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INTRODUCTION 

T h i s   r e p o r t   h a s   b e e n   p r e p a r e d   t o   p r o v i d e   a n   o u t l i n e  

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

Works   Des ign  Teams i n   p r e p a r i n g   P r e l i m i n a r y   a n d   F i n a l   D e s i g n  

f o r   t h e   M a c k e n z i e   H i g h w a y .  As s u c h  i t  i s   i n t e n d e d  t o  p r o v i d e  

d a t a   f o r   v a r i o u s   r e v i e w i n g   a g e n c i e s   i n   t h e i r   a s s e s s m e n t  o f  

d e t a i l e d   d e s i g n s   p r e p a r e d   b y   D e p a r t m e n t   o f   P u b l i c   W o r k s ,  

T h i s   r e p o r t   h a s   t h r e e   m a i n   s e c t i o n s .   T h e   f i r s t  

s e c t i o n   p r o v i d e s   v a r i o u s   s t a t e m e n t s   a n d   d o c u m e n t s   r e q u e s t e d   b y  

t h e   M a c k e n z i e   H i g h w a y   E n v i r o n m e n t a l   W o r k i n g   G r o u p  (M.H.E.W.G. )  

i n   t h e i r   r e p o r t   r e g a r d i n g   I n f o r m a t i o n   D e f i c i e n c i e s   o f   J a n u a r y  

1 8 ,   1 9 7 3 ,   m o d i f i e d   b y   t h e   d i r e c t i o n   r e c e i v e d   f r o m   t h e   D i r e c t o r  

o f  E n g i n e e r i n g   a n d   A r c h i t e c t u r a l   B r a n c h ,  I . N . A .  da ted   December  

10,   1973.  

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

D e p a r t m e n t   o f   P u b l i c   W o r k s   f o r   t h e   D e s i g n  o f  M i l e  297 t o  M i l e  

5 4 3 .   T h i s   i n f o r m a t i o n   i s   r e p e a t e d   f r o m   " G e n e r a l   D e s i g n   D a t a  

M i l e   2 9 7   t o   M i l e   5 4 3 " d a t e d   A u g u s t  20, 1 9 7 3 ,   a n d   f r o m   s e l e c t e d  

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

Oc tober   and   November   1973 .  

T h e   t h i r d   s e c t i o n   p r o v i d e s   a d d i t i o n a l   i n f o r m a t i o n   a s  

r e q u e s t e d   b y   t h e   D i r e c t o r   o f   E n g i n e e r i n g   a n d   A r c h i t e c t u r a l  

B r a n c h ,  I .N .A .  d a t e d   D e c e m b e r   1 0 ,   1 9 7 3 .   T h i s   s e c t i o n   a l s o  

o u t l i n e s   t h e   d e t a i l e d   d e s i g n   d a t a   w h i c h  will b e   p r o v i d e d   w i t h  
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A p p e n d i x  " A "  c o n t a i n s  a l i s t  o f  o t h e r   r e p o r t s  

p u b l i s h e d   p r e v i o u s l y   c o n t a i n i n g   D e s i g n   D a t a   w h i c h   a r e   p e r t i n e n t  

t o   t h i s   S e c t i o n  o f  t h e   M a c k e n z i e   H i g h w a y .  

I T  MUST BE  EMPHASIZED THAT  THE  DATA  CONTAINED WITHIN 

THIS REPORT I S  A GENERAL OUTLINE OF DESIGN  CRITERIA AND I S  NOT 

INTENDED TO ESTABLISH  RIGID STANDARDS TO BE USED I N   A L L  CASES 

IN THE DESIGN OF THE MACKENZIE HIGHWAY, THE RESPONSIBILITY 

FOR THE DESIGN OF THE HIGHWAY AND I T S  CONSTRUCTION  RESTS WITH 

THE DESIGN AGENCY, THE DEPARTMENT OF PUBLIC WORKS, THE DESIGN 
. .  

AGENCY MUST HAVE THE F L E X I B I L I T Y  TO EXERCISE  EXPERIENCE AND 

JUDGEMENT I N  THE USE AND APPLICATION OF GENERAL STANDARDS OF 

DESIGN  CRITERIA, 



SECTION A 
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. . . .  . .  

SECTION A - 1, 
NERAL PROCEDURES FOR EXCAVATION IN PERMAFROST 

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

a n d  des ign  i s  t o  avo id   excava t ion  i n  permafros t   wherever  a n d  

wheneve r   poss ib l e ,   I f ,   however ,   excava t ion  i n t o  pe rmaf ros t  

must be c o n s i d e r e d   t h e n   t h e   f o l l o w i n g   b a s i c   p r i n c i p l e s   a r e  

b e i n g ,  o r  w i l l  be  used: 

( i )  Where t h e   m a t e r i a l s  i n  q u e s t i o n   a r e   s t a b l e   d u r i n g  and 

a f t e r  thaw  the   excavat ion   would  be c a r r i e d  o u t  us ing  a con- 

v e n t i o n a l   s l o p i n g   t e c h n i q u e .  

( i i )  The  use o f  v e r t i c a l   b a c k s l o p e s   w i l l  be c o n s i d e r e d  i n  

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

i n s u l a t i n g   v e g e t a t i o n   c o v e r  on t h e   t e r r a i n ,   T h i s   t e c h n i q u e  

has n o t  b e e n   a p p l i e d   i n   t h e  N.W.T. i n   t h e   p a s t  b u t  i t  has 

been  used i n  A l a s k a   s i n c e  a b o u t  1970  w i t h   a p p a r e n t l y  f a v o u r -  

a b l e   r e s u l t s .  The i n i t i a l l y   i n d i c a t e d   b e n e f i t s  o f  t h e  

technique  have  been ( 1 )  a s e l f   s l o p i n g ,   s t a b i l i z i n g  a n d  r e -  

v e g e t a t i n g   p r o c e s s   u t i l i z i n g   t h e   u n d i s t u r b e d   n a t u r a l   v e g e t a -  

t i v e   c o v e r   a b o v e   t h e   v e r t i c a l   b a c k s l o p e  ( 2 )  a n  a p p r e c i a b l e  

r educ t ion   i n   t he   vo lume  o f  s e d i m e n t s   r e l e a s e d   i n t o   t h e   d i t c h  

f low t h r o u g h  thawing o f  t h e   s l o p e ,  a n d  ( 3 )  economics o f  con- 

s t r u c t i o n .  A f a c t o r  t h a t  must  be s t u d i e d  w i t h  r e s p e c t  t o  t h e  

use o f  v e r t i c a l   b a c k s l o p e s   i s   t h e   p o s s i b l e  mass s t a b i l i t y  

dange r s  when used  in   very h i g h  c u t s   p a r t i c u l a r l y  d u r i n g  t h e  

overhang or canopy   s t age  of  s t a b i l i z a t i o n .  
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(iii) I n   a r e a s   o f   u n s t a b l e   s o i l s   w h e r e   v e r t i c a l   c u t s   a r e   u n -  

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

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

b o t t o m s   b e i n g   b l a n k e t e d   f o r   t h e   p u r p o s e   o f   i n s u l a t i o n   a n d / o r  

c o n t a i n m e n t   a s   w e l l   a s   p r o t e c t i o n   a g a i n s t   e r o s i o n .   T h e  

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

g r a n u l a r   m a t e r i a l s ,   h o w e v e r   s t u d i e s   a r e   b e i n g   c o n d u c t e d   i n t o  

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

such  a s  w o o d   c h i p s   o r   m a n u f a c t u r e d   i n s u l a t i n g   m a t e r i a l s ,   T h e  

s l o p e  o f  t h e   b a c k s l o p e   a n d   t h e   t h i c k n e s s   a n d   t y p e   o f   b l a n k e t  

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

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

a n d   s i l t a t i o n   c h a r a c t e r i s t i c s  o f  t h e   b a c k s l o p e   m a t e r i a l s .   T h e  

d e s i g n   o b j e c t i v e s   w o u l d   b e   t o   e i t h e r   m a i n t a i n   t h e   t h e r m a l  

r e g i m e   o f   t h e   b a c k s l o p e   m a t e r i a l   o r   t o   c o n f i n e  i t  a n d   h o l d  i t  

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

( i v )  T h e   s u b g r a d e   i t s e l f  i n  t h e   c u t   w o u l d   b e   s u b - e x c a v a t e d   a n d  

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

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

n e a t h   a n d / o r   t o   p r o v i d e  a s t r u c t u r a l l y   a c c e p t a b l e   r o a d  

g r a d e .   T h e   u s e   o f   w o o d   c h i p s  or m a n u f a c t u r e d   i n s u l a t i o n   i s  

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

c a p a b i l i t i e s .   T h e   d e p t h   t o   w h i c h   e x c a v a t i o n   a n d   b a c k f i l l  

w o u l d   t a k e   p l a c e   a t   a n y   p a r t i c u l a r   l o c a t i o n   w o u l d  be  d e t e r m i n e d  

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

e f f o r t   a s   w e l l   a s   t h e   i c e   c o n t e n t   a n d   s o i l   c h a r a c t e r i s t i c s  

w i t h i n   t h e   d e p t h   o f   t h e r m a l   d e g r a d a t i o n   t h a t   c a n   b e   e x p e c t e d .  

. . .  5 
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SECTION A - 2 
Cur VERT I C  I NG 

. . . .  

The problem  of   i c ing  a t  o r  i n  c u l v e r t s  a n d  s m a l l   b r i d g e s   i s  a 

problem t h a t  has long   p lagued   the   h ighway  des igner   and   main-  

t a i n e r .   W h i l e  a number o f   s o l u t i o n s   t o   t h e   p r o b l e m   h a v e   b e e n  

deve loped   ove r  t h e  y e a r s ,   u n f o r t u n a t e l y   t h e   f o o l p r o o f   s o l u t i o n ,  

wh ich   can   be   apn l i ed   t o  an i c ing   p rob lem i n  q e n e r a l  h a s  no t  

b e e n   d e v e l o p e d .   C e r t a i n   s o l u t i o n s   a r e   o n l y   e f f e c t i v e   u n d e r  

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

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

so t h a t  t h e   a p p r o p r i a t e   s o l u t i o n   c a n  be s e l e c t e d  or d e v i s e d .  

I t  i s   p r e s e n t l y   f e l t   t h a t   f o r  the  Mackenzie  Highway  one o f  t h e  

more major problems wi l l  be i n  t h e   i d e n t i f i c a t i o n   o f   s t r e a m s  

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

p rob lem  and   t o   de t e rmine  t h e  n a t u r e   o f   t h e   a n t i c i p a t e d   i c i n g  

p r o b l e m   a s   w e l l   a s   t h e   c i r c u m s t a n c e s   t h a t   w i l l   p r o m o t e   o r  

a g g r a v a t e   t h e   p r o b l e m .  To t h i s  end a c l o s e   e v a l u a t i o n   o f  

e x i s t i n g   s t r e a m   c r o s s i n g s   t h r o u g h o u t   t h e  Yukon and N . W . T .  w i l l  

be unde r t aken .  Some v a l u a b l e   i n f o r m a t i o n   s h o u l d   a l s o  be 

a v a i l a b l e   f r o m   a n   a s s e s s m e n t   o f   t h e   s t r e a m   c r o s s i n g s   a l o n g   t h e  

w i n t e r   r o a d   t o  Fort Good Hope (Mi le  7 2 5 ) .  

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

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

r i s e s   a b o v e  a c e r t a i n   l e v e l ,   t h e r e  now a p p e a r s   t o  be t h e  

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

may o c c u r   w i t h i n   c e r t a i n   c u l v e r t s   a s   t h e   r e s u l t   o f   t h e  

a g g r a d a t i o n   o f   p e r m a f r o s t  u p  i n t o   t h e   f i l l  and   a round  the  

. . .  6 
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3 

c u l v e r t .  The r e s u l t i n g   p r o b l e m   c o u l d   c o n c e i v a b l y   m a n i f e s t  

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

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

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

seem t o   b e   w a t e r   t e m p e r a t u r e ,   s o i l   t e m p e r a t u r e   i m m e d i a t e l y  

a d j a c e n t   t o   t h e   c u l v e r t   a n d   t h e   v e l o c i t y / v o l u m e   o f   t h e   f l o w ,  

It a l s o   a p p e a r s   t h a n   a n   a g g r a v a t i o n   o f   a l l   p o t e n t i a l   i c i n g  

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

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

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

p e r i o d s   o f   t h e   y e a r .  

To o v e r c o m e   o r   m i n i m i z e   p r o b l e m s   t h e   f o l l o w i n g   a r e  a number o f  

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

teams.  As m e n t i o n e d   a b o v e ,   t h e   s o l u t i o n   f o r   e a c h   s i t e   m u s t  

b e   d e t e r m i n e d   o n   t h e   b a s i s   o f   c i r c u m s t a n c e s   k n o w n   t o   e x i s t   o r  

t h a n   c a n   b e   a n t i c i p a t e d   a t   t h e   s i t e .  

(i) P r o p e r   c h a n n e l   d e s i g n   i m m e d i a t e l y   u p s t r e a m  & d o w n s t r e a m  o f  t h e  

s t r u c t u r e   t o   e n s u r e   t h a t   n o   s i t u a t i o n   i s   c r e a t e d   w h i c h  will i n -  

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

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

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

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

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

i t  r e a c h e s   t h e   r o a d   c u l v e r t .   S u c h   m e a s u r e s   m u s t ,   h o w e v e r ,   b e  

u s e d   w i t h   d i s c r e t i o n   w h e r e   f i s h   u s e   t h e   s t r e a m   i n   t h e  summer, 

. . .  7 



- 7 -  

c 

c 

L 

T h e   u s e   o f   f a b r i c   f e n c i n g   u p s t r e a m   f r o m   t h e   c u l v e r t  i s  a n o t h e r  

m e t h o d   o f   a c c e l e r a t i n g   a n d   d l s s l p a t l n g   t h e   I c i n g   c o n d i t i o n  

b e f o r e  i t  r e a c h e s   t h e   r o a d .   A b s o r p t i o n  o f  m o i s t u r e  b y  t h e  

f a b r i c   f e n c e   r e s u l t s   i n  a s e l f - m a i n t a i n i n g   i c e  dam a g a i n s t   t h e  

f r e e z i n g   f l o w .  T h e   u s e   o f   t i m b e r   w a l l s ,   f e n c e s ,   e t c .   u p s t r e a m  

f r o m   t h e   r o a d   a r e   f u r t h e r   v a r i a t i o n s   t o   t h i s   a D p r o a c h   o f   c o n -  

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

(ii) The  use o f  s t e p p e d   c u l v e r t s   i n   l a r g e r   f i l l s   w h i c h   a l l o w s  

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

h a v e   b e e n   b l o c k e d   b y   i c e ,   U n l e s s   t h e   t o p   c u l v e r t  i s  s i z e d   t o  

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

o p e r a t i o n  i s  r e q u i r e d   t o   e n s u r e   l o w e r   c u l v e r t s   a r e   o p e n e d  

b e f o r e   s p r i n g   b r e a k u p .   S i z i n g   t h e   t o p   c u l v e r t   t o   c a r r y  maximum 

f l o w   c a n   b e   q u i t e   c o s t l y   f o r   s t r e a m s   h a v i n g   l a r g e r   f l o w s ,  

(iii) I n s u l a t i n g   o f   t h e   e x t e r i o r   s u r f a c e   o f   t h e   c u l v e r t   p r i o r  

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

i s  known t o   e x i s t  a t  t h e   p r e s e n t   t i m e ,   t h . e   p r i n c i p l e   a p p e a r s  

t o   h a v e   t h e   b e s t   p o t e n t i a l   f o r   c a s e s   w h e r e  a c u l v e r t  will o r  

may b e   e n c a s e d  i n   p e r m a f r o s t .  

( i v )   D r a p i n g   c u l v e r t   e n d s   w i t h  a s p e c i a l   f a b r i c   t o   h e l p   m a i n -  

t a i n  a h i g h e r   a i r   t e m p e r a t u r e   w i t h i n   t h e   c u l v e r t ,   T h e   f l o w  

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

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

t o   i m p r o v e   t h i s   b a l a n c e .  It a p p e a r s ,   h o w e v e r ,   t h a t   t h e   d r a p i n g  

m i g h t   h a v e   n e g a t i v e   e f f e c t s   i n   c a s e s   w h e r e   t h e   p o t e n t i a l   i c i n g  

p r o b l e m   w o u l d   r e s u l t   f r o m   p e r m a f r o s t   a r o u n d   t h e   p i p e .  

( v )   I n   e x t r e m e   s i t u a t i o n s ,   r e - a l i g n m e n t   o f   t h e   r o a d   l o c a t i o n  

m a y   b e   n e c e s s a r y   w h e r e   s i g n i f i c a n t   d r a i n a g e   i m p r o v e m e n t s   c a n  

b e   a c c o m p l i s h e d   b y   s u c h  a move. 

( v i )   W h e r e v e r  a s e r i o u s   i c i n g   p r o b l e m   i s   e x p e c t e d   w i t h   r e s p e c t  

t o  a c u l v e r t   i n s t a l l a t i o n  and even  i f  a n   a p p a r e n t l y   s u c c e s s f u l  

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

i t  i s   p r o p o s e d   t h a t   s t e a m   t h a w   l i n e s   b e   i n s t a l l e d   i n   t h e   c u l v e r t  

w i t h   v e r t i c a l   r i s e r s  s o  t h a t   t h a w i n g   c a n   r e a d i l y   a n d   q u i c k l y   b e  

c a r r i e d   o u t  i f  r e q u i r e d .  
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SFCTIOrV A-3 
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DITCHING I N  ERMA 
. . . . . . . . . , . . 

FROST 

As w i t h   r o a d w a y   c u t s   i n   p e r m a f r o s t ,   d i t c h i n g   i n   p e r m a f r o s t  will 

b e   a v o i d e d   w h e r e v e r   a n d   w h e n e v e r   p o s s i b l e ,   T h i s  will be 

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

t o   e l i m i n a t e   o r   m i n i m i z e   t h e   p o n d i n g   o r   f l o w   o f   d r a i n a g e   w a t e r  

a l o n g   t h e   t o e   o f   t h e   r o a d  fill a n d  i t  may e v e n   r e q u i r e  some 

l o c a l i z e d   r e - a l i g n m e n t  o f  t h e   r o a d   l o c a t i o n   t o   t a k e   a d v a n t a g e   o f  

i m p r o v e d   r o a d s i d e   d r a i n a g e   c o n d i t i o n s .   W h e r e   d i t c h i n g   i n   p e r m a -  

f r o s t   i s   u n a v o i d a b l e ,   h o w e v e r ,   i n   o r d e r   t o   e l i m i n a t e   u n d e s i r a b l e  

p o n d i n g   o r   t o   i m p r o v e   d i s p e r s a l  o f  d r a i n a g e   f l o w s ,   t h e   f o l l o w i n g  

p r i n c i p l e s  will be  used:  

(i) Where t h e   m a t e r i a l s   i n v o l v e d   a r e   s t a b l e   d u r i n g   a n d   a f t e r  

t h a w ,   d i t c h i n g   w o u l d   b e   c a r r i e d   o u t   i n   t h e   c o n v e n t i o n a l   m a n n e r .  

