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PINAL DESIGN SUBMISSION -~ MACKENZIE HIGHWAY
MILE 411.6 - 425.4, FEBRUARY, 1975

In accordance with the D.R.C.G. meeting of December 14, 1973 and sub-
sequently as requested by the Director of Engineering and Architecture
Branch, two (2) sets of design plans with varying degrees of infor-
mation were developed; one for review purposes and one for contract
purposes.

Review Purposes - E.W.G.

Enclosed are twenty-four (24) copies of the narrative portion of the
above-noted Design Submission. Two (2) sepia mylar copies of the
plans have been forwarded under separate cover.

Six (6) copies of the narrative and one (1) set of sepia mylar copies

of the plans have been forwarded to Mr. C. Amos of D.I.N.A. in Yellow-
tnife. Single copies of the narrative and a single set of prints —
havs been forwarded to D.0.E. in Edmonton and Winnipeg and E.M.R. in
Calgary.

Corntract Purposes - D.I.N.A,

One (1) set of sepia mylar copies of the design plans for the above-
mantioned Submission have been forwarded to G. D. Reid for printing
and distribution and one {l) set of prints has been foirwarded to

Mr. C. 2mos of D.I.N.A. in Yellowknife.

Items included in the Review Set of the design plans, in addition to
the information included in the Contract Set of the Design Plans are:

1. Location and nature of all off-take ditches plotted on the
orthomapping.
2. Cross sections of cuts and fills over fifteen feet plotted

on the Plan-Profile Mile Sheets.

3. Plan shape of every borrow area and planned location of
access roads by a line marking the precise boundary of the

- natura1 q;ound surface proposed to be disturbed.
,,/

S

Progect Manager
N.W.T. Roads

CGSB STANDAND FORM 224 7540 21-865-6699 : FORMULE NORMALISES 224 DF | 'ONGE
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INTRODUCTION

The Final Design Submission, Miles 411.6 - 425.4
February, 1975 has been prepared as a resubmission to
include the Information Omissions as observed and noted by

the Project Manager in the review of the Preliminary Design

Submissions, Miles 390 - 428,

The missing geotechnical information in the align-

ment revision areas will be obtained by Department of Publiic

Works forces during the winter of 1974-75.

The reader should note that this report forms part of
a total design resubmission, the major portion of which is

contained in separate plan forms.



CHAPTER 1

REFERENCE: Response to Information Omissions

Noted in Letter of Direction for
Final Design Submission, Mile 34§ -
380, d.d. January 15, 1974.

INFORMATION OMISSTONS

The Ainformation omissions for the 'Final'® Design Sub-

misdicn, Mile 348 to 390 noted An oun Retien to you

dated January £5, 2974 have also been nofed in this

desdign submission. VYou ane thernefonre neguested fo ensure

this Avgormation L& phrovided in subsequent submission fox

this section.

As noted in oun Letten of May 21, 1974 ftwo (2) sets of plans

{one for nreview purposes and one forn contract purposes) will be

requined in onder to provide nequested information.

1. Oxthophoto Mapping

As the onthophoto mapping requested was not available at the
time the Anterim final design submission was submitted, you

are hequedted to submil the final desdign with Zhe onthophoto
mapping as soon as it becomes available.

- Orthophoto mapping has been included on the Mile Sheets

of the Final Design Submission, Mile 411.6 - 425.4,
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2.

Ditching

(a)

{c)

The Location and nature of all off-take
difches snould be plotited on the onthophoto
mapping Lo the detail and accuracy that can

e determined from information available.

211 off-take ditches have been plotted as

requested.

Typical Design Tetails of othexr methods of
special treaiments fon difches Zhat will be
employed in addition to the vaniable spacing

o4 difch checks are nequested.

Appendix A of this report describes the various
nethods proposed for special treatment for ditches.
Typical details of ditch blocks, ditch checks

and ditch linings are illustrated on the "Typical
Drawings for Erosion Control" sheet contained in

the Final Design Submission, Mile 411.6 - 425.4.

