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INTRODUCTION 

The F i n a l  Design Submission, Miles 4 1 1 . 6  - 4 2 5 . 4  

February,  1975 has been  prepared as a resubmission to 

inc lude   the   in format ion  Omissions as observed  and  noted by 

the P r o j e c t  Manager i n  the review of the Prel iminary Design 

Submissions, Miles 390 -- 4 2 8 .  

The miss ing   geotechnica l   in format ion   in  the a l ign-  

ment   revis ion  areas  w i l l  be obtained by Department of Pub l i c  

Works forces during t h e  win te r  of 1974-75. 

The reader shou ld   no te   t ha t  this report forms p a r t  of 

a t o t a l  design  resubmission,  t he  major   port ion of which i s  

contained i n  sepa ra t e   p l an  forms. 
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CHAPTER 1 

REFERENCE : Response to Information  Omissions 
Noted in Letter of Direction fo r  
F i n a l  Design Submission, Mile 348 - 
390, d.d. January 15, 1974. 

I .  orthophoto Mapping 

as t h e  orthophoto mapping requested was not a v a i l a b l e  at the 

time the i n t e r i m   f i n a l  design submission was s u b m i t t e d  you  

are   reques ted  to submi t  t h e  d i n u l  design w i t h  t h e  orthophoto 

mapping as soon  as  it becomes a v a i l a b l e .  

- Orthophoto  mapping  has  been  included on the Mile Sheets 

of the  Final  Design  Submission, Mile 411.6 - 425.4. 
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- all of f - t ake  ditches have been plot ted.  as  

requested.  

- Appendix A of t h i s   r e p o r t  describes t h e  var ious  

methods  proposed f o r  special t rea tment  for ditches.  

Typical d e t a i l s  of d i t c h  blocks, d i t c h  checks 

and   d i t ch   l i n ings  are illustrated on t he   "Typ ica l  

Drawings fo r   E ros ion   Con t ro l "  sheet conta ined  in 

t h e  Final Design Submission, Mile 4 1 1 . 6  - 425.4 .  



- I t  i s  obvious  confusion of i n t e rp re t a t ion   be tween  

di tch  checks  and ditch blocks s t i l l  e x i s t s .  Appendix 

A of t h i s   r e p o r t   s h o u l d   c l a r i f y  t h e  intended  meaning 

of a d i tch   check  and the "Typica l  drawings  for 

Erosion  Control" Sheet of t h e  amended F i n a l  Design 

Package  contains a typ ica l   d rawing  of a d i t ch   b lock .  

- Assuming t h e  above comment refers t o  d i t c h  blocks, 

it is intended  that   maintenance w i l l  p r o v i d e   t h a t  

cu lver t s   ups t ream  f rom  d i tch   b locks  are opened   pr ior  

t o  spr ing  run-off .  

- Construct ion of t h e  d i t c h  block i s  similar t o  embank- 

ment  cons t ruc t ion .  Details concerning size, s lope  

and  r ip-rap are contained i n  the   typ ica l   d rawing  of 

d i t ch   b locks .  

3 .  cross s e c t i o n s  0 6  cuts and fills . 

please ensure  t h a t  cross   s ec t ions  for all c u t  and fill sections 

over 1 5  feet are provided on all future f i na l   des ign  submissions 

please n o t e   t h a t   t h e  letter 0 6  d i r e c t i o n   d a t e d  december I O ,  . e 9 7 3  
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r e q u e s t e d   t h a t  t h e  sideslope angles  for t h e  d e s i g n   s e c t i o n s  

wherever possible take in to   accoun t  t h e  mater ia l  t y p e  t o  

b e  used i n  t h e  c u t  or fill 

- Cross  sections  for all cut and  fill  sections  over 

15 feet  have  been  provided  in  the  Final  Design  Sub- 

missions  Mile 411.6 - 425.4. 

