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1 .o introduction 

2.0 

3 . 0  

This   report   summarizes   the  resul ts   of  a geotechnica l  
i nves t iga t ion  between  miles 29.0 and 66.7 on t h e  
proposed  route of t he   Fo r t   L ia rd  Highway, N.W.T. 
F i e ld  work was c a r r i e d   o u t   i n   e a r l y   s p r i n g  o f  1972 
and i n   l a t e   w i n t e r   o f  1972-3 
The por t ion   of   the   rou te   under   inves t iga t ion  was 
i n i t i a l l y   p a r t   o f  a cons t ruc t ion   con t r ac t   l e t  i n  1969 
from  mile 0 t o   m i l e  66.7. This   contract   was  terminated 
i n  1970 w i t h   f i n a l   g r a d i n g  completed to   on ly   approximate ly  
mile  29 and wi th  some rough  grading t o  mile 35.5. 
Changes in s o i l   c o n d i t i o n s  were a major f a c t o r   c o n t r i b u t i n g  
t o   c o n t r a c t   t e r m i n a t i o n ,  

SCOPE OF programme 

T h i s   f i e l d  programme was not   intended  to   provide  complete  
t e r r a i n   c l a s s i f i c a t i o n  or coverage o f  a l l   g e o t e c h n i c a l  
condi t ions   a long   the   rou te ,   as   loca t ion   and   des ign   of   the  
highway was comple t ed   p r io r   t o   i ncep t ion   o f   t he   f i e ld  
d r i l l i n g .  The programme was,  however, directed  toward 
checking  borrow  areas   that  were pre-selected by t h e  
highway des igne r s ,   ana   conf i rming   t he   su i t ab i l i t y  of  t h e  
s u b s o i l  i n  proposed  highway  cut  sections. mile s h e e t s  
complete  with  design  gradeline  and  airphoto  mosaics  were 
a v a i l a b l e  t o  t h e  end o f  t he   con t r ac t .  

Borrow areas   were   se lec ted  by the   des igne r s   l a rge ly  on 
the b a s i s  of economic des ign   requi rements ;   and   par t ia l ly  on 
prel iminary  subsoi l   information from shallow hand auger 
bor ings   car r ied   ou t   dur ing   the  highway loca t ion  work. 

A track-mounted  auger d r i l l i n g  r i g  was used  throughout 
the f i e l d  work. The r i g  performed well  w i th   t he   excep t ion  
of a few areas  where a heavy  granular s t r a t a  prevented 
auger penet ra t ion  

Borehole   logs   and   labora tory   t es t   resu l t s  for a l l  t e s t  
h o l e s   a r e   i n c l u d e d   i n  Appendix I of t h i s   r e p o r t .   L o c a t i o n s  
of boreholes  and  borrow p i t s  have  been added. t o   t h e  mosaic 
mile s h e e t s   w h i c h   a r e   a v a i l a b l e   i n  the  Regional Highway 
of f ice .  A t o t a l  of 165 holes   were   d r i l l ed .  

Some excerpts  from a r e p o r t  on t h e   S u r f i c i a l  Geology of  
the  area ,   p repared  by  Thurber  Consultants Ltd.  are  
inc luded   i n   t he   fo l lowing ,  

GENERAL DESCRIPTION AND GEOLOGIC HISTORY  OF ROUTE 

The  .highway r o u t e  is l o c a t e d   t o   t h e   e a s t  o f ,  and  roughly 
p a r a l l e l  t o ,  the  Liard  River   f rom  Ft  . simpson t o   F t  . L i a r d ,  
and t h e   t e r r a i n  and subsoi l   condi t ions   a re   l a rge ly   in f luenced  
by the   geo log ic   h i s to ry  of t h e   r i v e r .  From mile 29 t o  
approximately mile 1 0 0   t h e   l i a r d  Valley is. r e l a t i v e l y  wide 
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wi th   t he   Eas t e rn  Hills receding away from t h e   r i v e r ,  
l e a v i n g   t h e   e a s t e r n  bank a gent ly   s loping,   poorly 
drained  plain.  The wid th  of  t he   r i ve r   depos i t s   ana  its 
many o ld  abandoned  higher  channels is as  much as  10 
m i l e s   i n  t h i s  s ec t ion .  

Fol lowing  glaciat ion  the  r iver   probably  f lowed  near  its 
p resen t   l oca t ion  on t o p  of e x t e n s i v e   s i l t   s a n d  and  gravel  
d e p o s i t s   i n i t i a l l y   i n  a braided-stream  channel  pattern,  
T h e n   d u r i n g   t h e   l a t t e r   p a r t   o f   t h e   d e g l a c i a t i o n   p e r i o d ,  
t h e   r i v e r  began t o  consol idate   into  only a few  channels  
and  meandered  over  these wide valley  bottom  deposits  and 
a l s o  t o   c u t  down.  The r i v e r  and its channels  occupied 
many pos i t ions   dur ing  t h i s  t ime.   Final ly  it cut  down and 
consol ida ted   to   the   p resent   channel   which   has   near   ver t ica l  
banks  up t o  1 0 0   f e e t   i n   h e i g h t ,  

This grea t   a r ea  o f  former  r iver  bottom remains  as a l a r g e  
a r e a  o f  low r e l i e f ,  wi th  many abandoned  sweeping  channels, 
t e r r aces   and '   r i dges .  

