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Department o f  Public Works 
10th  Floor I One Thornton Court 
P. O.  Box 488 
Edmonton , Al berta 
T5L 2K1 

Attention Mr. F. E. Kimball 
Project Manager NWT Roads 
Western Region 

Gent1 emen : 

Mackenzie Highway - Preliminary  Engineering  Phase 1B 
Whitesand Creek Bridge  Mile 459.7 

We are  pleased t o  present  herein our Phase 1B on the  Whitesand 
Creek Bridge which has been prepared  in  accordance  with 
Mr. Kimball I s 1 e t t e r  o f  October 3 ,  1973. 

As instructed,   the Report includes a summary of the hydrology 
and geotechnical  reports;  impact  statements on the temporary and 
permanent crossings by the  environmental  consultant; and, a br ief  
description of  the proposed s t ruc ture  and a l t e rna te  systems 
considered  together w i t h  preliminary  drawings and cost   estimates.  

We trust tha t  the content of our Report  provides a bas i s   for  
approval  in  principle and authorization t o  proceed  with  final 
design. 

Yours very  t ruly,  

R. C. Aitken, P.  Eng. 
Manager, Transportation  Division 

RCA/mm 
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MACKENZIE HIGHWAY 

PRELIMINARY ENGINEERING PHASE 1B 

WHITESAND CREEK BRIDGE MILE 459.7 

INTRODUCTION: 

The proposed  crossing of Whi tesand  Creek i s   i n  a s t a b l e  

reach of  the  creek  approximately  1,000-feet  upstream  from  the 

Mackenzie  River. A t  t h i s   l o c a t i o n   t h e   m a i n   v a l l e y   i s   a p p r o x i m a t e l y  

900-feet  wide and 50- feet  deep wi th   water   50- feet   wide and 1 t o   2 - f e e t  

deep f l ow ing   c lea r  and f a s t   o v e r  a bed o f   g r a v e l  and  boulders. 

There i s  evidence o f  moderate  dri f twood.  Approximately  500-feet 

downstream  from the  h ighway  centre  l ine  the  channel   sp l i ts   around 

an is land  which i s  a l i k e l y  cause of i c e  jams on Whitesand  Creek. 

Ex tens i ve   i ce  damage  was noted  near  the  proposed  crossing  about- 

12- feet  above the  stream bed. 

Forest  stands i n   t h e   v i c i n i t y   o f   t h e   c r o s s i n g   e x t e n d   t o   t h e  

top o f  the  banks and cons is t  o f  white  spruce  and aspen t o   4 0 - f e e t  

i n   he igh t .   Pas t   d i s tu rbance  from win ter   road  cons t ruc t ion ,  however 

has been .so   ex tens i ve   t ha t   an t i c ipa ted   d i s tu rbance  due t o   c o n s t r u c t  

o f  the 

extend 

new br idge will be i n s i g n i f i c a n t .  

Whitesand  Creek has a catchment  area o f  130 square mi 

i n g  t o  the  Frankl in  Mountains.  A t  t he  design  discharge 
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REID. C R W T H E R  &PARTNER5 LIMITEU 

opening will be 12 f.p.s. and 

i s  about  2-feet.  Flow, a t   a l  

present  banks. 

9,200 c . f .s .   the   average  ve loc i ty  o f  t he   f l ow  

t h e   a n t i c i p a t e d  

1 stages i s   c o n f  

through  the  br idge 

d e p t h   o f  bed scour 

i n e d   w i t h i n   t h e  

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

o f  the  highway a t  t h i s   c r o s s i n g  and the  clearance  from  the  underside 

o f   t h e   g i r d e r   f l a n g e s  t o  t he   es t ima ted   l eve l  o f  the  backwater  caused 

by i c e  jams on the  Mackenzie  River i s   1 0 - f e e t  ( h g .  P601).  Recorded 

extremes i n   t h e   l e v e l  o f  the  Mackenzie a t   Wr ig ley ,   approx imate ly  

14 miles  south  from  Whitesand  Creek, have  been  used t o   e s t i m a t e   t h e  

e leva t i on  o f  t h i s  backwater  condit ion. 

Fish  access t o   t h e  Mackenzie  River i s  good  and f i s h e r y  

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

g ray l ing ,   round  wh i te f i sh ,   lake  chub,  long-nose  sucker, and s l imy 

scu lp in .  It i s   n o t  known whether t h i s   c r e e k   i s  used  as a spawning 

area. 

