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CONSULTING  ENGINEERS 

A N D  PLANNERS 

1 P Reid, Crowther & Partners Limited 

7410 Blackfoot T m 1  S.E. ,  P.O. B o x  5600, Postal  Stailon "A". Calgary. Alberta. Canada TZH 1x9,  Telex 038-22780. Telephone 253-3301. Area Code A03 

January 1 1 ,  1974 

Department o f  Pub1 i c  Works 
10th  Floor, One Thornton Court 
P.0. Box 488 
Edmonton, Al berta 
T5J 2K1 

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

Gent1 emen : 

Mackenzie Highway - Preliminary  Engineering Phase 1B 
River Between Two Mountains Bridge Mi l e  41 1.6 

We are  pleased to  present  herein  our Phase 1B on the River Between 
Two Mountains Bridge which has been prepared i n  accordance w i t h  
Mr. Kimball I s 1 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  consultant;  and, a brief 
description o f  the proposed structure and al ternate  systems 
considered  together w i t h  preliminary drawings and cost  estimates. 

We trust t h a t  the  content o f  our Report provides a basis for 
approval i n  principle and authorization t o  proceed w i t h  f i n a l  
design 

Yours very t ru ly ,  
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RCA/mm 

Enclosures 

Manager, T r a n s p o r t a t 1 9  ision 
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MACKENZ I E HIGHWAY 

PRELIMINARY ENGINEERING PHASE 1B 

R I V E R  BETWEEN TWO MOUNTAINS BRIDGE MILE 411.6 

INTRODUCTION : 

The proposed  crossing o f  the  River Between Two Mountains 

i s   i n  a s tab le  reach of the  r iver  about  4,000-feet  upstream from 

the Mac kenz i e Ri ver.  

The channel a t   t h i s   l o c a t i o n  i s  approximately  150-feet  wide 

w i th   we l l   es tab l i shed banks (approx imate ly   15- feet   h igh)   inc ised 

i n t o  an o ld   f l ood   p la in ;   t he   wa te r  i s  c l e a r  and fas t - f l ow ing ;  the  

stream bed i s  armoured wi th   boulders up t o   2 - f e e t   i n   d i a m e t e r ;  and, 

v i s i b l e   d r i f t w o o d  i s  l i g h t .  Stands of mixed  spruce,  pine,  larch, 

aspen and b i r c h  20 to   40- feet   h igh  extend t o  the   top  o f  t h e   r i v e r -  

banks, except i n  the v i c i n i t y  o f  the  proposed south  abutment where 

the  t rees have  been c leared f o r  t h e   t e l e g r a p h   l i n e  and ex is t ing   road.  

The R iver  Between Two Mountains  drains a catchment  area of 

approximately 1,300 square  miles,  including  extensive  lake  storage, 

and the  est imated  design  discharge i s  23,400 c . f . s .   a t  an average 

v e l o c i t y  o f  9 - fee t   per  second i n   t h e  main  channel. A t  t h i s   f l o w ,  

there  will be ove r topp ing   o f   t he   ex i s t i ng  banks i n   t h e   v i c i n i t y  o f  

the   b r idge and general bed scour of approx imate ly   5 - fee t   to   e leva t ion  

260 can be expected. 
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The highway  grade a t  the   c ross ing   i s   con t ro l led   by   backwater  

cond i t ions  caused by   t he   f onna t ion   o f   i ce  jams on the  Mackenzie R iver ,  

Backwater has been estimated  from  recorded  extremes a t   Wr ig ley ,  

approximately 24 mi les   no r th  o f  the   R iver  Between Two Mountains. 

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  high.   F ish  populat ions  inc lude  the  fo l lowing  spec ies:  

lake   t rou t ,   nor thern   p ike ,   wa l leye ,   Arc t i c   g ray l ing  and several 

species o f  w h i t e f i s h .   I n   t h e  case of t h e   A r c t i c   g r a y l i n g  i t  i s  

suspected   tha t   th is   r i ver   fo rms a spawning area and a poss ib le  

m ig ra t i on   rou te  between F ish  Lake and the  Mackenzie  River; 

consequent ly ,   s i l ta t ion  due t o  c o n s t r u c t i o n   a c t i v i t y  must be kept 

t o  a minimum. 

