deep- 
ening  the  cut  at  km  163  could  eliminate  the  need f o k  

a  borrow  pit  here.  Area #81 is 400 to 500 m  east of 

the  highway  at km 164 along  a  seismic  line.  There is 

I 

s ..I 
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a considerable  volume  of  sand  and  gravelly  sand  in  this 

area.  The  deposit  lacks  sufficient  gravel  siqes  to  be 

considered as surfacing  gravel,  however,  this  material 

would  be  suitable  for  culvert  bedding  and  backfill. 

Stripping  over  the  gravel-sand  averages 2 - 3 m. 

Km 164  to km 172 

This  area  is  dominated  by a prominent  bedrock  controlled 

hill  which  rises  to  about  elevation  335.  The  route  skirts 

around  the  flanks  of  this  high  ground  reaching a 

maximum  elevation  of  approximately  250,  and is for  the 

most  part on a gentle  cross-slope.  The  terrain  is 

partially  bedrock  controlled  with a thin  (to  about  15 m 

maximum)  mantle  of  glacial  till.  Drainage  through  this 

area  is  generally  good  and  no  permafrost  was  encountered 

in  the  test  holes. 

A cut  is  proposed  at km 164.3  in a bedrock  controlled 

ridge  with a till  overlay.  Unfortunately a hole  was 

not  drilled on  the  crest  of  the  ridge  where  bedrock 

could  be  within 3 m of  the  surface. A maximum  cut  of 

3 m is  recommended  here  to  avoid  bedrock  contact. 

From km 164.4 to km 167  the  highway  will  be  in  fill. 

There  are  shallow (C 1 m)  deposits of peat  and  soft 

organic  soils on some  portions  of  this  section  that 

should  be  excavated  before  fill  placement. 

From km 167 to km 170  the  terrain  becomes  very  irregular 

with  numerous  bedrock  controlled  ridges,  till  ridges, 
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erosion  channels  and areas of r a the r   s eve re   c ros s - s lope .  

Numerous c u t s  are proposed. The subso i l  is pr imar i ly  

g l a c i a l  till t h a t  is s l i g h t l y  above optimum b u t  a good 

cons t ruc t ion  material, wi th  some clay-si l t   s lopewash 

o v e r l a y   t h a t  is cons iderably  w e t  of optimum. Most c u t s  

should   ex tend   in to   the   competent   g lac ia l  till and  no 

major  problems are a n t i c i p a t e d .  

A t  km 1 7 0  t h e   t e r r a i n   f l a t t e n s   a n d   t h e   d r a i n a g e  becomes 

poorer,   and t h e  highway r e t u r n s  t o  a f i l l   s e c t i o n   t o  km 

172. 

Very l i t t l e  borrow w i l l  be   requi red   th rough  th i s   por t ion  

of t h e   r o u t e ,  as t h e r e  are numerous cu t   s ec t ions .   F ive  

(5) areas were test d r i l l e d .  Area #80 a t  km 164 

encountered 3 - 4 m of usable  till over  bedrock  (dolomite).  

Areas # 8 2 ,  #83,  #87  and  #88 a l l  encountered   g lac ia l  till 

wi th  some slopewash  overlay. The till is  s l igh t ly   above  

optimum bu t  a competent  construction material. Areas #82 

and # 8 8  are p re fe r r ed  if borrow is  requi red .  

Km 1 7 2  t o  km 1 8 2  

A t  km 1 7 2  t h e   r o u t e   e n t e r s   i n t o   a n  area t h a t  i s  l a r g e l y  

bedrock  controlled w i t h  a th in   mant le  of g l a c i a l  till 

(ranging  from  possibly 2 t o  10 m i n   t h i c k n e s s ) .  There 

are some minor  ground  moraine  deposit ional  features,  i .e.  

d ruml ins ,   f l u t ings .   Re l i e f  is i r regular   and  rough,  

however,  drainage i s  gene ra l ly  good. The r o u t e   c l o s e l y  

p a r a l l e l s  t h e  Liard  River here. Bedrock is dolomi t ic  
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l imestone as evidenced by exposures  near km 181-182. 

A balanced  gradeline  should be poss ib le   th rough t h i s  

section wi th   the   major i ty  of c u t s   l i m i t e d  t o  wi th in  

t h e   g l a c i a l  till and minimal  pene t ra t ion   in to   bedrock .  

