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I. INTRODUCTION 

In  conjunct ion  wi th  a geotechnical  engineering  study  carr ied  out from ! 

M i l e  725 to  M i  l e  632 of' the proposed  Mackenzie Highway, several  major 

r i v e r  and stream  crossings were investigated, The Henna River  Crossing, 

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

Appendix A, i s  one such s i t e   i n v e s t i g a t e d   i n   d e t a i l .   D e t a i l s  of the 

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

pe r t i nen t   t o   t he  development of the  r iver  crossing,  are  reported  herein.  

This work was car r ied  out for the government of Canada, Department of 

Pub1 i c  Works, and was authorized by Contract Number A10/73, F i l e  No. 

5305-52-307.' 

I I .  GEOTECHNICAL  DATA AQUlSlTlON r 

2.1 F ie ld   Tes t i ng  - 
The evaluat ion of subsurface  conditions has been based on f ie ld   da ta  

obtained from t h i r t e e n  boreholes, d r i l l e d   a t   t h e   l o c a t i o n s  shown on 

t h e   S i t e  Plan,  Drawing No. A-2, Appendix A. O f  the  th i r teen  boreholes 

-advanced, two were d r i l l e d  as center  l ine  boreholes,   in  canjunct ion 

with the  general  route  evaluation, and the remainder  were  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  subsur face  condi t ions  a t   the  r iver  

cross i ng . 
The special  boreholes  consisted of Boreholes 669-S-1, 6694-2, and 

6694-4 t o  669-s- 12, inclus  ive. The two center 1 ine  boreholes were 

designated  Boreholes 669-C-6 and 6694-7. Detailed  borehole  logs  are 

presented i n  consecutive  order i n  Appendix B. 

' ' Engineering Consultants Ltd. 
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The center  line  boreholes  were  drilled  with a Texoma  Super  Economatic 
power  auger,  fitted  with a 12 inch  diameter stub auger. All special 
boreholes  were  drilled  with a track  mounted  Mayhew 500 rotary dri 1 1  r,ig, 
using a continuous air return  circulation  system.  Boreholes  advanced i 
with  this drill rig generally  were 4-3/4 inches in diameter. Borehole 
penetration  ranged  from 15 feet to 51 feet, and averaged 30 feet in 
depth,  Sampling  consisted of representative bag samples,  obtained at 
depths of 2-1/2 and 5 feet, and a t  depth  intervals of about 5 feet, 
thereafter,  to  the  bottom of each  borehole. Two  core  samples and one 
Shelby  tube  sample  were  obtained  from  Boreholes 669-S-9 and 669-S-12, 
respectively. 

2.2 Laboratory  Testing 

Laboratory  testing  was  carried  out  on  disturbed  soil  samples  to  determine 
the  natural  water  content  profile,  Atterberg limits, grain size  distribution, 
soluble  sulphate  concentration, and pH of  the  subsoil.  The  moisture 
content  tests  were  undertaken in the field  laboratory  of EBA Engineering 
Consultants Ltd., while al 1 other  testing  was  confined  to  the EBA Edmonton 
laboratory.  One  unconfined  compression  test  was  performed on thawed 
undisturbed  clay,  the  result  of  which is noted  on  Drawing No. C-6, 
Appendix C. In addition to the'laboratory testing  outlined  above, all 
samples  were  visually  classified In both  the EBA field and Edmonton 
laboratories. Soil classification  was  based  on  plasticity,  according to 
the  extended  Unified  Classification  System ( I ) * ,  and on  ,textural  classif i -  
cation according  to U.S. Engineers  Department (2) textural  ctassification 
triangle. 

. .. "~ 

* Superscripted  numbers in parentheses  refer  to  the  List of References I 
presented  at  the  end of this  report. 

Engineering Consultants Ltd. 
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Frozen  ground was c lass i f ied  accord ing to a modi f icat 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 obtained  did  not   permit  

f u l l  usage of  the NRC system; espec ia l l y   in   descr ib ing   the  form o f  

the excess ice. The system  used reta ins  the symbols V and N f o r  

v is ib le  and non-vis ib le  ice,   respect ively,  and the  modifying symbols 

B and F for well bonded and poor ly bonded non-vis ib le ice, respectively. 

Excess ice   quant i t ies  were estimated from visual  observations. The 

resu l t s  of laboratory   tests  are presented on the  borehole  logs (Appendix 

B ) ,  where applicable, and on g r a i n   s i r e   d i s t r i b u t i o n  curves,  Drawings 

No. C-1 to C-5,  inc lusive,  Appendix C . - -  Drawing No. C-6 presents a 

p a r t i a l  summary of   laboratory   resul ts .  

i 

1 1 1 ,  SITE CONDITIONS 

34 1 Surface  Features - and Geology 
r 

The proposed  Mackenzie Highway crosses  the Hanna River a t   M i l e  669.4, 
approximately 38 miles  north-west of' Norman Wells, N.W.T. , Drawing A-1 , 
Appendix A, i s  a Key Plan of the Hanna River  area and Drawing No. A-2, 

Appendix A, presents a de ta i l ed   S i te  Plan.  Plates 1 ,  2 and 3,  of 

Drawing No. A-3, Appendix A, show the  crossing  from  the a i r   i n   b o t h  

February and June, 1973. 

The Hanna River  drains a large  area  extending  east  of  Paige  Mountain 

and south-east o f  Brokenoff  Mountain. Moon Lake  appears t o  be t h e   p r i n c i p l e  

reservo i r   o f   the  Hanna River system, but  several sma1,ler lakes 'may 

also contr ibute  substant ia l  base flow, as they  are  probably  spring 

fed  throughout  the  entire  year. The large watershed of the Hanna River 

r e s u l t s   i n  a substantial  stream flow throughout  the summer and f a l l .  

In the  winter   there i s  probably a continuous  f low of water under the ! 1 ce. 

' Engineering  Consultants Ltd. 
, .  
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i c   i n t e r p r e t a t i o n  of  t he   su r f i c i a l   geo logy  of the 

the Hanna River  Crossing, i s  shown on  Drawi,ng NO. 