I 

A l  though  the  archaeological  survey has not  d iscovered any 

s i t e s   o f   h i s t o r i c  or p r e h i s t o r i c   i n t e r e s t   i n   t h e   v i c i n i t y  o f  the  

highway  alignment, a c lose   surve i l lance  shou ld  be maintained  dur ing 

const ruct ion,   especia l ly   a long  the  r iverbanks,  

The previous  submission o f  December, 1972, provided a 

br idge of minimum length  and c o s t   i n   w h i c h   t h e   t h r e e  spans were 

proport ioned  to  produce a st ructura l   ba lance.  Such a layout  p laced 

the   p ie rs   w i th in   the   ac t i ve   s t ream  channe l ,  a loca t ion   wh ich  i s  

undesirable  f rom  the  point  o f  view o f  environmental  impact. For t h i s  

reason, and t o   p e r m i t  more f l ex ib le   schedu l i ng  o f  const ruct ion,   the 

br idge  p ie rs  have  been r e l o c a t e d   t o  be v i r t u a l l y   o u t  of t h e   r i v e r  
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a t  normal  flow. Comments by F. F. Slaney & Company L im i ted  on the  

environmental  impact o f  the  proposed  bridge and the  temporary  crossing 

are  inc luded i n  Appendix B. 

A minimum clearance o f  3 - fee t  from the  unders ide o f  the  

br idge  supers t ruc tu re   to   the   es t imated   h igh   water  due t o   i c e  jams 

on the  Mackenzie has  been  used t o  establ ish  the  highway  grade. It 

should be no ted   tha t   s ince   the   cen ter  span i s   l o n g e r   t h a n   t h a t  shown 

i n  the previous  submission,  the  h ighway  prof i le has t o  be r a i s e d  t o  

e l e v a t i o n  302.5 ( top  of   concre te   deck)   i .e .   3 - fee t  above t h e   o r i g i n a l  

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

A l though  the  geotechnica l   in format ion was gathered  under 

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

p i e r s  and abutments.  Results o f  t h e   i n v e s t i g a t i o n  can  be  summarized 

as fo l l ows .  The s t r a t i g r a p h i c  sequence be low  the   r i ve r   cons i s t s  of 

very dense  sand  and grave l   w i th   bou lders  and a t r a c e  o f  s i 1  t f o r  

t he   en t i re   dep th  of the   tes t   ho les   (60- fee t ) .   Th is   mater ia l  was 

unfrozen.  Although  bedrock was not encountered a t   t h i s   s i t e ,   i n f o r m a t i o n  

o b t a i n e d   a t   o t h e r   s i t e s  shows bedrock i s   g e n e r a l l y   h o r i z o n t a l l y  

bedded sha le ,   s i1  t stone,  sandstone  and 1 imestone of t he   Fo r t  Simpson 

format ion o f  Devonian Age. Bor ing logs a r e   i n c l u d e d   i n  Appendix C 

o f  th is   Repor t .  
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Ke~u.  CKOWTIIER & PAKTNEKS LIMITED 

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  

68'-130'-68' ;   the  deck i s  cast- in-place  concrete  supported  by  two 

welded p la te   g i rde rs   w i th   compos i te   ac t i on   i n   reg ions  o f  p o s i t i v e  

bending moment. Cast-in-place  concrete  abutments and p ie rs   a re  

recomnended for the  substructure;   scour  considerat ions  necessi tate 

the  use of p i led   foundat ions  f o r  t h e   p i e r s  and abutments. The 

proposed 1 ayout i s  shown on Dwg . P301. 

S t ra igh t   g i rde rs   w i th   t ape red  end  spans are  proposed, 

since i t  i s  our o p i n i o n   t h a t   c u r v e d   s o f f i t s  do no t  add t o   t h e  

a e s t h e t i c   q u a l i t i e s   o f  a s t r u c t u r e  o f  t h i s   s i z e .  To create an 

impression o f  s t rength  and s t a b i l i t y  and t o  break  up  the  large 

plane  surfaces of the   re la t i ve ly   mass ive   p ie rs ,  we have proposed 

t h a t   t h e   p i e r s  be s l i g h t l y   f l a r e d   t o w a r d   t h e  base. 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 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 ,   pa r t i cu la r l y  

when fomwork panels and t ieholes  are  arranged  synmetr i   cal  l y  and 

the exposed surfaces  sandblasted. 

"Spi1 1 through"  abutments have  been shown (Dwg. P302) on 

the  assumption  that  the  approach embankments may n o t  be i n  place 
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REID. CRUWTHER PARTNERS LIMITED 

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 idge  cons t ruc t ion ,   then a more economical  "perched 

abutment"  supported  on p i les   d r iven   th rough  the   approach fill will 

be subs t i t u ted .  

