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SUUJECI 

MEMORANDUM NOTE DE SERVICE 

- 1  
Mr. W. R. Binkfi 
Program Manager (Civil) 
Design L Construction 
OTTAWA, Ontario I 

"1 
F. E. Kimball 
Project Manager NWT Roads 
Western  Region 1 

9305-52-300 
.. 

YOUR FI:  F . V / R C F 6 R t N C C  

1 
DATE 

December 1 3 ,  1973 

MACmNZIE HIGHWAY 

Enclosed are 24 copies of the  n a r r a t i v e   p o r t i o n  of t he  above- 
noted Design Submission. Two sepia copies of t h e  plans have 
been forwarded under separate cover. 

Six copies of the n a r r a t i v e  and a sepia of the plans  have  been 
forwarded to Mr. J. Hamilton of D.I.N.A. in Yellowknife. 
S ingle   copies  of the n a r r a t i v e  .and a s i n g l e  s e t  of prints  
have been forwarded t o  D.O.E. i n  Edmonton and Winnipeg and 
E.M.R. in Calgary. 

No bridge plans or data has been submitted, however, t e n t a t i v e  
grade l ines  are shown on the plans. F i n a l   g r a d e l i n e s  for the  
dashed s e c t i o n s  w i l l  be submitted with the bridge c o n s u l t a n t ' s  
drawings . 
Every attempt has been made to answer a l l  questions and provide 
all information  requested by various reviewing  agencies. I t  
would be apprec ia ted  if you could  obtain  an  ear ly   response 
iclentifying  any omissions or additional information  requirements 
relative t o  t h i s  Final  Design " Submission. 

,F. E. Kimball 
Project Manager NWT Roads 
Western  Region 

Encl . 
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INTRODUCTION 

The design of the Mackenzie Highway from Mile 

495 - Mile 521 is in accordance with the General Design 

Data Report published on August 20, 1973 by Public Works of 

Canada, Western Region. 

The narrat ives  contained in this Report, Detailed 

Design Data fok Mile 495 - Mile 521 of the Mackenzie High- 

way, supplement the General Design Data Report of August 2 0 ,  

1973 by provid ing  full consideration to specific cancerns 

as identified in the Mackenzie Highway Environmental Working 

Group's Consolidated Comments r e l e v a n t  t o  t h i s  Design 

Submission. 

Submissions requested in the Information Deficiency 

Report of January 18, 1972 are also contained, based an 

Public Works understanding of 1,N.A. requirements. The 

M . H , P . M .  has not directed Public Works on the exact sub- 

mission  requirements relative to E.W.G. requests. 

The reader should note  t h a t   t h i s  Report forms part 

of a t o t a l  Design Submission, the major portion of which 

is contained i n  separate plan form. 

A t t e n t i o n  is also drawn to the fact that khe drawings 

con ta in  complete notes of design and impact assessment for  

hydrology, culverts and environmental impact. 
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REFEMNCE : Consolidated Comment - Blackwater I 
SUBJECT : R.O.W. Location Alternatives 

(a) Consolidated  Comment - Blackwater 1 '- Addendum - 
Problem 7 

An N.W,T.  Agency A&&edArnen.t Rep0lt.t l tecatded $he 

pobhible  pkuence 0 4  u aubxeuanean c ~ e k  ax 

M i t e  4 9 9 . 7 .  1 5 , .  i n d e e d  pkeaent ,  apeciae engineehing 

p / t e c a u $ i ~ ~  may be kequihed,  on ayl alXeltna2ive 

t o c a t i a n  may have $0 b e  conbideketi ,  

- Evidence of a subterranean creek at Mile 499.7 is 

not apparent to the designer. It is requested 

that a copy of t he  Agency Assessment Report 

suggesting the presence of a subterranean creek be 

made available to D.P.W. for further assessment of 

this area. 
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CHAPTER 2 

FWFERENCE : Coneolidated Comment Blackwater I I  

SUBJECT: Ditching i n  Areas With High Ice 'Cantent 

Permafrost. 

(a) Consolidated Comment - Blackwater II - Recommendation 3 

Regahding aegmenka M i t e  4 7 3 . 5  - M i t e  4 7 8 . 5  and 

Mile 493 - MiLe 5 0 0  Lt LA aecommended thaX exXenaive 

Z e ~ z  d t i l l i n g  be undeazaken X o  detekmine t h e  

d i a X h i b u Z i o n  a $  h i g h  ice contenX penmab&aaX, and 

thaZ d i t c h i n g  d h o u t d  o n l y  be condidehted wheke 

en;t . i tety unavoidabte  i n  X&mh 0 6  $he necomrnendaZiona 

a b  Conaotidaxed 'ComtnwX T I 1  ( 4 6 3  - S O O P ) .  

The geotechnical information shown on the  Plan Profile 

Mile Sheets generally indicate v i s ib le  ice from 

Mile 495 - 500. With.an overlay fill type Cross- 

section being proposed by the design throughout t h i s  

area, minimum implications  are  anticipated through- 

out t h i s  section. 
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CHAPTER 3 

REFERENCE: 

SUBJECT : 

Consolidated Comment Blackwater V 

Culverts, hydrologic and hydrotechnic 

design. 

(a) Consolidated Cornent - Blackwater V - Recommendation 7 

culvehZ be i n a t a x l e d  and an ebbec.t ive pto-tec1ttion 

aga ind t  beavm acZiv i$q be uhed i n  Zhe btkeambed 

neatL Xhe inztake 0 6  zhia c u l v e / ~ X .  

A 1 0 4 '  clear span bridge was recommended by the 

Hydrology Consultant at the abaire location. 

Lack of response by the Client to the preliminary 

Bridge Design, Submission prevents further comments 

to the above r6comendation. 
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CHAPTER 4 

REFERENCE : Conmolidated Comment - Saline T 

SUBJECT : Location of R.O.W.~ Timing of Construction 

- 
Activities; Associated Resource Use. 

(a) Consolidated Cornent - Saline I - Recommendation 1 
F O h  Mitea 5 0 0  - 5 0 9  Ln panticulah,  $he FinaL V e a i g n  

i n  p o i n t b  Sc und 6, 6a (iik), and 8 4  a6 $he Januaky 7 8 ,  

1 9 7 3  l'Repoht Regahding ZnQohmatian Vebicienciea i n  Xhe 

V , P , W .  Veaign Submiaaions 604 $he Mackenzie ffighurag." 

( i l  : R . R . I . D I  5Cc) 

"OvehLand dhtainage and minotr gu&&iea : 

t h e  Submiaaian b h a u t d  b e  accompanied by a 

genehat aZtrzternent autL iv t ing  w h i c h  detainage 

phablema wehe kecognized and how' id ia 

A general statement  outlining drainage problems 

is contained in Chapter 1 of the Mackenzie Highway 

General Design Data, Mile 297 - 543  of August 2 0 ,  

1973. Specific statements on drainage for  this 

Design Submission are contained in Chapter 18 

of this Narrative Report. 
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ouztline or( eveky body o b  dtowing O R  A t a n d i n g  

watch and w e t l a n d  aneaa occuaking w i z h i n  Ca. 1 , 0 0 0  

deex 0 4  t h e  centkeUne 0 4  $he & i g h $ - o b - w a y  t o  

Recommendation No. 16 of E.W.G. Report, July 2 7 ,  

1973 ,  on R.R.I.D. accepted the 1"=1000' Mosaics 

which are included in the Plans. 

R . R .  I . D .  6 (a) (iii) 

T h e  4oca.t:ion 0 4  eveny hoadaide oh o ~ ~ - k a h e  

di.tch . 
As requested in Recqmendations 20 and 2 1  of 

E.W.C. Report July 27, 1973 on , R . R . I . D .  , the 
Plan Profile Mile Sheets  show the   d i t ch  

locations by t h e  designated section type. 

Additional ditches may be required during 

construction. These cannot be identified at 

t h i s  time becauae o f  t h e  l ack  of detailed 

topographic information which generally becomes 

available during the pse-construction survey. 

R . R . I . D .  8 ( f )  

A documen$ $0 be pkepaked b y  $he Pepatltmenk 
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( U . 0 . E . )  b tazing $he conaenaud 0 6  o p i n i o n  

kegaltding Xhe moat deaikabte  f t i m i v l g  0 6  

conatkuction opehaLLion4 don aneaa wheae 

undeailtable  impac$ o n  XenuAt l t iaL and .aquaXtic 

~ w l . t d l i ~ e  and d i 4 h  populafiona alte anXticipated 

ka occuk duting pa/t$a 0 6  $the yea&& cycle  0 6  
migltlLtian,  fiepaoduction, e i c ,  

The Environmental Impact Plans highlight 

possible locations of undesirable impact and 

state the  time of year for that concern. 