The r i d g e s  and t e r r a c e s   c o n s i s t  of f i n e   g r a n u l a r   d e p o s i t s  
mos t ly   i n   t he   s and  and silt s i z e s .  The abandoned  channels 
now have  very  poor  drainage,  lakes  have formed  and most o f  
these lakes   have  long  s ince f i l l e d  with organic growth and 
silt . 
Downhill  tributary  streams  have  eroded  these o l d  r i v e r  
d e p o s i t s   t o  some ex ten t  and  added  inflow  to  the  lakes  and 
ponds  mentioned  above. 

A t  ' a l l  l oca t ions  where t h e   t e r r a i n  is f l a t  o r   g e n t l y   s l o p i n g  
and  not  drained by i nc i sed   s t r eam  gu l l i e s ,  muskeg has 
deve loped .   There   a re   l a rge   a reas   o f   such   organic   t e r ra in ,  
much of which has deep  deposi ts  o f  peat  and  has  ground- 
water  a t  or   near   the  ground  surface.  However, nea r   t he  
edges   o f   s t eep   banks ,   i . e .   r i ve r   o r   c r eek   gu l l i e s ,   t he  
d e p o s i t s   a r e   w e l l   d r a i n e d ,   a r e   u s u a l l y   s l i g h t l y   h i g h e r   i n  
e leva t ion   and  the i r  s o i l s  a r e   g e n e r a l l y   s u i t a b l e  f o r  borrow, 

Above t h e   l e v e l  o f  o ld   s t ream  depos i t s   there  3 r d  l a r g e   a r e a s  
of bedrock  heavily  mantled with dense   g l ac i a l  till. Often 
t h i s  till contain:.; d ruml ins  and f l u t i n g .  

Very few g ranu la r   g l ac i a l   depos i t s   a r e   ev iden t   w i th in  th i s  
s e c t i o n  and l a n d s l i d e s   o r   u n s t a b l e  ground occur   only  infre-  
quent ly .  The plateau  and  gent ly   s loping  areas   mant led with 
silt and f ine  sand  contain  sporadic   pockets  of permafrost - 
normally  these  pockets   are   confined  to  muskeg areas ,   nor th-  
fac ing   s lopes ,   o r   poor ly   d ra ined   f la t   zones .  The following 
d e s c r i b e s   t h e   r o u t e  i n  s p e c i f i c   d e t a i l .  . 
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4.0 MILE BY MILE comments 

Mile 2 9  t o  32 

The route   fol lows  a long a s e r i e s  of low sandy  r idges  with 
poor ly   d ra ined   a l luv ia l   sands  and si l ts  on both s ides .  
These  poorly  drained  areas  contain muskeg and  permafrost 
l i e s   c l o s e   t o   t h e   s u r f a c e ,   p a r t i c u l a r l y   i n   t h e   f l a t   a r e a s .  
Wainage  is a l s o   i n h i b i t e d  by beaver damming which is 
preva len t .   Des ign   grade l ine   th rough  th i s   por t ion   ca l l s   for  
ap  roximately 41 of f i l l  t o  mile 31.3 t h e r e a f t e r   r e d u c i n g   t o  
1-81 of  f i l l  i n   b e t t e r   d r a i n e d   t e r r a i n  from mile 31.3 t o  32.0. 

Three borrow p i t s .  were   i nves t iga t ed   i n   t h i s   s ec t ion .  Borrow 
p i t  #35 is a d j a c e n t   t o   a n   e x i s t i n g   p i t   a t  mile 29.2  which  can 
be  expanded - t h e   s u b s o i l  is sandy silt o v e r   g l a c i a l  till. 
Borrow P i t  #34 (mile  30.6) is located. on  a s m a l l   t r e e d   r i d g e  
surrounded  by muskeg - permafrost was encountered.  here  ana 
t h i s   p i t  is not  recommended. No a l t e r n a t e   a r e a   f o r  a p i t  was 
immediately.  obvious  here. Borrow P i t  #33 was a l so   ad jacen t  
t o  an  existing  pit  which  can  be  expanded. The s u b s o i l  i s  
l i k e l y   g l a c i a l  till - d r i l l  advance was stopped a t  2' on 
c o b b l e s   o v e r   t h e   e n t i r e   p i t  area however, d r i l l   p e n e t r a t i o n  
i n  s i m i l a r   a r e a s   i n d i c a t e d  a l a y e r  o f  cobbles  above  the till 
su r face .  

Mile 32 t o  33 

Th i s   s ec t ion  encompasses the   c ros s ing  o f  Birch  River.  A t  t h e  
time o f   d r i l l i n g ,   c u t  and p a r t i a l  f i l l  were  completed on t h e  
NE approach - a 10001 cu t   s ec t ion  is proposed on t h e  SW s i d e  
of  t h e   v a l l e y   w i t h  maximum cut  reaching  approximately 15'. 
One tes t  hole  on E .' nea r   t he   va l l ey  wall i n   t h e   c u t  area en- 
coun te red   s and- s i l t   t o  121, t h e n   r e f u s a l  on boulders - assumed 
t o  b e   t h e   s t a r t   o f   g l a c i a l  till. Permafrost   existed below 9' 
and. the  s u b s o i l  was very wet on thawing. Some sloughing may 
be expec ted   in   the   f rozen   sand-s i l t s   fo l lowing   excavat ion   and  
thawing - t h e   s u b s o i l  below 12' is not  expected t o  slough  on 
thawing .   Fu r the r   d r i l l i ng  is recommended here   wi th  a r o t a r y  
r i g  dur ing   t he  1974 d r i l l i n g  programme before  any  decis ion is 