The su r f i c i a l   ma te r ia l s  are believed to be 
i 

g lac ia l   lake   bas in  sediments, with  peat  being  noted i n  depressions. 

Ac t ive   f lood   p la in  and a l l u v i a l  meander p la in   depos i t s   ex i s t   i n   t he  

immediate v i c i n i t y  of the Hanna River  channel, A t e r r a i n  legend, which 

descr i  be5 the symbols  used in   the   te r ra in   ana lys   i s ,   i s   p resented  

as Drawing No. k 2 a ,  Appendix A. 

3.2 Subsurface  Conditions 

Based on observations from the  boreholes,   inferred  strat igraphic  sect ions 

along  center 1 ine and on two cross-section 1 ines have been compiled and 

are presented as  Drawings No. A-4 and A - k ,  respectively, Appendix A. 

The genera l i zed   cen ter   l i ne   s t ra t ig raphy   no ted   a t   the   s i te   i s  summarized 

i n  Table 3.2.1, fo l lowing. 

TABLE 3.2.1 

- STRATIGRAPHY AT HANNA RIVER CROSSING 

APPROXIMATE AVERAGE AVERAGE RANGE 
DEPTH BELOW OF TH I CKNESS 
EXISTING GWDE (FT) 

(FT) 

0-1.5 1 - 2  

MATER I AL DESCR I PT I ON 

PEAT b lack ,   f ib rous ,   s i l t y  
(BH's V 35% - 40% 
669-S-6 
E 
669-s-1 2,  
only) 

CLAY low to medium p l a s t i c i t y ,  
-5 I LT brown t o  grey, some sand, 

M/C 2 1% '- 284% (avg . 48%) , 
unfrozen to frozen, 

' ' V 0% - i ce  

Below O Not 
Established 

' Engineering Consultants Ltd. 
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The fol lowing  addit ional  information, which may influence  design or 

construction  decisions, was also  obtained  during the f ie ld  invest, igat ion.  
i 

The maximum depth of borehole  penetratlon was 51 feet. 

P a r t i a l l y  unfrozen  material was observed below 12 

feet i n  depth i n  Borehole 669-S-6, 30 f e e t   i n  depth 

i n  Borehole 6694-7, 30 f e e t   i n  depth i n  Borehole 

669-S-8 and 25 f e e t   i n  depth i n  Borehole 669-S-11. 

A s i l t  layer, 9 feet i n  thickness, was noted a t  and below 

the ground surface  at  the  location of Borehole 669-S-2. 

Ice was recorded in   the  upper 3 fee t   o f  Boreholes 

6694-6, 669-C-7 and 6694-7. 

..* 

No borehole  information i s  avai lab le  in   the bottom 

of the  creek channel to  indicate  the  type and nature 

of underlying  subsoil  materials. 

CONCLUSIONS AND RECOMMENDATIONS 

Foundation Types 

A t  present,  preference i s  g iven  to  p i le  foundat ion systems supported on 

bedrock. However, f ina l   se lec t ion   o f  a foundation system should be 

determined in  conjunct ion  wi th economic  and structural  design  considerations. 

The following  foundation  types are believed to be feas ib le  for a bridge 

s t ructure a t  the  subject  si te. 

1 
1 Engineering Consultants Ltd. 
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1. Closed end p i p e   p i l e s   d r i v e n   i n  pre-bored  holes, 

2. Driven  steel  H-Piles, 

Page 6 

i 

4.2 Foundat ion Des i gn 

Majbr  factors  affect ing  the  design of p i l e  foundations a t  the Hanna 

River  Crossing  are  the  occurrence of unfrozen zones wi th in   the  subsof l ,  

a high  percentage of v l s i b l e   i c e ,  and high  natural  moisture  content 

a t   o r  near  the assumed abutment loca t ions   o f   the  proposed bridge. 

General ly,  the  subsoi l  was noted  to  be frozen  near  the  creek. However, 

the noted unfrozen xones, i n  the,  general  area of bridge  construction, 

and t h e   p o s s i b i l i t y  of  unfrozen  subsoi l   beneath  the  r iver  f lood  plain 

and channel,  renders p i l e  design, based on so i l   adf reene  pr inc ip les,  

hazardous.  Consequently, i t  i s  Considered tha t   a l lowab le   p i le   bear ing  

capaci t ies must be  determined  on  the  basis o f  ava i lab le  end bearing 

suppor t ,   and/or   ava i lab le  sk in   f r ic t ion  suppor t   o f   ex is t ing  subsoi l  

mater ia l  i n  the  unfrozen  state. In addit ion,   the  existence of frozen 

zones is considered  to  preclude  the use o f  dyanamic p i l e  formulae 

as a ra t iona l  approach to  the  determinat ion of p i l e   capac i t i es .  

However, placement of p i les   th rough  p i le   d r iv ing   techn iques  will 

l i k e l y  be the most expedient method of i ns ta l l a t i on ,  

Because of a lack of data wi th   respec t   to   so i l   s t rength  and depth, to a 

frost stable  bearing  surface,  pi le  designs  presented  herein  are 

la rge ly  based on empirical  data, and must be considered, on ly  

pre l iminary  in   nature.   Conf i rmat ion o f  the  design  parameters  presented 

here in   th rough  add i t iona l   f ie ld  and/or laboratory   test ing i s  considered 

necessary 

Engineering  Consultants  Ltd, 
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The recomnended foundation  types 1 is ted  in  Subsect ion 4.1, may be designed 

i n  accordance with  the  fo l lowing  prel iminary  design parameters. 

However, it is   s t ressed  that   the  fo l lowing recommendations are  presented . 
wi thout  knowledge of  f ina l   des ign  .highway  grades, geometrics, or br idge 

design.  Consequently, the recommendations presented may requi re 

reconsideration when these  factors become  known. 

! 

4.2.1 "-" End Bearing I" P i  les 

I t  i s  considered  that   the  only  posi t ive method of  foundation  support,  

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

a t   t h e  Hanna River  Crossing, i s  an  end bear ing   p i l e  system achievi,ng 

support on bedrock ex i s t i ng  beneath  the  site. However, due t o  

equipment l im i ta t ions   the  maximum depth of  d r i l l   p e n e t r a t i o n  was 51 
fee t ,   w i th  bedrock not  being  encountered. 

