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9554-3 December 13, 1973 

Department o f  Pub1 i c  Works 
10th  Floor, One Thornton Court 
P.  O .  Box 488 
Edmonton, Al berta 
T5J 2K1 

Attention Mr. F .  E. Kimbal 1 
Project Manager NWT Roads 
Western Region 

Gentlemen: 

Mackenzie Highway - Preliminary  Engineering Phase 1B 
Ochre River  Bridge Mile 454.6 

We are  pleased t o  present  herein our Phase 1 B  on the Ochre River 
Bridge which  has  been prepared in  accordance  with Mr. Kimball ' S  
l e t t e r  o f  October 3 ,  1973. 

As instructed,  the  Report includes a summary o f  the hydrology 
and geotechnical  reports; impact statements on the temporary and 
permanent crossings by the environmental  consul t a n t ;  and,  a brief 
description of the proposed s t ructure  and al ternate  systems 
considered  together  with  preliminary  drawings and cost  estimates. 

The M.H.E.W.G.  Assessment Report #2 was received  after the Report 
drawings and text  were completed b u t  fortunately  the major  item 
i.e.  the  elimination o f  guide banks and r iver  t r a i n i n g  and the 
lengthening o f  the  structure, has been incorporated i n t o  the 
Phase 1B proposal, The response o f  the  hydrological and 
geotechnical  consultants t o  specific  questions  are  included 
in Appendix O .  
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Department o f  Public Works 
Edmonton, Al berta 

1 Reid, Crowther & Partners Limited 
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December 13,  1973 

We are i n  agreement w i t h  Bolter, Parish & Trimble's comment  on 
clearance above  Mackenzie h i g h  water  level i n  t h a t  the  structure 
can be raised 2- feet  without  changina  the  concept o f  the  structure. 
However, i f  the  decision i s  made to  raise  the  bridge by 2-feet 
then the  profile  should be raised by 9-feet* and not ' I-feet? as 
indicated in  the  text.  

We trust that  the  content o f  our  Report provides a b a s i s  fo r  
approval i n  principle and authorization t o  proceed w i t h  f inal  
design. 

Yours very t ru ly ,  

Manager, Transportation  tivision 

RCA/mm 

Enclosures 
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MAC KEN2 I E H I GHWAY 

PRELIMINARY ENGINEERING PHASE 1B 

OCHRE RIVER BRIDGE MILE 454.6 

INTRODUCTION : 

The proposed crossing of  the Ochre River is i n  a s table  

reach of the  river immediately downstream from a par t ia l ly  

vegetated  gravel bar island and approximately  1,000-feet from 

the Mackenzie R i  ver, 

A t  this location, the channel i s  approximately  250-feet 

wide a t  normal water level ;  the water i s   c l e a r  and fast-flowing; 

the  stream bed consists of gravel and boulders; and, the banks 

are approximately  25-feet high and well defined. The forest  

cover,  consisting of  black and white  spruce and aspen u p  t o  

60-feet i n  height,  extends t o  within a few fee t  o f  low water 

except in  the immediate vicini ty  of the proposed crossing where 

the t rees  have  been cleared for the  telegraph 1 ine and the 

exi sting road. 

The drainage area o f . t he  Ochre River i s  approximately 

450 square  miles and the estimated  design  discharge i s  18,600 c . f . s .  

a t  an average  velocity o f  8-feet per  second;  flow a t  al l   stages 

will be confined  within  the  existing banks. No general bed 

scour is   ant ic ipated.  
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KEID. CROWTHER t. PARTNERS ~ . I M I T E I I  

The highway  grade a t   t h e  proposed  crossing will be 

c o n t r o l l e d   n o t  by f low i n  the  Ochre River,  but  by  backwater due 

t o   i c e  jams on the  Mackenzie  River.  Backwater has  been est imated 

on the  bas is  of recorded  extremes on the  Mackenzie  River  at  

Wrigley,  approximately 27 mi les   sou th  o f  the  Ochre River.  

F i sh  access t o  the  Mackenzie  River i s  good and i t  appears 

t h a t   t h e   f i s h e r y   p o t e n t i a l  o f  the  Ochre R i v e r   i s   h i g h .  The 

f o l   l o w î  ng species have  been noted - gray1  ing,  trout  perch,  round 

wh i te  f i sh ,  long-nose  sucker,   whi te  sucker,   s l imy  sculpin and 

l a k e  chub. 

Several   archaeological  and h i s t o r i c   s i t e s  have  been 

i d e n t i f i e d   i n   t h e   v i c i n i t y  of the  proposed  crossing;  these  are 

shown on t h e   s i t e   p l a n  - Dwg. P501. These s i tes   shou ld  be 

c l e a r l y   i d e n t i f i e d  and  fenced off  p r i o r   t o   s t a r t  of cons t ruc t ion .  

The previous submission dated December, 1972, based on the  

proposal by the  hydro logy  consul   tant ,   prov ided a br idge o f  minimum 

leng th  and cost .  However, t h i s   p roposa l   requ i red   ex tens i ve   r i ve r  

t r a i n i n g ,   i n c l u d i n g  a guide bank extending  250-feet  upstream  from 

t h e   b r i d g e   t o   t h e   e x i s t i n g   g r a v e l   b a r   i s l a n d  and, t h e   p a r t i a l  

excavat ion o f  t h i s   i s l and .   Th i s   p roposa l   i s   cons ide red  t o  be 

unacceptable  both from the  v iewpoint  of  f i s h e r i e s  and f u t u r e  

maintenance o f  the  guide banks  and therefore an a l t e r n a t e   s o l u t i o n  
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HEID. CROWTHER & PAWNEW LIMITEU 

w i t h  a cons ide rab ly   l onger   b r i dge   i s  now proposed. The proposed 

br idge shown on Dwg. P501 i s  now 11 4- feet   longer   than  the  prev ious 

p r o p o s a l   b u t   t h e   r i v e r   t r a i n i n g  has  been de le ted  and the  average 

v e l o c i t y   a t   f l o o d   s t a g e  has  been reduced  from  11-feet  per  second 

t o  8-feet  per  second. 