'made on a possible   change  of   gradel ine,   Previous  dr i l l ing a t  
t he   B i r ch   R ive r   c ros s ing   s i t e   fo r   b r idge   founda t ions   i n  1968 
encountered  sands  and  gravels  over  glacial  till, over   sha le  
a t  depths of  201 - hence good bear ing  is a v a i l a b l e   h e r e   f o r  a 
b r i d g e   s t r u c t u r e .  

Mile 33 t o  35 

Immediately beyond the   B i rch   R ive r   app roach   cu t ,   t he   g rade l ine  
r e t u r n s  t o  f i l l  s e c t i o n  and  remains i n  f i l l  un t i l   approximate ly  
mile 34.8 where a 15-20' cu t  is proposed. A t  present ,   the  fill 
is roughed i n  a n d   t h e   c u t   a t  34.8 is approximately 50% complete. 

I n   t h i s   p o r t i o n   t h e   r o u t e   p a s s e s   t h r o u g h  two  abandoned higher  
r ive r   channe l s ,  now carrying  only  local   drainage  or  ponded 
water  and  muskeg.  Between mile 33 and 34 the   a l ignnen t   c ros ses  
a 1000' + muskeg - t h e ' f i l l   h e r e  is 7 t o  81 high  and some s e t t l e -  
ment.   can  be  expected  across  this muskeg. 



Three d r i l l   h o l e s   i n   t h e   p a r t i a l l y  completed  cut a t  mile 
34.8 were  stopped on b o u l d e r s   a t  a maximum penet ra t ion  
of only 67, however  no problem is ant ic ipa ted   in   ex tending  
the   cu t   to   comple t ion?   Permafros t  was r epor t ed   he re .   i n  
1970 dur ing   excavat ion   bu t   the   permafros t   has   re t rea ted  
below the   p re sen t  c u t  l e v e l  and  should  be below t h e   f i n a l  
gradeline  which is roughly 8r below present   e leva t ion .  

This may be a seeping  cut due t o   t h e   p r o x i m i t y  of  a muskeg 
imed ia t e ly   above .  Beaver damming is evident.  A seeping 
cut  would probably  accumulate  ice  during  the  winter  months. 

30 borrow p i t s  were  investigated  along t h i s  s e c t i o n   a s  
rough  grading  has  largely  been  completed. 

& ~ i l e  35 t o  38 

The route   fo l lows  a s e r i e s  of  wel l   d ra ined .   sand-s i l t   r idges  
with poorly  drained low a reas  on e i t h e r   s i d e .  The l a t t e r   a r e  
remnants o f  old, now abandcned r i v e r   c h a n n e l s .   S e v e r a l   d r i l l  
ho le s   t h rough   t h i s   s ec t ion   f a i l ed   t o   encoun te r   pe rmaf ros t .  
The s u b s o i l  is dr   sands  o r  s a n d - s i l t s   t o   t h e   w a t e r   t a b l e ,  
which is a t  rough I y 8-10' below the   su r f ace ,   excep t   nea r  
water courses,  

The g rade l ine  is p r imar i ly   i n   sha l low fill (+' 2?)   th roughout ,  
with a few ve ry   sho r t   cu t   s ec t ions  on r idges  and  higher  fills 
across   water   courses .  No problem w i l l  be   encountered   in   the  
proposed  cut  sections  and some economic bene f i t  may b e   r e a l i z e d  
by lowering  the  gradel ine  near   mile   37,   and  approx.  mile 37.6. 

A t  mile 36.3 t h e r e  is a b r e a k   i n   t h e   r i d g e s  and a creek  bottom 
roughly 300' i n   w i d t h   w i t h  a f i l l  of 14' i n   h e i g h t .  Compres- 
s ib l e  o r g a n i c   s o i l s  and  high  ground  water  levels  can  be  expected 
here. 

Four borrow p i t s  were  investigated.  Borrow P i t  #32 a t   m i l e  35.7 
could not be   pene t ra ted   wi th   the   auger  r i g  a n d   f u r t h e r   d r i l l i n g  
is recommended h e r e   i n  1974. P i t  #31 @? mile 37.1 and P i t  #29 
a t  mile 38.7 encountered   sand-s i l t s   over   c lay-s i l t  till ana a re  
good  borrow  sources. P i t  #30 a t  mile  38.0 could  not  be d r i l l e d  
deeper   than 81 but w i l l  probably  be a good  borrow source - 
further d r i l l i n g  is recommended he re   a l so .  

Mile 38.7 t o  39.2 

Route  fol lows  across  a OW area  of poor  drainage  and  high  water 
t a b l e .   F i l l  is 4 t o  5' minimum and  in te rcept ion   d i tches  are  
planned.  Subsoil  will be  compressible  here if permafrost   has  
abandoned t h e   a r e a .  