Based on a review  of  bedrock  geology of  the area, i t  is   be l ieved  tha t  

shale and/or  sandstone  bedrock o f  Upper to   M idd le  Devonian Age (4) may 

be expected a t  an  unknown depth  below  the  approximate  abutment  locations 

of the proposed r iver   cross ing.  I t  i s  recormended that  considerat ion 

be  given t o   t h e  use o f  steel  end bear ing  p i les for bridge  foundation 

support. However, determination o f  bedrock  depth and propert ies, a t  the 

locat ions  o f   br idge abutments and p i e r s ,   i s  a ne'cessary p r e r e q u i s i t e   t o  

determination of a f ina l   des ign   p i le   capac i ty .  
I .  

For prel iminary  design purposes, i t  is  bel ieved  that   considerat ion  should 

be  given to   . t he  use of closed end p ipe   p i   les   to   p rov ide  end bearing 

support i n  bedrock. I t  i s  recommended t h a t   p i l e s   w i t h  a minimum nominal 

diameter of 12 inches and a minimum weight   o f  65 pounds par  foot  be 

used. The design  length of p i l e s  must be  confirmed  on  the 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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Installation o f  pipe  piles  will  require the use of both drilling and 
pile driving equipment. It is recommended that the piles  be  installed 
in pre-bored  holes having a diameter of about 95% of the  pile i 
,diameter to  permit a snug  fit. The pile  holes  should  be  prebored 
at least 5 to 10 feet into  the  bedrock,  or until drilling refusal  is  met, 
whichever is shallower, and the  piles  should  be  driven  to at least 
the full  prebored  depth. A minimum driving energy of 24,000 foot 

pounds is recommended.  Steel  H-piles  are  presently  believed  to  be 
less  feasible,  as  preboring  would  result i n  loss o f  lateral  support, 
and  installation  without  preboring  to  the  anticipated  depth is expec ted 
to  meet  with high driving resistance.  Confirmation of  this,  however, 
could  be  achieved  through  the driving of  test  H-piles  at  the  site. 

A preliminary  design  load  capacity of about  170  kips may be  used for, 
the  foregoing  recommended  pipe  pile  section, if the  piles  can  be  driven 
to 'refusal' in bedrock. It is considered that 'refusal'  will 
constitute a penetration o f  less than 0.1 inch  per  blow,  measured  over 
the last  foot of driving with  the  recommended  pile driving energy. It 

is recommended that pile driving records  be kept for al 1 piles,  for 
immediate  review by the  geotechnical  consultant. A pile  load  test  is 

of pile  installation,  to also  recommended,  prior to or at the outset 
.confirm  the  load  carrying  capacity  of  the p 

to  the drivi,ng records, 

4 , 2 , 2  Friction  Piles 
""11" 

Based  on  ava i 1 ab1 e geotechn i ca 1 information 

iles and permit a correlation 

at the Hanna River  Crossing, 
it is  believed that limited  probability  exists  for  the  successful 
installation  of  piles at the  site,  achieving  their load  carrying  capacity 
primarily through  skin  friction  between  pile and embedding  soil.  Hence, 
the  present  lack of specific  information,  with  respect to the  strength 
of f,nsitu  soils in an unfrozen  condition, in combination  with  the  above 
belief  that  long  term  satisfactory  performance is a remote  possibility, 
precludes  the  recommending  of  skin  friction  piles. 

, .  

Engineering  Consultants Ltd. 
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Confirmation of t h e   s u i t a b i l i t y  of 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  

more de ta i led   p i le   des igns ,  and estimates of p i l e   capac i t i es  can only  

be made if addi t ional  more detai led  geotechnical  information of  

subsurface  deposits i s  obtained a t   t h e   s i t e .  

i 

4.3 Negative Skin F r i c t i o n  / 

The e f f e c t  of'  nFgat ive   sk in   f r i c t ion ,  on i nd i v idua l   p i l es  and p i l e  

groups, will be dependent upon the  occurrence and magnitude  of both 

consol  idation  sett lement and thaw set t lement   wi th in   the f i  11 surroundi,ng 

t h e   p i l e s  and the  natural  subgrade so i l s .  A t  the  crossing site, i t  
i s  considered  that a l l   c l a y  and s i l t   m a t e r i a l s   a r e  thaw unstable and 

consequent ly   s ign i f icant   negat ive  sk in   f r ic t ion  e f fects  can  be 

ant ic ipated  in   these  mater ia ls  i f  thawing  occurs.  Substantial  skin 

f r i c t i o n   e f f e c t s  will a lso  be mobi l ized  in,any road  grade fill surrounding 

. p i   l e s  i f  loss of  subgrade support  occurs. To 1 imit the amount of 

thawing o f  the subgrade, the loss o f  subgrade support, and the magnitude 

of nega t i ve   sk in   f r i c t i on ,   f i l l s   shou ld  be placed  during  the  winter 

season. In   o rde r   t o   f u r the r  limit potent ia l   negat ive   sk in   f r i c t ion ,  

due t o  sett lement of the fill i t s e l f ,  i t  i s  recommended t h a t   f i l l s  be 

p laced  to   f ina l  grade and pre-boring and i n s t a l l a t i o n  of p i l e s  be 

ca r r i ed  out through  the fill. The maximum time  period  possible  should 

be  allowed between these two phases o f  construction. 

I t  i s  extremely d i f f i cu l t   t o   accu ra te l y   p red ic t   t he   an t i c ipa ted   t o ta l  

magnitude of  nega t i ve   sk in   f r i c t i on  loads on any p i l e  or p i l e  group tha t  

may be i ns ta l l ed  a t  the sub jec t   s i te .   Negat ive   sk in   f r i c t ion  

develops due t o   t h e  downdrag ef fect  of t h e   s o i l  around t h e   p i l e  as i t  

thaws and consol  idates.  Table 4.3.1 presents su.ggested values (5) f o r  

n ,ega t i ve   sk in   f r i c t i on   i n   t yp i ca l   so i l s ,  A t  the Hanna River  Crossing, 

the  thickness of  f i  1 1  placed and method o f  placement will q i g n i f i c a n t l y  

ef fect   the  depth and ra te  of thaw wherever the  so i l   is   present ly   f rozen.  