Bedrock cuts  can  probably  not  be  avoided  between km 176  

and 1 7 7 ,  near  km 1 7 9 . 2  and near  km 181. 

Only t h r e e  ( 3 )  borrow  areas  (#84,  #85  and  #86) were test 

d r i l l e d   b e c a u s e  of t h e   p r o b a b i l i t y  of balanced  gradel ine.  

A l l  t h r e e  ( 3 )  encountered  competent   glacial  till and 

are excel lent   borrow  sources .  

Km 182 t o  km 188 

Through t h i s  area t h e   r e l i e f  i s  less i r r e g u l a r  as the 

depth of the g l a c i a l  till mantle becomes thtcker. The 

r o u t e   c o n t i n u e s   t o   p a r a l l e l   t h e   L i a r d  R i v e r  and i s  

l oca t ed   p r imar i ly  upon ground  moraine w i t h  a t h i n  

(1 m average)  slopewash  overlay.  T h e r e  are two C21 small 

c ross   d ra inage   va l l eys   w i th in  this sec t ion  -. a t  km 183 

and a t  km 186 - and c u t s  are proposed a t  b o t h . l o c a t i o n s .  

A balanced  gradel ine  should  be  possible   through this 

area a l though  the   subsoi l   t ends  t o  be   we t t e r   t han   no r th  

of km 182. 

Near km 183 the r o u t e   c r o s s e s  two c2l craek .channels  

wi th in  the small v a l l e y  and  then climbs over  a long 

till r idge   near  km 184.4.  Cuts are proposed on b o t h  

s i d e s  of both  creeks. Subso i l   i n  the proposed  cut  areas 
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is  primarily  silt  and  is  considerably  wet of optimum. 

It  is  suggested  the  cuts  near  the  creeks  be  kept to 

a  minimum, i.e. limit  to  about 2 to 2.25 m @ km 183.26 

and  that  the  gradeline  be  lowered  into  the  glacial  till 

ridge (3 km 184.4 to  provide  needed  borrow.  The  glacial 

till  from km 184 to 184.7 is  good  construction  material 

that  is  near  optimum. 

Near km 184.8 the  route  crosses  the  edge of a  peat  area 

with  underlying  permafrost  for  about 200 - 250 m. A 

small  alignment  change  toward  the  Liard  River  and  onto  a 

treed  till  ridge  is  suggested  here  to  bypass  this  peat 

bog.  Alternately  sub-excavation,  ditching,  and  thawing 

before  fill  placement  is  recommended.  Peat  and  organics 

to  about 0.5 m  can be  expected  in  the creek crossing at, 

km 185.3. 

Cuts  are  proposed on either  side  of the  creek  channel  at 

km 186.1 and  in  ridges  to km 187.5. The subsoil  here  is 

glacial  till  with  some  slopewash  overlay [to about 0.5 

m  average).  The  slopewash  silts  and  the  top 0.3 rn of 

the  till  are  wet  of  optimum,  however,  the  underlying 

material  is  near  optimum  and a competent  material. 

Construction  through  this  section  should  be  straight 

forward - the  wet  surface  material  can  be  spread  in  thin 
lifts  and  intermixed  with  better  material  during  con- 

struction. 

Two borrow  areas C#89 and #90] were  test  drilled  wfthin 
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t h i s  a r ea ,   bo th  i n  till r idges  w i t h  some slopewash  over- 

lay .  Both areas can be used   i f   r equ i r ed  - the till is  

near  optimum; the overlying s i l t s  are wet of optimum. 

Km 188 t o  km 1 9 0  

This is the crossing  of   Rabbi t  Creek. T h e  . v a l l e y   d e p t h  

here is  about 4 0  m and the creek i s  entrenched En 

bedrock a t  the base. Val ley walls are present ly .   t reed  

and stable a t  about 4 or 5 t o  1, a l though there'is some 

ev idence   o f   p rev ious   i n s t ab i l i t y   abou t  40Q -. 50Q m 

upstream  of the proposed  crossing,  and there 2s ev2dence 

of a f a i r l y   r e c e n t  minor   "sk in"   s l ide   in  a t r t bu tq ry .  creek 

near the route .   Both   g lac ia l  till and o v e r l y h g  alluvial 

depos i t s  were encountered   in  the v a l l e y  walls - it would 

appear the v a l l e y  was down-cut t h r0ugh . th . e   g l ac i a l  till 

a t  one t i m e ,  then i n - f i l l e d  with alluvium and subsequent ly  

the p resen t   va l l ey  was c u t   i n t o  this alluvium. 