Kile 39.2 t o  45 

Through t h i s   p o r t i o n   t h e   r o u t e   g e n e r a l l y  follows t r e e d   r i d g e s  
i n t e r s e c t e d  by small   water   courses  and small muskegs. The 
g r a d e l i n e   a l t e r n a t e s  between  extensive  s t re tches  of very  shallow 
f i l l  (+ 2), t o   s h o r t   c u t s   t h r o u g h   r i d g e s ,   t o  4 o r  5’+ fills 
across-smal l  muskeg and water   courses .   Subsoi l   a long the  r o u t e  
is l a r g e l y   s a n d - s i l t  and is wel l -drained  with the  exception of 
t h e  muskegs. K O  problems  with  any  proposed  cuts  are  anticipated 
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t h rough   t h i s   s ec t ion  and some economic b e n e f i t  may be 
real ized  by  lowering  the  gradel ine i n t o  a deeper  cut 
near  mile 42.8. Some permafrost  remnants may e x i s t  
below  muskegs, o r  i n   t h e  bottom  of  small   stream  valleys.  

Four p i t   a r e a s  were designated  here.  P i t  #28 a t   m i l e  
40.2 is i n  a well-treed  area  which  normally  indicates 
good borrow. Auger r e f u s a l  on boulders  at   shallow  de t h s  
will n e c e s s i t a t e   c o n f i r m a t i o n   d r i l l i n g   i n  1974. P i t  #27 

mile 4.1.6 and P i t  #25 @ mile 44.8 a r e  i n  heav i ly   t r eed  
a r e a s  and a r e  good borrow  sources - sand-si l t   over   c lay-  
silt till. P i t  $26 near  mile 42.2 is located on a narrow 
treed  r idge  sourrounded by muskeg. This  area is a t  least  
pa r t i a l ly   f rozen  and  borderline as  a borrow  source. A more 
su i t ab le   sou rce  f o r  borrow is evident  near  mile 42 .? and 
c o n f i r n a t i o n   d r i l l i n g  is recommended h e r e   i n  1974. 

Mile 45 t o  Mile 48 

The route   passes  from an  area of o l d   r i v e r   c h a n n e l s   t o   t h e  
edge  of  an  upland  area. The t e r r a i n  is well-treed  throughout 
wi th   the   except ion   of  a few small  muskegs,  and t h e   r o u t e  
genera l ly   fo l lows   wel l   d ra ined   a l luv ia l   r idges .   Grade l ine  
through  th i s   por t ion   co inc ides   c lose ly   wi th   the   p resent  
groundline and both f i l ls  and cu ts   a re   sha l low.   Severa l  
boreholes .   reveal   dry  sand-si l ts   throughout ,   and  water ,  and 
poss ib ly ,  wind eros ion  may be a problem i n  approach  cuts to 
stream crossings.  Some permafrost may e x i s t - b e l o w  muskegs 
o r  i n   t h e  bottom  of  small   stream  valleys.  

Three it areas  were  checked  in t h i s  s ec t ion .  P i t  #&. @ 
mile 4 .O is a good borrow  source - sandy silt over till, 
and  was i n v e s t i g a t e d   a s   a n   a l t e r n a t e   t o   t h e   d e s i g n a t e d  
P i t  (#23) a t  mile  46.4. P i t  #23 is i n   a n   a r e a   o f   s t u n t e d  
spruce  and muskeg t e r r a i n  and is too  wet. Good borrow  near 
mile 46.3 would l i k e l y   b e   a v a i l a b l e   i n  a poplar   s tand,  
however the  r ight-of   -way  passes   through the  poplar  area  and 
t h e r e  would appear t o  be   i n su f f i c i en t   space   t o   deve lop   a   p i t .  
P i t  #22 a t  mile 47.7 is i n   h e a v i l y   t r e e d   a r e a  and is a s u i t -  
able borrow  source  (sand-si l t )  however a wet  zone  near  10- 
12' may prevent  developing a deep   p i t .  

Mile 48 t o  55 

The route   fol lows  a long a well   drained  edge of a poorly 
drained  upland. This  a r e a  is w e l l   t r e e d  with no s i g n i f i c a n t  
muskeg a reas   bu t  w i th  numerous small   water-courses   crossing 
the  r ight-of-way. The s u r f i c i a l   s u b s o i l  is p r imar i ly  sane- 
silt t o   a t   l e a s t  8-10', with some s i l t y   c l a y   a r e a s .  No 
permafrost was encountered, however isolated  remnants  may 
e x i s t   i n   c r e e k   g u l l y s   o r   t h e   o c c a s i o n a l  low ly ing   a r eas   such  
a s  near  mile 52.6. The g r a d e l i n e   c o i n c i d e s   c l o s e l y   t o   t h e  
o r ig ina l   g round l ine   w i th   t he   ma jo r i ty  of t h i s   s e c t i o n   b e i n g  
e i ther   very   sha l low  cu t  o r  f i l l .  Deeper-cuts  (10 t o  l 5 * )  
are  planned a t  major creek  crossings,  and fills t o  20 or .25* 
a r e  proposed i n  some o f  t h e s e   g u l l y s . -   m i l e   4 8 . 2 ,  49.1, 50.1, 
50.8 and  52.2. The gu l lys   a r e   r e l a t ive ly   na r row and l i t t l e  
compress ib le   o rganic   so i l  is expec ted .   Cuts   in   th i s   sec t ion  
w i l l  present  no problems  with t h e  possible   except ion of t h e  
* 
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approach on t h e  NE. s ide  o f  t he   mi l e  50.8 g u l l y  where t h e  
s u b s o i l  is wet. a t  shallow  depths.   Erosion  in  the  sand- 
silt  s u b s o i l   i n   a l l   a p p r o a c h   c u t s   t o   s t r e a m   c r o s s i n g s  may 
a l s o   b e  a post-construction  problem. 