.I 

&E 
Engineering Consultants Ltd. 
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I .  TABLE 4.3.1 

NEGATIVE SKIN FRICTION OF UNFROZEN SOIL FOR PILE DESIGN 
(After Woodward Lundgren And Associates, 1971) ( 5 )  i 

- 
Descr ipt ion o f  Soil   Categories  Design  Negative  Skin  Frict ion 

Clean sands and. g rave ls   w i th  1 i t t l e   o r  no Ps = 30d (X2 + 2HX)* 
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  conslderable amount's of s i l t  and clay.  
Typica l ly :  GM, SM, GC, SC, SF 

Moderate ly   p last ic  to h i g h l y   p l a s t i c  
inorganic  c lays.   Typical ly:  CL, CH 

Non-plastic to  s l i g h t l y   p l a s t i c  inorganic 
s i l t s  and lean  clays.  Typical ly: ML, MH 

700 PSF 

800 PSF 

350 PSF 

Organic s i l t s  and clays.   Typical ly:  OL, OH 150 PSF 

*Load developed  on tha t   por t ion  of a p i l e  embedded in  granular  stratum. 

P = Load developed, 1 bs. 
dS = Diameter o f  p i l e ,  ft. 
H = Depth o f  overburden to top of granular  stratum, f t .  
X = Length o f  p i l e  embedded in,  granular  stratum, ft. 

. .  

@8 Engineering Consultants 
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However, for   pre l iminary  des ign purposes and  an  assumed depth of abutment 

fill o f  about 10 feet,  i t  i s  believed  that  about 5 f e e t   o f  thaw may take i 

p lace   in   the   na tura l  subgrade  which will con t r i bu te   t o   nega t i ve   sk in  

f r i c t ion .   Th is   es t imate  assumes that   the fill is   p laced  dur ing  the 

w in te r  on a frozen subgrade. 

4.4 Frost  Heave o f  Pi les  
"" 

Frost  heaving  o f   p i les can occur as the  act ive  layer  f reezes each 

winter.  Durtng  the  cold  winter months, the  surface  soi ls  f reeze and 

bond to t h e   p i l e  a t  low  temperatures. I n  s o i l s   c o n t a i n i n g   s i l t  and 

c lay  th is   shal low  sur face adfreeze, i f  accompanied by ice lens  formation, 

exerts a heaving  force on t h e   p i l e  which must be res is ted by the dead 

load on the  pi le,   the  avai lable  adfreeze bond in  the  permafrost ,  and/or 

p i l e   s k i n   f r i c t i o n   w i t h i n   u n f r o z e n   s o i l  zones i n  which t h e   p i l e  is 
embedded. 

In order to prevent p i l e  heave, i t  i s  necessary to check t h e   p i l e  

des,ign to ensure tha t  the avai lab le  res is t ing  forces  prov ide an 

adequate factor  of safety  against seasonal f r o s t  heaving. In  general ,  

i t  has been found t h a t   s l i g h t l y  deeper p i l e  embeddment i s  the most 

feasible means of overcoming  undesirable  frost  heaving  stresses, i f  they 

exceed the sum o f  the   to ta l   res is t ing   fo rces   d iv ided by the   f ac to r   o f  

safety. Suggested design  strecses  for  general  permafrost  soi ls  are 

presented i n  Table 4.4.1 and may be used for   pre l iminary  des ign 

purposes. I 

(5)  

Engineering Consultants  Ltd. 
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TABLE 4.4.1 

, FROZEN SOIL ADFREEZE BOND STRENGTH FOR PILE DESIGN 
i 

(Af ter  Woodward Lundgren.And Associates, 1971) (5) 

Des i gn Category App l i cab le   C r i t e r i a  Design  Adfreeze Bond 
Stress,   for  

Frost Heaving So i ls  
( P W  

Segregated Ice Water Content 
Condit ion. of Soil % 

I -above average No v i s i b l i  ice, 15 5000 

4000 s o i l - i c e  (<. 1%) 15 - 40 
cond i t ion 

I I  -average s o i l - i c e  L i t t l e   v i s i b l e  15 4000 
cond i t ion ice, ( 1  - 10%) 15 - 40 2000 

I I I -below  average Occasional 15 2000 
soi   1- ice v i s ib le   i ce ,  15 - 40 1 500 
condi   t ion ( 1  1 - 20%) 

IV -poor soi 1- ice Some v i s i b l e  40 1350 
1350 cond i t i on   i ce  (21 - 35%) 15 - 40 

V -very  poor  soil-  Considerable 40 
ice cond i t ion   v is ib le   i ce ,  

(: >35%) Any 

900 

700 

1 
Appl Tes only fo r  soils containing 5% o r  more o f   s i l t   o r   c l a y  size par t i c les .  

I 
1 
! 

& 
8oQ Engineering Consultants Ltd. 
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4.5 .Subgrade Considerations - On Center - Line 

As ind icated  in   Table 3.2.1, the  strat igraphy  on  center  l ine,  on 

both  sides of the creek, i s   s imi lar .   Genera l ly ,   c lay and/or s i l t  were 

noted from ex i s t i ng  grade to the maximum depth of  borehole  penetration. 

A th in  organic  cover was noted a t  one center   l ine  borehole  locat ion.  