This c ross ing  i s  expec ted   to   resu l t   in   major   p roblems.  

The s u b s o i l   i n  the v a l l e y  walls i s  v a r i a b l e  and much of 

it is above optimum moisture - i n  some zones it is  above 

t h e   l i q u i d  limit. On the  n o r t h  side there are a l l u v i a l  

s a n d - s i l t s   o v e r   g l a c i a l  till at var iab le   depths .  T h e  

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

seepage  could  occur - fo r tuna te ly   t hose   depos i t s  are 

re l a t ive ly   sha l low  and  the  major i ty  of t h e  c u t  w i l l  

bottom o u t  i n  competent   g lac ia l  till. Shallow cu t   s lopes  
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in  the  alluvial  deposits  should  be  not  less  than 3:1, 

in  the till,  slopes  of l%:l  may  be  used. Test  hole 

#188-10  near  the  edge of the  north  valley  wall  encountered 

the  worst  condition - approximately 10 m of wet or 
saturated  clay  silts  above  competent  till. A cut of J '  

roughly 15 m is proposed here and  long cut slopes at 

3:l in  the  saturated  clay-silt will seep  and most probaB1y 

slump  (the  cut  may  'day  light' on  the  east  into  a 

tributary  creek  gully).  It  is  recommended  this cut  be 

completed  in  three ( 3 )  stages - the  initial  cut  may  be 
about 7 m as  the  upper 3 m of subsoil  is  relatively dry, 

with  two (2) subsequent  cuts of about 4 m. The  interval 

between  the cuts should  be  at  least  three ( 3 )  months to 

allow  drainage  and  some  drying - preferably  the  inStial 
cut  could  be  made  in the first  year of a  two C21 yezir 

contract  and  the  final  cuts  in  the  sec.ond  year.  MaterEal 

from  the cut  will  rut  and  shove  and  will  not  compact 

without  drying - it may be possible  to  partially  mix tkie 

wet material with drier  till  from  farther  back  in  the  cut. 

8 1  

On the  south  side the subsoil  is  a sbl'lar clay-sl"lt  t€Qt 

is  well  above  optimum  (wet  or  saturated),  especially 

test  hole  #189.2. A three (3)  stage  cut  is  recommended 

on  this  side as well.  Some  material  will have to be 

wasted  here. 

It  may  be  possible  to  improve the 

and/or the cut-fill in the valley 

A shift of about 300 m toward the 

t 

subsoil condit2ons 

Liard Rber would 

I 

I 

c 
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probably  improve so i l  condi t ions  on the nor th  side, 

however, t h e r e  would l i ke ly   be   on ly  minor improvement 

on  the  south  s ide  and the v a l l e y  would be  deeper. A 

sh i f t   ups t ream t o  t h e   o r i g i n a l   l i n e   r u n   i n  1970  would 

r e s u l t   i n  a broader   val ley,   hence shallower c u t s ,  and 

poss ib ly  a lower f i l l .  A curved  approach  near the 

present   a l ignment   could   reduce   cu ts  somewhat But  would 

r e s u l t   i n   s i d e h i l l   c u t s  and  possibly- some sidehill f i l l .  

Thas t h e r e  are many a l t e r n a t i v e s  and i n  view  of t h e  

a n t i c i p a t e d  cost of the ma jo r   cu t - f i l l   c ros s ing ,  it is 

recommended a l l  a l t e r n a t i v e s  be reviewed i n  some d e t a i l .  

Km 1 9 0  t o  km 1 9 9  

The r o u t e   t r a v e r s e s  the edge .of an area of ground  moraine 

marked by l o w  till r idges   ( f lu t ings )   and  some s o f t  

sediments   and  shal low  peat   in   intervening  depressions.  

Drainage i s  no t  good  and t o  km 195  the  subsoil tends  t o  

be  very w e t  of topimum. Cut sections  should  be  avoided 

t o  km 195 with the except ion of shal low  cuts   on  sharply 

def ined  r idges.  There is a v a r i a b l e   o v e r l a y  of si l ts  

above t h e   g l a c i a l  till and these upper   deposi ts  are wet. 