Since  the  complet ion o f  the   p re l im inary   repor ts ,   a rchaeo log ica l  

t h i s  surveys have ind i ca ted   t ha t   t he   l ow  t o  medium p r i o r i t y   g i v e n  t o  

s i t e   shou ld  be rev i sed  t o  h igh   d iscovery   p robab i l i t y .   Four  pre-  

h i s t o r i c   s i t e s  have been l o c a t e d   i n   t h e   v i c i n i t y  and close  surve 

should be maintained  throughout  construct ion.  

i 11 ance 

The p r o f i l e  o f  the  highway has  been  changed s ince  December, 

1972  and t h i s  change  has  added 1 0 - f e e t   t o   t h e   l e n g t h   o f   t h e   b r i d g e .  

- 2 -  
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A further  modification i n  t h i s  submission moved the  piers  out of 

the  active  stream channel lessening  the  effect of pier  construction 

on the  river and permitting a more flexible  construction  schedule. 

Comments by F. F. Slaney & Company Limited on the environmental 

impact o f  the proposed bridge and the temporary crossing  are 

included i n  Appendix B. 

Although the  geotechnical  information was gathered under 

adverse  conditions,  the  information  obtained is  quite  adequate  for 

the  design of the  bridge  piers and abutments.  Results o f  the 

investigation can be summarized as follows. 

Below the  r iver,   the  soils  consist  o f  alternating  layers o f  

sand and gravel for a depth o f  approximately  60-feet. A t  t h i s  

elevation a sandstone and shale bedrock was confirmed. One o f  the 

two holes  drilled from the  floor o f  the  stream  valley  indicated 

the  presence o f  permafrost t o  a depth of 30-feet a t  which level 

the  water table was encountered. Below this level  the  soil was 

classi f ied as semi-frozen. The second hole,  drilled to  a depth 

o f  40-feetI d i d  n o t  disclose any permafrost. 

Boring logs  are  included i n  Appendix C of this Report. 
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DESIGN CONSIDERATIONS: 

Proposed Structure. 

The proposed bridge i s  a three span structure w i t h  spans 

o f  60'-130'-60' ; the deck i s  cast-in-place  concrete  supported by 

two welded plate  girders w i t h  composite action i n  regions of 

positive bending moment. Cast-in-place  concrete  piers and abutments 

supported on piled  foundations are recommended f o r  the  substructure. 

Dwg. P601 shows the proposed layout. 

Straight  girders w i t h  tapered end spans are proposed as 

being appropriate  for a structure o f  t h i s   s i t e .  A longer 

s t ructure ,  such as  the Ochre River  does benefit from the use o f  

curved so f f i t s .  

The piers ,  i n  particular  the  north  pier,  are  considerably 

shorter than  those for  the River Between Two Mountains and the 

Ochre River. A simple  tapered  pier has therefore been proposed rather 

than the more complicated form used a t  the  other  si tes.  In order t o  

relieve  the  large f l a t  surfaces o f  the  piers,   particular  at tention 

should be given t o  o b t a i n i n g  a symmetrical  arrangement o f  form pane 

and t i e s  and the  concrete  should be sandblasted. 

assumpt 

1s 

" S p i l l  through" abutments have  been shown ( h g .  P602) on the 

ion tha t  approach embankments may not be i n  place when the 
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bridge is constructed; i f  in fact  embankments  are placed ahead o f  

bridge  Construction,  then a more economical "perched  abutment", 

supported by piles driven  through  the  approach  fills, w i l l  be 

substituted. 

Subsurface  conditions  are such that piled foundations  are 

recommended  for both  piers  and abutments - (a) to protect piers 
against local scour and (b)  to  reduce  differential  settlement 

between piers and  abutments to a negl igi ble amount. 

for  the  purpose  of  this  preliminary  design and cost  estimate 

H-piles  have been assumed  although  we  share  the  soils  consultant's 

reservations on the  feasibility o f  successfully  driving  them  through 

the  dense gravel  layers. There i s  a  distinct  possibility  that 

some  H-piles w i l l  "hang up" and  that additional piles will have to 

be driven  since  we  doubt  that  pile  testing  during  construction is 

really practical at  these  remote sites. Therefore,  it  would  appear 

that  extra H-pi les wi 1 1  have  to  be  delivered  to each bridge si te 

i f  lengthy  delays  during  construction  are to be avoided. A preliminary 

investigation  indicates  that  open ended pipe  piles  drilled  to  bedrock 

may  be a more  predictable and economical  solution  at t h i s  and 

other  bridge  sites  along  the  east bank o f  the  Mackenzie  and will be 

considered  during final design. 