To fur ther   reduce  the  impact   o f   the  proposed  cross ing and 

t o   p e r m i t  more f l e x i b l e   s c h e d u l i n g  o f  cons t ruc t ion ,   the   b r idge 

p i e r s  have  been loca ted  so t h a t   t h e y   a r e   v i r t u a l l y   o u t  o f  the 

r i v e r   a t  normal  flow. Comments by F, F. S1 aney & Company L im i ted  

on the  environmental  impact of the  proposed  bridge and the  temporary 

c r o s s i n g   a r e   i n c l u d e d   i n  Appendix B. 

A minimum c lea rance   o f   3 - fee t  from the  underside o f  the 

br idge  supers t ruc tu re  t o  the  est imated  high  water due t o  i c e  

jams on the  Mackenzie has  been  used to   es tab l i sh   the   h ighway 

grade. It should be noted  that   the  proposed  s t ructure,   hav ing a 

considerably   longer   center  span, will be deeper  than  the  previous 

submission; as a resu l t ,   the   h ighway  p ro f i le  has t o  be r a i s e d   t o  a 

minimum e leva t i on  of 326 ( top of  deck) i . e .  7- feetk   h igher   than 

the o r i g i n a l   p r o f i l e  shown on the  In ter im  Repor t .  

The geotechnica l   invest igat ion,   a l though  carr ied  out   under  

adverse  condi t ions,  i s  q u i t e  adequate for the  des ign o f  the   b r idge 

p i e r s  and abutments. The r e s u l t s  o f  the   inves t iga t ion   can  be 

summarized as f o l  lows.  Permafrost was encountered from 20-feet  
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below stream bed t o  80-feet  (the  depth of the deepest  hole). 

The stratigraphic sequence below the  river  consists  primarily of  

coarselfine t o  coarse gravel  with  clay  layers i n  the upper portions. 

Below the  granular  deposits, a hard dark blue "shale-like"  clay 

was encountered a t  a depth  o f  70-feet? which, i t   i s  believed, i s  

bedrock. Coring of th i s  strata was unsuccessful due t o  caving 

and loss  o f  a core  barrel. Bedrock i n  the  area i s  believed t o  

consist of cretaceous  sedimentary  deposits o f  interbedded  shale, 

s i l t  stones and sandstones. Boring logs are included  in 

Appendix C o f  th i s  Report. 
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DESIGN CONSIDERATIONS: 

Proposed  Structure. 

The proposed  bridge i s  a th ree  span s t r u c t u r e   w i t h  spans 

o f  7 2 ' - 2 6 0 ' - 7 2 ' ;  t he  deck i s  cast- in-place  concrete  supported  by 

two  welded p l a t e   g i r d e r s  with composite  act ion i n  areas o f  

p o s i t i v e  moment. Cast- in-place  piers and  abutments w i t h   p i l e d  

foundations  are recommended fo r   the   subs t ruc ture .  The proposed 

1 ayou t i s shown  on Dwg . P501. 

It i s   f a i r   t o  say t h a t   t h e  Ochre River  Br idge i s  now a 

s i g n i f i c a n t   s t r u c t u r e  and, wh i l e  we acknowledge t h a t  cost i s   t h e  

primary  consideration,  the  appearance of the br idge  should  not  

be ignored  completely. On th i s   bas i s ,  we have  proposed t h a t  

g i r d e r   s o f f i t s  be curved  ra ther   than  s t ra igh t  and t h a t   t h e  

b r idge   p ie rs  be s l i g h t l y   f l a r e d  towards  the base t o   c r e a t e  an 

impression o f   s t r e n g t h  and s t a b i l i t y  and t o  break up the   l a rge  

plane  surfaces o f  these  re la t i ve ly   mass ive   p ie rs .  We have  used 

a shape s i m i l a r  t o  t h i s  on o the r   s t ruc tu res  and we consider  i t  

t o  be v i s u a l l y   s u p e r i o r   t o  a s t ra igh t   sha f t   w i th   round  nos ings ,  

p a r t i c u l a r l y  when fonnwork  panels and t ieholes  are  ar ranged 

symmetr ica l ly  and the exposed concrete  surfaces  sandblasted. 

"Spi1 1 through"  abutments have  been shown ( h g .  P502) on 

the  assumption  that  the  approach embankments may no t  be i n   p l a c e  
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when t h e   b r i d g e   i s   c o n s t r u c t e d ;  i f  i n   f a c t  embankments are  p laced 

ahead o f  b r i dge   cons t ruc t i on   t hen  a more  economical  "perched 

abutment"  supported  by  pi les  driven  through  the  approach fills 

will be subs t i t u ted .  The unconventional  bearing  arrangement a t  

the  abutments i s   r e q u i r e d  by  the  unbalanced  superstructure  which 

produces up1 i ft forces  under   a l  1 1 oading  condi t ions.  

Subsurface  condi t ions  are such t h a t   p i l e d   f o u n d a t i o n s   a r e  

recommended b o t h   f o r   p i e r s  and abutments - ( a )   t o   p r o t e c t   p i   e r s  

aga ins t   loca l   scour  and ( b )   t o   r e d u c e   d i f f e r e n t i a l   s e t t l   m e n t  

between p i e r s  and abutments to a n e g l i g i b l e  amount - the  proposed 

s t r u c t u r e   w i t h   i t s   s h o r t ,   s t i f f  end  spans will be p a r t i c u l a r l y  

s e n s i t i v e  t o  d i f f e r e n t i a l  movements a t   suppor t s .  