- The slope  angles  for  material  type to be used  in cut 

or fill  sections  as  recommended by Acres,  Volume 1, 

Geotechnical  Investigations,  Mile 346 - 450 have  been 
considered  as  being  over  conservative, The more 

realistic  slope  angles  for  slope  stability as determined 

by the  design  team,  are  indicated on the  cross  sections 

for  cuts  and  fills  over 15 feet. 

16 a t  any t i m e  subsequen t  t o  t h e  submiss ion  of a final 

d e s i g n   r e q u i r e m e n t  for borrow a r e a s   a d d i t i o n a l  t o  

t h o s e  shown  on t h e  d e s i g n   p l a n s   a r e   i d e n t i f i e d   t h i s  

department   ahould receive for a p p r o v a l  
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- A l l  information on borrow areas a v a i l a b l e  t o  D.P.W. a t  

t h e  time of t h i s  Design Submission  has  been  included 

.I on t h e  1"=200' orthomapping  and/or on t h e  1"=1000 mosaics. 

R e s u l t s  o f   consul ta t ions  t o  d a t e   a r e   r e f l e c t e d   i n  the schedul ing 

r e s t r i c t ions  i n c l u d e d   i n   t h e  draf t  specification. Consul ta t ions  

wi th   t hese   agenc ie s   a r e   con t inu ing   t o   p rov ide  general gu ide l ines  

f o r   t h e   p r o t e c t i o n  of f i s h  and w i l d l i f e .  



-L- 
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REFERENCE: Letter of D i rec t ion  for Final   Design 
Submission Mile 4 2 8  - 470 d.d. 
June 15,  1 9 7 4  

- The information  requested i s  provided  in   Chapter  1 

of t h i s   r e p o r t  

The horizontal alignement for m i l e s  3 9 0  t o  4 2 4  has been 

previously approvede T h e  section from mile 4 2 4  - 4 2 8  

f a l l s   w i t h i n  t h e  wrigley area  where possible revisions 

are being cons idered   f u r ther   a l ignmen t   approva l s  i n  

this area  cannot  be g i v e n  a t  t h i s  t i m e .  

- Mile 4 2 5 . 4  was chosen as t he   no r the rn  limit of t h i s  

submission as the  r ight-of-way has a l ready   been   c leared  

t o  tha t   po in t .   Revis ions   be ing   cons idered  f o r  the 

Wrigley area w i l l  n o t  result i n  any  changes i n  t h e  



- 9 -  

alignment from Mile 425.4 south.  

- No Department of Public Works comment required. 

Willowlake River section does not f a l l  within t h e  

limits of this  submission. 

n o t  been provided are 

MiLe 3 9 2 ,  station 8 4 2  

M i l e  3 9 3 ,  stations 9 3 6 - 9 4 7  

Mile 3 9 4 ,  stations 9 4 8 - 9 6 3  

MiLe 3 9 4 ,  stations 9 8 5 - 9 9 5 .  
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- Typical s e c t i o n s  f o r  a l l  cuts and fills over 15 f e e t  

have  been shown on the plan  profile mile s h e e t s .  

Mile 4 7 8 . 4  

M i l e  4 2 4. 3 

- E x i t  velocities a t  des ign   d i scha rge   a r e  shown 

on the hydro log i s t ' s   cu lve r t   d rawings  for t h e  

above noted culverts. 
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- The des ign  of the   sec t ions   no ted   above   which   a re  

w i t h i n   t h e   s e c t i o n  4 1 1 . 6  - 425.4  have  been  reviewed 

w i t h  t he   fo l lowing   r e su l t s :  

Mile 413 - 4 1 4  - Addi t iona l   cu lver t s   added  

Mile 4 1 4  - 4.15 - Addit ional   culver ts   added 

Mile 425 - 426 - Design  considered adequate 

- The s e c t i o n   r e f e r r e d  t o  above is  not w i t h i n  t h e  

limits of th i s   submiss ion .  