( i i )   I n   u n s t a b l e   m a t e r i a l s ,   t h e   u s e   o f   n a r r o w   v e r t i c a l   s i d e d  

d i t c h e s   w o u l d   b e   c o n s i d e r e d   w i t h   t h e   p r e d i c t i o n   t h a t   t h e y  will 

s t a b i l i z e   t h e m s e l v e s   i n t o   r e v e g e t a t e d   s w a l e s   o r   d e p r e s s i o n s .  

It i s   i n t e n d e d   t o   e x p e r i m e n t   w i t h  some s h o r t   s e c t i o n s   o f   t h i s  

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

( i i i )   I n   m a t e r i a l s   w i t h   h i g h   i c e   c o n t e n t s ,  i t  i s  p r o p o s e d   t h a t  

c r e a t i o n  o f  d r a i n a g e   s w a l e s   b e   u n d e r t a k e n   b y   c o n t r o l l e d   d i s -  

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

s u c h   a s   b y   t r a c k i n g   w i t h  a t r a c k e d   v e h i c l e .  It i s   i n t e n d e d   t o  

a l s o   e x p e r i m e n t   w i t h   t h i s   p r o p o s a l   u n d e r   c u r r e n t   c o n s t r u c t i o n  

a c t i v i t i e s ,  
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( i v )   B e c a u s e   o f   t h e   g e n e r a l   s u s c e p t i b i l i t y   o f   p e r m a f r o s t  

m a t e r i a l s   t o   e r o s i o n  w h e n   t h a w e d   o r   t h a w i n g ,   t h e   g r a d i e n t  o f  

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

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

t h e   m a t e r i a l  i n  q u e s t i o n ,  or w h e r e   t h e r e   i s   t h e   l i k e l i h o o d   o f  

u n c o n t r o l l e d   t h e r m a l   e r o s i o n ,   t h e   d i t c h  will b e   l i n e d   w i t h  

g r a n u l a r   o r   o t h e r   s u i t a b l e   e r o s i o n   r e s i s t a n t   m a t e r i a l ,  
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RANKMENT PFRFORMANCE OF SILT AND CLAY 
C l a y   a n d   s i l t s   u s e d  i n  c o n s t r u c t i o n   o f   e m b a n k m e n t s   i n   t h e  h . W . T .  

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

t o t a l  embankment f a i l u r e s   i n   o t h e r s .  T h e   p e r f o r m a n c e   t o   b e  

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

number o f   v a r i a b l e s   a n d   c a n n o t   b e   g e n e r a l i z e d   f o r   d e s i g n   p u r -  

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

t h e   f o l l o w i n g   f o r   e v e r y   p r o p o s e d   u s e   o f  silt a n d   c l a y   i n   e m b a n k -  

m e n t s .  

1 )   The   zone  i n   w h i c h   t h e   e m b a n k m e n t   i s   t o   b e   c o n s t r u c t e d ,   i . e .  

n o n - p e r m a f r o s t ;   d i s c o n t i n u o u s   p e r m a f r o s t ,   c o n t i n u o u s   p e r m a f r o s t ,  

2 )  T h e   p h y s i c a l   p r o p e r t i e s   o f   t h e   m a t e r i a l .  

3 )  T h e   m o i s t u r e   c o n t e n t   o f   t h e   m a t e r i a l .  

4 )  T h e   f r o z e n / u n f r o z e n   s t a t e ,  

5 )  I c e   c o n t e n t   i n   t h e   m a t e r i a l .  

6 )  P r o p o s e d   t i m i n g   f o r   c o n s t r u c t i o n ,   i . e ,   w i n t e r ,  summer. 

7 )  A n t i c i p a t e d   d e n s i t y   i n   t h e   e m b a n k m e n t ,  

S a t i s f a c t o r y   p e r f o r m a n c e   c a n   b e   e x p e c t e d   u n d e r   c o n d i t i o n s   w h e r e  

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

( p l a s t i c  limit) a r e   e x c a v a t e d  i n  t h e   u n f r o z e n   s t a t e   a n d   p l a c e d  

d u r i n g   t h e  summer m o n t h s   w i t h   c o n t r o l l e d   c o m p a c t i o n ,   E q u a l l y  

s a t i s f a c t o r y   p e r f o r m a n c e   c a n   b e   e x p e c t e d   f r o m   f r o z e n   h i g h   i c e  

c o n t e n t   s i l t s   a n d   c l a y s   e x c a v a t e d   i n   t h e   w i n t e r   m o n t h s ,   p l a c e d  

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

o f   b e t t e r   q u a l i t y   m a t e r i a l   o f  a t h i c k n e s s   s u f f i c i e n t   t o   e n s u r e  

t h a t   t h e   s i l t / c l a y   r e m a i n s   p e r m a n e n t l y   f r o z e n .  
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S a t i s f a c t o r y   p e r f o r m a n c e   s u b j e c t   t o   m a i n t e n a n c e   f o r   d i f f e r e n t i a l  

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

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

a n d   l a t e r   c a p p e d   o r   e n v e l o p e d   w i t h  a b e t t e r   q u a l i t y   m a t e r i a l s ,  

E q u a l   p e r f o r m a n c e   c a n   b e   e x p e c t e d   i n   s h a l l o w   f i l l s   c o n s t r u c t e d  

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

s i l t   f r o m   s o u r c e s   s u b j e c t   t o   s e a s o n a l   f r o s t   o n l y .   T h e s e   f i l l s  

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

w i t h   t h e  same m a t e r i a l .  

T o t a l l y   u n s a t i s f a c t o r y   p e r f o r m a n c e   c a n   b e   e x p e c t e d   i n   a t t e m p t i n g  

t o   u t i l i z e   t h e s e   m a t e r i a l s   i n  a f r o z e n   s t a t e   t o   c o n s t r u c t   t o t a l  

embankment o f   a n y   t h i c k n e s s .   H i g h   e m b a n k m e n t   c o n t a i n i n g   f r o z e n  

s i l t  a n d   c l a y   w h i c h  will b e   s u b j e c t   t o   t h a w  will n o t   p r o v i d e ,  

s a t i s f a c t o r y   p e r f o r m a n c e ,  

T h e   d e s i g n e r ' s   d e c i s i o n   o n   t h e   u s e  o f  c l a y   a n d   s i l t  i n  embank- 

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

s t a b l e   m a t e r i a l  , When s p e c i f i c   s e v e r e   c o s t   a l t e r n a t i v e s  become 

e v i d e n t  when a l l   g e o t e c h n i c a l   d a t a   i s   a v a i l a b l e ,   t h e   u s e   o f  

c l a y   s i l t s  will o n l y   b e   p r o p o s e d   w h e n  i t s  use  h a s  b e e n   v a l i d a t e d  

by  embankment s t a b i l i t y   a n a l y s e s .   D e s i g n   d e c i s i o n s  will a l s o   b e  

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

i s   i n  a p e r m a f r o s t   l o c a t i o n   o r   s u b j e c t   t o   s e a s o n a l   f r o s t   o n l y ,  

M o i s t u r e   c o n t e n t s   i n   m a t e r i a l   i n  a s e a s o n a l   f r o s t   a r e a   c a n   b e  

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

( i c e   c o n t e n t )   d e t e r m i n e d   b y   t e s t   b o r i n g s   i n   p e r m a f r o s t   c a n   b e  

m i s l e a d i n g  i f  t h e   m a t e r i a l   c o n t a i n s   i c e   l e n s e s   a n d   d e s i g n e r s  
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will t e n d   t o   a v o i d   u s e  o f  t h i s   m a t e r i a l   e x c e p t   u n d e r   c e r t a i n   c o n -  

d i t i o n s  o f  e n v e l o p i n g   w i t h   o t h e r   m o r e   s t a b l e   m a t e r i a l s .  

Where t h e   d e s i g n e r   h a s   d e t e r m i n e d   t h a t   s a t i s f a c t o r y   p e r f o r m a n c e  

c a n  be a n t i c i p a t e d   i n   t h e   c o n s t r u c t i o n  o f  e m b a n k m e n t s   w i t h  s i l t  

a n d   c l a y   t h e   d e s i g n  will p r o c e e d   w i t h   t h e   u t i l i z a t i o n  o f  t h e s e  

m a t e r i a l s .   I n   t h e s e   c a s e s ,   s p e c i a l   c o n s i d e r a t i o n  will b e   g i v e n  

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

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

t o   s m a l l   v a r i a t i o n s  o f  m o i s t u r e   c o n t e n t  when n o t   p r o t e c t e d   b y  

e n v e l o p i n g   o r   v e g e t a t i o n .  

. . . 14 
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E r o s i o n   c o n t r o l   i n   r o a d - s i d e   d i t c h e s   a n d   o n   c u t   f a c e s  will 

g e n e r a l l y   b e  by t h e   f o l l o w i n g   m e t h o d s   o r   a p p r o p r i a t e   c o m b i n a -  

t i o n s   t h e r e o f :  

(i) N a t u r a l   r e v e g e t a t i o n   o f   b a c k s l o p e s   b y   u s i n g   v e r t i c a l  

c u t s   a s   e a r l i e r   d e s c r i b e d ,  

(ii) S e e d i n g ,   m u l c h i n g   a n d   p l a n t i n g   o f   s l o p e s   w i t h   t h e   u s e  o f  

i t e m s   s u c h   a s   f a b r i c   m a t s   o r   b l a n k e t s   f o r   a d d e d   p r o t e c -  

t i o n   i n   c r i t i c a l   a r e a s .  A p r o g r a m  o f  o n - s i t e   e x p e r i m e n t a -  

t i o n   i n t o   s u i t a b i l i t y   o f   s e e d s   a n d   p l a n t s   a s   w e l l   a s  

r e v e g e t a t i n g   t e c h n i q u e s  was u n d e r t a k e n   l a s t  summer.  See 

S e c t i o n  C f o r   f u r t h e r   i n f o r m a t i o n .  

(iii) B l a n k e t i n g   s l o p e s   a n d   d i t c h   b o t t o m s   w i t h   s t a b l e   f r e e  

d r a i n i n g   g r a n u l a r   m a t e r i a l s .  T h e   p o s s i b l e   u s e   o f   w o o d  

c h i p s   t o   r e t a r d   e r o s i o n   i n   s p e c i a l   a r e a s  i s  a l s o   b e i n g  

c o n s i d e r e d .  

( i v )   B e n c h i n g  o f  c u t   a n d  fill s l o p e s   t o   p r o v i d e   d e p o s i t i o n  

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

c r i t i c a l   e a r l y   s t a g e s  o f  s t a b i l i z a t i o n .  

( v )  S p e c i a l   d i s p e r s a l   a r e a s   o r   s e t t l i n g   b a s i n s  will b e   p r o -  

v i d e d   f o r   d i t c h   f l o w   p r i o r   t o   i t s   e n t r y   i n t o   a q u a t i c  

h a b i t a t  s o  a s   t o   e l i m i n a t e   o r   m i n i m i z e   s i l t a t i o n .  An 

e f f o r t  will be  made t o   u t i l i z e   d e p l e t e d   b o r r o w   a r e a s   f o r  

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

a n d   w h e r e   c o m p a t i b l e   w i t h   t h e   p r o p o s e d   s e q u e n t i a l   l a n d  

u s e   o f   t h e   d e p l e t e d   b o r r o w   d e p o s i t s .  
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CUI VERT aF.SIGN 

Due t o   t h e   l a c k   o f   h y d r o l o g i c a l   i n f o r m a t i o n   i n   t h e   a r e a ,   t h e  

d e t e r m i n a t i o n   o f  a 50 y e a r   f l o o d   f l o w   c a n n o t   b e   c a r r i e d   o u t   i n  

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

t o   s t u d y   d r a i n a g e   a n d   r u n - o f f   c h a r a c t e r i s t i c s   f o r   t h e   a r e a   i n  

t h e   h o p e   t h a t   r e l a t i o n s h i p s   c a n   b e   d e v e l o p e d   w h i c h  will p e r m i t  

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

e x i t   v e l o c i t i e s .  S u c h   r e l a t i o n s h i p s   a r e   a l s o   b e i n g   s o u g h t   f o r  

s m a l l   c u l v e r t s   a s   w e l l  a s  t h e   l a r g e r   o n e s ,  

I t  i s   r e c o g n i z e d   t h a t   t h e   d r a i n a g e   d e s i g n   i n   t h e   v i r g i n  

t e r r i t o r y   i n   q u e s t i o n   i n v o l v e s   c o n s i d e r a b l y   m o r e   i n v e s t i g a t i o n  

a n d   r e a s e a r c h   t h a n   w o u l d   b e   r e q u i r e d   i n   a n   a r e a   w h e r e   d r a i n a g e  

d a t a   i s   m o r e   a v a i l a b l e ,  It s h o u l d   b e   n o t e d   t h a t   d r a i n a g e  

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

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

t h e   r i g h t - o f - w a y .   T h e   a i r p h o t o   m a p p i n g   s h o u l d   p e r m i t  a 

r e a s o n a b l e   d e t e r m i n a t i o n   o f   s m a l l   c u l v e r t   s i z e s   a n d   a p p r o x i -  

m a t i o n s   o f   t h e   l o c a t i o n s ,   h o w e v e r   t h e   a c t u a l   l o c a t i o n s  will 

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

t h e   f i e l d ,  

T h e   e x t e n t   a n d   d e t a i l   o f   t h e   c u l v e r t   s i z e   a n d   f l o w   c a l c u l a t i o n s   d a t a  

will b e   p r o v i d e d   f o r   m o r e   m a j o r   c u l v e r t s .  All c u l v e r t s   i n   e x c e s s  o f  

60" d i a m e t e r   a r e   b e i n g   d e s i g n e d   i n   a c c o r d a n c e   w i t h   g u i d e l i n e s  

. . . 1 6  
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p r o d u c e d   b y   t h e   D e p a r t m e n t   o f   E n v i r o n m e n t  - F i s h e r i e s   w h i c h  

r e q u i r e   t h a t  t h e  maximum v e l o c i t y   t h r o u g h   t h e   c u l v e r t   o n   t h e  

b a s i s   o f   s e v e n   d a y s   d e l a y   a f t e r   t h e   p e a k   r u n o f f   i n  a 50 y e a r  

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

i n   t h e   a d j a c e n t   s t r e a m .  On t h e   b a s i s   o f   t h e s e   g u i d e l i n e s ,   t h e  

D e p a r t m e n t   o f   P u b l i c   W o r k s   c o n s u l t a n t s ,   B o l t e r ,   P a r i s h   a n d  

T r i m b l e   L i m i t e d   p r o d u c e d  a f u l l   r e p o r t   r e g a r d i n g   t h e   H y d r o l o g y  

S t u d y   f o r   t h e   d e s i g n   o f   c u l v e r t s   f r o m   M i l e   2 9 7   t o   3 4 5 .   I n  

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

J a n u a r y   1 9 7 3   e n t i t l e d   " H y d r o l o g y   S t u d y   o f   B r i d g e   C r o s s i n g s   M i l e  

297 t o   M i l e  550 ,   Mackenz ie   H ighway" ,  

It i s   n o t   p o s s i b l e  t o  r e p e a t   h e r e   t h e   v a r i o u s   d e s l g n   c r i t e r i a  

u s e d   i n   t h e s e   r e p o r t s ,   h o w e v e r   f u l l   d i s t r i b u t i o n  of t h e   r e p o r t s  

were  made t o   a l l   a g e n c i e s   w i t h i n   t h e   E n v i r o n m e n t a l   W o r k i n g   G r o u p ,  

The D.P.W. c o n s u l t a n t   r e p o r t s   w e r e   e v a l u a t e d   b y   t h e   H y d r a u l i c  

D e s i g n   A s s e s s m e n t   C o m m i t t e e   o f   t h e   E n v i r o n m e n t a l   W o r k i n g   G r o u p  

a n d   t h e y   p r o d u c e d  a r e p o r t   o n  May 23 ,   1973   wh ich  i n   s y n o p s i s  

r e a d s   a s   f o l l o w s :  

S Y N O P S I S  

The hqdtological  analqtsia b y  0,P.W. 'ts hyd to log ica l  conAu.tz:ant 

meetts the  apphovat  ob t h e  Commit-tee.  The  amalt  dtainage aaea 

atudiets  being  conducted this yeah i n  a j o i n t  phogtram b y  2 l .P .W.  

and t h e  E . W . G .  w i l l  be  uaed t o  eva luate  a mahe heliabte d e l a y  

ditschahge doh bitsh patsaage a t   c u t v e t - t   i n b X a t l a t i o n a .  

. . . 1 7  
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C U t V e h X  a i z e  and Locat ion   ahould  be hpec id ied  on   d ina l   dea ign  

aubmibaiona doh atheam  ctrodainga  atong  acceaa  hoada. 

The   { ina l   dehign   aubmiaaionb { o h  t h e  1 9  majoh  Culvehttb  between 

Mi le  305.1 and M i t e  342.4 wehe checked b y  petdohming  bachwatetL 

COmpUtatiOnA. l t  wab i n d i c a t e d   t h a t  d o u h  06 t h e a e   i n b t a l l a t i o n b  

w i l t  b e ' b u b j e c t  t o  mean v e t o c i t i e s  i n  exceaa 06 d i v e  dee t  peh 

second doh t h e  d iah   mig tra t ion   de tay   d iachahge .   The   deaignehh 

have hecommended b a { { l e a  doh t h e a e  i na ta .Ua t iana  i n  ohdeh t o  

d a c i t i t a t e   ( i b h   p a h h a g e .   T h e  m o d e l  a tudy   be ing   cahhied   ou t  b y  

t h e  Canada Centtrte d o h  Inland Watetra t o  dettehmine t h e  optimum 

bad{& d e a i g n  i a  conaideked t o  be o d  t o p  p h i o h i t y .  The m o d &  

b t u d y  w i t 1  be c t o b e l y  h e t a t e d  t o  d i a h  dwimming  pehdohmance 

b t u d i e b  and h y d h o l o g i c a t   s t u d i e a  phLebe&ttY being  cahhied  out  i n  

t h e  d i e t d .  It i b  hecommended t h a t  V.P.W. conaideh  adopt ing t h e  

c u t v e h t   b a c h w a t m  pkogham deve loped  b y  membeta 06 t h e  C o m m i t t e e  

i n  ohdeh t o  &educe   the   ha theh   Lahge   deaign  c o b t a  t h a t   h a v e   b e e n  

ea t ima ted .  A mohe camphehenaive  analyaia 06 .the i c i n g  phobLem 

a t  highway C h O h A i n g b  06 btheama i b  hequihed i n  which t h e  

anatyaia  ahould be d i h e c t e d  t o  how t h e  highway  crreateb i c i n g  

p t o b t e m a ,  and t o  how t h e a e  phobtema  can be e l i m i n a t e d  O h  

treduced b y  dehign .  