For  the  purposes o f   t h i s   p r e l i m i n a r y   d e s i g n  and c o s t  

est imate  H-p i les have  been assumed a l   though we sha re   t he   so i l  5 

consu l   tan t  ' s rese rva t i ons   on   t he   f eas i   b i  1 i t y  o f  successful  l y  

d r i v i n g  them  through  the  dense  gravel   layers,   There i s  a 

d i s t i n c t   p o s s i b i l i t y   t h a t  some H-p i les  will "hang  up"  and t h a t  

a d d i t i o n a l   p i l e s  will have t o  be dr i ven   s ince  we d o u b t   t h a t   p i l e  

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

s i tes .   There fore ,  i t  would  appear t h a t   e x t r a   H - p i l e s  will have 

t o  be de l  i vered t o  each  bridge s i  t e  i f  1 engthy  delays  dur ing 

cons t ruc t i on   a re   t o  be avoided. A p r e l i m i n a r y   i n v e s t i g a t i o n  

i n d i c a t e s   t h a t  open  ended p i p e   p i l e s   d r i l l e d   t o  bedrock may be a 
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more p r e d i c t a b l e  and  economical   solut ion a t   t h i s  and o t h e r   b r i d g e  

s i t e s   a l o n g   t h e   e a s t  bank o f   t h e  Mackenzie  and  they will be g i v e n  

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

In c o n s i d e r a t i o n  o f  t h e   f a c t   t h a t  many o f  t h e   b r i d g e   s i t e s  

a l o n g   t h i s   s t r e t c h   o f   t h e   h i g h w a y  have s i m i l a r   s u b s u r f a c e   c o n d i t i o n s  

we would  recomnend t h a t  a comprehensive  program o f  p i  1 e d r i v i n g  

and load  t e s t i n g  be c a r r i e d  ou t  a t  one or t w o   r e p r e s e n t a t i v e   s i t e s .  

Such a program Wou1 d i n v e s t i g a t e  H-pi 1 es i n s t a l  1 ed  by  dynamic  and 

v ib ra t i ng   equ ipmen t ,  open  ended p i p e   p i 1  es sea ted   i n to   bed rock  

and Wou1 d p r o v i d e :  

- a more r a t i o n a l   b a s i s  for design; 

- v a l u a b l e   i n f o r m a t i o n   t o   c o n t r a c t o r s   t e n d e r i n g   o n   t h e   p r o j e c t .  

The r i v e r b a n k s   a d j a c e n t   t o   t h e   b r i d g e   p i e r s  will be 

pro tec ted   by   r i p rap   as   i nd i ca ted   on   t he   D raw ings  - l i m i t s  o f  

r i p r a p  wi 11 be de te rm ined   du r ing   t he  f i  na1 design  phase o f  t h e  

p r o j e c t .  It i s  unders tood   t ha t  embankments will be grassed 

except   beneath   the   s t ruc tu re  where s l o p e   p r o t e c t i o n  will be 

p r o v i d e d  
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Design Cri terî a 

Specifications: 

Materi a l  s : 

Loading : 

Piles: 

C . S . A .  $6 

A.A.S .H .O.  

A.W.S.  D l  . 1  

Structura 1 $tee 1 - C.S.A.  G40.21 Grade 50A 

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

Substructure  Concrete - f ' c  - 3,000 p .  S. i . 
Reinforcing Steel - C . S . A .  630.12 60 Grade 

Live Load - H. S.  25 + Impact 

Future Wearing Surface - 30 p.s f a  

Ice  Pressure - 250 p . s . i .  

Ice  Thickness - 5' -0" 

70 Ton Compression  (Group I C . S . A .  $6) 

loo 30 Ton Ton Tension Compression](Group VI11 C.S .A .  S6) 
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A l  t e rna te  Systems. 

Before se lec t i ng   t he   t h ree  span s t ruc tu re ,   f ou r  deck  systems 

and a f o u r  span s t r u c t u r e  were evaluated. Deck systems considered 

were : 

- concrete deck, th ree   g i rders ;  

- concrete  deck,   two  g i rders  wi th   t ransverse  f loor  beams; 

- concrete deck,  two g i rde rs   w i thou t   t ransve rse   f l oo r  beams; and, 

- open s tee l  deck, two g i r d e r s   w i t h   t r a n s v e r s e   f l o o r  beams. 

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

economical  than  the  other  concrete  deck  systems and the  welded 

s tee l  deck; i n   e s t i m a t i n g   t h e   c o s t  o f  the open s tee l  deck  system, 

a 6Jpinch Amco welded deck was considered. From discuss ions  wi th  

the  manufacturer, i t  appears t h a t  a s tee l  deck could be i n s t a l l e d  

for  around $12.00/sq, ft.; however, t h e   p l a t e   g i r d e r s  and f l o o r  

beams requ i red   to   suppor t  a s tee l  deck Wou1 d be i n   t h e   o r d e r  o f  

10  lbs./sq. ft. heav ie r   than  the   p la te   g i rders   requ i red   to   suppor t  

the  concrete  deck so t h a t   t h e   r e l a t i v e   c o s t  o f  a s tee l  deck  would 

be i n  the   o rder  o f  $19.00 - $20.00/sq. ft. (assuming s t r u c t u r a l  

s t e e l   a t  $0.75/1b. ) ,  Therefore deck concrete  could  cost   up  to  

$500.00/cu. yd .   inc lud ing  formwork (but  exc lud ing   re in fo rc ing  

s tee l )   be fo re   t he   s tee l  deck would be economical ly  compet i t ive.  

