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1 .  I NTRODUCT I ON 

Page 1 

In   con junc t i on   w i th  a geotechnical  engineering  study  carr ied  out. from 

M i l e  725 t o  M i l e  632 of the  proposed  Mackenzie Highway, several  major 

r i v e r  and st-ream  crossings were invest igated.  The Jack f ish  Creek  Crossing, 

whose geographic  locat ion  is  shown on the Key Plan,  Drawing No. A-1, 

Appendix A, i s  one such s i t e   i nves t i ga ted  i n  d e t a i l .   D e t a i l s  o f  the 

invest igat ion,   s i te   condi t ions,   geotechnica l   data and  recommendations 

per t inent ,  t o  the development o f  the creek  crossing,  are  reported  herein. 

This work was ca r r i ed   ou t   f o r   t he  Government of Canada, Department, of 

Publ i c  Works, and was authorized by Contract. Number A10/73, F i l e  No. 

9305-52-307 

II. GEOTECHNICAL DATA AQUlSlTlON 

2.1 F ie ld   Tes t ing  

The evaluat ion of subsurface  conditions has been  based on f i e l d  data 

obtained from f i v e  boreholes, d r i l l e d  a t  the  locat ions shown on the 

Site Plan,  Drawing No.  A-2, Appendix A. O f  the  f ive  boreholes advanced, 

four  were d r i l l e d  as center  l ine  boreholes,   in  conjunct ion  wi th  the  general  

route evaluat ion,  and the f i f t h  borehole was located and d r i l l e d   s p e c i f i c a l l y  

t o  def ine  subsurface  condi t ions  at   the creek crossing. 

The special  borehole was designated  Borehole 721-S-2. The four  center 

l i n e  boreholes were designated  Boreholes  720-C-l and  721-C-7 t o  721-C-9, 

inclusive.  detai led  borehole  logs  are  presented  in  consecutive  order  in 

Appendix B. 

& 
8oQ Engineering Consultants Ltd. 
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A l l  boreholes were d r i l l e d   w i t h  a t rack mounted Mayhew 500 r o t a r y   d r i  ll 
r ig ,   us ing  a continuous a i r   r e t u r n   c i r c u l a t i o n  system.. Boreholes 

advanced with t h i s   d r i l l   r i g   g e n e r a l l y  were 4-3/4 inches i n  diameter. 

Borehole  penetrat ion ranged from 18 feet  t o  40 feet ,  and averaged 22 f e e t  

i n  depth.  Sampling  consisted of representat ive bag samples, obtained 

a t  depths of 2 1/2, 5 and 10 feet,  and at. depth   in te rva ls   o f  about, 4 
feet,, t he rea f te r ,  to the  bottom o f  each  borehole. No undis turbed  so i l  

samples  were obtained a t  the Jackf ish Creek  Crossing,  during th i s   i nves -  

t igabion. 

2.2 Laboratory  Testing 

Laboratory  test ing was c a r r i e d   o u t  on d i s tu rbed   so i l  samples to determine 

the  natural   water  content  prof i le and Atterberg l imits   o f   the   subso i l .  

The moisture  content,  tests were undertaken i n   t h e   f i e l d  laboratory of  

EBA Engineering  Consultants  Ltd., whi le a l l  ocher  test ing was confined 

t o  the EBA Edmonton laboratory. In a d d i t i o n  to the  laboratory   test ing 

o u t l i n e d  above, a l l  samples  were v i s u a l l y   c l a s s i f i e d   i n   b o t h  the EBA 

f i e l d  and Edmonton labo ra to r ies .   So i l   c l ass i f i ca t i on  was based on 

p las t i c i t y ,   acco rd ing  to  the   ex tended-Un i f ied   c lass i f i ca t ion  System 

and on tex tu ra l   c l ass i f i ca t i on   acco rd ing  to  U.S. Engineers Department 

(1)* 
(2) 

t e x t u r a l   c l a s s i f i c a t i o n   t r i a n g l e .  

* Superscripted numbers i n  parentheses  refer t o  t h e  list of References 
presented a t  the end o f   t h i s   repo r t , .  

Engineering  Consultants Ltd: 
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Frozen  ground was c lass i f ied   accord ing  t o  a modi f i ca t ion  of the NRC 

system for   descr ib ing  permafrost  ( 3 ) .  This   modi f icat ion was necessary 

because the disturbed  nature of the samples ob ta ined  d id   no t   permi t   fu l l  

usage o f  the NRC system; especia l ly   in   descr ib ing  the  form of the  excess 

ice. The system used reta ins  the symbols V and N f o r   v i s i b l e  and non- 

v is ib le   i ce ,   respec t ive ly ,  and the  modifying symbols B and F f o r   w e l l  

bonded and poorly bonded non-vis ib le  ice,   respect ively.  Excess ice  

quan t i t i es  were estimated  from  visual  observations. The resu l t s  of - 

laboratory  tests are presented on the  borehole  logs  (Appendix B ) ,  where 

appl icable,  and  on the Summary of  Results  Table,  Drawing N0.C-1, Appendix 

C. 

