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This report culminates our work in providing your Department with the
environmental data to enable the final design and construction of the

Liard Highway in the Northwest Territories.

This report has taken the posture of environmental assessment, with
planning guidelines, towards the control of use, rather than being

purely a definition of environmental impact,

We trust the methods

employed and the information supplies will provide valued data tow-
ards the final planning and towards future studies required to com-

plete the project.

It was our pleasure working with your Department.

Yours very truly
SYNERGY, WEST LIMITED

Director
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SYNOPSIS

The Liard Highway is proposed to connect Fort Simpson Northwest
Territories via Fort Liard Northwest Territories to Fort Nelson
Britiéh Columbia. This study assesses the impacts of highway dev-
elopment on the natural environment for the section of highway
within the Northwest Territories and makes recommendations towards

minimizing detrimental effects and maximizing advantageous features.

The report has been prepared in a format to display the philosophy
and recommendations for final highway design that will enable con-

struction sensitive to all values.
The major conclusions and recommendations are:

1 The highway presently exists or has been predetermined. On a
macro-scale it is favorably situated. On a micro-scale modi-
fication and planned development control is required to mini-

mize impacts and satisfy demands.

2 A management strategy reflecting multiple use of resources
with minimum environmental deterioration is recommended. The

ethic is preservation first, development second.

3 Controlled use of the highway is considered the method by
which minimum impact will occur. A development control corr-

idor along the highway with land use policies is recommended.

4 Sensitive construction techniques are suggested to preserve

natural aesthetics.

5 Moose are the primary big game species affected. Methods of

controlled access have been suggested.

6 Preservation of the fishery affected by the roadway has regional

importance. Bridges have been recommended at several locations.

iii
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7 The socio-economic impact on Fort Liard will be great. Further

study is required.

The incorporation of these recommendations and the more detailed
recommendations within the report into the design and construction

is ultimately important.
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INTRODUCTION

This study was originally intended to be an Environmental Impact
Study for the Fort Simpson/Fort Liard Highway, however, due to bud-
get restraints and due to the fact that portions of fhe roadway

were completed, or right-of-way had been cleared and centreline cut,
the posture of the study took one of being that of environmental
assessment and planning for the minimization of environmental impact.
The Terms of Reference were modelled on those for the MacKenzie
Highway where final route selection had not been made and the freedom
of determining the least sensitive transportation route was possible.
In essence the Terms of Reference have been answered; however, cer-
tain aspects have been modified to reflect this planning approach
versus the pure impact analysis which provides only baseline data

for planning.

In view of this planning approach the report has been sub-divided

and arranged to firstly display the overall physical and development
aspects of the region. This is displayed by Regional Maps with
complementary text. Upon gaining this regional perspective the
highway is broken down into sections based on air photography in
correlation to the drawings for construction by the Department of
Public Works. Each of these sections is dealt with in regards to
identifying naturally sensitive areas, aesthetic conditions, certain
engineering criteria, and development potentials. Finally, the
detailed analysis is summarized, again at a regional scale, to display

the overall planning concepts and the major environmental sensitivities.

To utilize this report it is suggested that the detailed section maps
be used as direct reference for planning, but that decisions based on
the detailed analysis always relate to the overall regional influence

and concept.
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METHODS EMPLOYED

The generation of basic data relative to the area was accomplished
through conventional library research. A list of selected references
is attached to this report. A general overview of the study area

was done by helicopter by most>of the investigators on the study, to
give them an appreciation of the general terrain for purposes of ana-
lysis. During two of these flights time-lapse photography was obtained
which provided an office record and tool by which alignment, visual
qualities, and general terrain analysis could be done. Interpretation
of air photo mosaics provided by the Department was done to determine
vegetation types relative to wildlife habitat and for general align-

ment considerations.

Specific studies were done to establish wildlife concentrations and
distributions and a fish sampling study was conducted on the major

streams influenced by the highway,

Studies by other sub-consultants that were referenced in this work
are the hydrology studies conducted by UNIES Limited and geotechnical
studies conducted by Thurber Consultants Limited. Of particular

value and applicability to this area were the detailed studies com-

pleted by other consultants along the MacKenzie Highway.

Attempts have been made to keep the report concise.
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SECTION 1

This section has been organized to display the natural physical char-
acteristics of the immediate region along the highway, followed by
demands that may be applied due to highway access. Synthesis of the

information occurs in Section II

STUDY AREA

The highWay study area is located from the 60th parallel North to

61 degrees, 30 minutes North and from latitude 121 degrees, 15 minutes
West to 123 degrees, 30 minutes, being the southwest corner of the
Northwest Territories. The area is governed by the Northwest Territ-
orial Government, seated at Yellowknife and falls under the jurisdic-
tion of the Federal Government, Department of Indian and Northern
Affairs., The area is bounded on the west by the Yukon Territory, on
the southwest corner by the province of British Columbia and on the
south by the province of Alberta. Map 1.0 shows the proposed highway

location.

MANAGEMENT ALTERNATIVE

Land within any region can only be developed and utilized to its
greatest potential if an overall management philosophy provides the
guidance towards accomplishing desired goals. The range of manage-
ment scenarios or strategies ranges from one of complete protection,

a preservationist point of view, to the other extreme of no-control,
complete development and expl :itation of all aspects. The preserva-
tionists point of view normally dictates public ownership and control
of land exclusively for the public interest, whereas uncontrolled
development allows public and private enterprise to prevail with little
control. Obviously, there is a reasonable compromise between these
extremes. At this point the highway traverses a previously undeveloped
area, It is recommended that without an exhaustive analysis of
Territorial and Federal Government objectives within this area, that a
management strategy stressing protection of the natural environment is

appropriate. This posture takes substance because an existing rich,



natural environment exists, whereas resource development is presently
an unproven possibility. Ultimately, however, the intent would be to
use the renewable and non-renewable resources in an integrated manner
so as to reduce conflicts between uses and to minimize environmental

deterioration.

The recommendations within this report are based on this generalized

strategy.

PHYSIOGRAPHY

The landscape character of the area surrounding the proposed Liard
Highway has evolved under the combined influences of the Liard River
and past glacial history. Dissected by the Liard River and its trib-
utaries, the land is characterized on its western border by the
MacKenzie Mountains and to the east by the foothills and gently undul-

ating terrain of the MacKenzie Lowlands.

The main mountain chains are those of the Liard Range to the southwest
and the Nahanni Range to the northwest. These two ranges are separated
by the south Nahanni River, but together form the southernmost exten-
sion of the MacKenzie Mountain system. From the general basin floor at
approximately 1,000 to 1,500 feet above sea level, the mountain ranges
rise to peaks of between 4,000 and 5,000 feet above sea level. The
rocks forming the Liard Range are composed primarily of Carboniferous ,
sandstones, shales, cherts and limestones, while those of the Nahanni
Range include Middle Devonian limestones and dolomitic limestones over-
lying siliceous limestones and dolomites of Silurian age. The pre-
dominant feature is the isolated Nahanni Butte, which forms a landmark

in the area

The gently rolling hills and plateaux of the MacKenzie Lowlands take
their character from glacial depositional features, mainly in the form
of drumlinoid ridges and fluted glacial tills through which flow a
number of tributaries to the Liard River. Significant bedrock outcrops
are rare in this portion of the area, being confined primarily to the

steep ground immediately adjacent to the southern section of the Liard
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River. North of the Liard River, after it has turned to flow eastward
following its confluence with the South Nahanni River, the land shows
less relief until the Martin Hills are reached, and there it rises to

elevations of approximately 2,000 feet above sea level.

Numerous tributaries enter on both sides of the Liard River. The
major rivers draining the lowlands are those of the Poplar, Birch,
Matou, Blackstone, Grainger, Netla, Muskeg and Petitot. These rivers
are characterized by extreme meanderings, and the accompanying form-
ations of oxbows and gravel bars. A number of fast-flowing creeks
originate in the mountainous region, but the major river feeding the
Liard River from the mountains is the South Nahanni River. This is

a river of braided channels, typical of shallow meltwaters laden with

sediments.

The Liard River itself flows approximately nofthward from the British
Columbia border, and between there énd the entrance of Flett Creek,

it is heavily braided with many mid-channel islands and smaller gravel
bars. Between its confluence with Flett Creek and the entrance of the
Blackstone River, the Liard River undergoes major meanders, with the

number of islands being decreased. Well-defined old channel bars and

meander scars are evident along either bank in this region. Downstream

of the Blackstone River, the Liard flows eastward and runs a straighter

course, flanked by steep banks which rise to over 100 feet above the
river's surface. Both recent and older flood plain terraces of the

Liard River are obvious throughout its course, but are most apparent

11

between the British Columbia border and its confluence with the Blackstone

River. Two sets of major rapids occur along the Liard, one opposite
Flett Island, and the second approximately 10 miles upstream from the

MacKenzie Highway.

CLIMATE

Meteorological records have been kept at Fort Simpson since a weather
station was established there in 1875. At the present time, two add-

itional stations are operated, one at Fort Liard and the second at
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Trout Lake, both of which report to the District Weather Office at
Fort Simpson. Data from all three stations are combined into a

general meteordlogical report issued for Fort Simpson.

Cbllated data for monthly temperatures and precipitation records

are shown in the accompanying Figure 1 for the period 1963 to 1970.
Freeze-up and breakup dates for the Liard River at Fort Simpson are
also given. Similar data for the river at Fort Liard show that these
events occur approximately one week earlier. The area is within the
sub-arctic climatic region and it lies within the discontinuous perma-
frost zone. Further discussion of climatic conditions will be given

in specific reference to other factors in the following sections of

the report. CLIMATIC CHARACTERISTICS
FORT SIMPSON

F B T

T T T In,
1

Station elevation: 576 . a.s..

FIGURE 1 O e et PRI ©

H H ; { N

100 FO H - im S S P R ST S
R
....... — ‘.Al__,_.,r.,x_..

"~ : i
i t i :

P — ] #

i
+
|
T
i

TEMPERATURE
PRECIPITATION

1 ] i i | o
TI T FIMIAIMITT I AT STOTNID
Period of records: 1963-1970
Extreme maximum temperature
Mean daily maximum temperature

Sources: Long-term climatic
abstract listings and prelim- —_— e

inary new period (1941-1870) —_ Weandaily temperature
normal print-outs, Atmospheric wassm e Migan daily minimum temperature
Environment Se_mce, Depart- Extreme mini temperature
ment of the Environment.

Mean snowfall

‘ ——L "] Mean total precipitation
FREEZE-UP AND BREAK-UP DATES

FORT SIMPSON
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Period of récords 1931-1969 1931-1969 19281970 1957-1970(13)
Farliest date’ Oct. 6 0ct. 23 Aprii 14 May 6
Mean date 0ct. 23 Nov. 23 May § May 18

Latest-date Nov. 2 Dec. 10 May 19 May 31
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SOILS

The soils of the Liard Highway Corridor are largely influenced by the
process gssogifted with the Liard River and the surrounding land.

From the 60th parallel north to Mile 100, soils have formed on fairly
well drained, sloping land, which lies between the Liard Range in the
west and the Eastern Hills. Where the Eastern Hills recede away from
the river at mile 100, the soils become a complex mosaic of several
types, reflecting the complex history of river meandering across ancient
and recent flood plains. This mosaic lies within the stretch between
mile 100 and mile 70. North of mile 70 to mile 0, the pattern of

soil type(éggigsbecomes less complex. Here, where the river flows

through fairly level, poorly drained land, the area away from the well

drained river terraces is dominated by muskeg.

Through combined factors of climate, geology, vegetation, and time, a
number of soil types have developed. Parent material consists of
either Pleistocene glacial drift or post-Pleistocene alluvium. In
;£;£;¥.case, the age of these deposits are recent. This, combined
with a cool, dry climate, has resulted in weakly developed soils.
Day (1966) indicates that the groups best illustrating this weak
development are the Brown Wooded soil groups, covering 36 percent

of the area, and the Regosol group, covering 9 percent. In better
drained areas atop other deposits, the Gray Wooded soil group has
developed, covering about 6 percent of the area. In the poorest
drained areas, the dominant soil types are Gleysols, Humic Gleysols,

and Organic soils which cover 9, 10 and 17 percent of the area

respectively.

Mile-by-Mile Comments

Notes relating to soils presented here are based upon work conducted
by Day (1966). He classified the soil types according to series
(soils similar in parent material, morphology, drainage, relief and
other extermgp7characteristics) and sub-divided these into types

(soils grouped according to similar textures). The following mile-
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by-mile comments relate to that area delineatedby the road right-of-

way., (reference map 1.0).

Mile 0 to Mile 33

This section is uniformly covered by the Poplar Loam and Silty Clay
Loam of the Orthic Brown Wooded soil group. These are brownish col-
ored, well drained soils, which are weakly acidic to mildly alkaline.
The soil horizon lies atop a greyish base-saturated parent material
that is calcareous., Preliminary cropping experiments indicate that

these are good arable soils, suitable for general farm crops.

Throughout the area there are enclaves of Grainger Peat soils of the
Organic group. Occurring on poorly drained sites on level topography,
these are reddish-brown peats, usually frozen below 18 inches. Both

soil types are stone-free.

These soils are amenable to natural revegetation if they are mechan-

ically stable.

Mile 33 to Mile 36

This section is covered by Nahanni Loam, which is a member of the
Orthic Regosol group. These are well drained soils, occurring on
level and irregularly gently sloping land developed on recent river

terraces which are less than 40 feet above the river level,

These soils are moderately well supplied with organic matter and

nitrogen, but are low in phosphorus. With fertilization these soils
are conducive to cropping since they are well drained, friable, with
good moisture retention. Applications of nitrogenous and phosphatic

fertilizers would assist revegetation procedures.

Mile 36 to Mile 65

This section is underlain by a well drained river terrace, 40 to 75

feet above the river, It is covered by Netla Clay Loam and Silty
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Clay Loam, members of the Orthic Brown Wooded Group. These soils
have a thin organic surface layer and are underlain by a greyish

silty clay loam parent material.

These soils are well drained and friable. Their nutrient content is

low; however, a fertilization program would rectify this condition.