Estimated  visual excess ice  contents  are  general ly  high  near  the  surface, 

becoming lower with increasing  depth.  Moisture  contents  are  high and i t  

is expected tha t   very   so f t   cond i t ions  will probably  exist  i n  unfrozen 

so i l s   du r ing  , .  the  sumer season. A winter  construct ion program is ,  

therefore, advocated t o  1 imit undesirable  disturbance to  the sub-grade 

thermal  regime. 

i 

Qua l i t a t i ve   eva lua t i on  of  shear strength of  t h e   s i l t  and/or c lay  

can b e  made, from visual  observations, ice content  estimates,  moisture 

content   prof i les ,  and c lass i f i ca t i on   t es t   resu l t s .   I n   add i t i on ,   l im i ted  

quant i ta t i ve   eva lua t ion  of shear strength can be made, based on the 

s ing le   labora tory   s t rength   tes t  on thawed undisturbed  clay. Based on 

these  factors, i t  i s  concluded tha t  on thawing, law shear strength w i  1 1  

e x i s t   i n   t h e   s i l t  and/or  clay.  Generally,  below 25 fee t  from exist i ,ng 

grade, the   mo is tu re   con ten t   in   the   s i l t  and/or c l a y   i s  low enough tha t  

it i s  expected t o  have a moderate  shear strength on thawing. 

A lack of detai led  information,  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, makes i t  

impossible to accurate ly   predic t  thaw sett lement of  fill on frozen 

mater ia ls   w i th  excess ice  contents.   Therefore,   only  qual i tat ive 

estimates of thaw sett lement can be made a t   t h i s  time. Based on v isual  

estimates of excess ice  content, it i s   be l l eved   t ha t  a t o t a l  thaw settlement 

on center 1 ine (approach f i  11 about 6 fee t   i n   t h i ckness )   o f  about 1 t o  2 

feet can be expected for   winter   const ruct ion,  and 2 t o  3 fee t  for 

Engineering  Consultants Ltd. 
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summer construction.  This  est imate assumes thawing of subgrade so i l s ,  

but  does not  take  into  account normal consol idat ion  set t lement of the 

unfrozen subgrade s o i l s  due to the  surcharge  effects o f  the  road bed 

f i l  1, l n   t h e  case of peat  soi  Is, .normal consol idat ion  set t lement can 

e a s i l y  reach 50 percent   o f   the  or ig ina l   th ickness of  the  deposit 

and can, as w i t h  thaw set t lement ,   occur   fa i r ly   rap id ly .  

: 

It i s  considered  that  the  conventional  northern  construction  practice 

of p lac ing fill mate r ia l   d i rec t l y  an the  organic subgrade is desi rab le 

a t  t h i s  site.  F i l l s   f o r   b r i d g e  approaches should be constructed  wi th 

allowance  being made for  the  occurrence  of thaw subsidence, if 
suf f i c ien t   th ickness  of f i l l  i s  not  placed  to  preserve  the  frozen 

subgrade. Allowance.for  expected  subsidence can be made by e i t h e r  

prov id ing  ext ra  fill t o  compensate for   the  ant ic ipated  set t lement ,  

or t o  upgrade as subsidence  occurs, or   both.  A 6 foot  thtckness o f  

, granular . f i l l  material  (non-plastic) 1s considered t o  be the minimum 

depth. for road  grade  construction on underlying  frozen subgrade 

mater ia ls a t  the Hanna River  Crossing.  Local f ine  gra ined  mater ia ls ,  

such as s i l t  and s i l t y ' c lay ,   a re   no t   cons idered  su i tab le  for abutment 

(.or  approach f i l l s .  The thickness of road  grade  material  required  to 

prevent  degradation o f  the  permafrost can only  be p red ic ted   a f te r  

-detai led  theoretical  analysis,  which  is  considered to be beyond the 

scope of th is   inves t iga t ion .  It is   be l ieved  tha t  fill placement 

should be carr ied  out  dur ing  the  late  winter  per iod  to  minimize  thermal 

disturbance, and possible damage to  the   ex is t ing  ground  cover and slopes 

by the  construct ion equipment. Snow clearing  should be ca r r i ed   ou t  

p r i o r  to a l l  fill placement.  Placement o f   t h e  fill should be undertaken 

by end dumping with.subsequent  spreading by dozing equipment. A minimum 

i n i t i a l  l i f t  thickness of 2 f e e t   i s  suggested.  Depending  on 

construction  completion schedules,  placement o f   f i l l s  may be staged  for 

several seasons or car r ied  to completion as construction  progresses. 
. ,  

' , Engineering Consultants Ltd. 
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I t  was not   poss ib le   to   d r i l l   th rough  the   i ce   in to   the   c reek  bed. 

Therefore,  the  extent and charac ter is t i cs  of  the  creek bed gravel 

could  not be  determined. However, i t  is   be l ieved  that   gravel  

under l ies  the  act ive  stream channel. i t  i s  impossible to  estimate 

the maximum depth o f  scour based  on the  avai lable  data. 

i 

I t  was noted a t  the  t ime of  d r f l l i n g   ( f i r s t  week of March, 1973) 
t ha t   t he   r i ve r  was covered w i th   i ce   bu t   there  was water  f lowing under 

the  ice  cover. I t  i s  probable  that  water  continues to f low  throughout 

the  winter.  Therefore, a poten t ia l   i c ing  problem may develop  with 

respect   to   winter   const ruct ion and  maintenance. 

I 
E 
1 4.6 Slope Stabi l i ty   Considerat ions 

No evidence of  recent   s lope  ins tab i l i t y  was detected on e i t h e r   v a l l e y  

w a l l   i n   t h e  immediate v i c i n i t y  of the proposed  crossing. The slope 

gradient   a long  center   l ine ranges from  about 1 1  t o  22 degrees  (about 

20 to  40 percent  grade) i n   t h e  immediate v i c i n i t y  of the Hanna River. 

Cursory slope s t a b i l i t y   c a l c u l a t i o n s ,   u t i l i z i n g   i m p l i e d  shear strength 

parameters  for thawed mater ia ls and the surveyed  slope  configuration, 

indicates a marginal   factor   o f   safety   wi th   respect  to s l o p e   s t a b i l i t y .  

Consequently caut ion  is   advised when construct ing on o r   i n   t h e   v i c i n i t y  

o f  slopes  immediately  adjacent to the Hanna River a t  the  crossing s i t e .  