W i t h  rreapect t o  t h e  p h o p o a e d  ohthophotomapping,   ptovidion  Ahauld 

be made t o  e x t e n d   t h e  mapping about  4 , 5 0 0  d e e t  dtrom t h e  cen theL ine  

06 t h e  highway a t  atheam  ChObAingh. It i a  aZhongty   uxged   tha t  

a t t  mapping be he{eaenced t o  t h e  Geodetic Sutrvey 06 Canada 

. . . 18 
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ho,tLizonta.t and uehd ica l  daxum4 .in ohdek t h a t  t h e  dinal  p, toducx 

(~~i1 . t  have a x~)~u.tg muttipte u ~ e .  

'It i~ kecommended t h a t  i n  t h e   c a a e  06 c u t v e k t  i n a t a t l a t i o n a  .in 

penmadnoat $that an a t t empt   be  made t o  have t h e  in1e. t  06 .the, 

c u l v e k t  d i tua ted  i n  t h e  nutunat &,&earnbed. 

. . . 1 9  
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SFCTIOii A-7 
BORRON P ITS 

The  number  of h o l e s   d r i l l e d   u n d e r   t h e   g e o t e c h n i c a l  p r o g r a m  f o r  

p o t e n t i a l  b o r r o w  a r e a s   v a r i e d   f r o m   d e p o s i t  t o  d e p o s i t   d e p e n d i n g  

on t h e   n a t u r e   o f   t h e   l a n d   f o r m   i n v o l v e d  a n d  t h e  a m o u n t  o f  

d r i l l i n g   t h a t  was found b o t h  n e c e s s a r y  a n d  f e a s i b l e  t o  r e a s o n -  

a b l y   d e f i n e   i t s   c o n t e n t s .   S i n c e   t h e   g e o t e c h n i c a l   p r o g r a m   i s  

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

a m o u n t  o f   e x c a v a t i o n   r e q u i r e d   a t   e a c h   b o r r o w   s i t e   i s   n o r m a l l y  

d e t e r m i n e d   d u r i n g   t h e   f i n a l   d e s i g n   p r o c e s s ,   i t  w o u l d  be 

d i f f i c u l t   f o r   t h e   d r i l l e r  i n  t h e  f i e l d  t o  know w h a t  l e v e l   t h e  

borrow p i t   m i g h t  be  excavated t o .  I t   i s ,  h o w e v e r ,   a n t i c i p a t e d  

t h a t   t h e r e   w i l l  be n o  d i f f i c u l t y   i n   t h i s   r e g a r d   a s   h o l e s   h a v e  

b e e n   d r i l l e d   w e l l   b e l o w   t h e   l o w e r   l i m i t  o f  m a t e r i a l s  t h a t  might  

be cons ide red   fo r   u se   i n   embankmen t s .  Any r e q u i r e m e n t   f o r  a n  

i n c r e a s e   i n   t h e   g e o t e c h n i c a l  p r o g r a m  f o r   b o r r o w   a r e a s  must b e  

a s s e s s e d   u n d e r   c o s t  a n d   t i m e   f a c t o r s .  

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

r e s t o r a t i o n   o f   b o r r o w   p i t s   c a n  be p r o v i d e d   i n   t h e   d e s i g n  

s u b m i s s i o n ,  i t  must be r ecogn ized  t h a t  t h e r e   a r e  many v a r i a b l e  

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

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

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

n a t u r e  would  be: 

- v a r i a t i o n s   i n   s h r i n k a g e   f a c t o r s   e n c o u n t e r e d   a s   o p F o s e d  t o  

t h o s e   e s t i m a t e d   f o r   d e s i g n ;  

. . , 2 0  
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- v a r i a t i o n s   f r o m   e s t i m a t e d   q u a n t i t i e s   a s  a r e s u l t   o f   u s i n g  

assumed l e v e l   o r i g i n a l   c r o s s - s e c t i o n s   f o r   d e s i g n ;  

- g r a d e l i n e   a d j u s t m e n t s   f o u n d   n e c e s s a r y   d u r i n g   c o n s t r u c t i o n ;  

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

t o   s e a s o n a l   a n d   c l i m a t i c   c o n d i t i o n s   a t   t h e   t i m e   o f   i t s  

d e v e l o p m e n t ;   t h i s  will a f f e c t   t h e   m a n n e r   i n   w h i c h  i t  c a n  

b e   d e v e l o p e d   t o  a g r e a t e r   o r   l e s s e r   d e g r e e .  

It i s  t h e r e f o r e ,   e m p h a s i z e d   t h a t   t h e   p r o p o s a l s   t h a t   c o u l d  be 

s u b m i t t e d   f o r   b o r r o w  p i t  d e v e l o p m e n t   a n d   r e s t o r a t i o n   w o u l d   b e  

r e a l i s t i c   o n l y   i n  a c o n c e p t u a l   s e n s e   w i t h   a d e q u a t e   f l e x i b i l i t y  

d i m e n s i o n a l l y   t o   a c c o m m o d a t e   t h e   m a n y   v a r i a b l e s t h a t   a r e  

i n h e r e n t   i n   h i g h w a y   c o n s t r u c t i o n .  

T h e   p r o c e d u r e   f o l l o w e d   b y   t h e   D e p a r t m e n t   o f   P u b l i c   W o r k s   i n  

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

b o r r o w   a r e a s   w i t h   t h e   u s e   o f   a i r p h o t o   i n t e r p r c t a t i o n .  When 

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

h o l e s   a r e   s p o t t e d   i n   a c c o r d a n c e   w i t h   t h e   a i r p h o t o   i n t e r p r e t a -  

t i o n .  T h e   g e o t e c h n i c a l   i n v e s t i g a t i o n   i s   e s s e n t i a l l y  a s e a r c h  

f o r   m a t e r i a l s   a n d   f o r   t h a t   r e a s o n  1 ,  2, 3 o r   p o s s i b l y  4 b o r e  

h o l e s   a r e   d r i l l e d   i n   a n y   p o t e n t i a l   b o r r o w   a r e a .   T h i s  i s  done 

w i t h  f u l l  a p p r e c i a t i o n   o f   t h e   f a c t   t h a t   o n l y  a p o r t i o n  o f  

t h o s e   a r e a s   d r i l l e d  will y i e l d   a d e q u a t e   b o r r o w   m a t e r i a l .   T h e  

d r i l l i n g   p r o g r a m   t a k e s   i n t o   a c c o u n t   t h a t   e v e n   w h e r e   a d e q u a t e  

m a t e r i a l   i s   l o c a t e d ,   o t h e r   f a c t o r s   i n v o l v i n g   e c o n o m i c s   o f  

v a r i o u s   t y p e s   o f   e q u i p m e n t ,   h a u l   a n d   e n v i r o n m e n t a l   i m p a c t  will 
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f u r t h e r   r e d u c e   t h e   n u m b e r   o f   t e s t e d   a r e a s   t o   t h e   n u m b e r  

f i n a l l y   u t i l i z e d   a s   b o r r o w   p i t s .   F o r   t h i s   r e a s o n  i t  i s   n o t  

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

a s s e s s m e n t  a c o m p l e t e   d e l i n e a t i o n   o f   e x a c t   m a t e r i a l s   w i t h i n  

a p r o p o s e d   b o r r o w   a r e a   a n d   t h e   d e l i n e a t i o n  o f  a f r o s t   l i n e  

i n   v a r i o u s   a r e a s   o f   p r o p o s e d   b o r r o w   p i t s .  

T h e   D e p a r t m e n t   o f   P u b l i c   W o r k s   f e e l   t h a t   t h r o u g h  a c o m b i n a t i o n  

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

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

p r e p a r e  a f i n a l   d e s i g n   w i t h   t h e   d e s i g n a t i o n   o f   b o r r o w   p i t s  

f o r   u s e   o n   t h a t   c o n t r a c t ,   W i t h   t h e   v a r i a t i o n s   i n   b o r r o w   u s e a g e  

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

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

p i t s   i s   n o t   w a r r a n t e d   p r i o r   t o   t e n d e r   c a l l .  

A f t e r   a w a r d   o f   c o n t r a c t   a n d   c o m m e n c e m e n t  o f  c o n s t r u c t i o n  i t  i s  

i m p e r a t i v e   t h a t   a d d i t i o n a l   g e o t e c h n i c a l   i n f o r m a t i o n   b e  

o b t a i n e d   t o   d e l i n e a t e   o v e r - b u r d e n   q u a n t i t i e s ,   f r o s t   l i n e   a n d  

a c t u a l   o p e n i n g   o f   t h o s e   p i t s ,  It i s   t h e   D e p a r t m e n t   o f   P u b l i c  

W o r k ' s   p o s i t i o n   t h a t   t h i s   i n f o r m a t i o n   c a n   b e   a d e q u a t e l y   a n d  

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

r o a d   b y   t r a v e l   o n   l i g h t - w e i g h t   v e h i c l e s   w i t h   d r i l l s   i n t o  

p r o p o s e d   b o r r o w   a r e a s   i n   a d v a n c e   o f   c o n s t r u c t i o n ,  
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SFCTIOFI A - 8 
EFFECTS OF CONSTRUCTION ON FISH AND k f I L D I . I F 1  

W i t h   r e g a r d   t o   t h e   e f f e c t s   o f   c o n s t r u c t i o n   o n   f i s h ,  i t  i s  p r o -  

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

L a n d   U s e   R e g u l a t i o n s   w i t h   s p e c i f i c   e m p h a s i s   o n   t h e   p r o v i s i o n s  

w i t h   r e s p e c t   t o   s t r e a m s   a n d   o t h e r   a q u a t i c   h a b i t a t .  

A v a i l a b l e   l i t e r a t u r e   a n d   d i s c u s s i o n s   w i t h   v a r i o u s   a u t h o r i t i e s  

shows t h a t  the p r o b l e m s   t h a t   c o n s t r u c t i o n   a c t i v i t i e s   m i g h t  

c r e a t e   w i t h   r e s p e c t   t o   w i l d l i f e   a r e   n o t   c l e a r l y   d e f i n e d   a n d / o r  

u n d e r s t o o d .  A p r o p o s a l  was o b t a i n e d   f r o m  a n   e n v i r o n m e n t a l  

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

s u s c e p t i b i l i t y   t o   c o n s t r u c t i o n   a c t i v i t i e s   a t  a c o s t   o f  $85,000. 

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

n o   a d v i c e   t o   p r o c e e d   o r   o t h e r w i s e   h a s   b e e n   r e c e i v e d .  

The D.P.W. e n v i r o n m e n t a l   c o n s u l t a n t s   h a v e   b e e n   c o m m i s s i o n e d   t o  

w o r k   w i t h   C a n a d i a n   W i l d l i f e   S e r v i c e s   a n d   F i s h e r i e s   S e r v i c e   t o  

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

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

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

t h a t   c a n   b e   a n t i c i p a t e d   a l o n g   t h e   M a c k e n z i e   H i g h w a y   t o g e t h e r  

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

s c h e d u l i n g   g u i d e l i n e s .  

A t  a m e e t i n g   h e l d   i n   Y e l l o w k n i f e   i n   e a r l y   J u n e   1 9 7 3   t o   d i s c u s s  

t h e   D e f i c i e n c y   R e p o r t  i t  w a s  c o n s i d e r e d   t h a t   t h e   o r i g i n a l  

r e s p o n s e   b y  D.P.W. was  somewhat  ambiguous. A t  t h a t   t i m e  i t  

, . . 2 3  
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was c l a r i f i e d   t h a t   t h e   D e p a r t m e n t   o f   P u b l i c  Works i s   a w a i t i n g  

d i r e c t i o n   f r o m   T e c h n i c a l   S e r v i c e s   B r a n c h   o f  I . N . A .  b e f o r e  

c o m m i s s i o n i n g   a n y   s t u d i e s   r e l a t i v e   t o   c o n s t r u c t i o n  t i m i n g ,  

The Department o f  P u b l i c  Works h a s   a d v i s e d   i t s   e n v i r o n m e n t a l  

c o n s u l t a n t s   t o   c o n f e r  w i t h  Env i ronmen ta l   Wi ld l i f e   Se rv ice   and  

F i s h e r i e s   S e r v i c e  and t o   s t u d y   a v a i l a b l e   i n f o r m a t i o n  w i t h  

r e s p e c t   t o   p o s s i b l e   e f f e c t s  on f i s h  and w i l d l i f e  by c o n s t r u c t i o n  

a c t i v i t i e s ,  However,  no f u l l   s c a l e   s t u d y   w i l l  be   under taken .  

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

b e e n   e s t a b l i s h e d  by DOE F i s h e r i e s   B r a n c h   w h i c h   r e s t r i c t  

c o n s t r u c t i o n   a c t i v i t i e s  i n  s t r e a m b e d s   w h i c h   a r e   i d e n t i f i e d   a s  

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

the  per iod   of  f i s h  m i g r a t i o n   f o r   s p a w n i n g ,  The e x a c t   t i m e s  

r e l a t e d  t o   e a c h   s t r e a m  w i l l  be  determined by t h e  DPW Environ-  

men ta l   Consu l t an t s  and i n f o r m a t i o n   r e l a t i v e   t o   t h e   r e s t r i c t i o n s  

w i l l  be c o n t a i n e d  i n  t h e   D e p a r t m e n t ' s   c o n t r a c t   d o c u m e n t s .  

F u r t h e r   i n f o r m a t i o n  on t h i s   s u b j e c t   i s   c o n t a i n e d  i n  S e c t i o n  B-5 

and 6-6 of t h i s  r e p o r t .  
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PONDING AND SURFACE DRAINAGE; 

A .  1 .   T e r r a i n   C h a r a c t ' e r i s t i c s   A f f e c t i n g   O v e r l a n d   F l o w  

T h e r e   a r e   s i g n i f i c a n t   v a r i a t i o n s   i n   t h e   t e r r a i n   c h a r a c t e r i s t i c s  

f o r   t h e   l e n g t h   o f   t h e   M a c k e n z i e   H i g h w a y   w h i c h   h a s   i n   t u r n  

r e s u l t e d   i n   s i g n i f i c a n t   v a r i a t i o n s  i n  t h e   r e q u i r e m e n t   f o r  

d r a i n a q e   f a c i l i t i e s   i n   a n d   a l o n g   t h e   h i g h w a y .  

2. D r a i n a g e   A r e a s   a n d   D e s i g n   F l o w s  

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

t h e   h y d r o l o g y   o f   t h i s   a r e a   a n d   a s   f a r   n o r t h   a s   M i l e  7 2 5 ,  

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

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

The r e s u l t s  o f  t h e   w o r k   c a r r i e d   o u t   t o   d a t e   b y   t h i s  firm will 

b e   p r e s e n t e d   i n   t h e   f o l l o w i n g   r e p o r t s :  

( a )   H y d r o l o g y   S t u d y   a n d   D e s i g n   o f   C u l v e r t s  will be 

c o v e r e d   i n   a l l   D e s i g n   S u b m i s s i o n s   b y   t h e  

H y d r o l o g y  S u m m a r y ,   S u p p l e m e n t e d   a s   r e q u i r e d  

w i t h   a d d i t i o n a l   H y d r o l o g y   R e p o r t s .  

( b )   P r e l i m i n a r y   B r i d g e   C r o s s i n g   R e p o r t ,   M a c k e n z i e  

H i g h w a v ,   M i l e   5 5 0 - 7 2 5 .  

T h e   s t r e a m s   d e a l t   w i t h  i n  t h e   a b o v e   n o t e d   r e p o r t s   a r e   t h o s e  

h a v i n g   d e s i g n   f l o w s   r e q u i r i n g   b r i d g e s   o r   c u l v e r t s   d r a i n i n g   a r e a s  

l a r g e r   t h a n   o n e   s q , M i .   L o c a l i z e d   a r e a s   i m m e d i a t e l y   a d j a c e n t  

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

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

t h e   h i g h w a y   a l i g n m e n t ,   T h e s e   l o c a l i z e d   f l o w s   r e l a t e   t o   t h e  
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d r a i n a g e   d e s i g n   i n v o l v i n g   c u l v e r t s  u p  t o  60   inches  i n  d i a -  

m e t e r .  

The de te rmina t ion   o f   d ra inage   bas ins   and   des ign   f l ows  f o r  t h e  

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

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

l a c k   o f   d e t a i l e d   i n f o r m a t i o n  on topography  and   run-of f  

c h a r a c t e r i s t i c s   t h a t  wou ld   be   necessa ry   t o   i so l a t e   and   quan t i fy  

t h e   r e l a t i v e l y   s m a l l  and l o c a l i z e d   a r e a s   i n v o l v e d ,  D u r i n g  

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

j u d g e m e n t   b a s i s   a s s i s t e d  by a i r p h o t o   i n t e r p r e t a t i o n ,   t o p o g r a p h i c  

mapping  where a v a i l a b l e ,  g r o u n d  r e c o n n a i s s a n c e  o f  t h e   d r a i n a g e  

b a s i n   w h e r e   p r a c t i c a l   a n d   f e a s i b l e ,   a n d   p r o b a b l y  most i m p o r t a n t  

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

p r o p o s e d   c r o s s i n g   s i t e  t o  e s t i m a t e   v o l u m e s   o f   h i s t o r i c  f l o w s ,  

Such   f l ow  e s t ima tes   can   be   conf i rmed   o r   mod i f i ed   a s   r equ i r ed  

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

p r o j e c t  as  more   in format ion  i s  accumulated w i t h  r e s p e c t   t o   t h e  

l o c a l i z e d   t e r r a i n   a d j a c e n t  t o  the   h ighway  a l ignment .  

3 .  Culve r t   S i zes   and   Loca t ions  

The s i z i n g  and l o c a t i o n   o f   b r i d g e s  a n d  c u l v e r t s   l a r g e r  t h a n  6 0  

i n c h e s  i n  d iameter   has   been   de te rmined  by t h e   D e p a r t m e n t ' s  

h y d r o l o g y   c o n s u l t a n t .  

The d e t e r m i n a t i o n  o f  t h e   s i z e  o f  c u l v e r t s  u p  t o ' 6 0   i n c h e s   i n  

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

. . . 2 6  



- 26 - 

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

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

w a t e r   c o u r s e   w h i c h   i s   i n v a r i a b l y   o b v i o u s .  

I n   t h e   c a s e  o f  c u l v e r t s   r e q u i r e d   t o   a c c o m m o d a t e   o v e r l a n d   f l o w  

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

o f   f l o w   i n v o l v e d   i s   o n l y   o n e   o f  many f a c t o r s   i n v o l v e d   i n  

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

a min imum 30" d i a m e t e r ,   t h e   m a j o r i t y   o f   t h e s e   c a s e s ,   t h e   f l o w  

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

i n s t a l l a t i o n   p r o p o s e d .   O v e r l a n d   f l o w   n o r m a l l y   t e n d s   t o   m i g r a t e  

t o w a r d   s t r e a m s   a n d   n a t u r a l   d r a i n a g e   c o u r s e s   a n d   r e m a i n s   a s  

o v e r l a n d   f l o w   f o r   o n l y  a r e l a t i v e l y   s h o r t   p e r i o d  o f  t i m e ,  

F i g u r e  1 i s  a s i m p l i f i e d   i l l u s t r a t i o n   o f   t h e   m i g r a t i o n  o f  o v e r -  

l a n d   f l o w   t o w a r d s   n a t u r a l   w a t e r   c o u r s e s   a n d   t h e   e f f e c t   t h a t  a 

r o a d w a y ,   e i t h e r   w i t h   o r   w i t h o u t   d i t c h e s ,   h a s   o n   t h i s   m i g r a t i o n ,  

T h e r e   a r e   o f   c o u r s e  many v a r i a t i o n s   i n   d r a i n a g e   p a t t e r n s  

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

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

same. 