Mile 65 to Mile 68

Nahanni Loam (see discussion Mile 33 to 36)

Mile 68 to Mile 86

This section is covered by Petitot Loam, a member of the Orthic Brown
Wooded subgroup, and one of the major soil types of the Liard Valley.
These soils occur on well drained, ancient river terraces, some 75

feet above the river. They have developed on stone-free, calcareous,
loamy, alluvium. The topography is mostly irregularly moderately and

strongly sloping. Some eroded river banks are steeply sloping.

These soils have a fair to good moisture-holding capacity, are well
drained and permeable. However, they are low in nutrients. The
nutrient level could be improved by moderate applications of fertil-

izers.

Mile 86 to Mil= 93

This short section is covered by Martin RiQer Loamy Sand, which has
developed on sand dunes. Consequently, they are relatively coarsely
textured. These rapidly to well drained soils have developed on
stone-free, calcareous loamy sand or sand, and belong to the Orthic

Brown Wooded subgroup.

The topography ranges from strongly to moderately sloping on the flanks

of the dunes to level on the tops of the dunes.

Because these soils are rapidly drained and have been shown to be
poor in fertility, care must be taken so as to keep disturbance of

vegetation to a minimum.



Mile 93 to Mile 97

Netla Clay Loam and Silty Clay Loam. (see discussion Mile 36 to 65)

Mile 97 to Mile 133

Petitot Loam. (see discussion Mile 68 to 86)

These soils are intersected at minor stream valleys with areas of
eroded riverbanks, where a variety of disturbed soil materials occur.
Along the valley of the Muskeg River at Mile 128 to Mile 130, is a

section of Liard Fine Sandy Loam and Loam. These are described below.

Mile 133 to Mile 135 (Fort Liard)

Liard Fine Sandy Loam and Loam, belonging to the Organo Regosol sub-
group occur along the length of this section. These are well drained,
but poorly developed, recent soils, with little horizon differentation.
They have developed on young terraces 40 feet above the river and

consist of calcareous loam or fine sand loam alluvium.

The topography is level to gently sloping. The soils are permeable,
well drained and well supplied with nitrogen. These are well adapted
for cultivation. However, a fertilization program should be imple-

mented to provide phosphorus.

Mile 135 to Mile 143

Petitot Loam. (see discussion mile 68 to 86)

Mile 143 to Mile 156,7

kﬁvg}}gble soil information for this section iswnop_qup{ete;j However,
it is believed that the area is dominated by a continuation of the
Petitot Loam, at least in the well drained areas. Poorly drained

areas are likely covered by gleysols or organic peats, which may be

frozen below 18 inches.
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AGRICULTURAL POTENTIALS FOR SQILS

Agricultural enterprises are presently limited to backyard plots in
the settlements of Fort Liard and Fort.Simpson, although the Canada
Department of Agriculture Experimental Farm was established at Fort
Simpson in 1948 to determine the agricultural capabilities of this
area, The farm was closed in 1970. The limitations to agriculture
in the Liard River Valley arise primarily from climatic conditions
and distributions of soils with agricultural capabilities. The
following is intended to provide only some of the most salient

information regarding agricultural potentials.

The climatic requirements for crop production north of 55° latitude
are listed as follows (Harris et al, 1972):
A period of 80 days free of killing frosts
A vegetative period of 110 days
. An accumulation of 1,000 growing-degree days

An adequate precipitation level during the growing season.

Similar data recorded at the Fort Simpson Experimental Farm over a
20 year period are given below:

A period of 119 days free of killing frosts

A vegetative period of 138 days

An accumulation of 1,825 growing-degree days

A deficient precipitation level of 7.2 inches during the

vegetative period.

Special methods and equipment, together with selection of suitable
crop types, can also be employed to overcome some shortcomings in

local climatic conditions.

According to a classification of soil capabilities (Day, 1966) for
agriculture, approximately 25 percent of the soils (454,400 acres)
of the Liard River Valley are capable of supporting sustained pro-
duction of common field crops. The most productive of these soils
consist of loams and fine sandy loams, and belong to the Liard Soil

Series, an organo-regosol type found on the recent flood plains of
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of the southern section of the Liard River (section south of Mile 68).
Limitations to these soils are primarily climatic in nature, although
work at the Fort Simpson Experimental Farm has indicated that the
application of fertilizers will improve their productivity signific-
antly. A further 25 percent are marginal for crop production due
mainly to physical constraints, and 18 percent are suitable only for
permanent pasture and hay productions. The remaining soils have
severe limitations and are suited only for wildlife and forestry

practices.

The soils with the best agricultural capabilities are also those supp-
orting forest stands with the best forestry potentials. The practical
potential for agriculture is small. Multiple land uses (i.e. forestry
and agriculture) should be co-ordinated to ensure optimal use of the

land.

VEGETATION

The analysis of vegetation has been done on the basis of air photo
interpretation, confirmation from time lapse photography, visual ob-
servation during wildlife surveys, and a single field survey. The
maps in section IT display the general vegetation character along the

highway.

The vegetation through which the Liard River Highway runs may be div-
ided into two broad types for the purposes of this study - forest and
muskeg. The forested areas will be treated again in a following sec-
tion dealing with the forest resources, and will also be discussed

with regard to its value for wildlife habitat.

The forest vegetation is comprised of a number of different types,
classified according to the dominant species composition, and to struc-
tural and other environmental factors. A detailed description of the
forest types has been given in a previous report (Jeffrey, 1964), and
in order to maintain continuity, descriptive terminology will follow
this author's report wherever possible. The highway is located mainly

in the MacKenzie Lowlands and has little immediate effect upon the
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MacKenzie Mountain region. Hence, only limited discussion will be

given to this latter region.

The various forest types treated here are: the White Spruce, Black
Spruce, Mixedwood, and Deciduous Forests. Brule and Riparian vege-
tation are also described. These forest types are displayed in
sections along the highway corridor, and impacts are stated under

development recommendations, (Section II).

White Spruce Forests

These forests are found on the terraces and flood plains. Although

the predominant mature tree species is white spruce (Picea glauca),

other species such as white birch (Betula papyrifera), or balsam

poplar (Populus Balsamifera) are also found. In some areas the mature

trees form a dense canopy with a poorly developed understory. Else-
where, the main understory species are alders (Alnus spp.), rose

(Rosa spp.), and dogwood (Cornus stolonifera). White spruce forests

are mainly of fire origin, and may contain trees of over 100 years

of age.

Because of their fairly dense canopies, these forests allow only a
moderate to low occurence of shrub species. Their browse value to
moose, therefore, are fairly low, but they do serve as important

shelter in the winter months,

These stands occur generally on stable, well drained soils. Dist-
urbance of these forest types involves no unique complications aside
from aesthetic considerations. Where mineral soil is exposed and
where the canopy is opened, regeneration will follow fairly rapidly

on stable soil.

Black Spruce Forests

These forests are found on the MacKenzie Lowlands and Terraces, ass-
ociated with soils subject to poor drainage, often forming around bogs -

and muskeg areas (see section on muskeg following). Typically, they
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are located in inter-drumlinoid ridges, creek bottoms, and on the

lower slopes. Tamarack (Larix laricana) is also frequently found

growing among the black spruce (Picea glauca), together with jack

pine (Pinus bansiana) and white birch in some stands. Common under-

story species include: horsetails (Equisetum spp.), dogwood, alders

and bog birch (Betula glandulosa).

Black spruce forests are associated with poorly drained organic peat
s0ils which are commonly frozen 8 to 18 inches below the surface.
Removal of vegetation on these areas would result in a thaw of the
permafrost which; in turn, would result in soil erosion. Disturbance

of these areas should be kept to a minimum.

Mixedwood Forests

Mixedwood forests are composed of mature trees of both coniferous and
deciduous species. These are found growing on the MacKenzie Lowlands,
on the terraces, and the flood plains. The dominant coniferous spec-
ies is white spruce, usually in association with the deciduous tremb-

ling aspen (Populus tremuloides). Black spruce and balsam poplar

also occur as scattered mature trees in some of these forest stands.

N
The understory shrub growth is comprised of various mhxtures of alder,

»

dogwood, rose, birch and high bush cranberry (Viburnum edule). These

forests are of fire origin. Pkru%\g?

These forests grow generally on well-drained podzolic soils. A dis-
turbance of the soil limited to the removal of the leaf litter prob-
ably enhances regeneration. However, disturbance of the soil should
not go deeper than this. Selective cutting could be employed along
the road right-of-way to preserve large trees and their aesthetic

quality.

Deciduous Forest Types

There are three forest types included here under this class. In
each type dominant trees are deciduous species. The three types are

the Mixed Leaftree, the Trembling Aspen, and the Balsam Poplar forests.
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The mixed leaftree forests contain various mixtures of mature tremb-
ling aspen, white birch, and balsam poplar, growing on the ancient
and recent flood plains. Main understory species include: white
spruce, white birch, willow, rose, high bush cranberry, dogwood,

buffalo berry (Shepherdia canadensis), and currant (Ribes spp.).

These forests originated after fire,

The trembling aspen forests are limited to the terrace region, and
often contain some mature white birch. In this forest type, the
understory contains alder, dwarf birch, rose, high bush cranberry,
white spruce, dogwood, and buffalo berry. As with many other forests

in the Liard River Valley, they are of fire origin.

The third type of deciduous forest contains balsam poplar as the
dominant mature tree species. These usually grow in pure stands
along the recent flood plains. Alder, dogwood, and rose are the
common understory species. Balsam poplar forests, situated as they

are near the Liard River, are frequently subject to flooding.

Disturbance of the floor of these forests should involve only re-

moval of the leaf litter to enhance regeneration.

Brule Vegetation

It is apparent that almost all the forest types growing in the Liard
River Valley of the Northwest Territories, are of fire origin.

During the regrowth following.a fire, but before the trees have
reached pole size, the vegetation thus formed is called Brule, and

is composed largely of deciduous tree species. Most of the Brule
vegetation in this area of the Liard originated from the severe fires
during the summer of 1942, and is foﬁnd in all regions except the
Mackenzie Mountains. It is characterized by a very dense shrub layer
and considerable fallen timber. On the Mackenzie Lowlands and terr-
aces, immature trembling aspen is the dominant species, along with
white birch, and some willows and alders, being most common on the

flood plains. Rose is the most common shrub on all sites.
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Since Brule vegetation occurs extensively throughout the region, any

removal of this cover by highway construction would not involve sig-

nificant loss of this habitat type for wildlife, Forest fires are on-

going occurrences. Assuming that fire suppression will never be 100

percent effective, this vegetation will continue to be replaced.

Riparian Vegetation

Riparian vegetation grows along the Liard River on the recent flood
plains. It contains primarily willows (Salix spp.), alders, and
immature balsam poplar. Vegetation of this type is under the influ-
ences of flooding, ice scour and deposition of alluvial material,
which together tend to maintain this normally successional stage.
The riparian vegetation growing along the river banks and on the
gravel bars and mid-channel islands is noticeable for its even-
sized, but banded, growth appearance. Variable width strips of the
three main species are seen to increase in height with increasing
distance from the water. Such banding is the result of the three

surficial forces described above,

This vegetation group is rich in wildlife habitat quality, due to
the mosaic effect of the banded growth. Many of the plant species
occupying recent flood plains and sand bars are valuable forage
species to moose, i.e. Qillow. Although the succession of this
vegetation is a dynamic process following the changing river mor-
phology, the process is slow in comparison to fire-created habitat.
In view of this and the value to wildlife, this vegetation type
should not be disturbed. Due to the placement of the highway align-

ment away from the stream banks, this should not present a problem.

Muskeg

The muskeg vegetatlon communlty has been more accurately termed the )

H y
N i v i s e

black spruce/bog communlty by Jeffrey (1964) It_1s a very varlable

plant communlty, domlnated by black spruce (Plcea marlana), on poorly-

to-very poorly dralned 51tes On a continuum of increasingly better
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drainage, the black spruce/bog community becomes the black spruce/
feathermoss forest found on slopes and at somewhat greater relative

elevation.

On the continuum from very poorly-drained sites, in which there is
standing water, through the less poorly-drained sites, the sequence
of bryophyte dominance is roughly as follows:

Sphagnum spp.
Sphagnum spp. - Tomenthypnum nitens

Tomenthypnum nitens - Sphagnum spp.

Tomenthypnum nitens - Hylocomium splendens

Hylocomium splendens - Tomenthypnum nitens

A pure and total feathermoss ground cover dominated by Hylocomium

splendens is characteristic of the black spruce/feathermoss forest.

Muskeg soils are deep (8" to 40'"), organic, usually frozen and over-
lie impermeable fluvial deposits. The tree roots lie on the frozen

peat under 7 - 12 inches of Sphagnum or moss.

On bog sites having standing water, the tree cover, black spruce and
its constant associate tamarack, are sparse. The trees occur singly
or in small groups situated on mounds or "islands' raised a few inches
above the water. Tree height is seldom more than 30 feet and usually
less than 20 feet, even at age 100. The shrub cover of Labrador Tea

(Ledum groenlandicum), bog birch, willow, bilberry (Vaccinium

uliginosum) and cranberry (Vaccinium vitis-idaea) also occurs mainly

on the mounds, but can be present liberally between the mounds, where
the standing water is of limited seasonal duration. Sedges grow in

the water in locations where they are not choked by Sphagnum or moss.

With increasingly better drainage, as evidenced by a decrease in the
area of standing water and a decreasing cover of Sphagnum, the tree,
shrub, and herb covers become more evenly distributed, not being re-
stricted to the mounds and islands for survival. Paper birch (ngglg

papyrifera) and jack pine (Pinus banksiana) occur occasionally, but

tree growth remains poor. On the drier bog sites, black spruce can
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occur in "“doghair" density, to the exclusion of almost all shrubs.

The ultimate of the continuum, the black spruce/feathermoss forest,
is characterized by full stocking of black spruce having about 50%
crown closure and tree heights of 50 feet plus at age 80. The thick

mat of feathermoss, dominated by Hylocomium splendens, covers 75% to

100% of the ground, to the exclusion of all shrubs and nearly all

herbaceous species, except an occasional orchid or lily.

Comments made earlier regarding the disturbance of black spruce veg-
etation apply here as well. Disturbance of muskeg should be kept to

a minimum.

