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INTRODUCTION 

This  Final Design, covering  Mile 425.4  to 4 4 8 . 0  is the second 

submission  for  this  section of the  proposed  Mackenzie  Highway. 

The  changes  from  the  Detail  Design  Data  covering this section 

involves  one  major  alignment  revision in the  vicinity of 

Wrigley, Mile 4 3 3 . 7  to 439.7  and  two  minor revisions, Mile 

429.2  to 431.8  and  Mile 4 4 0  to 442;  several  revisions to  the 

vertical alignment; Special  Requirements,  Division 1, Section 

1; General  Requirements,  Division 1, Section 2 and  Standard 

Specifications,  Division 9 ,  Section 1 to 15. 

The  Client's  comments on the Final Design Submissions Mile 3 9 0  

to 4 2 8  and  Mile 4 2 8  to 4 7 0  have  been  responded to. The S.W.G. 

comments  have  been  considered in  preparation of this submission 

although  detailed  responses  to  individual comments are not 

included. 

The  reader  should  note  that this report  forms only part of a 

total  design  submission,  the  major  portion of which is contained 

in  separate  plan form. 
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CHAPTER I 

reference - Response t o   i n f o r m a t i o n   o m i s s i o n s  Noted i n  

Letter o f   D i r e c t i o n   f o r   F i n a l   D e s i g n   S u b m i s s i o n ,  

Mile 348 t o  3 9 0 ,  d.d. January  1 5 ,  1 9 7 4 .  

- Orthophoto   mapping   has   been   inc luded   on   the  Mile S h e e t s  

of the   F ina l   Des ign   Submiss ion ,  Mile 4 2 5 . 4  t o  4 4 8 . 0  

amended  November, 1 9 7 6 .  

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

t i m e  because o f   t h e   i n d e f i n i t e   d e f e r r a l  of c o n s t r u c t i o n  

i n   t h e  area.  
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- A l l  o f f - t a k e   d i t c h e s   h a v e   b e e n   p l o t t e d  a s  r eques t ed .  

- Appendix "A" of t h i s   r e p o r t  describes t h e   v a r i o u s  

me thods   p roposed   fo r   spec ia l   t r ea tmen t  f o r  d i t c h e s .  

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

d i t c h   l i n i n g s  are  i l l u s t r a t e d  on t h e   p l a n ,   " T y p i c a l  

Drawings f o r   E r o s i o n   C o n t r o l "   c o n t a i n e d   i n   t h e   F i n a l  

Design  Submission, Mile 4 2 5 . 4  t o  4 4 8 . 0  amended 

November, 1 9 7 6 .  

- Appendix "A" of t h i s   r e p o r t  c l a r i f i e s  t h e   i n t e n d e d  

meaning  of a d i t c h   c h e c k   a n d   t h e   p l a n ,   " T y p i c a l  

Drawings f o r   E r o s i o n   C o n t r o l "   c o n t a i n s   t y p i c a l  



drawings of d i t c h   b l o c k s   a n d   d i t c h   c h e c k s .  

- C o n s t r u c t i o n   o f   t h e   d i t c h   b l o c k  i s  similar t o  em-  

bankment c o n s t r u c t i o n .  Detai ls  c o n c e r n i n g   s i z e ,  

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

drawing of d i t c h   b l o c k s .  

- Cross s e c t i o n s  f o r  c u t  and f i l l   s e c t i o n s  over 1 5  f e e t  

are no t   p rov ided  i n  th i s   Des ign   Submiss ion .  

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

w i t h   t h e   s e c t i o n s  shown o n   t h e   p l a n ,   " T y p i c a l   S e c t i o n s " .  

The F i e l d   E n g i n e e r  will i f  r e q u i r e d ,   a d j u s t   t h e  s lope 

a n g l e s .  



-I;- 
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Borrow p i t s   have   been   chosen  as  d i s p o s a l  sites f o r  

waste mater ia l ,  f o r  t h i s   s e c t i o n ,  Mile 425.4 to 448.0 

The C l i e n t   i n s t r u c t e d   t h a t   t h e   s p e c i a l  E.W,G. package 

be d e f e r r e d   f o r  Mile 725 t o  936.  D.P .W.  is a lso  pro-  

v i d i n g   o n l y   o n e  set o f   p l a n s   f o r   t h e  amended F i n a l  

Design  Submission Mile 425.4 t o  448. 
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CHAPTER I I 

REFERENCE: - L e t t e r s  of D i r e c t i o n   f o r   F i n a l   D e s i g n  Sub- 

mis s ions ,  Miles 3 9 0  t o  4 2 8 ,  d a t e d  March 14, 

1 9 7 4 .  