R e f e r r i n g   t o   F i g u r e  1, i t  c a n   b e   s e e n   t h a t   t h e   o v e r l a n d   f l o w  

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

a r e a   a ,   c ,  d ,   a s   o v e r l a n d   f l o w   a n d   w o u l d   e n t e r   t h e   n a t u r a l  

w a t e r   c o u r s e   o v e r   i t s   l e n g t h   f r o m  a t o  d .   W i t h   t h e   i n t r o d u c t i o n  
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o f   t h e   r o a d w a y   h o w e v e r   t h e   o v e r l a n d   f l o w   f r o m   a r e a   a ,   b ,   c ,  i s  

c o n v e r t e d   t o   c h a n n e l i z e d   f l o w   a l o n g  a, c a n d   e n t e r s   t h e   n a t u r a l  

w a t e r   c o u r s e   a t   p o i n t  a ,  T h e   b a s i c   e f f e c t   o n   o v e r l a n d   f l o w  

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

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

o c c u r r i n g   w i t h i n   t h a t   a r e a   i . e .   t h e   o v e r l a n d   f l o w   f r o m  a ,  b, c 

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

n a t u r a l   w a t e r   c o u r s e  i s  a n   i n c r e a s e   i n   f l o w   v o l u m e   a t   p o i n t  a .   T h i s  

r e l a t i v e l y  small i n c r e a s e   g r a d u a l l y   d i m i n i s h e s   f r o m  a t o w a r d  d and 

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

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

e m b a n k m e n t .   T h e   o n l y   v a r i a t i o n   w o u l d   b e   t h a t   c h a n g e   i n   t o t a l  

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

c h a n g i n g   o v e r l a n d   f l o w   t o   c h a n n e l i z e d   f l o w   a l o n g   a ,   c .   R e l a t i v e  

t o   t h e   t o t a l   f l o w   i n   t h e   n a t u r a l   d r a i n a g e   c o u r s e ,   t h i s   d i s -  

c r e p a n c y  i s  i n s i g n i f i c a n t   a n d ,   i n   t h e   m a j o r i t y   o f   c a s e s ,  s o  i s  

t h e   i n c r e a s e   i n   f l o w   t h a t   o c c u r s   b e t w e e n  a and  d .  

T h e   a r e a  o f  o v e r l a n d   f l o w   a f f e c t e d   b y   t h e   p r e s e n c e   o f  a r o a d -  

way i n  a g i v e n   p i e c e   o f   t e r r a i n   i s   p r o p o r t i o n a l   t o   d i s t a n c e  

a, c a n d   a n g l e  X .  T h e s e   f a c t o r s   a r e   c o n t r o l l e d   b y   s u r f a c e  

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

p a t t e r n s .   I n   c a s e s   w h e r e   a n g l e  X a p p r o a c h e s   z e r o ,   t h e   o v e r l a n d  

f l o w   t e n d s   t o   m i g r a t e   p a r a l l e l   t o   t h e   r o a d w a y   a n d   r e g a r d l e s s   o f  

d i s t a n c e  a ,  c ,   t h e r e   i s  a r e l a t i v e l y   m i n o r   n e e d   f o r ,   a n d  

b e n e f i t   a v a i l a b l e   f r o m   c u l v e r t s   t o   a c c o m m o d a t e   o v e r l a n d   f l o w .  
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As a n g l e  X becomes l a r g e r  a n d  depending on t h e   l e n g t h   o f  a ,  

c t h e   a r e a   o f   o v e r l a n d   f l o w   a f f e c t e d   a n d   t h e r e f o r e   t h e   w a t e r  

volumes  involved become p r o g r e s s i v e l y   l a r g e r   t h e r e b y  m a k i n g  

t h e   n e e d   f o r   c u l v e r t s   t o   a c c o m m o d a t e   o v e r l a n d   f l o w   c o n s i d e r -  

a b l y  more s i g n i f i c a n t .  

The  need f o r   c u l v e r t s   a l o n g   a ,  c i s   g o v e r n e d   b a s i c a l l y  by t h e  

volume a n d  v e l o c i t y   o f   f l o w   t h a t  i s  c h a n n e l i z e d   a l o n g   a ,  c 

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

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

of s c o u r ,   e r o s i o n   a n d / o r   s i l t a t i o n .  The c r i t i c a l   f a c t o r s  i n  

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

a r e a   a ,  b ,  c ,   t h e   g r a d i e n t   a l o n g  which c h a n n e l i z e d   f l o w  w i l l  

occur   between a a n d  c ,  and t h e   e r o d i b i l i t y  o f  t h e   m a t e r i a l s  

a long  which  f low  wil l   occur   between a and c whether  t h i s  be 

t h r o u g h   a n   e x c a v a t e d   d i t c h   o r   o v e r   u n d i s t u r b e d   n a t u r a l l y  

v e g e t a t e d   t e r r a i n .  The g r a d i e n t   a l o n g   w h i c h   t h e   c h a n n e l i z e d  

f l o w   w i l l   o c c u r  i s  r e a d i l y   a v a i l a b l e   f r o m   s i t e   s u r v e y  i n f o r -  

m a t i o n ,  The e r o d i b i l i t y   o f   t h e   m a t e r i a l s   c a n   a l s o  be r e a d i l y  

p r e d i c t e d   f r o m   g e o t e c h n i c a l   i n f o r m a t i o n  a n d  i n f o r m a t i o n  on 

s u r f a c e   v e g e t a t i o n   a l o n g   t h e   e d g e s  o f  t h e   r i g h t - o f - w a y .  The 

a r e a   o f   o v e r l a n d   f l o w   a f f e c t e d   a n d   t h e   r e l a t e d   r u n o f f  

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

d e s i g n   s t a g e   o f  a p r o j e c t   a s   i n d i c a t e d   a b o v e .   I t   i s   t h e r e f o r e  

n o r m a l l y   a c c e p t e d   p r a c t i c e  t o  make a b e s t   e s t i m a t e  o f  t h e  

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

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

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

a r e a s   o f   t e r r a i n   i m m e d i a t e l y   a d j a c e n t   t o   t h e   h i g h w a y .  It i s  

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

g o v e r n i n g   r e q u i r e m e n t   f o r   t h e   n u m b e r   o r   l o c a t i o n   o f   c u l v e r t s  

p r o v i d e d   f o r   o v e r l a n d   f l o w   a n d   c o n s e q u e n t l y   t h e r e   i s  a v e r y  

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

I n   c a s e s   w h e r e   t h e   a n t i c i p a t e d   c h a n n e l   f l o w   a d j a c e n t   t o   t h e  

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

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

o n e   o r   m o r e   o f   t h e   t h r e e   b a s i c   f a c t o r s   i n v o l v e d   a s   f o l l o w s  

( r e f e r   t o   F i g u r e  1 ) :  

( a )   T h e   c h a n n e l i z e d   f l o w   v o l u m e   c a n   b e   r e d u c e d   b y   t h e   i n t r o -  

d u c t i o n   o f   o n e   o r   m o r e   c u l v e r t s   b e t w e e n  a a n d   c .   D e p e n d i n g  

o n   t h e   d i s p e r s a l   t h a t   c a n   b e   p r o v i d e d   a t   t h e   e x i t   o f   s u c h  

c u l v e r t s ,   t h i s   t e n d s   t o   o f f s e t   t h e   r e d u c t i o n   i n   o v e r l a n d  

f l o w   w i t h i n   a r e a  a ,  c ,   d .  By d e p o s i t i o n   o f   s u s p e n d e d   s e d i -  

men ts  i n   a r e a s  o f  u n d i s t u r b e d   t e r r a i n  i t  a l s o   r e d u c e s   t h e  

s i l t a t i o n   t h a t   m i g h t   e n t e r   t h e   n a t u r a l   w a t e r   c o u r s e s .  

( b )   T h e   g r a d i e n t  o f  t h e   c h a n n e l i z e d   f l o w   c a n   b e   r e d u c e d   t o   r e -  

d u c e   f l o w   v e l o c i t i e s .   T h i s   a p p r o a c h   h a s   l i m i t e d   a p p l i c a t i o n  

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

( c )  T h e   e r o s i o n   r e s i s t a n c e   o f   t h e   m a t e r i a l s   c a n   b e   i m p r o v e d   b y  

u s i n g   g r a n u l a r   l i n i n g s ,   r i p   r a p ,   e r o s i o n   b l a n k e t s ,   r e v e g e t a -  

t i o n ,   e t c .   D i t c h   c h e c k s   c a n   a l s o   b e   i n c l u d e d   i n   t h i s   t y p e  

o f   s o l u t i o n ,   h o w e v e r  i t  s h o u l d   b e   r e c o g n i z e d   t h a t   t h e   n e t  

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

g r a d i e n t .  
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It i s  a g e n e r a l   d e s i g n   p o l i c y   t h a t   d r a i n a g e   w a t e r  will n o t   b e  

c a r r i e d   a l o n g   t h e   r o a d w a y   f o r   d i s t a n c e s   o f   m o r e   t h a n  1,000 

f e e t ,   T h i s   d o e s   n o t   n e c e s s a r i l y   m e a n   t h a t   t h i s   a u t o m a t i c a l l y  

becomes t h e  m a x i m u m   s p a c i n g   b e t w e e n   c u l v e r t   i n s t a l l a t i o n s .   I n  

c e r t a i n   t y p e s   o f   t e r r a i n  it i s  f r e q u e n t l y   p o s s i b l e   t o   d i s p e r s e  

d r a i n a g e   w a t e r  away f r o m   t h e   r o a d w a y   o n   b o t h   s i d e s   o f   t h e   r o a d -  

way w i t h o u t   a n y   c u l v e r t   i n s t a l l a t i o n s .  

4 .  D i t c h e s  

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

" A "  o r  ''B" a r e   i d e n t i f i e d   o n   t h e   p l a n s .   W h e r e v e r   p o s s i b l e   s u c h  

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

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

o f   changes  t o   t h e   t h e r m a l   r e g i m e   b r o u g h t   a b o u t   b y   t h e   d i t c h i n g .  

I n   t e r r a i n   a r e a s   w h e r e  a m i n i m u m   o f   d i s t u r b a n c e  t o  t h e   u n d e r -  

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

p e r m a f r o s t   c o n d i t i o n   i s   k n o w n   t o   e x i s t ,   t h e   c o n s t r u c t i o n   i n v o l v e s  

a c r o s s   s e c t i o n   t y p e   w h i c h   a v o i d s   d i t c h i n g .  Where  some d i t c h i n g  

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

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

p r o p o s e d   w h i c h   a r e   d e s c r i b e d   i n  some d e t a i l   i n   t h e   C h a p t e r  

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

W h e t h e r   o r   n o t   d i t c h i n g  i s  u s e d   a l o n g   t h e   r o a d w a y   i n   d i v e r t i n g  

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

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

i t s  way i n t o   t h e   d r a i n a g e   c o u r s e .  By r e f e r r i n g   t o   F i g u r e  1 i t  
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can  be  seen  that  the  total  flow  in  the  natural  drainage  course 

downstream  from  polnt “d” would  remain  essentially  the  same 

before  and  after  road  construction  with  the  only  difference 

being a reduction i n  ground  water  in  isolated  areas,  Some i n -  

crease  to  flow  volumes  would  occur  between  “a”  and  “d”  however 

this  normally  is  also  insignificant  relative  to  total  flow i n  

the  water  course. 

B, DESIGN CR ITER 14 
. .  

1. Volumes o f  Surface  Drainage 

The  procedures  followed i n  determining  the  drainage  areas  and 

volumes  of  drainage  have  been  outlined  above,  As  is  normal 

practice,  the  design o f  small  culverts  is  subject  to  confirmation 

or  modification  during  the  pre-construction  or  early  construction 

phases o f  the  project  as  more  information  becomes  available  on 

the  localized  terrain  immediately  adjacent  to  the  roadway, 

2. S u b s o i l  Conditions at  Culvert  Sites 

Avoiding  disturbance  to  highly  erodible  soils  at  culvert  loca- 

tions  during  culvert  installations will have  little or no 

beneficial  effect  in  improving  their  resistance  to  scour  during 

peak  culvert  flows  particularly  in  the  area o f  the  outlet,  The 

removal  of  such  materials  to  some  depth  and  replacement  with 

scour  resistant  materials  is a normally  accepted  procedure  that 

has  proven  itself  through  years  of  application, 

3. Additional  Geotechnical  Information 

Geotechnical  information i n  addition  to  that  shown on the  design 
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submiss ion  has been   ob ta ined  d u r i n g  t h e  winter o f  1972/73 .  The 

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

d e t e r m i n e   t h e   e r o s i o n   p o t e n t i a l  o f  m a t e r i a l s   a f f e c t e d  by t h e  

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

reg ime o f  any e x i s t i n g   p e r m a f r o s t .  

4 .  Control  of  Ponding by  D i t ch ing  

I n   t e r r a i n   a r e a s   w h e r e   c o n s t r u c t i o n   i n v o l v i n g  an " A "  o r  I ' B "  

c r o s s   s e c t i o n  i s  f e a s i b l e  and such i s  employed, many o f   t h e  

pond ing   a r eas   ups lope  from t h e  road   a r e   connec ted   and   d ra ined  

by t h e   c o n t i g u o u s   r o a d s i d e   d i t c h .   I t  i s  a l s o   p o s s i b l e  i n  many 

c a s e s   t o   v a r y   t h e   d e p t h s  o f  such d i t c h e s  t o  f u r t h e r   i m p r o v e  

t h e i r   e f f e c t i v e n e s s  i n  c o n t r o l l i n g   p o n d i n g .   I t  i s  c o n s i d e r e d  

t h a t  w h e r e   t e r r a i n   a n d   s o i l   c o n d i t i o n s   a r e  such a s   t o   p e r m i t  

t h i s  b a s i c   t y p e  o f  r o a d w a y   c o n s t r u c t i o n ,   t h e r e   w i l l  be no 

a b n o r m a l   d e t r i m e n t a l   e f f e c t s   f r o m   c o n t r o l l i n g   p o t e n t i a l   p o n d i n g  

by way o f   t h e   c o n t i g u o u s   r o a d s i d e  d i t c h ,  

I n   a r e a s   w h e r e   d i s t u r b a n c e s   t o   t h e   t e r r a i n   s u r f a c e   a r e   u n d e s i r -  

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

c u l v e r t s   w h e r e v e r   f e a s i b l e   a n d   p r a c t i c a l .  This would b a s i c a l l y  

i n v o l v e   t h e   t y p i c a l   c r o s s   s e c t i o n   t y p e  w i t h  t h e  minimum amount 

o f   d i t c h i n g ,  

I n   g e n e r a l l y   i r r e g u l a r   t e r r a i n  many i n d i c a t e d   p o t e n t i a l  p o n d i n g  

a r e a s   o r   u r o f i l e   s a q s   a r e   l o c a l i z e d   c o n d i t i o n s  and a r e   v i r t u a l l y  
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e l i m i n a t e d   b y   t h e   p l a c e m e n t  o f  roadway   embankmen t .   O the rs  

e x t e n d  a r e l a t i v e l y   s h o r t   d i s t a n c e   b e y o n d   t h e   e m b a n k m e n t   l i m i t s  

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

r e g u l a r   e m b a n k m e n t   m a t e r i a l s   o r  w i t h  w a s t e   m a t e r i a l s   u n s u i t a b l e  

f o r  e m b a n k m e n t   c o n s t r u c t i o n .  It i s   a l s o  a f a i r l y   f r e q u e n t  

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

b o t h   s i d e s   a n d   t h e r e f o r e   r e q u i r e   n o   s p e c i a l   a c t i o n .  

5 .  O f f t a k e   D i t c h e s   a n d   D i s p e r s a l   o f   D r a i n a g e  

R e g a r d l e s s   o f   g r o u n d   c o n d i t i o n s ,   o f f t a k e   d i t c h e s   a r e   n o r m a l l y  

o n l y   e x c a v a t e d   i n   c a s e s   w h e r e  i t  i s   n e c e s s a r y   t o   d o  s o  t o  remove 

t h e  d r a i n a g e   w a t e r  away f r o m   t h e   o u t l e t  o f  t h e   c u l v e r t ,   i . e .   t o  

e l i m i n a t e   p o n d i n g   a t   t h e   o u t l e t ,   W h e r e   o f f t a k e s   a r e   c o n s t r u c t e d  

t h e y  will b e   d e s i g n e d  i n  a c c o r d a n c e   w i t h   d a t a   o u t l i n e d  i n  S e c t i o n  

A - 3  o f   t h i s   r e p o r t .  

W h e r e   p o s s i b l e   o f f t a k e   d i t c h e s  may b e   n e c e s s a r y   i n  some i n s t a n c e s ,  

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

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

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

d r a i n a g e   w a t e r   b e f o r e   s u c h   w a t e r   e n t e r s  a d r a i n a g e   c o u r s e ,  I n  

c a s e s   w h e r e   t h e   f l o w   u p s t r e a m   f r o m  a c u l v e r t   i s   c o n c e n t r a t e d   i n t o  

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

w a t e r   o n   t h e   d o w n s t r e a m   s i d e   o f   t h e   c u l v e r t .  
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SECT I ON B-2 
. . .  . 

. . . . . . . . . . . . . 

CONSTRUCTION IN SAND 
I n   t h e   M i l e  545 - M i l e   5 8 5   s e c t i o n ,   t h e   h i g h w a y   p a s s e s   t h r o u g h  

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

many s h o r t   s e c t i o n s   a l o n g   t h e   M a c k e n t i e   H i g h w a y .   T h e   s a n d   i n  

t h i s   a r e a  will b e   s u b j e c t   t o   w i n d   e r o s i o n .  It s h o u l d   b e   n o t e d  

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

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

o f f   t h e   r i g h t - o f - w a y   a n d   t h e   k i l l i n g   o f   t h e   p r e s e n t   v e g e t a t i o n  

a d j a c e n t   t o   t h e   r o a d w a y ,  

C o n s t r u c t i o n   p r o b l e m s   h a v e   b e e n   e n c o u n t e r e d  i n  t h e   u t i l i z a t i o n  

o f   t h i s   m a t e r i a l  i n  m a i n t a i n i n g  a w e l l   c o m p a c t e d   r o a d w a y ,  To 

o f f s e t   t h i s   p r o b l e m   t h e   f i r s t   s e v e r a l   m i l e s   o f   t h e   M a r t i n  

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

m a t e r i a l   a p p r o x i m a t e l y   f o u r   i n c h e s   t h i c k ,   T h i s   a p p l i c a t i o n   h a s  

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

t r a f f i c   a n d  will b e   u t i l i z e d   o n   t h e   s e c t i o n   5 4 5  - 585  where  

m a t e r i a l  i s  a v a i l a b l e .   B e c a u s e   o f  a c o n t i n u o u s   s a n d   m a t e r i a l  

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

o b t a i n i n g   s u f f i c i e n t   q u a n t i t y  o f  s i l t  a n d   c l a y .   T h e   p r o v i s i o n  

o f   t h e   m a t e r i a l  will i n v o l v e   l o n g   h a u l s .  