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

t he   s tee l  deck, a l  though  s t ruc tu ra l l y  adequate, will be 
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considerably more expensive  than a concrete deck and, i n  addition, 

the r i d i n g  qua l i t i es  of the s teel  deck will be inferior  to  those 

o f  a concrete deck. The alternate  concrete and s teel  deck two 

girder systems w i t h  f loor  beams are shown on Dwg. P504. 

Under  normal conditions one would ant ic ipate   that  a four 

span structure would  be  more economical than a three span 

structure however, i n  this instance, i t  was found that   the 

additional  steel  required  for  the  longer span was largely  offset  

by the  cost o f  the  additional  river pier. Thls  pier proved t o  

be re lat ively expensive because of i t s   s i ze ,   t he  h i g h  cost o f  

concrete and p i l i n g ,  and the environmental constraints which 

recommend that  construction i n  the  r iver  be carried  out dur ing  

winter.  Scheduling of the  three span structure  will be  more 

f lexible  and estimating the cost of the  structure will be more 

reliable  since  the  greatest  unknown i s  the risk factor  which 

contractors  will  apply  to  concrete and p i 1  i n g  u n i t  prices. 
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TEMPORARY CROSSING: 

The proposed location of the temporary crossing i s  

approximately  250-feet downstream  from the permanent bridge a t  

the  existing  winter road crossing. 

The proposed structure,  a two span Bailey  bridge  supported 

by rock f i l l e d  timber cribs,  i s  shown  on Dwg. P503. The temporary 

bridge is  designed t o  carry a maximum 1 ive  load of 52 tons (D9G Cat). 

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 the 

Ochre River. A t  this height, the temporary bridge  will have 

l i t t l e   e f f e c t  on the river a t  flood stage and i t  will not be 

subjected  to 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  time by backwater conditions on the 

Mackenti e Ri ver. 

The hydrology  consul tan t  has advised that  there are,  a t  

present, no rel iable  methods o f  predicting backwater conditions 

due to   ice  b u t  there   i s  a possibility  inundation of the bridge 

could  occur  every spring. However,  he further notes  that  the 

bridge will be above the  ice run on the Ochre  and tha t  he  would 

not anticipate damage t o  the  structure because o f  backwater 

conditions i f  the  bridge i s  well anchored against u p l i f t  forces. 
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Al te rna t i ve l y ,   t he   b r i dge  can be ra i sed  and lengthened  but 

t h i s  would o f  course increase t h e   c o s t   s i g n i f i c a n t l y .  

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

p i l 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 o f  r i p r a p  will be 

requ i red .  However, i f  s u f f i c i e n t   r o c k   i s   n o t   a v a i l a b l e ,  a f i l t e r  

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

mesh w i  11 be at tached t o  the   t imber   c r i bs  and weighted a t   i t s  

e x t r e m i t i e s   b y   d r i l l  stem or other   appropr ia te  means. 

The e l e v a t i o n   o f   t h e   b r i d g e   i s  such t h a t  the approaches 

can be t i e d   t o   e x i s t i n g   g r a d e   o r   t h e  highway  grade depend 

whether o r   n o t   t h e  highway embankment i s  i n  p lace when b r  

cons t ruc t i on  commences. 

i n g  on 

i dge 

Considerat ion was g i v e n   t o   b u i l d i n g  a na t i ve   t imber  

s t ruc tu re ,  however the   l oca l   t imbers   a re   such   t ha t   t he   c lea r  

span would a t   b e s t  be 15- feet .  An arrangement o f  sho r t  spans 

and timber cr ibs   wou ld  be q u i t e   i m p r a c t i c a l  on t h i s   r i v e r   b o t h  

from the  environmental and hydro log ica l   v iewpoints .   Nat ive 

t imber  will be s u i t a b l e   f o r  deck and cr ib  cons t ruc t ion .  
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SCHEDULING: 

The following  schedule assumes t h a t  highway construction 

w i  11 commence in the spring of  1975 and t h a t  al 1 bridges on this 

section o f  the highway will  be completed i n  the f a l l  o f  1976. 

Allowing six months for   s t ruc tura l   s tee l   de l ivery   the  

tentative  schedule  will  require  bridge  drawings and contract  

documents t o  be completed not l a t e r  t h a n  April,  1975 and 

possibly sooner depending on the period o f  time required f o r  

approval S .  

Sc hedu 1 e 

Deliver  concrete aggregates t o  Ochre River m o u t h  - Fall 1974 

or Summer 1975. 

Construct  temporary br idge - Winter 1974-75. 

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

Start p ie r  construction - August, 1975. 

Erect structural   steelwork - Winter 1975-76. 

Place  deck and complete  structure - Summer 1976. 

I t  Wou1 d appear tha t  completion o f  the  f o u r  bridges 

between Mi l e  41 1 . O  (River Between Two Mountains) and Mi l e  460 

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

them are designated  for winter construction and each phase of 

- 13 - 



REID. CROWTHER br PAR~NERS LIMITED 

construction i s  carefully  scheduled. We real ize  t ha t  these 

decisions  will be made as par t  of an overall construction plan 

which will  cover all  aspects o f  the  project; t o  a s s i s t  the 

Department in  this major undertaking we have prepared a 

bar  chart showing a possible  construction  schedule f o r  these 

bridges.  This  schedule assumes t ha t   a l l  bridges  will be l e t  

as one contract. 
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r T 1975 1976 

*04' RIVER BETWEEN 
TWO MOUNTAINS 
Mi. 411.6 

ERECT TEMPORARY BRIDGE. 
DRIVE PILES. 
CONSTRUCT ABUTMENTS. 
CONSTRUCT PI ERS. 
ERECT STEEL. 
CONSTRUCT DECK. 
ENVIRONMENTAL CONSTRAINT 
ON RIVER WORK. 