This information will be contained i n  the 

Construction Contract Documents l imi t ing  

(b) Consolidated Comment - Saline 1 - Recommendation 2 

On $he b a d  0 6  inJokmaXion,  pltovided i n  Recommendaxion 

Na. 1 above, t h e  Envi&onmentaL Wonking  Gnoup wLtC 

pnovide U ,  POU. w i t h  duntheh  &ecomme~da2iona kegaad- 

i n g  4ernedia.t meuaunea hequined $0 minimkze t h e  long- 

tenm impac$ u n  kheae wetland uniZao 

* No comment is required from D.P.W. 
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( c )  Consolidated Comment - Saline I - Recommendation 3 

Recommendatibn L ,  C ,  A 6 ,  C a n h o l i d a Z e d  Cornmen2 

VI11 (Mi le4 4 6 3  - 5 0 0  P )  kegahding b e a v e h - c u l v e t t  

intenacXiana, ala0 appUea  t o  Xhe phe4en.t comment, 

Recommendation L ,  C ,  A6 
> o h  AXfieama which  ,can be i d e n t i d i e d  a& being 0 4  
known impoh$ance t o  beavelr and 6atl w h i c h  cutvehXa 

ahe pnopoaed ( d o h  example 4X:rteam ctroading alt M i l e  

4 9 8  ( 3 8 0 * 0 0  t o  3 8 2 + 0 0 )  LX LA auggeaked Zhu$ V . P . W .  

conauUan$b  conbeh wi$th bpeciatiAZ4 h&om t h e  tlydnauleic 

Debign Abhebdment  CommiXtee avtd t h e  Canadian WiLdLide 

S e m i c e ,  uri$th '$the o b j e c a v e  0 4  d e v e l o p i n g  p 0 4 . 6 i b h  

d e b i g n  ~ o E u $ . i o u  doh m i n i m i k i n g  .the poZen$tia% and 

Long-$ekm inXekac2ionh between beaveha and cuieventb , 

c Statements on beaver activity are contained in 

Chapter 1 3  of the M. H. General Design Data, Mile 

297 - 543.  
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CHAPTER 5 

REFERENCE : Consolidated Comment Saline II 

SUBJECT : Aesthetics, Landscape Value, and 

P&o.btem 1 

The  c o n t i n u o u a  adhehence t o  *he Roada and Ttrand- 

po&t&ion A ~ ~ o c i & L i o n  a4 Canada  kecommendation t o  

keep cukvea bezween 1 5 8 4 '  - 2 7 7 2 '  i n  Lenglth 8 ( i , e .  

. 3  $ 0  . 4 minuzed  Rang i n  d h i v i n g  Xtime 6 0  M. P , f f .  1 

clteaxtea a Itoad a&ignrnenX which i b  o d t e n  inconghuenx 

wLZh $he hunkounding  .ten4ain , 

L e & .  M i l e  5 0 4  (STA. 668 - 7 6 0 2 )  
M i t e  5 0 7  (STA,  8 3 0  - 8 8 0 * )  
Mdte 5 0 9  ( S T A ,  9 7 0  - 9 4 3 9 )  
M i t e  5 3 t  ( S T A ,  6 5 0  - 6 2 0 k )  
M i l e  533 (STA,  5 5 0  - 4 9 0 2 )  
M i l e  5 5 7  (STA. 3 4 0  - 3 1 0 k )  

General statements on Horizontal alignment are contained 

in Chapter 17 af the M .  H .  General Design  Data, Mile 

297 - 543. 
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Alignment revisions with surrounding terrain 

consideration8 have been proposed on all the 

P locations listed in the above problem. The alignment 

revisions are shown on the 1"=1000' Mosaics included 

in the Design Submission. 

(b) Consolidated Cornent - Saline II - Recommendation 2 

The  vehz ica l  a t i g n m e n t   c o u l d  be i m p 4 o v e d  by  $he u ~ e  

0 4  t o n g e k  L . V . C .  ' 4  w h i c h   a h o u l d  be /Levlieured i n  

c o n j u n c Z i o n   w i t h  .the h o h i z o n l t a l  $ o m  and  $he a o i L  

c o n d i t i o n d .  (See Pltublem 2 )  . 
Pltobtem 2 

SimitarrLg Xhe R i g i d  mainzer iance  t o   t h e  Roads and 

T h a n b p o h X a Z i o n   A a h a c i a t i o n   h e c o m m e n d a t i o n  $hat $the 

minimum L .  V . C .  '4 u a e d  ahe 5 Zirnea l t h e   d h i v h g  

.alp&edp Lee. 5 X 60*300', T h L A  cneazea a choppy 

vekXical a l i g n m e n t   w h i c h  A v h u a t l y   d % b & a c t i n g .  

General statements on vertical a'ligment are 

contained in Chapter 22 of t h e  M. W. General Design 

Data, Mile 297 - 543 .  Longer vertical curves have 

been employed in the Design Submission. 

(c) Consolidated Comment - Saline II - Recornmendation 3 

Recammend  Zhu$ . t k a n b i X i o n   b e z w e e n  d i x c h  typea be 

h t t p b m e n t e d   d u h i n g   c o n & $ h u c t i o n  (See  Pnobtem 3 ) .  

PtLobtern 3 

The occumence 0 4  & h a t  aec t iona  ad -typical di$tch 

Xypea A ,  B p  and C, cLosety d p a c e d  hequkirtea x / L a n a i t i o n  
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bexureen d i x c h  t y p e d  bok integkation w i t h  $he 

aumounding t e m a i n  . 
L e e .  M i t e  506 (STA, 7 6 8  - 800*3  

M i l e  5 0 9  (S'TA, 9 7 4  - 9 9 0 k )  
M i t e  S I 5  ($TA., I247 - I 2 6 6 * )  

Contour grading at the junction of cuts and fill 

slopes are normal practice in the construction,of 

the  Highway as stated in.Chapter 9 of the M. 8 .  

General Design Data, Mile 297 - 543. 

(d) Conrolidated ,Cornmen$ - Saline II - Recommendation 4 

Recommend P. P. W. empLoy a eleclt ive cteahing g u i d e t i n u  

Guidelines for selective clearing are being prepared 

by D.P.W. environmental consultants, F.  F. Slaney and 

Company and will be ready before implementation is 

required. 

(e) Consolidated Cornent - Saline II - Reconkendation 5 
Recomnrend &e4okeabaZion mCthodb be employed aft 

M i t e  5 2 8  t o  &educe $he ahead damaged b y ,  conh$kuc,tion 

and a.€ Milee 5 3 3  t o  in$teigm$e $he aik  at&+  w i l t h  $he 

Highway. (See Pnabtem 5 ) .  

(i) Mile 528 referred to by.this recommendation 

is  now on a revised alignment as shown on the 

1"=1000' Mosaic included in the design package. 

P 
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(ii) Reforestation af cut lines visually 

adverse is being studied by D.P.W. and 

will, where necessary, be implemented after 

construct ion.  

(f) Consolidated Comment, - , Saline II - Recommendation ,6 
Recommend t h a t  P.P.W. p n u v i d e  E . W . G .  wLixh $he 

boltowing i n d o m m t i o n :  

7 .  Typical CkOab-AeC2hn 0 4  highway and p i p e -  

t i n e  i n t e k a e c X i o n ,  

2 .  RighZtub-way cleaking wid$th h o t  pipeldne  

( 1 2 0 '  R . O . W . ) .  

(i) Typical cross-section of highway and 

*' pipeline intersection is contained in 

the preliminary draft submitted on. 

Marah 3.0, 1972 by 'Canadian Arctic Gas 

Study Ltd. 
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(ii) ' The right-of-way clearing width for the 

pipeline is proposed to be 120 feet. 

(ifl) No ancillary facilities other than markers 

W i l l  be required.,along the pipel ine  R.O.W.  

(9) Consolidated  Comment" - Saline II - Rpcomendation '7 

T h e  E . W . G .  l~equiteea ,$&.om V . P . W .  t h e  kecmm..tional 

document ;rte6ekaed X o  i n  pktevioua  conaolidaxed 

commenzta M i l e  4 4 8  - 4 6 3  bedoke an adequate evatuatian 

can be made (see  Patobeern 7 ) .  

Mile 5 0 2 . 7  

Mile 5 1 3  

Mile 5 2 0  (STA, 1 2 4 7 - ? 2 2 0 4  - 



1 4  

The Environmental Consultant's assessment of 

recreational potential on the Mackenzie Highway 

is contained in the Environmental Data Sheets of 

the design package. 

I 
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CZIAPTER 6 

REFERENCE : Consolidated Comment Sal ine  III 

SUBJECT : Passage of Cross-Drainage, Ponding of 

Overland Flow. 

(a) Consolidated Comment - _Saline III - Recornendation 1 
T h e  b i n a t  d e ~ i g n  package should  i n c l u d e  a conXuuh 

akhip  map at aca&e 0 6  Ca. 1 : 2 4 6 0 ,  coveking t h e  

dexai ted  ;topug/Laphy exZend ing  clktca 1 0 0 0  4 X E ,  on 

e i t h e n  h i d e  0 4  t h e  R . O . W .  The conZouk i n t e h u a t  

AhouLd be no m o u  $han d i v e  bee$. 

Orthophoto mapping of 1:2400 with a contour 

interval of 5 feet is now' being  prepared for 

later inrertion. 

(b) Consolidated Cornent - Saline III - Recornendation 2 

Adequate g e a z e c h n i c a t  i n { o m n a x i o n  shouLd be 

, & u p p l i e d  w i Z h  t h e  4,ina% d u i g n  package, apecidicaLLy 

kegahding a u i L  t y p e  and i c e  conz'enk, TeaX d a i t t  

hatea ahould  be made a$ l eaat  down io 2 0  6.t. b e l o w  

Zthe L o w e a t  poltziona ob Xhe t e m a i n .  

The geotechnical information included on the Plan 

Profile Mile Sheets is in accordance with the com- 

promise outlined  in Rec&tmndation No. 25 of the 

E.W.G. Report of July 27, 1973. 
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Miles 504 - 509 and 514  -. 521 are on revised al ign-  

ment. It is intended to obtain detailed geotechnical 

I 

information in the revisad seqnents at a later dateA 

( c )  Consolidated Cornent - Saline III * Recommendation 3 
Vutume  and ta;te 0 6  auhdace dkdnage  4houLd be 

Volume and rate of surface drainage for 

Chapter 36 of the M. H. General Design 

Data, Mile 297 - 543. 