In consideration o f  the  fact  that  many o f  the  bridge  sites 

along this  stretch o f  the highway have  similar  subsurface  conditions 

we would recommend  that  a  comprehensive program o f  pile  driving and 

- 5 -  
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load testing be carried ciut a t  one or two representative  si tes.  

Such a program  would investigate  H-piles  installed by dynamic and 

vibrating equipment and open ended pipe  piles seated into bedrock 

and would provide: 

- a more rational b a s i s  fo r  design; 

- valuable  information t o  contractors  tendering on the  project. 

The riverbanks  adjacent t o  the bridge piers  will be protected 

by riprap as indicated on the Drawings - l imits o f  riprap  will be 

determined  during the final design phase o f  the  project. I t  i s  

understood t h a t  embankments will be grassed  except  beneath the 

structure where slope  protection  will be provided, 

I t  has been suggested (M.H.E.W.G. Report #2)  t h a t  more 

information on ice and backwater levels could be obtained from 

a f ie ld  check o f  the  effect  o f  the  island a t   t h e  mouth of 

Whitesand Creek. Since  the highway profile  al  lows 10-feet o f  

clearance above the  design high water 

from the check will  not  affect  the des 

field  investigation i s  unnecessary. 

level,  information  obtained 

ign o f  the  bridge.  Further 
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Mater i  al s : 

Deck Concrete - f ' c  - 4,000 p.s , i .  

Substructure  Concrete - f ' c  - 3,000 p .s . i .  

Re in fo rc ing  Steel - C . S . A .  630.12 60 Grade 

Loadi  ng : 

P i l e s :  

L i v e  Load - H.S. 25 f Impact 

Future  Wearing  Surface - 30 p . s . f .  

Ice  Pressure - 250 p.s . i  . 
Ice Thickness - 5 ' - O "  

70 Ton Compress 

100 Ton Compress 
30 Ton Tension 

i o n  (Group I C.S.A. S6) 

ion)(Group VI11 C . S . A .  S6)  1 
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Alternate Systems. 

Before selecting the three span structure shown, four deck 

systems and a three span cantilever  structure were evaluated. Deck 

systems considered were: 

- concrete  deck,  three  girders; 

- concrete deck, tw girders  with  transverse  floor beams; 

- concrete  deck, two girders  without transverse floor beams; and, 

- open s teel  deck, two girders with transverse  floor beams. 

The concrete deck/two girder system proved t o  be  more 

economical than the  other  concrete deck system and the welded s teel  

deck;  in  estimating  the  cost o f  the open s teel  deck system, a 64-inch 

Armco welded  deck was considered. From discussions w i t h  the 

manufacturer, i t  appears t h a t  a steel  deck could be installed for 

around $1 2.00/sq. f t ,  ; however, the pl ate  girders and f loor  beams 

required t o  support a steel  deck would be i n  the order o f  10 lbs . / sq .   f t .  

heavier  than  the plate  girders required t o  support the  concrete 

deck so t h a t  the  relative  cost o f  a s teel  deck would be i n  the 

order of $19.00 - $20.00/sq. ft. (assuming structural   steel  a t  

$0.75/1 b.  ).  Therefore deck concrete  could  cost u p  t o  $500.00/cu yd. 

including fomwork ( b u t  excluding  reinforcing  steel ) before the  

steel  deck would  be economically  competitive. 

- 0 -  
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steel  deck, a l  though structura 

more expensive  than a concrete 

qual i t ies  o f  the  steel deck wi 

From t h i s  preliminary  investigation i t  i s  evident t h a t  the 

l l y  adequate, wi l l  be considerably 

deck and, i n  addition,  the r i d i n g  

11 be infer ior   to  those of a con- 

d i  

i t  

su 

Crete deck. The alternate  concrete and s teel  deck two girder systems 

w i t h  f loor  beams are  shown  on Dwg. P604. 