Deta i led   cons idera t ion   o f   s lope  s tab i l i t y   cond i t ions  a t  t h i s  s i t e   a r e  

recomnended. I n  any event, i t  i s  recommended that  excessive fill 

thicknesses  be  avoided  near  the  crest  of slopes. i n  addi t ion,   cut t ing 

or excavati,ng o f  slope  material i s  not recommended and desired grades 

should be achieved  solely  through  the  placement o f  fill. 

Engineering Consultants Ltd. 
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It i s  considered  that 'r ip - rap   p ro tec t   ion   o f   the   ex is t ing   de f ined 

r i v e r  channel,  upstream and -downstream o f  the  bridge  crossing, may 

be  necessary to pro tec t  the s t a b i l i t y  o f  the  crossing  s i te.   Br idge i 
abutments should be set as f a r  back  from  the  channel banks as i s  

practicable.  Fine  grained f i l l s  should  not be used for  su,bgrade 

construct ion on the   f l ood   p la in  as they  are  easi ly eroded. 

4.7 Drainage  Considerations 
I .  

Approach f i l l s  will concentrate runoff water  along  the  upslope  sides of 

f i l l s .  Therefore, i t  i s  considered  essent ia l   that   s igni f icant  ef for t  

and care be taken t o  minimize  erosion on the  s lope  para l le l  

t o  the fill. Every e f fo r t   shou ld  be made to  preserve  the  vegetal 

l i n i n g   o f   a l l  designed  water  courses and wherever th is   is   impossib le ,  

coarse  gravel  should  be-used as channel l ining,  Transverse  f low 

breakers  should be prov ided  a t   f requent   in te rva ls   to  reduce the   ra te  

of runof f  along the fill and thereby  reduce the  poten t ia l  for erosion 

by running  water.  Spacing of   f low  breakers will become apparent i n  

t h e   f i e l d  when drainage.  courses and gradients become accurately  defined. 

Ponding of water  adjacent  to f i l l s  should be discouraged as ponded 

water will a c t  as a heat source for  rapid  degradat ion o f  permafrost. 

It will also  tend t o  reduce  the  shear  strength  of  the subgrade s o i l  

and road  grade f i l  1, unless  the  road  grade is  very  granular.  

4.8 Cement Type - and Corrosion  Considerations 
/ 

A representat ive sample from the  crossing area was tested to determine 

the  soluble  sulphate  concentrat ion and s o i l   a c i d i t y .  The soluble 

sulphate  concentration  determined  rates as pos i t i ve  and the pH t e s t  

resu l t   ind ica tes  a s l i gh t l y   ac id i c   cond i t i on .  I t  i s  recomnended tha t  

the use o f  Type V Sulphate  Resistant Cement be  considered, for   prel iminary 

I & Engineering Consultants Ltd, 
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, for  all  concrete in contact  with  the  soil, until 
further  test  results  aie available. Confirmation soi 1 sulphate analyses 
can  be  performed  prior  to  construction, A minimum '28 day' compressive 
strength  of 3000 pounds  per square inch  is  recommended  for all concrete 
forming  foundation  elements. 

i 

1 
t 
8 
I 

8 
t 
I 
I 
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t 
8 
I 
1 
1 
I 
8 
I 
I Engineering Consultants Ltd. 

For  steel  pipe  piles,  extending above grade or  above  the  groundwater 
level,  corrosion  protection may be  achieved by painting or encasement 
with  concrete. In this  instance,  the  protective  coating  should  extend  to a 

minimum distance  of 2 feet below  final  grade or minimum anticipated 
low  water  level,  whichever is deeper. In  the  case  of  pipe  piles, 
protective  coating  should  be  provided  on  the  interior  of  the  pipes 
to  prevent  possible  corrosion. I f  practical, this may be  achieved 
through filling of  the  piles  with  concrete. 

4.9 Additional  Studies 

In order to more  accurately  assess such factors  as  insitu  shear  strength, 
thaw  subsidence, and slope stability, it is desirable  to  obtain  additional 
detailed  geotechnical  information at the  site.  Such  items as acquisition 
of  representative  undisturbed  samples o f  the  various  soil  types, a 
thorqugh  study of existing  local  slopes,  refined field and laboratory 
tests to determine  shear  strength and thaw subsidence  factors, and a 
refined  theoretical  analysis of these  factors,  constitute  the  additional 
detailed  geotechnical  information that is considered  to  be  desirable. 

I 
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. .  

In addition  to  the desirability of  obtaining  further  detailed 
geotechnical  information, it is recomnended that consideration be 
given t,o establishment of a seriej  of  closely  supervised and 
documented pile driving and pile  load  tests.  Although  preferable, 
these  tests  need  not  be  carried  out at actual  bridge  crossing  sites, 
but may be  carried  out in areas and materials that would  be 
representative  of  general  foundation  conditions at most of the  proposed 
bridge sit.es.  Such tests would  provide  valuable  design data on  which 
future  deslgns of pile  foundation  systems  could  be  established. 

V. LIMITATIONS 

The foregoing  recommendations  have  been  prepared  based  on  our 
knowledge of existing  conditions at the Hanna River and the  proposed 
highway  crossing.  This  knowledge has been  derived  from  visual,  physical 
and  analytical  considerations of existing  soil and slope 
conditions,  which  were  obtained  from  our  field  investigation. 
The  findings and  comments  presented  are bel  ieved  to accurately  reflect 
conditions as they are known  to  exist. 

Due to the general  nature  of  the study, reported  herein,  the findings 
cannot  be  considered  to  be a comprehensive  assessment of slope and 
foundation  conditions  at  the crossing. Should  conditions  be encountered 
other than described  herein,  the  geotechnical  consultant  should  be 
contacted  so that recommendations may be  evaluated in light of new 
findings. 

Engineering Consultants Ltd. 
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, .  

Respectfully Submitted, 

E BA td.  

L.A. Balanko, P. Eng. 