7. - Ini(atLmation om in hi on^ 

The inl;omcLtion ominhiona doh f i e  ' F i n d '  D u i g n  Subminirion, Fitiee 

348 t o  390 no,ted i n  om LeaXm ;to you dcded Januahy 75, ? 9 7 4 ,  have 

&o been noted i n  XhA dQnign h u b d b i U n .  Yvu m e  Zhmedote he- 

quaxed Ao e m u ~ e  f k i n  in~otulmtion i~ povided in hccbhequeizt 

nubtninaion &VL ; t h A  A w L ~ . u ~ .  

The in fo rma t ion   r eques t ed  i s  provided  i n  Chapter  I of 

t h i s   r e p o r t .  

7;t h nofed Rh& i i z  o4de.h ;to pkovide ;the i f l 6 0 h m c L t i O n  rrecjuufed 

Awo 0 6  p h n ~  muy be necjuhed; on& doh nevieur pllhpoclc5 and 

une 6o't C ~ L O L L Z C ~  puhpone~ .  A 6ind decinion w L U  be made  hen 

a aldc?Abme& 0 6  advnn tagu  ar;d cohh  ha,^ been compleAed. 

Tkin w i l l  be dincased Qun/thm aR: a le  next m e d n g  O B  t h e  VRCC. 

A s  f o r   s e c t i o n ,  Mile 725 to 936, only   one  set of p l a n s  

i s  inc luded  i n  t h i s   s u b m i s s i o n .  

I I. ALL5 nment 
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The vertical alignmemt in this section appears t o  be well 

(1) Horizontal 

No horizontal  alignment  revisions  have  been  made 

between  Mile 425.6 and 428. 

(2) Vertical 
” 

Minor  revisions to the  vertical  alignment  have  been 

made. 

7 7 7. Drainage 

mile 471.9 
mile 478.4 
mile 424.3  

( b )  concern is expressed ;that in some cases the culvert 

mile 407-402 stations 329-364 
mile 402-403 
mile 453-474 
mile 474-473 
M i l e  425-426 
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(cl  A ditch check is required at Mile 3 9 9 - 4 0 0 ,   s t a t i o n  

240 .  
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(1) Culverts 

(a) This area is outside the  limits of this Design 

Submission. 

(b) Culverts  have  been  added  for  section Mile 425 

to 4 2 6 .  

(c) This  area is outside  the  limits of this Design 

Submission. 

(d) Tailwater  elevation  are  shown on the special 

culvert  drawings. 

(e) Inlet  and outlet velocities f o r  design and fish 

migration discharge  are  shown on the special 

culvert drawings. 

(f) This area is outside the  limits of this Design 

Submission. 
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(g) This  area is outside  the  limits of this Design 

Submission. 

(h) No D.P.W. response  required. 

(i) This area is outside the  limits of this Design 

Submission. 

( 2 )  Special! treatment o f ditches 

( a )  appropriate special ditch treatment and silt trapping 

devices should be. shown for mile 4 2 6 . 5 ,  stations 1654- 

1659 and stations 1 6 6 7 - 1 6 6 9 .  

(b) there appears ;to be. a contradiction between .two tables 

in ;the detail design Data report Table  on page 49 

shows several sections where the average slope exeeds 

4% while table C- 1, Appendix "A" indicates that gradients 

should not exceed 4 %  for any drainage course 

( 2 )  Special Treatment of Ditches 

4 2 6 - 4 2 7  

4 2 7 - 4 2 8  

Special treatment  for  planned ditches has been 

identified  in  accordance with Appendix "A" of 

this Design  Submission  for  the  following  locations. 

There  are some changes from  the  previous  Design 

Submission due to  change  in  gradeline. 

Estimated Ditch Protection , 

Average  Discharge or 
Station Slope % in C . F . S .  Ditch Creek  Spacing 

1 6 5 5 - 1 6 5 8  4.5 1 Coarse Gravel 
1 6 6 6 - 1 6 7 7  3.0 2 Coarse Gravel 

1 7 0 4 - 1 7 1 3  3 .2  7 Coarse Gravel 
1 7 1 9 - 1 7 2 6  1 . 8  4 6 0  ' 
1 7 3 3 - 1 7 4 1  4 . 0  3 Coarse Gravel 
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(b) Table C - 1 ' s  reference  to  maximum  gradients of 

4% applies  to  drainage  courses of depth up to 

three  feet. Flows of 7 C.F.S. in a 12 foot 

wide ditch will have  depth of flow considerably 

less than  three  feet. D.P.W. does not anticipate 

problems  with  the  ditch  design  gradients on this 

section. 

(.a) The design in this Design  Submission does reflect on 

the  geo-technical  information  obtained .by  D.P.W. 