III. SITE CONDITIONS 

The proposed  Mackenzie Highway crosses  Jackfish Creek a t  mile 721.2, 

approximately 3 miles east  of  Fort  Good Hope, N.W.T. A Key Plan  of  the 

Jackf ish Creek  area i s  presented as Drawing No. A - 1 ,  and Drawing No. A-2 

Appendix A, presents a detai led  Si te  Plan.  Place 1 of Drawing No. A-3, 
Appendix A, shows the crossing from the a i r   i n  June, 1973, 

Jack f ish  Creek drains a moderate sized  area  extending east  of  the  Mackenzie 

River,  south of the Hare Indian  River and nor th o f  the  Tsintu  River 

basin. The s ize   o f   the  watershed, l im i ted   topograph ic   re l ie f  and poor ly  

defined  creek  channel  suggest, a low stream f low  throughout  the summer 

and f a l l .  I n  the  winter   there  is   probably  no f l ow  of water i n  the 

Jackf i sh Creek channe l. 
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Aer ia l   photographic   in terpretat ion of the   sur f  

immediate  area o f   the   Jack f ish  Creek Crossing, 

Page 4 

i c i a l  geology of the 

i s  shown on  Drawing No. 

A-2, Appendix A. The s u r f i c i a l   m a t e r i a l s  are bel ieved to  be mainly 

glacial   lake  basin  sediments  over-r idden  wi th sand dunes on both sides 

of the  f lood  p lan.  Peat was observed in  depressions and wave modif ied 

features were noted.  Ice wedge polygons were observed to  e x i s t   i n   t h e  

immediate v i c i n i t y  of the  Jackf ish Creek channel. A t e r r a i n  legend, 

which  describes  the symbols  used in   t he   t e r ra in   ana lys i s ,  i s  presented 

as Drawing No. A-2a, Appendix A. 

3.1 Subsurface  Conditions 

Based on  observations  from  the  boreholes, an i n fe r red   s t ra t i g raph ic  

sect ion  a long  center   l ine has been compiled and i s  presented as Drawing 

No. A-4, Appendix A. The general  ized  center l ine  strat igraphy  noted 

a t  the s i t e   i s  summarized i n  Table 3.2.1, fo l lowing.  

TABLE 3.2 .1  
STRATIGRAPHY  AT  JACKFISH CREEK CROSSING 

APPROXIMATE AVERAGE 
DEPTH BELOW 
EXISTING GRADE 

MATER I AL DESCRl PTI ON (FT) 

PEAT & dark  brown,silty,  frozen, 0 - 1.3 
ORGAN I C NB to V50%, mo i sture  content 
CLAY (M/C) up to 253% 

SILT law t o  non-plast ic,  brown 1.3 - 16.3 
to grey, some sand, clayey, 
M/C  15% to  68% (avg.35%) , 
unf rozen to frozen, NB to 
V30% 

SAND , s i l t y ,  frozen, NB t o  V10%, Below 16.3 
GRAVEL & M/C 1 2 %  to  29% (avg.21%) or Greater 
CLAY TILL 

RANGE 
OF THICKNESS 

(FT) 

0 - 3  

2 - 30 

Not 
Estab l i shed 

Engineering Consultants Ltd. 
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The fo l lowing additional information, which may inf luence  design or 

construct)  i on 

.1 . 
2. 

3.  

4. 

* 5 .  

6 .  

7. 

decisions, was a lso   ob ta ined  dur ing   the   f ie ld   inves t iga t ion .  

The  maximum depth o f  borehole  penetrat ion was 40 fee t .  

Bedrock was not  encountered i n  

Also,  the  depth to  chaw s tab le  

w i th in   ch is   inves t iga t ion .  

Ground i ce  was noted i n  Boreho 

any o f  the boreholes. 

s o i l  was not.  confirmed 

e x i s t i n g  

major s i  

The o r i g  

' l e  721-c-8  between the 

depths of 3 and 7.5 f e e t  below e x i s t i n g  grade. 

An unfrozen zone was logged i n  Borehole 721-C-7 between 

0.5 and 2.5 f e e t  below e x i s t i n g  grade. 
I 

Sand logged i n  Borehole 721-C-7, below 2.5 feet   f rom 

grade, i s   be l i eved  to be of s i m i l a r   o r i g i n  as the 

1 t s t ra ta .  

i n  of the  gravel  and c lay  till not,ed i n  Boreholes 

7214-1  and 720-C-2, respect ive ly ,  may be one  and the same. 

NO borehole  informat>ion i s   ava i l ab le   i n   t he   bo t tom  o f  t.he 

creek  channel to indicate  the  type and  nat.ure of under ly ing 

subsoil   mat.erials. 

IV; CONCLUSIONS AND RECOMMENDATIONS 

I t  i s  recommended tha t   cons idera t ion  be given t o  t h e   i n s t a l l a t i o n  o f  

large diameter  culverts at. the  Jackf ish Creek  Crossing i n  combinabion  wit.h an 

ear th  fill, as an a l te rna t ,e   to   cons t ruc t t ion  of a bridge. As th is   cons id-  

e ra t - i on   i s  beyond t,he scope of th is   repor t , ,   the  fo l lowing recommendat,ions 

per t ,a in   so le ly  to  the development, of thk   c ross ing  as a br idge  s i te .  

c 

I 

Engineering  Consultants Ltd. 
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4.1 Founda t.i on  Types 

F ina l   se lec t ion  of a bridge  foundation syst,em should be determined i n  

con junc t ion   w i th  economic and st-ructural  design  considerations. At. 

present,   preference  is  g iven t,o p i le   foundat ion  systems supported on 

bedrock or   o ther  thaw st.able  materials.  Neither  mat.eria1 was encountered 

wi th in   th is   invesbigabion,  hence specific  foundat.ion  types  cannot. be 

recommended. However, general   ized  design  cr i   t .er ia i s  presented  for 

prel iminary  evaluat, ion of p i l e  foundat*ion schemes. 