Please provide an explanation of how ditch chechks
wALL be protected against crest enosion whenevexn
glow occuns durning periods when culverts upstream
from ditch checks arne frozen so0fid togethen with

more design information about ditch checks. In



.

panticular, details concerning size, shape,
method 0f construction, composition, design

Lifetime and maintenance requirements are

requested.

It is cobvious confusion of interpretation between
ditch checks and ditch blocks still exists. Appendix
A of this report should clarify the intended meaning
of a ditch check and the "Pypical Drawings for
Erosion Centrcl” Sheet of the amended Final Design

Package contains a typical drawing of a ditch block.

Assuming the above comment refers to ditch blocks,
it is intended that maintenance will provide that

culverts upstream from ditch blocks are opened prior

to spring run-off.

Construction of the ditch block is similar to embank-
ment construction. Details concerning size, slope

and rip-rap are contained in the typical drawing of

ditch blocks.

Cross Sections of Cuts and Fills

PLease ensune that cross sections forn all cut and §4{LL sections
overn 15 feet are provided on all future finafl desdign submissdions.

Please note that the Lettern 0§ dirnection dated Decemben 10, 1§73



nequested that the sidesfope angles fon the design sections,
wheneven possible, take into account the matenial type to

be used in the cut on f4LL.

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 heen
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.

Bornow PLts

1t is noted that not all of the information nequested by
our Letten of Dinrection dated December 10, 1973 has been
provided. ARL information avallable to D.P.l, should be
submitted on the 1"=200' mapping, The information should

continue to be shown on the 1"=1000' mosaics as well.

1§ at any time subsequent to the submission of a Final
Design, requirements for borrnow areas additional to
those shown on the desdign plans anre Ldentified, this

Deparntment should neceive for approval:



{a) a plan showing anreas whene new pits are Lo be developed

accompanied by all the infoamation nequired forn borrow

aneas;

(b)] a plan indicating those borrnow areas that are fo be
incneased 4in volume by a facforn gheaten than three
on Ain aread extent by a facton greaten Zhan three
oven the antlcdpaied sizes indicated by the Final

Design Submissdion along with allf relevant information.

A1l information on borrow areas available tce D.P.W. at
the time of this Design Submission has been included

on the 1"=200' orthomapping and/or on the 1"=1000' mosaics.

Effects of Construction of Fish and Wildeige

Adten consultation with the Canadian Wildlife Service and
Fisnendies Service you are requested to phrovide specdfic recom-
mendations reganding Limitations in constrhuction opernation,

practice and schedulding to profeci wildlife and fish.

Results of consultations to date are reflected in the scheduling

restrictions included in the draft specification. Consultations

with these agencies are continuing to provide general guidelines

for the protection of fish and wildlife.



Waste Maternial Disposal Sites

Information as rnequested by the Letten of Dirnection dated
December 10, 1973 on waste maferial dispcsal sites othen
than borrow pits was not provided with the design submission.
12 45 undenstood fthat the only waste material disposal

sites contemplated between Miles 348 - 390 are borrow piis.

However, in such cases, written confirmation is requested.
Completed borrow pits have been chosen as disposal sites for
waste material, if required, for this section, Mile 411.6 -

425. 4.

Submission o4 Final Design Plans

As noted An the Letter of May 21, 1974 two (2) seits of
plans {one fon review purposes and one for contract purposes)

wiLL be nrequdined Ain onden e provide the rnequested information.

Two (2) sets of design plans have been prepared; one

for review purposes and one for contract purposes.

Distribution of the two sets of design plans is out-

lined in the opening Memorandum of this Report.



CHAPTER 2

REFERENCE: Letter of Direction for Final Design

[ ]
-

IT.

Submission Mile 428 - 470 d.d.
June 15, 1974

Information Omissions

The information omissions for the 'Final' Desdgn
Submission, M{Le 348 to 390 noted in oun Letten

to you dated Januany 15, 1974 have also been noted
An this desdign submission. VYou anre theregone
requested Lo ensunre this Aingormation £is provided

An the subsequent submission for this secition.