A three span cantilever system was investigated i n  which the 

canti 1 evered end spans varied between 1/6 and 1/7  o f  the  overall 

bridge length and the  centre span increased from 130-feet, as proposed, 

to  180-feet. However, there was  no economic advantage i n  this 

system,  since  the  weight of structural  steel  required f o r  the 

longer  centre span increased  the  cost of the  superstructure 

t o  offset  savings which might be realized by reducing 

the  abutments.  Furthermore, it was found tha t   l ive  

ions were greater t h a n  would be considered  desirable 

for  a structure of this  type, being i n  the  order o f  1/150 of the 

cantilever span (-2%-inch,  tl-inch). Therefore, this system was 

scarded i n  favour o f  the proposed conventional s t ructure ,  although 

should be noted i n  passing that  this  canti lever system would  be 

i tab le  for shorter  structures i n  the  range o f  175-feet. 

suff ic ient ly  

the  scale o f  

load def lect  

- 9 -  
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TEMPORARY CROSSING: 

The proposed location o f  the temporary crossing i s  approximately 

500-feet upstream from the permanent bridge at  the  existing  winter 

road crossing. 

The proposed structure,  a single span Bailey  bridge  supported 

by rock f i l l e d  timber c r ib s ,   i s  shown on Dwg. P603. The temporary 

bridge i s  designed t o  carry a maximum live  load of 52 tons (D9G C a t ) .  

The underside o f  the  structure has been s e t   a t  an elevation 

3-feet above the  estimated h i g h  water  level on Whitesand Creek. 

A t  this  height,  the temporary bridge wi l l  have l i t t l e   e f f e c t  on the 

r iver  a t  flood  stage and i t  w i l l  not be subjected t o  damage dur ing  

ice breakup; however, i t  should be noted that  the  structure and the 

approaches may  be inundated for a short period o f  t ime each year 

by backwater conditions on the Mackenzie River. 

The hydrology consultant has advised t h a t  there  are, a t  

present, no rel iable  methods of predicting backwater conditions due 

to   ice  b u t  there i s  a possibi l i ty   that  inundat ion  o f  the  bridge  could 

occur  every spring. However,  he further  notes t h a t  the  bridge %will 

be above the  ice run on the Whi tesand and t h a t  he  would not 

anticipate damage t o  the  structure because o f  backwater conditions 

if the  bridge is  well anchored against u p l i f t  farces. 

Alternatively,  the  bridge can be raised and lengthened b u t  

t h i s  would o f  course  increase  the  cost  significantly. 

- 10 - 



Local  scour a t   t h e   t i m b e r   c r i b s   i s   a n t i c i p a t e d  and, s ince 

p i  1 e d r i v i n g   i s   i m p r a c t i c a l  , a protect ive  apron of r i p r a p  will be 

requi red.  However, i f  s u f f i c i e n t   r o c k  is no t   ava i l ab le ,  a f i l t e r  

f a b r i c   p r o t e c t e d  by t r i p l e - t w i s t   w i r e  mesh i s  recommended - the  

mesh wi 11 be a t t a c h e d   t o   t h e   t i m b e r   c r i b s  and weighted a t   i t s  

ex t rem i t i es  by d r i l l  stem or other   appropr ia te  means. 

The e leva t i on  o f  t h e   b r i d g e   i s  such t h a t   t h e  approaches 

can be t i e d   t o   e x i s t i n g  grade o r   t h e  highway  grade depending on 

whether or not the  highway embankment i s  i n  p lace when b r idge  

cons t ruc t i on  commences. 

- 11 - 
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SCHEDULING: 

The following  schedule assumes t h a t  highway 

will commence i n  the spring of 1975 and t h a t  a l l  br 

construction 

idges on t h i s  

section o f  the highway will be completed in  the  fall  o f  1976. 

Allowing s ix  months fo r  structural steel  delivery  the 

tentative schedule  will  require  bridge drawings and contract 

documents t o  be completed not l a t e r  t h a n  October, 1974 and possibly 

sooner depending on the period o f  time required for approval S .  

Schedule. 

- Deliver  concrete  aggregates t o  Whitesand Creek mouth - Fall 1974. 

- Construct temporary bridge - Winter 1974-75. 

- S t a r t  pier  construction - February, 1975. 

- S t a r t  abutment construction - May, 1975. 

- Erect  structural  steelwork - Winter 1975-76. 

- Place deck and complete structure - Summer 1976. 