T h e   w o r k   d e s c r i b e d   a b o v e   f o r   t h e   r o a d w a y   a n d   f o r   t h e   s h o u l d e r  

s l o p e s  will p r o t e c t   t h e   s a n d   i n   t h a t   p o r t i o n   a n d  i t  i s   e x p e c t e d  

t h a t   n a t u r a l   v e g e t a t i o n  will r e t u r n   t o   t h e   s h o u l d e r   s l o p e s   v e r y  

q u i c k l y .  It i s   c o n s i d e r e d   t h a t   a l t e r n a t e   m e t h o d s   o f   p r e v e n t i o n  
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o f   w i n d   e r o s i o n  o f  t h e   s a n d   m a t e r i a l   i n   b a c k s l o p e s   c a n   b e  

r e a d i l y   a c c o m p l i s h e d .   E v i d e n c e  o f  t h i s  i s  a l r e a d y   p r e s e n t   i n  

e x c a v a t i o n s   w h i c h   w e r e   u n d e r t a k e n   d u r i n g   t h e  f a l l  o f   1 9 7 2   a n d  

t h e   w i n t e r  o f  1 9 7 2 / 7 3   i n   t h a t   n a t i v e   g r o w t h   h a s   r e t u r n e d  t o  

some amount  t o   t h e   c u t   b a c k s l o p e s   i n   t h e   s a n d .  

T h e   a c c u m u l a t i o n  o f  n a t i v e   g r o w t h   i n t o   t h e   c u t   b a c k s l o p e s   i s  

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

t i o n   p r o g r a m   w h i c h   w a  s i m p l e m e n t e d  i n   A u g u s t   a n d   S e p t e m b e r  

o f  1 9 7 3   b y   t h e   D e p a r t m e n t  o f  P u b l i c   W o r k s .  
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SECT 1O:l B-3 
H I  GHWAY AESTHETICS. 
D i s c u s s i o n s   r e g a r d i n g   t h e   p r i o r i t y   o f   h i g h w a y   a e s t h e t i c s   h a s  

t a k e n   p l a c e   b e t w e e n  D.P.W.'s d e s i g n   t e a m s   a n d   l a n d s c a p e   a r c h i -  

t e c t s   r e p r e s e n t i n g   E n g i n e e r i n g   a n d   A r c h i t e c t u r a l   B r a n c h  o f  

I . N . A .  It h a s   b e e n   c o n c l u d e d   i n   t h e s e   c o n v e r s a t i o n s   t h a t   t h e  

M a c k e n z i e   H i g h w a y   m u s t   b e   c l a s s i f i e d   a s   o n e   w h i c h   h a s  a 

t r a n s n o r t a t i o n   u t i l i z a t i o n   o f  7 0 %  a n d   a e s t h e t i c   a n d  

r e c r e a t i o n a l   u t i l i z a t i o n  o f  o n l y   3 0 % .   C o n s i d e r a t i o n  o f  t h e s e  

p e r c e n t a g e s  i s  a g u i d i n g   f a c t o r   o n  D.P.W. d e s i g n   t e a m s   a s  i t  

r e l a t e s   t o   t h e   o v e r a l l   e n v i r o n m e n t a l ,   e c o n o m i c ,   e n g i n e e r i n g  

a n d   a e s t h e t i c   a s p e c t s   o f   t h e   M a c k e n z i e   H i g h w a y ,  

D e p a r t m e n t   o f   P u b l i c   W o r k s   E n v i r o n m e n t a l   C o n s u l t a n t s   a r e  

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

e a c h   s e c t i o n   o f   t h e   h i g h w a y .   T h e   f o r m a t   f o r   t h e s e   e v a l u a t i o n s  

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

a n d   S h a l e .   L a n d s c a p e   A r c h i t e c t s  o f  t h e   E n v i r o n m e n t a l  Con- 

s u l t a n t s  will w o r k   w i t h   t h e  D.P.W. D e s i g n  Team a n d   w h e r e  

p o s s i b l e   t h e   d e s i g n  will r e f l e c t   a e s t h e t i c   c o n s i d e r a t i o n s .  

On t h e   s u b j e c t  o f  v e r t i c a l   f o r m  i t  s h o u l d   b e   k e P t   i n   m i n d   t h a t  

t h e   v e r t i c a l   a l i g n m e n t   o n   t h e   M a c k e n z i e   H i g h w a y  will b e  

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

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

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

a l i g n m e n t .   F o r   t h e s e   r e a s o n s  i t  will n o t   b e   p o s s i b l e   t o   a l w a y s  
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a p p l y   t h e   f r e e d o m   i n   d e s i g n   o f   v e r t i c a l   c u r v e s   n e c e s s a r y  

f o r   a e s t h e t i c   p u r p o s e s .  

W i t h   r e s p e c t   t o   t h e   c o n c e r n   f o r   h o r i z o n t a l   c u r v a t u r e ,   t h e  

p o s i t i o n   t a k e n   b y   t h e   D e p a r t m e n t   o f   P u b l i c   W o r k s   a g a i n  i s  

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

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

r e s t r i c t i o n s   p l a c e d   b y   o t h e r   e n v i r o n m e n t a l   c o n c e r n s ,   C o n -  

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

c u r v i l i n e a r   a l i g n m e n t   w o u l d   r e P r e s e n t   a n   i n c r e a s e d   h a z a r d  

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

c o n d i t i o n s ,   O t h e r   f a c t o r s   a f f e c t i n g   t h e   h o r i z o n t a l   f o r m   a r e  

t h e  I . N . A .  i n s t r u c t i o n s   t o   e l i m i n a t e   e x i s t i n g   c l e a r i n g   s c a r s  

w h e r e v e r   p o s s i b l e  by p l a c i n g   t h e   a l i g n m e n t   i n   t h e s e   l o c a t i o n s .  

T h e s e   w o u l d   i n c l u d e   e x i s t i n g   s i e s m i c   l i n e s   w h i c h   r e p r e s e n t  

l o n g   t a n g e n t s   a n d   e q u a l l y   t h e  C.N.T. l a n d l i n e   w h i c h   g e n e r a l l y  

i n v o l v e s   l o n g   t a n g e n t s .   T h i s  i s  n o t   t o   d i s c o u n t   t h e  

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

e v e r y   a t t e m p t  will be  made  by D.P.W. d e s i g n   t e a m s   t o  f i t  t h e  

h o r i z o n t a l   f o r m   t o  a c o n t i n u i t y   w i t h   e x i s t i n g   t e r r a i n .  

A c c e p t e d   p o l i c y  i s  t h a t   l o c a t i o n ,   d e s i g n   a n d   i m p l e m e n t a t i o n  

o f   s e l e c t i v e   c l e a r i n g  will b e   d o n e   a f t e r   c o m p l e t i o n   o f   g r a d i n g  

o p e r a t i o n s .  
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C o n c e r n   h a s   b e e n   e x p r e s s e d   r e l a t i v e   t o   c o n t o u r   g r a d i n g   a t   t h e  

j u n c t i o n  o f  c u t   a n d  fill s l o p e s .  It s h o u l d   b e   n o t e d   t h a t  i t  i s  

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

o f  a l l   s l o p e s   t a k e   p l a c e   a s  a n o r m a l   p a r t  o f  c o n s t r u c t i o n  

a c t i v i t i e s .  

V i e w p o i n t s   a n d   p o t e n t i a l   r e c r e a t i o n a l   a r e a s  will b e   d e l i n e a t e d  

i n  t h e   f i n a l   d e s i g n   s u b m i s s i o n .   T h e s e   f i n a l   d e s i g n   s u b m i s s i o n s  

s h o u l d   b e   r e v i e w e d   b y   t h e   E m p l o y m e n t   a n d   L o c a l   I m p a c t   W o r k i n g  

Group who h a v e  a s u b - c o m m i t t e e  now s t u d y i n g   v i e w p o i n t   a n d  

r e c r e a t i o n a l   r e q u i r e m e n t s   a l o n g   t h e   M a c k e n z i e   H i g h w a y .  

It i s   c o n s i d e r e d   g e n e r a l   p r a c t i c e   t o   p r o v i d e  a s c r e e n   o f   t r e e s  

b e t w e e n   t h e   r o a d w a y   a n d   t h e   b o r r o w   p i t s .   T h i s   p l u s   t h e  

v e r t i c a l   p o s i t i o n   o f   t h e   p i t s   a n d   t h e   r o a d w a y   s h o u l d   r e d u c e   t o  

a m i n i m u m   a n y   a d v e r s e   v i s u a l   i m p a c t   f r o m   b o r r o w   p i t s .   S i n c e  

b o r r o w   p i t s   a r e   r e q u i r e d   a s  a s o u r c e  o f -  m a t e r i a l   t h e y   m u s t   b e  

l o c a t e d   w h e r e   t h i s   m a t e r i a l   c a n   b e   f o u n d .   T h e r e  will be a 

minimum  number o f   s i t u a t i o n s   w h e r e   t h e r e  will b e   a d v e r s e  

v i s u a l   i m p a c t   d u e   t o   c o n s t r u c t i o n  o f  b o r r o w   p i t s   a n d   a t t e m p t s  

will be  made t o   r e h a b i l i t a t e   t h e s e   p i t s   i n   s u c h  a manner   as t o  

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

l i n e   t y p i c a l   r e h a b i l i t a t i o n   t r e a t m e n t s ,  
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TION B - 4 * 
The p o s s i b i   l i t y   o f   l o n g  term e f f e c t s   d u e   t o   p e r m a f r o s t   a g g r a d a -  

t i o n   i n   f i l l   s e c t i o n s   a r o u n d   t h e   c u l v e r t   i s  a major   problem, The  

problem i s   a g g r a v a t e d  by t i m i n g  and   s chedu l ing  o f  t h e   i n s t a l l a t i o n  

of c u l v e r t s .   I t  i s  c o m p l i c a t e d   f u r t h e r  by c o n s t r u c t i o n  

r e s t r i c t i o n s   i m p o s e d  by t h e   D e p a r t m e n t   o f   F i s h e r i e s   t o   e n s u r e  n o  

a d v e r s e   e f f e c t s  on t h e   m i g r a t i o n   o f  f i s h  d u r i n g  s n a w n i n g   p e r i o d s ,  

C o n s i d e r i n g   a l l   o t h e r   e n v i r o n m e n t a l   a s p e c t s ,  i t  wou ld   appea r   t ha t  

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

t h e   w i n t e r   m o n t h s .   F o r   c u l v e r t s  i n  excess   o f  60"  d i ame te r   sub -  

e x c a v a t i o n  w i l l  be r e q u i r e d .   I t   i s   a n t i c i p a t e d   t h a t  a m a j o r i t y  

of t h e   s e t t l e m e n t   p r o b l e m s  i n  c u l v e r t s   w i l l  be e l i m i n a t e d  by 

p l a c i n g  a s u b s t a n t i a l   b e d d i n g   o f  good q u a l i t y   c o m p a c t e d   m a t e r i a l .  

B a c k f i l l   a r o u n d   t h e   m a j o r   c u l v e r t s   w i l l   b e   c a r r i e d  o u t  u t i l i z i n g  

b e s t   q u a l i t y   m a t e r i a l   c o m p a c t e d   t o  9 5 %  p r o c t o r   d e n s i t y ,  The com- 

p a c t e d   b a c k f i l l   i m m e d i a t e l y   a d j a c e n t  t o  t h e   c u l v e r t s  w i l l  have a 

g e n t l e   s l o p e  away f r o m   t h e   c u l v e r t   l o n g i t u d i n a l l y  t o  the  highway.  

The r e m a i n d e r   o f   t h e   b a c k f i l l   w i l l   t h e n   b e   c o n s t r u c t e d   u n d e r  

no rma l   cons t ruc t ion   p rocedures .  

For c u l v e r t s   l e s s   t h a n  60" d i a m e t e r ,   s u b - e x c a v a t i o n   a n d   b a c k f i l l  

w i l l  be u t i l i z e d  i n  t h e  same  method a s   d e s c r i b e d   f o r   t h e   c u l v e r t s  

i n   e x c e s s   o f  60" d i a m e t e r ,   r e c o g n i z i n g   t h a t   t h i s  i s  n o t  p r a c t i c a l  

i n  a l l   c a s e s   s i n c e  t h i s  s i z e  of  c u l v e r t  i s  p l a c e d   c o n t i n u o u s l y  

w i t h   t h e   c o n s t r u c t i o n   o f   t h e   h i g h w a y .  L a n d  Use R e g u l a t i o n s  a t  
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t h e   D r e s e n t   t i m e   p r o h i b i t   t h e   s u b - e x c a v a t i o n  a n d  d i s p o s a l  o f  

m a t e r i a l   a d j a c e n t   t o  t h e  c u l v e r t   s i t e s .  I t  i s   t h e r e f o r e   n o t  

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

t o   t h e   c o n s t r u c t i o n   o p e r a t i o n .  A s  c u l v e r t s   o f   t h i s   s i z e   a r e  

s p a c e d   g e n e r a l l y   l e s s  t h a n  1 , 0 0 0   f e e t   a p a r t ,   s t o p p i n g  o f  

o p e r a t i o n s   t o   a l l o w   d i s p o s a l  o f  s u b - e x c a v a t e d   m a t e r i a l  a n d  

p l acemen t   o f   bedd ing   w i thou t   damag ing   t he   su r round ing   t e r r a in  

wou ld   be   economica l ly   p roh ib i t i ve ,   Expe r imen ta t ion   has   been  

i n i t i a t e d  o n  a s t r e t c h   o f   t h e   D e m p s t e r  Highway be tween   Arc t i c  

Red R ive r  a n d  I n u v i k   f o r   t h e   i n s t a l l a t i o n   o f  a s e r i e s   o f  

cu lve r t s   where   bo th   sub -excava t ion   and   t he   p l ac ing   o f  

m a n u f a c t u r e d   i n s u l a t i o n   w i l l  be u s e d   u n d e r   t h e   c u l v e r t s .  The 

r e s u l t s   o f   t h i s   e x p e r i m e n t a t i o n   s h o u l d  be v i s u a l l y  o b v i o u s  i n  

t h e  S p r i n g  of 1 9 7 4 .  I n   o t h e r   l o c a t i o n s   f o r   s m a l l   c u l v e r t s  

s i z e s  a t h i n  1a .ye r   o f   bedd ing   ma te r i a l   w i l l  be  Dlaced  over 

und i s tu rbed   g round .  This w i l l   t e n d   t o   r a i s e   t h e   i n l e t   o f   t h e  

c u l v e r t   a b o v e   t h e   s u r r o u n d i n g   g r o u n d  b u t  i t  i s  a s sumed   t ha t  

p e r m a f r o s t   d e g r a d a t i o n   w i l l  be b e n e f i c i a l  t o  t h e   r o a d   i n  

t h a t   t h e   c u l v e r t  w i l l  s e t t l e  b e l o w   t h e   e x i s t i n g  g r o u n d  l e v e l  

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

w a t e r   a f t e r   a D p r o x i m a t e l y  two or t h r e e  summers. 

I t   w i l l  n o t  be n o s s i b l e   t o   e n s u r e   a g a i n s t  some s e t t l e m e n t  

on t h e   c u l v e r t s .  The c u l v e r t   d e s i q n   u s e d  b y  the   Denar tment  

o f  P u b l i c  Works w i l l  t a k e   t h i s  i n t o  accoun t  b y  u t i l i z i n g  

t h i cke r   gauges   t han   no rma l  thus i n c r e a s i n q   t h e   s a f e t y   f a c t o r  

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

a n d   d e s i q n   c o n d i t i o n s   t h e r e  will b e  some c u l v e r t   f a i l u r e s .  

When t h e s e   o c c u r  i t  will b e   n e c e s s a r y   t h a t   m a i n t e n a n c e   f o r c e s  

b e   p r e p a r e d   t o   i m m e d i a t e l y   r e p l a c e   t h e   c u l v e r t   b e f o r e   a n y  

s u b s t a n t i a l   e n v i r o n m e n t a l  damage r e s u l t s ,  
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L o n g   t e r m   e f f e c t   o f   r i g h t - o f - w a y   c l e a r i n g ,   h i g h w a y   c o n s t r u c t i o n  

a n d   u l t i m a t e   h i g h w a y   u s e   o n   m o o s e   i s   b e i n g   r e v i e w e d   b y   t h e  D.P.W. 

e n v i r o n m e n t a l   c o n s u l t a n t   a n d   t h e   C a n a d i a n   W i l d l i f e   S e r v i c e ,  A 

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

some e f f e c t   o n   m o o s e   b u t   n o t  a s u b s t a n t i a l   a m o u n t   o f   v e h i c l e -  

moose c o l l i s i o n s .  T h e   q u e s t i o n   o f   i n c r e a s e d   h u n t e r   a c c e s s  

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

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

D e p a r t m e n t   o f   P u b l i c   W o r k s .  It was s u g g e s t e d   t h a t   t h i s   p o t e n t i a l  

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

r e g u l a t o r y   b o d i e s   d e a l i n g   w i t h   h u n t i n g   i n   t h e   N o r t h w e s t  

T e r r i t o r i e s .  

P o s s i b l e  damage t o   w e t l a n d   u n i t s   a l o n g   t h e   h i g h w a y   d u e   t o  

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

a r e a   i s   o n e   o f   t h e   m a j o r   c o n c e r n s   o f   t h e  D.P.W. d e s i g n   t e a m .  

E v e r y   p r e c a u t i o n  will b e   t a k e n   t o   e n s u r e   t h a t   n a t u r a l   d r a i n a g e  

p a t t e r n s   a r e   f o l l o w e d   a n d   n e c e s s a r y   a c t i o n  will b e   t a k e n   t o  

a v o i d   s i g n i f i c a n t   s i l t a t i o n   o f   w e t l a n d   a r e a s ,  The   Depar tmen t  o f  

P u b l i c  W o r k s   e n v i r o n m e n t a l   c o n s u l t a n t s   a r e   s t u d y i n g   s p e c i f i c  

a r e a s   o f   p o t e n t i a l   i m p a c t   o n   w e t l a n d   a r e a s   a n d  will i d e n t i f y  

t h e s e   t o  D.P.W. d e s i g n e r s ,   T h e   r e a d e r   i s   d i r e c t e d   t o   S e c t i o n  B - 1  

o f   t h i s   r e p o r t   a s  i t  r e l a t e s   t o   P o n d i n g   a n d   S u r f a c e   D r a i n a g e  

w h i c h   w o u l d   e f f e c t   w e t l a n d   a r e a s .  
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T h e   i m p o r t a n c e  o f  t h e   w a t e r   f o w l   s t o p o v e r   a n d   s t a g i n g   a r e a s   a l o n g  

t h e   M a c k e n z i e   R i v e r   h a s   b e e n   n o t e d   b y  DPW e n v i r o n m e n t a l   c o n s u l t a n t s .  