The information requested is provided in Chapter 1

of this report

Aclgninent

(1] Horndlzontal

The honizontal alignment for miles 390 to 424 has been
previously approved. The section from mile 424 - 478
falls within the Wrigley area where possible nevisions
are being consdidened. Funrthern alignment approvals in

Lhis area cannot be given at this time.

Mile 425.4 was chosen as the northern limit of this
submission as the right-of-way has already been cleared
to that point. Revisions being considered for the

Wrigley area will not result in any changes in the
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(2)

(3)

alignment from Mile 425.4 south.

Verntical

{a})

The verntical alignment in this section appears
to be well integrated with the Landscape and

continuous wWith the horizontal alignment.
No Department of Public Works comment required.

We ane 4in agreement with yourn recommendations to
investigate the possibilities of reducing the
nathen steep gradients near the Willowlake Rivex.
Yourn atZention Ls drawn to the necommendations
of the EWG concerning Lnformation requirements

gon this Anvestigation.

Willowlake River section does not fall within the

limits of this submission.

Typical Cross Sections

Typdical crnoss sections are requested for all cults and

§iLLs ovenr 15 feet. The Locations forn which these have

not been provdided anre:

Mite 392, Station 842
Mile 393, Stations 936-947
Mife 394, Stations 948-963

Mile 394, Stations 985-995.



Typical sections for all cuts and fills over 15 feet

have been shown on the plan profile mile sheets.

111. Dradinage

{1) Culvents

(a)

(b)

It {4 neqguested that the culvert exit velociity
at desdgn dischange be provided forn the following
culvernts:
Mile 4i1.9
MiRe 416&.4
Mile 424.3

Exit velocities at design discharge are shown

on the hydrologist's culvert drawings for the

above noted culverts.

Concenn L4 expressed that Ain some cases the
culvent spacing may be extreme forn the gradients
encountered. The Locations Lidentified ane:

Mile 401-402 Stations 329-364

Mile 402-403

Mile 413-414

Mife 414-415

Mile 425-426
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(e)

The design of the sections noted above which are
within the section 411.6 - 425.4 have been reviewed
with the following results:

Mile 413 - 414 - Additional culverts added

Mile 414 - 415

Additional culverts added

Mile 425 - 426

Design considered adequate.

A diteh check is nrequired at MiLfe 399 - 400,
Station 240.

The section referred to above is not within the

limits of this submission.

It {4 nequested that the expected tailwatern elev-
ations fon fLsn migration discharge be provided
gon the culvents Zocated at the 4ollowing mileages:

396.1, 406.2, 412.8, 422.7, 426.5 and 427.5.

Expected tailwater elevations for fish migration
design culverts within the section Mile 411.6 -

425.4 are shown on the hydrologist's drawings for

the respective culverts.

The culvert infet velocity for both design discharge
and §4ish migration dischange should be provided fox
all Larnge culvents. The exdit velocity at fish

mighation should also be provided forn all Large

culvents.
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Inlet and exit velocities at fish migration
discharge have been shown for all culverts
subject to fish migration design criteria.
Inlet velocities at design discharge are

shown for all large culverts.

Signdficant differences have been nofed bei-
ween the drainage areas recommended for ude

by your hydrology consultant and those necom-
mended by your envdronmental consdufitant foxr

the culvents Located at the follLowing mileages:
396.1, 407.5, 418.4 and 419.5. PlLease request
youn consultants Lo verdify Ltheir information on

these culvents.

The discrepancy in drainage area for the culverts
at Mile 419.5 was due to a typographical error.
The environmental consultants figure should have
been 0.7 square miles. Note that the Base Data

Report shows the area as less than one square mile.

The environmental consultant agrees with the
hydrologists drainage area of 2.6 square miles

for the culvert at 418.4.

In addition to the culvents recommended by youn
envirnonmental consultants for §ish migration design,
those Located at MilLe 392.0, 396.1 and 412.8 axe

also to be desdigned forn fish migration.



(£)
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The culvert at Mile 412.8 has been designed for

fish migration.
Phe others noted are not included in this section.