(b) This  area is outside  the  limits of this Design 

Submission. 

(c) Geo-technical  information  has now been  obtained for 

this section. 
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I .  location of pits 

la) The proposed borrow pit l o c a t e d  at Mile 39 1 should be 

located b o ah not to encroach upon the stream banks and 

;to a v o i d  any disturbanc ;to, or siltation o 6, t h e  stream 

1. Location of Pits 

(a) This  area  is  outside  the  limits of this  Design 

Submission. 

2. Location of Borrow  Area  Access  Roads 

(a)  This  area  is  outside  the  limits of this  Design 

Submission. 

(b) This  area  is  outside  the  limits of this  Design 

Submission. 
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,- 

I 

( c )  at mile 3 9 5 . 9  ;the right-of-way crosses a lake outlet near a 

presently act ive  beaver dam. disturabance of this dam should 

be avoided. 
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( a )  C o n s t r u c t i o n   o p e r a t i o n   c o n s t r i c t i o n s   b a s e d   o n  recom- 

mendat ions  f rom  Canadian  Wildl i fe  Service a n d   F i s h e r i e s  

Service are s p e c i f i e d   i n   t h e   E n v i r o n m e n t a l   P r o t e c t i o n  

S c h e d u l e   R e s t r i c t i o n s ,   D i v i s i o n  1, S e c t i o n  1 of t h e  

C o n t r a c t   S p e c i f i c a t i o n s .  

( b )  Base data  compiled  by D.P.W.’s Environmenta l   Consul tan t  

has   been  forwarded t o  i n t e r e s t e d   a g e n c i e s .  

(c) T h i s  area i s  o u t s i d e  t h e  limits of t h i s  Design Sub- 

miss ion .  

(d)  The a rea   conce rned   w i th  is o u t s i d e   t h e  limits of t h i s  

Design  Submission. 

mile 473-414 stations 955-960 

E.i.i.Le 414-475 station 7977+80 
station 7027+00 

Mile 427-428 stations 7704-7775 

stations 96 0- 9 70 
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future design submissions are ,to identify sensitive areas 

which would be particularly vulnerable to clearing one yeah 

or more in advance of construction 

Dis tu rbance  of t h e   g r o u n d   s u r f a c e   a n d   v e g e t a t i o n  

w i l l  be minimized. 

Only t h e  area of concern ,  Mile 4 2 7  t o  4 2 8 ,  S t a t i o n  

1704-1715,  i s  w i t h i n   t h e  limits of t h i s  Design 

Submission. 

The g r a d e l i n e  has b e e n   a d j u s t e d  i n  t h i s  area t o  

r e d u c e   t h e   l e n g t h  of c u t   i n   t h e   s e c t i o n   s h o w i n g  

s o i l  w i t h   h i g h  water c o n t e n t .  

N o  comments required  f rom  Department  of P u b l i c  

Works. 

The above recommendations w i l l  receive d u e   c o n s i d e r a t i o n .  
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A separate  committee was formed by I.A.N.D. to  select 

sites fo r  roadside  development. No decisions  have 

been  received from the  committee. 
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This area is outside  the  limits of this Design Submission. 
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CHAPTER I I I 

REFERENCE: Let ter  of Di rec t ion   fo r   F ina l   Des ign   Submiss ion  

Mile 428 to 4 7 0 ,  d.d. June  15, 1 9 7 4 .  

The i n f o r m a t i o n   r e q u e s t e d  i s  p rov ided   i n   Chap te r  I of 

t h i s   r e p o r t .  

The C l i e n t   i n s t r u c t e d   t h a t  the s p e c i a l  E.W.G. package 

be d e f e r r e d   f o r  Mile 725 to 9 3 6 .  D.P.W. i s  a l s o   p r o -  

v i d i n g   o n l y   o n e  set o f   p l a n s   f o r   t h e  amended F i n a l  

Design  Submission Mile 4 2 5 . 4  t o  4 4 8 .  
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The h o r i z o n t a l   a l i g n m e n t  has been   r ev i sed  t o  t h e  eas t  

o f   t h e   o r i g i n a l   a l i g n m e n t   b e t w e e n  Mile 433 .7  t o  439.7.  

The proposed cross i -ng  of t h e  Hodgson  Creek i s  approx- 

i m a t e l y  2 , 8 0 0  f e e t   u p s t r e a m   f r o m   t h e   o l d   c r o s s i n g .  