For the  purpose o f   t h i s   p r e l i m i n a r y   d e s i g n  and cost   est imate,  

H-p i les have  been assumed f o r   t h e   p i e r s   a l t h o u g h  we share  the 

geotechnica l   consul   tant  I s reserva t ions  on t h e   f e a s i   b i l  i t y  of d r i v i n g  

them through  the dense gravel  and boulders.  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 1  es will have t o  be dr iven   s ince  we d o u b t   t h a t   p i  1 e t e s t i n g  

du r ing   cons t ruc t i on  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   t e s .  

Therefore, i t  Wou1 d appear tha t   ex t ra   H -p i  1 es will have t o  be 

de l i ve red  t o  each b r i d g e   s i t e  if lengthy   de lays   dur ing   cons t ruc t ion  

a r e   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 1  es d r i l l  ed t o  bedrock may be a more p red ic tab le  

and  economical s o l u t i o n   a t   t h i s  and o the r   b r i dge   s i t es   a long   t he  

east  bank of  the  Mackenzie and they will be g i ven   f u r the r   cons ide ra t i on  

d u r i  ng f i  na1 design . 
In cons idera t ion  o f  t h e   f a c t   t h a t  many o f   t he   b r i dge   s i t es  

a l o n g   t h i s   s t r e t c h  o f  the  highway have s imi la r   subsur face   cond i t ions  

we would recommend t h a t  a comprehensive  program o f  p i l e   d r i v i n g  and 

l o a d   t e s t i n g  be c a r r i e d  o u t  a t  one or two rep resen ta t i ve   s i t es .  

Such a program  wou ld   inves t iga te   H-p i les   ins ta l led   by  dynamic and 
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v i b r a t i n g  equipment, open  ended piles seated  into  bedrock and would 

prov ide : 

- a ra t i ona l   bas i s   f o r   des ign ;  

- i n fo rma t ion  o f  cons ide rab le   va lue   t o   con t rac to rs   t ender ing   on  

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 r a p  as i nd i ca ted  on the  Drawings - l i m i t s   o f   r i p r a p  will be 

determined  dur ing   the   f ina l   des ign  phase o f  t h e   p r o j e c t ,  It i s  

understood  that  embankments will be grassed except  beneath  the 

s t r u c t u r e  where s lope   p ro tec t i on  will be provided. 
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Loadi ng : 

Piles: 

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

Future Wearing Surface - 30 p.s.f. 
Ice Pressure - 250 p . S .  i . 
Ice Thickness - 5'-0" 

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

loo Ton Compression)(Group VI11 C . S . A .  S6) 30 Ton Tension ) 
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Al ternate 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, two girders w i t h  transverse  floor beams; 

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

- open steel  deck, two girders w i t h  transverse  floor beams. 

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

economical than  the  other  concrete deck systems and the welded 

steel  deck; i n  estimating  the  cost of the open steel  deck system, 

a 64-inch Amco  welded  deck was considered. From discussions w i t h  

the  manufacturer, i t  appears tha t  a steel  deck could be installed 

f o r  around $12.00/sq. f t . ;  however, the  plate  girders and f loor  

beams required to  support a s teel  deck would be i n  the  order of 

10 lbs./sq. ft. heavier  than  the  plate  girders  required  to  support 

the  concrete deck so t h a t  the  relative  cost of a steel  deck  would 

be i n  the  order o f  $19.00 - $20.00/sq. f t .  (assuming structural   steel  

a t  $0.75/1 b , ) .  Therefore deck concrete  could  cost up t o  $500.00/cu. yd, 

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

steel  deck would  be economically  competitive; and, although 

structurally  adequate,  the r i d i n g  qua l i t i es  o f  a steel  deck are 

inferior  to  those of a concrete  deck. The concrete  transverse 

f loor  beam and open steel  deck investigated  are shown  on Dwg. P304. 
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REID. CROWTHER t. PARTNERS LIMITED 

A th ree  span c a n t i l e v e r  system was inves t i ga ted   i n   wh ich   t he  

cant i levered  end spans var ied  between 1 /6 and 1/7 o f  t h e   o v e r a l l  

b r idge  leng th  and the   cen ter  span increased from 130-feet as 

proposed to   190- fee t .  However, there  was no economic  advantage 

i n   t h i s  system  s ince  the  weight  of   structural  steel r e q u i r e d   f o r  

the longer   center  span increased  the  cost  o f  the  superst ructure 

su f f i c i en t l y   t o   o f f se t   sav ings   wh ich   m igh t  be rea l i zed   by  

reducing the scale  of  the  abutments.  Furthermore, i t  was found 

t h a t   l i v e   l o a d   d e f l e c t i o n s  were greater  than  would be considered 