There  are   shal low  peat  and organic  silts above the 

g l a c i a l  till i n  depressions  between km 192.5  and 194.8 ,  

and poss ib ly  some permafrost   pockets.  T h e  sof t   o rgqnzc  

sediments  generally  do  not  exceed a dep th  of 0.5  t o  1.0 

m and  should  be  excavated  before   construct ion.  A 

balanc'ed  gradeline w i l l  probably  not  be p o s s i b l e   t o  km 

195.  Beginning a t  km 195 the route   c l imbs   on to  a well 
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treed,  irregular  till  feature  and  to km 199 there  are 

many  opportunities  for  cut  and  a  balanced  gradeline 

should  result. The  subsoil  tends  to  be  wet of optimum 

in  the upper 1 m, however,  most  cuts  will  extend  into 

glacial  till  (sandy-silty  clay  with  pebbles  and  some 

cobbles or boulders)  which  is  near  optimum  and  a  good 

construction  material.  The  irregular  topography  results 

in  some  depressions  in  cut  areas  that  trap  water,  hence 

pockets of wet  material  may  be  encountered  during 

construction, i.e. cut at km 197.4, however,  these 

cannot  be  avoided  and  may  be  wasted or mixed  with  drier 

material  during  construction.  Again  there  are  short 

depressions  with  shallow  peat  overlays  that  should  be 

sub-excavated, i.e. km 198.6. 

Five (5)  borrow  areas [#91 to #95) were  test  drilled 
between km 190 and 1 9 6 , a l l  on  till  ridges.  Ar.eas #91 

and #92 encountered soft shale  at  a  depth of about 4 m. 

All areas  are  suitable,  however,  areas #91,  #92 and #95 

are  best.  The  till  is  low  plastic  with  a  significant 

sand  content  and  with  cobbles  and  some  boulder  layers - 
see  borrow  area #94. 

Km 199 to km 206.0 

Near km 199 the  highway  enters h t o  an area t&.t appwas 

to be  dead-ice  moraine  rat-  than ground morabe-.. 

Drainage  is  poor,  moisture  contents  are  generally fu"gFiez, 
and  there  are some  deposits of lacustrine c l a p  htemlked 

with  the  glacial  till. 
.c 
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The  highway  will  be  in  a  major cut at km 199 and  the 

south  side  of  this  cut  will  be  in  clay-silt  that is wet 

of  optimum  to  about 3 m. The  majority  of  this  cut  is  in 

glacial  till  and  the  wet  pockets  will  have  to  be  wasted 

or intermixed. 

At km 200.3 there  is  a  sharply  defined  creek  gully  some 

10 m  in  depth  and  shallow  cuts  (to  about 3 m  maximum) 

are  proposed.  The  subsoil  to  depth  of  cut  is  primarily 

a  highly  plastic  clay  which  is  slightly  above  optimum, 

however,  no  problems  shou,ld  occur  with  cut or  fill here. 

At km 200.9 a cut  to 3 - 4 m  is  proposed  in  till-moisture 

contents  are  well  above  optimum  in  part,  however,  there 

is  no  alternative  to  a  cut  here.  The  till  is  low  plastic 

and  has  some  sand  content  hence  should  dry  fairly  rapidly, 

and  the  material  from  the  cut  should  be  usable  with  some 

drying  and/or  mixing  onLthe  roadway.  Note  there  is 

about 0.6 m  of  peat  at km 201, just  south of the cut, 

that  should  be  stripped  and  wasted. 

Beginning  at km 201 the  route  begins  a  gradual  descent 

toward  the  Muskeg  River  Valley  at km 207. Through  this 

area  the  subsoil  is  primarily  glacial  till at shallow 

depths  but  with  about 1 m of slopewash  clay-silt  above. 

Drainage  is  not  good  and  moisture  contents  are  well  above 

optimum  to  about 1.5 m. Cuts  would  not  be  practical 

here  without  preliminary  ditching.  There  are shallow 

peat  and  organic  silt  overlays  (to 1.3 m  maximum  but 
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mostly t o  abcut  0.3 m) a t  numerous locations  which  should 

be s t r ipped   be fo re   kons t ruc t ion .  