T h e s e   c o n s u l t a n t s  will a d v i s e  DPW c o n c e r n i n g   a n y   c o n s t r u c t i o n  

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

f o r   s p e c i f i c   a r e a s   w h e r e   t h e   h i g h w a y   i s   i n   c l o s e   p r o x i m i t y   t o   t h e  

M a c k e n z i e   R i v e r   a n d   t o   a r e a s   o f   s t o p o v e r   a n d   s t a g i n g   f o r   w a t e r f o w l ,  

1.  The e f f e c t   o f   c o n s t r u c t i o n   a c t i v i t y   o n   w i l d l i f e   i s   n o t  w e l l  

known,   There  i s   v e r y   l i t e l   w r i t t e n  o n   t h i s   s u b j e c t   i n  a p u r e  

o b j e c t i v e   s t y l e ,   O p i n i o n s ,   w h e n   t h e y   c a n   b e   f o u n d ,   t e n d   t o   b e  

e m o t i o n a l .   T h e   r e c o m m e n d a t i o n  o f  t h e  E.W.G. t h a t   c o n s t r u c t i o n  

a c t i v i t y   s h o u l d   c e a s e   f r o m   D e c e m b e r   t o   A p r i l   i n   o r d e r   n o t   t o   d i s -  

t u r b   t h e  moose f i t s   i n t o   t h i s   e m o t i o n a l   c a t e g o r y .   F r o m   p a s t  

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

n o t a b l y   t h e   W e s t e r n   N a t i o n a l   P a r k s   i n   t h e   R o c k i e s ,   m o o s e  

m o r t a l i t y  was n o t   n o t i c e a b l e .  The  moose f r e q u e n t l y  came i n t o   t h e  

c l e a r e d   r i g h t - o f - w a y ,   a n d   a l t h o u g h   t h e y   n e v e r  come c l o s e r   t h a n  

k m i l e   t o   a n y   m o v i n g   m a c h i n e r y ,   t h e y   d i d   n o t   a p p e a r   t o   b e   u n d u l y  

d i s t u r b e d .   T h i s   a l s o   h a p p e n d e d   f r e q u e n t l y   d u r i n g   t h e   w i n t e r  

m o n t h s   w h e n   b u l l d o z e r s   a n d   r o c k   d r i l l s   w e r e   t h e   o n l y   m a c h i n e s  

w o r k i n g ,   T h e   l a t t e r   m a c h i n e s   a r e   e x t r e m e l y   n o i s y ,   b u t   a p p a r e n t l y  

had l i t t l e   e f f e c t   o n   n e a r b y  m o o s e .   D u r i n g   t h e  summer i t  was 

common t o   s e e   s e v e r a l  o f  t h e  m o o s e   f e e d i n g   i n  a s h a l l o w   p o n d  

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

w h i c h   h o r d e s  o f  t o u r i s t s   w e r e   p a s s i n g .  
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2 .  "Some c r e a t u r e s   t h r i v e   o n   c h a n g e .   T h e r e   a r e  now  more  moose, 

d e e r ,   g r o u s e   a n d   p r o b a b l y   e v e n   m o r e   c o y o t e s   t h a n   i n   I n d i a n   d a y s .  

Many s m a l l  mammals  and b i r d s   t h r i v e   b e t t e r   i n   f i e l d s   a n d  wood- 

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

b y   p e s t i c i d e s " . '   T h e   c l e a r i n g   o f   t h e   r i g h t - o f - w a y  ( R O W )  and  

t h e   i m p r o v e m e n t   o f   d r a i n a g e   w i t h i n   t h e  ROW a n d   a d j a c e n t   f o r e s t  will 

c e r t a i n l y   b e n e f i t  a l a r g e   s e g m e n t   o f   t h e   w i l d l i f e .   " T h e   c r e a t i o n  

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

f o l l o w i n g  a l o g g i n g   o p e r a t i o n   ( o r   t h e   b u i l d i n g   o f  a h i g h w a y ) ,  

c e r t a i n l y   b e n e f i t   t h e   w h i t e - t a i l e d   d e e r ,   T h e   e f f e c t s  on w i l d l i f e  

a r e  a m i x e d   b l e s s i n g .   T h e s e  same changes  i n   h a b i t a t   h a v e   p u s h e d  

t h e   w o o d l a n d   c a r i b o u   f a r t h e r   b a c k   i n t o   t h e   w i l d e r n e s s .  II 2 

3 .  I n   t h e   p i o n e e r   d a y s ,   w h e n   t h e   p o p u l a t i o n   o f   t h e   c o u n t r y  was 

s m a l l ,   " t h e   s m a l l - s c a l e   c l e a r i n g  of t h e   f o r e s t   a c t u a l l y   i m p r o v e d  

t h e   h a b i t a t   o f   m o s t   f o r e s t   s p e c i e s   o f  game,  and a s l i g h t  

p o l l u t i o n   o f   l a k e s   a n d   s t r e a m s   b y   e r o s i o n   o f   t h e   l a n d  may h a v e  

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

i n o r g a n i c   n u t r i e n t s .  t12  Thus i t  c a n   b e   c o n c l u d e d   t h a t  some s i 1  t 

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

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

no e r o s i o n   o r   s e d i m e n t a t i o n   i n   t h e   s t r e a m s   i s   u n r e a s o n a b l e ,  

However ,   nobody will a r g u e   a g a i n s t   " i n c r e a s e d   e r o s i o n   g i v i n g  

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

o f   f i s h .  II 2 

4 .  The  danger  o f  a l l o w i n g   s e d i m e n t   t o   e n t e r   s t r e a m s   a n d   s m a l l  

r i v e r s   r e a l l y   d e p e n d s   u p o n   d e g r e e .   " E x c e s s i v e  s o i l  e r o s i o n   a n d  
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the  t r a n s p o r t  o f  l a r g e   q u a n t i t i e s   o f   c o a r s e  suspended m a t e r i a l  

a r e   d e t r i m e n t a l ,   l i m i t i n g  l i g h t  p e n e t r a t i o n  i n  w a t e r ,   s m o t h e r i n g  

o rgan i sms ,  a n d  s c o u r i n g   s t r e a m   b o t t o m s , "  Thus i t  may be 

n e c e s s a r y   t o   e m p l o y  a number o f  means t o  l i m i t  t h e   t r a n s p o r t  o f  

s i l t  i n  s u r f a c e   r u n o f f .  The employment o f  s i l t  t r a p s ,  s ed imen ta -  

t i o n   a r e a s   ( o l d   b o r r o w   p i t s ) ,   d i t c h   b l o c k s ,   a n d   f l u m e s  may be 

i n v e s t i g a t e d ,   " F r e s h e t   c o n d i t i o n s ,   a g g r a v a t e d  by removal o f  

p l a n t   c o v e r ,   c a u s e   s c o u r i n g   a n d   s i l t i n g   o f   s t r e a m   g r a v e l s  w i t h  

c o n s e q u e n t   l o s s   o f  eggs and f r y .  In t h e s e   c i r c u m s t a n c e s ,  

a r t i f i c i a l   c u l t u r e  may be a cheape r   and   more   p rac t i ca l   p rocedure  

3 

t h a n   s t o r a g e - r e g u l a t e d   f l o w " '  i n  r e - s t o c k i n g  a n  a r e a   w i t h   f i s h .  

The j u s t i f i c a t i o n  o f  a d o p t i n g   t h e   l a t e r  may be v e r y   d i f f i c u l t  

f rom  an  economic  point   of   view,  b u t  the   method  should  n o t  be 

r u l e d  o u t  a s  a p o s s i b i l i t y .  

5 .  " A S  a p a r t  o f  t h e  l a n d   c o m m u n i t y ,   w i l d l i f e   s h o u l d   r e c e i v e  

c o n s i d e r a t i o n   i n   a l l   p r o g r a m s   i n v o l v i n g   l a n d   u s e .  The con-  

t r i b u t i o n   o f   w i l d l i f e  must be c o n s i d e r e d  i n  a e s t h e t i c  as wel l  

as   economic   t e rms ,  a n d  i n  some c a s e s ,   a t   l e a s t ,   t h e   a e s t h e t i c  

v a l u e s   s h o u l d  be r e c o g n i z e d   a s   t r u l y   p r i c e l e s s . ' '   I n   p l a n n i n g  

land  use,   and  the  Mackenzie  Highway i s  a n  example o f  t h i s ,  

" W i l d l i f e  must never  be s e p a r a t e d   f r o m  i t s  env i ronmen t ,  I n  

o t h e r   w o r d s ,   t h e  two must b e   c o n s i d e r e d   a s   a n   i n s e p a r a b l e   p a i r  

i n   a l l   p l a n n i n g .  B u t  i n  s p i t e   o f   t h e   m o s t   c a r e f u l   p l a n n i n g ,  

''a w i l d l i f e   p r o b l e m   w i l l   a r i s e  when man impinges on w i l d l i f e  or 

2 

II 1 

i t s  h a b i t a t ,   o r  when w i l d l i f e   i m p i n g e s  on man o r   h i s   w o r k s ,  

As hard   a s  man  may t r y   t o   a l l e v i a t e   t h e   i m p a c t  o f  h i s   p r e s e n c e  
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o n   w i l d l i f e ,   a n d   r e g a r d l e s s   o f   t h e   o u t c r y   o f   t h e   e n v i r o n m e n t a l i s t s  

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

f l i c t   o f   i n t e r e s t   o v e r   w i l d l i f e ,   t h e   f u t u r e   o f   p e o p l e   m u s t  

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

6. "It i s   e s t i m a t e d   t h a t   a b o u t   7 0 %   o f   t h e   N o r t h   A m e r i c a n   w a t e r -  

f o w l   i s   p r o d u c e d  i n  Canada. ' I 4  T h u s   t h e   m a i n t e n a n c e   o f   t h e  

s o u t h e r n   w i n t e r i n g   g r o u n d s   i n   t h e   U n i t e d   S t a t e s   a n d   M e x i c o   b e a r s  

n o   r e l e v a n c e   u n l e s s   t h e   n e s t i n g   g r o u n d s   i n   C a n a d a   r e m a i n   i n  a 

u s e a b l e   c o n d i t i o n   f o r   w a t e r f o w l .   T h e   s u p p l y   o f   s u i t a b l e   h a b i t a t  

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

w a t e r f o w l ,   I n   o t h e r   w o r d s ,   w h a t   C a n a d a   d o e s  i n  m a i n t a i n i n g   t h e  

n e s t i n g   g r o u n d s   w i t h i n   h e r   b o u n d a r i e s  will d e t e r m i n e   t h e   f a t e  o f  

N o r t h   A m e r i c a n   w a t e r f o w l .   " T h e   m i s c o n c e p t i o n   t h a t   t h e   m o s t  

i m p o r t a n t   w a t e r f o w l   b r e e d i n g   a r e a s   l i e   i n   t h e   r e m o t e   C a n a d i a n  

n o r t h   i s   w i d e l y   h e l d .   A c t u a l l y ,   t h e   p r a i r i e s   a n d   a s p e n   p a r k l a n d s  

a r e   t h e   h e a r t   o f   t h e   w a t e r f o w l   b r e e d i n g   a r e a .   T h e   N o r t h w e s t  

T e r r i t o r i e s   a n d   t h e   Y u k o n   t o t a l   1 . 5   m i l l i o n   s q u a r e   m i l e s ,   T h e r e  

i s  t h i n   d u c k   p o p u l a t i o n   s c a t t e r e d   t h r o u g h o u t ,   w i t h   l o c a l   c o n -  

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

u s u a l l y   i n   r i v e r   d e l t a s   o r   f l o o d   p l a i n s . "   A l t h o u g h   e v e r y  

e f f o r t   s h o u l d   b e  made t o   p r e s e r v e   o r   a l t e r  as l i t t l e  a s   p o s s i b l e  

w a t e r f o w l   a r e a s   i n   t h e   M a c k e n z i e   V a l l e y ,  i t  s h o u l d   b e   k e p t   i n  

m i n d ,   a t   l e a s t   i n   p e r s p e c t i v e ,   t h a t   t h i s   a r e a  i s  n o t   o n e   o f   t h e  

p r i n c i p l e   n e s t i n g   a r e a s   f o r   m i g r a t o r y   w a t e r f o w l .   T h e   n u m b e r s  

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

p r a i r i e s .   " W a t e r f o w l   h a v e  a h i g h   r e p r o d u c t i v e   p o t e n t i a l ,   a n d  

4 
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I 

t h e i r   p o p u l a t i o n s   h a v e  a r e s i l i e n c e   w h i c h   e n a b l e s   t h e m   t o  

r e b o u n d   q u i c k l y   w h e n   w a t e r   r e s t o r e s   t h e   h a b i t a t .  'I4 A s  t h e  

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

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

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

a r o a d  will n o t   a l t e r   t h e   p o p u l a t i o n   o f   w a t e r f o w l   i n   a n y  

a p p r e c i a b l e   a m o u n t .  It may  have  some e f f e c t  i f  ponds  and 

l a k e s   n e a r  ROW w e r e   d r a i n e d ,   b u t  a t  p r e s e n t   t h e   l a t t e r   i s  

n o t   c o n t e m p l a t e d   i n   t h e   M a c k e n z i e   V a l l e y .  

7 .  T h e   u s e   o f   f e n c e s   t o   p r e v e n t   b e a v e r s   f r o m   g e t t i n g   n e a r  

c u l v e r t s   i s   n o t   c o n t e m p l a t e d   f o r   t h e   M a c k e n z i e   H i g h w a y .  

M a i n t e n a n c e   p e r s o n n e l  may e x p e r i m e n t   w i t h   t h e m   a t  a l a t e r  

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

c o n s t r u c t i o n   o f   t h e   h i g h w a y .  

The   Depar tmen t  i s  h o p e f u l   t h a t  some b e a v e r  will a s s i s t   i n  a 

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

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

o f   c u l v e r t s   c a n   b e   t r i e d .   T h i s   s u g g e s t e d   m e t h o d  i s  t o   b r e a k  

t h e   b e a v e r  dam a n d   t h e n   i n s e r t  a s m a l l   d i a m e t e r   p i p e   a p p r o x i -  

m a t e l y  40 f t .  i n   l e n g t h   w i t h   t h e   m a j o r   p o r t i o n   o f   t h a t   p i p e  

p l a c e d   i n t o   t h e   b e a v e r   p o n d .   T h e n   t o   a s s i s t   t h e   b e a v e r   t h e  

D e p a r t m e n t   w o u l d   r e p a i r   t h e   b r e a k   i n   t h e  dam. A p p a r e n t l y  

t h e   b e a v e r   i s   a w a r e   t h a t   t h e  dam i s   l o s i n g   w a t e r   t h r o u g h  a 

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

b l o c k i n g   t h e   i n l e t .   R e p o r t e d l y   t h e   b e a v e r   i n   t i m e   b e c o m e s  
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discouraged  and  moves  away  to  establish a home  at  another 

location,  At  that  time  the  construction  or  maintenance  crew 

can  remove  the  dam  and  the  small  diameter  pipe. 

1 )  C.H.D. Clarke - "Wildlife i n  Perspective" 

2) W.A. Fuller I "Emerging  Problems i n  Wildlife 
Management" 

3) P.A. Larkin - "Effect  of  Manmade  Changes  on 
the  Environment o f  Fisheries" 

4) W.G. Leitch - "Problems  of a Mobile  Resource" 
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SECTION 13 - 6 
. .  . 

FECT ON FIU 
The Depar tment   o f   Publ ic  Works c o n s i d e r s   t h a t   t h e r e  w i l l  be 

v i r t u a l l v  no e f f e c t  on f i s h  by c o n s t r u c t i o n   o f   b r i d q e s .  

P r e c a u t i o n s   w i l l  be t a k e n   t o   e n s u r e   t h a t   t h e r e   i s  n o  i n c r e a s e  

i n  t h e   n a t u r a l   v e l o c i t y   o f   t h e   s t r e a m   o r   a n y   s c o u r i n g   a s  a 

r e s u l t  o f  t h e   c o n s t r u c t i o n   o f   r i v e r   p i e r s .   B r i d q e   d e s i g n s  

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

t h e   s e c t i o n .  

Culvert design i s  based on D . O . E .  F i s h e r i e s   B r a n c h   g u i d e l i n e s  

a t  a n   e s t a b l i s h e d  maximum v e l o c i t y  - seven   days   de lay  - on 

t h e   f i f t y   y e a r  maximum r u n - o f f  o f   f i v e   f o o t   p e r   s e c o n d   o r  

e q u i v a l e n t   t o   t h e   a d j a c e n t   s t r e a m b e d   s e c t i o n s .  

I t  has  been a b a s i c   d e s i g n   c o n s i d e r a t i o n  by the   Depar tment  o f  

P u b l i c  Works w h e r e   h y d r a u l i c   r e q u i r e m e n t s   f o r   c u l v e r t   s i z i n g  

i s  60"  d i a m e t e r  and l e s s   t h e   s t r e a m  would  be t o o   s m a l l   t o  

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

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

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

t h e   s t r e a m  i n  q u e s t i o n .  
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A normal p r a c t i c e   o f   c o n s t r u c t i o n  by the   Depar tment  o f  P u b l i c  

Works i s  t o   h a v e   g u i , d e r a i l s   d e s i g n e d   a n d   e r e c t e d  d u r i n g  t h e  

s u r f a c i n g   c o n t r a c t .   T h i s   s u r f a c i n g   c o n t r a c t  i s  expec ted  t o  be 

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

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

r e l a t e   t o   t h e  g r a d i n g  po r t ion   o f   t he   work .   S ince  some w a r r a n t s  

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

m i g h t  be e f f e c t e d  by s lop ing   g round   i n fo rma t ion   wh ich   i s  n o t  

now a v a i l a b l e ,   i t   i s  n o t  c o n s i d e r e d   t h a t   g u i d e r a i l   d e s i g n   s h o u l d  

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

The d e s i g n  o f  g u i d e r a i l s  when u n d e r t a k e n   f o r   t h e   s u r f a c i n g   c o n -  

t r a c t  w i l l  be  governed by H . R . B .  W a r r a n t s   u n l e s s   d i r e c t e d   o t h e r -  

w i se  by T e c h n i c a l   S e r v i c e s   B r a n c h .   T h e r e   i s  a p o s s i b i l i t y  t h a t  

T e c h n i c a l   S e r v i c e s   B r a n c h   w i l l   d i r e c t   t h e   u s e  o f  I n d i a n   A f f a i r s  

d e v e l o p e d   w a r r a n t s   f o r   N a t i o n a l  Parks. 

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

I t  i s  c o n s i d e r e d   t h a t   t h e s e   p r o v i d e  an e x c e l l e n t   s a f e t y   m a r k e r  

and a s s i s t  i n  w i n t e r   m a i n t e n a n c e   o p e r a t i o n s ,  

D e l i n e a t o r s   w i l l  be   p laced  d u r i n g  t h e   s u r f a c i n g   c o n t r a c t s .  