A t o t a l  of 8 borrow p i t s  were i n v e s t i g a t e d   a t   m i l e  48.1, 
49.01 50.0, 50.7, 52.0, 52.9, 53.8 ,  and 54.6. All p i t s   a r e  
good borrow sources - t h e   s u b s o i l  is sand-si l t   over  s i l t y  
c l a y   a t   1 0   t o  l5', with till a t   d e p t h .  

mile 55 t o  59 

The route  approaches  and  crosses  over a long low h i l l  which 
is well t r e e d ,  and wel l   drained.  Numerous water courses are 
crosses  between, a i l e  55 and 56 and t h e   g r a d e l i n e   a l t e r n a t e s  
between  cuts  and f i l ls  of 10 t o  15'. Between mile 56 and 59 
the grade l ine  is in   sha l low f i l l .  

No problems  wi th   cu ts   a re   an t ic ipa ted   a l though wet  zones  were 
encountered a t  d e p t h   i n  some proposed  cut   areas ,  The s u r f i c i a l  
s u b s o i l  is sand- s i l t  and post-construct ion  erosion  in   cut  
areas can  be  expected. T h i s  s e c t i o n  is free of permafrost ,  
muskeg or   o rganic   subsoi l .  

Three  borrow p i t s  were i n v e s t i g a t e d   a t   m i l e  55.8, 56.3 and 
57.4. The s u b s o i l  is sand- s i l t   t o   va r ious   dep ths ,   ove r  s i l t y  
clay, o v e r   g l a c i a l  till. Maximum auger   penetrat ion of on ly  
10' was p o s s i b l e   i n   p i t s   a t  56.3 and 57.4 due t o   c o b b l e s  2nd 
add i t iona l   ho le s   a r e  recommended h e r e   i n  1974. It is a n t i c i p a t e d  
that borrow p i t s   cou ld  be developed a t  almost  any  location 
between mile 55 and 59. 

Mile 59 t o  60 

The route   approaches  and  crosses  a deep   e ros iona l   gu l ly  on a 
f i l l  pro jec ted   to   be   approximate ly  35 fee t  i n   h e i g h t .  
Approach c u t s  on e i t h e r   s i d e  o f  t h e  gully t o  10' will b e   i n  
s a n d - s i l t   o r   c l a y - s i l t   w i t h  some cobbles.. L i t t l e  o r  no 
compressible  organic  material  is expec ted   in   the   c reek   bo t tom 
and  foundat ion   for   the  f i l l  w i l l  be g l a c i a l  till. 

Two borrow p i t s   a t   m i l e  59.1 and 59.5 encountered good borrow- 
sand-si l t   over  low p l a s t i c   c l a y - s i l t  till. 

Mile 60 t o  65 

Through t h i s   s e c t i o n   t h e   r o u t e  follows along a h e a v i l y   t r e e d  
edge of the  upland.   Further   back  this   upland  has  some extensive 
deep muskeg bu t   nea r   t he   t op  o f  t h e   s l o p e   t o   t h e   L i a r d   R i v e r  the 
s o i l  i s  r e l a t ive ly   we l l -d ra ined .  The gradel ine  over  this e n t i r e  
5 mile sec t ion  is in   sha l low f i l l  - 2 '  t o  5' - with  only 
occas iona l   sha l low  cu ts   a t   s t ream  gul lys .   There  is cross-slope 
drainage  over much o f  t h e   r o u t e   a n d   i n t e r c e p t o r   d i t c h e s   a r e  
proposed   over   l engthy   sec t ions .   Sur f ic ia l   subsoi l  is s a n d - s i l t  
t o  5-6' o v e r   s i l t y   c l a y ,  over  g l a c i a l  till a t  depth.   Occasional 
wet a reas   a r e   c ros sed  however t h e   a r e a  is free of perma-frost 
and-   extensive muskegs. 

Borrow p i t s   a t  mile 60.1, 60.7, 61.3, 62.7, 63.8 and 64.6 a r e  
a l l  good sources  of ma te r i a l  - s a n d - s i l t ,  s i l t y  c l ay   o r   c l ay -  . 



sil t  till. 

The route  descends from the  upland t o  t h e   v a l l e y  o f  t h e  
Blackstone  River.  Shallow fills are  proposed  over  the 
major i ty  of th i s   sec t ion   except   near  mile 66, where 3 
s t ream  gul lys   a re   c rossed  and f i l l s   r e a c h  15-20? i n   h e i g h t ,  
Cuts   ad jacent   to  the gul lys   vary   f rom  5  t o  15' in d e p t h  

This a rea  is heavi ly   t reed  throughout  and wel l   d ra ined .  
S u b s o i l   t o   m i l e  66.4 is t y   i c a l  of t h e  u l and   a r eas  - sand- 
silt ove r   s i l t - c l ay   ove r  g a c i a l  till. cu t s  w i l l  
encounter no problems  and  provide good embankment mater ia l .  
L i t t l e  o r  no compressible  material  w i l l  e x i s t   i n  gullys. 
from mile 66.4 t o  66.7 t h e   r o u t e  is on g r a n u l a r   a l l u v i a l  
d e p o s i t s  of the  Blackstone  River.  Permafrost o r  muskeg a r e  
not  encountered. 