\ 

4.2 Foundation. Des i gn 

Major   fac to rs   a f fec t ing  t,he  design o f   p i le   foundat ions   a t ,   the   Jack f ish  

Creek Crossing  are  the  occurrence of  ground  ice, a h igh  percenbage  of 

v is ib le   i ce ,   un f rozen  so i l  and a high  natural   rnoist4ure  cont,ent)   at   or  

near  the assumed abutment loca t ions   o f   the  proposed  bridge.  Generally, 

. the- subsoi l  beneat.h t h e   r i v e r   f l o o d   p l a i n  and channel,  renders p i l e  

design, .based  on s o i l  adfreeze pr inc ip les ,  hazardous.  Consequently, i t  

i s  considered  that .   a l lowable  p i le  bear ing  capaci t , ies must  be det,ermined 

on the  bas is  of ava i l ab le  end bearing  support,,  and/or  available  skin 

f r i c t i o n   s u p p o r t  of ex is t . ing   subso i l   mater ia l   in  &he unfrozen  stat.e.  In 

addi t ion,   the  ex is tence of permafrost  is  considered to preclude  the use 

o f  dyanamic p i l e  formulae  as a r a t i o n a l  approach to the  determination  of 

p i le   capac i t , ies .  However, placement. o f   p i l e s   t h r o u g h   p i l e   d r i v i n g  

techniques will l i k e l y  be the most, expedient method of i n s t a l l a t i o n .  

Because of t.he lack of data  wibh  respect t o  so i l   s t reng th  and depth to  a 

f rost ,   stable  bear ing  surface,  p i le  designs  presented  her in  are  largely 

based  on empir ical  data, and must be considered,  only  prel iminary  in 

nature.  Confirmation of the  design  parameters  presented  herein,  t.hrough 

a d d i t i o n a l   f i e l d  and/or  laboratory  testing,  is  considered  necessary. I t  

f 

Engineering Consultants Ltd. 
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Is st ressed  that   the  fo l lowing recommendations are  presented  without 

knowledge o f   f i n a l   d e s i g n  highway  grades, geometrics, or bridge  design. 

Consequently,  the recommndations presented may require  reconsiderat ion 

when these  factors become  known. 

4.2.1 .End Bear ing   P i les  
""1 "- 

It. i s  considered  that the o n l y   p o s i t i v e  method of foundation  support,, 

t h a t  will permit   re lat ively  h igh  loads  wi thout  excessive  set t lements 

a t  the Jackf ish Creek Crossing, i s  an end b e a r i n g   p i l e  system achieving 

support on bedrock or   o ther  thaw stable materials  exisbing  beneath  the 

site. However, due to equipment l im i ta t i ons ,   t he  maximum depth of d r i l l  

penetrat ion was 40 feet,,   with  bedrock  or  other t.haw stab le  mater ia ls  

not being  encountmered. 

Based on a review of  bedrock  geology of  the  area, it i s  bel ieved  that  

Middle' Rampart,s shale, of  Middle Devonian Age ( 4 ) ,  may be expected at '  an 

unknown depth below the  approximate abur,ment. locat ions of the proposed 

r i ver   c ross ing .  I t  i s  recommended tha t   cons idera t ion  be given to the 

use of steel  end bear ing  pi les  for   br idge  foundat ion  support .  However, 

determinat>ion of bedrock o r  thaw stable mater ia l  depth and propert ies,  

a t  the locat ions of br idge abut,ments and p i e r s ,   i s  a necessary  prerequis i te 

t o  determinabion o f  f i na l   des ign   p i l e   capac i t y .  

For prel iminary  design purposes, it is   be l ieved  that   cons iderat , ion 

should be g i ven   t o   t he  use of  closed end p i p e   p i l e s  to provide end 

bearing  support  in  bedrock. It. i s  recommended t h a t   p i l e s   w i t h  a minimum 

nominal  diameter o f  12 inches and a minimum weight of  65 pounds per 

foo?, be used. The design  length of  p i l e s  must be confirmed on t.he basis 

of a d d i t i o n a l   f i e l d   d r i l l i n g .  

Engineering  Consultants Ltd. 
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I n s t a l l a t i o n  of  p ipe   p i l es  will requi re  the use o f  b o t h   d r i l l i n g  and 

p i l e   d r i v i n g  equipment. I t  i s  recomnded  that.  the  pi les be i n s t a l l e d  

i n  pre-bored  holes  having a diameter  of  about 95% of  the  p i le   d iameter  

to  permi t  a snug fit,. The p i le   ho les  should be prebored a t  least, 5 
to 10 f e e t   i n t o   t h e  bedrock, o r  t.haw stab le  mater ia ls  and t h e   p i l e s  

should be dr iven t o  a t  least ,   the  fu l l   prebored  depth.  A minimum d r i v i n g  

energy of 24,000 f o o t  pounds i s  recommended. Steel   H-pi les  are  present ly 

bel ieved t o  be less  feasible,  as preboring  would  result, i n  loss of l a t t e ra l  

support, and ins ta l la t ion   w i thout   p rebor ing  t'o .the an t i c ipa ted  dept3h i s  

expected t,o meet. wibh  high  dr iv ing  resistance.  Conf i rmat ion  of   th is,  

achieved  t'hrough bhe d r i v i n g  o f  t es t   H -p i l es  a t  t he   s i t e .  however, could be 

A pre l iminary des ign  load  capaciby of  about: 170 k ips  may  be used fo r  

t.he foregoing recom4ended pipe p i  le section, i f  the p i  les can be dr iven 

t o  ' re fusal ' .  It? is  considered chat ' r e f u s a l '  will const, i tute a penetrat ion 

of less  than 0.1 inch  per blow, measured over  t,he  last.  foot. of  d r i v i n g  

w i t h  the recommended p i l e  d r i v i n g  energy. . I +  i s  recommended t h a t   p i l e  

dr iv ing  records be kep t   f o r  a l l  p i l e s ,   f o r  immediat,e review by  t,he 

geotechnical  consultant!. A p i l e   l o a d  test i s   a l s o  recommended, p r i o r  

tbo or at   the   ou tse t .  of p i l e   i ns ta l l a . t - i on ,  t,o. conf i rm  the  load  carry ing 

capaci ty of t h e   p i l e s  and pe rm i t   co r re la t i on  t o  tihe dr iv ing  records.  