WILDLIFE

The effects on wildlife, particularly big game species, will likely
be the greatest impact resulting from new highways and increased
accessibility by man. Actual construction of the Liard Highway poses
little direct impact on wildlife other than the short term impact of
construction workmen. In fact, regrowth in cleared areas will pro-
duce wildlife forage. Hunting is and will be the major impact, and
regulation of hunting is the primary means of control. Establishing
regulations and means of enforcement are beyond the scope of this
study. However, the control of highway use, through planned facil-
ities, is possible to a degree, and it is this aspect that is dealt

with herein.

Fifty years ago ecosystems in the north were only resources to a few.
Today, through new accessibility, they are resources to many. To
control the harvesting and preserve the resource for future genera-
tions is most important. Planning for the future is difficult, since
ecosystems are dynamic. Particularly in the Liard region, where fire
plays such an important role in controlling feeding and shelter areas,
the rate of change can be rapid. Highways create an altered micro-
environment, which is beneficial to certain species and detrimental

to others.
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TABLE 1

Species List of Large Mammals and Game Species Found in the Lower

Liard River Valley

Common Name

Muskrat
Beaver

Hoary Marmot
Red Squirrel
Northern Flying Squirrel
Snowshoe Hare
Marten

Ermine

Least Weasel
Mink
Wolverine
Otter

Red Fox
Coyote

Wolf

Black Bear
Grizzly Bear
Lynx

Moose

Caribou

~ Dall Sheep

Mountain Goat

Scientific Name *

Ondatra zibethicus spatulatus

Castor canadensis canadensis

Marmota caligata oxytona

Tamiasciurus hudsonicus preblei

Glaucomys sabrinus sabrinus

Lepus americanus mcfarlani

Martes americana actuosa

Mustela erminea richardsonii

Mustela nivalis rixosa

Mustela vison lacustris

Gulo gulo luscus

Lontra canadensis preblei

Vulpes vulpes abietorum

Canis latrans incolatus

Canis lupus occidentalis

Ursus americanus americanus

Ursus arctos

Lynx lynx canadensis

Alces alces andersoni

Rangifer tarandus caribou

Ovis dalli dalli

Oreamnos americanus

* Nomenclature follows Banfield, 1974



The big game mammals and larger mammal species inhabiting the Liard
River Valley are listed in Table 1. The most abundant species of
big game is the moose, and is found throughout the area. Other
species of particular importance are the fur-bearing mammals, which
have significance for the trapping economy of the rgsidents of Fort

Simpson, Nahanni Butte, and Fort Liard.

TABLE 2

WILDLIFE SIGHTINGS

. Number of
Species Individuals Number Code
Moose 1 1, 2, 3, 4, 5, 7, 8,10, 11, 14,
18, 19, 20, 21, 22, 23, 25, 26, 30, 31,
35, 38, 49, 51, 61, 62, 63, 66, 68, 69,
70, 72, 73.
2 6, 12, 13, 15, 16, 24, 27, 32, 36, 39,
41, 42, 48, 50, 52, 23, 54, 55, 56, 64,
65, 67, 71.
3 9, 17, 29, 33, 37, 40, 46, 47, 57, 60,
5 28, 34
6 43,
7 44, 45, 59
Wolves 6 74
Fox 1 75
Bear 1 76
Moose

The distribution and movements of moose are mainly determined by the
availability and quality of suitable habitat (Canadian Wildlife

Service 1973). Moose undertake seasonal migrations or movements in
the Liard River Valley, and are most concentrated during the winter

months (see Appendix 1). It is during this period of the year, when
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environmental conditions are most severe, that suitable winter habi-
tat becomes a critical factor for their survival. During the winter
and late spring, the moose in the Liard Valley are concentrated along
the River, particularly on the mid-channel islands. Along the river
banks and especially on the islands, the mixture of preferred browse
species, such as willows, dogwoods, aspen and poplar, together with
adequate shelter, are found. It is important to note that the rip-
arian habitats, created by the erosional forces of ice and water
along the Liard River change much more slowly and less radically than
successional growth generated by fire. It is therefore, very import-
ant to protect these riparian areas. Although moose concentrate in
these riparian habitats during the winter periods and early spring,
they are generally more dispersed at other times of the year, and

are to be found mainly away from the Liard River itself. Many moose
move up the tributaries of the Liard River to spend the summer along
their banks and at the small ponds and lakes, where they feed on the
rich growths of aquatic plants. However, some individuals may remain
near the Liard River, especially in such favourable habitats as are
found between the confluences of the Netla and Blackstone Rivers with

the Liard River.

The seasonal movements of moose in the Valley make them especially
vulnerable during the winter months. Winter range is limited in
extent and distribution (Canadian Wildlife Service, 1973), and also
concentrates what is usually a dispersed population into a relatively
limited area. This is particularly important when the route of the
proposed Highway is considered, as it passes relatively close by the
main wintering areas, therby providing increased and ready access.
With increased hunting of the species, it is not only these local
areas which could be depleted, but the population as a whole. Similar
concentrations of moose along major waterways and on mid-channel
islands have been reported for the MacKenzie River (Lombard North

Group, 1973).

Other movements of moose in the lower section of the Liard River

Valley have been known to the native peoples. The Game Branch
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personnel from Fort Simpson (M. Tennert, personal communication) rep-
ort that moose cross the Liard River at the Poplar River during the

fall, and also that during this period the animals may move into the
mountain regions for a short period before returning to lower eleva-

tions when snow depths increase.

The Liard Highway may also affecf the maose in other ways by provid-
ing new access for their movements and again expose them to increased
exploitation. Moose have been observed to use cut-lines and cleared
right-of-ways for travelling in many areas in this section of the
Liard River Valley, as they often afford better travel routes and
require less expenditure of valuable energy reserves. Regrowth of
preferred browse species occurs along these cleared routes and adds
to the attraction for the moose. The incidence of road kills
(vehicle-moose) is difficult to predict. By further observation,
certain travel routes might be sign posted. Access across the high-
way via stream crossings is possible if bridges are constructed at

¢ritical locations.

typical evidence of browse
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The field surveys conducted by Synergy determined the general imp-
ortance of moose within the region. It was recommended that a further
detailed field trip be conducted in the fall of 1974 to further est-
ablish critical areas and populations. This further study was to be
conducted by the Canadian Wildlife Service and at this time, the
results are not known, however, they should be considered prior to

final design considerations.

Caribou

Although woodland caribou occur in the area, populations appear to be
small and dispersed. Most reports of caribou come from the Trout Lake
region, where a small herd ranges year-round, and from the Martin
Hills area, which apparently is close to the present southerly limit
of caribou migration. They seldom appear to move to within close
proximity of the proposed Liard Highway, and seasonal migration across
the highway is not evident. 1If they did, however, hunting pressure

on them would likely increase. To illustrate this point, the Game
Warden from Fort Simpson reported that several years ago six caribou
appeared close to Fort Simpson, and within a very short time all but

one of the animals were killed by local residents.

Caribou habitat is very critical. The fire-lichen-caribou ecosystem
is in very delicate balance, normally occuring at elevations above
that of the highway. The construction of the highway and direct use
of the highway is apparently not going to affect caribou in the region.
However, subsequent resource development accessing from the highway

must consider this impact.

Dall SheeE

Dall Sheep are inhabitants of the mountain regions, and are found in
the MacKenzie Mountains of the Lower Liard Valley. Although not imm-
ediately affected by the presence of the highway, they could become

more vulnerable to guided hunting pressure with the increased access

provided by the highway.



Large Carnivores

Grizzly bear, black bear, and wolf, as with the other big game species
would also become more vulnerable to hunting pressure as access to
their home ranges is increased. For facilities planned along the
Liard Highway, it is essential that adequate measures be taken for
garbage disposal to ensure that no bear-human problems of this nat-
ure are created, which would result in the reduction of the bear
species in the area. These same constraints apply to the develop-
ment of construction camps along the highway, and in these cases,
limitations of fire-arms should also be enforced for construction

personnel during the short construction period.

Fur-bearing Mammals

One of the most important fur-bearers in the Liard River Valley is
the beaver. The species is widely distributed throughout much of the
area as shown by the Land Information map series and Wildlife Atlas
prepared by the Canadian Wildlife Service (1973). Beaver activity
was particularly evident during studies by Synergy personnel between
the Poplar and Birch rivers on both sides of the highway. Trapping
presently occurs in these areas and signs of this activity were evi-
dent during game survey flights. While actual counts on beaver were
not done, observations confirmed the accuracy of the Land Use Inform-

ation maps.

Trapping records for Fort Simpson and Fort Liard show that besides
the beaver, other species also important to the trapping economy of
the area are lynx, squirrel, muskrat and marten. It should be noted
that the highway location transects many traditional trapping areas
and will thus alter them to some degree. Many fur-bearing mammals,
particularly the carnivorous species, may increase in numbers follow-
ing the construction of roads and cut-lines. These increases are
usually local and are the result of an increase in the habitat of
the small rodents which comprise a large portion of the carnivores
diet. It is difficult to predict where this may occur and there

is no evidence of concentrations at this time. At the same time,
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these routes also increase human access and hunting and trapping
may also increase as a result. However, the change in socio-
economic status of the residents due to new accessability and
opportunities has, in other areas, shown a marked decrease in occu-
pational trapping. Since fur-bearers are not desired sport species,
it is the opinion of this study that the effect of highway construc-

tion will not significantly affect the present status.

Beaver also present some problems for road construction and main-
tenance, as they may dam culverts and other drainage ways. Solu-
tions to these problems have been sought in studies associated with
the MacKenzie Highway construction (Lombart North, 1973). The
highway does not transect actual ponded areas and the crossings at
the Poplar, Birch and Blackstone rivers are of sufficient size

(i.e. bridges or large culverts) that little concern for this problem
need exist. There may be several adjacent ponds and concern over
damming of culverts may be thwarted by placing the largest elliptical
culvert possible at those locations. There was only one observed

location where this exists at approximately Mile 29.5.

Birds

An inventory of waterfowl habitat for nesting has been made by the
Canadian Wildlife Service (1973), and shows that the area has gener-
ally limited potential for providing good waterfowl nesting habitat.
The region is west of the major migratory bird flyways. The most
important areas occur at the confluence of the Liard and MacKenzie
Rivers, and to £he northwest of this area to the west of Fort
Simpson. These areas therefore are somewhat removed from the pres-
ent study area and unless major drainage activities were planned
which affected these nesting areas, little problem is envisaged from
the construction of the Liard Highway. The numerous lakes and ponds
within the areas abounding the Liard Highway are also used by water-
fowl as staging areas during their spring and fall migrations. How-

ever, the great abundance of these bodies of open water in the area

~ will unlikely be affected by the construction of the Liard Highway
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or by the increased access to hunters which it would afford. None
of these water bodies is subject to drainage and they are sufficiently

removed from the highway so as to protect them from hunting pressure.

A second significant group of birds besides the waterfowl are the
raptors, the predatory birds which include owls, hawks, and falcons.
Only four raptors were observed during the field surveys and no
nesting areas were discovered. Questions to locals indicated few
raptors near the highway. It is felt that these species likely occur
nortﬁ and west of the Liard River, in the mountainous area, where
better nesting habitat exists. The falcons are probably most vuln-
erable to human activities, especially the endangered Peregrine
falcon. While no individuals of this species were definitely obser-
ved during this study, the area appears to offer excellent nesting
sites, especially along the steep cliffs of the Liard River banks.
The major potential problem for the falcons from humans is not
hunting, but from the removal of young for falconry purposes.  Further
study on the raptor populations in the lower Liard River Valley is
necessary to determine if any possible areas of conflict exist.

However, these are considered slight at this time.

Observations

a The most abundant game species is moose. Critical areas must

be respected. (See Map 1.3)

b Habitat for fur-bearers is widespread throughout the highway
location. Direct conflict appears slight. Indirect trapping

and hunting pressure may increase.
c No endangered species were identified.

d The general densities of wildlife appear low adjacent to the
highway. This is advantageous in reducing the possible number
of human-animal encounters but, on the other hand, any amount
of hunting could significantly reduce the percentage of animals

in what appears to be a delicate ecosystem balance.
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Construction of the highway will not, in itself, cause a

major wildlife impact. The users of the highway create the

impact.

Future side access for resource development or other uses,

could create greater impacts (i.e. forestry).

Air support for construction should be minimized, particularly
in winter when disturbance of animals can easily cause exhaus-

tion and death.

Suggestions

a

FISH

——

Highway crossings with seismic lines be planted to prevent

easy off-highway spotting of moose.

A hunting moratorium be instituted for a mirnimum of two years
to allow re-establishment of species and definition of critical
travel routes. This would not apply to subsistence hunting or

occupational trapping.
Construction crews be forbidden hunting privileges.

Complete incineration of garbage at construction sites be

strictly enforced.

Forestry logging practices appear to be the most likely conflict
with moose habitat. Mozaic cutting methods could provide needed

winter shelter and in subsequent years, good feeding areas.

Direct flight lines between destinations be maintained at minimum
2,000 foot elevation. Avoid critical moose habitat during

winter.

The effect on fish due to highway stream crossings is probably the

most controllable and predictable environmental impact. Sampling

procedures and the level of knowledge are sufficiently advanced,
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enabling design and protective measures required to minimize the
impact of construction. It is only necessary to establish the imp-
ortance of the fishery and the species composition in order to plan
adequately. Far more difficult to control is the impact of sport
fishing during critical periods due to new accessibility. This is
primarily a jurisdictional matter of regulation and enforcement.
However, a measure of protection can be accomplished through det-
ailed site planning, which can provide ease of access and facilities

to direct use,

This report section establishes the local and regional importance of
the fishery and recommends development solutions. Again, these are

shown on the detailed maps in Section II.

Fish Species in the Liard River and its Tributaries

The Liard River and its tributaries offer a wide variety of habitats
for several species of fish. In collections made in the Fort Simpson
area of the MacKenzie and Liard Rivers during 1971 (Hatfield et.al.
1972) 13 different species were found to be present. Table 3 illus-
trates the percent species composition of fish caught by gill net.
Northern pike and lake whitefish dominated the catch throughout the
sampling period with lesser numbers of walleye, flathead chub, long-
nose sucker, grayling, and white sucker as well as other species.