(d) Consolidated Comment - Saline III - Recommendation 4 

a )  nu d i z t c h e d  connecttion w h a x e v m  ahoued be 

" . 
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made between  adjoining  ponding aheaa p a k a t f - e t  

t o ,  and upatope d'rom *he f f ighway.  Euekg naXufml 

ponding a m a  toeaxed u p ~ t o p e  bkom t h e  R. 0.W. 

should ,   inaxead,  be paovided'wiXh &ta own dhainage 

paadage A$hUCkUhe undek t h e  k o a d b e d ;  

thaz obb-xahe d i t c h e a  dhoutd  not be canbthucted 

i n  ahteab wheke h i g h  i c e  conZent pe&mud&oAt i d  

d o w d  .to be pltedenlt i n  a i & $ ,  a i U y  cLay on clay; 

t h a t  whekeven POAbibttL,  dnainage baom cutvenXb 

AhouLd be aleowed $0 $ind  Lxa own way ackoaa 

*he $tekkain dournbLope bhom t h e  R.O.W. T h i d  

&ecommenda;tion appl ied  t o :  i l  cad ea ccrhehe XehhLain 

condixLana duw,t thlope 6ao.m $the f f ighway w o u l d  

encoukage  nazukat diape/taa&; ii) cased whehte 

daainage u p ~ l o p e  ,$&om t h e  R . O . W .  ita not  concenttaxed 

i n  gul l i ed  04 i n  any otheh minok  U n e  0 4  
concen;tkated  hun-odt$ t o  be chaaaed b y  $he R.O.W. 

XhaX conh2nuction 0 6  o,$b-kake d i t c h e a  i n  ahteaa 

deacktibed i n  panag4aph ( b )  above i a  a b h o l u i e l y  

neceAaany, d p t d a l  anxi-ehoaion and thenmal pho;tec-tiion 

meaauhea ahoued be inco?pohated i n  .the Final  

Deaign  Submiaaian. 

I 
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D.P.W. accepts the above recommendations. The 

designer has generally followed these recommendations 

in areas of overland flow characteristics. 

Regattding $he di4tkibu-taky  channeta o n  ban  apltona, 

;the MHEWG /tecornmenda t h a t  i$ be conaidened: 

a )  thaZ bekma be conhthuczed  upheope d l t a m  $he R , O . W .  

t o  p/tcvenZ naZu/LaQ d i v e u i i o n .  

on a a i n g t e  ban dhat t  no2 be cundined Xu a a h g e e  

aecaSon t o  accummodlLte ovenland d t o w  bekween 

d i b  C & G ~ Q  diazkibutat t ieb , 

This recomendation refers to Problems 5 and 6 of this 

Consolidated Comment. 

Ph0 b%-em 5 

8eXu)een MiLe 504 and S O 5  ( 6 8 0 * 0 0  - 7 2 0 + 0 0 ) ,  ax MiLe 

5 0 %  ( 8 t 0 + 0 0  - 9 0 8 + 0 Q ) , -  and be$ween Mile 5 3 1  and 5 3 2  

( 6 2 1 . 1 . 0 0  - 6 7 0 + 0 0 ) ,  wet dena dnain by meand 0 4  aLoltr 

deepage t h o u g h  Xhe vegeXation mat.  Panding 0 4  Watch 

againax $he koad could  ini . t iate   i l t l tevenaible  

Zhekrnohana2 devetopmen-t i n  $he undentying a Q i l t : a ,  w h i c h  

ake i c e  n i c h .  
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Ptroblern 6 

Bezween M i t e  5 0 7  and 5 0 8  ( 8 6 0 4 0 0  - 8 7 8 * 0 0 ) ,  and 

between M i t e  5 3 0  and 5 3 1 ,  $he koad Z n a v e ~ e a  an 

a p k o n  dohmed by  c o u t a c e n $  band. NaZuhaL d i v e k a i o n a  

duking xhe a p i n g  4keahe.t O& a heavy tra.inaxoRrn may 

aedu.U .in na$ukaL he locat ion 0 4  c h a n n e l a  w h i c h  ptreaenzta 

a n  E €  ha2and t o  xhe Highway, CombinaXion 06 
individuak  dibznibutaxy channets would lead  X u  g u t l y i n g ,  

wheneaa i n d i v i d u a l  channeta a m  moke otr Leas i n  

equilibkiunt a-t $he pae4enZ Zime, . 

(il The alignment from Mile 507 - 508 has been 

relocated off the  scarp toward the  Mackenzie 

River. The re-alignment is shown on the 

1"=1000' MQSaiCS included in the design 

package. 

(ii) The segment from,Mile 530 - 531 is not 
included in this Submission. 

(f) Consolidated Comment - Saline III - Recommendation 6 

The MHEWO &Lecornmenda t h a t  catredul c o n d i d e n a t i o n  be 

given t o  t h e  atteana$ive R . O . W .  locaZion  deackibed i n  

C o n 4 o t i d a t e d  CornrnenZ VI12 ( 5 0 0  - 54OPl; %he cku&h- 

daainage p k o b t e m a  pkeaented b y  t h e  pkeaen.ttly a e l e c t e d  

R.0.W. tocaXion woutd be aubaXanSia&.ty  treduced b y  

majotr k e t o c a z i o n a  0 4  t h e  a l i g n m e n z .  
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Statements and rationale of D.P.W.'s acceptance 

or rejection of the proposed alternative R.O.W. 

locations recommended by,the above are contained 

in the Alignment Update Report of November 5 ,  1973. 



2 1  

CHAPTER 7 

REFERENCE : Consolidated Caanawnt Saline 

SUEbJECT : Ditching in High Ice Conten 

IV. 

,t Permafrost 

(a) Coneolidated Comment - Saline I V  - Recommendation 1 

The kecommendat ionb made kegahding $he accommodaXion 

As stated i n  the previous chapter of this Report the 

,designer generally accoramodated overland flow as 

recommmded i n  Consolidated Cornent III (500-540).  

(b) Conso1,idated Comqnt - Saline IV - Recommendation 
The Enviaonmen$& W o k k i ~ l g  G&oup uriaCte~ ;to a e c e i v e  

&om t h e  Vepua$menX O $  PubLLc Wolrka t h e  document 

deacaibed i n  parragtaph 8 ( c )  ob t h e  1 n t $ o ~ m a x i o n  

Pe6iciency Repoat d o d o  JQnuaay I B Z h ,  1 9 7 3 .  

A documen* o u X U n i n g  Crow *the P . P . W e  

ingtiend $0 cope w i - t h  Xfze plroblema p a .  

i n  pe/tma@oaf: attea1 c o n t a n i n g  h i g h  

d e 4 i g n  .team& 

4ed by d i t c h i n ,  

i c e  Co nX enka 

9 

2 

The propoared znekhodB of  coping w i t h  this problem are 

outlined in Chapter 14 of M. H. General Design Data 

Mile 297 - 5430 
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(c) Consolidated Comment ,- Saline IV - Recommendation 3 

Tt i b  hecommended t h a t  exZenhive $eb.t d n i t t i n g  be 

undehtaken t o  detefimiMe $the d i b t h i b u d o n  0 6  h i g h  ice 

con2en.t pe&ma&obt, and .that d i z c h i n g   a l t o u t d  o n t g  be 

consideaed wheke entti/rety unavoidable i n  teltma 0 6  

t h e  ~ecommenda~ionb 0 4  Cansotidated Commenlt I T 1  ( 5 0 0  - 

* 

5 4 O P l .  

Generally the, high ice content permafrost has been 

del ineated by the geotechnfcal surveys of 1972-73.  

This information is shown on the Plan Profile Mile 

Sheets. It is intended to  obtain  the detai led  

geotechnical data on the revised locations at a 

later date. 

Ditding recommendations of the above reference weze 

generally followed i n  the Design Submission. 

(d) Consolidated Comment - Sal ins  IV - Recommendation 4 

ZX i b  aecommended $th& t y p e  A and B c o n b t n u c 2 i o n ,  

pltebently paopoded  doh t h e  aegmenta d e a i g n d e d  b e t o w  

tuiU be aepLaced N k t h  .ty,pe C o v e l t ~ a y  conazauckion when 

adequaxe $test d a i t l i n g  wou&d  con&hm $ h e   p a u e n c e  a b  

h i g h  i c e  con2en.C pearna~ltud-t be&ow k h e  pltopoaed R . O . W .  
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ThCa appt ieh t o  hegmenztb : 

6 1 5 + 5 0  - 6 3 9 * 5 0  
7 4 2 + 0 0  - 7 6 7 + 5 0 '  
7 & 9 * 0 0  - 7 7 4 * 0 0 *  
7 7 5 + 5 0  - 7 8 1 + 5 0  
7 8 8 + 5 0  - 7 9 2 * 7 0 *  
7 9 3 + 5 0  - 7 9 9 * 5 0  
9 1 0 * 0 0  - 9 3 2 + 3 0 '  

1 2 2 1 + 8 0  - 1 2 3 2 * 0 0  
1 2 3 5 + 3 5  - j 2 4 4 + 0 0  
1 2 6 0 + 0 0  - 1 ,264+40*  

1 2 6 5 + 8 0  - 1 2 8 3 + 2 5  
1 2 8 % * 8 0  - 1 3 O 7 + 8 O y  
1 3 1 2 * 0 0  - 1 3 0 6 + 0 0 *  
1 2 9 5 t O O  - 1 2 8 8 * 0 0 *  

5 6 0 + 0 0  - 5 3 7 + 0 0  
1 9 9 + 0 0  - 4 8 6 * 0 0 *  
4 8 & + 0 0  - 4 7 5 * O O y  
3 7 6 + 0 0  - 3 7 1 + 0 0 '  
3 2 9 t 0 0  - 3 2 2 + 0 0 '  

The segmente  above, Stations 615+00 to 932+30 are 

on revised alignment (Mile S04.1 to Mile 508.9)  

0verlay.construction has been designed for th i , s  

entire alignment revision except for two short 

stretches, Stations 6971.80 to 704+80 and Stations 

915+80 to 920+80. The sai ls  information in these 

segments as provided by the hand-dug t e s t  pits, 

indicated ditching was permissible providing an 

econbmical gradeline. 