Tt 48 wnoted that at a numben of Locations, your
hydnology consultant has recommended baffle install-
ation to allow fon §ish migrnation rnather Lthan nre-
ducing the sfope of the culvernt. At this time, 4%

is not known if§ baffle installation will produce
satisfactony nresults. Funtnen dirnection will be
§ornthecoming when the MHEWG have 5u££y‘eua£uated thedin
BaffLe Study.

No Department of Public Works comment required at

this time.

When streams anre Ldehtiéied as having modenate to high

fisheny potential, Aéheduting constrhaints should be

Aindicated. 1§ scheduling constraints are not con-

sidened important at a particular culvent, Lt should
be 50 indicated. Fon the design submission Mile

390 - 428, scheduling constrhaints have not been in-
dicated for the culvents Located at the {following

mifeages: 392.0, 394.7, 406.4, 407.5 411.6 and
412.0.
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Scheduling constraints are included in Division
1, Section 2, paragraph 3.3(a) of the draft

specifications.

(2) Special Treatment of Ditches

(a} Appropriate special ditch treatment and s4L% trapping
devices should be shown for Mile 426.5, Stations

7654 - 1659 and Station 1667 - 1649.

The areas referred to are not within the limits

of this submission.

(b) Thene appears Lo be a contradiction between two
tables Ain the Detail Design Data Repoat. Table on
Page 49 shows several sections where the average
sLope exceeds 4% while table C - 1, appendix A
Aindicates that gradients should not exceed 4%

forn any drainage counrse.

Table C - 1, referred to above, has been deleted
from appendix 'A' as it was considered that the

limiting velocity table was more realistic.

IV. Sodils

{a) We wish to neiternate oun concern that D.P.W. design teams

allow for a general greaten distribution and generally

Langer ice contents in fine-grade s0ils then nepornted

by the consultants.



- Where sufficient geotechnical data is lacking the design
team has assumed a generally greater ice content dis-
tribution than indicated by the available geotechnical

information.

o

No geotechnical information has béen provided for Mile
393 - 395. The geotechnical Linformation previously
collected in this area snould be shown on Zhe next

design submission forn this section.

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

submission.

o)

Geotechnical Anformation has not been collected fon
Mile 419 - 427 due to i%s closeness Lo thne Wrigley anrea.
Once the alignment in this area 4s approved forn investli-
gation, appropriate geotechnical Ainfoamation snould be

coflected.
- Available soils information to Mile 425.4 is shown on
the plans. Additional geotechnical data will be obtained

during the winter of 1974-75.

Borrow Areas

(1} Location of Pits

(a) The proposed borrnow pit Located at Mife 391 should
be Located s0 as not to encrnoach upon the stream

banks and to avodid any distarbance to, on siltation
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of, the stream.

The borrow pit referred to is not within the

limits of this submission.

{2) Location of Borrow Area Access Roads

(a)

ib)

1t is undenstood that the bornrow pit at mile 406.1
48 not beding used due to its high moisture content.
Howeven, should the pit be used consideration
should be given to relocation 04 the access road
as ondiginally proposed on the Final Design fonr

the Trhaining Section MiLe 399 - 410.9.

The area referred to is not within the limits of

this section.

The access noad to the borrow pit at Mife 399 should
be nelocated on a culvernt installed in the access

road to accommodate §ish migration.

The access rcad referred to is not within the

limits of this submission.

VI. Wildlife and Fish Resources

(a} A8 nequested by oun Letten of Dinection dated Januany

15,

1974 D.P.W. are to consult with the Canadian Wild-

Life Senvice and Fisheries Service and provide specific

necommendations regarding Limitations in construction
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operation, practice and scheduling to protect fish

and wildlife.

Consultation between D.P.W. and representatives of
D.0.E. have taken place for the design submission
Mile 411.6 to Mile 425.4 and results of these con-
sultations are reflected in the scheduling restriction

included in the draft specifications.