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

1/150 o f  t h e   c a n t i l e v e r  span (-2+-inch, t 1  - inch)  . Therefore, 

t h i s  system was discarded i n  favour o f  the  proposed  conventional 

s t ructure,   a l though i t  should be noted in p a s s i n g   t h a t   t h i s  

c a n t i l e v e r  system  would be s u i   t a b l e   f o r   s h o r t e r   s t r u c t u r e s   i n  

the  175-feet  overal l   length  range. 
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REID CROWTIIER br PARTNERS LIMITED 

TEMPORARY CROSS I NG : 

The proposed l o c a t i o n  o f  the  temporary  crossing i s  approximately 

300-feet  upstream  f rom  the  permanent  br idge  at   the  exist ing  winter 

road  crossing. 

The proposed  structure, a two  span Bai ley  br idge  suppor ted 

by r o c k   f i l l e d   t i m b e r   c r i b s ,   i s  shown on Dwg. P303. The temporary 

1 oad o f  52 tons (D9G Cat) .  

been s e t   a t  an  e levat ion 

1 on the  River  Between 

b r i d g e   i s   d e s i g n e d   t o   c a r r y  a maximum l i v e  

The underside o f  t he   s t ruc tu re  has 

3 - fee t  above the  est imated 

Two Mountains. A t  t h i s  he 

l i t t l e   e f f e c t  on t h e   r i v e r  

subjected t o  damage dur ing  

h igh  water   leve 

ight ,   the  temporary  br idge will have 

a t   f l o o d   s t a g e  and i t  will n o t  be 

i c e  breakup;  however, i t  should be 

i nundated by no ted   t ha t   t he   s t ruc tu re  and the  approaches may be 

backwater  condit ions on the  Mackenzie  River. 

The hydro logy  consul   tant  has adv i sed   t ha t  t h e r e   a r e ,   a t  

present,  no r e 1   i a b l e  methods o f  p red ic t ing   backwater   cond i t ions  due 

could  occur   every  spr ing . 
br idge will be above the 

and t h a t  he would  not   ant  

t o  i c e ,   b u t   t h e r e   i s  a p o s s i b i l i t y  th,at   inundat ion of t he   b r i dge  

However, he f u r t h e r   n o t e s   t h a t   t h e  

i c e   r u n  on the   R iver  Between Two Mounta 

i c i p a t e  damage t o   t h e   s t r u c t u r e  because 

backwater  condi t ions i f  the   b r idge 

forces.  

i n s  

o f  

i s  we l l   anchored   aga ins t   up l i f t  
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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   wou ld  o f  course   inc rease  the   cos t   s ign i f i can t ly .  

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 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 

requi red.  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 ro tec ted  by t r i p l e - t w i s t   w i r e  mesh i s  recommended - the  mesh will 

be a t tached   to   t he   t imber   c r i bs  and weighted a t   i t s   e x t r e m i t i e s  

by d r i l l  stem o r   o the r   app rop r ia te  means. 

The e l e v a t i o n  cf the   b r idge i s  such t h a t   t h e  approaches  can 

be t i e d  t o  exist ing  grade  or  the  highway  grade  depending  on  whether 

o r   n o t   t h e  highway embankment i s  i n   p l a c e  when b r idge   cons t ruc t i on  

commences. 

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

s t ruc tu re ,  however the   loca l   t imbers   a re  such t h a t   t h e   c l e a r  span 

would a t  best  be 15- feet .  An arrangement o f  sho r t  spans  and 

t imber   c r 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   f r o m  

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 c r i b   c o n s t r u c t i o n .  

- 11 - 
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I ~ D .  CRWTHER &PARTNERS LIMITEU 

SCHEDULING: 

The following  schedule assumes tha t  highway construction 

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

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

Allowing six months for  structural   steel   delivery the 

tentative schedule  will require bridge drawings and contract 

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

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

Schedule, 

- Deliver  concrete  aggregates t o  mouth o f  River Between Two 

Mountains - Fall 1974. 

- Construct temporary bridge - December,  1974 - January, 1975. 

- Star t  abutment construction - January, 1975. 

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

- Erect structural  steelwork - Winter 1975-76. 

- Place deck and complete structure - Summer 1976. 