I t  would appear t h a t  completion o f  the  four  bridges 

between Mile 411.0 (River Between Two Mountains) and Mile 460 

(Whi tesand  Creek) by 1 a te  1976 i s  impossible  unless some o f  

them are  designated  for  winter  construction and each phase o f  

construction i s  carefully  scheduled. We real ize  t h a t  these  decisions 
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will be made as p a r t  of an overal l   construct ion  plan  which will 

cover a l l  aspects o f  the project; t o  a s s i s t  the Department i n  

t h i s  major undertaking we have prepared a bar char t  showing a 

possible  construction  schedule for these bridges. T h i s  schedule 

assumes t h a t  a l l  bridges will be l e t  as one contract .  

- 13 - 
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WHITESAND CREEK BRIDGE: 

Introduction. 

The preliminary  bridge  design has three spans supported by 

two riverbank  piers. Both piers are  located well above the low 

water level.  The north pier i s  located a t  the September, 1972 

low water level and the south pier sl ightly  higher.  

Environmental Impact. 

The environmental  impact  appears  negligible  other t h a n  for 

f i sh .  Fish ac t iv i ty  appears  concentrated f rom early May t o  mid- 

October.  There is a probable upstream migration of round whitefish 

from mid-October t o  mid-December. 

Li t t le   wildl i fe   s ign was observed in  this  area.  

Recommended procedures are : 

- The preferable time f o r  any river  disturbance  is  from  mid-December 

t o  May 1 ,  Little  disturbance o f  f i sh  is  ant ic ipated  i f  encroach- 

ment on the  r iver i s  minimal  from mid-October t o  mid-December. 

- Restore the  disturbed channel t o  i t s  original contour. 

- Erect  the  spans when the  river i s  frozen. 

- Riprap should no t  be taken from the  r iver bed. 

- Drainage from the cu t  on the north bank should be diverted away 

from the  foundations. 
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Summary. 

The design  submitted has minimal environmental effects i f  

no stream bed sources of r t p r a p  are utilized. 
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WHITESAND CREEK TEMPORARY CROSSING: 

Introduction. 

The proposed temporary crossing  bridge for Whitesand Creek 

i s  located  approximately  600-feet upstream from the proposed permanent 

highway crossing. The bridge i s  a single span design  supported by 

rock-filled  timber cribs located above the low water  level on 

either  shore. 

Environmental Impact. 

Other t h a n  f o r  fish the environmental  impact  appears  negligible. 

The cribs will cause a slight increase i n  current  velocities 

in high water  conditions. The south  pier will require  the most 

protection. Any construction  activit ies encroaching on the  creek 

cross section  are  preferable between January and April. August t o  

mid-October i s  another  period o f  low f ish act ivi ty .  By erecting 

the span when the  creek i s  frozen  the  least  possible  disturbance 

will be caused t o  the  river bed and banks. 

Prehistoric s i  tes  are known i n  the imrned 

survei 11 ance i s  requi red duri ng any excavation 

- B3 - 

i a te  area therefore 



Summary. 

There will be minimal  environmental   ef fects of t h e   c r i b s  

and embankment r i p r a p p i n g  can be implemented  during law wa te r   w i th  

no encroachment on the  running  stream and t he  spans erected on t h e  

i c e  when t h e   r i v e r   i s   f r o z e n .  

The e f f e c t  of t a k i n g   r i p r a p  for bank p r o t e c t i o n  and c r i b  

fill from the  channel  cross  section  would be detr imental  depending 

on t h e   l o c a t i o n  of the  source and amount requ i red ,   A l te rna te  

sources of r fprap  should be considered. 
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A P P E N D I X  

EXPLANATION OF FIELD & LABORATORY 
TEST DATA 

The f i e l d  and   labora tory  t e s t  results a s  shown f o r  a p a r t i -  
c u l a r  tes t  bo r ing   by   t he  Test Hole Log Data  Sheet a r e  b r i e f l y  
desc r ibed  below:- 

NATURAL MOISTURE C O N D I T I O N S  & ATTERBERG LIMITS 

The r e l a t i o n  between the   na tu ra l   mo i s tu re   con ten t   and   dep th  
is s i g n i f i c a n t   i n   d e t e r m i n i n g   t h e   s u b s u r f a c e   m o i s t u r e   c o n d i t i o n s .  
The A t t e r b e r g  L i m i t s  should be compared t o  the  Na tu ra l  Moisture 
Content of t he   subsu r face  soil a s  wel l  a s  plo t ted  on t h e   P l a s -  
t i c i t y   C h a r t .  