( d )  12 is reques t ed  that t h e  e x p e c t e d   t a i l w a t e r  elev 

a t i o n s  for fish migrat ion   d i scharge  be  provided 

for t h e  culverts l o c a t e d  at t h e  following mileages 

3 9 6 .  7 ,  4 0 6 . 2 ,  4 1 2 . 8 ,   4 2 2 . 7 ,  4 2 6 .  5 and 4 2 7 . 5 .  

- Expected tailwater e l e v a t i o n s  for fish migra t ion  

des ign   cu lve r t s   w i th in  the s e c t i o n  Mile 4 1 1 . 6  - 

425.4 are shown on the   hydro logis t ' s   d rawings  fo r  

t h e   r e s p e c t i v e   c u l v e r t s .  
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I n l e t   a n d   e x i t   v e l o c i t i e s  a t  f i s h  migrat ion 

discharge  have  been shown f o r  a l l  c u l v e r t s  

subject t o  f i sh   mig ra t ion   des ign  cr i ter ia .  

I n l e t   v e l o c i t i e s  a t  des ign   d i scharge  are  

shown for a l l  l a r g e   c u l v e r t s .  

The d i sc repancy   i n   d ra inage   a r ea   fo r  t h e  c u l v e r t s  

a t  Mile 419.5 was due t o  a typographical  error. 

The envi ronmenta l   consul tan ts   f igure   should  have 

been 0 . 7  square miles. Note t h a t   t h e  Base Data 

Report shows t h e   a r e a  as less than  one  square mile. 

The environmental   consul tant   agrees  w i t h  t h e  

hydro logis t s   d ra inage  area of 2 . 6  square miles 

f o r   t h e   c u l v e r t  a t  418.4. 

( g )  l n   a d d i t i o n  t o  t h e  c u l v e r t s  hecommended by your 

e n v i r o n m e n t a l   c o n s u l t a n t s  for fish migra t ion  design 

those Located at M i l e  3 9 2 . 0 ,  3 9 6 .  1 and 41  2 . 8  are 

aLso t o  b e  des igned  for d i s h  m i g r a t i o n  
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- The c u l v e r t  a t  Mile 4 1 2 . 8  has  been  designed for  

f i sh   mig ra t ion .  

t h e   o t h e r   n o t e d  are no t   i nc luded   i n  t h i s  s ec t ion .  

N o  Department of Pub l i c  Works comment r equ i r ed  a t  

t h i s  time. 

( i )  When streams  are identified as  having  moderate ,to h i g h  

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

i n d i c a t e d .  if schedu l ing   cons t ra in t s   a re   no t   can -  

siedered i m p o r t a n t   a t  a par t i cu lar  culvert it s h o u l d  

be 4 0  i n d i c a t e d  for t h e   d e s i g n   s u b m i s s i o n  Mile 

3 9 0  - 4 2 8 ,  s c h e d u l i n g   c o n s t r a i n t s   h a v e   n o t   b e e n   i n -  

d i c a t e d  for t h e  culvert l o c a t e d   a t  the following 

m i l e a g e s :  3 9 2 . 0 ,  3 9 4 . j ,  4 0 6 . 4 ,  4 0 7 . 5  4 7 7 . 6  and 

4 1 2 . 0 .  
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- Schedul ing   cons t ra in ts  are inc luded   i n   D iv i s ion  

s p e c i f i c a t i o n s .  

i, Sect ion  2 ,  paragraph 3 . 3  ( a )  of t h e   d r a f t  

nt and silt t 

( 2 )  special t r e a t m e n t  of Ditches 

(uj appropriate s p e c i a l  d i t c h  treatme 

- The areas referred t o  are no t  w i t h i n  t h e  limits 

of this submission. 

Table C - 1, referred t o  above, has been de le t ed  

from appendix ' A '  as  it was cons ide red   t ha t  t h e  

l i m i t i n g  velocity t a b l e  was more real is t ic .  