CREEK 
Mi. 419.2 

DRIVE PILES 
CONSTRUCT ABUTMENTS 
ERECT DECK 

OCHRE RIVER 
Mi. 454.6 

ERECT  TEMPORARY BRIDGE. 
DRlVE PILES. 
CONSTRUCT ABUTMENTS. 
CONSTRUCT PIERS. 
ERECT STEEL. 
CONSTRUCT DECK. 
ENVIRONMENTAL CONSTRAINT 
ON R I  VER WORK. 

WHITESAND CREEK 
Mi. 459.7 

ERECT TEMPORARY BRIDGE. 
DR tVE PILES. 
CONSTRUCT Pi ERS. 
CONSTRUCT ABUTMENTS. 
ERECT STEEL. 
CONSTRUCT DECK. 
ENVIRONMENTAL  CONSTRAINT 
ON RIVER WORK. 

I 
T 

MACKENZIE HIGHWAY 
CONSTRUCTION SCHEDULE 
FOR BRIDGES BETWEEN 
Mi. 411 81 Mi. 460 

NOTE: NAVIGATION SEASON ON MACKENZIE RIVER 
JUNE 15th. TO OCTOBER 15th. 

L 
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COST ESTIMATE : 

Est imat ing  costs  a t  t h i s   s t a g e  of t h e   p r o j e c t  has  proved 

t o  be even more d i f f i c u l t   t h a n  i t  was one year ago, when t h e  

In ter im  Repor t  was prepared,  because of the   uns tab le   p r ices  

which  are  current ly   be ing  exper ienced  throughout   the  const ruct ion 

indus t ry .  

We have reviewed  the  unit   pr ices  which  were  developed 

for the  In ter im  Repor t  and, w h i l e  some o f  t h e   u n i t s  now appear 

t o  have  been on the  low side, they  were general ly  speaking 

q u i t e   r e a l i s t i c   a t   t h a t   t i m e .  These u n i t   p r i c e s  have the re fo re  

been used as a basis for the  present   est imate  but   increased 

t o  r e f l e c t   c u r r e n t   p r i c e s  (December, 1973). A d e t a i l e d  

breakdown o f  t he  e s t i m a t e   i s   g i v e n  on the   f o l l ow ing  page. 
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REID CROWTHER h PARTNERS LIMITED 

OCHRE RIVER  BRIDGE MILE 454.6 

COST ESTIMATE - DECEMBER, 1973 

I tern - 

Excavation & Backfill - Rock 
- Gravel 
- Riprap 

Pi les 

Concrete 
- Foundations 
- Piers & Abutments 

- Approach Slab 

Reinforcing Steel 

Structural Steel 

Handrai 1 

Expansion Joint 

Bearings 

Sub-Total 

15% Contingency 

- Deck 

Quantity 

-* 

800 
1,l O0 

3,000 

300 
420 
475 

45 

300,000 

250 

890 

65 

8 

7% Engineering & Administration 

TOTAL 

Temporary Bridge 
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Unit 

" 

cu .yd. 
CU. yd 

lin,ft. 

CU . yd . 
cu.yd. 
CU. yd . 
CU .yd 

1 b. 

ton 

lin.ft. 

1in.ft. 

each 

Unit 
Pri ce Amount 

$ -- $ " 

50.00 40,000 
25.00 27,500 

30.00 90 , O00 

300.00 90,000 
300.00 126,000 
350.00 166,300 
300.00 13,500 

0.40 1 20,000 

1 ,500.00 375,000 

30.00 26,700 

100.00 6,500 

1,500.00  12,000 

$1,093,500 

$ 164,000 

$ 88.500 

$1 ,346,000 

$ 200,000 
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REID. CKCWTHEK & PAKTNEUS LIMITED 

OCHRE RIVER BRIDGE: 

I n t roduc t i on .  

Two br idge  designs  are  being  considered  for   the crossing 

o f   t h e  Ochre River .  The th ree  span des ign has two  short  end  spans 

and a center  span supported  on two r i verbank   p ie rs .  The f o u r  span 

design has  an a d d i t i o n a l   p i e r   l o c a t e d   m i d - r i v e r .  

Envi  ronmental  Impact. 

Other   than  for   f ish,   the  env i ronmenta l   impacts  for both  

des igns   a re   neg l ig ib le  and equal. 

The design  having  the  least   impact i s   t h e   t h r e e  span 

s t r u c t u r e  because  of its minimal  encroachment on the  cross   sec t ion  

o f  t he   r i ve r   channe l .  

The four  span design has the  add i t i ona l  encroachment  on 

t h e   r i v e r   c r o s s   s e c t i o n  by the requ i rement   fo r  a mid-channel   p ier .  

The mid-channel p i e r  would  cause a s l i g h t   i n c r e a s e   i n   c u r r e n t  

v e l o c i t i e s   i n   h i g h   w a t e r   c o n d i t i o n s  and i s   a l s o  a p o t e n t i a l   r e s t r a i n t  

f o r   i c e  and f l o a t i n g   d e b r i s .   D u r i n g   c o n s t r u c t i o n   a c t i v i t i e s ,  access 

and excavat ion work will cause some d is turbance  o f   the  s t ream bed 

and will r e s u l t   i n  t empora ry   t u rb id i t y  and s i 1  t i n g  downstream. 
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Recommended procedures are : 

- B u i l d  the piers when the river  is frozen. 

- Provide access from the south bank and excavate the pier foo t ing  

dur ing  a low water period. I f  the piers are poured d u r i n g  the 

summer, the preferred  operating period i s  August and the f i r s t  

h a l f  o f  September. 

- Restore the disturbed channel t o  i t s  original contour and replace 

rock amour upon completion. 

- Erect the spans when the river is frozen. 

Summary. 