. 4.2.2 F r i c t i o n   P i l e s  
"""" 

Based on avai lable  geot,echnical   informat ion  at .   the-Jackf ish Creek Crossing, 

it is   be l ieved  ahat   l im i ted   p robab i l i t y   ex is ts   fo r   the   success fu l   in -  

s t a l l a t i o n  of p i l e s  a t  t.he s i t e ,  ach iev ing  the i r   load  carry ing  capaci t ,y  

p r i m a r i l y   t h r o u g h   s k i n   f r i c t i o n  bebween pi..le and embedding s o i l .  Hence, 

the  present  lack  of   speci f ic   informat, ion,   wi th  respect,  to  the  strength 

of i n s i t u   s o i l s   i n  an unfrozen  condit.ion, i n  combination with the above 

bel ief   t ,hat   long  term  sat isfact ,ory  performance  is a remote poss ib i l i t , y ,  
P precludes the recommending of s k i n   f r i c t i o n   p i l e s .  

b i z  
8oQ Engineering  Consultants Ltd. 
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Confirmation o f  the sui   tabl  il i t y  of 

more de ta i led   p i le   des igns ,  and e s t  

be made i f  add i t iona l  more de ta i l ed  

sur face  deposi ts   is   obta ined  a t   the 

f r i c t i o n   p i l e s   p r e s e n t a t i o n   o f  \ 

irnates of  p i l e   c a p a c i t i e s  can on ly  

geotechnical  information of sub- , 

5 i t.e . 

4 * 3  - ““““I- 

Negative  Skin Friction 

The e f f e c t  o f   negat ive   sk in   f r i c t ion ,  on i n d i v i d u a l   p i l e s  and p i l e  

groups, will be dependent upon the  occurrence and magnitude o f   bo th  

consol  idation  sett lement. and thaw sett lement.   wi th in  the f i 11 surrounding 

t h e   p i l e s  and the  natura l  subgrade s o i l s .  At. the   c ross ing   s i te ,  it i s  

cons ide red   t ha t   a l l  peat., s i l t ,  sand, and t o  a lesser degree, c l a y  

till and gravel   mater ia ls  are thaw unstable,  and consequencly, s i g n i f i c a n t  

n e g a t i v e   s k i n   f r i c t i o n   e f f e c t s  can be ant i -c ipated  in  these  mater ia ls 

i f  thawing  occurs.   Substant ia l   sk in   f r ic t ion  e f fects  will a l s o  be 

mob i l i zed   i n  any road  grade fill surrounding,p i les if loss   o f  subgrade 

support,  occurs. To 1 imi t, the amount of thawing o f   t he  subgrade, the 

loss  of subgrade supporD,and “tshe  magnitude of nega t i ve   sk in   f r i c t i on ,  f i  11s 

should be placed  during  t \he.winter season. In   o rder  t.o f u r t h e r  limit 

potbent . ia l   negat ive   sk in   f r i c t ion ,  due t o  set,t.lement o f   t he  fill i t s e l f ,  it 

i s  recommended t.hat f i l l s  be placed t<o f i n a l  grade and pre-boring and 

ins t ,a l l a t , i on   o f   p i l es  be carr ied  out   through the fill. The maximum 

time period  possible  should be allowed between these two  phases of 

const.ruct i  on. 

It i s  e x t r e m e l y   d i f f i c u l t  t o  accura te ly   p red ic t .   the   an t ic ipa ted   to ta l  

magnitude o f   nega t i ve   sk in   f r i c i t . i on   l oads  on  any p i l e   o r   p i l e  group  that. 

may be i n s t a l l e d  at. t.he subject.  si t ,e.  Negative  skin  fr ict ion  develops 

due t o  the down drag  e f fect  of t h e   s o i l .  around t h e   p i l e  as it, thaws 

and consolidat,es.  Table 4.3.1 presents suggest.ed va lues ,  (5’ for 

negaCive s k i n   f r i c t i o n   i n   t y p i c a l   s o i l s .  A t  the  Jackf ish Creek  Crossing, 

tohe t h  

e f f e c t  

ickness o f  fill placed and met,hod o f  placement. will s ign i f i can t , l y  

the  depth and r a t e   o f  thaw wherever t.he soi  1 i s  present ly  f roten. 

8oQ Engineering Consultants Ltd. 

‘E 



1 
I 
1 

1 
I 

~X 
T 
1 

E - 517 

TABLE 4 . 3 . 1  
NEGATIVE SKIN FRICTION OF UNFROZEN SOIL  FOR P I L E  DESIGN 

(A f te r  Woodward Lundgren And Associates, 1971) (5) 

Descr ip t ion  o f   Soi l   Categor ies 

Clean sands  and g r a v e l s   w i t h   l i t t l e  
or no s i l t   o r   c l a y .   T y p i c a l l y :  GW, 
GP, SW,SP 

S i l t y  or clayey sand and gravel   mixtures 
wi th   cons iderable amounts of s i  1 t and 
clay.   Typical ly: .  GM, SM, GC, SC, SF 

Moderately plastic to h i g h l y   p l a s t i c  
CL ,CH i norgan i c 

Non-p 1 as t 
s i l t s  and 

Organic s 

c lays.   Typica l ly :  

i c  t o  s l i g h t l y   p l a s t  
lean  clays.  Typica 

1 1  t s  and clays.  Typ 

i c  inorganic 
l l y :  ML, MH 

Page 10 

Design  Negat ive  Skin  Fr ict ion 

P = 30d (X2 + 2HX)* 
S 

700 PSF 

800 PSF 

350 PSF 

i c a l l y :  OL, OH 150 PSF 

* Load developed  on that  por t i on  o f  a p i l e  embedded in granular  stratum. 