Four a r e a s  were t e s t - d r i l l e d  for  borrow - #96 ,  #97 and 

t98 which a r e   a d j a c e n t   t o  the route  between km 200 and 203,  

and a r idge  about  9 0 0  m east of the route   a long a seismic 

l i n e  a t  km 205.2 (test hole  #205-4).   Glacial  till was 

encountered   in  a l l  a r e a s  and a l l  are s u i t a b l e  as borrow 

sources.  T h e  upper 1 m i s  w e t  i n  a l l  areas, however, 

the till a t  depth is near  optimmand a good cons t ruc t ion  

mater ia l .  Note tha t   s eve ra l   auge r   ho le s  m e t  r e f u s a l  on 

cobbles   and/or   boulders   in  the till. 

Krn 206 t o  207.8 

T h i s  is the d e s c e n t   i n t o  the Muskeg R i v e r   v a l l e y   t o  t h e  

Muskeg River. 

T h e  presen t  Muskeg River v a l l e y  i s  probably  located i n  a 

mucB l a rge r ,   o ld ,   p re -g l ac i a l   channe l  t h a t  was eroded 

t h o u g h   g l a c i a l  till and bedrock. During t h e  l as t  

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

s i l ts ,  sands  and some g r a v e l s ,  much of  which  have  been 

scoured  and  eroded  out by t h e  r i v e r   t o  t h e  present   f lood-  

p l a i n .  There remain  remnants of these former  deposi ts  

on both sides of t h e  va l ley   ex tending  w e l l  above  the 

p re sen t   va l l ey   f l oo r .  A t  km 206.5 the rou te   c ros ses  a 

". 

deep (13 m) sharply  def ined creek g u l l y   t h a t   a p p e a r s  t o  

approximate the edge of the old g l a c i a l   v a l l e y .  To the 

nortIi  of tms creeR are glacial till depos i t s  - t o  the 
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south are a l luv ia l   s ed imen t s .  The proposed  gradeline w i l l  

e n t e r   i n t o  a c u t   s e c t i o n   b e g i n n i n g   a t  t h e  south side of 

the creek g u l l y  and w i l l  remain i n   c u t   t h r o u g h   t o  t h e  

Muskeg River   f loodplain a t  km 207.2 .  Maximum depth of 

c u t  w i l l  be about 1 2  - 13 m. Subsoi l  i n  the c u t  w i l l  

c o n s i s t   p r i m a r i l y  of a s i l t y  s and   t ha t  is a t  a moisture 

content   near  5 - 6 % ,  and  should present no  problems 

dur ing   cons t ruc t ion .   Di tch   e ros ion  here could be severe 

and f requent  ditch checks w i l l  be required.  

A fill t o  about 1 0  m maximum w i l l  occur on the v a l l e y  

f loor  near  tFie n o r t h  wall. Floodpla in   depos i t s   cons is t  

of s u r f i c i a l  s i l ts  and  sands wi th  sandy  gravel  below a 

depth of about 3 - 4 m. G lac i a l  till was encountered 

a t  7 m in   one   ho le  (#207-5A). Only  minor f i l l  se t t lements  

are expected  and  there i s  l i t t l e  r i s k  of a foundation  shear 

f a i l u r e  here. 
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GLOSSARY OF TERMS 

The l a y e r  of s o i l  above   the   permafros t   t ab le  
( i n   t h e  area of t h i s   s t u d y ,   t h e   a c t i v e   l a y e r  
u sua l ly   f r eezes   comple t e ly   du r ing   t he   w in te r , )  

S t ream  depos i t s   o f   compara t ive ly   recent  time, 
does  not   include  subaqueous  deposi ts  of seas 
and  lakes .  

A mineral ,   anhydrous  calcium  sulfate ,  CaSOq. 
Orthorhombic, commonly massive i n   e v a p o r i t e  
beds. 

A p l a n t  t h a t  l i v e s   o n l y   o n e   y e a r  o r  season. 

Laboratory t es t  procedure a s  des igna ted  by 
ASTM-C151-63 fo r   de t e rmina t ion  of expansive 
q u a l i t i e s   f o r   a l l   t y p e s  of Por t l and  Cement 
and   aggrega te   reac t ions .  

A h o r i z o n t a l   p o r t i o n  of an earth' embankment 
t o  e n s u r e   g r e a t e r   s t a b i l i t y  of a long  s lope.  