[ a )  We wish to reiterate ou concern t h a t  R . P . ( q .  d e s i g n  teams 

a l l o w  for a general  greater d i s t r i b u t i o n  and g e n e r a l l y  

l a r g e r  ice c o n t e n t s  i n  f ine-grade soils t h e n   r e p o r t e d  

b y  t h e  c o n s u l t a n t s .  
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- Where s u f f i c i e n t   g e o t e c h n i c a l   d a t a  is  lacking  t h e  des ign  

team has  assumed a g e n e r a l l y   g r e a t e r   i c e   c o n t e n t  d i s -  

t r i b u t i o n   t h a n   i n d i c a t e d  by the   ava i l ab le   geo techn ica l  

information. 

- The area r e f e r r e d  t o  is  no t  w i t h i n  t h e  limits of t h i s  

submission. 

- Available  soils information t o  Mile 4 2 5 . 4  i s  shown on 

t h e  plans.   Addi t ional   geotechnical   data  w i l l  be obta ined  

during t h e  win te r  of 1974-75. 

( a )  The proposed borrow p i t  Located a t  Mile  3 9 1  should  

b e  l o c a t e d  so as n o t  to encroach  upon t h e  stream 

banks and t o  avo id  any d i s t u n b a n c e  to on siltation 
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of t h e  s t r e a m  

The  borrow  pit  referred  to is not  within  the 

limits of this  submission. 

( 2 )  l o c a t i o n  0 6  borrow area  access   roads 

( a )  it is understood t h a t  the borrow pit at mile 4 0 6 .  i 

is not being  used  due X o  its h i g h  moisture c o n t e n t  

however   should  t h e  pit be used  considerations 

should b e  g i v e n  to r e l o c a t i o n  0 6  t h e  access  road 

as o r i g i n a l y  proposed on  .the final design for 

t h e   t r a i n i n   S e c t i o n  Mile  3 9 9  - 470.9. 

The  area  referred  to  is n o t  within  the  limits  of 

this section. 

( 5 )  The access   t oad  t o  t h e  borrow pit a t  M i l e  3 9 9  should 

be  r e l o c a t e d  otr a c u l v e r t   i n s t a l l e d  .in the access 

hoad t o  a c c o m o d a t e  fish m i g r a t i o n  

The  access  road  referred  to  is  not  within  the 

limits of this submission. 

V l .  Wildlide and fish r e s o u r c e  

( a )  Ab reques t ed  b y  o u   l e t t e r  0 6  direc t ion   da ted   january  

1 5 ,  t 9 7 4  V.P.W. are t o  c o n s u l t  with t he   Canad ian   Wi ld -  

life service and f i s h e r i e s   s e r v i c e  and p h o v i d e   s p e c i f i c  

recommendations  regarding limitations i n   c o n s t r u c t i o n  
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operat ions   prac t ice  and schedul ing  t o  protect fish 

and wildlife f e .  

- Consultation  between D.P.W. and   r ep resen ta t ives  of 

D.O.E. have  taken  place for  the design  submission 

Mile 4 1 1 . 6  t o  Mile 425-4 and r e s u l t s  of t h e s e  con- 

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

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

( b )  it is r e q u e s t e d   t h a t  t h e  d e t a i l e d   i n f o r m a t i o n  on wild 

life and f ish  resources   gathered b y  your c o n s u l t a n t s  

be made a v a i l a b l e  t o  t h e  Canadian Wildlide s e r v i c e  and 

f i sher i e s  and Matine service respectively t o  enab le  

these agencies  t o  adequa te l y   a s ses s   t he   da ta   p rov ided  

on t h e  e n v i r o n m e n t a l   D a t a   s h e e t s   S u c h   i n f o r m a t i o n  

f h o u l d   i n c l u d e   d a t a   r e g a r d i n g   b e a v e r  and water fowl 

c o n c e n t r a t i o n s  for e v a l u a t i o n 4  of wildlife r e s o u r c e s  

for e v a l u a t i o n  of f i s h   r e s o u r c e s  , the i n f o r m a t i o n  should 

i n c l u d e  t h e  number of visits t o  a s i t e   d a t e s  numbers 

of fish o b s e r v e d  species and age .  