Two borrow a r e a s  were  investigated.  Borrow P i t  #2 a t   m i l e  
65.5 w i l l  provide  adequate borrow - s a n d - s i l t   o v e r   s i l t - c l a y  
over   s i l t - sand .  Borrow Pit #1 is i n   t he   B lacks tone   R ive r  
v a l l e y  and encountered  sands and grave ls  t o  16-18’ t hen  
g l a c i a l  till. This p i t  may be  a source o f  su r f ac ing   ma te r i a l  
bu t   shou ld   be   t e s t   p i t t ed ,  t o  f u l l y  assess t h e   m a t e r i a l ,  

summary A N D  GENERAL OVERVIEW 

much of the  area  over  which  the  alignment  passes,  between 
mile 29 and mile 48 is poorly  drained  and  has t he  ground 
w a t e r   l e v e l   w i t h i n  a  few f e e t  of the  ground  surface.  The 
r o u t e   h e r e  has been  chosen t o  take  advantage of those  few 
zones  which a r e   b e t t e r   d r a i n  by v i r t u e  of t h e  ground l e v e l  
being  ra ised  above  the  surrounding  areas .  The raised  ground 
is t y p i c a l l y   e i t h e r  a g l a c i a l  till drumlin o r  simply a 
narrow s t r i p  between two eroded  abandoned r iver   channel  
depressions.  Permafrost is not present  over long s t r e t c h e s  
of the right-of-way t o  mile 48 but   does   occur   in   the  muskegs 
and poorly drained ' f la ts '  ad jacent  t o  t h e   r o u t e ,  and is 
a n t i c i p a t e d   i n  many of t h e  wide  watercourses  and  short 
muskegs that the   rou te   t raverses .   p roposed  f i l ls  ac ross   t hese  
problem  areas  are  normally 4' t o  8' i n  height  and it is expected 
t h a t  some post-construct ion  set t lement  will o c c u r ,   e i t h e r  
as a r e s u l t  of permafrost  thawing, o r  due t o  compression of 
o rgan ic   subso i l s .   I n t e rcep to r   d i t ches  and o f f t ake   t r enches -  
are  proposed,  where  the embankment crosses  high groundwater 
areas ,  and these  should  be  effect ive  in   lowering  and  control l ing 
groundwater  adjacent t o   t h e  embankment. However it is 
expec ted   t ha t  fills i n   t h e s e   p o t e n t i a l   s e t t l e m e n t   a r e a s  w i l l  
r e q u i r e  some regrading o r  unusual  maintenance  repair  f o r  
possibly 4-5 yea r s   a f t e r   cons t ruc t ion .  

From mile  k8 t o  66.7 t h e   r o u t e  f o l l o w s  h ighe r ,   be t t e r   d ra ined  
t e r r i a n  - pr imar i ly   wel l   t reed   up lands  o r  along  the  edge o f  
uplands where good drainage is avai lable .   Stream  crossings 
a re  more s t eep ly   i nc i sed   i n  t h i s  zone  and muskegs, organic  
s u b s o i l s  and permafrost   pockets  are much less preva len t .  
Cons t ruc t ion   th rough  th i s   por t ion  o f  the   rou te   should   be  
r e l a t i v e l y   r o u t i n g .  



The s u r f i c i a l   s u b s o i l  cond i t ions  do not  vary  markedly from 
mile 29 t o  66.7, desp i te   the   changes   in   t e r ra in .  The e n t i r e  
area is mantled by  a t h i n  l aye r  of sandy silt o r  s i l t y  sand. 
which v a r i e s   i n   t h i c k n e s s  from roughly 5 f e e t  t o  a s  much as 
20 feet .   Underlying s o i l s  a r e  somewhat var iable   but   normally 
cons is t  of a t h i n   s i l t y   c l a y   l a y e r ,  o r  g l a c i a l  till. The 
g l a c i a l  till u n d e r l i e s   t h e   e n t i r e   s e c t i o n  and. var ies   f rom 
probably  10' t o  25 o r  30' below the   su r f ace .  I n  composition 
t h e  till is a low p l a s t i c  c lay-s i l t -sand mix with  pebbles  and 
cobbles.  This till has  been  extensively f o r  borrow f rom mile  
0 t o  mile 29.0. 