In addition to the data on the Liard River, reports are available on
several collections which have been made on three tributaries to the
Liard River (Poplar, Birch, Blackstone) which fall within the study
area (Hatfield et.al 1972; Stein et.al.1973; Dryden et.al.1973). In
these tributaries species such as grayling, trout perch, lake chub,
longnose dace, and longnose sucker were found to be present. Table
4 lists species collected or observed in tributaries to the Liard

River,.

Spawning Areas

In the Liard River system the tributary streams play an important part

/



in providing many fish species with sbawning areas and nursery areas.
For piscivorous fish such as pike and walleye the tributary streams
provide spawning areas for forage fish as well as their own young,
Heavy silt loads on the Liard River require most fish species to
migrate to silt-free streams for spawning. The upstream spawning

run is usually followed by a downstream movement of spawned-out adults.
Adults of some species may remain in the tributary streams until just
before freeze up, when they move to deeper water along with young of
the year. Selected characteristics of several species found in the

Liard River and some of its tributary streams are given in Table 6.

A general account of potential spawning areas in the Liard River and
its tributaries is to be found in the report by Hatfield et.al (1972).
The high silt load of the Liard makes it unsuitable as a spawning

and nursery area. However the great diversity of fish species at

the mouth of the Liard indicates the river may serve as an important
migratory route for spawning fish. A comparison of the estimated
potential spawning areas available in the major tributaries of the

lower Liard River surveyed by Hatfield et. al is shown in Table 5

Between Fort Simpson and Nahanni Butte, the five major tributaries
surveyed have an estimated 2.2 million square yards of potential
spawning gravel. Two of these tributaries (Grainger and Matau) are
outside of the study area and contain about one-tenth of the total
potential spawning area. No data are available on the Muskeg River,
although its drainage area is by far the largest of any stream in
the study area, and potential spawning areas probably exceed those
in the Blackstone River (Table 5). As noted in Table 5, certain of
the tributaries have restrictions which may reduce the availability

of the potential spawning areas.

Swimming Performance

A number of studies have been undertaken to assess the swimming per-
formance of various species of fish (Brett, 1964; Blaxter and Dickson,

1959; Brett 1967). It appears fish are capable of both steady perform-
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COMPOSITION OF FISH SPECIES COLLECTED IN SELECTED TRIBUTARY STREAMS OF THE LIARD RIVER - DATA COVERS COLLECTIONS

TABLE 3 PERCENTAGE
' MADE IN 1971 DRYDEN ET AL § 1974 SYNERGY
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Poplar River 65 7.6 12.3 10.7 3.0 3.6 1.5 15.3 44.6 1.5

Lower Birch River 75 3.2 6.6 28. 14.6 13.3 5.3

Lower Blackstone River 168 8.3 1.1 1.1 2.3 4.7 4.7 14.2 0.5 2.9 3.5 55.9

Upper Blackstone River 28 25.9 18.5 55.5

Lower Netla River 4 75. 25.

East Fork Netla River 14 57.1 35.7

South Fork Netla River 8 12.5 12.5 62.5 12.5

Rabbit River 1 100.

Trib. 3 33.3 33.3 33.3

Lower Muskeg River 25 36. 36. 4, 4, 16. 4.

Upper Muskeg River 6 50. 50.

ALL SITES 391 12.8 1.2 0.5 3.2 7.3 2.0 17.9 3.5 0.7 1.2 1.5 9.5 37.5 0.7
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TABLE 4

Fish Species Caught or Observed in
Tributaries to the Liard River

Common Name

Scientific Name

Grayling

Mountain whitefish

Lake whitefish
Northern pike
Trout-perch
Walleye

Lake chub
Longnose dace
Burbot

Spottail shiner
Emerald shiner
Slimy sculpin
Longnose sucker

White sucker

Thymallus arcticus
Prosopium williamsont
Coregonus clupeaformis
Esox lucius

Percopsis omigcomaycus
Stezostedion vitreum
Couesius plumbeus
Rhinichthys ecataractae
Lota lota

Notropis hudsonius
Notropis atherinoides
Cottus cognatus
Catostomus catostomus

Catostomus commusoni

Source:

Hatfield et. al. 1972; present study.

TABLE 5

Comparison of Potential Spawning Areas for Major
Tributaries of the Lower Liard River
(From Hatfield et. al. 1972)

Potential
. Length Length  Spawning
Tributary (Mi) Surveyed Gravel Comments
(sq. yds)
Poplar River 62 40 788,000
Birch River 37 37 63,000 Falls and beaver dams
present
Blackstone River 60 60 1,162,000 Low water levels reduce
‘ potential
Grainger River 42 42 271,000 Beaver dams present
Matou River 51 51 Nil No significant spawning

areas
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ance of indefinite duration as well as burst swimming at speeds 3-4
times maximum sustained speed, but lasting only 12-24 seconds.
Bainbridge (1960) has indicated the maximum distance a fish is able
to travel in still water during burst swimming would be in the range
of 40 meters. Jones (1973) has noted the mean length of culverts in
use on the MacKenzie Highway is around 55 meters, with the maximum
near 100. Distances such as these could not be traversed by burst
swimming, but are more likely to be covered by steady performance

near the maximum sustainable speed.

Jones et.al (1974) have recently characterized the swimming perform-
ance of fish species from the MacKenzie River area. Laboratory and
field studies were structured to give a measure of the maximum steady
swimming performance (critical velocity) which could be maintained
for ten minutes. Critical velocities for several fish species likely
to be found in the Poplar River are given in Table 6. Figure 2
illustrates the relationship between fork length and ability to move
100 meters against water velocities of 0-80 cm/sec. in 10 minutes
(Jones et.al 1974). The curves can be used to establish maximum
allowable water velocities for obstacles of various lengths where
passage by fish is intended. For example, the Poplar River culverts
which are 190 feet (59 M) would allow passage of adult grayling (25-
30 ¢cm.) if watef velocities were 60 cm/sec. (1.9 ft/sec.) or less.
Northern Pike would require maximum water velocities of 30 cm/sec.
(1.0 ft/sec.) or less for passage. J.M. Millen (1974) stated, "It

is difficult to resolve laboratory and field data on swimming per-
formance, however, water velocities of 5 ft/sec. appear to be rather
high." He stated, for example, that a few pike at Frog Creek were
able to make it through a culvert at 5 ft/sec. but were in a damaged
condition. These water velocities may seem unreasonable slow;

however, water of sufficient velocity to block fish passage through

a culvert, may not in a stream due to the effect of the stream substrate.

Fish move from one dead water area to another behind natural objects

in the stream substrate (Renewable Resources, 1972).
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The same curves may also be used to indicate the ability to make
progress against these currents over shorter distances. For
instance, to cross a 50 m barrier in 10 min, the curves should

be shifted 8 cm/sec to the right; to cross a 25 m barrier in 10
min, the curves should be shifted 12 cm/sec to the right. The
T1ine for cgar is derived from the hypothetical equation

V=17 L0 and represents the measured value in these experiments.

SOURCE: AN EVALUATION OF THE SWIMMING PERFORMANCE OF SEVERAL FISM SPECIES FROM THE
MocKENZIE RIVER. - D.R. JONES, UB.C.

FIGURE 2
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TABLE 6

Characteristics of Fishes From the Liard River and Tributary Streams

Age at Length at Length at Water Temp. Critical

Time of

Species Maturity Maturity 0+ Year Spawn During Velocity References
(years) (cm) (cm) P Spawn (©C) {(cm/sec)

Northern pike 2-3 20-35 9.5 May-July 7-16 30 Hatfield e¢. ql. 1972
Stein et. al. 1973
Jones et. al. 1974

Arctic grayling 6-9 25-30 4.7 May-June 8-10 70 Hatfield et. al 1972
McCart et. al. 1972
Jones et. al. 1974

Longnose sucker 5-6 - 35 5.0 May-June 8-16 70 Hatfield et. al. 1972
Stein et. al. 1973
Jones et. al. 1974

Flathead chub - - - - - 50 Jones et. al. 1974

Burbot 3-4 20-30 5.2 February 1.5 30 Hatfield et. al. 1972

' Cahn 1936

Jones et. al. 1974

Longnose dace 2 - - May 15 - Bartnik 1970

White sucker - - - May-June 10 60 Geen et. al 1966
Jones et. al. 1974
Hatfield et. aql. 1972

Trout perch - - 2.5 June 10 55 Hatfield et. al. 1972

Magnuson § Smith 1963
Jones et. al. 1974




43

Low water levels can also adversely affect swimming performance and
minimum depths of 3-5 inches have been recommended (Oregon State

Game Commission, 1971; Renewable Resources, 1972).

R. Scarce (Pers. comm. 1974) notes present designs utilizing a seven-

day delay migration. McCart et. al (1972) noted, however, an almost
spontaneous (within 24 hours) movement of grayling after peak flood

conditions. Renewable Resources Consulting Services Limited (1972)

state:

We feel that there are probably reasonable limits for
grayling moving upstream during the spring spawning
migration. Because they are close to spawning and
because of the short duration of success, the maximum
seven-day delay period suggested in the Fisheries
Service Highway Guidelines (Anonymous, 1972) seems
excessive and might have serious consequences for pop-
ulations in streams where delays of this length were
an annual occurrence.

Sites Examined

During 1974 attempts were made to collect fish from all of the major
streams within the study area. Between June 28 and July 2 samples
were collected by use of an electro-fishing apparatus and seining
from 13 different sites (Map 1.4). Samples were taken, whenever
possible, at sites near the proposed road crossings. Data on species,
size and weight were collected in the field while aging was done in

the laboratory using otoliths preserved in glycerine.

A total of 205 fish of 11 species were collected from the 13 sites.
Data on the fish collected during 1974 are shown in Tables 7 to 13.
For a more complete understanding of the distribution of fish species
in the study area the present data was taken together with that of
Dryden et.al (1973) to give a total of 397 fish collected or obser-
ved. Table 3 illustrates the percent composition of fish species in
the -combined cbllections from selected tributary streams of the lower

Liard River.

Poplar River

Published reports (Dryden et. al 1973) and the present data
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(Table 4) indicate at least nine species of fish are present in the
Poplar River. Longnose sucker make up the largest portion of fish
present, with lesser numbers of slimy sculpin, northern pike, trout-

perch, grayling, and other species (Table 3).

Northern pike make up the majority of the catch from the Liard
River (Table 3) and formed 12.3 percent of the fish collected in
the Poplar River. No other stream in the study area had as large

a percentage of pike.

A single young of the year grayling was collected upstream from the
road crossing indicating at least some spawning had taken place.
The present road crossing (installed winter 1970-71) has effected a
barrier to migration for four years. During 1974 only 4.6 percent
of the fish collected in the Poplar River were grayling, which is
considerably lower than that found in the Birch, lower and upper
Blackstone and Netla River. It is believed that the adult breeding
stocks have been severely damaged. J.M. Millen stated in 1972:

We have now sustained these losses to one

year class of grayling. If the obstruction

is removed in the next construction season

(1973), the grayling stocks will not be

severely damaged because the adult breeding

stocks have not yet been severely damaged.
Millen also stated, "If plans are made to remove the obstruction with-
in the next two years (1973 and 1974), we can take specific measures
to protect the breeding population'. It would appear four years of

obstruction have caused considerable damage to the breeding popula-

tion. A previous detailed report entitled "Environmental Impact"

Poplar River 1974 by Synergy is appended.

INCONNA (5TENOM EACILHTH YD)
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Summary of Fish Collections at Poplar River 1974
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Length (mm) Weight (g)
Location Species Age |{No.| x (Range) Range
Upper & Grayling 0 11{37.0 (37) 0.3 (0.3
Lower Trout-perch 5 1 139.0 (39) 0.8 (0.8)
(FS74-1) 6 | 5 [43.2 (42-44) |1.0 (0.95-1.15)
Lake chub 3 1 135.0 (35) 0.3 (0.3
4 1 {53.0 (53) 1.9 (1.9)
Slimy sculpin 4 | 1 |44.0 (44) 0.9 (0.9)
Longnose sucker 1 |22 |41.5 (31-55) |0.9 (0.3-2.2)
Upper Grayling 0 1 132.0 (32) 1.0 (1.0)
FS74-13 Pike 0 1127.0 (27) 0.7 (0.7)
Slimy sculpin 2 | 7 {44.1 (41-47) |1.5 (1.4-1.8)
Total 43

Birch River

Six species of fish are known to be present in the Birch River.
Dryden et.al (1973) listed data on fish collected in 1971 and Table
8 lists additional data collected by Synergy personnel duriné 1974.
0f the 75 fish collected from the lower Birch River, a large number
(32%) were immature grayling indicating this river may be of consid-
erable importance as a grayling spawning area. Although a 3 M. falls
located approximately 8 Kl. upstream limits fish migration, more gra-
yling were collected in the lower Birch than in any other river
Important forage species made up

within the study area (Table 3).

the remainder of the catch from the lower Birch River.

A comparison of potential spawning areas (Table 5) in the Birch

with that of other tributaries to the Liard indicates the Birch has
a relatively small amount of potential spawning area. Fish catches
in the section of stream below the falls, on the‘other hand, indi-

cate the spawning areas in that section may be of high quality for

grayling.

The proposed crossing is approximately one mile downstream of the
stream section judged to be the best potential spawning area in the

Birch River (Hatfield et.al 1972)
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TABLE 8

Summary of Fish Collections at Birch River 1974

Length (mm) Weight (g)
Location Species Age |No.{ x (Range) X Range
Lower Grayling 0 17 134.6 (29-38) |0.5 (0.3-0.6)
Birch Lake chub 0-1 1 {25.0 (25) 0.1 (0.1)
F574-12 2 2 144.0 (39-49) (1.1 (0.6-1.6)
Total 20

Blackstone River

Eleven species of fish are known to be present in the Blackstone
River. Dryden et.al (1973) listed species caught during 1971,
Additional data was collected by Synergy personnel during 1974.
The 195 fish collected from four sites on the Blackstone River
represent nearly half (49%) of all fish collected or observed in
streams in the study area. Longnose sucker made up the majority

of fish (55%) caught at both upper and lower Blackstone River sites

(Table 3).