Stations 1221+80 to 1306+0O are also on revised align- 

ment. Overlay construction was also the method proposed 

i n  the Design Submission for this eeqment. 

Stations 560+00 to 322+00 (Mile 533.2 - Mile 5 3 7 . 4 )  

listed above are not included in  this Design Submission. 

(e) Consolidated Comment - Saline IV - Recommendation 5 

W k e ~ v e k   d i t c h i n g  in h i g h  i c e  cantenz pehma#koat 

a k e u  i b  abaotu$t&y u n a v o i d a b l e ,  di.tchea a h a u l d  be 
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A t &  phopohed  d.iZching inc luded  i n  Ithe Ejinat d e a i g n  

Methods of handling  ditching in permafrost are d e a l t  with 

in Chapter 1 4  of M. H. General Design Data, Mile 297 - 
Mile 543.  The problem of erosion prevention and control  

including comments Ôn vegetation,  seeding and use of 

Appendix 

specific 

"A" and Chapter 16 of t h i s  narrative presents  

proposals far'prevontion sf mechanical  erosion. 
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CHAPTER' 8 

REFERENCE : Consolidated Comment Saline V 

SUBJECT : Cuts in Permafroert Waals. Cuts in Erodible 

' Materhls 

(a) Consolidated Cornent - Saline V - Recommendation 1 
FOh .the degrnent4 debctlibed i n  pakagsrapha 2 ( a )  and 

2 I C )  0 4  Xthe phobtem d;tatement, ilt i a  u w m m e n d e d  

$ h a t  c l o a e t y  dpaced dhdieUng be calrtried ou$ $0 

dezahmine t h e  ex ten$  0 4  pe&ma&oa$ betaw t h e  pkopoaed 

R.O.W.  and t h e  covrtenX 0 4  d e g k e g a t e d  i c e ,  id p e a e n $ ;  

Ze4.t hotea ahouid exxend ah a t  tead$ 2 0  d.t. betow Xhe 

ghade X 0  w h i c h  $he cut i a  $0 be made, The  phedence 0 6  

in tha-  on Aub-pemna&mX w a Z w  bhauld  be invehzigaxed 

avrd ita hykaut ic  head &Leco/tded. 

(il, Mile 512.5 - Stations 1115+30 *O 1132+50 
A major cut is proposed in this segment., The low 

moisture ,content and the characteristics' Of the 



(iii) 

2'6 

sandy gravel and clay as indicated by the geo- 

technical data would allow the material from 

this cut section ta be used far construction. 

Mile 513.6 - Stations 1171+60 to 1196+20 
The moisture contents i n  this major cut section 

as indicated by the geotechaical data are generally 

below the plastic limit. The unfrozen clay will 

provide suitable construction material. 

Mile 514 .1  - Stations 1199t60 to 1209+30 
No problems are anticipated in cutting the 

ridge aonstitvting this segment, for the 

moikture cantents are low and the material 

being clayey r i l t  to pebbles and gravel will 

pruvids suitable construction materiil. 

Mile 519.8 and Mile 521.3 are on reviged 

alignment, therefore, comments do not apply. * 

Miles 528.0 - Mile.534.3 are not included 
in this. Design Submission. 

C a .  M .  5 0 5 . 4  7 3 3 + 0 0 -  7 4 0 + 0 0  
M. 5 1 6 . 9  7 3 0 7 + 0 0 - 7 3 1 0 + 0 0  
M. 5 1 7 . 7  1 3 9 0 ? 0 0 - 1 3 9 7 + 5 0  
M .  5 7 9 . 4  1 2 % 5 + 0 0 - 7 2 7 5 + 5 0  
M. 5 7 9 . 7  1 2 6 5 + 5 0 - 1 2 6 4 * 2 0 .  
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(il These segments are all on revised locations 

and commenta do not apply. 

(b)' Consolidated Cornent - Saline V - Recommendation 2 

foa $he hagmenth d e m ~ i b e d  ivl przmglraph 2 ( b )  0 4  $he 

p l tob tem 4;tacternenX, X X  i 4  hecommended $hat c t o b e t y  

(i I Mile 509.8 - Stations 958+00 to 974+50 
The low moisture cohtent sandy material in 

this major cut  aegment provides good construction 

material. The relatively low moisture content 

recorded i n  the geotechnical data indicates artesian 

' '  aquifers are not likely. 
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(ii 1 Mile 510.8  - Statiom1020+50 to 1037+30 
The gravelly till material in this major 

cut segment provides good construction material. 

From the geotschnical data, no artesian augifers 

are expected in this segment. 

(iii) Mile 520 .7  is on revised alignment. 

(cl I Consolidated C o m n t s  - Saline V - Recammendation 3 
Fak $he b e g m e n t h   d e h c k i b e d  i n  puagttaph 2 ( d l  0 4  Xhe 

ice. Gaoundwatek  dischaage i a  nolt anXickpated i n  

Xhea e cultd . 

(il Mile 509.9 Stations 976+90 to 999+90 
The geotechnfcal  data indicates the material 
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( d l  Consolidated Comment - Saline V - Recommendation 4 

15 g / toundwaten   and lu l r  h i g h  i c e  cunZen.t i a  e n c o u n t e h e d ,  

c o n a i d m a $ t i o n   a h o u L d  b e  g i v e n  X u :  

( a )  Locat t e & o c a $ i o n  u 6   cut^; 

( b )  e leva t ian  0 5  .the gnadelivre, n e q u i k i n g  Laage& 

dietb ; 

( c )  aubmL4aion  ad apec id i c  dea ign  pnupada4.d doh 

t h o s e  d e a i g n a z t e d  tacationa ( a b o v e )  w h e w  u p R i o n s  

( a )  on (6) me naZ ad t rpxed .  

Cuts i n  groundwater  and/or high ice content areas were 

avoided. Visible ice i s  i nd ica t ed  i n  t h e  geotechnical  

data for  a major c u t  a t  Mile 514.11 S t a t i o n s  1199t60  - 
1209+40. However, with. the low recorded moisture 

content  of the si l t  t o  pebbles to grave l  and till 

comprising this c u t   s e c t i o n  it is expected no cons t ruc t ion  

or  maintenance  problems w i l l  be encountered. The designed 

grade l ine  provides reduced f i l l s ' a n d   s u i t a b l e   c o n s t r u c t i o n  

material reducing the barrow requirements. 

I t  is intended to  expand this cut s e c t i o n  to accommodate 

add i t iona l  borrow, if requi red ,  by developing  contour grad- 

i n g  of the ridge t o  blend t h e  c u t   i n t o  t h e  n a t u r a l   t e r r a i n .  

The large area dis turbed  by t he  c l ea r ing   ope ra t ion  w i l l  

r equ i r e  a planned revegeta t ion  program, 

(e) Consolidated Cornent - Saline V - Recommendation 5 

Zn $he segmenza d e a i g n a z t d  i n  pahaghaph  1 0 4  khe  p/ tob&em 

aka.teement, nu cteaaing 0 6  t h e  R . O . W .  h h u u t d  be u n d e t t a k e n  

u n t i l  d e a i g n  deza i ta  have b e e n   a p p h o v e d ,  o t h e n  t h a n  $0 
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I 
I 
I 

accommoda$e $he movement 0 4  ~ u ~ v e y  chew4 and X e d #  

dni4littg  equipment. 

No clearing w i l l  be undertaken without prior approval 

of the  Client. 

(E)  Consolidated Comment - ,  Saline V- Recommendation 6 

The Envihonmental WohLking Ghoup wi4hea Xe h e c i i v e  

&om t h e  uepah$menX 0 4  Pub%ic Wohb a documeN$ a u t -  

l i n i n g  .the geneha& p a i n c i p l e h  employed by P.P.W. 

d e b i g n  $euma i n  coping wiXh t h e  t e k h a i n ,  c l i m a t i c ,  

h y d h o t u g i c ,  and pehma6huht phoblema naiaed b y  pnebent 

o h  {u.tune pkopohata dolt cut4 i n S o  tenna in  whene 

pekrna$aoat id e u h e h  knawn oh i a  q u i t e  t i h e L y  ka occun, 

aa hzated & pakaghaph 8 ( a )  0 6  $he I n ~ o ~ m a ~ i o n  

Petjiciencieh Repoht, d a d a  Junua/ty 1 8 ,  7 9 7 3 ,  

I 
I 
I 

I 

I 

A documen$ o u $ t i n i n g  t h e  genekat plrinciplea employed 

b y  V . P . W .  d e a i g n  Xeama in coping W M Z  Sthe $tekhain, 

cUma.tic, h y d a o l o g i c  and pehma$aoa$-hetated p.rtoblema 

General statements outlining the principles employed 

I 
by D.P.W. design teams i n  coping with terrain, c l i m a t i c ,  

hydrologic and 'permafrost-related problems, are 

contained in Chapter8 7 ,  1 4 ,  19 and 3 1  of the M. H .  