P = Load developed, 1 b s .  

d = Diameter of p i l e ,  ft. 

H - Depth of overburden t o  top o f  granular  stratum, ft. 

X = Length of p i l e  embedded ln   granular   s t ra tum, f t .  

S 

c 

& 
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TABLE 4.4.1 
FROZEN SOIL ADFREEZE BOND STRENGTH FOR PILE  DESIGN 
(A f te r  Woodward Lundgren And Associat.es, 1971) (5) 

Des i gn Category  Applicable  Criteria  Design Adf reete Bond 

1 Stress,   for  
Fros t  Heaving So i l s  

(PSF) 

Segregated Ice Water Content 
* Condi t ion of So i l ,  % 

I -above average No v is ib le   i ce ,  15 
so i  1 - i c e  (< 1%) 15 - 40 
cond i t ion  

I I -average soil- L i r . t l e   v i s i b l e  15 
i ce  condi t ion  ice,  (1  - 10%) 15 - 40 

1 1 1  -below average  Occasional 15 
s o i l - i c e   v i s i b l e   i c e ,  15 - 40 
cond i ts i on (1 1 - 20%) 

IV -poor s o i l - i c e  Some v i s i b l e  40 
c0nd.i c ion   i ce  (21 - 35%) 15 - 40 

V :very poor s o i l  - Considerable 40 
i ce   cond i t i on   v i s ib le   i ce ,  

(> 35%) .Any 

5000 
4000 

4000 
2000 

2000 
1500 

1350 
1350 

900 

1 Appl ies  only for so i l s   con ta in ing  5% or more o f  silt or c lay   s i ze  
part. icles. 

&8 Engineering Consultants Ltd. 
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4.5 Subqrade Considerations On Center  Line 

As indi.cat.ed i n  Table 3.2.1, the   s t ra t ig raphy  on center   l ine ,  on both 

s ides of t,he  creek, is   s imi lar .   Genera l ly ,  a peaty  organic  cover was 

noticed  over a major  dept,h o f   s i l t .  Estimated  visual  excess  ice  contents 

are  general ly  high  near  the  surface, becoming lower  wit,h  increasing  depth. 

Moisture  contents are high and it i s  expected  that,  very s o f t  condi t ions 

will probably   ex is t ,   in   unf rozen  so i ls   dur ing t.he summer season. A winter  

construct,ion  program  is,  therefore,  advocated t o  limit undesirable dis -  

turbance to the sub-grade  thermal  regime. 

Qual it,at.ive evaluat ion of shear  strengt.h of the s i l t  and/or c lay  can be 
made, from visual  observations,  ice  cont.ent  est imates,  moisture  prof i les, 

and c1,ass i f i ca t ion  test, resu l ts .  Based on.these  fact,ors, it. i s  concluded 

that '  on t,hawing,  low  shear s t rength will e x i s t  i n  the peat.  .and s i l t .  
Moderate  shear st.rength may be present   in   the clay till and gravel  layers, 

but   insuf f ic ient ,   ev idence  is   ava i lab le t o  q u a l i f y   t h i s   b e l i e f .  

A lack of det,ai  led  inforrnacion,  with  regard to ice  contents, and a need 

fo r   soph is t i ca ted   tes t ing  and de ta i led  computer analyses, make it 

impossible to accura te ly   p red ic t  thaw settlement of fill on frozen 

ma te r ia l s   w i th  excess ice  cont,ents.  Therefore,  only  qual  i tat ive  est imates 

of thaw  set.t.1ement can be made a t  th is  . t ime. Based on v i sua l  est,lmat.es 

of' excess ice  content., it i s   be l i eved   t ha t  a t o t a l  thaw sett lement on 

cent.er 1 ine  (approach fill about 10 feet. i n  t.hickness) of  about 0.5 t o  3 
feet.  can be expected for winter  const,ruct ion (about 5 feet  of  subgrade 

thaw), and 1 to  7 f e e t  for summer construction  (about 15 f e e t  of subgrade 

f 

! .  
A E i ,  

8oQ Engineering  Consultants  Ltd. 
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thaw).  This  est.imate assumes t,hawing of  subgrade so i l s ,   bu t  does not. 

take  into  account normal  consol  idacion  sett.1ement of   the  unfrozen subgrade 

so i  1s due to  the  surcharge  ef fect .s of the  road bed f i 11. I n  t.he case 

o f   pea t  s o i l s ,  normal consol idat ion  set t lement can easi ly  reach 50 

percent,' of the  or ig ina l   th ickness of t.he deposi t  and can, as w i t h  t*haw 

se t t lement ,   occur   fa i r l y   rap id ly .  

It is  considered  that   the  convent ional   northern  conscruct ion  pract ice o f  

p lac ing fill m a t e r i a l   d i r e c t l y  on t.he organic subgrade i s  d e s i r a b l e .  