The large number of fish collected in this stream is an indication
of the importance of potential spawning area which is estimated at
1,162,000 square yards (Table 5). This large area makes it one of
the more important streams in the study area. Collections by

Synergy personnel in the upper reaches yielded significant numbers
of young grayling (Table 3) and indicate little or no obstructions

to migration for this species.

Several fish species, including mountain whitefish, walleye, spot-
tail shiner, and emerald shiner were collected in the lower reaches

of the Blackstone River but not at any other sites in the study area.
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TABLE 9

Summary of Fish Collections at Blackstone River 1974

Length (mm) Weight (g)
Location Species Age | No. X (Range) X Range

Lower Lake chub 2 27,0 (27) 0.3 (0.3
Blackstone 3 33.9 (28-45) 0.6 (0.3-1.1)
Above Burbot 3 98.0 (98) 6.5 (6.5)
Crossing
F§874-8
Lower Grayling 0 31 31.6 (26-38) 0.4 (0.2-0.6)
Blackstone| Mountain whitefish | 3 2 | 83.5 78-89 6.5 (4.7-8.4)
Below Trout-perch 4 1| 41.0 (41) 0.4 (0.4)
Crossing 5 1 | 55.0 (55) 1.9 (1.9)
FS74-9 Longnose sucker 1 8 | 53.3 (41-67) 1.9 (0.8-3.6)
Lower Grayling 4 1 ]116.0 (116) 8.2 (18.2)
Blackstone| Lake chub 5 1| 69.0 (69) 4.4 (4.4)
Tributary | Longnose sucker 2 1 | 46.0 (46) 1.7 (1.7) .
Below 3 1 1100.0 (100) 2.3 (12.3)
Crossing
FS74-9A
Upper Grayling 0 7 1 26.5 (23-29) 0.2 (0.2-0.2)
Blackstone| Lake chub 4 5] 60.0 (51-66) 3.0 (2.1-3.9)
FS74-11 Slimy sculpin 3 | 3| 41.3 (37-45) | 0.6 (0.4-0.8)

Longnose sucker 1 [13 | 46.9 (42-52) 1.3 (0.8-2.1)

Total 81

Netla River

Collections made in 1974 at three sites on the Netla River yeild-
ed 26 fish of six species (Table 10). Lake chub and slimy sculpin
were the most numerous species, with lake whitefish, pike, grayling
and burbot making up the remainder of the catch (Table 3). No
young of the year fish were collected, a fact which may indicate

spawning areas are some distance upstream from the collection sites.

No data are available on the amount of potential spawning areas in

the Netla River.



~ TABLE 10

Summary of Fish Collections at Netla River 1974

Length (mm) Weight (g)
Location Species Age | No. X (Range) X Range

Below Lake whitefish 5 1 |325.0 (325) 548.0 (548)

Crossing 6 1 340.0 (340) 631.0 (631)

FS74-10 7 1 |374.0 (374) 898.0 (898)

Pike 6 1 [540.0 (540) 870.0 (870)

Above Grayling 4 1 113.0 (113) 17.9 (17.9)

Crossing Lake chub 4 1 62.0 (62) 4.2 (4.2)
South Fork | Slimy sculpin 3 3 40.0 (35-43) 1.2 (0.9-1.4)
6 2 68.5 (62-75) 3.2 (2.9-3.4)

Longnose sucker | 3 1 53.0 (53) 2.0 (2.0)

Above Lake chub 3 1 49.0 (49) 1.5 (1.5)
Crossing 4 4 62.5 (59-66) 3.1 (2.4-3.7)
East Fork 5 3 75.6 (71-79) 5.2 (4.1-6.3)

Burbot 4 1 1234.0 (234) 78.9 (78.9)
Slimy sculpin 3 4 42.7 (41-46) 0.8 (0.7-1.0)

5 1 64.0 (64) 2.8 (2.8)

Total 26

Rabbit Creek

A single slimy sculpin was collected downstream of the proposed cross-
ing at Rabbit Creek (Table 11). These data indicate this stream is

of relatively low importance in relation to other sites in the study

area.
TABLE 11
Summary of Fish Collections at Rabbit Creek 1974
Length (mm) Weight (g)

Location Species Age | No.| X (Range) X Range
Below Slimy sculpin 4 |1 53 (53) 1.2 (1.2)
Crossing

FS74-4 Total 1




Unnamed tributary

One specimen each of three species (lake chub, longnose sucker, and
white sucker) were collected from a small unnamed tributary of the
Liard River between Rabbit Creek and the Muskeg River (Table 12).
This stream is probably of relatively low importance in relation to

)

other sites in the study area.

TABLE 12

Summary of Fish Collections at Tributary
Next to Rabbit Creek 1974

Length (mm) Weight (g)
Location Species Age | No.| X (Range) | X Range
Below Lake chub 3 1 42 (42) 0.8 (0.8)
Crossing | Longnose sucker 3 1] el (61) 2.6 (2.6)
FS874-3 White sucker 1 11 37 (37) 0.7 (0.7)
Total 3

Muskeg River

A total of 31 fish representing six species were collected from
sites on the lower and upper Muskeg River (Table 13). This river
drains by far the largest basin in the study area and undoubtedly
offers a wide variety of fish habitats. The two sites sampled pro-
vide only a minimal amount of data for analysis. Trout-perch, lake
chub, and longnose sucker made up the majority of the catch (Table
3). Conspicuously absent from the catch are grayling, pike, white-

fish, and walleye.

NORTHERN PIKE (B4 LUCUL LINNABUS)
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TABLE 13

Summary of Fish Collections at Muskeg River 1974

Length (mm) Weight (g)
Location Species Age | No. X (Range) | x Range
Lower Trout-perch 3 2 33.5 (32-35) 1.0 (1.0)
Muskeg 5 2 41.5 (41-42) l.6 (1.5-1.7)
Above 6 4 63.0 (61-65) 3.9 (3.5-4.5)
Crossing 7 1 73.0 (73) 5.3 (5.3)
FS74-2 Lake chub 0-1] 3 26.6 (23-29) 0.7 (0.6-0.7)
2 3 34.3 32-39 0.9 (0.8-1.0)
3 3 45.3 (42-52) 1.8 (1.5-2.3)
Longnose dace - 1 25.0 (25) 0.6 (0.6)
Slimy sculpin 4 1 65.0 (65) 3.7 (3.7)
Longnose sucker | 1 3 35.6 (33-37) 1.2 (1.1-1.2)
2 1 60.0 (60) 3.2 (3.2)
White sucker 1 1 34.0 (34) 1.0 (1.0)
Muskeg Slimy sculpin 4 1 59.0 (59) 2.6 (2.6)
Headwaters 5 1 67.0 (67) 4.1 (4.1)
FS74-7 6 1 81.0 (81) 6.5 (6.5)
Longnose sucker | 2 1 84.0  (84) 7.9 (7.9)
3 1 1115.0 (115) 34.6 (34.6)
4 1 J135.0 (135) 37.4 (37.4)
Total 31

The maintainance of viable populations of game and commercial spec-
ies of fish is of importance to both the visiting angler and to the
native residents. It is therefore essential that species which mi-
grate up the tributaries of the Liard River to spawn continue to do
so. The streams important for protection are the Poplar, Birch,

Blackstone, Netla and Muskeg rivers.

In the southern section of the Liard Highway a problem will poten-
tially occur at Bovie Lake. This lake is typical of most northern
lakes in that it is susceptible to fishing pressure. Bovie Lake has
been fished by native peoples from prehistoric times and is curren-
tly fished by a few families from Fort Liard each year. However,
with the ready access provided by the Liard Highway fishing pressure
will very likely be increased as a result and consequently the fish-
ing potential and productivity of the lake will be greatly impaired

unless adequate safeguards are ensured.



ARCHAEOLOGY AND HISTORY

No on-site archaeological investigations have been carried out in
the areas immediately adjacent to the proposed Liard Highway, alth-
ough a number of studies have been made in surrounding areas.

From these latter studies, together with interpretation of aerial
photographs of the highway alignment, it is possible to draw some

conclusions and to make predictions regarding the archaeological

potential of the area. Predictions made from ag;igl_phptquép@y ;}
have been found to be 80 per cent accurapejiﬁimoSf iﬁstaqgesg A
scale of priorities of potential archaeological sites is given at

the end of this section.

The location of the proposed Liard Highway probably conforms to one
of the major aboriginal routes of movement along the Liard River.
The temporal extent of this prehistoric and historic utilization
pattern, is currently unknown. However, on the basis of archaeol-
ogical information from surrounding areas, it is probable that the
general area has been occupied by man for at least 8-10,000 years.

St 1% Evidence of occupation was often meager, subject to rapid disint-
AN

M U :
Ag%i;ml egration, and is{oftép difficult to find. However, within a frame-

work of changing enviromnmental conditions, areas of maximum utiliz-

ation can be postulated and examined,

Strategies employed by prehistoric man for securing required resources
were probably based on a '"minimax'" concept, ie. acquire a maximum
amount of resources with a minimum of effort and time. The resulting
territorial and seasonal round settlement-patterns are supported in
the ethnographic literature on the boreal forest Athabaskans
(Honigman 1946, 1954; Jenness 1932; Mason 1946; Osgood 1932; Morris
1972). This pattern maximizes use of concentrated seasonal avail-
ability of resburces such as waterfowl, fish, woodland caribou, or
bison, Construction of fish weirs in autumn on streams for winter
usage often involved 60 to 80 persons resulting in relatively large
habitation sites. Good fishing lakes were occupied by minimal size

groups during winter, with small and large animal trapping and
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hunting being a nearly-continuous supplemented activity. With
spring break-up, the fishing declined in importance and the rel-
iance on small and large mammals increased. Camps during this
period were small and dispersed, frequently in riverine ecozones.
Summer saw a renewal of lake and river fishing, mainly with nets,
with small groups once again accumulating in lake inlet or outlet
areas, along particularly favourable larger streams, often at
confluences of major streams, or on the lower reaches of tribut-
aries. Particularly favourable campsites during the late pre-
historic period at this time of year were river terraces, near the

mouths of large tributaries or between a river and a lake.

During the early prehistoric period, the area is known to have been
the range of now-extinct bison species (Gordon 1969; J. Turner 1973
personal communication). Paleontological sites have been recorded

for the area below the Blackstone River along the Liard. The dist-

ribution of archaeological sites for this period is understandably
difficult to decipher, but locations similar to the preceding would
be important. Further, hilltop or lookout sites would similarly be

important.

Known archaeological sites are scattered around the Liard River
Valley. The two major areas in which studies have been carried out
are at Fisherman Lake, 15 air miles due west of Fort Liard, and along
the shores of the three major lakes situated on the eastern side of
the Nahanni Range, almost 40 miles due west of Fort Simpson. Most
of these sites would appear to be dating back to around 8,000 years
B.C., although eaflier dates have been suggested for some sites.
Preliminary investigations at Bovie Lake have reported artifacts,
and the lake is still in use during the summer by local families.

A similar period of continuous use had been reported for Sibbeston

Lake, one of the lakes west of Fort Simpson.

Historically, the Liard River has provided a major route for the
activities of the two major trading companies of the Canadian North,

the Hudson Bay and North West Companies. Fort Simpson was estab-



lished as a post of the Hudson Bay Company in 1804, It was first
called Foft of the-Forks and was later named Fort Simpson after
Sir George Simpson. The following year, 1805 saw the North West
Company founded at Fort Liard. The Liard River was not only used
as a means of travel between these two posts and other parts of
the north, but also as a means of entering the Yukon Territory.

It was, however, regarded as one of the most hazardous waterways
of the north and held in fear by the traders who had to travel it,
particularly in the sections upstream of the area of the present
study. As a result of the efforts of Robert Campbell, who later
became a Chief Factor of the Hudson's Bay Company, the Liard route
to the Yukon was abandoned in favour of a more northerly, but less

strenuous, passage.

Besides Fort Liard, a second major settlement along this section of
the lLiard River is situated at Nahanni Butte, at the confluence

with the south Nahanni River.

Numerous cabins are found scattered along the banks of the Liard
River, some abandoned, but others still used at various times of
the year. These cabins, almost without exception, are situated on

the highway side of the Liard River,

On the basis of ethnographic data and known archaeological site
locations in the MacKenzie Valley, route classification for the

Liard Highway was thus defined.

a) high priority - areas of greatest archaeological sensitivity,
with greatest probability of discove;y; confluence of rivers
or rivers and streams

b) medium priority - areas considered to be less sensitive arch-
aeologically, but containing some possibility of site exis-
tense and discovery; higher stream crossings; high ridges

c) low priority - low-lying areas where probability of locating

sites is considered at a minimum.

Preliminary Rating of Liard Highway Route:

53
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a) MP 65 - HIGH PRIORITY - highway approaches confluence of
Blackstone and Liard Rivers

b) MP 96 - HIGH PRIORITY - historic cabin with possibly pre-
historic component at confluences of stream with Liard
River; stream crossing

c) MP104 - MEDIUM PRIORITY - possible lookout station on knoll

d) MP111 - HIGH PRIORITY - creek crossing at confluence with
Liard River

e) MP115 - MEDIUM PRIORITY - creek crossing

) MP120 - MEDIUM PRIORITY - creek crossing

g) MP124 - MEDIUM PRIORITY - creek crossing

h) Muskeg River Crossing - HIGH PRIORITY - known archaeological
site

i) Fort Liard - HIGH PRIORITY - known archaeological sites

i) Bovie Lake - HIGH PRIORITY - known existence of archaeolog-
ical sites (MacNiesh 1954)

k) Confluence of small streams with Petitot River - MEDIﬂM TO
HIGH PRIORITY - favoured fish trap areas

1) Betalamea Lake - HIGH PRIORITY - reported artifacts; reported
intensive historic utilization (out of study influence)

m) Petitot River, JaRt - 1-3 Area - HIGH PRIORITY - known arch-
aeological sites

n) Small Lake - MEDIUM PRIORITY - across Petitot River (m) loc-
ation above - possibly similar occupation to (m)

0) Petitot River and High Ridge - MEDIUM TO HIGH PRIORITY - game
lookout and fishing on river

p) Petitot River and Maxhamish Creek confluence - HIGH PRIORITY -
known prehistoric and historic utilization of Maxhamish Lake

area.