General Design Data, Mile 2 9 7  - 543 of August 20 ,  1973. 
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The MffEOG secornmenda $ha$ vekty caltedut conaidekaXian 

be given 20 t h e  Loca t ion  attehnakiveb hecoaded i n  

Revised alignment has been astaked in the field from 

Mile 504.1 - Mile 508.9 and from Mile 514.2 - Mile 
5 2 0 . 9  and is shown on the 1"=1000' Mosaics included 

in this Design Submiksion. Rationale far these 

The designed grade in these areas is of the overlay 

fill type cross-section eliminating ditch cutt ing  

unless unavoidable for the purpose of maintaining an 

economical qradeline. 





a p p l i e d  t o  begmenxa : 

767+50-  7 6 9 + 0 0  1 2 8 3 + 8 0 - 1 2 8 8 + 8 0  1 ~ 7 3 + 5 0 - ' 1 0 8 1 * 0 0 * *  
7 9 9 . ~ 5 0 -   9 1 0 + 0 0 * *  1 3 0 1 * 8 0 - 7 3 0 7 + 0 0  1 0 5 0 + 0 0 -   6 1 9 * 0 0 * *  

1 0 3 5 * 0 0 - 1 1 1 1 + 5 0 * *  1 3 7 0 * 0 0 - 1 3 1 3 + 7 5 * ' *  5 0 8 + 5 0 *  4 9 9 * 0 0 * *  
7 1 7 7 * 5 0 - 7 1 8 0 * 5 0 * * *  1 3 3 0 + 0 0 - 1 3 8 9 + 5 0  4 7 5 * 0 0 - '  3 7 6 * 0 0 * *  
1 2 3 2 * 0 0 - 1 2 3 5 * 3 5  1 3 9 8 * 0 0 - 1 4 4 9 + 0 0  3 7 1 * 0 0 -  3 2 9 + 0 0 * *  
7 2 4 4 * 0 0 - 1 2 5 0 + 0 0  1 3 0 6 + 0 0 - 1 3 0 1 + 5 0 * * *  3 2 2 + 0 0 -  1 9 1 + 8 0 * *  
1 2 5 5 + 6 0 - 1 2 6 0 * 0 0 * * '  1 2 6 3 + 0 0 - 1 2 5 8 * 2 0 ' * '  
1 2 6 4 + 4 0 - 1 2 6 5 + 8 0 * * *  1 2 5 4 + 0 0 - 1 2 1 1 * 0 0  

* Aaauming Rha$ $ h e   c u m e n $  5 6 X .  bXandakd 4 i . U  Zthickneaa 

a d o p t e d  by P.P.W. p r r o v i d u  adequate inhutea2iom  OS 
bkozen  gkound  cand4XtioHa.  

* *  Many 4hohX a x a e t c h u   i n  t h k a  segment have i n a d e q w t e  

4 i . U .  

* * *  Abdence  0 4  a d e q u a t e  geotechndcal indokma&ion wannan;ta 

t h e  UbAUmpXtiOn 0 4  &he p k e a e n c e  o b  pehma4~~04t .  

Shi; necornmendation i& based   upon  in; tuLt .Lon,  The  taLichneda 

Chapter 20 of M. H. General Design Data, Mile 297 - 543 
contains statements regarding D.P.W.'s intent to the 

above recommendation. 
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( c )  Consolidated Comment - galine VI - Recommendation 3 * 
Regahding &he hegment MLLe 5 0 0  - M i l e  S O 5  and t h e  shoILtte4 

aegment 9 7 0 * 0 0  - 9 6 0 + 0 0  (a$ C U ,  M i t e  5 0 9 1 ,  i$ i d  

kecommended $ha$ conhidehation be given t o  Xhe ttemovat 

o b  t h e  okganic ma2 and t h e  h i l x  veneeh  60teowed by  6 i t L L n g  

t o  gkade w L t k  ghavc4,  pkovided thaX adequake ZUZ dkLilL- 

I 

The geotechnical data for the above segments indicates 

generally sandy and poorly graded gravel below the 

organic mat. No silt was recorded. This type of soils 

characteristics permitted a "B'I type cross-section in 

some areas providing some stretches ejf the Highwaywith 

a balance earthwork design. 

(dl consolidated Comment - Saline VI - Recommendation 4 

la i a  rtecommended Ithat &ocatLy denived a i &  ort clay 

{it& s h a l l  n o t  be uaed  unZiL  moke'indohmafion h t e g a d i n g  

pe1~6okmance ha& been pkovided and u t i l i z a t i o n  0 6  kheae  

a i l t h  and cLaya can d i n d  duppoh$ i n  envikonmenkalty 

D,P.W.'s opinion on the above matter is contained in 

Chapter,3 of the M. ,Ho General Design Data, Mile 297 - 
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CHAPTER 10 

REFERENCE : Consolidated Comment - Saline V I 1  

SUBJECT : Design of Fill Over Culverts in GulLi es 

(a) Consolidated Comment - Saline VI1 - Recomkndation 1 

t i n i n g  how i.2 inZendd t o  cope, w i $ h  $the concema 

& a b e d  i n  pakagkaph 3 a b  $he pkabtem b$a$tement ( a b o v e )  

Ln paMicutaR,  aa wetL a4 debctLibing i z ~ '  engineeking 

and/u&  mainzenance  aotudons 20 pkobtema .posed by $he 

ant ic ipazcd  i d n g  06 cu&uehXa i n  genetrat. 

negaading Zhe long-$tekm e64ec;tb 0 4  poaa lb tee  pekma- 

& o a t  aggnadation i n  *he dit-& aecf iond and  anound 

the  culvet;ta  un  cukveM  ed4icLencg.  WiShouz $:he 

benebit 0 4  apecidic  appUed keaeatch negakding i c e  

build-up i n  c u l v e ~ ~ a  covehed by t h i c k  , $ i t l a  L n  

eddic iency  d u k i n g  dpkLng thaw condiitiona  woutd no$ 

de$e&iokate i n  &time, id and ab pekma4hoa-t aggnadaxion 

takea pLace akound  xhem. 

(il Statements on long-term effects of possible 

permafrost aggradation i n  f i l l  asctiona and 

around culverts are contained i n  Chapter 12 of 

the M. H .  General Design Data, Mile 297 - 543 .  
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(ii) Statement8 outlining engineering and/or maintenance 

solutions to problems posed by the ant i c ipated  

icing of culverts in general, are  contained in 

Chapter 30 of the M. H. General Design Data, 

Mile 297 - 5 4 3 .  

Consolidated Cornent - Saline VI1 - Recbmmendation 2 

The  E n v i a o n m e n t a t  Wohking  Gttoup wiahea &O k e c e i v e .  

&om $he DeptwtmeK$ ob  Pubeic ~ W o / t k ~  u statement 

k e g a t t d i n g  Zhe h i d u t o p e  angiees it hub a d o p t e d  do& 

majolt bilb COnb$lLUC$Qd N i t t h ,  & i t k g  d a g ,  &andg Clay, 

b i & y  h a n d ,  b a n d y  hi&, and gttavek, 

Statements regarding sideslope angles for fills is 

contained in Chapter 31 of the M. €3. General Design 

Data, Mile 297 - 543 .  

Consolidated Cornent - Saline VI1 - Recommendation 3 

cutveaka d a a i n i n g  alteab lattgek t h a n  one aqclaae m i l e .  

Using the Method of Slices far Stability for both r is ing  

of flood water and rapid drawdown for the material 
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CHAPTER 11 

REFERENCE : Consolidated Comment - Saline VIII. 

SUBJECT : R.O.W. Location Alteynatives. 

(a) Consolidated  Comment - Saline VI11 - Recommendation 1 
i d  tecommended +that ' t k e  Oepa&$men~ 0 6  Pubtic 

D.P.W.'s reports on the investigations of the validity 

of the propoaed relocations are contained in the  

Aligtrmant Report,  Mile 500 - 725 d.d, November 5, 1973. 

(b) Consolidated,Coment - Saline VI11 - Recommendation 2 

Some o b  - thebe hehcaXian phropobala may be i n  condf i c t  

wizh hecheat ionat  Land u e  po2enXtiat and aehtheltic 

p t i i o l t i ; t i e d .  T X  i a  mcommended Xhat z h i b  ahpecg be 

$ahen inko  account i n  $he RepohX hequebted i n  

Recommendaion L 1 ,  

Land use potential and aesthetic priorities were 

considered  in  investigating of suggested realignments. 

(c) Consolidated Comment - Saline VIII - Ftecommendation 3 

N o  cteakting O& cu$Xing a 6  t h e  R b  0, W .  a h o u l d  be  undek- 

;taken i n  &he begmenth dehc&&bed i n  $he '  pnoblem  a;tatemen;t 

pakagkapha 2 1 6 unktit d e c i d i o n a  h e g u d i n g  .tocation 

have been made. 
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I 
I 

No clearing of the  R.O.W. w i l l  be undertaken without 

prior approval of the Client .  

I 
," 

(d) Consolidated Comment - Sal ine  V1,II - Recommendation 4 

The &nab d e a i g n  package dhoui!d include adequate-  

geozechnical in6o&mat.ion u deack ibed  i n  pakagkaph 6 6  

I 

1 

The above geotechnical infomti~on,where available 

as requested  above,ie included an t-he Plan Profile 

Mile Sheets . 
( e )  Consolidated Cament - Saline VI11 - Recommendation 5 

I t  i a  aecommended t h a t  ivr condidening tocation alkeanativea 

ample akken$iun bhould be g i v e n  t u  amou$h ho&Lizonkat 

c o n x i n u i t y ,  $0 khe exltent t h a t  Itekkain  conddkkonh attow. 