Two o t h e r   c r o s s i n g s   o f  Hodgson  Creek i n   t h e   v i c i n i t y  

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

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

The h o r i z o n t a l   a l i g n m e n t  a t  Smith C r e e k  has   been  re- 

v i s e d   t o   t h e  w e s t  of t h e   o l d   s l i d e  area on  t h e   s o u t h  

bank of t h e   r i v e r .   A n o t h e r   a l i g n m e n t  t o  t h e  w e s t  

o f   t he   p roposed   a l ignmen t  w i l l  be i n v e s t i g a t e d  pr ior  

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

Some minor  changes t o  t h e   v e r t i c a l   a l i g n m e n t   h a v e  

been made. 
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- T y p i c a l  cross s e c t i o n s  for c u t   a n d  f i l l  s e c t i o n s   h a v e  

not been   p rov ided   i n   t h i s   Des ign   Submiss ion .  

- The c u t s  and f i l l s  w i l l  be c o n s t r u c t e d   i n   a c c o r d a n c e  

w i t h   s e c t i o n s  shown on t h e   p l a n ,   " T y p i c a l   S e c t i o n s " .  

The F i e l d   E n g i n e e r  w i l l ,  i f  r e q u i r e d ,   a d j u s t   t h e   s l o p e  

a n g l e s .  

The above   r eques t   has   been   i nc luded  i n  t h e   s p e c i a l  

c u l v e r - t   s h e e t s   c o n t a i n e d   i n  t h i s  Design  Submission. 
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This  area  is  outside  the  limits of this  Design 

Submission. 

This  area is outside  the  linits of this  Design 

Submission. 

Scheduling  constraints  based  on  the  recommendation 

from  Fisheries  Service  are  specified  in  the  Envir- 

onmental  Protection  Schedule  Restrictions,  Division 

1, Section 1 of the  Contract  Specifications. 
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This  area i s  o u t s i d e  t h e  limits o f   t h i s   D e s i g n  

Submission. 

The u s e   o f   t h r o u g h   g r a d e   c u l v e r t s ,   d i t c h   b l o c k s  

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

c u t s  w i l l  minimize  run-off water f r o m   e n t e r i n g  

t h e s e   c u t   s e c t i o n 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  

s u r v e y s   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  w i l l  

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

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

c u t   s e c t i o n ,   t o  d i v e r t  l a r g e r   q u a n t i t i e s  of 

run-off water away f rom  these  areas. Where 

undue   e ros ion  i s  a n t i c i p a t e d  a t  d i t c h   o u t l e t s - ,  

d i t c h   b l o c k s  w i l l  be provided  t o  r educe  water 

ve loc i t ies  and t o  d i s p e r s e   t h e  water o n t o   t h e  

vege ta ted   g round.  
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s p e c i a l   t r e a t m e n t  f o r  p l anned   d i t ches   has   been  

i d e n t i f i e d   i n   a c c o r d a n c e   w i t h   A p p e n d i x  "A" of 

t h i s   r e p o r t .  

Note t h e r e  are  some changes   f rom  the   p rev ious  

Design  Submission  due t o  ver t ical  a n d   h o r i z o n t a l  

a l ignment   changes .  

E s t i m a t e d   D i t c h   P r o t e c t i o n  
Average  Discharge or  

M i  l e  S t a t i o n  Slope % i n  C.F.S.  Ditch  Check  Spacing 

4 2 9 - 4 3 0   1 8 0 6 - 1 8 1 9  
1 8 4 1 - 1 8 4 5  

4 3 0 - 4 3 1   1 8 4 9 - 1 8 5 6  
1 8 7 0 - 1 9 7 7  

4 3 3 - 4 3 4   2 0 4 2 - 2 0 5 2  
2 0 5 2 - 2 0 6 1  

4 3 6 - 4 3 7   2 1 6 5 - 2 1 7 3  
2 1 9 9 - 2 2 0 6  

5 . 4  
0.4 

5 .6  
3 . 7  

2 . 2  
1 . 4  

3 . 1  
3 . 0  

6 
2 

2 
1 

7 
5 

1 2  
8 

Cobbles  
Coarse   Grave l  

Coarse Gravel 
Coarse Gravel 

Coarse Gravel  
8 0 '  

Coarse Gravel 
Coarse Gravel 

( c )  Concern is expressed that a;t mile 440-441 station 325 

.to 347 an additional culvert may be required the  



The  horizontal alignment has Seen  revised  on 

this  section 

This  area  is  outside  the  limits of this Design 

Submission. 

This area is  outside the limits for this  Design 

Submission 

Additional  geotechnical data has been  obtained 
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The horizontal  alignment has been  changed  at  Hodgson 

C r e e k .  

Vertical  backslopes are not  proposed on  the section 

covered  by  this  Design  Submission. 

This area is outside the limits of this  Design 

Submission. 

Vertical c u t s  are not  proposed on the section covered 

by this Design  Submission. 
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T h e  areas concerned  with in paragraph (h), (i) and 

( j )  above  are  outside  the  limits of this  Design 

Submission. 