- The environmental   consul tants   have  prepared ‘Base Data 

Repor ts ’   which   de ta i l   the   in format ion  on  which t h e  

Environmental Data Shee ts  are based.  Copies of t h e s e  

reports  have  been  provided t o  C.W.S. and Fisher ies   and  

Marine Services. 
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- The  area  referred  to  is  not  within  the limits of this 

submission. 

- The area referred to is not  within the limits of this 

submission. 

.-. 

VII. s e n s i t i v e   a r e a s  

-. ( a )  all d i s turbances  of the ground s u r f a c e  and v e g e t a t i o n  

mat should be min imized .  A l l  travel along T h e  C.N.T. 

L i n e  and the highway R . O . W .  prior t o  construction 

should be kept to a minimum. 

- The field  engineers  are well aware of the  above 

direction. 
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-" 

" 

Mile 4 7 3 - 4 1 4  stations 9 3 3 - 9 6 0  

stations 9 6 0 - 9 1 0  

MiLe 4 1 4 - 4 7 5  station 7 0 7 7 ~ 5 0  

station 1 0 2 7 + 0 0  

M i l e  4 2 7 - 4 2 8  stations 770.1-1775 

- The areas r e f e r r e d  t o  above w i l l  receive p a r t i c u l a r  

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

taken  and/or   special   construct ion  techniques  employed.  

S lope   pro tec t ion  will be used if requi red .  

- T h i s  Sec t ion ,  mile 4 1 1 . 1  - 4 2 5 . 4 ,  has  already  been 

c leared. 

Sensi t ive  areas   which  would be p a r t i c u l a r l y   v u l n e r a b l e  

t o  c l ea r ing   one   yea r  or  more i n  advance are now being 

i d e n t i f i e d  and  excluded from r ight-of-way  c lear ing 

a c t i v i t i e s  by Hire North. 
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- T h e  above  recommendations a re   accepted  by D.P.W. 

and f i e l d  cons t ruc t ion   eng inee r s  w i l l  be advised. 

I n  this regard recommended sites for maintenance depots should 

b e  developed in c o n j u n c t i o n  w i t h  Mr. john h a m i l t o n  Camp 

sites identified as a result of discussions w i t h  the p i p e -  

line consort ium for possible use i n  a p i p e l i n e   c o n s t r u c t i o n s  

program s h o u l d  b e  i n d i c a t e d  o n  .the d e s i g n   p l a n s  

ALL other sites will b e  r e h a b i l i t a t e d  i n  accordance with 

d i r e c t i o n s  t o  b e  g i v e n  b y  fields representat ivesa of this 

d e p a r t m e n t  
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- Designation of multi-use sites is to be based on 

recommendations of the Department of Indian 

Affairs and Northern  Development  Roadside  Services 

Subgroup. 

X .  willowlake river crossing mile 3 9 3  - 3 9 9  
-. 

The Willowlake River Crossing i s  n o t  within t h e  limits 

of this submission. 
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" CHAPTER 3 

DESIGN comments 

(1) The stream c ross ing  at Mile 4 1 9 . 2  has been changed 

from a bridge to a bank of 6 - 6 0 "  c u l v e r t s  t o  
X- 

( 2  j 
-. 

reduce cost i n  view of recent inc reases  i n  b r i d g e  

costs. d e t a i l s  of t h e  s t ructure  are shown on 

hydrologist's drawing l i5 -3 -77 .  