I t  would appear that  completion o f  the  four bridges between 

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

Creek) by l a t e  1976 i s  impossible  unless some o f  them are designated 

for  winter  construction and each phase o f  construction is   careful ly  

scheduled. We realize t h a t  these  decisions  will be made as part  of 
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an overall  construction p lan  which w i l l  cover a l  1 aspects o f  the 

project; t o  a s s i s t  the Department i n  this major undertaking we have 

prepared a bar chart showing a p o s s i b l e  construction schedule for 

these  bridges. This  schedule assumes t h a t  a l  1 bridges wi 1 1  be 

le t  as one contract. 
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1975 ; 

f RIVER BETWEEN 
TWO MOUNTAINS 
Mi. 411.6 

ERECT TEMPORARY BRIDGE. 
DRIVE PILES. 
CONSTRUCT ABUTMENTS. 
CONSTRUCT PIERS. 
ERECT STEEL. 
CONSTRUCT DECK. 
ENVIRONMENTAL  CONSTRAINT 
ON RJVER WORK. 

CREEK 
Mi. 419.2 

DRIVE PILES 
CONSTRUCT ABUTMENTS 
ERECT DECK 

OCHRE RIVER 
Mi. 454.6 

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

WHITESAND CREEK 
Mi. 459.7 

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

I 

t 

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

- 14 - 

NOTE: NAVIGATION SEASON ON MACKENZIE RIVER 
JUNE t5th. TO OCTOB€R 15th. 



COST ESTIMATE : 

Es t ima t ing   cos ts   a t   t h i s   s tage  o f  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 the   I n te r im  

Reports were prepared  because of the   uns tab le   p r ices   wh ich   a re  

current ly   be ing  exper ienced  throughout   the  const ruct ion  indust ry .  

We have reviewed  the  uni t   pr ices  which  were  developed  for  

the   In te r im  Repor t  and, wh i l e  some o f  t he  u n i t s  now appear t o  have 

been on the  low  s ide,   they were g e n e r a l l y   s p e a k i n g   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 there fore  been used as a bas is  

fo r   t he   p resen t   es t ima te  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  the e s t i m a t e   i s  shown on 

the  fo l  lowing page. 
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n r n I 

RIVER BETWEEN TWO MOUNTAINS BRIDGE MILE 411.6 

COST ESTIMATE - DECEMBER, 1973 

I tern - 

Excavation & Backf i 1 1 
- Rock - Gravel 
- Riprap 

P i  1 es 

Concrete - Foundations 
- Piers & Abutments 
- Deck 
- Approach Slab 

Reinforcing  Steel 

Structural   Steel  

Handrai 1 

Expansi on Joi n t  

Bearings 

Sub-Total 

15% Contingency 

Quantî t y  

" 

300 
1,000 

1,600 

270 
31 5 
305 
45 

218,000 

110 

590 

65 

8 

7% Engineering & Admi n i   s t r a t i o n  

TOTAL 

Temporary Bridge 

U n i t  - 

" 

CU .yd 
cu  .yd 

1 i n . f t .  

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

1 b.  

ton 

l i n . f t .  

1 i n . f t .  

each 

U n i t  
Pr ice 

$ I- 

50.00 
25.00 

30.00 

300 O0 
300.00 
350.00 
300.00 

O. 40 

1,500.00 

30.00 

100.00 

1,250.00 

Amount 

$ -- 
15,000 
25,000 

48,000 

81,000 
94,500 

107,000 
13,500 

87,000 

165,000 

17,500 

6,500 

1 O ,000 

$67 O, O00 

$1 O0 , 500 

$ 53,500 

$824,000 

$200,000 
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1 

" 
I 'i \ I 

D q m r t m n t  of Public Works 
Ministere der Travaux publics 

/ '  

i WESTERN REGtON 
J. A. BROWN 
REGIONAL DIRECTOR I l  -=-rw- 1 EXlSTtNG GRADE 

" 
,A, , ' / X  "T 

j 4' 

12' I' 34' t t t 
ABUTMENT - 

O 8' 16' 

28' 

FUTURE WEARlNG SURFACE 

F E L E V .  292-0 
H W L .  (MACKENZIE RIVER BACKWATER) 

A. ~~~ 

I .3'  MIN. 
- " 
" 
-~ 

pmi.(l tit* tat,. 4" pro11 

MACKENZtE 
HIGHWAY 

_' 1 I 
1 

;. i48 
" 

rELEV. 280.0 
DESIGN H.HIL. AND ICE 

i - ~~ - 
" - 

, 1 

1 4' 

I 
f * 34' 



i 
E z  (II 

. 

EMBANHMEHT 
RIP-RAP TO H.W.L. 