- ab t h i s   s i t e .  F i 1 , l s  f o r   b r i dge  approaches  should be constructed  wit<h 

allowance  being made f o r  t,he occurrence o f  thaw subsidence, i f  s u f f i c i e n t )  

thickness of fill i s   no t   p laced  t o  preserve the frozen subgrade.  Allowance 

f o r  expect,ed  subsidence  can be made by e i ther   prov id ing  ext , ra  f i  11 t'o 

compensabe f o r  t,he anricipat-ed  sett lement, or t o  upgrade as subsidence 

occurs,  or  both. A 10 foot   th ickness of granular fill material  (non-plast,ic) 

i s  considered t o  be the minimum depth  for  road  grade  consbruct,ion on 

under ly ing  f rozen subgrade mater ia ls  ab the  Jackfish Creek Crossing.  Local 

f ine  gra ined  mater ia ls ,  such as s i l t  and sand, are not  considered  sui table 

f o r  abutment o r  approach , f i l l s .  The thickness  of  road  grade  mat,erial 

required to prevent  degradation o f  the  permafrost can only  be predicted 

a f te r   de ta i led   , theore t ica l   ana lys is ,   wh ich  i s  considered t o  be beyond the 

scope of t h i s   i nves t i ga t i on .  It. is   be l ieved  t ,hat  fill placement  should be 

c a r r i e d  out3 dur ing t,he l a t e  wint-er per iod t o  minimize  thermal  disturbance, 

and possible damage t.o t,he e x i s t i n g  ground  cover and slopes by  t)he 

const.ruct,ion  equipment. Snow clear ing  should be c a r r i e d   o u t   p r i o r  t o  a l l  

fill placement.  Placement o f   t h e  fill should be undertaken by end dumping 

w i t h  subsequent spreading by dozing.  equipment. A minimum i n i t i a l  1 ift. 

thickness of  2 f e e t   i s  suggest.ed.  Depending  on constxuction  completion 

schedules,  placement o f  f i l l s  may be s h g e d  for   severa l  seasons or ca r r i ed  

t o  cornplecion  as  const,ruct\ion  progresses. 

c 

I 
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It was not   poss ib le  t o  d r i l l  through  the  ice  into  the  creek bed. Therefore 

bhe extent  and c h a r a c t e r i s t i c s  o f  t,he. creek bed depos ibs  could not. be 

determined. 

I t  was noted  at.  the t,ime o f   d r i l l i n g  (December,  1972 and January, 1973) 
that, the creek was covered w i t h   i c e  and no wat,er was f lowing under 

the  Ice  cover. It is   be l   ieved  that   water  does not.  f low  thrqughout  the 

w i n t e r   i n  t,he the  Jackf   ish Creek channel. 

4.6 Slope Stab1 1 itmy  Considerat,ions 

Neg l i g ib le   s lopes   ex i s t   w i th in   t he   v i c in iby   o f   Jack f i sh  Creek, hence the 

placement, of road b e d , f i t l   i s   n o t  expected t o  invo lve   s lope  s t ,ab i l i t y  

cons iderat ions.   In  any event, it i s  recommended t.hat. excessive fill 

t+hicknesses be avoided  near the c r e s t  o f  s lopes.   In   addi t ion,   cut t ing 

or  excavat. ing of s lope  mater ia l   i s   no t  recommended  and desired,  grades 

should be achieved  solely  through t,he  placement, o f  fill. 

I t  i s  cons idered  tha t .   r ip - rap   p ro tec tmion   o f   the   ex is t ing   de f ined  c reek  

channel,  upstream and downsbream of t .he.bridge  crossing, may be necessary 

t o  protect ,  t,he embankment, fill a t  the  crossing  si te:  Bridge abut.ments 

should be set, as f a r  back from  the  channel  banks as i s   p rac t i cab le .  

Fine  grained f i l l s  should  not. be used f o r  subgrade const ruct ion on the 

f i o o d   p l a i n  as they  are  eas i ly  eroded. 

4.7 Drainage  Considerations 

Approach f i l l s  will concentrat'e  runoff  water  along  the  upslope  sides of 

f i l l s .  Therefore, it i s  cons ide red   essen t ia l   t ha t   s ign i f i can t   e f fo r t )  and 

care be taken to  minimize  erosion on the . .s lope  para l le l  to  the f i  11. 

F Every effort should be made t o  preserve  the  veget,al 1 i n i n g   o f   a l l  designed 

! ,  
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water  courses and wherever th is  is   impossible,   coarse  gravel   should be used 

as channel l ining.  Transverse  f low  breakers  should be provided a t  frequent 

i n t e r v a l s   t o  reduce t,he r a t e  of  runof f   a long  the f i 11 and thereby  reduce 

the  pot lent7ial   for   erosion by running war,er.  Spacing o f  f low  breakers 

w i  11  become apparent i n  Ohe f i e l d  when drainage  courses and gradient-s 

become accurat,ely  defined.  Ponding of water  adjacent t,o f i l l s  should be 

discouraged as ponded water will act. as a heat  source for   rap id  degradat ion 

of permafrost.. ,I t, w i  1 1  also t,end t,o reduce t h e  shear  st.ren9t.h of the 

subgrade so i 1 and road grade f i 1 1 ,  unless  -the  road  grade is   very  

granular. 
.> . . .  . .  