. . . 5 2  
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SECTION B - 8 
SMALL CULVERT D E S  I GN 
I n   t h e   d e s i g n   s t a g e  i t  i s   a l m o s t   i m p o s s i b l e   t o   a c c u r a t e l y   f o r e -  

s e e   t h e   e x a c t   l o c a t i o n ,   l e n g t h ,  skew a n g l e ,   g r a d e ,   d i a m e t e r  a n d  

end t r e a t m e n t   o f   e v e r y   c u l v e r t   t h a t   w i l l   u l t i m a t e l y  be i n s t a l l e d ,  

The l a r g e r   c u l v e r t s   a r e  more  obvious;  t he  l o c a t i o n   t o  w i t h i n  

+50' i s  u s u a l l y   d i c t a t e d  by c i r c u m s t a n c e s .  This g e n e r a l l y   h o l d s  

t r u e   f o r   p i p e s   o f  48" d i a m e t e r  and l a r g e r .   P i p e s   o v e r  60"  

d i a m e t e r   a r e   b e i n g   s t u d i e d  by c o n s u l t a n t   e n g i n e e r s .   S i n c e   t h e  

s m a l l e s t   c u l v e r t   t h a t   w i l l  be i n s t a l l e d   i s  3 0 " ,  t h e r e   r e m a i n s  

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

namely, 30", 36" and 4 2 "  d i a m e t e r .  

In a g r e a t  many c a s e s   w h e r e   c u l v e r t s   w i l l  be i n s t a l l e d   t h e r e  

w i l l  be a s t r e a m  r u n n i n g  a t   l e a s t  d u r i n g  t h e  m o n t h  o r  two 

immedia t e ly   fo l lowing   t he   annua l   d i sappea rance   o f   t he   snow,  

There  wi l l  be i n d i c a t i o n s  on the   s t r eam  banks  i f  t h e   w a t e r  h a s  

been   h ighe r ,  A c u r s o r y   e x a m i n a t i o n   o n e - h a l f   m i l e  u p  a n d  d o w n -  

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

d e b r i s   c a n  be e x p e c t e d ,  When t h e   c l e a r i n g   h a s   b e e n   c o m p l e t e d ,  

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

s t a k e s   h a v e   b e e n   p l a c e d ,   t h e   d r a i n a g e   s i t u a t i o n  may look  sub-  

s t a n t i a l l y   d i f f e r e n t ,  A p r e c o n c e i v e d   l o c a t i o n  a n d  d i a m e t e r  may 

no l o n g e r  be v a l i d .  Thus i t  i s  m a n d a t o r y   t h a t   t h e   r e s i d e n t  

e n g i n e e r   o r   s u p e r v i s o r  must be  empowered t o  make d e c i s i o n s  

i n v o l v i n g   c u l v e r t s  i n  t h e   f i e l d   d u r i n g   c o n s t r u c t i o n ,  I f  t h i s  

i s  t h e   c a s e ,  and i t  has been   genera l   h ighway  engineer ing  

p r a c t i c e  i n  t h i s  D e p a r t m e n t   f o r   s e v e r a l   d e c a d e s ,  i t  would  be 
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f o l l y   a t   t h e   d e s i g n   s t a g e   t o   p a i n s t a k i n g l y   i n d i c a t e   t h e   p r e c i s e  

l o c a t i o n   a n d   d i a m e t e r   o f   e v e r y   c u l v e r t   t o   b e   p l a c e d .  

T h e   s e l e c t i o n   o f  a p a r t i c u l a r   d i a m e t e r   f o r   c u l v e r t s   b e t w e e n  30"  

and 60" will u l t i m a t e l y   r e s t   o n   t h e   e x p e r i e n c e   o f   t h e   r e s i d e n t  

e n g i n e e r .   T h e   s e l e c t i o n  will b e   b a s e d   o n   h i s   p a s t   e x p e r i e n c e ,  

t o p o g r a p h i c   m a p s ,   a i r p h o t o s ,   a i r p h o t o   m o s a i c s ,   a n d   t h e   c o m b i n e d  

e x p e r i e n c e   o f   h i s   a s s i s t a n t   r e s i d e n t ,   i n s p e c t o r s   a n d   i n s t r u m e n t -  

men. 

It may b e   p o s s i b l e   t h a t   d u r i n g   t h i s   f i e l d   s t u d y   a n d   d i a m e t e r  

s e l e c t i o n   p r o c e s s ,  a c e r t a i n   s t r e a m  may r e q u i r e  a l a r g e r   c r o s s  

s e c t i o n a l   a r e a   t h a n   t h a t   p r o v i d e d   b y  a 6 0 "  p i p e .   N o r m a l l y  

s t r e a m s   o f   t h i s   s i z e   a r e   s t u d i e d   i n   t h e   p r e - e n g i n e e r i n g   s t a g e   b y  

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

d e s i g n   s t a g e   t h a t  a s t r e a m  will r e q u i r e  a p i p e   l a r g e r   t h a n  60". 

T h i s  may n o t   a l w a y s   b e   t h e   c a s e ,   a n d   h e n c e   t h e   r e s i d e n t  will have  

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

s o l v i n g   t h i s   p r o b l e m   t h e   r e s i d e n t   h a s   t h e   o p t i o n  o f  i n s t a l l i n g  

t w i n  60"  p i p e s   s i d e   b y   s i d e ,   o r   e v e n   t h r e e  i f  n e c e s s a r y .   T h e  

l a t t e r  will c a r r y   a n   e n o r m o u s   q u a n t i t y   o f   w a t e r   a n d   s h o u l d  

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

h y d r a u l i c   c o n s u l t a n t s ,  

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

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

a n d   u l t i m a t e l y   t h e   a b i l i t y  o f  t h e   s o i l   t o   r e s i s t   e r o s i o n .  The 
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r e s i d e n t  will a l s o   d e t e r m i n e   w h e t h e r   o r   n o t   r i p   r a p  will b e  

u s e d   f o r   e a r t h w o r k   p r o t e c t i o n   a t   t h e   c u l v e r t   e n d s  a s  w e l l   a s  

i m p r o v i n g   t h e   a p p e a r a n c e  o f  t h e   i n s t a l l a t i o n .  

T h e   e n d   t r e a t m e n t   o f   s m a l l   p i p e s  will b e   d e c i d e d   i n   t h e   f i e l d  

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

h e a d w a l l s ,   w e i r s ,   g r o y n e s   a n d   e n e r g y   d i s s i p a t o r s  will be 

g o v e r n e d   b y   c i r c u m s t a n c e s   a s   e n c o u n t e r e d .   N o t e n o u g h   i n f o r m a -  

t i o n   e x i s t s   t o  m a k e   t h e s e   d e c i s i o n s  now. R e l a t i v e   t o   t h i s  

p r o b l e m   t h e   r e a d e r   i s   d i r e c t e d   a g a i n   t o   S e c t i o n   B - 1   w h i c h  

d e a l s   w i t h   P o n d i n g   a n d   S u r f a c e   D r a i n a g e   o n   w h i c h   t h e   s u b j e c t  

o f  c u l v e r t s   u n d e r  60"  d i a m e t e r   i s   d e a l t h   w i t h   i n   d e t a i l .  
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SECTION B - 9 
SPECIAL TREATMENT FOR DITCHES 

. . .  

C o n s t r u c t i o n   o f   t h e   H i g h w a y  will i n v a r i a b l y   r e s u l t   i n  some 

r e - a r r a n g e m e n t   o f   t h e   n a t u r a l   d r a i n a g e   p a t t e r n   w i t h   t h e  

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

I n  a n o r m a l   s t r e a m   c h a n n e l   t h e   b e d   o f   t h e   s t r e a m   a d j u s t s   t o  

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

u n t i l  a b a l a n c e   i s   e s t a b l i s h e d .  

I n  n e w   c h a n n e l s   s u c h   a s   t h e   r o a d w a y   d i t c h e s ,   a n   e q u i l i b r i u m  

will n o t   h a v e   b e e n   e s t a b l i s h e d   h e n c e   t h e   p o t e n t i a l   f o r   s c o u r  

e r o s i o n   e x i s t s   w i t h   t h e   p o s s i b l e   t r a n s p o r t a t i o n   o f   m a t e r i a l s  

i n t o   n a t u r a l   s t r e a m s .  

It i s ,   t h e r e f o r e ,   d e s i r a b l e   t h a t   t h e   f l o w   v e l o c i t i e s  o f  t h e  

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

p r e v e n t   s c o u r i n g  o f  t h e   e x p o s e d   c h a n n e l   m a t e r i a l   a n d ,   f a i l i n g  

t h i s ,   t h a t   t h e   r u n o f f   b e   c h a n n e l l e d   i n t o   a r e a s   w h e r e   s e d i m e n t a -  

t i o n  may o c c u r   w i t h   m i n i m a l  damage t o   t h e   n a t u r a l   s u r r o u n d i n g s .  

T h e   d e t e r m i n a t i o n   o f   m a x i m u m   a l l o w a b l e   f l o w   v e l o c i t i e s   a t  

w h i c h   s c o u r  will o c c u r   d e p e n d s   o n   n u m e r o u s   f a c t o r s ,   i n c l u d i n g  

s e d i m e n t   i n   t h e   w a t e r ,   s o i l   c h a r a c t e r i s t i c s ,   s u c h  a s  g r a i n - s i z e  

d e n s i t y ,   o r g a n i c   b i n d e r ,   c e m e n t a t i o n ,   i c e   c o n t e n t   a n d   o t h e r  

n a t u r a l   f a c t o r s .  
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The e f f e c t s   o f   r u n o f f   o n   t h e   c h a n n e l   a r e   d e p e n d e n t   o n :  

1. S o i l   t y p e   a n d   g r a d a t i o n .  

2. Q u a n t i t y   o f   r u n o f f ,  

3 .  W a t e r   a n d   s o i l   t e m p e r a t u r e s .  

4 .  Degree  o f   v e g e t a t i o n .  

5.  Grade o f   c h a n n e l   a n d   d i s c h a r g e .  

One o f   t h e   p r i n c i p l e s   t o   b e   f o l l o w e d  i n  d e s i g n i n g   t h e   M a c k e n z i e  

H ighway  will b e   t o   a v o i d   e x c a v a t i o n   i n   p e r m a f r o s t   w h e r e v e r   a n d  

w h e n e v e r   p o s s i b l e .   T h i s   s h o u l d   p r o v i d e  a m a t e r i a l   c o n d i t i o n   i n  

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

c o n s t r u c t i o n ,   U s i n g   M a n n i n g ’ s   E q u a t i o n   a n d   t h e   l i m i t i n g   d e s i g n  

v e l o c i t i e s   t a k e n   f r o m   t h e   H a n d b o o k   o f   S t e e l   D r a i n a g e   a n d   H i g h w a y  

C o n s t r u c t i o n   P r o d u c t s ,   H i g h w a y   T a s k   F o r c e ,   A m e r i c a n   I r o n   a n d  

S t e e l   I n s t i t u t e   ( S e e   T a b l e   B , 9 . 1 ) ,   d i s c h a r g e   v s .   g r a d i e n t   c u r v e s  

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

b e   e n c o u n t e r e d   o n   t h e   h i g h w a y .   ( S e e   F i g u r e  B . 9 . 1 ) .  From 

e x p e r i e n c e   a n d   o b s e r v a t i o n   o n   s o u t h e r n   p r o j e c t s   a n d   o n  some 

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

i n   T a b l e  B.9.1 a r e   g e n e r a l l y   a p p l i c a b l e .  

D i  t c h   L i n i n g ,  

F o r  a g i v e n   s o i l   t y p e  a c u r v e   i n   F i g u r e   B . 9 . 1   i n d i c a t e s   t h e  

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

e r o s i o n  may o c c u r .   T h e r e f o r e ,   t h e o r e t i c a l l y ,   b y   l i n i n g   t h e  

d i t c h   w i t h   a n   a d e q u a t e   d e p t h   o f   m a t e r i a l   s e l e c t e d   h i g h e r   o n  
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I 

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

D e p e n d i n g   o n   t h e   h o r i z o n t a l   l e n g t h   o f   t h e   r o a d w a y   d i t c h e s  

r e q u i r i n g   t h i s   t y p e  of p r o t e c t i o n ,   e c o n o m i c s  may r e q u i r e  some 

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

D i t c h   C h e c k s  

Recommended d e s i g n   v e l o c i t i e s   f o r   u s e   o n   t h e   M a c k e n z i e   H i g h w a y  

h a v e   b e e n   t a b u l a t e d   b y  E .  W .  B r o o k e r   a n d   A s s o c i a t e s   L i m i t e d   a n d  

h a v e   b e e n   p u b l i s h e d   i n   V o l u m e  I ,  A p p e n d i x  ' IC"  o f   t h e   M a c k e n z i e  

H i g h w a y   G e o t e c h n i c a l   E v a l u a t i o n " .   ( S e e   t a b l e   8 . 9 . 2 ) .  

F o r  a g i v e n   d i s c h a r g e   o n  a g i v e n   g r a d i e n t  fo r  a p a r t i c u l a r   a r e a  

u s i n g   M a n n i n g ' s   E q u a t i o n   a n d   M a n n i n g ' s   ' I n "   a s   l i s t e d   i n   t h e  

a b o v e   p u b l i c a t i o n   t h e   v e l o c i t y   d e t e r m i n e d   c o u l d  b e  i n   e x c e s s  o f  

t h e   r e c o m m e n d e d   v e l o c i t y   f o r   n o n - s i l t   n o n - s c o u r .   F l o w   v e l o c i t i e s  

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

c h e c k s   a c r o s s   t h e   w i d t h  o f  t h e   d i t c h .   ( S e e   F i g u r e   B . 9 . 7 . )  

Due t o   t h e   p h y s i c a l   l i m i t a t i o n s   o f   t h e   h i q h w a y   d i t c h   d e p t h  it i s  

c o n s i d e r e d   p r a c t i c a l   t o   u s e   a n   e l e v a t i o n   d i f f e r e n c e  o f  o n e   f o o t  

b e t w e e n   d i t c h   c h e c k   c r e s t s .   F o r   t h e   p u r p o s e  o f  g e n e r a l   d e s i g n  

a n d   c o n s e r v a t i v e   d e s i g n   d i t c h   c h e c k   s p a c i n g  was d e t e r m i n e d   b y  

u s i n g   t h e   r e c o m m e n d e d   v e l o c i t i e s   i n   T a b l e   B . 9 . 2 .   B a s e d   o n   t h e s e  

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

f o r   v a r i o u s   d i s c h a r g e s ,  A f o r t y   f o o t   m i n i m u m   s p a c i n g  o f  d i t c h  

c h e c k s  was c o n s i d e r e d   t o   b e   r e a s o n a b l e   f o r   c o n s t r u c t i o n ,  

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

w h i c h   t h e   d i t c h e s  may b e   s u b j e c t e d   c a n   b e   d e t e r m i n e d ,   w h e r e  

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

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

d e v e l o p e d   b y   B o l t e r   P a r i s h   T r i m b l e   L i m i t e d ,   C o n s u l t i n g  

E n g i n e e r s .   T h i s   m o d i f i e d   R a t i o n a l   F o r m u l a  was p u b l i s h e d   i n  

t h e   H v d r o l o q y   S t u d . y   a n d   D e s i g n  o f  C u l v e r t s ,   M i l e   2 9 7   t o  M i l e  

345, ! l ackenz ie   H ighway ,   November   1972 .  

T h e   d e s i g n e r ' s   j u d q e m e n t   i n   d e t e r m i n i n g   a n t i c i n a t e d   r u n - o f f  

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

s e l e c t e d   f o r   t h e   v a r i a b l e s   i n   t h e   m o d i f i e d   r a t i o n a l   f o r m u l a  

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

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

c u t   s e c t i o n   b e i n g   c o n s i d e r e d .  

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

c o b b l e   m a t e r i a l ,   d i t c h   b l o c k s   w i t h   c u l v e r t s   d i v e r t i n g   w a t e r  

o u t   o f   t h e   d i t c h   o n t o   n a t u r a l   v e g e t a t i o n   a n d  by a c o m b i n a t i o n  

o f  d i t c h   c h e c k s   a n d   d i t c h   b l o c k s   r e a s o n a b l e   m e a s u r e s   o f  

r o a d w a y   d i t c h   e r o s i o n   D r o t e c t i o n   c a n   b e   d e v i s e d ,   u n t i l  

r e v e g e t a t i o n   h a s   b e e n   e s t a b l i s h e d .  It s h o u l d   b e   r e c o q n i z e d  

t h a t   t h e   F i e l d   C o n s t r u c t i o n   E n g i n e e r  will b e   r e q u i r e d  t o  

make f i e l d   a d j u s t m e n t s   b a s e d   o n   h i s   o b s e r v a t i o n   a n d   j u d g e m e n t  

w h e r e   a p p l  i cab1   e .  
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TABLE B.9.1 

L I M I T I N G  WATER V E L O C I T I E S  

FOR T H E  D E S I G N  OF STABLE C H A N N E L S  

M a n n i n g   V e l o c i t y  
M a t e r i a l  n f t / s e c .  

F i n e   s a n d   c o l l o i d a l .  . . . . . . . .  0 ,020  

S a n d y   l o a m   n o n c o l l o i d a l .  . . . . . .  ,020 

Silt Loam n o n c o l l o i d a l  . . . . . . .  ,020 

1 .50  

1 .75  

2.00 

A l l u v i a l   s i l t s   n o n c o l l o i d a l ,  . , . .020 2.00 

O r d i n a r y  firm l o a m  . . . . . . . . .  ,020   2 .50  

V o l c a n i c   a s h  . . . . . . . . . . . .  .020 

Stiff c l a y   v e r y   c o l l o i d a l .  . . . . .  ,025 

2 .50  

3 .75  

A l l u v i a l  s i l t s  c o l l o i d a l  . . , , , . ,025  3 .75 

S h a l e s   a n d   h a r d p a n s .  . . . . . . . .  .025 6 .00  

F i n e   g r a v e l ,  . . . . . . . . . . . .  ,020  2 .50  

G r a d e d   l o a m   t o   c o b b l e s   w h e n   n o n -  
c o l l o i d a l .  . . . . . . . . . . . . .  .030  

G r a d e d   s i l t s   t o   c o b b l e s  when 
c o l l o i d a l .  . . . . . . . . . . . . .  ,030 

3 .75  

4 . 0 0  

C o a r s e   g r a v e l   n o n - c o l l o i d a l .  . . . .  . 0 2 5  4 .00  

C o b b l e s   a n d   s h i n g l e s  . , , . . , . .035   5 .00  

R e f e r e n c e :  

Handbook o f   S t e e l   D r a i n a g e   a n d   H i g h w a y   C o n s t r u c t i o n   P r o d u c t s ,  

H i q h w a , y   T a s k   F o r c e ,   A m e r i c a n   I r o n   a n d   S t e e l   I n s t i t u t e ,  

. . .  6 0  



- 60 - 

TABLE  B.9.2 

M a n n i n g ’ s  ‘In” f o r   N a t u r a l   S t r e a m   C h a n n e l s   a n d   D e s i q n   V e l o c i t i e s  

f o r   N o n - S i l t ,   N o n - S c o u r   C o n d i t i o n s   f o r   u s e   o n   t h e   M a c k e n z i e  

H i g h w a y ,  

MATERIAL 
M A N N I N G  

n 

R E C O M M E N D E D  
D E S I G N  

VELOCITIES 
U P S )  

Stiff C l a y   0 . 0 2 5  2.00 

C o l l o i d a l  Silt 0.025 
N o n - C o l l o i d a l  Silt 0.020 

F i n e   S a n d  
Coarse   Sand  
S i l t y  Sand 

Silt T i l l  
C l a y  Till 

0,020 
0 .020 
0 . 0 2 0  

0 .025 
0 .025 

F i n e   G r a v e l   0 . 0 2 0  
C o a r s e   G r a v e l  0 ,025  
W e l l   G r a d e d   G r a v e l   0 . 0 2 5  

1 . o o  
2 .00  

1.25 
1 . 2 5  
1 .50  

2 .00  
2.00 

2 . 0 0  
3 .00  
3 .00  

Cobbl  es 0.035 5 .00  

B r o k e n   S t o n e  0 . 0 3 5  3 . 0 0  

S h a l e   0 , 0 2 5  4 . 0 0  

V e g e t a l  -1 i nes 0 . 0 3 3  3.5  Maximum 

1 .   T a b l e  C-1 i s  b a s e d   o n   c h a n n e l   d e p t h s   b e i n g   b e t w e e n  0 .05  a n d  

2. A g i n g  o f  c h a n n e l s   p e r m i t s   v e l o c i t i e s   t o   b e   i n c r e a s e d   b y   3 0 % .  
3. F o r   v e g e t a l - l i n e d   c h a n n e l s   i n c r e a s e  t h e  g i v e n   v a l u e s   b y   u p  

4 .  G r a d i e n t s   s h o u l d   n o t   e x c e e d  4 p e r c e n t   f o r   a n y   d r a i n a g e   c o u r s e .  