. 

15"d B E W E E N  TRUSSES 

PLAN 

DOUBLE, DOUBLE, CHORD REINFORCED, 
EXTRA WIDE BALILEY BRIDGE. 

IO' , 110' 110' I IO' , 

BAILEY APPROACH RAMP 
! 

DECK ELEU. 2660 
I 

EMBbNKMENT 

i 
EXISTING GRADE A 

ROADWAY SECTION 

\ROCK Fi LLED 
TIMBER CRIBS 

1 15' 1 \".' OR 
. .  

m FILTER FABRIC 
& WIRE MESH 

ELEVATION - 
O 20' 40' 

- T I E  TO FlHAL &LIGNMENT 1 :-TIE TO FINAL  ALIGNMENT 

i I /  
300 

I :  

~- I : 
" 

270 ~ EXISTING GRAOE 

260 

I 
! 

PROF I LE - 
HORtZ' O 200' 400' 
VERT O 
-~ 

20' 40' 

Department of Public Works 
inistbre der Travaux publics 

WESTERN REGlON 
J P. BROWN 
REGIONAL DIRECTOR 

MACKENZIE 
HlGHWAY 

RIVER BETWEEN 
TWO MOUNTAINS 
BRIDGE Mite 411.6 
TEMPORARY 
CROSSlNG 

d.*lWtd 4 CO"?" O 

d, lT  JANUARY 1974 
drmm by dellln. O 



I 
I 
I 

STEEL DECK 

CONCRETE DECK 

ALTERNATE DECK SYSTEMS 

1 9554 - P304 



RMI. CROWTHEP b PARTNERS LIMITED 

R I V E R  BETWEEN TWO MOUNTAINS BRIDGE: 

I n t roduc t i on .  

The pre l im inary   b r idge  des ign ,  Dwg. 9554-P, has th ree  spans 

supported by two  r iverbank  p iers  The n o r t h   p i e r   i s   l o c a t e d   a t   t h e  

September,  1972 low  water   leve l  and t h e   s o u t h   p i e r   s l i g h t l y   h i g h e r .  

Environmental  Impact. 

The environmental  impact  appears  negl i g i  b l e   o t h e r   t h a n   f o r  

f i s h .   F i s h   a c t i v i t y  appears year round,  the  heaviest  between  early 

May t o   l a t e  December. Wal l eye  and p i k e  eggs are  present from 

January t o  A p r i l .  

L i t t l e   w i l d l i f e   s i g n  was observed i n   t h i s  area. 

Recommended procedures are: 

- The pre ferab le   t ime for any d is turbance i n  t h e   r i v e r   i s   f r o m  

January 1 t o  Apri 1 1. Some disturbance  of  fry i s   a n t i c i p a t e d  

dur ing   Apr i  1 . 
- Restore  any  disturbance i n  the  channel t o  i t s   o r i g i n a l   c o n t o u r .  

- Erect   the spans when t h e   r i v e r  is f rozen. 

- Riprap  should  not be taken   f rom  the   r i ve r  bed. 

- B1 - 



E 

Sumnary . 
The cont r ibut ion  of the  design  submitted has some p o t e n t i a l  

environmental e f f e c t s  during  the  construction of the p iers .  

Encroachment on the river should be minimized  because of the  apparent 

y e a r   r o u n d   f i s h   a c t i v i t i e s .  

- B2 - 



Relu. CKOWTHER k PARTNERS LIMITED 

R I V E R  BETWEEN TW9 MOUNTAINS TEMPORARY CROSSING: 

Introduction. 

The proposed temporary crossing o f  River Between Two Mountains 

i s  located  approximately  300-feet upstream from the proposed 

permanent highway crossing. The bridge is a two span design 

supported by three rock fi l led  cribs  located a t  mid-stream and 

above the low water  level on either  shore. 

Environmental Impact. 

The environmental impact appears  negligible  other t h a n  fo r  

f i sh .  The piers  will  cause a slight  increase in current  velocities 

d u r i n g  high water. The mid-channel p i e r   i s  a potential   restraint  for 

floating  ice and debris. Access and excavation work will cause 

some disturbance o f  the stream bed  and will resul t  i n  temporary 

turbidi ty  and s i  1 t i n g  downstream. 

Archaeological  surveillance  should be maintained d u r i n g  

any riverbank  excavation. 

Recommended procedures  are: 

- Longer spans would minimize encroachment on the channel and 

h i g h  water velocit ies.  

- Bui  1 d the  cribs d u r i n g  low water from January t o  March. 