The s u r f i c i a l   s a n d - s i l t   m a t e r i a l  is non-p las t ic  o r  very low 
p l a s t i c ,  is very   f ine   g ra ined ,  and is c l a s s i f i e d   a s  f r o s t -  . 
suscep t ib l e   ma te r i a l .  Almost a l l   t h e   c u t   s e c t i o n s   p r o p o s e d  
a l o n g   t h e   r o u t e ,   e i t h e r  t'hrough shor t  r i d g e s  o r  a t   approaches  
t o  gul ly   c ross ings ,  bottom in   t he   s and- s i l t   ma te r i a l .  Very 
few cuts   a re   deep  enough t o  extend  through  this   surface  mant le  
i n t o   t h e   p l a s t i c   c l a y s  o r  dense till below.  Consequently  ditch 
e ros ion  may be a p o t e n t i a l  problem i n  many cu t s , a l though   t he  
d i t c h   g r a d i e n t s   a r e   r e l a t i v e l y   f l a t   t h r o u g h o u t ,  and t h e   c u t  
s e c t i o n s   r e l a t i v e l g  s h o r t .  This sur face   sand-s i l t   mant le  was 
a l s o  encountered from mile 0 t o  29, a l t h o u g h   n o t   a s   t h i c k   a n d  
it may be  possible t o  check   the   res i s tance  of the su r face  soil 
t o  e r o s i o n   i n   c u t s  on the  completed  construct ion.   1n.addi t ion 
the sand-s i l t  f rom the   cu t   s ec t ions  and from t h e  upper p a r t  of 

especia  ly f o r  the  high  ground  water   areas  from mile 29 t o  48. borrow 
, is no t  t h e  most i d e a l  embankment ma te r i a l ,  

Borrow is r e a d i l y   a v a i l a b l e  beyond mile 48. From roughly 
mile.35 t o  mile &$,good borrow a reas   a r e   l e s s   obv ious  and 
p i t  locat ions  are   determined more by g e o l o g i c   a v a i l a b i l i t y  
r a t h e r   t h a n  economic design haul requirements.  

A summary of borrow p i t   e v a l u a t i o n s  and  a l i n e  diagram o f  p i t s  
is included  in   the  fol lowing  pages.  



6.0 Evaluat ion of Borrow Pits 

Borrow pit 
No . 
35 

34 

t 

33 

32 

31. 

30 

29 

28 

Location 

Sta 1534 t o  1538 
16001 RT C 

Sta 1606 t o  1610 
300' RT C 

Sta 1636 t o  1641 
400' + LT C 

Sta 1869 t o  1875 
5008 + RT E 

Sta 1951 to 1957 
4001 + LT C 

Sta 1989 t o  1995 
4001 + LT C 

Sta 2083 to 2988 
300' + RT c 

Sta 2118 to 2124 
400' + rt c 

comments 

Adjacent to   ex is t ing   p i t  which can be expanded - 
material sandy silt  over clay till. 

Encountered permafrost t o  12’ in 1 hole - r e l a t iv  
small treed  area surrounded by muskeg - not recom 
mended for  borrow p i t  - no obvious a l t e rna te   p i t  
areas here, 

Area investigated  adjacent t o  existing p i t  which 
be expanded. Augers stopped on cobbles at 2' 
penetration over ent i re  area - anticipate  glacial  
till a t  shallow depth - recommend 1 t e s t  hole t o  
here during 1974 drilling programme, 

Augers stopped on cobbles @ 5-6( t h i s  area Subs 
frozen t o  t h i s  depth. Terrain consists of treed 
ridge with adjacent muskeg. Suggest 2 test holes 
25' during 1974 dril l ing programme, t o  assess s u i  
a b i l i t y  of area for borrow. 

O.K. for borrow, Subsoil  consists of silt-sand m 
over glacial till at  15 t o  20' - subsoil becomes 
slightly wet near 15' . 
Pit area  investigated is adjacent t o  burnt area, 
Augers stopped on cobbles at maximum penetration o 
8' - ant ic ipate   glacial  till below cobbles - recon; 
mend 2 t e s t  holes in 1974 programme to   ver i fy  borr 

O.K. for borrow, Subsoil  consists of sand-silt mi 
over s i l t y   c l ay  o r  clay till near 8 - 10'. may 
encounter wet zone immediately  ,above till. 

Deepest penetration to 61 t h i s  area due t o  contact 
with cobbles. Terrain is heavily treed-anticipate 
clay till below cobble  layer. recommend 2 tes t  
holes  during 1974 programme to  verify borrow. 

.% . ... 



27 

26 

25 

24 

23 

22 

21 

20 

19 

Sta 2182 t o  2187 
400’ + LT C 

Sta 2221 t o  2226 
5 0 0 1  + RT C 

Sta 2507 t o  2512 
200' LT C 

Good borrow - subsoil consists of 12 - 15' s a d -  
silt mix over clayey, s i l ty  till. 

Area consists  of n a r r o w  treed  ridge  bordered by 
muskeg. This area borderline a t  best for borrow. 
Recornend test pitting with cat  before  use - subso: 
sand-silt  over till - par t ia l ly  frozen.  Suggest 
b o r r o w  p i t  be developed in treed area left  of c 
eta 2240 t o  2250 as alternate. C boreholes indica! 
dry  sand-silt mix in t h i s  area, Recomend 2 - 3 t 
holes  here during 1974 drilling programme 

O.K. for  borrow. Subsoil consists of sand-silt mi: 
over silty till near 9 - 10' . May encounter wet 
sone above till. 

This area  investigated as a l te rna te   to  borrow pit 
#23. Subsoil  consists of s a d - s i l t  mix over silty 
till near 15'. May encouter  wet zoze near 10 - l 
Suggest develop this area i n  poplar stand. 