Steps  will  be taken to minimize  siltation into 

water  bodies  resulting  from  excavation of borrow 

areas. 

T h e  areas  concerned  with in ( b )  and (c) above are 

outside t h e  limits of this Design  Submission. 

http://outsi.de
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The areas c o n c e r n e d   w i t h   i n  ( a )  and (b)  above are  

o u t s i d e   t h e  limits of t h i s  Design  Submission. 

Our E n v i r o n m e n t a l   C o n s u l t a n t   i d e n t i f i e d   t h e  area Mile 

4 4 5  t o  4 4 6  as being a p o t e n t i a l   n e s t i n g  area fo r  rap-  

t o r s .  However,  no r a p t o r   n e s t i n g  has b e e n   i d e n t i f i e d  

i n   t h i s  area.  
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The above recommendations will receive d u e  consideration. 
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CHAPTER I V  
D E S I G N  COMMENTS 
” 

1. Alignment 
“_ 

(a) Horizontal 

The horizontal  alignment  has  been  revised  at  three 

locations  between  Mile  425.4 and  448.0. Between 

Mile 429.2  and  431.8  the  alignment has been  re- 

vised  to the west, away  from  the  old slide area on 

the  south  bank of Smith  Creek. A projected  alignment 

to  the west of the now proposed  alignment will be 

investigated  further  prior to construction.  Between 

Mile 433.7  and  439.7  the  alignment has been  revised 

to  the  east of the origrinal. alignment to reduce the 

impact on the  Community of Wrigley. From Mile 440 

to  Mile  442  the  alignment  has  been  shifted  to the 

east, away  from  two  of the lakes in  the area. 

(b) Vertical 

The changes to the  vertical  alignment do reflect 

on the  additional  geotechnical  obtained. Sections 

Mile  443.4 to 4 4 3 . 7  and  Mile  446.6 to 446.3  should 

be  investigated  prior to construction to determine 

if R.O.W. cuts are  feasible. 

Sixty  (60) m.p.h. minimum  design  speed has been 

used  except  for  where  a  lower  design  speed  resulted 

in  significant  reduction  in  embankment  quantities. 

Say  design  speed has been  reduced  to 55 n.p .h .  
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2 .  Drainage ' 

S i t e   s p e c i f i c   d e s i g n s   h a v e   b e e n   p r o v i d e d   f o r  a l l  pro-  

p o s e d   c u l v e r t s  7 2 "  diameter and larger. T h i s  i n  g e n e r a l  

co r re sponds  t o  d r a i n a g e   a r e a s   g r e a t e r   t h a n  0 . 7  s q u a r e  

miles, a l t h o u q h   d r a i n a g e   f r o m   o n e   l a r g e r   t h a n   t h e   a b o v e  

minimum has been  handled by m u l t i p l e  smaller c u l v e r t s .  

Drainage areas have   been   es t imated   us ing  1 " = 5 0 , 0 0 0 '  n a p s  

and 1 " = 3 0 0 0 '  a e r i a l  photography.   Design  discharges  have 

been estimated u s i n g   t h e   c u r v e s   f o r  5 0  y e a r   f l o o d   a n d  

5 0  y e a r ,  7 d a y   d e l a y   d i s c h a r g e  shown i n   F i g u r e  2 ,  of 

D . O . E . ' s  r e p o r t   o f   F e b r u a r y  1 9 7 5 ,  "Mackenzie Highway 

P r o j e c t ,   T e n t a t i v e   G u i d e l i n e s   f o r   C u l v e r t   D e s i g n " .  

Drainage areas and   des ign   d i scha rges   u sed   fo r   des ign  are 

summarized  i.n  Appendix “B" - Hydrology Summary. 

Other i n f o r m a t i o n   i n c l u d i n g   i n l e t   a n d   o u t l e t  ve loc i t ies  

a t  d e s i g n   d i s c h a r g e   a n d   w h e r e   a p p l i c a b l e  a t  f i s h  mi- 

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

drawings . 

3. Soi ls  
" 

Some r o a d w a y   e x c a v a t i o n s   i n t o   i c e - r i c h   f i n e - g r a i n e d  a r e  

p lanned  t o  i m p r o v e   t h e   v e r t i c a l   a l i g n m e n t   a n d  t o  mini -  

m i z e   c o n s t r u c t i o n  costs. The subgrade will h e r e  be 

subexcavated  t o  dep th   de t e rmined  by t h e   e n g i n e e r ,   a n d  

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

r e q u i r e d .  The d i t c h e s  and  backslopes will be b l a n k e t e d  
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with  imported  material  where in the  opinion of the 

engineer  this is  required 

Applicable  geotechnical  information  collected  along 

and  near  the  centreline and within the proposed  borrow 

areas has  been  shown on the  plans.  Where  information 

is lacking,  additional  investigations  are  proposed 

prior  to  construction. 