D.P.W. accepts this recommendation. 
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CHAPTER 12 

REFERENCE t Consolidated Comment Saline IX 

SUBJECT : Comments on Culverts 

(a) Consolidated Comment - Saline I X  - bcomrnendation 1 

22 i a  aecommended thalt *he &&earn d t o w  volume and 

veLociXg be  monitoaed dutting $he apaing 64eahU and 

t h e  ~ u m m e ) ~  0 6  1 9 7 3  a$ $he i n t e u e c t k o n  O $  t h e  a$h.eam 

and t h e  pnapoaed R . O . I .  aUgnmettZ a t  M i t e  5 0 4 . 5 ,  1 

This recortPrnendatioh makes reference to Problem 1 

The  LeveL 0 6  the   a tmam d k a i n i n g  a Lake t o  t h e  eaaX 

0 6  M i l e  5 0 4 . 5  i a  4eguLatczd bu ,thLa Lake, Flour 

voLunre &n $he channet ia n o t  known, Thene i a  R concehn 

$ha& culeveat b i z i n g  and d e b i g n  0 6  enxkance and & x i $  

channe& may a6&cc$ $he lak.e l e v e l  id d e a i g n  u r e a  t o  

ptroceed o n  $he baaid 06 inbub, ( ic ient  h y d h o l o g i c a l  

i n { o h m a $ i o n .  
I 

The sizing OP the drainage structure at  Mile 504 .5  

which, due to alignment  revisions,  has been changed to 

Mile 504.9 on t h i s  Preliminary Design Submission, was 

determined by the Hydrology Consultant based on drain- 

age area. 

(b) Consolidated Comment - .G~l$,ne IX - Recommendation 2 

The MffEWG toidhea 20 be pwuided  uriizh Xhe ha$iUnU& doa 
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$he cho ice  0 6  c u t v e n t b  kathek .than bttidgea Xhe 

btkeam ChOb4ingb af: MiCe 5 1 9 . 7  and MiLe 5 2 1 , 4 ,  

(il Mile 519.7 ir an a reviaed alignment. The 

location of this stream on the tevised align-, 

ment as shown on the ln=lOOO* Mosaics included 

in this Submission is now at Mile 519.3. 

(ii) The Hydrology  Consultant's choice of a culvert 

rather than a bridge was one of economics 

considering the gradeline circumstances at 

the oroqs Ling 

(iii) Mile 528.4 is not included in this Submiss,ion. 

(c) Consolidated Cornent - Saline IX - Recommendation 3 

The  MHEWG uriahea $0 be a d v i d e d  a~ t o  $he meabuhceb 

pnopoaed t o  be  $ a h n  $0 enbune Ahe paadage 06 b i a h  

Ahhaugh cu&ve&2~ ob t h e  l e n g t h  UA m e  appaaenXly  

inkended t a  be  uaed a t  M i t e  5 7 9 . 7  and Mkle 5 2 8 . 4 .  

This recommendation is concerned by the following: 

Pt~abLem 1 

The &&earn a12 M i l e  5 1 9 . 7  i a  phopaaed $0 b e  c 4 0 4 ~ e d  w i z h  

a dill C a ,  1 0 0  6.r. h i g h .  Adburning a Aide a t a p e  angle  

0 6  2 : 7  on t h e  b U & ,  t h e  cu4vekX wouLd p t t o b a b t y  have a 

minimum L e n g t h  0 6  4 5 0  6.t. I f :  may pttove veky  d i b b i c u t f :  

.to pkouide Ab& b i b h  pubage  i n  a cutuekX a b  auch Lengzh.  
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(il The revised alignment provided a better cross- 

ing of the stream referred to as Mile 5 1 9 . 7 .  

The revised milkage for this crossing is 519.3 

and the revised length of the  culvert, 236 

feet, ahould reduce the concern expressed in 

Problem 1 . 
(ii) Mile 528.4 is not, inc1,uded i n  t h i s  Design 

Stzbmieaion. 
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CHAPTER 13 

REFEmNCE : Consolidated Comment 

SUBJECT : Stream Crossings, Br 

Saline X 

idges. 

(a) Consolidated  Comment - Saline X - Recommendation 1 
The  MHEWG rtecommenda $hat  a&& b k i d g e  debign p k o p o a a t a  

dolt $he Mackenzie Highway  aha&& $take a6 pkimaay 

chi$telrium t h a t  $he mean ve loc ib i eh  a;e delrign  dihchakge 

ahall  no$ be inckeaaed.  

(b) Consolidated Cornent - Saline X - Recommendation 2 

The MHEWG &Lecornmenda  Zh,& aLL bk idge  deaigna  uaing 

d i k ! t b  ac&oaa vege$:ated J tood-p la ina  b h a t l  be equipped 

w i t h  ample cut.vek$a,  pernitzing  LOW 0 6  waxelr o n  t h e  

d t o o d  p l a i n  duking apate  condi.tionh.  S,o-caU.ed "o4.d 

d t o o d  channeU',"  'which m e  &tequentty u . t i l i z e d  

duking &pate  candi t iona bh'outd be accommodated w i Z h  

cutvek$:a l a ~ e  enough t a  handte .the waxtea vutumea i n  

t h e a e  channe&;  diah paahage, howevek, doea no2  have 

Zo be pkovided bok. 

( c )  Consolidated Comment - Saline X - Recommendation 3 
The MffEWG kecommenda t h a t  aLL,bl t idge deaign  paapoaala 

do& t h e  Mackenzie Highway bok e a e a  invalu ing   bkaid ing  ~ 

h a h a m a ,  ~rit.1 i n  no way  &Leduce She n d u k a t  chanReL 

widxth ,  and w i l t  add t o  #he naium&  dhannel   wid th  a 
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The Hydrologist Consultant feels other Considerations 

regarding Recommendationr 1, 2 and 3 require further 

clarification Further diecussion will' be forth- 

coming in these regards. 

4 

Consolidated Comment - Saline X - Recommendation 4 

Since $he UaurnpXLona on  urhkch t h e  d e b i g n  06  b a i d g e a  

doh X h i 4  aegrnen~ 0 4  t h e  M a c k e n z i e  f f i g h w a y  i a  b a e d ,  

appean t o  imply  beVeh:Q E P  und € E  hazaltd4, und &e- 

t o c a $ i o n  $6 d i k e d  &tequiking Leueelt apand may have Zo 

be conbideked, t h e  MHEWG ucommend4 <halt no c%ea&ing 

0 6  t h e  R.O.W. o z h m  than t o  .accommadaXe aukvey and 

Zed$ dki i t&ing cltew4, b e   u n d m t a k e n  bezween MiLe 5 0 4  

and 5 4 0 ,  u n t U  x h e  concem4 kaL4ed  i n  . thla C o n b o f i d a k e d  

Cornmen2 h a v e   b e e n  cQbd.y i n v e d t i g a t s d   a n d  Xhe& 

impUcaXionb adbeaaed irt l te ta t ion  t o  t h e  pkopoaed 

R.O.W. taca.tion at$emm$ive6 c o n t a i n e d  Ln Con4o%ida$ed 

Cornmen2 ~ V X ' I T  (500-54UP). 

No clearing will be undertaken wkthout'prior approval 

from 'the Cl ient .  
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CHAPTER 14 

REFERENCE : Consolidated Comment S a l i n e  XI 

SUBJECT : Sources of Granular Material 

(a) Consolidated Comment - Saline XI - Recommendation 1 

The MHEWG wiahea t o  u c e i v e  a b o m o w  p i t u p o k ~  w i t h  

Zhe F i n a t   V e b i g n   S u b m i l h i o n  doh Z h i a  Sec$&o'n 0 4  $the 

Muckenzie f f ighway,  The ~zaXu&e 0 6  ZhiA Repoet i h  

R , R . ' E . V .  6 ( c )  

Bumow pizta: Each Fin,@ V u L g n  S u b m i h h i o n  ahoutd 

- $the t h i c k n e a a  0 6  pema&oa-t,  p k e a e n t ,  and id 

auch a pemnanen%.ty   daozen zone exkenda t e d a  t h a n  

2 0  deex below Xhe e leva tLon  u a  lrhe t o w e a t  p 0 i n . t  

$ 0  which  it i 4  p k o p o a e d ,   p t u , n n e d ,  O& inztended Z o  

e x c a v a e  $he bo4qvw Rhea, a n d l a h  id auch a pek- 

, m a n e n t l y  640zen zone e x t e n d 4  Leah than 2 0  deet  
betour .the eL.evaaon 0 4  paht o Q  $he p i x  d t o o k  

above which $he g4edS:e~Z t h i c k n e a a  0 6  mazehiat 

i a  p i o p o b e d ,   p l a n n e d  04 inxtended Zo b e  aemoved, 
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I 
I 

(il Rationale for choice of certain borrow areas 

is contained in Chapter 15 of thi's Submission. 

(ii) Permafrost depth, etc. for borrow areas w i l l  be 

I 
I 

determined for the Final Design Submission and 

will be More accurately delineated during 'pre- 

construction prior tocpening of the borrow pit. 

1 
I 
'I 
I In September, 1972 the Department of Indian Affairs 

I, 
I 

and Northern Development engaged PEMCAN Services "72" 

to conduct Stage 1 of the Territorial Granular Materials 

Inventory.. Stage 1 is defined as the areas from Fort 

1 
I 
I 

Simpson to Fort Good Hope, N.W.T. 

PEMCAN t e s t  hole #198 was taken in the vicinity 

of "east of Mile 504.5" - the analysis was 

s i l t y  sand, unsuitable material. 

PEMCAN test  hole #I978 to the south  Of Mile 504 

indicated gravel and  sand. The material was 

recommended for various construction aggregates. 