The two 36" c u l v e r t s  a t  Mile 4 2 4 . 8  have been designed 

t o  accomodate  icing. The i n v e r t  of t h e  lower p ipe  

w i l l  be set a t  stream bed  and the upstream  invert  

of the  upper   pipe a t  the same e leva t ion   a s  the 

crown of t h e  lower c u l v e r t .  Minimum pipe  spacing 

w i l l  be 20  f e e t .  



A P P E N D I X  "A" 

S P E C I A L   D I T C H  TREATMENT 

A m e n d e d  June ,  1 9 7 4  



SPECIAL TREATMENT FOR ditches 

Roadway and offtake d i t c h e s  are often necessary elements 

in highway des ign  and cons t ruc t ion .  These d i t c h e s  require 

t h e  removal of the   vege ta t ive  cover from t h e i r   r e s p e c t i v e  

areas, thus i n c r e a s i n g  the p o t e n t i a l   f o r  scour e ros ion .  

Th i s  scour  e r o s i o n   i n  highway ditches i s  dependent  upon 

numerous f a c t o r s   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 ,  

sediment i n   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  as g r a i n  s i z e ,  

density organic   binder ,   cementat ion  and ice c o n t e n t .  

Some methods  used i n  highway c o n s t r u c t i o n  t o  c o n t r o l  o r  prevent 

scour 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  floors wi th  s table ,  

f r ee -d ra in ing   g ranu la r  materials, reducing t h e  e f f e c t i v e  d i t c h  

gradient by c o n s t r u c t i n g  a series proper ly   spaced  d i tch  checks 

05; the d i t c h  f loo r   and  by diver t ing   run-of f  water o u t  of the ditch 

ontc n a t u r a l  vege ta t ion  by us ing   d i t ch   b locks .  

Design e q u a t i o n s   e x i s t  for open  channel f l o w ,  which re la te  flow 

v e l o c i t y  t o  t h e  g r a d i e n t  and 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 t h e  

channel.  The Manning formula,  is such an equat ion  and i s  commonly 

employed for  open  channel   f low  calculat ions.  The formula i s  as 

follows: 

V=(1.486/n) R2/3 S1/2 (1) 
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.. , . 

where v=veloci ty  of water ,  in f e e t  per second 

R=hydraul ic   radius  (water area d iv ided  by 

wet ted   per imeter )  

S=sPope of channel g r a d i e n t ,  i n  feet per foot. 

n=Coefficient of Roughness  (Manning's "n") 

One or' the p r i n c i p l e s  followed i n   d e s i g n i n g  t h e  Mackenzie 

highway was to avoid excavation i n  permafrost  wherever and 

whenever possible. Therefore, t h e  use of standard engineer ing  

t e x t s  for u s e  i n  non-permafrost areas was cons idered  applicable 

far d e r i v i n g   d i t c h   l i n i n g  and d i t c h  check spac ing  charts for 

the Mackenzie Highway. 

when cuts through i ce - r i ch   pe rmaf ros t  areas are unavoidable 

it is  ihtended t o  sub c u t  and back f i l l  w i t h  a s u f f i c i e n t  depth 

of ice-free material, which would provide soil c o n d i t i o n s  

similar to  non permafrost  areas. 

The Handbook of Steel Drainage and Highway Cons t ruc t ion  

Products, second E d i t i o n ,  1971, l ists  l i m i t i n g  velocities 

for non erosion of channels ,  The fol lowing  tabulated  Manning 's  

"'n" a n d   l i m 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 
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TABLE. 1 

Mate r i a l  

F i n e  sand 

S i l t y   s a n d  

F ine  gravel 

S t i f f  clay 

Coarse g r a v e l  
Well graded g r a v e l  

Cobbles 

Shale ,   hard  pan 

manning V e l o c i t y   f t . / s e c .  
“ n “ For Clear Water " 

.020 1.50 

-020  

" 020 

.025 

.025 

.035 

025 

1.75 

2.50 

3.75 

4.88 

5 . 0 0  

6.00 

Using t h e   l i m i t i n g   v e l o c i t i e s  as t a b u l a t e d  above and 

Manning's  formula,   discharge  versus  gradient cu rves  were 

c a l c u l a t e d  for  a twelve  foot   wide "B" type  road d i t ch .  