Of or p e r t a i n i n g  t o  l i f e  or mode o f   l i v i n g .  

P e r t a i n i n g  t o  t h e  North. 

A rock  f ragment   larger   than 8 "  i n  diameter. 

P e r t a i n i n g  t o  a  map. In   geology a ca r tog raph ic  
u n i t  i s  a rock .or   g roup  of rocks tha t  is shown 
on a geologic  map by a s i n g l e  color or p a t t e r n .  

Soi l  p a r t i c l e s  smaller t h a n  0.002 mm. i n  diameter 
" 

A rock fragment b e t w e e n  3 "  and 8"  i n  diameter. 
- 

A g e n e r a l  term a p p l i e d  t o  loose and  incoherent 
d e p o s i t s ,   u s u a l l y  a t  t h e  foot of a slope or 
c l i f f  and  brought there c h i e f l y  by g r a v i t y ,  

1 
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Conglomerate 

Continuous  Zone 

Cretaceous 

Crystalline 

Delta  Deposits 

I ' Devonian 

' Discontinuous  Zone 

Dolomite 

Drunken  Forest 

! Ecology 

Eolian 

Escarpment 

ltoundcd  water-worn  fragments of rocks or 
pebbles,  cemented  together  by  another  mineral 
substance  which may be of a  siliceous  or 
argillaceous  nature. 

That  zone  where  permafrost  occurs  everywhere 
beneath  the  ground  surface  including  large 
lakes  and  rivers. 

The third  and  latest  of  the  periods  included 
in  the  Mesozoic  era:  also  the  system of stra? 
deposited  in  the  Cretaceous  period. 

Of  or  pertaining  to  the  nature  of  a  crystal; 
having  regular  molecular  structure. 

An  alluvial  deposit,  usually  triangular,  at 
the  mouth  of  a  river. 

In  the  ordinarily  accepted  classification, 
the  fourth in order of age of periods,  comprj 
in  the  Paleozoic  era,  following  the  Silurian 
and  succeeded  by  the  Mississippian.  Also the 
system of strata  deposited at  that time. 

!!That  zone  where  permafrost  occurs  everywhere! 
! :  beneath  the  ground  surface  except  beneath -/ 

* * .  i ' large  lakes  or  wide  rivers. 

A  mineral,  CaMg (CO3)2, commonly  with  some 
iron  replacing  magnesium;  a  common  rock- 
forming  mineral. 

An area  characterized  by  the  appearance  of 
many  trees  leaning  in  differing  directions 
without  any  apparent  pattern to  the  direction 
of inclination.  This  phenomenon  is  caused  by 
differential  thawing  of  ground  ice. 

The study of the  mutual  relationships  between 
organisms  and  their  environments. 

Deposits  which  are  due to the  transporting 
action  of  the  wind. 

The  steep  face  of a ridge  of  high  land. -' 
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Esker 

Excess  Ice 

Fauna 

Flood Plain 

Flora 

I 

i I Fossiliferous 

i i Geomorphology 

Geothermal  Gradient 

' Glacial  Till 

! ' Glaciof  luvial 

Glaciolacustrine 

A narrow  ridge  of  gravelly  or  sandy  drift, 
deposited  by  a  stream  in  association  with 
glacier  ice. 

Ice  in  excess of the  fraction  that  would be 
retained as water  in  the  soil  voids  upon 
thawing . 
The  animals  collectively of any  given  age or 
region. 

That  portion  of  a  river  valley,  adjacent  to 
the  river  channel,  which  is  built  of  sediments 
during  the  present  regime  of  the  stream  and 
which  is  covered  with  water  when  the  river 
overflows  its  banks  at  flood  stages. 

The  plants  collectively  of  any  given  formation, 
age or region. 

Containing  organic  remains. 

The  study  of  landscape  and  of  the  geologic 
forces  that  produce it. It  is  the  dynamic 
geology  of  the  face of the earth. * It  concerns 
that  branch  of  physical  geography  dealing  with 
the  origin  and  development  of  the  earth's 
surface;  features  (landforms)  and  the  history 
of geologic  changes  through  the  interpretation 
of topographic  forms. 

Change  in  temperature  of the  earth  with  depth, 
either  in  degrees  per  unit  depth  or  in  units 
of  depth per  degree. 