This area warrants further investigation. 
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.+- 

t 
I 

(iii) PEMCAN test holes 4208 and #209, west of 

Mile 508 - 509 were unsuitable as granular 

material for the sandy silty gravel was 

recommended as general fill to very marginal 

fill. 



CHAPTER 15 

SUBJECT : S p e c i a l   d i t c h  treatment t o  prevent erosion. 

(il Special treatment for planned d i t c h e s  has been 

ident i f ied i n  accordance w i t h  Appendix IIAII of 

t h i s  Report for t h e   f o l l o w i n g  locations. 

Mile - 
509-510 

510-511 

512-513 

512-513 

513-514 

513-514 

514-515 

514-515 

519-520 

519-520 

520-521 

S ta t ion  

955- 975 

1020-1037 

1115-1121 

1121-1132 

1170-1182 

1189-1196 

1200-1209 

1225-1234 

1308-1315 

1294-1304 

1214-1225 

Average 
% Slope 

' 1.9 

6.7 

7.4 

5 .0  

2 . 9  

3.7 

3.7  

6.5 

2.4 

2.4  

7.9 

Estimated 
Discharge 
in c . , f . e .  

5 

2 

10 

2 5  

5 

5 

3 

20 

8 

5 

10 

Ditch 
Protection 

or 
Di t ch  Check 
Spacing 

6 0 '  

Coarse Gravel 

Cobbles 

Cobbles 

6 0 '  

50 ' 

60 '  

Cobbles 

*** 
*** 

Cobbles 

** * Specific method of ditch protection t o  be determined as 
g e o t e c h n i c a l  information is made available. 
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CHAPTER 16 

REFERENCE : -Port Regarding Information Deficiencies 

January 18, 1973 ( 5 )  (a) Preliminary 

Design Submissions. 

SUBJECT: Preliminary Design Submission - Stream 

Craasings. 

(ii) The special ortho-photo mapping required whenever 

bridge crossings are intended will be provided in 

the Preliminary Bridge Designs. 
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CHAPTER 1 7  

,REFERENCE: Report Regarding Information Defic iencies  

d.d. January 1 8 ,  1973 ( 5 )  (b) Preliminary 

Design Submission.. 

I 

SUBJECT : Preliminary Design Submission - Stream 

Crossings involving flood plains. 

S$t/team ckabaing  involving d l o a d  p l a i n s :  .the pnel iminahy 

hubmiaaiona ahoutd a t a t e  c.tea/tty how Xhe d t o o d  p t a i n h  

adjacenq t o  b/tidgse a i t e a  ahe in l t ended  $0 be . t f~avenaed,  auch 

a wilrh l o w  (iU.4 penmi i t ing d t o w  oven t h e  ,$it& body, O& 

wi$h hLgh bit.& w i t h  cuLvenka 20 pearnit d l o a d  bkow p a h u g e  

O& w i t h  e tevated  .caudecvaya pekmi t t ing  deee 6kow 0 6  {Load 

wa$e/t o n  Zhe d t o a d  p t a i i n h ,  

The Highway gradeline  through sections containing bridge 

crossings have been approximated for this  Preliminary 

Design Submission due to the lack of respange by the 

Client to cmosBing concepts previously submitted. In 

general, however, the  approach taken w i l l  be to use fills 

with  culverts in order to eliminate any flood plain ponding. 

L 
I' 

"" 



CHAPTER 18 

REFEWNCE : Report Regarding Information Deficiencies 

d.d. January 18, 1973 (5) (cl Preliminary 

Design Submission. 

SUBJECT : Preliminary  Design  Submission - Overland 
drainage and minor gullies. 

Ovektand  daainage and minoh  g u U i e 4 :  t h e  a u b m i a a i o n b  a h o u t d  

be accompanied by a geneaal  altatemint o u t t i n i n g  which d n a i n -  

age p n o b t e m s  wehe kecognized and how i;t i s  intended 20 

handle $hea e ,  

I . . .. , * 
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gravels and  boulders. The area is generally well-drained 

and f e w  if any drainage problems are ahticipated. 

A t  Mile 504.7 the R . O . W .  crosses a marshy area with a 

poorly defined drainage channel. The Hydrology Consullimt 

has proposed a bridge for  this crossing in order to minimize 

environmental and drainage problems. From Mile 505 to 

507.2 the Highway follows a slightly raised  platform of 

glaciolacustrine silts and clays, which tend to be moderately 

drained. Additional  culverts are included in t h i s  Pre- 

liminary design package to account far any  pOt@ntial Pending 

of overland flow. 

From Mile 507.2 to 509.8 the alignment crosses predominantly 

glaciofluvial deposits consisting mainly of sands and gravels. 

The presence of these coarse grained materials has reduced 

overland flow by subsurface drainage and ponding problems 

are not anticipated. However,  this  section as well the 

sector from 509.8 to Steep Creek, is  crossed by areas of 

glaciolacustrine silts and clays, often indicated by peat 

plateaus. Although  subsurface  drainage varies from fair to 

moderate, t he  potential for  overland flow in these  areas has 

been recognized and additional culverts have been included 

in the preliminary design to accommodate this. 

The R.O.W. from Steep Creek to Mile 514 ascends a gradual 

terrace of silts and clays  overlain by peat. Drainage  tends 

to be moderate in nature and varies  with the hummocky relief. 

." . 
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The thickness of the s i l t s  and clays  overlaying  the 

glacial till is often in excess of ten feet. Subsurface 

drainage is minimal due to the fine grained nature of 

the soils, however, well-defined natural drainage channels 

have been formed'due to the general relief of the area. 

From Mile 514. O to Mile 521  (excluding the Saline River) 

the  Highway alignment crosses a glaciolacustrine plain  

of silts and clays, intersected by many well-defined 

drainage channels. Occasional poorly, drained areas of 

muskeg occur on the R.O.W. and the problem of overland flow 

has been dealt with by the inclusion of additional culverts. 
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CHAPTER 19 

REFEFU3NCE : Report Regarding Information Deficiencies 

d.d. January 18, 1973 ( 5 )  (dl Preliminary 

Design  Submission. 

SUBJECT : Preliminary Design Submission - Source Of 

borrow. 

S o u h c e b  o h  bokaow: * h e   S u b n o d b i o n   A h a u l d  i n c l u d e  a atalte- 

m e n t   o u t f i n i n g   $ h e  Xypea and q u a n t i t i e b  0 6  bo4how makehial 

p n o p o a e d  ko be u e d  and t h e  a n a c i p a z e d  Lice c o n t e n $  ad 

* h a b e  maXekialb; $ h e   a p p k o x i m a t e  nunrba 0 6  b o h t o N  p i &  and 

t h e  U p p h O X i m U t e  t o c a X i u n a  and p m p o a e d  a c c u 4  &ou$:ea ahouLd 

be deteltmined i n  a genetLaL way. 

(il The proposed borrow pit locations w i t h  proposed 

quantities as determined from a quantity take- 

off baaed on the preliminary design gradeline and 

the proposed access routes, are ahown on  the 1"=' 

1000' Mosaics contained En the Design Submission. 

(ii) The  types of borrow material and anticipated ice 

content where the geotechnical information was 

available is also ghown an the 1"=1000' Mosaics. 

fn areas of alignment revisions, borrow area locations 

were determined from aerial photo interpretation and 

will require geotechnical information prior to the 

Final Design Submission to more accurately assess 

the euitability of the material. 
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CHAPTER 20 

REFERENCE : Report bgarding Information  Deficiencies 

d .d .  January 18, 1973 ( 5 )  (e) Preliminary 

Design Submission. 

SUBJECT : Preliminary Design Submission - Temporary 

stream Crossings. 

Tem,pu&a&~y  h$neam c n o d a i n g h :   t h e  pketiminaky  deaign h u b -  

mLAaiana a h a u l d  be accompakied by a atatemenf: o u Z L i n i n g  

t h e  naxuhe  and  tacaZion 0 6  ternpahakg &$neam c~Oddi in&& 

t h e  appmximate .fime a.t w h i c h  t h e y  anc phupoaed t o  be 

i n a t a t l e d  and $he app&axima$,e time a t  which  t h e y  abz 

pmpohed t o  be nemoved and 4epLac.ed w i t h  pe&munent aXkuctu&eA, 

doh  each daainage f i n e  t&ave/ taed b y  t h e  R . O . W .  

For major stream crossings the  bridge  consultants  have been 

asked to provide a design for a temporary crossing i n  their 

Bridge Design Submission. 

For minor stream crossings in which culverts  are proposed, 

the available knowledge at t h i s  time of the requirements and 

timing of construction activities limits the  des,ign team in 

presenting a firm statement outlining the nature.and  location 

of temporary stream crossings. 
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CHAPTER 21 

REFERENCE : Report Regarding Information Deficiencies 

d a d a  January 18, 1973 5 (f) Preliminary 

Design Submission. 

SUBJECT : Preliminary Design Submission - Plan 
P&an: T h e  mite  b y  m i t e  plan ax t h e  acale 04 2 0 0  6 t . l i n c h  

( c a ,  7 : 2 4 0 0 )  4 h o u i d   i n d i c a z t e  t h e  a u a k i n e  0 6  eveny body 06 

6 lowLng  ok  atanding wazelt and luexland uneab o c c u m i n g  u k t h -  

i n  Ca. 1 , 0 0 0  deet 0 6  $he cen$t/reUne 0 5  $he &ighf"o(-way 

t o  $he ex.ttenlt $hat i a  pltaCacable dolt .the map Acaee ubed ,  

Recommendation No. 16 of E.W.G. Report, July 27, 1973, on 

R a R . 1 . D .  accepted the 1"=1000' Mosaics for this purpose 

which arc included in the Plana. 