4.8 Cement Type and Corrosion  Considerations 

No represent,at,ive samples from  the  crossing  area were t.ested to 

determine t,he soluble  sulphate  concentrat ion and s o i l   a c i d i t y .  However, 

it i s  recommended that, t,he use o f  Type V Sul phat,e Resistant- Cement be 

considered,  for  prel  iminary  design purposes, for a l l  concrete  in  contact .  

wi th t,he sol 1 , unt, i  1 fu r ther   tes t .   resu l ts   a re   ava i lab le .  Conf irmatqion 

s o i l  sulphat*e  analyses can, be performed p r i o r  to  const.ruct,ion. A minimum 

'28 day'  compressive  strength of 3000 pounds per  square  inch i s  recommended 

for   a l l   concrete  forming  foundat ion  e lements.  

For s tee l   p i les ,   ex tamding  above t.he groundwater  level,   corrosion 

p ro tec t i on  may be achieved by p a i n t i n g  or encasement, wi th  concrete.  

i n   t h i s  instance,  the  protect- ive  coating  should  extend t,o a minimum 

d is tance  o f  2 feet.  below  f inal  grade  or minimum ant, ic ipated low water 

leve l ,   whichever   is  deeper. I n  t.he case -of pipe  p i les,   prot ,ect ive 

coat.ing  should be provided on the i n t e r i o r  of t,he pipes to  prevent  possible 

corrosion. I f  pract. ica1,  th is may be achieved  t*hrough f i l l i n g  o f   the   p i les  

w i t h  concrete. 

t 

I 
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4*9 Add i tti ona 1 S t.ud i es 

The cons idera t ion   o f   u t i l i z ing   la rge   d iameter   cu lver ts   ra ther   than 

undertaking  the  const,ruct ion o f  a br idge  i s   be le ived  of  prime import.ance. 

I n  o r d e r   t o  more accurately assess  such  fact,ors  as  insit,u  shear  strength, 

bedrock dept.h or depth to  chaw stable  mat,er ia ls and thaw subsidence, it 

i s   des i rab le  t o  obta in   addi t . iona1  deta i led.geo~,echnica l   in format ion  a t   the 

s i t e .  Such it.ems as a c q u i s i t i o n  o f  representative  undisturbed samples 

of the  var ious  so i l   types,   re f i ,ncd  f ie ld  and laborabory  te5t.s t o  . 
det>ermine  shear  strength and  t,haw subsidence,  factors, and a ref ined 

theore t ica l   ana lys is  o f  t,hese factors ,   consbi t ,u t .e   the  addi t ional   deta i led 

geot,echnical  informat,ion  that  is  considered t o  be desirable.  

I n   a d d i t i o n  t o  t h e   d e s i r a b i l i t y  of  obtaining  fur ther  det ,a i led  geotechnical  

informat,ion, it i s  recommended t.hat3  considerat,ion be given to esbablishment 

of closely  super ivsed and document,ed p i l e   d r i v i n g  and p i l e   l oad   t es ts .  

A 1  though  preferable, t,hese t .ests  need not, be c a r r i e d  out. a t  act,ual br idge 

crossing  si t .es,  ,but, may  be c a r r i e d   o u t   i n  areas and mater ia ls  bhat would 

be representat ive of general   foundat ion  condi t ions  at  most of t h e  
proposed br idge  s i tes.  Such t,est.s would provide  valuable  design dat.a 

on  which  future  designs  of   p i le  foundat ion systems could be establ ished. 

... , 

V. LIMITATIONS 

The foregoing recommendations  have been prepared based  on our knowledge  of 

e x i s t i n g  condicons at, Jackf ish Creek and t,he  proposed  highway  crossing. 

T h i s  knowledge has been derived  from  visual,.physical and analy t , ica l  

considerations of ex isb ing   so i l  and slope condit,ions,  which were obtained 

from our f i e ld   i nvesb iga t i on .  The f i nd ings  and comments presented  are 

bel ieved t,o accurat .e ly  ref lect ,   condi t ions as they  are known t o  exist,. 

c 
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Due t o  the  general  nature of  the  study,  reported  herein, the f indings 

cannot. be considered t o  be a comprehensive  assessment of slope and 

foundation  conditions a t  the  crossing. Should condit ions be encountered 

other  than  described  herein,  the  geotechnical  consultant,  should be 

contacted so that. recommendations may be evaluated i n  l i g h t  of new 

f indings.  

Respectfully  Submitted, 

EBA Engineering  Consultants L td .  

GRG/tmf 
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GLB- 1 

SD 

Surf 1 - 

I WP 

T E R R . A  I N L E G E N D  

Terrain  Type 

Glacial  Lake 
' Basin  (Better 
dra i ned  type) . 

Sand  Dunes 

cia1 Features 

Physiographic  Features  Materials  Description 

Lowland occas iona 1 ly 
swampy a rea s . Ice-rich to medium 

plastic  silty  clay, 
occasionally with a 
trace  of  sand, 

Elongate  Ridges to Fine to medium sand. 
Barchans 

Ice Wedge  Polygons,  usua lly in ice-rich  silt, 

Topstratum Phases (Associated  with  Terrain  Types) 

PT 

WM 

Mixed  bog  and  fen  peats i n  post  glacial  ponded  depression. 

Wave  modified,  mainly a thin  sandy to gravelly  washed  layer 
over t i l l ,  

Complexes  are  shown  as  combinations of two terrain  types  or  without  phases 
that  pertain to the  parent  type. 

Terrain  Symbols  are  modtfied  from  Canadlan Gas Arctic  Study  Limited  Terrain 
Study  for  this  area. 

Drawing No, A-2a 
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T DRILL HOLE REPORT DEPARTMENT OF PUBLIC WORKS, CANADA 
"~~~ . MACKENZIE HIGHWAY E.W. BROOKER & ASSOCIATES LTD- 

I 
NM ALB TO NO: A22858-54 1 CHAINAGE: 1'95 + 79 OFFSET 

E DRAINAGE: Good To North 1 VEGETATI0N Sparse Spruce 15-20' 
I I I  F ! 