(See f i g u r e  2). 

ditch Lining 

For a given s o i l  t ype  a curve  i n  F igure  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  for a given  gradient   above  which scour 

erosion  nay  occur .   Therefore ,  theoretically by l i n i n g   t h e  

d i t c h  w i t h  an  adequate  depth of m a t e r i a l   s e l e c t e d   h i g h e r  

i n  the graph   scour   e ros ion   should   be  a r res ted  or min imized .  

Ditch Checks 

As 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 ,   w i t h i n  their 

limits, would  be  adequate  and  possibly more economical i n  

some areas f o r  scour   p revent ion .  
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See F igure  7 of t h i s  r e p o r t  f o r  a schemat ic   explana t ion  of 

d i tch   check   theory .  

F igu res  3 t o  6 i n c l u s i v e  of t h i s  report are  recommended d i t c h  

check  spacing char ts  c a l c u l a t e d  fo r  discharges up t o  2 0  c.f.s. 

over   va r ious  soil types .  The d e r i v a t i o n  of these d i t ch  check 

spac ing  charts was based on t h e  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  

for   non-erosion  of  a soil  type a t  a given discharge, 

Discharqe  Determination 

The Rational   formula  developed  in  1889 by  sewage  engineers 

i s  probably   the  most widely used formula for  e s t i m a t i n g  

d i scha rges .  The formula is: 

Q = C i A ,  (2) 

where Q = d i scha rge  i n  c. f . s .  

C = the  run-of f c o e f f i c i e n t  

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

inches  per   hour .  

A = t he   d ra inage  area i n  acres. 
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T h i s  approach  with t h e  fo l lowing   modi f ica t ions  was cons idered  

t o  be an   acceptab le   one   for  small dra inage  areas up t o  

about  one square mile. 

Bolter, P a r i s h ,  Trimble, consu l t ing   eng inee r s ,  have i n  their 

publication, Hydrology Study  and  Design of Cu lve r t s ,  Mile 

297 t o  Mile 345, Mackenzie  Highway, November, 1 9 7 2 ,  developed 

a modified Rational formula   for  large d ra inage  areas i n  the 

fol lowing form Qi =26.7 arr (100 - L )  Ly ( 3 )  
where Qi = maximum ins tan taneous   d i scharge  

- c.f.s. 
A = dra inage   a r ea  - square  mile 

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 = percen t  water loss 

M = conver s ion   f ac to r  mean daily d i scha rge  

t o  maximum ins t an taneous .  

R a t i o n a l i z i n g   t h e   v a r i a b l e s   i n  the above formula as they  are 

e f f e c t e d   i n  t h e  mackenzie Valley small dra inage  areas the 

fol lowing  empir ical   formula was developed f o r  estimating small  

dra inage  area d ischarges :  

Q =  . 5 8 4  CA ( 4 )  

where Q = maximum ins t an taneous   d i scha rge   i n  c. f .  s. 
C = run-of f c o e f f i c i e n t  

A = dra inage  area i n   a c r e s .  



(a) - " .584"  is t h e   r e s u l t a n t  of 26.7 ,  R ,  r ,  M and t h e  

conversion  of  square miles t o   a c r e s  (- ) 
I 
6 4 0  

"X" - 4 i nches  per 2 4  hours was cons idered  

a conserva t ive   es t imate .  

"r" - 1.0 was  used  since  no  appreciable  reduction 

can be expected i n  smal l   d ra inage  a- reas 

"M" - a va lue  of 3-5 was cons ide red   conse rva t ive  

for sma l l   d ra inage   a r eas .  

(b) - "C" - run-of f   coef f ic ien t  i s  s i m i l a r  t o  (100-L). 