The three span design has minimal environmental e f f e c t s  

and should be given  primary consideration. 
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OCHRE RIVER TEMPORARY CROSSING: 

Introduction. 

The proposed temporary crossing  bridge design f o r  the 

Ochre Ri ver i s  located  approximately  300-feet downstream from the 

proposed permanent highway crossing. The bridge i s  a two span 

design supported by three rock f i l l e d  timber cribs  located a t  

mid-stream and above the low water level on either shore. 

Envi ronmental ImPact. 

Other t h a n  for f ish,   the  environmental  impact  appears 

negligible. 

The piers will cause a slight increase i n  current  velocit ies 

in h i g h  water conditions. The mid-channel pier i s  a potential 

res t ra in t  f o r  floating  ice and debri S .  Access and excavation work 

will cause some disturbance of the  stream bed tha t   n i l  1 resu l t  

i n  temporary turbidi ty  and s i l t i ng  downstream. A location above 

the proposed highway center line utilizing  the  gravel bar  would 

offer  less disturbance  in  building  the  center  pier b u t  would 

require  longer  spans t o  locate  the shore piers as favourably as 

the proposed des i gn . 
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REID. CROWTHEU h PAUTNERS LIMITED 

Recommended procedures  are: 

- B u i l d   t h e   c r i b s   d u r i n g  low water  preferably  from  mid-February 

th rough   Ap r i l  . A shear may be necessary for t h e   m i d - r i v e r   p i e r .  

- Erec t   the  spans when t h e   r i v e r   i s   f r o z e n .  

- Riprap  the  center pier to   min imize  scour ,  

- Restore the  d isturbed  channel  t o  i t s   o r i g i n a l   c o n t o u r .  

- Invest igate  o ther   sources o f  r i p r a p .  

The r iprap  requi rements for both  the  temporary and permanent 

cross ings are apparent ly   greater   than can be r e a d i l y   s u p p l i e d  

by  the Ochre River .  The F i she r ies   Se rv i ce   de l i   be ra ted  for a 

p e r i o d   b e f o r e   a l l o w i n g   u t i l i z a t i o n  of granu la r   ma te r ia l  from 

the bed o f  t he   Mar t i n   R ive r  for the  temporary  crossing, and 

cou ld   poss ib l y   re fuse  t o  permit   the  use of t h e   q u a n t i t i e s  of  

stream bed m a t e r i a l   r e q u i r e d   i n   t h i s  and o the r   s t ruc tu res .  

Al ternate  sources o f  r i p rap   shou ld  be i n v e s t i g a t e d   i n   t h e  

Mount  Gaudet a rea   o r  t o  the  east  It cou ld  be hauled  dur ing 

the  winter.   Sheet ing o f  t h e   i n t e r i o r  o f  t h e   c r i b s   f o r   u t i l i z a t i o n  

of granular   mater ia l   would  min imize  r iprap  requi rements.  

- Archaeo log ica l   surve i l lance  i s   requ i red   dur ing   excavat ion  on 

the  banks  because o f  i n d i c a t e d   p o t e n t i a l   p r e h i s t o r i c   a c t i v i t y .  

A de ter io ra ted   cab in   near   the   nor th  end of t h i s   c ross ing   shou ld  

be preserved 
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APPENDIX 

EXPLANATION O F  FIELD & LABORATORY 
TEST DATA 

The f i e l d  and   labora tory  test  resul ts  a s  shown for a P a r t i -  
cular tes t  b o r i n g  by t h e  T e s t  Hole Log D a t a   S h e e t   a r e   b r i e f l y  
desc r ibed  below:- 

NATURAL MOISTURE CONDITIONS & ATTERBERG LIMITS 

The r e l a t i o n   b e t w e e n   t h e   n a t u r a l   m o i s t u r e   c o n t e n t   a n d  depth 
i s  s i g n i f i c a n t  i n  de t e rmin ing   t he   subsu r face   mo i s tu re   cond i t ions .  
The A t t e r b e r g  L i m i t s  should be compared t o  the   Natura l   Mois ture  
Content of t h e   s u b s u r f a c e   s o i l   a s  w e l l  a s  p l o t t e d  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 s o i l   s t r a t a  i s  c l a s s i f i e d  and described not 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  system i s  used, 
and t h e  soil p r o f i l e  refers t o   t h e   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   t h e   g r o u n d   e l e v a t i o n  i s  shown. 

The 
d i c a t e d  

s o i l  symbols used a r e   b r i e f l y  shown below b u t  a r e   i n -  
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 
MUSKEG 

SAND GRAVEL 

TESTS ON SOIL SAMPLES 

FILL CLAY SILT 

TILL BEDROCK 

Laboratory  and field tests are i d e n t i f i e d  by the   fo l lowing  
symbols : 

Qu - unconf ined   compress ive   s t rength   usua l ly   expressed   in   tons  
pe r   squa re   foo t .   Th i s   va lue  i s  used i n  de t e rmin ing   t he  
a l lowab le   bea r ing   capac i ty  of t h e  soil. 

f d  - dry uni t   weight   expressed  i n  pounds  per cubic f o o t .  This  
value i n d i c a t e s   t h e   d e n s i t y   o r   c o n s i s t e n c y  of t h e  i n - s i t u  
s o i l .  
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C - Consolidation  test.  These  test  results  are  separately 
enclosed  and  provide  information on the  consolidation 
or settlement  properties of the  soil  strata. 

enclosed  and  indicate  the  gradation  properties of the 
material  tested. 

SO4 - water  soluble  sulphate  content is conducted primarily 
to determine  whether  sulphate r e s i s t a n t  cement is 
required  for the foundation  structure. 

in  the  field  to  determine the in-situ  consistency of 
a s o i l  strata. The ''NI' value  recorded  is the number of 
blows from a 140 lb. hammer  dropped 30 inches (free fall) 
which are required to drive a 2 ' '  O.D. Raymond type sampler 
12 inches  into the s o i l .  