4. Borrows 

Approximate  borrow  pit  outlines  and  access roads are 

shown on the  Environmental  Data Sheets and  borehole 

logs are shown  on  the 1 " = 1 0 0 0 '  mosaics. 

Alternate areas, outlined  in the D.P.W.  Report "Geo- 

technical  Investigation  Mile  347 to Mile 6 9 0  Mackenzie 

Highway may  be  investigation  prior to construction. 

In particular  sources of borrow on the section  between 

Mile 440 and  446  will  be  investigated  further. 

Borrow requirements  and  approximate  pit sizes are shown 

below.  Quantities  shown  include  allowances  for  stripping. 

R.O.W. borrow is not  shown. 

Mile Quantity Depth Cleared  Area  (Acres) 

426.5 145,000 30 6 . 1  

429.3 65,000 18 4.5 

434.8 79,000 19 5.0 

435.9 5 2 , 0 0 0  2 0  3.9 

438.8  58,000 2 0  4.1 



Mile 

4 3 9 . 9  

442.4 

4 4 7 . 0  

". 
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Q u a n t i t y  ." Depth Cleared Area. "_____ (Acres) 

2 0 4 , 0 0 0  30 8 . 0  

3 0 4 , 0 0 0  2 9  11.0 

221,000 30 8.6 



APPENDIX "A" 

SPECIAL DITCH TREATMENT 

AMENDED: J u n e ,  1 9 7 4  
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S P E C I A L  TREATMENT FOR ditches - ”___” 

Roadway a n d   o f f t a k e  ditches are  o f t e n   n e c e s s a r y   e l e m e n t s  

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

the   r emova l  of t h e   v e g e t a t i v e  cover f r o m   t h e i r   r e s p e c t i v e  

areas, t h u s   i n c r e a s i n g   t h e   p o t e n t i a l   f o r   s c o u r  erosion. 

T h i s   s c o u r   e r o s i o n   i n   h i g h w a y   d i t c h e s  i s  dependent  upon 

numerous factors  i n c l u d i n g   d i s c h a r g e ,   c h a n n e l   g r a d i e n t ,  

s e d i m e n t   i n  water, s o i l  c h a r a c t e r i s t i c s  such a s  g r a i n  size, 

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  and  ice c o n t e n t .  

Some methods  used i n  h ighway   cons t ruc t ion  t o  control or  p r   r e v e n t  

s c o u r   e r o s i o n  are:  b l a n k e t i n g  t h e  d i t c h   f l o o r s   w i t h  stable,  

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 ,   r e d u c i n g  the  e f f e c t i v e  d i t c h  

g r a d i e n t  by c o n s t r u c t i n g  a series p r o p e r l y   s p a c e d  d i t ch  checks 

on t h e   d i t c h  f l o o r  and by d i v e r t i n g   r u n - o f f  water out of the 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  by u s i n g   d i t c h   b l o c k s .  

Desiqn e q u a t i o n s   e x i s t  f o r  open   channel  flow, which r e l a t e  flow 

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

channe l .  The Manning formula, i s  s u c h  an equation and i s  commorly 

employed f o r   o p e n   c h a n n e l  f l o w  c a l c u l a t i o n s ,  The formula is as 

f o l l o w s :  

V=(1.486/n) R2/3 SI12 (1) 
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where V=ve loc i ty  of water ,  i n  feet per second 

R=hydraul ic  radius (water area d i v i d e d  by 

we t t ed  perimeter) 

S=slope of channel g r a d i e n t ,  i n  f e e t  per  f o o t ,  

n = C o e f f i c i e n t  of Roughness  (Manning's "n")  

One of t h e   p r i n c i p l e s   f o l l o w e d  i n  des ign ing   t he   Mackenz ie  

Highway w a s  t o   a v o i d   e x c a v a t i o n  i n  pe rmaf ros t   whereve r   and  

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

t e x t s  f o r  use i n   n o n - p 2 r m a f r o s t  areas was c o n s i d e r e d   a p p l i c a b l e  

f o r   d e r i v i n g   d i t c h   l i n i n g   a n d   S i t c h   c h e c k   s p a c i n g   c h a r t s  for 

the   Mackenzie  Highway. 

when c u t s  t h r o u g h   i c e - r i c h   p e r m a f r o s t   a r e a s  are unavo idab le  

it i s  i n - t e n d e d   t o  sub  c u t   a n d  back f i l l  w i t h  a s u f f i c i e n t  depth 

of i c e - f r e e  material, which would p r o v i d e   s o i l   c o n d i t i o n s  

similar t o  non p e r m a f r o s t   a r e a s .  