Bolter, Par i sh ,   Tr imble   a r r ived  a t  a n  

"L" value  of 75% for Parge  drainage areas 

(550 ac re s   and   g rea t e r ) .  The accepted 

run -o f f   coe f f i c i en t  for  conc re t e  and pave- 

ment is 0 .8  sugges t ing  a water  loss of 2 0 % .  

It was cons idered   conserva t ive  t o  use  this 2 0 %  

water loss for dra inage  areas of 45 acres and 

less. j o i n i n g   t h e s e  limits wi th  a po rabo l i c  

curve ,   expec ted   water   losses  for i n t e rmed ia t e  

d ra inage   a r eas  were i n t e r p o l a t e d  and converted 

t o  the   fo l lowing   run-of f   coef f ic ien ts :  
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TABLE 2 

Expected  run-off   coeff ic ients  for  small d ra inage  
areas i n  t h e  Mackenzie Highway 

up t o  45 - 

Up t o  9 8  - 
up to  222 - 
Up t o  550 - 

C " 

0 - 8 0  

0.65 

0.50 

0.25 

The s e l e c t i o n  of a p a r t i c u l a r   t y p e  of ditch t r e a  tment or 

whether it is  requ i r ed  w i l l  u l t i m a t e l y  rest on  the 

experience of t h e   r e s i d e n t   e n g i n e e r .  
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Figure 3 
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DITCH check SPACING 
(design discharge - 3 CFS) 
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Figure 4 

D ITCH CHECK SPAC ING 
(DESIGN Discharge - 5 CPS) 

20 30 40  50 60 80'109 150 200 309 400 500 730 1OC 

'DITCH CHECk spacing FT, 
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Figure 5 

DITCH  CHECK SPACING 
(DESIGN DISCHARGE - LO CTS) 

DITCH CHECK SPACING - FT, 

... 
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Figure  6 

DITCH CHECK SPACING 
(DESIGN DISCHA3GE - 20 CFS) 

... 



F I G U E  7 

DITCH CHECKS 

Road Shoulder  P:ror;i'Le- 
Ditch Check 

- 

Re-established Gradient - Sedinentation 'i3asir.s 

- 

c 

- 

- preceding graphs 



APPENDIX "R" 

HYDROLOGY SUMMARY 
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,LC , e f ( f e . ,  t 1 
( ; N  - L j  

Ra i r t f a ?  i (inches 
i n  24 h w r s  

Qlc (c.f .s.) 

D ra i nage Area (Am) 
MUSKEG (sq.  m i l e s )  

Qm (c.f . s . )  

Q r a t i o n a l  ( c . f . s . )  
(Qe -+ Qlc + Qm) 

Q des ign  (c.f.s.) 

i 

HiLE 4 ? 1  .6 t o  MILE 425.4 

1 

Q Backwater from Mackenz ie  Rive r  a f f e c t s  H i g h w a t e r .  
.1"1. May b e  h i g h ,  assumed d u e  t o  i c i n g  - u s e d ' i n  des ign  t o  b e  c o n s e r v a t i v e .  



TABLE 2 

MILE 

Dra i nage Area (A) 
Tota l  (sq .  miles) 

Qhwn (c. f .s.)  

Drainage Area (he; 
EFFECTIVE f s q .  rn i i es) 

Re1 i e f  (feet} 

(100 - L j  Water 
Reta ine3 fo r  g u n o f f  

R a i n f a ? :  (inches 
i n  24 hours) 

(Y Ratio 

Qe (c.f * s * )  

LAKE CSNT;i'jL (sq.ni.) ~ 

3 r a i n a 3 e  A r m  ( A l c j  

T I 

Q ; c  \ ~ . ~ . ~ e ~  

i ra i nage Area (AT!) 
MUSKEG ( s q ,  m i l e s )  

Qm (c.f  .s.) 

Q rational (c.f.5.) 
(Qe -F Qlc + Qm) 

Q design (c . f .s . )  
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