M.A. - grain  size  analysis.  These  test  results are separately 

N - standard  penetration  field  test. This test is conducted 

The resistance  and  unconfined  compressive strength of a 
cohesive  soil  can be related to its  consistency as follows:- 

N - BLOWS/Ft. I QU - T / F t . *  I CONSISTENCY I 
2 

2 -4 
4 -0 
8-15 

15-30 
30 

0.25  
O. 25-0.50 
0.50-1.00 
1.00-2.00 
2.00-4.00 

4.00 I I 
The resistance of a non-cohesive s o i l  (sand)  can be related  to 

i ts  consistency as follows:- 

ME.3IUM 

N=10 - . 
LOOSE 

O 5 10 15 20 
A 

WIDTH B OF FOQTING IN FEET 
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very soft 
s o f t  
medium or f i r m  
stiff 
very stiff 
hard 



SAMPLE CONDITION AND TYPE 

The depth and condition of samples are indicated  by 

the following symbols: 

IXI 
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 t i v e  gible  

Posi- 

RELATIVE DEGREE OF SULPHATE ATTACK 

Neqliqible - Normal Portland Cement may be used. 

Positive - Norma1 Portland Cernent may be used,  provided 

the strength of the concrete i s  increased up to 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 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  

1 0 0 0  p s i  higher  t h a n  t h e  compressive s t r e n g t h  which 

would normally be used. 

GROUND WATER TABLE 

The water table i s  i n d i c a t e d  by the l e v e l  of standing 

water i n  a test boring af ter  equ i l ib r ium has been reached. 

This is generally taken 24 hours a f t e r  the  d r i l l i n g  oper- 

a t ion.  The water table is usual ly  an  inclined surface 

that is dynamic i n  n a t u r e  wi th  its h i g h e s t  level late 

i n  t h e  winter or early s p r i n g  gradually f a l l i n g  through- 

out t h e  summer. 



MODIFIED UNIFIED CLASSIFICATION SYSTEM FOR SOILS 



NATIONAL RESEARCH COUNCIL PERMAFROST 
CLASSIFICATION SYSTEM 

Permafrost ground ice occurs i n  three basic c o n d i t i o n s  

including non-visible, v i s i b l e  (less than  one inch  in 

th ickness)  and clear ice. 

A. Non-visible - N 

Nf - poorly bonded or f r iable  frozen s o i l  

N b n  - Well bonded soil, no excess ice 

- well banded s o i l ,  excess ice 

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

VX - i n d i v i d u a l  î c e  crystals or inclusions 

vc - ice coa t ings  on particles 

'r 

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

- random or i r r egu la r ly  o r i c n t c d  ice formations 

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

Ice - ice w i t h  s o i l  i n c l u s i o n s  

Ice + Sail - ice without soil inclusions. 

A more complete description of this system is included in 

NRC publication TM 79, 
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WEIU. CUOWTHER b PARTNERS LIMITNI 

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

Comment 11. (4). 

It i s  however very   sub jec t  t o  Mackenzie  backwater  and  the 

consu l tan ts   es t imated   e leva t ion  o f  311 f e e t  (31 f e e t  above  bed 

l e v e l  ) seems unusual ly  low when one cons ide rs   t ha t   t he  Ochre 

cou ld  peak, dur ing  a jam. Cer ta in   vegetat ion  pat terns  suggest  

t h a t   t h e  Ochre R iver  has topped i t s   f l o o d p l a i n   i n   r e c e n t   t i m e s .  

Note  the  discrepancy  between Underwood e t   a l  and Reid 

e t   a l   c o n s u l t a n t s  i n  t h e i r   e l e v a t i o n s .   F u r t h e r   n o t e   t h a t  Mackay 

reports  (1973)  ice  push on the  Mackenzie f r o m  40 t o  45 f e e t  

r e s u l t i n g   f r o m   t h e  effects o f  the  Ochre  del ta and a shoal i n   t h e  

Mackenzie  across the r i v e r .  If coarse  wel l   dra ined  mater ia l ,  

adequately  r iprapped i s  used,  encroachment on t h i s   h i g h   f l o o d  

p l a i n   m i g h t  be acceptable. 

Response - Bol t e r   Pa r i sh   T r imb le   L td .  

The e s t i m a t e d   e l e v a t i o n   o f  31 1 ( f i e l d   s u r v e y  datum) was 

based on backup  from the  Mackenzie  River and n o t  on the  bed l e v e l  

of the Ochre. The wa te r   e leva t i on  of the  Mackenzie  on September 4,  

1972, 2250 f e e t  downstream o f  the   c ross ing  was 268.4 ( f i e l d   s u r v e y  
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HEID. CROWTHER ar'ARTNERS LIMITED 

datum), We had a l  lowed  (our  January  report)  42.6 f e e t   f r o m   t h i s  

wa te r   l eve l   t o   es t ima ted   h igh   wa te r  due t o   i c e  j a m  on t h e  

Mackenzie. A f f l u x  caused  by an Ml backwater  curve has  been 

c a l c u l a t e d   t o  be n e g l i g i b l e   ( l e s s   t h a n   0 . 1 ' )  a t  t h e   b r i d g e  

s i t e  even  during  the  design  f lood  on  the  Ochre (18,600 c . f . s . ) .  

The  mean v e l o c i t y   a t   t h e   c r o s s i n g  assuming  both  the  extremes 

occu r red   a t   t he  same t ime  would be i n   t h e   o r d e r  o f  1.7 f .p .s .  

T h i s   r e s u l t s   i n  a very   low  g rad ien t  o f  t h e   w a t e r   s u r f a c e   p r o f i l e  

from the  mouth and would  present a l a k e   l i k e  appearance. 