1t {48 nequested that the detailed information on wifd-
Lige and §ish resounrces gathened by your consultants

be made available Zo the Canadian WildLife Service and
Fishernies and Marnine Senvice nespectively, fo enable
these agencies to adequately assess the data provided

on the Envinonmental Data Sheets. Such Linformation
should include data regarding beavenr. and waten- fowl
concentrations for evaluations of wildfife resounces.
For evaluation of f4is8h resounces, the information should
include the numben of visits 2o a site, dates, numbens

04 fish observed/caught, species and age.

The environmental consultants have prepared 'Base Data
Reports' which detail the information on which the
Environmental Data Sheets are based. Copies of these
reports have been provided to C.W.S. and Fisheries and

Marine Services.



(d)
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At Mile 395.9 the Right-of-Way crosses a Lake outlet
near a presently active beaver dam, MNisturbance of

this dam should be avoided,

The area referred to is not within the limits of this

submission.

The prefiminary design submissdion had Lidentified trap
Lines extending alowng the CNT Line and proposed highway
nean the Willowlake River, The final design submisdsion
now states "No antlcipated trap Line conflict, Main
trapping area is far to the east of R,0O.W. Location”,
Please explain wnethen there are no anticipated Zrap
Line conflicts along this entine section on fust at
MiLe 395 and 4§ there are no anticipated conflicts,

why change from the prefiminary design assessment,

The area referred to is not within the limits of this

submission.

VIT. Sensitive Areas

- {a)

ALL distunbances of the ground surgace and vegetation
mat should be minimized. ALL travel along the C.N.T.
Line and the highway R.0.W. prion to construction

should be kept to a minimum.

The field engineers are well aware of the above

direction.
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Concenn 43 expressed that fLow slides may occcur 4An
§ine gradined s0ils with high waten content. 1In these
areas specLal precautions or construction Zechniques

may be necessary. The areas Ldentified are:

MiLe 413-414 Statdions 955-960

Stations 960-970

Mile 414-415 Station 1017+80

A Station 1027+00
Mi{le 427-428 Stations 1704-1715

The areas referred to above will receive particular
attention during construction and special precautions
taken and/or special construction techniques employed.

Slope protection will be used if required.

Futurne Design Submissions arne to identidy sensitive
arneas which would be particularly vulnerable ito

cleaning one year on more Ain advance of construction.

This section, Mile 411.1 - 425.4, has already been

cleared.

Sensitive areas which would be particularly vulnerable
to clearing one year or more in advance are now being
identified and excluded from right-of-way clearing

activities by Hire North.
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VIIT.

Aesthetfdlcs

Appropriate selective clearing and revegelation procedurnes
will be carnied out afgten roadbed construction, with appropriate
fcetd supervision nequined to supervise the integraticn o4

the highway into the surnnounding Landscape.

Bornow pits on cskerns and drumfines should be Locafed on
the anest of the Land forms on excavation carnied out, o

the extent possible, £n such a manner as to maintain the

natural Land gorm shape.

The above recommendations are accepted by D.P.W.

and field construction engineers will be advised.

Sequential Land Use of Construction Camp Sites

1t 4is noted that the information neguested by Recommendations

44 and 45 cf oun Letten of dinection dated Decembern 10, 1473

has not been provided.

In this xegand, necommended sites for maintenance depots should
be develfoped in conjunction with Mr. John Hamilton. Camp
sites identified as a resull of discussions with the pipe-
Line consontium forn possible use in a pipeline construction

program should be indicated on the design plans.

ALL othen sites will be nehabilitated in accondance with

dinections to be given by field nepresentatives of thdis

Depantment.



Designation of multi-use sites is to be based on
recommendations 0of the Departmant of Indian

Affairs and Northern Development Roadside Services

Subgroup.

XK. Willowklake River Crossding, Mife 393 - 399

The Willowlake River Crossing is not within the limits

of this submission.
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CHAPTER

3

DESIGN COMMENTS

(1)

The stream crossing at Mile 419.2 has peen changed
from a bridge to a bank of 6 - 60" culverts to
reduce cost in view of recent increases in bridge
costs.

Details of the structure are shown on

hydrologist's drawing 115-3-77.