S O I L  PROFILE & DESCRIPTION 

Each soil s t r a t a  i s  c l a s s i f i e d  and descr ibed   no t ing   any  
s p e c i a l   c o n d i t i o n s .  The u n i f i e d   c l a s s i f i c a t i o n   s y s t e m  i s  used, 
and t h e   s o i l  p r o f i l e  refers t o  the e x i s t i n g   g r o u n d   e l e v a t i o n .  
When a v a i l a b l e  the ground  e leva t ion  i s  shown. 

The s o i l  symbols used a r e   b r i e f l y  shown below b u t  a re  i n -  
d i c a t e d   i n  more d e t a i l  i n  t h e  Soil C l a s s i f i c a t i o n   C h a r t .  

TOPSOIL PEAT FILL CLAY SILT 
MUSKEG 

SAND GRAVEL TILL BEDROCK 

TESTS ON SOIL SAMPLES 

Labora to ry   and   f i e ld  tests a r e  i d e n t i f i e d  by the following 
symbols : 

Qu - unconf ined   compress ive   s t rength   usua l ly  expressed i n  t ons  
pe r   squa re   foo t .   Th i s   va lue  i s  used  i n  de te rmining   the  
allowable b e a r i n g   c a p a c i t y  of t h e   s o i l .  

f d  - dry uni t   weight   expressed  i n  pounds per cubic foo t .   Th i s  
v a l u e   i n d i c a t e s   t h e   d e n s i t y  or cons i s t ency  of t h e   i n - s i t u  
s o i l .  
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C - Consol ida t ion   tes t .   These   t es t  resu l t s  a r e  separately 
enclosed and provide information on the  consol ida t ion  
o r  settlement p r o p e r t i e s  of the soil s t r a t a .  

enclosed and ind ica t e   t he   g rada t ion   p rope r t i e s  of t he  
ma te r i a l  tested. 

SO4 - water   soluble   sulphate   content  is conducted  primarily 
t o  determine  whether   sulphate   res is tant  cement i s  
requi red  for the  foundation s t r u c t u r e .  

i n  t h e   f i e l d  t o  determine  the i n - s i t u  consis tency of 
a s o i l   s t r a t a .  The "NI' value  recorded is  the  number of 
blows from a 140 lb. hammer dropped 30 inches (free fall) 
which a r e   r e q u i r e d   t o   d r i v e  a 2 "  O.D.  Raymond type sampler 
1 2  inches   in to   the  s o i l .  

M.A. - gra in   s ize   ana lys i s .   These  t es t  resul ts  a r e  separately 

N - s tandard   pene t ra t ion  f i e l d  t es t .  T h i s  test  is conducted 

The r e s i s t a n c e  and unconfined  compressive  strength of a 
cohesive soil can be related t o  i t s  consis tency as follows:- 

I I 
2 -4 
4 -0 
8-15 

15-30 

0.25-0.50 
0.50-1.00 
1.00-2 O0 
2.00-4.00 

very soft 
s o f t  
medium or firm 
s t i f f  
very s t i f f  
hard I 30 4.00 

The r e s i s t a n c e  of a non-cohesive soil (sand) can be r e l a t e d  t o  
its consistency as follows: - 

7 

6 

5 

4 

3 

2 

1 

O 5 10 15 20 
WIDTH B OF FOOTING IN FEET 



SAMPU CONDITION AND TYPE 

The depth and c o n d i t i o n  of samples are i n d i c a t e d  by 

the fo l lowing  symbols: 

m 
UNDISTURBED DISTURBED LOST SAMPLE 

SAMPLE TYPES 

U 
D . S .  - drive  sample 
M 
R . C .  - rock core sample 

- 3" O.D. Shelby tube sample 

- moisture  content  sample 

PERCENTAGE WATER SOLUBLE SULPHATE CONCENTRATION 

O 0.1 0.2 0.3 0.4 0.5 0.6 0.7% 
. . - . . . . . - 

Negli- 
Severe Considerable tive gible 

Posi- 

I RELATIVE DEGREE OF SULPHATE ATTACK I 
Negligible - Normal Por t land  Cement may be used. 

Positive - Normal Portland cement may be used,  provided 

the strength of the concrete is increased up to 500 psi 

higher than the  compressive st rength which would normally 

be used. 