- B3 - 



REID. CROWTHEW b PAIAUTNER~ I.IMITED 

- A shear and r iprap  protect ion  against   scour  should be considered 

for  the  mid-stream crib.  

- Erect the spans when t h e   r i v e r  i s  frozen. 

- Restore  the  disturbed  channel t o  i t s  or ig inal   contour .  

- Invest iga te  for other  than river bed sources of r i p r a p .  

Summary . 
The design  submitted has minimal  environmental  effects i f  

no stream bed sources o f  r i p r a p  are u t i 1   î z e d .  

- B4 - 



DEFINITIONS 

SYMBOL 

wl 

W P 

I P 

PSf 

PCf 

- L i q u i d  limit 

- Plast ic  limit 

Natural water content  

Plasticity 

pounds 

pounds 

index 

square foot  

cubic foot  

Coefficient of earth pressure 

- Cl - 

at rest 



MAJOR 

COARSE 
GRAINED 

SOILS 

I 

- 

morr thon 50% 
of Inatmrial i s  

LARGER 
than no. 200 

nier. sire 

a 

FINE 
GRAINED 

SOILS 

I 

mon thon 50% 
of material i s  

SMALLER 
thon no. 200 
sieve site I 

DIVISIONS 

GRAVEL 
AND 

GRAVELLY 
SOILS 

more than 50% 
sf coarse froction 

RETAlNEDon 
no. 4 sieve 

SAND AND 
SANDY SOILS 

more thon 50% 
I f  cqorse froctior 

PASSING 
no. 4 aiove 

SILTS 
AND 

CLAYS 

CLEAN 
GRAVELS 
[littlr or 
no finos) 

GRAVELS 
WITH FINES 
(opprecioble 

amount of 
fines) 

CLEAN SAND 
(littlr or no 

f inor) 

SANDS WITH 
FINES 

(opprrcioblr 
ornount of 

fines) 

liguid limit 
LESS 

thon 50 

SILTS liquid limit 

CLAYS rhon 50 
AND GREATER 

I HIGHLY ORGANIC SOILS 

- 
LETTER 
1YMBOL - 
GW 

GP 

GM 

GC 

sw 

SP 
- 

SM 

S C  - 
ML 

CL 

O1 

MH 

C H  

OH - 
P T  - 

TYPICAL DESCRIPTIONS 

W C U - W A D E D  @ l N t L S ,  GIAVEL-SAND 
MIXTURIS, L l f T L l  01 NO CINES 

OORtY-OR&OCD GIAVElS, GUVLL-SAIJI 
M I X f U R C S , L l T T L C  OR NO FINES 

S l l T V  G I A V t t S , G R A V E L - S A ~ D -  
S I L T  MIXTURES 

CLAYEV  GRAVCLS,GRAVEL-SAND- 
ClAV MIXTURCS 

W E L L - O R A D C D   S A N D S ,  ORAVl i l lY  
SANDS, L l t T l E  01 NO FINES 

POORLY-GRADED SANDS, GR*VCLLY 
SANDS, L l T T l t M  WO FINES 

SILTY SANDS,$AND-SILT  MIXTURES 

CLAYEY SANDS, SAND-CLAYMIXTURES 

SANDS,ROCW CLOUR,SllTV OR CLAYEY 
I N O R G A N I C  S I L T S  AND VERV FIME 

FINE  SANOS M CLAYEY SILTS WITH 
SLIGHT PLASTICITY 

IWORGANIC  CLAYS OF L O W  TO MLDlUl 
PLASTICITV, GRAVELLY CLAYS, SANDY 

C L A Y S , 5 1 1 T ~ C l ~ V S , L E A N  CLAVS 

O R G A N I C  51115 AND ORGANIC 
5111Y CLAYS OF LOW PLASTICITY 

I N O R G A N I C  SILTS, *IIC*CCOUs OR 
OIATOYACEOUI F I N E   S A N D  OR 

S l L l Y  5011s 

I N O R G A N I C   C L A Y S  OF HIGH 
C l A S T l C l T Y ,  FAT CLAVS 

OROANIC CLAYS OF M E D I U M  TO 
HIGH PLASTICITY, O R G A N I C  S l l T S  

PWT, nwus,  SWAMP m i s  
WlTW HIGH O R G A N I C   C O N T E N T S  

SOIL CLASSIFICATION CHART 

UNIFIED SOIL CLASSIFICATION SYSTEM 

- c2 - 



T 
MAJOR GROUP 

DESCRIPTION 

SEGREGATED 
ICE IS NOT 

VISIBLE BY EYE 

SEGREGATED 
ICE IS 

VISIBLE BY EYE 

( ICE 1 INCH 
OR LESS 

IN THICKNESS) 