The two 36" culverts at Mile 424.8 have been designed

to accomodate icing. The invert of the lower pipe

will be set at stream kbed and the upstream invert
of the upper pipe at the same elevation as the
crown of the lower culvert. Minimum pipe spacing
will be 20 feet.



APPENDIX "A"
SPECIAL DITCH TREATMENT

Amended June, 1974



SPECIAL TREATMENT FOR DITCHES

Roadway and offtake ditches are often necessary elements

in highway design and construction. These ditches require

the removal of the vegetative cover from their respective
areas, thus increasing the potential for scour erosion.

This scour erosion in highway ditches is dependent upon
numerous factors including discharge, channel gradient,
sediment in water, soil characteristics such as grain size,
density, organic binder, cementation and ice content.

Some methods used in highway construction to control or prevent
scour erosion are: blanketing the ditch floors with stable,
free-draining granular materials, reducing the effective ditch
gradient by constructing a series properly spaced ditch éhecks
0a tne ditch floor and by diverting run-off water out of the ditch

ontc natural vegetation by using ditch blocks.

Design equations exist for open channel flow, which relate flow
velocity to the gradient and cross-sectional configuration of the
channel. The Manning formula, is such an equation and is commonly
employed for open channel flow calculations. The formula is as

follows:

v=(1.486/n) R>/3 s/2 (1)



where v=velocity of water, in feet per second
=hydraulic radius (water area divided by
wetted perimeter)
S=slope of channel gradient, in feet per foot.

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

One of the principles followed in designing the Mackenzie
Highway was to avoid excavation in permafrost wherever and
whenever possible. Therefore, the use of standard engineering
texts for use in non-permafrost areas was considered applicable
for deriving ditch lining and ditch check spacing charts for

the Mackenzie Highway.

Wnen cuts through ice-rich permafrost areas are unavoidable
it is ihtended to sub cut and back fill with a sufficient depth
of ice~free material, which would provide soil conditions

similar to non permafrost areas.

The Handbook of Steel Drainage and Highway Construction
Products, second Edition, 1971, lists limiting velocities

for non erosion of channels. The following tabulated Manning's
"n" and limiting velocities for the general soil types found

on the Mackenzie Highway right—of—way are excerpts from this

Handbook.



TABLE 1
Manning Velocity f£ft. /sec.

Material "n" For Clear Water
Fine sand .020 1.50

Silty sand .020 1.75

Fine gravel .020 2.50

Stiff clay .025 3.75
Coarse gravel

Well graded gravel .025 4,00
Cobbles .035 5.00
Shale, hard pan .025 6.00

Using the limiting velocities as tabulated above and
Manning's formula, discharge versus gradient curves were
calculated for a twelve foot wide "B" type road ditch.

(See figure 2).

pitch Lining

For a given soil type a curve in Figure 2 indicates the

limiting discharge for a given gradient above which scour

-erosion may occur. Therefore, theoretically, by lining the

ditch with an adequate depth of material selected higher

in the graph scour erosion should be arrested or minimized.

Ditch Checks

As an alternate to ditch lining ditch checks, within their
limits, would be adequate and possibly more economical in

some areas for scour prevention.



See Figure 7 of this report for a schematic explanation of

ditch check theory.

Figures 3 to 6 inclusive of this report are recommended ditch
check spacing charts calculated for discharges up to 20 c.f.s.
over various soil types. The derivation of these ditch check
spacing charts was based on the effective gradient required

for non-erosion of a soil type at a given discharge.

Due to the physical limitations of the highway ditch depth
the ditch check crest is one foot above the ditch floor. A
forty~foot minimum spacing of ditch checks was considered

to be reasonable for construction, maintenance and effective-—

ness.

Discharge Determination

The Rational formula developed in 1889 by sewage engineers
is probably the most widely used formula for estimating
discharges. The formula is:

Q = CiA. (2)

where Q = discharge in c.f.s.
C = the run-off coefficient
i = the intensity of rainfall in
inches per hour.