The Handbook of Steel  Drainage  and Highway Construction 

Produc t s   s econd   Ed i t ion ,  1 9  7 1 ,  l ists  l i m i t i n g  velocit ies 

f o r  non e r o s i o n  of channe l s .  The fo l lowing   t abu la t ed   Mann ing ' s  

" n "   a n d   l i n i t i n g   v e l o c i t i e s  for t h e   g e n e r a l  s o i l  types found 

on the Mackenzie Highway r ight-of-way are e x c e r p t s  f r o m  this 

Handbook. 



- 38 - 

TABLE 1 

- 
t 

Material. 

F i n e  sand 

S i l t y  sand  

F i n e   g r a v e l  

S t i f f  clay 

Coarse g r a v e l  
Well graded  gravel 

Cobbles 

S h a l e ,   h a r d   p a n  

Manning V e l o c i t y  f t . / s e c ,  
n For C l e a r  water 

. 0 2 0  

. 020  

.020 

.02s 

.02s 

.035  

.025 

1. 50 

1.75 

2.50 

3.75 

4.00 

5-00 

6.00 

Using t h e  l i m i t i n g  veloci t ies  a s   t abu la t ed   above   and  

Manning ' s formula ,   ,d i scharge  versus g r a d i e n t  curves were 

c a l c u l a t e d  for a twe lve  foot wide "B" type r o a d   d i t c h .  

(See f i g u r e  2 ) .  

D i t c h   l i n i n g  

For a. g i v e n   s o i l   t y p e  a c u r v s  i n   F i g u r e  2 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  fo r  a g iven   g rad ien t   above  which scour 

erosion may occur. T h e r e f o r e ,   t h e o r e t i c a l l y ,  by l i n i n g  t h e  

d i t c h  with a n   a d e q u a t e   d e p t h  of material selected h i g h e r  

i n  t h e  graph  scour e r o s i o n   s h o u l d   b e   a r r e s t e d  o r  minimized,  

Ditch  Checks 

A s  a n   a l t e r n a t e  t o  d i t c h   l i n i n g   d i t c h   c h e c k s ,  within t h e i r  

limits, would be adequate   and poss ib ly  more economical  i n  

some a r e a s  for  scour  p r e v e n t i o n .  
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See F i g u r e  7 of t h i s   r e p o r t  for a s c h e m a t i c   e x p l a n a t i o n  o f  

d i t c h  check t h e o r y .  

F i g u r e s  3 t o  6 inclusive of this r e p o r t  are  recommended d i t c h  

c h e c k   s p a c i n g   c h a r t s   c a l c u l a t e d  for d i s c h a r g e s  up t o  20  c , f . s .  

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

s p a c i n g   c h a r t s  was based  on the e f f e c t i v e   g r a d i e n t   r e q u i r e d  

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

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  of t h e  highway d i t c h   d e p t h  

t h e   d i t c h   c h e c k  crest  i s  one foot above t h e   d i t c h  f loo r .  A 

f o r t y - f o o t  minimum spac ing  of d i t c h   c h e c k s  was c o n s i d e r e d  

t o  be r e a s o n a b l e  for c o n s t r u c t i o n ,   m a i n t e n a n c e  and e f f e c t i v e -  

ness .  

Discharge   Determina t ion  

The Rational formula   deve loped  i n  1889 by sewage Enginee eers 

i s  probably t h e  most   widely uses f o r m u l a   f o r   e s t i m a t i n g  

d i s c h a r g e s .  The formula is:  

' ,  Q = CiA. (2  ) 

where Q = d i s c h a r g e   i n  c. f .  s .  

C = t h e  run-off c o e f f i c i e n t  

i = t h e   i n t e n s i t y   o f   r a i n f a l l  i n  

i n c h e s  per  hour .  

A = t h e   d r a i n a g e  area  i n  acres. 
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This   approach   wi th  t h e  f o l lowing   mod i f i ca t ions  was c o n s i d e r e d  

t o  be an   accep tab le   one  for small d r a i n a g e   a r e a s  up t o  

about   one   square  m i l e .  

B o l t e r ,   P a r i s h ,  trimble c o n s u l t i n g   e n g i n e e r s ,   h a v e  i n  t h e i r  

pub l i ca t ion ,   Hydro logy   S tudy   and   Des ign   o f   Cu lve r t s ,  Mile 

2 9 7  t o  Mile 345 , Mackenzie  Highway,  November, 1972 ,  developed 

a m o d i f i e d   R a t i o n a l   f o r m u l a   f o r   l a r g e   d r a i n a g e  areas i n  the  

form: Qi =26.7 A R r  (100 - L) ( 3 )  

where Qi = maximum i n s t a n t a n e o u s   d i s c h a r g e  

- c.f.s. 