Historic sites occurring along the proposed route were identified on

the highway location map at the following approximate mileages:
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MP 43 - cabin
MP 62 - cabin
MP 96 - cabin
MP 114 - cabin across from Big Island
MP 129 - cabin at Muskeg River
MP 80 - cabins at Netla River and upstream on Netla.
Several historic sites have been reported from the Fort Liard area:
a) John Klondike's cabin - opposite Fort Liard °
b) Wind Moye's cabin - opposite Fort Liard
c) Confluence of Small Creek with Liard - opposite Fort Liard
d) Historic buildings - Fort Liard.
It should be noted that these sites also potentially represent pre-

historic occupations.

Approximately six miles upstream from the confluence with the Muskeg
is a chert quarry, located in the Arrowhead Lakes region of the

Arrowhead River.

The Map 1.5 displays the location and priority of these sites. The

_ sites are also recorded in Chapter # on the detailed maps and app-

ropriate development recommendations are made for each location.

The ultimate objective of the archaeological program is the identi-
fication, conservation, preservation and salvage of significant
archaeological sites, for the purpose of interpretation and explan-
ative reconstruction of archaeological materials. This is most

efficiently achieved by a multi-phase program,

Firstly, a preliminary overview. This phase is exemplified by this
report in which the route selection has been assessed in terms of
extrapclated prehistoric land utilization strategies resulting in a
classification of hypothetical archaeological probabilities. Secon-
dly, an initial study of identified moderate and high potential
areas, prior to major earth work, to further determine site value .
and to possibly establish protective or salvage methods. Thirdly,

based on the foregoing, an orientation of construction personnel.
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In order to inform and acquaint personnel involved with the high-
way construction with the nature and importance of archaeological
materials, a series of briefing sessions is proposed. Such sess-
ions are deemed necessary for recognition of archaeological mat-
erials and potentially significant archaeological sites, as well
as for implementation of precautionary measures to ensure preser-

vation of archaeological materials.

During or after construction, archaeological surveillance is req-
uired in order to evaluate any sites discovered during actual
construction. Should any be located, their value will be assessed

in terms of potential damage or loss of information through secondary

activities resulting from the use of the completed highway.

The final phase of field investigation concerns salvage excavation
of sites considered of important archaeological interpretive pot-
ential, particularly those endangered directly by highway construc-

tion, auxiliary construction or use,

It is important to note that archaeological sites are protected by
the Territorial Government. The destruction of sites and the
removal of archaeological material is prohibited under the North-

west Territories Archaeological Site Regulations (SOR/60-31).

In an effort to inform and instill appreciation for cultural heri-
tage in the public users of the highway, it is proposed that select
historic and prehistoric sites be either interpreted or preserved
as museum exhibits. Archaeological values integrated with values
of other disciplines could provide tourists with the interesting

natural and cultural history represented along the Liard Highway,

SETTLEMENTS

The following settlements will be affected by new and improved

access.



Fort Liard

Fort Liard with a population of approximately 325, mostly of native
origin (7 or 8 white residents) is the only settlement directly
affected enroute by the highway.” This community has a new Hudson's
Bay store, R.C.M.P. post, school and nursing station. A 3,000 foot
airstrip is maintained throughout the year and radio contact is

established with outside areas,.

This community has existed in relative isolation since its found-
ation. At present supplies are flown in weekly. The only other
contacts with the outside are infrequent visits by exploration

companies and freight barges in summer.

The primary occupation is trapping and hunting. Although it is
difficult to determine the exact amount ‘of resource harvesting,
conversations with wildlife officers, licence reports and obser-
vations have provided the following. Table 14 shows the recorded
harvest for the 1972-73 season. This season is considered to be
representative. On the average it is estimated that a maximum of
one moose per family per season is harvested. The statistics rep-
orted are likely inflated since hunters tend to boast and record
more kills than actual but this is counteracted by the infrequent
large kill by individual hunters who are then afraid to report the
actual kill., It can only be assumed that Table 14 is probably a

minimum record.

The connection of Fort Liard by highway to Fort Simpson (135 miles)
and to Fort Nelson (110 miles) will assuredly create major changes
in the community. The infra-structure will likely increase suppor-
tive of renewable and non-renewable resource development and in
support of service requirements along the highway. The socio-
economic impact is likely to be great. Traditional occupations will
change or be lost entirely. Additional money and accessibility will

mobilize the community.

Approximately 80 percent of the present income in the community
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results from hunting and trapping. These occupations will be sign-
ificantly reduced or will disappear with the advent of new opportu-

nities.

In respect of the previous isolation of the community and in respect
of the known difficulty of citizens in remote areas to adapt to
spontaneous change it is imperative that several advance studies be
done prior to completion of the highway and the access to the comm-
unity. Firstly, a socio-economic impact study and, secondly, with
the findings of this first study and in recognition of resource de-
velopment a community plan establishing the regional role and direc-

tion for orderly development.

Nahanni Butte

This small settlement of 80 persons is situated on the south bank
of the Nahanni River just upstream from the confluence with the
Liard River. This population is composed of two white residents
and the remainder native. The impact of the Liard Highway on this

community should be small until connecting access is provided.

The major occupation of the residents was previously hunting and
trapping. However, in recent years construction and exploration
employment opportunities through '"Hire North'" have almost elimin-
ated the trapping activity and have reduced the big game ﬁunting

activity. Table 14 displays this fact.

Fort Simpson

Fort Simpson at Mile 295 of the MacKenzie Highway is situated 37
miles from the intersection of the Liard Highway and MacKenzie
Highway and effectively serves as the northern terminus of the

Liard Highway.

The population is approximately 850 and a full range of services
exist. This community is likely to become a major distribution

centre for a large region of the north. The MacKenzie Highway
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the Liard Highway, enlarged air facilities and the possible 1.8
\MMBD pumping station for the adjacent Arctic gas pipeline all

}
{ contribute to this likelihood.

5 The presence of Fort Simpson negates the need for any major service

developing at the intersection of the highways.

The completion of the Liard Highway will certainly increase freight
and tourist traffic to Fort Simpson, however, the magnitude of this
impact on the community is considered small in comparison to the

recent change resultant from the MacKenzie Highway. Further deter-

mination of the effects on Fort Simpson are beyond the scope of this

study.

Hunting activity from Fort Simpson related to‘the accessible 30
miles of the Liard Highway is estimated at 12 to 15 moose. Since
construction of the MacKenzie Highway trapping has decreased rapidly
and during the 1974-75 winter there is evidence that T no t?applng was

Wag( r »
. " A S t ;
done in this area. B

The total resource harvest within the highway region does not appear

to be excessive. Moose certainly predominate with black bear second.

It is expected that the total harvest by traditional hunters and
trappers will decrease; however, this reduction can easily be rever-
sed by sport hunting unless regulations and enforcement are applied.
It is recommended that the present level of harvesting has been
sustained for many years and that the total harvest be regulated at
this level. Consideration of cyclical trends could vary this from

year to year.
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TABLE 14

BIG GAME RECORDS

1970-71

1

1971-72

1972-7

Fort Simpson

Moose
Caribou
Sheep
Black Bear
Goat

139

120

55

44

26

19

66

33

Fort Liard

Moose
Caribou
Sheep
Black Bear
Goat

84

70

59

31

30

11

Nahanni Butte

Moose
Caribou
Sheep
Black Bear
Goat

24

46

12

17

Totals

Moose
Caribou
Sheep
Black Bear
Goat

247

226

126

49

45

19

106

30

50
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TABLE 15

TRAPPING ACTIVITY FOR THE SEASON 1972-73

Fort Fort Nahanni  Trout
Spec%es Simpson Liard Butte Lake Total
|
Otter 4 0 0 0 4
black Bear 4 6 3 14 27
Mink 186 105 0 8 299
Muskrat 315 225 3 2 545
Fisher 2 4 0 0 6
Marten 467 157 4 29 ' 657
Fox | 23 6 1 31
Beaver | 1001 384 34 0 1419
Weasel 93 24 0 8 125
Lynx | 611 584 11 30 | 1236
Wolf 18 9 0 0 27
Squirrel ‘ 402 455 0 9 857
Wolverine 11 3 0 0 14
Coyote ‘ 3 3 0 0 6
1

The statistics for Fort Simpson represent only Fort Simpson. The
amount of trapping activity related to the area associated with
the highway has not been disaggregated.

ENGINEERING CRITERIA

The Alignment Report, Liard Highway, Northwest Territories, by Public
Works Canada, dated January, 1975 provides what is considered to be
the final engineered alignment for the Liard Highway from Mile 0 to
Mile 156.7, including the Fort Liard access road.

The general alignment is basically a good one and it is only in the
detail of the alignment that comment @igﬁ% bé,provided. The proposed
alignment, part of which is presently existing, has been designed
under normal engineering criteria for a Rural Arterial Undivided (RAU)
60 miles per hour highway according to Canadian Good Roads Association
(CGRA) Standards. Within the standards the present alignment has been
surveyed on the normal tangent, dog-leg basis and in certain sections

where topography permits there are extremely long tangents which bear
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little sensitivity to the minor topographical and vegetative features

of the surrounding landscape. It is recommended that, still within

the standards, curvilinear alignment be considered where possible in

order to mould the roadway into the landscape taking full advantage

of all natural features and providing what is considered to be a less-
monotonous and more-scenic drive. It is recognized that the cost of

survey is small in comparison to the long-term, beneficial effects

of a more pleasant roadway. There are several advantages that can

be gained from proper curvilinear parkway design. Firstly, it is

questionable that 4, 5 mile and longer tangents in fact result in the

road being located on the best soils whereas a curvilinear alignment

could seek out better soil conditions. Sgcqu}y,_Fhequyyélipgﬁy 'N%mvﬁwy
parkway satisfies scenic roadway criteria for tourism and provides GMﬁﬁ“ﬁﬁ'

’ - iﬂ [M Jv"-‘l‘v'
general aesthetics for the road user. Thirdly, the landscape through toisg v N
B A Gt S Loy ol

which most of the Liard Highway passes is somewhat monotonous being
low-relief and the interest gained from the road can be that on a
micro-scale through curvilinear consideration of small natural feat-

ures such as changes in vegetation type, old river meanders, and

stream crossings.

In general the main criteria of the roadway should be that, although
it follows the path of least resistance on a macro-scale, it should
on the micro-scale, as viewed from the road, take on a character more

sensitive to the surroundings, and the potentials for user comfort and

satisfaction.

The technique used for evaluating on an aesthetic basis the present
road alignment and the proposed road alignment was to fly the route
utilizing time-lapse photography (16mm photography at a fixed number
of frames per second) from two elevations--that at about 1,000 feet
and also at a level of approximately 100 feet above the roadway--

this photography was taken for most of the length of the roadway,
however, weather conditions did not permit complete coverage. On the
basis of the photography and in review of the latest alignment report
development recommendations are noted within Section II of this report

on the detailed series of maps. The recommendations are noted relative
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to the air photo mosaics contained within the alignment report and
it is suggested that, for final design, the design team reference

from the drawings within this study to the alignment report.

The highway, in its present condition, sub-divides itself into basic-
ally three distinct sections as far as the flexibility in alignment
is permitted. The first 30 miles of the highway are essentially
complete and changes in alignment are not reasonable. Within this
section, however, it is necessary to conduct a clean-up program dur-
ing the final trimming of the roadway. The incidence of visual dis-
turbing items within this first 30 miles is considered severe.
Appendix 3 notes the number and type of problems that exist. These
occur almost every quarter-mile along this section. The magnitude

and severity of these disturbances vary.

From approximately Mile 30 to Mile 65 at the Blackstone River, the
right-of-way has been cleared and the number of disturbances is less
than the first 30 miles, however, there are still a number of typical
problems which exist. It is considered, within this cleared right-of-
way section, that changes in alignment are not feasible unless for
factors other than aesthetic. The third section from Mile 67 onward
allows more flexibility in modification on the micro-scale to the
general alignment proposed. It is within this section that curvilin-
ear aspects might be incorporated to a larger degree and greater con-

trol exercised over construction procedures.

There are only a limited number of construction situations that create
problems and that require consideration. Each of these is discussed

independently below.

Borrow-Pits

Along the presently constructed portion of the roadway, borrow-pits
probably constitute the major visual impact as viewed from the road.
Several problems exist. Generally borrow-pits are located too close

to the right-of-way with inadequate tree buffers to shield them



visually. Buffers of between 0 and 100 feet exist at present and the
practice of straight cutting the borrow-pit has caused collapse and
sloughing'of the treed fringe thus reducing its effective shielding.
This thin buffer is also subject to windfall and dieback due to lack
of protection. It is recommended that a minimum screen of 300 feet
be provided to new borrow-pits. The sides of the borrow-pit area
should also be tapered to allow natural revegetation to occur. A
slope of 2-% to 1 is recommended. Borrow does not necessarily have
to be taken from this distance. It is possible to incorporate shal-
low borrow areas within the right-of-way and to treat them visually

through selective clearing and revegetation, This technique provides

stable roadway foundations and minimum haul distances. Details 1 & 2

show the proposed solutions.

Existing borrow pit as viewed from the road
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Stream Crossingg

The cost of stream crossings in these remote locations becomes a very
significant part of highway construction. It is, however, necessary
to make these crossings multi-functional since they normally generate
points of interest or points of relief for the traveller. The appro-
ach and treatment of the crossings is ultimately important if it is
desired to capitalize upon the visual change and to provide the trav-
eller with the satisfaction of a different view,

A long tangential approach to a stream crossing eliminates the ele-
ment of surprise whereas a curvilinear approach can provide the
traveller with a greater visual impact and a degree of surprise that
provides greater satisfactions (see detail 3). These considerations
normally require minor modification. Each bridge crossing is dealt

with in detail in Section II,

scenic quality of stream crossings.
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Seismic Lines and Access Roads

The sharp linearity of seismic lines is particularly disturbing vis-
ually within a topography where extreme meandering of streams and
rivers occurs (see detail 4). It is recommended that most seismic
lines, where they intersect the highway, be treated by methods of
selective clearing and planting in order to minimize the visual
impact and to also reduce the possibility of spotting wildlife from
the highway. Access roads should have 90 degree intersections but
within a relatively short distance beyond the right-of-way should
curve to eliminate the straight tangential view from the highway

and to reduce the effect of spotting wildlife for hunting purposes.