A = the drainage area in acres.



i

This approach with the following modifications was considered
to be an acceptable one for small drainage areas up to

about one square mile.

Bolter, Parish, Trimble, consulting engineers, have in their
publication, Hydrology Study and Design of Culverts, Mile
297 to Mile 345, Mackenzie Highway, November, 1972, developed

a modified Rational formula for large drainage areas in the

following form: Qi =26.7 ARr (100 - L) M (3)
where Q; = maximum instantaneous discharge
—vc.f.s.
A = drainage area - square mile

R = rainfall in 24 hours

r = rainfall reduction factor
L = percent water loss
M = conversion factor mean daily discharge

to maximum instantaneous.

Rationalizing the variables in the above formula as they are
effected in the Mackenzie Valley small drainage areas the

following empirical formula was developed for estimating small

drainage area discharges:

Q = .584 CA (4)

where Q = maximum instantaneous discharge in c.f.s.
c = run-off coefficient
A = drainage area in acres.



(a)

(b)

",584" is the resultant of 26.7, R, r, M and the

conversion of square miles to acres (%40)

n R“

«° M“

llCH

4 inches per 24 hours was considered

a conservative estimate.

1.0 was used since no appreciable reduction
can be expected in small drainage areas.

a value of 3.5 was considered conservative

for small drainage areas.

run-off coefficient is similar to (100-L).
Bolter, Parish, Trimble arrived at an

"L" value of 75% for large drainage areas

{550 acres and greater). The accepted

run-off coefficient for concrete and pave-
ment is 0.8 suggesting a water loss of 20%.

It was considered conservative tc use this 20%
water loss for drainage areas of 45 acres and
less. Joining these limits with a porabolic
curve, expected water losses for intermediate
drainage areas were interpolated and converted

to the following run-off coefficients:



TABLE 2

- Expected run-off coefficients for small drainage
areas in the Mackenzie Highway

Acres "C"
- Up to 45 - 0.80
Up to 98 - 0.65
Up to 222 - 0.50
_ Up to 550 - 0.25

The selection of a particular type of ditch treatment or
whether it is required will ultimately rest on the

— experience of the resident engineer.
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Figure 2

LIMITING CHANNEL GRADES ror THE DESIGN oF "B” TYPE DITCHES
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Figure 3

DITCH CHECK SPACING

(DESIGN DISCHARGE - 3 CFS)
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Figure 4
DITCH CHECK SPACING

(DESIGN DISCHARGE -~ 5 CFS)
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Figure 5

DITCH CHECK SPACING

(DESIGN DISCHARGE - 10 CFS)
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Figure 6

DITCH CHECK SPACING

(DESIGN DISCHARGE - 20 CFs)
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FIGURE 7

DITCH CHECKS
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-~ The ditch checks will be constructed with non"erodibie
materials.



APPENDIX "B"

HYDROLOGY SUMMARY



TABLE 3

CULVERT VELOCITIES

) T T besian pisceAReE F1SH MIGRATION DISCHARGE
NORMAL DESIGN | DESIGN DISCHARGE FOR FISH CULVERT || FiSH MIGRATION DESIGH
1 Maximum ; Maximum
Velocity | Maximum Velocity
A Inlet Inside Inlet Velocity Inlet Inside
Creek Velocity Culvert Exit Velocity Inside Exit Velocity Culvert Exit
Mileage (f.p.s.) (f.p.s.) Velocity (f.p.s.) Culvert Veloci;xuvku(f.p.s.) (f.p.s.) Velocity
L11.9 - - - .5 4.5 b b 2.1 2.1 1.6
. ' _ il
yr2.8 D} - - - 12.5 15.7 12.5 8.1 10.2 4.3
1184 . 6.9 A ; ; ; ; ] ;
- - 6.0 A - - - - - -
wmg. 2N 2.6 2.7 2.7 - - - - ] 3
422,78\ - - - 11.9 14.5 9.5 7.6 8.8 3.1
42k.3 8.4 1.4 5.5 - - - - - -
|
[@5 Neglecting Effects of Baffles - Z§§ Assuming Slope = 1% , L 58' for 36" Dia. C.M.P.