- 

I 
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' APPENDIX "A" , 

SUBJECT : SPECIAL 'TREATMENT FOR DITCHES 

Construction of the Highway will invariably result 

i n  so& re-arrangement of the natural drainage pattern , 

'with the  channelling of rumff into roadway ditches and 

offtake ditches 4 

' . ' In a normal stream channel the  bed o f  the stream 

adjuats to the rate of flow with scour or deposition of 

material occurring until a balance I s  establ ished.  

In new channels such as the roadway d i t ches ,  an 

equilibrium will not have been establ ished hence the 

potential for scour,erosion exists with the passible 

trhsportation.of materials ih to  natural streams. 

It is, therefore, desirable that the f l o w  velocities 

of the anticipated runoff i n  the new channels, be controlled 

to prevent scouring of the expoaed channel material and, 

fai l ing t h i s ,  that.the runoff be channelled i n t o  areas : 

where sedimentation may occur with minimal damage, to the 

natural surroundings. 

I .  

. .  

The determination of maximum allowFble flow velocities 

at which scour w i l l  occur depends on numerous factors, 

including sediment i n  the water, 'soil charac ter i s t i c s ,  such 

e 

- 1 -  
.. . 
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L m  

content and other natural factor$.. 

&nerai limite from'seeiye, E. E. I 19561 Foundations, 

Design and Practice, have been recognized as acceptable 

velocities for non-scour non-silt conditions. 

It should, however, be emphasrized that these are 

. not necessarily the maximum velocities beyond which scour 

will definitely occur for a particular soil. 

Recommended design velocities for use on the Mackenzie 

Highway have been tabulated by.E. W. Brooker & Associates " 

Ltd., Mackenzie Highway Geotechnical Evaluation, Volume 1. 

Appendix "C". 

ueirkg mnning's Equation and the iirniting design velocities 

from Handbook of Steel Drainage and Highway Construction 

Products Highway Task Porc81 American Iron and Steel Institute, 

discharge va. gradient curves I were calculated for the ditch 

sections and general soil types to be encountered on th@ 

Highway. From experience and observation, the limiting velocities 

are genera l ly  applicable. 

The calcul'ation Of the anticipated runoff i . e .  discharae 4 -  

to which the ditches may be subjected, was determined, where 

pOsSibl@, by scaling the area of the drainage basin from 



aerial photogragha and arrtimating the flow using a 

modified rational farnula adjusted for the area ancl based 

, *  

' on the knowledge of the desrigrrsr. 
I ,  

The discharge va gradient cum& w$re then utilized ' 

t o  lewognizs areas of potential water 'erosi0.n. 

Similarly design discharge VB gradient curves were 

. plotted for the recommended des$gn velocities of Brooker. 

Baaed on these velocities, ditch grade vs. * check darn spacing 

c-ea were developed for' varSoue discharges. 
. .  

An elevation difference of one foot between 'check dam 

crests was ch08en baaed un the physical limitations of 

ditch depth. 

. f  

;. :*, Sime effects of runoff on the channel are dependant- on: 
, .  

1. , Soil type and 'gradation1 

2. Quantity of runoff; 

3.' Water and soi l  tempesatureo; 

4. Degree of revhetation; 

' 5. Grade of channel and dieclhaxge 

the deciarion ae to the type and nature of erosion prevention 

, rnuat'resids w i t h  the Field bnatruction Engineer. 

. .  
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LIMITING WATER VELOCITIES 
' IFOR THE DEgIGN OP STPAB- CHANNELS 

hnning  Vélocity 
I Material . .  n ft/sac. 

I Fine B a n d  colloidal.....,........ 

Sandy loam n0ncolloi8al.....~.... 

Silt loam noncolloidal.. . ... . . . . . 
Alluvial silts noncoiloidal.. . , , .  

I Ordinary firm l~~rn...~......~.~; 

Volcanic ~ ~ h . . . . ~ . . . . . . . . . . . . . . . .  

* S t i f f  alay very colloidal,. . . . . . .. 
Alluvial silts colloidal.... ..... 
Shales' and hardpMs. . . . . . . . . . . . . .  

Fine g~avel.,..,.......~...~...... 

Graded ailts'to cobbles when 
colloidal........~..~...o..o~~.~. 

Coarse gravel non%olloidnl. . , . . .  

Cobbles and s h i n g l e s . . . . . . . . . . . . .  

O .'O20 

. a20 

O20 

. 420 

e 020 

. 920 

02s 

. 02s 

025 

i 020 

030 

030 

0 025 

. 035 

1.50 

1.75 

2.00 

2.00 

2.50 

2.50 

3.75 

3.75 

6.00 . 

2.50 

3.75 

4.00 

4.00 

5.00 

Handbook of Steel Drainage and Highway Construction 
Products. H+ghway Task Force', Amezican Iron and Steel 

I Inst i tute ,  

e 

- 4 -  
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TABLE C * - 1  

H a n n I n g ' $ ' n ' f o r  ' N a t u r a l  :Streoln channels  nnd Dtrsign V c l o c , i t i c s  I I far tJon-Stl t ,  Non-Scour Conditions f o r  use on the Mackenrlc 
I Highway ,  

HATER'IAL 

' RECOMMENDED 
, OES IGtI 
VELOCITIES 

y, ( fps  ), , , 

S t i f f  C l a y  Om025 

Colloidal S i l t  
Non-Col 1oida. l  S i . 1  t 

F i  no Sand- 
Coarse Send 
Si 1 t y  Sand ' .  

0 ,025 
Om020 

0 . 0 2 0  
o .  020 
o. 0 2 0  

: 2000 

' 1.00  
2.00 

SI 1 t '  T i l  1 
I 

0.025 2 . 0 0  
C l q y  T i l l  O .  025 2 .00  

Flnc G r o v e l  . O a O20 2 . 0 0  

I ' Coarse Gravcl  
0 . 0 2 5  . I  3 0.00 . .Well Gradad Gravcl 0 . 0 2 5  3 . bo 

'. O m-O3 5 5 . 0 0  

Broken Stone' 0.035 3 . 0 0  

11 Slwle 
4 ,  . .  . .  

0.025 4.00 

1 
2 
3 

4 

. T a b l e  C - 1  i s  based o n : c h a n n e l  d e p t h s  befn,g  between 0;s arid 3.0 f e e t .  
A g i n g  o f  c h a n n e l s  p e r m i t s  vclgtittes t o  be incregsed b y  3 0 % .  

m For  vcgctal-lined channcls i ~ c r e a s c  the g i v e n  v a f l r c s  b y  u p  
t o  1 ; s  ( f p s )  b'ut na't exceedin,g maximum values g i v e n .  
G r a d i e n t s  should'not axcecd '4  p e r c e n t  f o c  a n y  d r a i n a g e  tourse. 
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APPENDIX "B" 

The formula used by the hydrology conlultant, 

Bolter,  Parish, Tsinable Ltd. was as developed in 

their Hydrology Study and Design of Culverts, Mile 297 

to Mile 345, November, 1972 and modified as outlined 

in their subsequent reports on Mile 403.1 and Mile 

407.5, June 12, 1973 and in their report on Mile 4 0 6 . 2 ,  

September 20, 1973. 

The following aunrmary of Data wed supplements 

the Culvert  Design Sheets included in the Preliminary 

Design Submi8aion. 



2 
I ?  

HYDROLOGY SUMMARY 

a 

II MILE 

I Dra i nage Area (A) 
TOTAL (sq .  m i  les) 

1 Qhwm (c . f .s . )  

Dra i nage Area (Aa) 
EFFECT1 VE (sq . m i  les) 

Re1 i e f  ( feet)  

a (100 - L) Water 
~ Retained for Runoff 

a 

Rainfall  ( inches i n  1 24 hours) 

I Ratio 
Qe ( c . f  .S.) 

Drainage Area (Alc) 
LAKE CONTROL (sq. m i  les) 

Re1 ia f  ( feet)  

( l o o  " L) 

1 Rainfal I (inches i n  
24 hours) 

Qlc ( c . f . s . )  

Ora i nage Area (Am) 
MUSKEG ( s q  . m i  1 es) B 

1 Q rat ional  ( G . f . s . )  

(Qe + Qlc + Qm) 

Qm ( c . f . s . )  

& Q design 

PRELIMINARY - 4UBJECT TO REVISION 

MILE 490 TO HILE 521 
- 
t96.8 - - 
13.7 

1 70 

2.0 

50 

9 19 

3.5 

4.12 

I46 

11.7 

1400 

. 26 
3.5 

284 
- 

- 
432 

430 - 

'F 

' 5  
" 

1 

1 

c 

51 5.7 - 
1.2 

& 
110 

1.2 

1250 

9 25 

3.5 

4.18 

117 

- 
117 

120 

4.0 

4.0 

1650 

9 27 

3.5 

3.97 

400 

- 
400 

430 - 

5 1  7.9 - 
1.2 

.6 

550 

. 22 
3.5 

4.40 

54 

.6 

550 

.22 

3.5 

12 

" 

- 
66 

175 

1 

1 

Qhwm nat assessed a t  t h i s  crossing, requires f ie ld  inspect ion prior 
t o  f inal  design. 

change i n  drs inage area. 
A Qhwm assessed a t  old a l  Tgiinent. Revised 'location has negligible 

5.4 

5.4 

I 600 

.26 

3.5 

3.56 

467 

470 
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I 
I 

Hydrologist Drawings cont'd 

-120 
-122 
-123 
-124 
-127 
-128 

Number of 
Sheets 

I 

I 
I 
1 

Total 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

76 