T h i s  area i n  stunted spruce and muskeg terrain and 
too wets Good borrow likely available  here in pop: 
stand nearer the but poplar area  probably t o o  clo 
t o  right-of-way.  Suggest use B.P. #24 as alternate 

0.K . for borrow. Subsoil  sand-silt mix over plast: 
material at 10-41 - wet zone near 10-121 . 2-b no: 
be able t o  develop deep p i t  here. 

O.K. For borrow Subsoil  silt-sand to a t  least 20 
dry t o  damp. 

S ta  2572 to 2578 
4001 + LT C 

O.K. for  borrow. Subsoil  consists of sand-silt ni: 
over s i l ty  clay at 11-12’ Wet zone above s i l ty  c: 

O.K. for borrow. Area consists  of two sand dunes. 
Subsoil s i l t s a n d  mix - becoming wet at approx 12 . 
151 adjacent to dunes 

18 S t a  2668 to 2672 
400' + RT C 

17 Sta  2735 to 2739 
6 0 ,  + LT C 

16 Sta 2783 t o  2786 
700' + LT C 

15 Sta 2830 t o  2836 

u, Sta 2869 t o  2877 

500~+ LT C 

800’ + RT C 

O.K. for  borrow.  Subsoil s i l t - sand to 17-1$re 
possible wet zone near 124.4'. 

Good borrow. 
@ 12-14’ 

Subsoil  silt-sand mix over s i l ty  

Good borrow - subsoil. sand silt  nix over silts. clay 
@ 5-61 over till at 20t. 

Good borrow. Subsoilsand-silt over silty clay near 
14 - 15'- 
Good borrow. Subsoil  sand-silt nix over silty clay 
at 8-10' . 



13 

12 

ll 

10 

9 

8 

7 

6 

5 

b 

3 

2 

1 

Sta 2934 t o  2940 
6009 + RT C 

Sta 2962 t o  2969 
800' + LT C 

Sta 3713 t o  3117 
5008. + LT C 

Sta 3164 t o  3169 
6001 + RT C 

Sta .  34.10 
300' + R t  E 

O.K. for borrow-subsoil  sand-silt mix  t o  251+, 

maximum auger penetration  here  to 111 - stopped 
cobbles.  Subsoil  sand-silt mix t o  5 - 61 over 
plas t ic  m t l .  Anticipate glacial till below cobb 
Recommend 1 t e s t  hole here  during 1974 programme 
to  verify  subsoil  below lo ' ,  
maximum penetration . to  10' here - augers stopped 
cobbles, Subsoil sil t-sand nix t o  4-43? over pla 
mtl. anticipate glacial. till below cobbles, RE 
mend 1 hole t o  28' during 1974 programme to  ver i  
subsoil. 

Good borrow - subsoil sand-silt over s i l ty   c lay  
41 - ei ther   glacial  till or very soft shale witt 
depth. 

good borrow - auzers  stopped 0 5' on cobbles. f 
t ic ipate   subsoi l  similar t o  B.P. #lo with  depth 
Recommend 1 test hole t o  25' during 1974 progam 

Good borrow. Augers stopped 8 10' this area OR 
bles.  Anticipate subsoil similar t o  B.P. #lO - 
recommend 1 test hole t o  25' here  during 1974 
programme e 

(hod borrow - subsoil  sand-silt t o  5*, over silt 
clay t o  15' over g lac ia l  till, 

Good borrow - subsoil sand-silt t o  3 -4' over 
clay-silt . 
Good borrow - subsoil sand-silt over silty clay 
0 4-5" 

Good borrow - subsoil sand-silt t o  5-7' over sil 
clay - wet zone f r o m  12 -Ut 

Good borrow - subsoil sand silt mix t o  6-7' over 
silty clay t o  15-161, over silty sand. 

Good borrow also possible source of surfacing. 
Subsoil sand & gravel   to  16 t o  18' then  glacial  
till. Suggest t e s t   p i t t i n g  t o  assess suitability 
as surfacing  materid., 



7.0 DRILLING requirements FOR 1974 programme 

The fo l lowing   tes t   bor ings  a re  recommended f o r  
i n c l u s i o n   i n - t h e  proposed 1974 d r i l l i n g  programme 
beyond mile 66.7. 

.B.P. #33 - S t a .  1636 t o  1641 - 400' + L t  E - 1 hole t o   2 5  

B.P. 932 - S t a .  1869 t o  1875 - 500' + Rt. 2 holes t o  25' 

B . P .  #3O - S t a .  1989 t o  1995 0 400' + Lt E - 2 holes t o  25' 

B.P. #28. - S t a .  2118 t o  2124 - 400' + R t  E - 2 h o l e s   t o  25’ 
B.P. #26A - Sta .  2240 t o  2250 - 400' + Lt E - 2 - 3 holes  to 25’ 

.* 

- to check for 
borrow . 

B.P. #12 - Sta. 2962 t o  2969 - 800' + Lt E - 1 hole  t o  25' 

B . P .  #11 - S t a .  3119 t o  3128 - 600' + R t  E - 1 hole  t o  25' 

B.P. #9 - Sta .  3134 t o  3142 - 500' + L t  E - 1 hole t o  25' 

B . P .  #8 - S t a .  3164 t o  3169 - 600' + R t  E - 1 hole to 25' 

E cut-Sta .  1705 t o  1715 - 2 holes t o  25' 

Total 2 17 holes  

R.D. Cook 
Quality  Control  Engineer 
Western  Region 
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