ICE 
DESCRIPTION OF DRY WEIGHT) 

SAMPLE VOLUME) 
IC 

i l  ! 
PLASTtC ~ ILIPltID 

CIWlT LlMlT 
40 SO 6 0  I00 100.1 

I l l l l l l t  

REMARKS 

SILT - Grey-Brown,fine, 
Sandy ,or Silty Fine 
Sand, Non-Plastic 

Y 
(TLLL) Grey-Brown,Silty, 

Grave I 1  y 

. '  I . - 
' 1  9 

-Ice Crystals @ 16' 

I END OF HOLE 18' 

L 
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E.W. BROOKER 8 ASSOCIATES LTD. DRILL HOLE REPORT MACKENZiE HlGHWAY 1 OEPARTMENT OF PUBLIC WORKS, CANADA 

WN:ALB , , C32 TEST noLE 

MlLE B,C,S NUMSE 

T 1  RIG Mavhew 500 ISURFACI DRAINAGE. Gc 

ICE 
IESCRIPTION 

E T I I GRAIN- ~ SI2 
A l v r  - 0 2 WATER CONTENT (yo OF DRY WEIGHT) 

w 0. ICE CONTENT (Oh  OF SAMPLE VOLUME) 

- 
> 
J 
U = Y  

PLASTIC,  +LtQWtD 
L l M l l  

- 
LIMIT 

20 40 10 80 too too+ O% 

i l  I 
2 

SOIL DESCRIPTION 

REMARKS 

-NB 
300' N. of First 
Cornp Setup. 

jl LT 
Oruanrc Tops01 I 

- Med.  TOW^, Fine, 
Sandy, Non-Plastic 

SAND - Dk. Brown, Fine, 
Silty 

Unfrozen 

V 
5-1 0% 4 

6 

8 

IO 

12 

14 

IS 

t 

- F i n e  To Mad. Grained 

- Dk. Brown, Med. grep Sand, Tmce 

END OF HOLE 18' 

20 

22 

24 



.DRILL HOLE REPORT DEPARTMENT OF PUBLIC WORKS, CANAOA 
MACKENZIE HIGHWAY 1 

I CHAINAGE: 183 + 17 I OFFSET 

E.W. BROOKER a ASSOCIATES LTD. 
X L D  ENG: NO: A22858: 

DRAINAGEGO 
TEST noLE * 

REMARKS 

300' S. of First 
Camp Setup. In 

Lakebed. 

e 

;RAIN- : SI z 
ICE 

ESCRIPTION 0 :: WATER CONTENT (90 OF DRY WEIGHT 
a= ICE CONTENT (yo OF SAMPLE  VOLUME) 

SOIL DESCRlPTlOH 

V 

10-15% 

'EAT - Frozen, Clayey & 
Silty, Organic,Dork 
Brown 

;ROUND ICE - Trace of Soil Ice 

ilLT - Med. Brown, Clayey, 
Some Sand, NonPlasric 

V 
20-3i3%a 

- (Ice Lenses 16t-18g) 

iND OF HOLE 18' 
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DRILL HOLE REPORT DEPARTMENT OF PUBLIC WORKS, CANADA 
MACKENZIE HIGHWAY 

f CHAINAGE: 188 + 59 I OFFSET 
lo . North I YEGETATION: Sparse Tarnaruck & Spruce IELEV: p 1  C, -7 I 

I 

E- W. BRUOKER 8 ASSOCIATES LTD- 
TEST HOLE C34 

1 ENG: * MILE B,C,S NVMBEF ICE 
DESCRIPTION 0 WATER CONTENT {Yo OF DAY WElGHT 1 

a= ICE CONTENT i% OF SAMPLE VOLUME) 
S O L  DESCRlPTtON 

REMARKS 

;I LT - Lf. Brown, Fine, Sandy 
Trace of Cloy,Norr 
Plastic 

Just South of 
F~~~~~ Lakebed. 

NB -v . 
5-1 0% - Grey, 



XLD ENG: N RM IDATE D R I L L E D - ~ / ~ ~  /nl AIRPHOTO NU: ICHAfNAGE: 1 8 4  + 36 1 OFFSET r 
T E S T  HOLE 

MVPL4 1 : T i n e d  I VEGETATION: Willow 

c u  A= ICE CONTENT (% OF SAMPLE VOLUME) :E 
0 WATER CONTENT OF DRY WEIGHT 

ICE 
DESCRlPTION 

GRA1N- SI 2 

SOIL OESCRtPTlON 

REMARKS 

t l A Y  - Organic 
V 
45 - 50% 

Sheet 1 of 2 

N3 

""""""_ 
- Grey, Sandy, 

Fine Grained 

"""""" 



* .  c 

I .  

DRILL HOLE REPORT DEPARTMENT OF PUBLIC WORKS, CANADA MACKENZIE HIGHWAY I E.W. BROOKER & ASSOCIATES LTD. 
L 

NO: 
DRAINAGE: \I 

ICE 
DESCRIPTION t TEST HOLE 

MV PL4 

I GRAIN- SIZE 
AMALYSIS 

SOIL DESCRIPTION 

SILT - Grey, Sandy, 
Fine Grained 

N3 Sheet 2 of 2 

GRAVEL - Grey, Sandy 

END OF HOLE 40' 



SUMMARY OF TEST RESULTS JOB No. E - 517 
JACKFl SH CREEK CROSS I NG 

NATURAL 
WATER 

CONTENT HOLE 
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