Typical seismic line highway confluence
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Right-of-way Management

Right-of-way management is defined as control over the visual charac-
ter of the cleared roadway. The technique of selective clearing has
been utilized to some degree on the MacKenzie Highway. In fact sel-
ective clearing implies both clearing and planting on a selective basis
in order to reduce channelization of the roadway due to parallel treed
fringes and to soften corners and provide sight distances without
complete clear-cutting practices. (see detail 5) This technique of
right-of-way development, combined with curvilinear alignment, can
create a pleasant varying experience from the roadway which results

in a relaxed and satisfied traveller. The intent of this practice is
to create an edge condition which is softened so that it simulates the
natural successional edge conditions that occur within the environment
through which the road passes. The re-growth rate in this region is
relatively slow so that selective clearing, rather than selective
planting should predominate. The methods of selective clearing and
revegetation are discussed more fully within the revegetation section

of this report.

Interceptor Ditches

Drainage ditches, called interceptor ditches, are necessary in many
instances to direct water from low pointsgbithin the right-of-way

into natural drainage channels. The past practice has been to exca-

vate a straight-line trench away from the road in a down-sloping

. T Lmed position for a distance of 100 to 150 yards. The excavation from

the ditch is normally piled into windrow on one side and the general
appearance of the untreated ditch and the straight alignment is
visually disturbing on a minor scale. It is suggested that where
necessary these ditches be taken at right angles to the highway for
a short distance beyond the right-of-way and then curved into the
natural terrain so that there is a visual break in the ditch align-
ment and that within the right-of-way and within the sight distance

from the highway the excavation be cleaned and tapered so that

it will revegetate naturally (see detail 6). Care must be taken to
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place these interceptor ditches so that they drain into natural
drainage patterns adjacent to the roadway. In particular where the
road approaches the banks of the Liard River or steep banks adjacent
to other streams the creation of additional water within drainage
courses can cause significant erosion and subsequent sloughing of
steep banks. If at all possible, the drainage from the interceptor
should be dispersed into natural ponds, low-lying areas, and should
not be channelized directly to riverbanks (reference: Stability of
River Banks and Slopes Along the Liard River and MacKenzie River,

N.W.T. by J. Chyurlia, 1972). A minimum amount of clearing adjacent

to the interceptors should be conducted.
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Slash Disposal

Within the constructed portion of the right-of-way the disposal of
slash (duff disposal) has been accomplished by physically pushing at
close intervals, (500 yards) piles of slash and rubbish into the

treed edge of the right-of-way. Due to the linear and straight,
treed edge of the right-of-way, these small intrusions are visually
disturbing. Although they are small individually, the number and
frequency of occurrence becomes a very distracting aspect from the
road. There are several solutions that might be considered for this
condition: Firstly, that all slash and cleared material be disposed
of within the right-of-way by burning, burial or mulching. Due to

the thin, fragile soil mantle existing within this region, mulching
is a favourable solution in order to provide soil stability and com-
post for future soil development. This technique has not been utilized
within the North where in fact its advantages are large relative to
the possible costs involved. There presently exists industrial equip-
ment capable of mulching and rototilling all but the largest growth

within this area.

Stabilities

Some concern over slope stability relative to stream embankments should
be expressed on the basis of a report "Stability of River Banks and
Slopes Along the Liard River and MacKenzie River, N.W.T." by J. Chyurlia
1972. In this report two basic types of failure were identified; sur-
ficial sloughing of riverbanks and rotational and transitional failures
involving a large amount of slope material. One such rotational tran-
sitional slide occurred on the Liard near the confluence of the Poplar
River in 1969. %%ctivé}bank erosion through vegetati?n removal or
concentrated water courses Ebould result in failures. Care should be
exercised over placement of‘zhe road or facilities too close to steep

stream banks. Removal of vegetation should not occur and right-of-way

drainage should be dispersed into the natural system,
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Hydrology

The hydrology studies for the stream crossings were conducted and

reported on by UNIES Limited. A review of these reports displays
numerous small stream crossings which are adequately handled by the

use of culverts.

The report also recommends a number of bridges as listed below:

Location Remarks

1. 65 + 80 20 foot span

2. 424 + 80 Skewed 40 foot span
3. 454 + Q0 20 foot span

4, 572 + 20 20 foot span

5. 640 + 00 20 foot span

6. 729 + 20 20 foot span

7. 884 + 00 20 foot span

8. Poplar River Existing culverts--bridge

recommended

9. 1388 + 70 20 foot span
10, Birch River 140 foot span
11. Blackstone River 4 span, 300 feet
12. 3539 + 80 2 span, 120 feet
13. Netla River 2 span, 130 feet
14, Muskeg River 600 foot bridge

From the fisheries point of view the Poplar, Birch, Blackstone, Netla,
Muskeg Rivers have an importance in supporting spawning and feeding
areas for fish species within the region and bridges at these locat-

ions are endorsed for that reason.

Although not surveyed by the Hydrology Consultant or sampled by
Synergy, Bovie Creek could be an important stream supporting a known
domestic fishery within Bovie Lake. It is suspected that fish feeding
areas up Bovie Creek are quite likely; in view of this, consideration

of a bridge at this location should be given.
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Within Section II several other locations for bridges are suggested,

based upon difficult cuts and fills.

REGIONAL INFLUENCES

This report section is intended to place in perspective the pressures
on the natural environment due to development potentials that will
be released upon completion of the highway. No attempt has been made

to predict when such developments might occur.

Non-renewable Resources

The study area falls within the Nahanni Mining District of the North-
west Territories under the jurisdiction of the Territorial Government

seated in Yellowknife.

There are no active o0il, gas or mineral sites presently operated in
this section of the Liard River Valley. However, nearby exploration,
gas plants and mines have utilized two transportation routes which
pass through the area. The Liard River has provided a barge route
from Fort Simpson and the Poplar River Landing, and the 0ld Fort
Simpson Trail (a winter road) has also been used for transportation
_of supplies and equipment. This latter route runs almost due south
from Fort Simpson to the British Columbia border. The two trans-
portation routes have been used by companies involved in the Beaver
River Plant located on the northern border of British Columbia, and
the Pointed Mountain Gas Field which lies approximately 20 miles
northeast of Fort Liard. Some exploration of copper deposits has
‘been made along the Liard River near the Matou River. The cost of
_transporation is a major factor affecting the companies utilizing the
present transporation routes. They have indicated that they will

take advantage of the Liard Highway upon its completion.

It can be expected that an increase in exploration and extraction
will result from the reduction in transportation cost, The effect of
access roads and seismic activity on wildlife and vegetation must be

considered.
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Forestry Resources

Original field work was not doneé to detemrmine forestry potentials.
Reliance was placed upon previous study, air photos and casual obser-

vations during air flights,

At the present time there are no major logging operations active in
this section of the Liard River Valley. A small sawmill was operated
until 1930 near Sawmill Mountain (opposite Mile 90) and the closest
active sawmills are presently located at Fort Simpson and at Fort

Nelson.

The most important tree species for forestry in the Liard River Valley

is the white spruce (Picea glauca). This species occurs throughout

the area in both pure and mixed stands, but is found mainly in the
MacKenzie Lowlands especially on the recent floodplains of the south-
ern section of the Liard River between Nahanni Butte and Fort Liard.
It is these stands on the recent floodplains which have the greatest
potential for logging activity (Slaney and Company 1969), due to a
combination of accessibility, coniferous stand volumes and forest
growth (Jeffrey, 1964). The second most important forestry areas

are the mixed wood stands growing on the terraces and floodplains,
~and the white spruce forests of the intermediate floodplains.
Forestry management of these areas will likely be based upon a conif-
erous saw-timber economy. An inventory of forestry resources has

been made by F.F. Slaney and Company (1969).

Apart from inundations of the recent floodplains, fire is the most
significant influence on forest growth in the Liard River Valley. A
serious, prolonged and extensive series of fires occurred in the

region during the summer of 1942, The majority of Brule vegetation

found throughout the valley is a product of these fires. As previously

stated, the area with the highest potential for forestry operations
also falls in the same area as the soils with the greatest capability
for agriculture, and also in the major wildlife wintering zone. The

construction of the Liard Highway will provide access to this area
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and hence could, through logging, reduce valuable winter shelter

for such big-game species as moose, However, with careful and con-
trolled exploitation of these resources, perhaps by using mosaic
cutting, minimal effects could be made on the moose population. In
fact during regeneration periods the habitat may be imprcved some-
what as feeding areas for the moose. However, it must be stressed
that no matter how abundant the food resources are, moose require
adequate shelter during the winter period, and during extreme incle-
ment weather, particularly in late winter. Shelter requirements
may take precedence over food requirements for adequate energy con-

servation,

Access during logging operations should be planned and controlled so
as to minimize the access for hunting (during the winter and fall

periods), particularly in the areas bordering the Liard River.

The primary forestry area lies west of Fort Liard and the Petitot
River. This area contains the bulk of cutable saw-timber in the
region and falls outside the highway study area. The second most
important area occurs on the mid-channel islands and on the banks

of the Liard River. Although dispersed in pockets these areas are
economic because logs can be floated and boomed on the river.
However, these areas are also important for wildlife and if forestry
operations are established would be visually disruptive to river
travellers. The loss of merchantable timber from the highway right-

of-way is slight.

In the 1969 Slaney report the viability of a forest products indus-
try was proven and the strong possibility of a manufacturing plant
at Fort Liard was proposed. The effect of such an industry on this

community would be very significant,

In the Proceedings of the Intergovernmental Seminar held at Inuvik,

N.W.T. June 1972, the following statement was recorded:

"The forest resources in the Territories' half
of the MacKenzie Basin are centred in the Liard
River and Slave River Valleys. Initial estim-
ates place the N.W.T. volume of merchantable
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timber at 2.0 billiopn cubic feet, and it is
probable that resource will be harvested once
transportation facilities are suitable and
economic."

A large portion of this resource occurs in the Yukon and British

Columbia.

It appears, therefore, that the access provided by the Liard Highway
may accelerate development of a forest industry. The environmental

N impact of logging can far outweigh the impact of highway construction.

Transporation

The closest rail head to the study area is presently at Fort Nelson,
however, an extension by the Pacific Great Eastern Railway is now
“under study to Nelson Forks, 60 miles from Fort Liard. The possible
extension of this railway into the Fort Liard area and possibly as
far as Fort Simpson could be reasonable in the forseeable future
based on the forestry potential within the area and the service to

Fort Simpson as a regional distribution centre.

The MacKenzie Highway is complete past the intersection of the Liard
Highway and thus, with the completion of the Liard Highway to Fort
Nelson, effectively forms a loop in the southern portion of the
Territories which will realize additional transport and tourist traffic.
The impact of this traffic on the region will be that requiring ser-

vice facilities in order to control use.

Tourism and Nahanni National Park

The development of the Liard Highway will effect a convenient link for
travel between the MacKenzie Highway and Fort Nelson, British Columbia,
and thus should provide a high potential usage by tourists. Consider-
ing the importance of the Liard River as an historical route for the
early traders, it would appear that an interpretive program could be
developed at suitable locations along the highway describing the act-

ivities of the prehistoric indians. Preservation of historic and
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@
archaeological sites from dfspoilation is imperative. Fish and

wildlife resources also provide potential for interpretive amenities.

In addition to the above, the Nahanni National Park will probably be

one of the largest single attractions for tourists to this area.

Nahanni National Park is a 1,840 sqare mile wilderness area surroun-
ding the South Nahanni River. This park is igfgyggfgaue to its wild
river nature, its rich historical character, the existence of hot
springs and the major Virginia Falls. Already the park has proven

to be of high recreation potential from the point of view of white-

water canoeists. However, it is imperative that strict control is

required of canoeists to the park, to ensure that only adequately

outfitted and experienced parties be allowed to travel the South
Nahanni River and its tributaries, owing to the dangerous nature of
the waterways. The park also offers the opportunity for jet boat
trips up the South Nahanni River to the spectacular Virginia Falls.
Currently three outfitters conduct these trips by boat from Fort
Simpson or Nahanni Butte, and with the increased access provided by
the highway this traffic could increase. Future access to Nahanni
Butte from the Liard Highway should also be given very careful consid-
eration to minimize environmental disturbance and to ensure that
access is not provided to areas with high game populations, thus

seriously reducing their potentials.

Consultation with the National and Historic Parks, Planning Branch,
has determined that access is being considered seriously at this
time. The detailed plans (Section II) indicate the preferred junct-
ion point for this access for consideration in final planning. This

location is suggested on the basis of the least impact.

Recreation Activities

Map 1.7 displays a number of identified recreational tourism points,

based on previous study by other consultants.

The following is a listing of primary and secondary sites from the'
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Lombard North report.

Secondary A Scenic view point and roadside picric site
Primary D - Development complex, camping and picnicking
Secondary F - Camping and picnicking along river access

trail on the upper bank

Picnic sites access to Birch River

Secondary G,H

Primary " M - Camping and picnicking best on north river
bank
Secondary N - Picnic site, access trails, scenic corridor

along highway

Secondary O Viewpoint, roadside picnic site

Secondary P

Firetower, viewpoint, access to scenic trail

along Liard River

Secondary Q - Roadside picnic, access to trail along edge
of Liard River

Primary R - Camping and picnicking

Primary S - Development complex, camping and picnicking.

These recommendations have been considered and have been incorporated

where suitable,.

Another report by W.M. Baker delineates an area of high recreation

value encompassing the highway from Mile 65 to Mile 140.

The techniques utilized to determine recreation potentials have not
been conventional planning techniques of overlay or matrix analysis,
since these were considered too sophisticated for the amount of
detail available within this region. However, it is appropriate,
based on the available detail, to choose preferred sites for recrea-
tion development, based on the visual survey, transportation logist-
ics, and a general knowledge of tourism characteristics and demands.
There is very little hard data available with which to do definitive
recreation planning. Therefore, the concepts developed have been

based on subjective analysis and past experience.