Non  sorted,  non  stratified  sediment  carried  or 
deposited by a  glacier. 

Fluvioglacial.  Pertaining to streams  flowing 
from  glaciers  or  to  the  deposits  made by such 
streams. 

Pertaining  to  glacial-lake  conditions, as in. 
glaciolacustrine  deposits. 
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Bodies of more or less  clear  ice  in  permanent1 
frozen  ground. 

A  moraine  with  low  relief,  devoid of transvers 
linear  elements. 

Alabaster.  Selenite.  Satin  Spar.  A  mineral, 
CaS04, 2H2O. Monoclinic. A common  mineral 
of  evaporltes. 

Differing  in kind; having  unlike  qualities; 
possessed  of  different  characteristics;  oppose 
to homogeneous. 

A  mound or knoll. 

Mass of surface  ice  formed  during  winter  by 
successive  freezing  of  sheets  of  water  seeping 
from  the  ground,  a  river  or  spring. 

A mound  composed  chiefly  of  gravel  or  sand, 
whose  form  is  the  result  of  original  depositia 
modified  by  settling  during  the  melting of 
glacier  ice  against or upon  which  the  sediment 
is accumulated. 

A limestone  plateau  marked  by  sinkholes  and 
underlain  by  cavernous  carbonate  rocks  having 
subterranean  drainage  channelways  that  largely 
follow  solution-widened  joints,  faults,  and 
bedding  planes . 
Produced  or  belonging to lakes. 

~ n y  of a  group 'of low growing  plant  formations 
composed  of  a  certain  fungi  growing  close 
together  with  certain  algae. 

A French  term  adopted  in  geology and physical 
geography  for  a  mountainous  mass  or  group of' 
connected  heights,  whether  isolated or formin$ 
a  part of a  larger  mounta.in  system. 
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Meandering 

Moraine 

Morphological 

Muskeg 

Ordovician 

Organic  Soil 

Perennial 
I 

Permafrost 

Condition of river  that  follows  a  winding  path 
owing to natural  physical  causes  not  imposed 
by  external  restraint.  Characterized  by  alter- 
nating  shoals  and  bank  erosion. -.. 

Drift,  deposited  chiefly by  direct  glacial actiw 
and  having  constructional  topography  independen.1 
of  control by  the  surface on which  the  drift  lit- 

The  scientific  study  of  form.  Used in  various 
connections, e.g. landforms  (geomorphology). 

The  term  designating  organic  terrain,  the 
physical  condition of.which is  governed  by the - 
structure of peat  it  contains  and  its  related 
mineral  sublayer,  considered  in  relation  to 
topographic  features  and  the  surface  vegetation 
with  which  the  peat  co-exists. - 

The second  of  the  periods  comprised  in  the - 
Paleozoic  era,  in  the  geological  classification 
now  generally  used.  Also  the  system of strata 
deposited  during  that  period. c 

Soil  material  which  contains  a  significant 
proportion  of  organic-  material.  Where  the I 

organic  nature  of t h e  soil  is its dominent 
characteristics,  the  soil  is  referred to as 
a  peat. - 
Lasting  'through  the year. 

c 

The  thermal  condition  under  which  eartho 
materials  are at a  temperature  below 32 F 
continuously for a number of years. - 

< I - . O h .  2. ., ,3 ' 

Permafrost  Degradation  The  lowering  of  the  permafrost  table  due 
to thawing. * 

- 

Permafrost  Table 

Petrography 

A more or less irregular  surface  which 
represents  the upper  limit  of  permafrost. 

- 

- 
The  branch of science  treating  of  the 
systematic  description  and  classification 
of rocks. - 
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Soil particles smaller than 2.0mm. in  diametf 
and  larger  than 0.06mm. in diameter, 

A heap of rock  waste at  the  base of a cliff ( 

a  sheet of coarse  debris  mantling  a  mountain 
slope. 

Freezing of the ground  during  the  winter. TI 
term  implies  that  the  frost so formed will tl 
during the following  spring or summer. 

The third  in  order of age of the  geologic 
periods  comprised  in  the  Paleozoic  era, in tl 
nomenclature in general  use.  Also  the  systel 
of strata  deposited  during  that  period. 

Winding  or  curving in  and  out. 