3.0 f e e t .  

t o  1 . 5   ( f p s )   b u t   n o t   e x c e e d i n g  maximum v a l u e s   g i v e n .  

* R e f e r e n c e s  : 

1 .  S e e l y e ,  E .E . ,  1 9 5 6 :   F o u n d a t i o n s ,   D e s i g n   a n d   P r a c t i c e .  

2.  Handbook o f   S t e e l   D r a i n a g e   a n d   H i g h w a , y   C o n s t r u c t i o n  
P r o d u c t s ,   H i g h w a y   T a s k   F o r c e ,   A m e r i c a n   I r o n   a n d   S t e e l  
I n s t i t u t e .  
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Fiqure B.9.1 

LIMITING CHANNEL  GRADES FOR THE DESIGN OF "B" TYPE DITCHES 

1 
.01 .02 . 0 4  .07 .1 .2 . 4  .7 1 2 3 4 5  7 1  

CHANNEL  GRADE - PERCENT 
Reference : 
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-..: Figure B . 9 . 2  

DITCH CHECK SPACING 

(DESIGN DISCHARGE - 3 CFS) 
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Figure B . 9 . 3  
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Figure B . 9 . 4  

D ITCH  CHECK  SPAC I fJG 
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Figure B.9.5 
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Figure B. 9.6 

DITCH CHECK SPACING 

(DESIGN DISCHARGE - 30 CFS) 
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FIGURE B.9.7 

D I T C H  CHECKS 

Road Shoulder  Profile 
Ditch  Check 

- 
Energy Dissipated 
Re-established Gradient 

Sedimentation  Basins 

igned  Ditch  Profile 

accordance  with 
preceding  graphs 

- The  ditch  checks  will  be  constructed  with  non-erodible 
materials. 
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SECTION  C-1 

STATUS  REPORT:  REVEGETATION  PILOT PROGRAM 

Revegetation  demonstration  activities  for the  Department 

of Public  Works  began  in  August,  1973,  in  the  Fort  Simp- 

son and  Inuvik  areas.  A  report  proposing  the  revegetation 

studies was prepared  by  D.P.W.  in July, 1973 and  following 

co-ordination  with  the  Client,  the  program  was  started  in 

August . 
The  purpose of this  pilot  program  is  to  determine  the 

exact  combinations of conditions  necessary  to  cover  the 

disturbed  terrain  and  minimize  environmental  impact. 

The  initial  activities  were  staged  at  Fort  Simpson,  Mile 

300  to  320 of the  Mackenzie  Highway  and  at  the  construction 

sites  in  the  Mackenzie  delta,  Mile 330  - 365  of the  Dempster 

Highway,  Mile  931 - 9 6 4  of the  Mackenzie.  These  areas  in 

the  delta  introduce  significant  changes  in  climate  and 

variation  in  site. 

The  initial  activities  were  designed  to  revegetate  as  much 

as  possible of the  first  construction  section, (300 to 320)  

of the  Mackenzie  Highway  and to  stabilize  the  numerous 

cuts  through  which  the  Highway  passes. 

The  variety of site  conditions  includes  all of the  basic 

road  building  methods  used,  turnpike, cut, fill,  and 

. . . 6 9  
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approaches  to  rivers,  streams,  or  gullies and  variations 

in  microclimes  and  other  environmental  conditions. 

In  each of these  road  types  we  are  using  the  grass  seeds 

recommended  by  previous  studies,  slope  stabilization 

materials,  natural  vegetative  growth  and  its  response to 

artificial  stimuli:  and  fertilizers  and  their  affect  on  the 

seeds  and  areas  selected. 

The  major  land  forms  we  are  concerned  with  are: 

a)  Sand  cuts 
b)  Silt  cuts 
c)  Access  roads 
d) Roadside  and  offtake  ditches 
e) Bridge  and  culvert  approaches 
f)  Damaged  vegetation 
9) Borrow  pits 

On  each  of  these  sites  we  are  comparing  results  of  the 

following  test  plots: 

a)  Seeding 
b)  Seeding  and  fertilization 
c) Seeding,  fertilizing  and  mulch 
d)  Fertilizing  bare  soil 

The  size of the  test  plots  are  a  minimum of 10' x 4 0 '  

signed  and  roped  off  to  assist  evaluation  later. 

In  this  pilot  study  we  are  using  hand  labour  to  maximize 

uniformity  in  the  distribution of test  materials.  When a 

large  scale  operation is  to  be  undertaken  chippers  and 

hydro-seeders  will  be  necessary to produce  and  spread  the 

much  greater  volume of material. 

. . . 70 
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The  following is a  list  of  plots  presently  established: 

PLOT  SEED  MIX  FERTILIZER SOIL LAND STABILIZATION  DATE MILE 
NO. & LBS/ N.P.K/ACRE TYPE  FORM  METHOD  PLANTED 

ACRE - " 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

1 2  

13 

14 

15 

16 

Control  plot/no  seed - fertilizer or mulch 
A/60 

A/12 0 

A/laO 

C/60 

c/120 

C/180 

A/240 

A/60 

A/120 

B/120 

c/120 

A/120 

A/120 

B/120 

c/12 0 

60/60/60  Sand  Backslope  None 31 /08 /73   298 .2  

60/60/60 

60/60/60 

60/60/60 

60/60/60 

60/60/60 

60/60/60 

120/120/120 

120/120/120 

120 /120 /120  

Sand 

Sand 

Sand 

Sand 

Sand 

Sand 

Sand 

Sand 

Sand 

Sand 

1/3 

Backslope 
1 / 3  

1 /3  

I/ 3 

Backslope 

Backs  lope 

Backslope 
1 / 3  

Backslope 
1 / 3  

Backslope 
1 / 3  

Backs  lope 
1/3 

Backslope 
1 / 3  

Backslope 
1 /3  

Backs lope 
1 / 3  

Silt  Level  Seism-" 
ic Trail 

Sand  Backslope 
1 / 3  

Sand  Backslope 'I 

1 / 3  

Sand  Backslope I' 

1 / 3  

I1  I1  I1 

I1 I 1  11 

I1 11 11 

I 1  11 11 

I1  II 11 

I 1  II I 1  

12 /09 /73  

12 /09 /73  

28 /09 /73  

26 /09 /7  3 

298.2 

298 .2  

298 .3  

298 .3  

298.3  

298.3  

299.8  

300.2  

300.3 

3 0 0 . 3  

12 /09 /73   300 .5  

12 /09 /73   300 .95  

2 8 / 0 9 / 7 3   3 0 1 . 1  

28 /09 /73   301.3  

. . . 7 1  
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PLOT  SEED M I X  FERTILIZER  SOIL LAND STABILIZATION DATE M I  LE 

NO. & LBS/ N.  P. K/ACRE TYPE FORM METHOD  PLANTED 
ACRE - " 

17 

1 8  

1 9  

20 

2 1  

22 

2 3  

24 

2 5  

26 

2 7  

28  

29 

30 

3 1  

32 

c /120  

A/180 

B/180 

C/180 

A/12 0 

A/12 0 

A/12 0 

c /120  

A/120 

A/120 

A/120 

A/180 

A/180 

A/180 

A/180 

None 

60/60/60 

l O O / O / O  

lOO/O/O 

60/60/60 

1 0 0  M (urea)  

N o  Fert. 

100/60/60 

120/120/120 

lOO/O/O 

None 

Sand 

Sand 

Sand 

Sand 

S i l t  

Sand  

Sand 

Sand  

Sand 

Sand 

S i l t  

Sand  

Sand  

Sand 

R a c k s l o p e   C u r a s o l  AK 
1 1 3  

B a c k s l o p e  None 
1 / 3  

B a c k s l o p e  I' 

1 / 3  

B a c k s l o p e  'I 

1 / 3  

O f f t a k e  II 

Ditch  

B a c k s l o p e   J u t e  Mesh 
1 / 3  

B a c k s l o p e  Wood C h i p s  
1 / 3  

B a c k s l o p e  Wood Chips 
1 / 3  

B a c k s l o p e   C u r a s o l  
1 / 3  

B a c k s l o p e  Curasol 
1 / 3  

O f f t a k e  
D i t c h  

B a c k s l o p e  Curasol AK 
1 / 3  

1 / 3  & P l a s t i c  
B a c k s l o p e  Wood Chips 

Net t ing  

B a c k s l o p e  J u t e  Mesh 
1 1 3  

28/09/73 3 0 1 . 3  

12/09/73  301.8 

28/09/73  301.8 

28/09/73  301.9 

12/09/73  302.25 

12/09/73   303 .35  

11/09/73  303.5 

11/09/73  303.5 

12/09/73  304.8 

12/09/73  304.8 

12/09/73  304.9 

11/09/73   305 .1  

11/09/73  305.0 

11/09/73  305.0 

S a n d   B a c k s l o p e  Curasol 
113 

08/09/73  299.8 
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PLOT SEED MIX FERTILIZER 
NO. & LBS/ N. P. K/ACRE: 

ACRE - 
SOIL LAND STABILIZATION DATE M T I 
TYPE FORM METHOD PLANTED 
" 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

A/60 

A/120 

A/180 

D/60 

D/120 

D/180 

A/120 

D/120 

Creeping 
Red 
Fescue/ 
120 

I t  

I t  

No  Seed 
/o 
A/120 

A/120 

D/12 0 

D/120 

None 

None 

None 

None 

None 

None 

120/120/120 

30/50/0 

60/100/0 

Silt  Backslope  None 
1/3 

30/08/73 

Silt  Backslope 'I 

113 
It II II 

Silt  Backslope 'I 

1/ 3 
II II  II 

Silt  Backslope I' 

1/3 
II I t  II 

Silt  Backslope " 

1/3 
II 11 I t  

Silt  Backslope I' 

1/3 
t l  II II 

Silt  Backslope " 

1/3 
11 I t  II 

Silt  Backslope It 

1/3 
I 1  II II 

Silt  Backslope I' 

1/3 
I t  II II 

120/120/120 

None 

60/100/0 

Silt  Backslope I' 

113 
II  II II 

It  I t  II 

11 II  II 

II I t   I t  

Silt  Backslope It 

113 

Silt  Backslope 
1/3 

Ice  Backslope 
Silt  1/3 
Flows 

60/100/0 It Backslope " 

113 
I t  I t  II 

t I  I t  II 

11 I t  II 60/100/0 " Backslope It 

I/ 3 

. . , 73 
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In  accordance  with I . N . A .  suggestions,   the  program 

w i l l  cont inue  with some revis ions  most ly  i n  s eed   va r i e ty  

i n  demons t r a t ion   p lo t   o r i en ta t ion   t o  climatic f a c t o r s .  

S i ze  of Test Plots w i l l  be 10' x 4 0 '  divided i n t o  

f o u r  ( 4 )  sect ions  covered w i t h  t h e  fol lowing  mater ia l :  

1) Wood mulch 
2 )  S t r aw mulch 
3)  Slash 
4 )  Nothing  (control)  

F e r t i l i z e r  w i l l  b e   a p p l i e d   a t  t h e  fo l lowing   ra tes  

p e r  acre: 

200 l b s .  Urea ( 4 5 % N . )  
230 lbs. Triple  Superphosphate (60%p.) 
(Soil  tests to be  done for  K requirements) 

Seed  Mixture ( i f   a v a i l a b l e  - if n o t   s u b s t i t u t i o n s  w i l l  

be made) 

1) Boreal Red Fescue " 15 l b s .  
2 )  Nugget  Kentucky  Bluegrass -- 15 lbs .  
3 )  Bluejoint  (probably N/A) -- 1 0  l b s .  
4 )  Slender wheat g ra s s  " 6 lbs .  
5 )  F r o n t i e r  Reed Canary g ras s  -- 6 lbs .  
6) Engo Timothy " 6 lbs .  
7 )  Meadow Fox ta i l  " 6 l b s .  

I_ 

64 l b s . / ac re  

Sites have   been   loca ted   for   use   next   p lan t ing   season   a t  Mile 

308 - 311.5  on t h e  Mackenzie near   Fort  Simpson  and s e v e r a l  

borrow  and s p o i l  sites near  Fort McPherson  and  Inuvik. 

Germination results and  observations w i l l  be   reported  as  soon 

a s   ava i l ab le .  
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SECTION c - 2 
DISPOSAI OF WASTE 
This  section  pertains  to  waste  material  as  encountered  on  the 

right-of-way,  in  borrow  areas  and  on  haul  roads  during  the 

construction  process  of  the  Mackenzie  Highway. 

The  designed  grade o f  the  Mackenzie  Highway  will  generally be 

one  of  the  overlay  type,  cutting  only  when  necessitated by 

gradeline  continuity,  economy  of  gradeline  across  deep  gullied 

water  courses,  and/or  to  maintain  recommended  centreline 

gradients.  Cutting  will  also be designed i n  areas  where  the 

geotechnical  investigations  indicate  the  materials  on  the 

highway  right-of-way  are  suitable  for  construction. 

Some  organic  waste  materials  are  anticipated  to  minimal  depths 

in cut  areas  containing  suitable  material  for  construction. 

These  generally  minor  quantities  can  readily be disposed  of i n  

the  side  slopes  of  shallow  fills  along  the  toe  of  the  side 

slopes o f  larger  fills,  and  in  minor  depressions  on  the 

right-of-way. 

In areas  where  cutting will be necessitated by gradeline 

requirements  rather  than  for  suitable  construction  material, 

disposal  areas  for  this  material  may be required.  Conceivably 

for  some  material  the  fore  mentioned  methods  may  apply.  However, 

if  quantities  of  waste  are  such  that  the  fore  mentioned  methods 

. . . 7 5  
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a r e   n e i t h e r   s u f f i c i e n t  nor a p p l i c a b l e ,   t h e   w a s t e   m a t e r i a l  w i l l  

be d i sposed   o f  i n  completed  borrow p i t s  a n d  w h e r e v e r   p r a c t i c a l  

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

v i sua l   impac t ,   ensu r ing   comple t e   en t r apmen t  o f  s i l t  i n  t h e  p i t  

and   ensur ing  p i t  s l o p e   s t a b i l i t y .  Some s p e c i a l   d i s p o s a l   s i t e s  

o ther   than   bor row p i t s  may be necessary   however ,   the   need  f o r  

t h e s e   a t   p r e s e n t   a p p e a r s   m i n i m a l .  
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c 

SECTION 'c-3 
. . . . . . . . . . . . 

LIMINARY AND FINAL DESIGN DATA 
A )  The  preliminary  design  data  to  be  provided  with  each 

preliminary  design  submission will include  the  following 

narratives: 

1 )  Overland  Drainage 

2) Sources o f  Borrow 

3) Special  Treatment  of  Ditches 

4) Summarized  Environmental  Data 

5) Additional  Design  Statements 

B )  T h e  final  design  data to be  provided,  with  each  final 

design  submission will include  the  following  narratives: 

1 ) Overland  Drainage 

2 )  Sources o f  Borrow 

3) Special  Treatment  of  Ditches 

4) Summarized  Environmental  Data 

5) Additional  Design  Statements 

6) Stream  Crossings  Utilizing  Bridges 
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A P P E N D I X  A 

T h i s   A p p e n d i x   c o n s i s t s  o f  r e p o r t s   p u b l i s h e d   p r e v i s o u l y   t h a t  

c o n t a i n   d a t a   r e l a t i v e   t o   g e n e r a l   d e s i g n   a n d   p a r t i c u l a r   d e t a i l s  

a s   t h e y   a p p l y   t o   t h i s   s e c t i o n .   ( M i l e   5 4 4   t o   M i l e   7 2 5 ) .  

BOLTER P A R I S H  & TRIMBLE C i v i l   E n g i n e e r i n g   R e p o r t ,   M a c k e n z i e  
V a l l e y   R e c o n n a i s s a n c e ,   H y d r o l o g i c a l  
D a t a   a n d   G u i d e l   i n e s ,  

P r e l i m i n a r y   B r i d g e   C r o s s i n g   R e p o r t  
M i l e   5 5 0   t o   M i l e   7 2 5  

BROOKER,  E.W. & ASSOCIATES G e o t e c h n i c a l   D a t a ,   M i l e  6 3 2  t o   M i l e  
725,  Volumes I - X I V  

DEPARTMENT OF PUBLIC WORKS M a c k e n z i e   H i g h w a y ,   M i l e   2 9 7   t o   M i l e  
5 4 3 ,   G e n e r a l   D e s i g n   D a t a  

A l i g n m e n t   U p d a t e   R e p o r t ,   M i l e   5 0 0  
t o   M i l e   7 2 5 .  

LOMBARD  NORTH PLANNING  LTD E n v i r o n m e n t a l   I m p a c t   S t u d y ,   M a c k e n z i e  
H i g h w a y ,   M i l e   5 5 0   t o   M i l e   7 2 5  
( O c t o b e r ,   1 9 7 2 )  

F i e l d   R e s e a r c h   R e p o r t ,   E n v i r o n m e n t a l  
I m p a c t   S t u d y ,   M a c k e n z i e   H i g h w a y ,  M i l e  
550 t o   M i l e  725 

R.M. HARDY AND ASSOCIATES G e o t e c h n i c a l   D a t a   M i l e   5 4 4   t o  M i l e  
635,  Volumes I - 7 .  

G e o t e c h n i c a l   I n v e s t i g a t i o n s ,   P r o p o s e d  
B r i d g e   S i t e s ,   f o r ,   J u n g l e   R i d g e ,   N o t a ,  
V e r m i l l i o n ,   P r o h i b i t i o n ,   C h r i s t i n e ,  
H e l a v a ,   F r a n c i s ,   C a n y o n   C r e e k ,  
8 Volumes.  
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