A = d r a i n a g e   a r e a  - s q u a r e  m i l e  

R = r a i n f a l l  i n  24  hours  

r = r a i n f a l l   r e d u c t i o n   f a c t o r  

L = p e r c e n t   w a t e r  loss 

M =  c o n v e r s i o n   f a c t o r  mean d a i l y   d i s c h a r g e  

t o  maximum. i n s t a n t a n e o u s .  

R a t i o n a l i z i n g   t h e  variables i n  the above formula as t h e y  are 

e f f e c t e d   i n   t h e   M a c k e n z i e  V a l l e y  s m a l l   d r a i n a g e  areas the 

fo l lowing   empi r i ca l   fo rmula  was developed  for e s t i m a t i n g  small  

d r a i n a g e  area d i s c h a r g e s  : 

Q =  . 584  CA ( 4 )  

where Q = maximum i n s t a n t a n e o u s   d i s c h a r g e   i n  c .f .s ,  

C = r u n - o f f   c o e f f i c i e n t  

A = d r a i n a g e   a r e a   i n  acres. 



(a) - " .584"  i s  t h e   r e s u l t a n t  of 2 6 . 7 ,  R ,  r ,  1.1 and   t he  

conve r s ion  of square miles t o  acres (- 1 I 
6 4 0  

"R" - 4 i n c h e s   p e r  2 4  hour s  was cons ide red  

a c o n s e r v a t i v e   e s t i m a t e .  

"I" - 1 .0  was   used   s ince  no a p p r e c i a b l e   r e d u c t i o n  

c a n   b e   e x p e c t e d   i n  small d r a i n a g e   a r e a s .  

"MI' - a v a l u e  of 3.5 w a s  c o n s i d e r e d   c o n s e r v a t i v e  

f o r   s m a l l   d r a i n a g e   a r e a s .  

( S )  - "C"  - r u n - o f f   c o e f f i c i e n t  i s  similar t o  (100-L) . 

bolter P a r i s h ,  trimble a r r i v e d  a t  a n  

"L" v a l u e   o f  758 f o r  large d r a i n a g e  areas 

( 5 5 0   a c r e s   a n d   g r e a t e r ) .  The accepted  

run-off c o e f f i c i e n t  for conc re t e   and  pave- 

ment i s  0 . 8  s u g g e s t i n g  a water loss of  20%. 

I t  was c o n s i d e r e d   c o n s e r v a t i v e  to use th i s  2 0 %  

w a t e r  loss f o r  d r a i n a g e   a r e a s   o f  45 acres and 

less. J o i n i n g   t h e s e  limits with a. p o r a b o l i c  

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

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

t o  the   fo l lowing   run -o f  f c o e f f i c i e n t s  : 
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TABLE 2 

" 

".. 

, : -  

e 

expected run-off c o e f f i c i e n t s  f o r  small d r a i n a g e  
areas i n  the Plackenzie  Eiqhway 

" 

Acres " c " - 

up to 4 5  - 0 . 8 0  

up to 9 8  - 0 . 6 5  

up to 222 - 0.50 

Up to 5 5 0  - 0 . 2 5  

The select ion of a particular type of d i t c h  treatment or 

whether it is required will ultimately rest on  the 

experience of the  resident engineer .  
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HYDROLOGY SUMMARY 
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HYDROLOGY summary 

mile 425.4 TO mile 448 

DESIGN DATA c o n s u l t a n t  comments 

QF 

7 5  

MILE 
QD QF 

MILE A QD 

426.5  340 95 426.5 5.4 2.8 375 Lake Control .   Consul-  
t a n t  d r a i n a g e  area in-  
c l u d e s   p a r t  of ad jacen  
d r a i n a g e  areas. 

7.5  

60" C.S.P.P. 4 2 7 . 1  

427.5 

65 

105 

15 5 

0 . 5  120 24 427.5  

428 .2  

25 

428 .2  12 140  

4 350 1 430.0 1 ,350  580 4'30.0 51.0 Smith Creek. P r e v i o u s  
br idge  scheduled.  

434.7 rev ised   a l ignments .  230 

435.7 120 60" C.S .P .P .  p l u s  C.S.1 
Revised  alignment.  

124 436.6 2 100 i 36 .5  hodgson  Creek  Bridge 1,200 

A T o t a l  Drainage Area Q ,  50 Tear Design Discharge 

QF F i s h  Migra t ion   Discharge  AE = E f f e c t i v e   d r a i n a g e  Area 