ICE 

THAN 1 INCH 
IN 

THICKNESS) 

(GREATER 

ESIGNATlOh 

N 

V 

ICE 

SUB-GROUP 

DESCRIPTION 

POORLY BONDED 
OR FRIABLE 

1 

! NO EXCESS ' I C E  
W E L L  1""" 

BONDED I 
EXCESS 

ICE 

INDIVIDUAL ICE 
CRYSTALS  OR 
INCLUSIONS 

ICE COATINGS 
ON PARTICLES 

RANDOM OR 
IRREGULARLY  ORIENTED 

ICE  FORMATIONS 

STRATIFIED  OR 
DISTINCTLY  ORIENTED 

ICE FORMATIONS 

ICE WITH SOIL 
INCLUSIONS 

ICE WITHOUT 
SOIL INCLUSIONS 

ICE CLASSIFICATION CHART 

NRC/ACFEL ICE CLASSIFICATION SYSTEM 

ESENATIC 

Nf 

I 
I n  
I 

N b  +- 
I 

I '  
.1 

v x  

V C  

V r  

VS 

ICE +SOI 
TYPE 

I C  E 
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I 

o 
P 

1 

a l  ACRES CONSULTING SERVICES LIMITED 
~~ ___ 

M.H.R.  RIG 2 1 S U F  

SOIL CESCRIPTION 

BROWN SAND AND GRAVEL 
WITH BOULDERS 

DRILL HOLE REPORT DEPARTMENT OF PUBLIC WORKS, CANADA MACKENZIE HIGHWAY I 
NO: A2277 

DRAINAGE 

ICE 
ESCRIPTIOW 

- I 0 8 I CHAINAGE : 87 3+12 1 OFFSET 
30D 1 VEGETATION A F  & LEV 274 

TEST MOLE 

REMARKS 



1 1  ACRES CONSULTING SERVICES LIMITED I 

ICE 
DESCRlPTlON I t 1 

l 
AT PIER LOCATIOP 
RIVER BETWEEN 
,rwo MOUNTAINS I 

GREY SAND AND GRAVEL 
WITH SILT AND' COBBLE I 

l 
I 

i" I 
! 

! 

5 



1 1 1  ACRES CONSULTING SERVICES LIMtTED 
~~~ ~ 

DRILL HOLE REPORT DEPARTMENT OF PUBLIC WORKS, CANADA MACKENZIE HIGHWAY 
NO: A 7 2 7 7 2  - 108 1 CHAINI\GE 873 + 12 I OFFSET TEST noLE 

LEV 274  6 1 
ICE 

KSCRIPTION 

UN - SIZE MILE B,C,S NUMBE 

REMARKS I 
i 
i 
i 
! 

i 
i 

I 
i 

;Pi I 

I 
i 
l 

! 
t 

o cn 
I 

l 
1 

i 
i 
i 
1 

I 
END OF HOLE AT 

60' 



ACRES CONSULTING SERVlCES LlMlTED 
CALGARY, ALBERTA DRILL HOLE REPORT DEPARTMENT OF PUBLIC WORKS, CANADA MACKENZIE HIGHWAY 

~ T E C H  M . R .  IRIG 2 I SURFAC E DRAINAGE 

ICE 
KSCRlPTlON 

GRAtN- SIZE 
ANALYS1S 

7- 

f 

I 

i 

i 

REMARKS 

Drilled on 
R i v e r  B e t w e e n  
Two Mountains, 
Hole Cased to 
2 5  f t .  
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ACRES CONSULTiNG SERVICES LIMITED 
CALGARY, ALBERTA DRILL  HOLE RIEPORT DEPARTMENT OF PUBLIC WORKS, CANADA MACKENZIE HIGHWAY 

- lOFFSET ~ ~~ x TEST HOLE I SURFAC € DRAINAGE GOOD 1 VEGETATION ABF 
~~~ 

ICE 
ESCRIPTION 

SI2 c 
2 
E 

SOIL DESCRIPTION k :  
-: 
E: 
E h  
J Y  

Brown sand and$ gravel 
with some cobbles and' 

U 

L 

c -4 REMARKS 

N o r t h  bank of 
River Between 
Two Mountains ' 1 

a trace of silt and 
boulders  

GF 

GP 

GP 

t 

o 
O 

1 

-I 

85 
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