Considerable - Type V cement must be used and the con- 

crete compressive s trength  should  be increased  to 500 
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psi higher t han  the compressive s t r e n g t h  which would 

normally be used. 

Severe - Type V cement must be used and t h e  concrete 

compressive s t r e n g t h  should be increased from 500 t o  

1000 p s i  higher  than t h e  compressive strength which 

would normally be used. 

GROUND WATER TABLE 

The water tab le  is ind ica ted  by the level of standing 

water i n  a test boring after equilibrium has been reached. 

This i s  generally taken 24 hours after t h e  drilling oper- 

a t i o n .  The water table is usual ly  an inclined surface 

t h a t  is dynamic in nature w i t h  its h i g h e s t  level late 

i n  the winter or early s p r i n g  gradually f a l l i n g  through- 

out t h e  summer. 
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MODIFIED  UNIFIED  CLASSIFICATION  SYSTEM  FOR  SOILS 

GRAPH ‘OLoR TYPICAL DESCRIPTION MAJOR DIVISION I SYMBOL I SYMBOL1 CODE I 1 CLASSIFICATION 

LABORATORY 

CRITERIA 

C L U N  GRAVELS 
(LTTTLE OR NO FINES) 

CLEAN  SANDS 

IS BASED UWN 
CLASSIFICATION 

PLASTICITY  CHART 
(100 blow) 

HIGHLY ORGANIC x1115 

PLASTICITY CHART 

L I Q U I D  LIMIT- WL 
FOR LABORATORY CLAWlflCAflON OF FINE-GRAINED SOILS 
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NATIONAL RESEARCH COUNCIL PERMAFROST 
CLASSIFICATION SYSTEM 

Permafrost ground ice occurs in three basic condi t ions  

i n c l u d i n g  non-visible, v i s i b l e  (less t han  one inch in 

thickness) and clear ice. 

A. Non-visible - N 

Nf - poorly bonded or friable frozen soil 

Nb,.., - well bonded soil, no  excess ice 

Nbe - well bonded s o i l ,  excess  ice  

B. Visible - V (less than 1" th ick)  

VX - individual  ice crystals or inclusions 

vc - ice coat ings 011 particles 

Vr - random or i r r egu la r ly  oriented ice formations 

V, - s t r a t i f i e d  or or ien ted  ice formations 

C. Visible Ice - (greater than 1" t h i ck )  

Ice - ice w i t h  soil inclusions 

Ice + Soil - ice without soil i n c l u s i o n s ,  

A more complete description of this system is included in 

NRC publication TM 7 9 .  
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SAMPLE CONDITION AND TYPE 

The depth and condi t ion  of  samples are i nd ica t ed  by 

the  following symbols: 

IXI 
UNDISTURBED DISTURBED LOST SAMPLE 

SAMPLE TYPES 

U I 3" O.D. Shelby tube sample 
D.S. - drive  sample 
M 
R.C. - rock core sample 

- moisture  content  sample 

PERCENTAGE WATER SOLUBLE SULPHATE CONCENTRATION 

O 0.1 0.2 0.3 0.4 0.5 0.6 0 . 7 %  

- 
Negli- 

Severe Considerable t i v e  gible 
Posi- 

RELATIVE DEGREE OF SULPHATE ATTACK 

Negliqible  - Normal Por t land  Cement  may be used. 

P o s i t i v e  - Normal Port land Cement may be used,  provided 

the s t r e n g t h  of the concre te  is increased up t o  500 p s i  

higher   than the compressive strength which  would  normally 

be used. 

Considerable - Type V cement must  be used  and  the con- 

crete compressive  strength  should be increased  t o  50.0 
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p s i  higher  than  t h e  compressive s t r e n g t h  which would 

normally be used. 

GROUND WATER TABLE 

The water tab le  is i n d i c a t e d  by the l e v e l  of standing 

water in a t e s t  bor ing  a f t e r  equilibrium has been  reached.  

This is generally taken 24 hours after the drilling oper- 

ation. The water table is usual ly  a n  inc l ined  s u r f a c e  

t h a t  is dynamic in n a t u r e  with i t s  h i g h e s t  level late 

i n  t h e  w i n t e r  or early sp r ing  gradually f a l l i n g  through- 

o u t  the summer. 
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I MODIFIED  UNIFIED  CLASSIFICATION SYSTEM FOR SOILS 

1 
t 
I 
1 
I 
1 
I 
I 
I 

.. 