Assuming Slope = 1%, L  G68' for 48" Dia. C.M.P, ZQX Assuming each culvert carries 50 c.f.s.

~



MILE 411.6 to MILE 425.4

TABLE 2

HYDROLOGY SUMMAFY

Parg 1
MILE 411.9 512.8 4184 L41g.2 422.7 ,! Lk, g
Drainage Area (A) | § f
Total {sg. miles) 1.0 2.4 é 2.6 2.8 : 29.0 Co1.8
Qhwm (c.f.s.) i00 Buo w n/a n/a : 456 é 125
| | ;
Drainage Area (Ae} ! : f
EFFECTIVE (sc. miles) .0 0.5 C UL : 2.8 7.0 0.5
Relief (feat) 100 a0 ; 50 b orgeo : R00 50
? | ;
(100 - L) vater ! : f |
Retained for Runoff 0.15 Co 0.2 C0.09 ¢ 0.28 P0.28 L0019
! § : | ;
Rainfali {inches § i f 5
in 24 hours) 3.5 i 3.5 @ 3.5 ! 3.5 3.5 3.5
; ‘ i ‘
M Ratio k4,20 i 4.50 5.20 | 4.os 3.72 4.5
; H
Ge (c.f.s.) " 75 Ly 9 3 297 ! 634 40
|
Drainage Area (Alc) ) j ;
LAKE CONTROL (sq.mi.) - g 0.8 2.5 ; - ;o 2z.0 1.3
feiief (fest) - 600 600 : - LS 50
‘ ! ! Z i
(700 - L) - ; 0.22 i G.22 ; . 0.27 L
Rainfall {inches : | f |
in 24 hours - f 3.5 3.8 § - ! 3.5 3.5
* y % l
Qe (c.f.s.) - g 16 51 f - 555 23
Drainage Area (Am) | | | |
MUSKEG (sq. miles) - A - - - L
g
Qm (C.f.s.) - 11 - - - ; _
Q rational (c.f.s.) !
(Qe + Qlc + Qm) 75 71 60 297 1190 L 63
Q design (c.f.s.) 100 840 60 300 1450 ¢ 125
]
{
!

%  Backwater from Mackenzie River affects Highwater.
“+ May be high, assumed due to icing - used in design to be conservative.
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TABLE 2

HYDROLOGY SUMMARY

1

MILE 411.6 to MIiLE L425.4

Part 2

!
WILE s24.8 | ?
. ! ; |
Drainage Area (A} | |
Total (sq. miles) 0.4 | | f
| t i {
: { I !
T 0 I i i K H
i T.5. i i : : :
Qhwm (c.f.s.) & } ; 5 %
Drai 5 {(Aed i i : | | i
rainage Area {Ae, ; ; : ! : %
EFFECTIVE (sq. miles)| 2.2 i % | | |
: i { H : i
i i i ; ! !
Relief (feet) ; 50 % § g :
! é ; ! 5
(100 - L) Water : | ; ‘ | |
Retained for Runoff G.:9 | f ! f
; % |
Rainfall {inches ; 1 i %
in 24 hours) L 3.5 i |
g | ;
f i
“ Ratio 4.9 | ; :
| |
Ge {c.f.s.) 16 j |
i
Orainace Area (Alc) 3 z ! i
LAKE CONTROL {sg.mi.) 0.2 i | ;
. ye ~ ! |
Rolier (feet) i 25 i i ;
| § i !
. . | , : ! : : :
(106 - 1) LR R | | :
| | ! . ; i
Reinfaill (inches : ! : ! 3
in 24 hours i 3.5 i % i !
: i ! 3 ?
= 7 r R R i H f ‘
Qic ic.f.s.) | 3 : i ] |
| i ; ; |
- . l H ! ! ;
Urainage Area {Am) i ! ! i
MUSKEG {sq. miles) f - !
!
am (c.f.s.) - !
Q rational (c.f.s.) ;
(Qe + Qlc + Qm) 19
!

Q design {c.f.s.)

20