GRG: lmh 

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

SYMBOL  TERRAIN TYPE I ,PHYSIOGRAPHIC FEATURES 

AFP Act  ive  Flood Exposed ba rs   i n  stream 
P la in  or r i v e r  channel 

AMP-2 A l l u v i a l  Meander 
Plain  (excluding 
the Mackenzie 
River  Plain) 

GLB- 1 Glac'ial Lake 
Basin  (Better 
dra 1 ned type) 

GLB-2 Glacial  Lake 
Bas i n   ( t h e r m -  
karst   type) 

F l o o d   p l a i n s   f i l l i n g  
bottom of the  stream 

MATERIALS DESCR I PT I ON 

Sand and gravel   in   h igh 
energy  streams to  s i  It' 
and sand i n  low  energy 
s t  reams 

F i n e   s i l t ,  sand or   gravel  
as channel deposits 

Lowland occas iona l l y   I ce- r i ch   to  medium 
swampy a reas p l a s t i c   s i l t y   c l a y ,  

occas ional ly   wi th  a 
t race of sand 

Lowlands usual ly  swampy Usually  peat  covered 
w i t h  thaw lakes g l a c i o - l a c u s t r i n e   s i l t y  

c lay  

Topstratum Phases (Associated  wi th  Terrain Types) 

PT Mixed bog and fen  peats   in  post g l a c i a l  ponded depression 

Complexes are shown as Combinations o f  two ter ra in   types with or without 
phases tha t   per ta in   to   the   paren t  type. 

Terra in  Symbols are  modified  from Canadian Gas A r c t i c  Study Limited  Terrain 
Study f o r   t h i s  area. 

Drawing No. A-2a 

E.W Brooker & Associates Ltd. 
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€.W. BROUKER & ASSOCtATES LTD. 1 ORllL HOLE REPORT I OEPARTME CANADA 

SOIL DESCRIPTION 

CLAY - Silty - Md. Brown 
.- Low Plasticity 

- Dork&own 

- Med. Plasticity 
- Silty 

- Grey, 

END OFHOLE 15' 

I ICE I I  Sparse I I N A L  
GRAIN- ! 

L L 

TEST HOLE 

Top of N. Bank of 
Hanna River. 



, CANADA 

TEST HOLE t . 43I1.8' 
ICE 

DESCRlPTlOb SOIL DESCRIPTION 

REMARKS 
CLAY - Silty - Med. &own - Low Plasticity 1 Cf 

v .  
75-8Ph 

v: 30-3% 

NB 

. """_ 

V 
30-3!5% 
to 
NB- 

cl &#% 
""" 

P 

- Grey - Ued. Plasticity 

iND OF HOLE 15' 



Pase 1 of 2 

DRILL HOLE REPORT I DEPARTMENT L A  A f i ¶  C IF PU8LIC WORKS, CANAOA 
I nrcltdENZ1E HIGHWAY 

G45 [ CHAINAGE: 2913 + 60 I OFFSET 
?II Drained 1 VEGEl 

TEST HOLE 

REMARKS 

North Bonk of 
Hanna River 

t 
' I  

CLAY - 
SiLT - _- - 

Dark Brown 

Sandy (Fine) 
Organic 
Trace of Gmvel V 

2043% 

Grey 
Clayey, Sandy 
M e d .  Plosticity 
(TILL - LtKE) 

Some Fine Sand NB 

V 
1-5% 

"""" . "". 



Poqe 2 of 

DRIL1 HOLE REPORT DEPARTMENT OF PUBLIC WORKS, CANADA 
MACKENZIE HIGHWAY 

1 CHAINAGE: 2913 + 60 I OFFSET 
DRAINAGE: We1 I Drained 1 VEGETATtON; Black Spruce 

Poqe 2 of 
CANADA 

2 

T E.W. BROOKER 8 ASSOC ATES LTD. DRIL1 HOLE REPORT DEPARTMENT OF PUBLIC WORKS, MACKENZIE HIGHWAY 
1 CHAINAGE: 2913 + 60 I OFFSET 

DRAINAGE: We1 I Drained 1 VEGETATtON; Black Spruce 
a 

ICE 
DESCAIPTtON SOIL DESCRIPTION 

REMARKS 

CLAY 
SILT - Same as Above 

END OF HOLE 28' 



Paae 1 of 2 - 1- ~ 

E.W. 8ROOKER 6 ASSOClATES LTD- DRftL HOLE REPORT DEFARTMENT OF PUBttC WORKS, CANADA MACKENZIE HIGHWAY - 
- 
" 

DY I A I G  Mayhew 

SOlL DESCRIPTION 

SILT - Dk. .Brown - Sandy - Some Clay 
- Low Plasticity - Fine to &d. 

Sand y 

CLAY - Grey 
SILT - Silty - Lowto Med. 

Plasticity 

- Med. Plasticity 

""""_ 

ICE I I  GRAiN- SIZE 
ANALYSIS 

TEST HOLE 

i q -G&i  
6 6 9 1 s  1 2  

REMARKS 

South Bonk of 
Honno River 
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SO% OESCRIPTION 

CLAY - Med. Brown - Silty, 
- Lowto Med. Piasti - Trace of srnd 

- Grey - Silty 

- Silty, Truce of son 

END OF HOLE 18' 

ICE 1 1  GRAIN- SIZE 
ANALYSIS 

T 

" 

t 

I 

t REMARKS 

Hanno River 
West of 
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SOIL OESCRlPTtON I I DESCRIPTION 
ICE 

SILT - Med. Brown 
CLAY - Low Plasticity t 30-35% - Trace of Fine Sand 

Near Top 

P l a s t i c i t y  

- Grey 
.- Low to Med. Plosf 

"""""""" 

V 
O-% 

"""_. 

'age 1 of 2 
, CANADA 

TEST HOLE 

MILE B,C,S NUMBE 

REMdRKS 

Hanna River 
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f €.W. BROOKER a ASSOCIATES LTD. I DRILL HOLE REPORT DEPARTMENT OF PUBUC WORKS, 
MACKENZIE HIGHWAY 
I OFFSET SPHOTO NO: A22763 - 45 [CHAINAGE: 2912 +85 

RFAACE DRAINAGE: C n r  

SOtL DESCRIPTION 

PEAT - Black 
- Fibrous, Silty 

CLAY - - - 
Med. Brown 
Clayey 
Low to Med. PIast 

Piece of Wood 
@ IO' 
Grey 

"""""""_. 