Soil  and  rock  material  that  is  being  or  has 
moved down a slope predominantly  by the actic 
of gravity  assisted by running  water  that is 
not  concentrated  into  channels, 

That  zone  where  permafrost  occurs only in 
isolated  patches  (usually  beneath peat  bogs) 

The  original  ground  upon  which an embankment 
is placed. 

The  lowering of the  ground  surface due t o  
thawing of underlying  ground  ice. 

A Russian word applied to the o l d ,  swampy, 
forested  region of the north...that region 
between  the  Tundra  in  the  north  and  the 
Boreal  in  the  south. 

Coarse  angular  fragments  of rock and  sub- 
ordinate  soil  material  dislodged  by  weather- 
ing  (temperature  and  moisture  changes)  and 
collected  at  the  foot of cliffs  and  other 
steep  slopes and  moved  downslope  primarily 
by the pull of gravity. 

! 



- 4 0  - 

Terrace 

Tertiary 

Thaw  Settlement 

Thermal  Conductivity 

Thermal  Erosion 

I Thermal  Regime 
1 

I ! Thermal  Regression 

A relatively  flat  elongate  stairstepped 
surface  bounded  by  a  steeper  ascending  slope 
on one  side  and  a  steep  descending  slope on 
the other . 

.. ~ 

- 

The earlier of the two geologic  periods 
comprised  in  the  Cenozoic  era,  in the classi- 
fication  generally  used.  Also  the  system  of 
strata  deposited  during  that  period. 

- 

- 
Settlement  of  a  soil  mass due t o  thawing of 
ground  ice. - 

The  amount of heat  passing  through a unit 
cross-section  in  unit  time  under  the  influence - 
of  unit  heat  gradient. 

Erosion  due  to  the  melting  of  ground  ice  rather 
than  the  removal of soil 

- 

The  temperature  conditions  in  the  ground a t  a 
given  point  in  time. 

The  thawing  of  frozen  ground  due to  surface 
disturbance,  increasing  temperature,  etc. - 

I Thermokarst Uneven  land  subsidence  caused  by  the  melting 
of ground ice. The resulting  ground  surface - 
resembles  the  karst  topography  found  in  lime- 
stone  areas. 

Thcrmokarst  Lake 

Tundra 

Turbid 

Any  of  the vast, nearly  level,  treeless  plains - 
of the  Arctic  Regions. 

Having  the  sediment stirred up  hence  muddy, 
impure. 

& 
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EXPLANAT 'ION OF 

SYMBOLS AND TERMS USED IN THIS REPORT 

GENERAL  CLASSIFICATION SYSTEM FOR SOILS 

M AJOR D I V I S I O N  

BOULDERS 

COBBLES 

t 

C 
0 "  I 

kc0 

CLEAN 
GRAVELS 
( l i t t l e  or 
no fines) 

DIRTY 
GRAVELS 
(with some 
fines) 

CLEAN SANE 
( l i t t l e  or 
no fines) 

DIRTY 
SANDS 
(with some 
fines) 

WL 5 w  

WL 50% 

WL 30% 

30% WL 5a 

WL 50% 

WL 50% 

WL 50% 

HIGHLY ORGANIC SOILS 

'roup Graph 
YMBOL S W O L  TYPICAL DESCRIPTI@)! 

I -  

N/A ram4 3 TO 8 INCHES DIAMETER 
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NATIONAL RESEARCH COUNCIL PERMAFROST 

CLASSIFICATION  SYSTEM 

Permafrost  ground  ice  occurs  in  three  basic  conditions 

including  non-visible,  visible  (less  than one inch in 

thickness)  and  clear  ice. 

A. Non-visible - N 
Nf - poorly  bonded or friable  frozen  soil 

Nbn 

Nbe 

- well  bonded  soil,  no  excess  ice 

- well  bonded  soil,  excess  ice 

B. Visible - V  (less  than  1"  thick) 

V - individual  ice  crystals  or  inclusions 
X 

vC 

vr 

vS 

- ice  coatings  on  particles 

- random  or  irregularly  oriented  ice  formati 

- stratified  or  oriented  ice  formations 

I 
I 

C. Visible  Ice - (greater  than  1"  thick) 

Ice - ice  with  soil  inclusions 
Ice + soil - ice  without  soil  inclusions 

.ons 

A more  complete  description of this  system  is  included  in NRC 

publication TM 79.  
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