CLEAN  GRAVELS 

DIRTY  GRAVELS 
(WITH SOME FINES) 

WHENEVER  THE  NATURE OF THE FINI 
CONTENT HAS NOT  BEEN  DETERMINED 
IT I5 DESIGNATED  BY  THE  LETTER "F", E.G 
SF IS A MIXTURE OF SAND  WITH SILT O1 

PLASTICITY CHART 

LABORATORY 
CLASSIFICATION 

CRITERIA 

..  .. 

NOT MEl3ING 
ABOVE REOUIREMENTS 

ATTMBLRG LIMITS 
BELOW "A" LINE 

~~~~~ P.I. LESS THAN 4 

ATTERBERG  LIMITS 

P.I. MORE THAN 7 
ABOVE " A '  LINE 

MOVE REOUIREMENTS 
NOT  MEETING 

ATlERBERG LIMITS 

P.I. MORE THAN 7 
MOVE "A" LINE 

LIQUID  LIMIT- WL 
FOR LABORATORY CLUlOlFlCATlON Op FINE-GRAINED SOILS 

- c5 - 

CLASSIFICATION 

PLASTICITY  CHART 
IS BASED  UPON 

( r n  below) 



1 

NATIONAL RESEARCH COUNCIL PERMAFROST 

CLASSIFICATION SYSTEM 

Permafrost ground ice  occurs in three basic  condi t ions  

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

thickness) and clear ice. 

A. Non-visible - N 
Nf - poorly bonded or f r i ab le  frozen soil 

Nb, - well bonded soil, no excess ice 

Nb, - we21 bonded soil, excess ice 

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

VX - individual ice crystals or inclusions 

vc - ice coat ings on particles 

vr - random or irregularly o r i e n t e d  ice formations 

V, - s t r a t i f i e d  or oriented ice formations 

C. Visible Ice - (greater than  1" t h i ck )  

Ice - ice with soil i n c l u s i o n s  

Ice + Soil - ice without soil inclusions. 

A more complete description of this system is i nc luded  i n  

NRC publication TM 79. 
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REID, CRWTIIER b PARTNERS LIMITED 

M.H.E.W.G. REVIEW 
REPORT #2. NOVEMBER. 1973: 

Cornent  12.  (h). 

Page 7 o f   the  Foundat ion  Repor t   conta ins  the  s ta tement   that  

"the  main stream f low i n   r e c e n t   y e a r s  has  been aga ins t   t he   no r th  

bank.. . . ' I .  The c o n s u l t a n t   d i d   n o t  recommend bank p r o t e c t i o n  

measures, y e t   d i d   n o t  comment on  bank s t a b i l i t y   e i t h e r .  

Two d r i  11  logs a r e  prov ided f o r  t e s t   h o l e  132A (P la tes  8 

and 8A) ; there  a r e  d i f f e r e n c e s   i n   d e p t h  o f  ho1 es (40 - 90 ft. ) , 

permafrost  occurrence  (upper 20 fee t   f rozen;   comple te ly   f rozen,  

bu t   f ree   wa te r  30 t o  32 f e e t )  and i n   r e p o r t e d   g e o l o g y   ( f o r  exampl e: 

a s i 1  ty  sandy gravel   f rom 20 t o  28 feet,   versus a somewhat c layey 

sand from 16 t o  30 f e e t ) .  One wonders which l o g  i s   t h e   c o r r e c t  

one. 

Resaonse - Underwood McLellan  Associates  Limited. 

Although  the  main  stream  f low has  been aga ins t   t he   no r th  

bank, i n s t a b i l i t y  i n  the banks was not  noted. O f  course, 

cons iderat ion  should be g i v e n   t o  fill protect ion  wherever 

encroachment i n to   t he   c reek  i s  proposed. 
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REID. CRWTHER t. PARTNERS LIMITED 

The assessor 's  comments w i t h  regard  to  test  hole 132A 

are well taken. During d r i l l i n g  o f  the f i r s t  t e s t  hole t o  40 f e e t  

the lower por t ion  of the  t e s t  hole was i n  doubt as a resu l t  of 

caving and  was f ina l ly   los t  a t  the 40 foot  depth. An adjacent 

t e s t  hole was dr i l l ed   a t  a s l i g h t l y  different  elevation b u t  

caving was not  as severe consequently, we feel  that  the 90 foot  

t e s t  hole is most representative o f  the  stratigraphic sequence. 
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