ICE 
OESCRJPTION 

v 
3!5-40% 

V' 
1520% 

V' 
5-1 0% 

v 
0 4 %  

to 
Unfrozen 

Page 1 of 2 
CANADA 

TEST noLE 

z&&z 
669 1 S 1 6 

REMARKS 

Homa River 



P w e  2 of 2 

E.W. BROOKER 
ENG- b! 

i 

8 ASSOCIATES LTD. 

SOIL DESCRIPTION 

3 A Y  
- Same as Above 

iND OF HOLE 48' 

T- L 
- Y  

DRILL HOLE REPORT DEPARTMENT OF PUBLlC WORKS, CANADA 
MACKENZIE HIGHWAY 
 OFFSET 

TEST HOLE 
[€LEV: 417.5 1 

MILE B,C,S NUMBEF ICE 
)€SCRIPTION 

V" 04% 

to 
Unfrozen 

GRAIN- SIZE 
ANALY S 1 S 

699 I S I 6 

REMARKS 

Hole terminatad at 
48' due to drill bit 
nudding up 
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E.W. BROOKER & ASSOCIATES LTD. DRILL HOLE REPORT DEPARTMENT OF PUBLIC WORKS, CANADA 
MACKENZIE HIGHWAY 

IWN: AL3 1 FIELD €NG: NRMIDATE DAtLLED.3/1 n31 AtRPHOTO NO: A22763 - 45 ICHAINAGE: 291 1 4- 00 I OFFSET TEST HOLE 

MILE NUMBEF B,C,S 

669 

REMARKS 

7 .  S 

Hanna River 

or L r I ICE 
IESCRIPTION 

I GRAIN- SIZE 
ANALYSIS 

SILT - Clayey 
VIL - Med. Brown 

- Organic ICE 

Med. Brown 
Si Ity 
Low to Med. PIasti 

V 
O-5% _"". - """""""" 
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Page 2 o f  3 - 
W. WORK! 

IACKENZIE HIGHWA' 
, CANADA 

TEST HOLE 3.4 
ICE 

DESCRIPTION 1 I '  I GRAIN- SI 

SOlL DESCRlPTION 

REMARKS 

CLAY 

- Same as Above 

NB 
to 

Unfrozen 



l 

:L CLAY 

'I - Same as Above 
:I 

I 

ICE 
ESCRIPTION 

NB 
io 

Unfrozen 

0 

1 TEST HOLE 

669 1 S 1 8  

REMARKS 

Hole drilled to 51' 
with bit mudding up 
excessive I y. Over 
bored hole with 
larger bit, but unable 
to penetrate beyond 
51' due ta mudding 
conditions. 
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E.W. SROOKER 8 ASSOCIATES LTD. D R U  HOLE REPORT DEPARTMENT OF PUBLIC W 
MACKENZIE HIGH 

'#N AtB IFIELD ENG -1 TEST HOLE 

F ICE 
IESCRIPTIOFJ 

I 
SOIL DESCAlPTlON I c n * 

C 

REMARKS 

Hanna River CLAY - - - 
Med. Brown 
Some Silt  
Med. Plasticity : a r t  of t 

Grey 
Si Ity 
Med. Plasticity 

Silty. 
Trace O f sand 

v 40% 

V 0-58 

?"" 

I 
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CLAY - Med. Brown - Si l ty  - Low Plasticity - Organics to 3' 

- Med. Plas?iciFy 

ICE 
IESCAtPTlON 

V 
35-4Ph 

V 
10-15% 

NB 

CANADA 

TEST HOLE 

REIIARKS 

Hanna River 

West of E 



F 

SOIL DESCRIPTION 

CLAY - Med. Brown - Silty - Low Plasticity 

- Grey 

_" """"- 

0 z 
O 

ICE 
f DESCRIPTION 
z 
w 
N e 
v t- 

Ir 
V' 
0 4 %  

"---- 

TEST HOLE i m  
REMARKS 



1 

CLAY 
- Same As Above 

“ Low Plasticity 

- 
.ND OF HOLE 42’ 

ICE 
DESCRlPTlOf 

V-0-5 

NB 

to 

Unfrozen 

ELEV: 421 

LYSIS 
N- SIZE 

i 
Page 2 of 2 



Paae ? of 2 r E.W. BRUOKER 8 ASSOCIATES LTD. 
I 

I E DRAINAGE. F 
L 

ICE 
DESCRiPTION 

v 35-4Ph 

V 
4040% 

I East 
GRAIN- SIZE 
ANALYSIS 

SOtL OESCAIPTION 

REMARKS 

PEAT - Black, Fibrous :as t  of E 
CLAY - Med . &own 

~~ 

- Silty 
- Trace of Fine Sand - tow Plasticity 

V 
5- 1 030 

= Shaley 

- Grey - Low Plastic 
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42 

I 
44 

45 

48 

CLAY 
- Same As Above 

END OF HOLE 293’ 

ICE 
DESCRIPTION 

V 
M i %  

SIZE - 

1 

. Page 2 O! 2 
CANADA 
i 

TEST HOLE 

REMARUS 
. ~~ 

u = 0.11 t s f  
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SUMMARY OF TEST RESULTS 

rn Atterberg Limits 
MECHANICAL. ANALYSIS 
(M.I.T. CLASSIFICATION) 

SOIL 
CLASSI FICATION 

(UNIFIED) 
REMARKS 

%CLAY I %SILT I %SAND 1 %  GRAVEL 

40.1 26.4 I 13.7 
20.1 3 8 . 5  18.4 CI  

28.9 I 
CL" C l  1 44 7 

65 5 

313; I *  

55" 4* 

49 

30 

6 8* 

41* 

CI I 17.2 

28.9 

17.7 

Test  kesul t s  

Test Results 

41.4  124. I 17.3 
f 1 q u  = 0.11 t s f .  

"t I 

. I. 

e m  EBA ENGINEERING CONSULTANTS LTD. 