We have a r e p o r t   b y  D. K. MacKay and J. R. Mackay which 

notes  the  ice  push a t  t h e   d e l t a   o f   t h e  Ochre as 1 2 . 5  m (41 f e e t )  

above the  June 30, 1970 l e v e l  o f  the  Mackenzie. We had est imated 

(our   January  repor t )  a 42.6 r i s e  due t o   i c e  jams on the  Mackenzie 

above the  September  14,  1972 l e v e l ,  We es t imate   the  June 30 

l e v e l   t o  be 3.5 fee t   h ighe r   t han   t he  September 14   leve l ,   thus  

us ing   t he  D. K. MacKay and J .  R.  Mackay r e p o r t  we would  est imate 

the  h ighwater  due t o   i c e  jams a t  the  Mackenzie t o  be (44.5 + 

268.4 + 0.1) e l e v a t i o n  313.0 ( f ie ld   survey  datum).  A t  t h i s  

elevat ion  the  f reeboard  would be 1 .O' below  the bottom f lange.  

We do n o t   b e l i e v e   t h i s   t o  be serious  because o f  t he   ' l ake '   c rea ted  

and the   low  ve loc i t ies   expec ted .  The n o r t h  end o f   t h e   b r i d g e  could 

however  be e a s i l y   r a i s e d  2.0' i n   t h e   f i n a l   d e s i g n  t o  p rov ide   t he  

minimum f reeboard   o r ig ina l l y   p roposed,  
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REID, CROWTHER ~PARTNEKS LIMITEU 

Response - Reid,  Crowther & Par tners  L imi ted.  

Soi   1s  consul tants   were  work ing  to   f ie ld  datum - Reid, 

Crowther and Partners  used  approximate  geodetic datum f o r   I n t e r i m  

Report 

Comment 11,  (h) 

In t e s t - h o l e  lOlA (61 1 + 00) a water   content  o f  almost 

50 per  cent was ob ta ined ,   a t  a depth of 28 f e e t .  The assessors 

wonder whether  the soi l  ske le ton   cons i s ted   o f   wa te r ,   w i th   t he  

m ine ra l   pa r t i c l es   i n   suspens ion ,  o r  w h e t h e r   t h e   f i e l d   c l a s s i f i c a t i o n  

SM should be reviewed. 

Test   ho les 94A,  95A,  96A and 101A, though d r i l l e d  on 

December 9, 1972,  were a p p a r e n t l y   e n t i r e l y   f r e e   o f   f r o s t .  The 

assessors wonder whether  there  would be reasons,  other  than  the 

d r i l l i n g  method  used, f o r  t h i s  unseasonal  absence o f  seasonal 

f r o s t ,  and t o  what  extent  re1  iance  can be placed  on  the 

de terminat ion  o f  p e r m a f r o s t   d i s t r i b u t i o n   a t   t h i s   s i t e ,  as repor ted  

by the  consul   tant .  

According t o   t h e   l o g ,   t e s t   h o l e  99A i s   f r o z e n   t h r o u g h o u t ,  

b u t   t h e   t e x t   o f   t h e   f o u n d a t i o n   r e p o r t  on page 11 considers i t  t o  

be f r e e  o f  f r o s t .  
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Response - Underwood, McLel l a n  & Associates  Limited. 

A f t e r   d r i l l i n g  3 r e l a t i v e l y  deep t e s t   h o l e s  a t  extreme 

cost ,  i t  was dec ided   t ha t   su f f i c i en t   da ta  had  been co l l ec ted .  

The s t r a t i g r a p h i c  sequence c o n s i s t e d   o f  deep granular   deposi ts  

over a %ha1 e-1 i ke"  clay  which was b e l   i e v e d   t o  be weathered 

bedrock. Numerous at tempts were made t o  core the  bedrock  but 

was unsuccessful as a r e s u l t   o f   c a v i n g   g r a v e l .  Placement o f  cas ing 

i n  deep gravel   deposi ts  i s  most o f ten   imposs ib le  wi th t h e  

d r i l l i n g  equipment  which was ava 

"Becker  type" d r i  11 o r  equal, i f  

f o r   f u t u r e   b r i d g e   i n v e s t i g a t i o n s  

i l a b l e  for t h i s   p r o j e c t .  A 

ava i  1 ab1 e, Wou1 d be recommended 

Re: Assessors  cornent  wi th  regard t o  s o i  1 sample  moisture 

c o n t e n t   i n   t e s t   h o l e  lOlA a t  28 fee t .  Samples repor ted  were 

d is tu rbed wash samples recovered i n  water  consequent ly  the  h igh 

mois tu res   a l though  the   par t i cu la r  28 f o o t  sample may have some 

c lay.   Repor t   ind icates on Page 10 - "The mois tu re   con ten t  o f  the  

sand below  e levat ions 305 was h igh  as a r e s u l t  o f  submergence". 

Assessors comments r e l a t i v e   t o  seasonal f r o s t   a t   t e s t  

holes 94A, 95A, 96A and lOlA a r e   i r r e l e v a n t ,  Seasonal f r o s t  was 

no t   reco rded   p r imar i l y  because the  depth was n e g l i g i b l e .  The 

recorded absence o f  seasonal f r o s t   a t   t h i s   s i t e   i n  no way r e f l e c t s  

on the  evaluat ion o f  t h e   p e r m a f r o s t   a t   t h i s   s i t e .  
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Foundation report  incorrectly stated on Page 11 t h a t   t e s t  

hole 99A was unfrozen, a l  though more detailed  reference was made 

on Page 25 t o  proposed cuts i n  frozen soils represented by test  

hole 99A. Presence o f  permafrost  as  indicated i n  t e s t  hole log 

should be considered correct. 
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