Extensive passive recreation activities such as highway travelling



(sight-seeing), demand visual integrity in preserving a natural land-
scape vista for the traveller. In recent years, it has been common
to develop a limit of vision or a visual corridor which is protected
aesthetically. The detailed maps within Section II indicate the app-
roximate limit of visual experience as perceived: from the highway
right-of-way. It would be reasonable as a minimum, to define a
visual corridor of sufficient width to incorporate this limit of

vision and to provide protection to that limit.

Along the corridor there are points of interest, based upon breaks
in topography, viewpoints, river <c¢rossings, changing views, oppor-
tunities for fishing, canoeing and camping, archaeological and
possibly paleontological sites, which may be interpreted into a ser-

ies of educational opportunites.

The protection of other values, i.e. archaeology, wildlife, fish,
can be maintained to a certain degree by placement and provision of

recreation facilities.

The multiple use of sites should be considered. For example, an
original construction site could be planned to be finally developed
into a campground, rest stop, picnic site, etc. In conjunction with
locating recreation facilities, it has been recognized within remote
northern regions, that emergency facilities for shelter during ext-
reme winter conditions should be provided along highways approximately
every 30 miles. These also can be identified with recreational fac-

ilities,

In keeping with the natural aesthetic character of the region, it is
suggested that construction of facilities be done with traditional
log-building techniques. This is a durable, warm construction method,
suitable to the capabilities of local craftsmen. Most materials are

available on site; logs for building and sphagnum moss for chinking.
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SECTION 11

DETAILED PLANNING CRITERIA AND ENVIRONMENTAL ASSESSMENT

This section provides the working data to enable the final detailed
design considerations of the highway and also to provide the basis
for future detailed land planning adjacent to the highway so that
orderly development and control of land use may prevail in the future.
The study area has been broken into fifteen segments, based on aerial,
mosaic photography. The data displayed is a compilation of that det-
ermined throughout the study process. All data is not showﬁ. Only
those areas considered critical to construction and use of the high-
way have been noted. The column - '"Development Recommendations' -

is the guide for final highway engineering to adapt and incorporate

the requirements to satisfy natural physical, wildlife, visual and

user requirements.

The present highway may also be conveniently broken into three reas-
onably distinct portions. Firstly, that portion which is constructed
from the MacKenzie Highway to the Birch River crossing, approximately
31 miles. Section two that from the Poplar River to the Blackstone
River, a distance of about 46 miles, which has a 100 foot cleared
right-of-way, Thirdly, the section from the Blackstone to the North-
west Territories/British Columbia border, which has a combination of
hand-cut and machine-cut centreline. In dealing with these three
sections, the recommendations and assessments have been based upon;
in the first section relative to rehabilitation and modification of
the existing right-of-way in order to primarily improve the visual
aspects of the highway and to prevent off-highway access into con-
struction éreas, seismic cuts, etc. Within the second section there
is a larger degree of control that might be exercised over construc-
tion activities through the judicious placement and operation of
borrow pits, slash deposits, and right-of-way maintenance. Finally,

the third section allows for minor realignments and essentially com-



plete control over right-of-way development and construction proced -

ures in order to satisfy all factors involved. The development

recommendations, therefore, apply in context to each of these sections,

Complementing the detailed maps are a series of design sketches and
notes depicting methods of treatment for visual aspects and physical
development, such as recreation points, river crossings, and right-

of-way treatment.

Recommendations are directed towards the variety of problems defined
along the highway. Many of the recommendations can only be implem-
ented directly in the field by qualified individuals relative to the
particular aspect under consideration, i.e. the extent of planting

and the extent of selective cutting would be best determined on-site

by a landscape architect or a technician trained in this subject. This

section primarily provides the directive towards detailed on-site

construction.

REVEGETATION

During the course of studies on the MacKenzie Highway and the Arctic
Gas Pipeline, consultants and Public Works Canada conducted a series
of germination trials and revegetation trials within conditions
similar to those experienced along the Liard Highway. The extensive
analysis done for the Arctic Gas Pipeline has provided a knowledge

base adequate to recommend certain revegetation procedures.

On the maps within this section areas critical for revegetation are
noted under Development Recommendations. The choice of these areas
has been based on soil type, slope, soils stability, and aesthetics.
It should be noted that observations along the first 30 miles of

the highway indicated that after a period of two years, natural re-
vegetation had become well established. This was evidenced by poplar
growth which had attained a height of 30 to 36 inches. A variety of
broad-leafed weeds had also established. The rate of natural reveg-
etation appears to be adequate in many areas. Stable soil conditions

may be all/that are necessary to allow for adequate regrowth.

&
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The highway region is essentially out of the permafrost area and
thermodegradation would not be expected. The following grass species
are recommended for seeding: Boreal Creeping Red Fescue, Frontier
Reed, Canary Grass, Nugget Kentucky Blue Grass, Blue Joint, and

Meadow Foxtail.

Site Preparation

1 Remove duff layer. In most cases this would be automatically

removed during construction of the right-of-way

2 Scarify the seed bed. This can be done after final grading
by harrowing, preferably longitudinally across slopes, to
prevent surface erosion. This roughening has also been done
by the use of cross-tracking by caterpillar equipment, which
provides small seed pockets due to track configuration and

lugs.

3 Certain friable soils, subject to wind erosion, may require
mulching., A straw mulch is preferable. However, within
right-of-way development along the highway, it is expected
that pockets of organic material may be uncovered and these

should be salvaged for mulching and top dressing purposes.

Seeding and Fertilizing

The amount of fertilizer is recommended to be maintained at the
absolute minimum required to assist germination and establish growth
within the first year. A continued program of fertilization is not
recommended. Nitrogen and phosphate in a mixture of 3 to.l, applied
at the rate of approximately 100 pounds per acre, appears to be app-
licable within this area. Urea is the best type of nitrogen fertil-
izer and should be utilized beacuse of its greater economy. A seed-
ing rate of 50 pounds per acre should provide an adéquate catch. This
rate may be reduced if tested seed is used. Custom mixtures and

application rates may be necessary for specific sites.
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Plantings

To avoid mechanical shock in transplanting, it is recommended that
hydraulic transplanters be used for tree species. The extent of
transplanting required to shield seismic cuts, etc. is beyond any
reasonable hand-planting methods. This also allows the transplant-
ing of larger tree stock, which we suggest be in the 6 to 10 foot
range. Smaller stocks for slope stability can be hand-planted.

Recommended stock is white spruce, jack pine, wild rose, and willow.

Application Methods

The methods of application and planting are known to Public Works.
It is, however, recommended that large tree stock be mulched and

that irrigation be provided during the first year. The replanting

in the field must necessarily be detailed by a qualified landscape

architect.

FIRE CONTROL

The construction of the Liard Highway has the effect of increasing
the land value per acre for many uses, including forestry. Conse-
quently, the cost per acre of value for fire suppression also
increases, due to the change in a fire problem from natural lightning
to fires created by the public using the highway system, The
Territorial Government is therefore faced with a changing fire con-
cern and a decision as to the degree of suppression must be made.
Along certain areas of the highway, the decision to fight a fire or
not is important. The critical timber area appears to be from Mile
95 to Mile 157, whereas the remainder from (0 to 95), is of lower
value., Most timbered stands occur on mid-channel islands of the
Liard River, or along the banks of the Liard, and little merchantable
timber is on the low-lying table land. Pre-suppression techniques

or insurance policies are expensive, and not a popular method of

spending public funds. Pre-suppression by controlled fires is still
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experimental, and would appear to be premature for this area. Public
safety and economic aspects of fire control should be integrated with

wildlife needs related to seral vegetation.

There presently exists one fire tower at approximately Mile 104, which
would appear to cover the first portion of the best timbered area.
Decisions on further fire protection remain with the Territorial.

Government.

Fire Control During Construction

The following suggestions are made to minimize the causes of fire and

to allow early control of fire created during construction.

1 Winter clearing and burning, if at all possible. Clearing is
more easily done during winter months when forest stock is
frozen. However, the trees are normally sheared off at ground
level, leaving the stumps and trash on ground surface to be
removed during summer construction. Winter clearing may be
burned in early fall or late spring, when snow cover still
exists. If at all possible, summer clearing should be stock-
piled until snow conditions in the fall. If summer burning
is found to be necessary, it should be done in accordance
with fire/weather conditions - i.e. no wind, high relative
humidity. Light fires in the late afternoon or evening, and
patrol to watch for holdover ground fires, particularly in

old, dry muskeg areas, where peat deposits may exist,

2 Assuming reasonably large amounts of cut and fill within the
first 95 miles, duff and humus layers may be disposed of in
thin layers within the roadbed proper. Avoid pushing duff
or humus layers into standing timber and avoid windrowing or
mounding of wet debris and/or mounding of wet debris and
covering with dirt, since, if a fire generates within these

conditions, extinguishing is very costly.
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3 Allow sufficient room between standing timber and burning
piles to avoid scorching and to provide maximum protection,
Cut and fill slopes should be limited, and a minimum of
vegetation should be encouraged for slope stability, pref-

erably low-growing grasses and shrubs.

4 Note should be taken of the Cladonia moss or Caribou moss,
which occurs in black spruce, muskeg areas. This is very
sensitive to relative humidity and contributes to the rapid

spread of fire., Identification should be reported.

General Fire Equipment Required During Construction

1 Provide 300 gallon to 500 gallon slip-on tanks, mounted in
trucks or skid-mounted to be pulled behind equipment. Pumps,
i.e. John Bean, can be obtained with the slip-on tanks or
power pumps and hose can be included with the water reservoir.
Each construction crew working independéntly should be provided

with this system,.

2 A supply of hand tools, plus the water equipment, should be

with the burning crews at all times.

3 Road equipment should be on hand with radio contact with the

Forest Service for any required assistance.

4 Construction crews should be provided with a training program

in fire techniques and prevention measures.

Contractors and the Forest Service should maintain close liaison to
discuss burning procedures, regular joint inspections, and permit
systems, or other control measures required, especially during the
fire season. A penalty clause might be considered on all contracts
in order to promote care and control and avoid unnecessary neg};gence.

-
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Fire Control After Construction

The following suggestions are made for the control of fire after com-
pletion of the highway. These suggestions are subject to the overall

government policy with regard to fire concern.

1 Sign the highway. Consider cost benefit of fixed education
system along the highway route, at least during the high fire

hazard period.

2 Media coverage and other public information systems. Encourage

public reporting of fires.

3 Careful recreation planning with adequate sources of water in

low fire hazard areas.

4 Consider summer establishment of ranger headquarters at Nahanni
Butte and Fort Liard. Radio equipment for road maintenance
crews might be considered and lightning incidence should be

studied and patterned.”

5 Consideration of summer fire crews established at the major
recreation camping areas. These crews may also serve a dual
purpose in public assistance and information and campground

maintenance, as well as fire protection.

6 Determine the level of fire bombing surveys and helicopter

support from Fort Simpson and Fort Liard. -A centralized,dis-

.,
N,

patch system controlling air movement and manpower support

could be established’in both argaé;,

7 Establish safe water pick-up points at lakes along the high-

way for float aircraft - i.e. DeCanso.

8 Fire ecology with regard to wildlife effects should be part

of the management plan,
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WASTE DISPOSAL

The control of all wastes is important to prevent pollution, avoid
wildlife conflicts, and for general appearance. Historically, house-
keeping at construction camps has been notoriously poor. The tempor-

ary nature of the location does not engender responsibility and respect.

The following suggestions are made towards minimizing effects of

waste disposal.

1 Sanitary Waste

Lavatory waste, wash water, and kitchen water can be dis-
persed through a tile field. Fields should be located so
that dispersirn is completed away from natural drainage
courses.

Water closet waste - Public Works Canada has tested a
variety of water closets from vacuum to propane. It is
suggested that the individual incineration water closet
or humus toilet is most applicable, since the amount of
mainteﬁance is minimum and the disposal of ash is insig-

nificant.

2 Solid Waste
Burning of burnable solid waste, excepting plastics and
rubbers, is suggested. This should be done on a daily
basis, Small commercial propane fired incinerators are
available, which can also accept kitchen waste. For small
crews, a simple burning barrel, equipped with a screen
spark arrestor, may be sufficient. Burning should occur
late in the day, when wind is normally low and iig&}
conditions allow supervision. ‘e (fey,

Unburnables should be collected and buried in old borrow

areas that are removed from natural drainage courses.

3 0ils and Greases

All used oils and greases should be recovered. Much of the
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construction equipment is serviced on-the-spot, and used oil

and grease disposed on the ground. Contracts should require

.the recovery of all used oil which could be collected at a

central location (i.e. Fort Simpson) and then transported to
the nearest recycling plant (Edmonton-Turbo Resources) It is
expected that the cost of collection and delivery will be
offset by the purchase price. Forty-five gallon drums are the

most convenient method of handling.

General Housekeeping

Upon completion of a camp, all unnatural materials should be
removed. Holes, pits, piles should be filled or spread toward

L S ]

the natural contours.

Pesticides
Any form of general pesticide suppression should be avoided.

Personal applications are preferred.
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ange views are points wheve developed
views may be cvesated thvough selective
clearing or mirpy wad vealignment.

RECREATION FOTENTIAL: Theee poirts are
idertified for theivr outdoor recreation
value «ooh 84 hiking, fiening, carvelry,
pienicking , campirg. Only the prirmavy
sites have been chosen ard ivdicated for
consideration at this etage of developmert.

WIWUIFE CONNANITIES: This factor © an
indication of concentrations of wilkdlife
fov evitical habitat.

ARZULEOLOAICAL AND HISTORICAL SITES.
Aveas of potential archaeological impor-
fance and identified hisfovical aites are
noted.

ENAINBERINY CRITERIA: The factove identi-
fied heve ave existing eyesores =uch 8o
seiemic lines, borrow-pits, duaff deposits.
Also iderdtified are minov reloastions to
take sdvantage of other saepects. Recom-

‘mendations for efveam croseings are

aleo noted.

Overlying the mapping i® an indication of
tne type of tree cover ard an indication of
ateep slopes ov other natuval features that
bear considevation. Complementing theese,
mape sre & series of detailed sketthes avd
recommendations pevtinertto typics!
problems,
Al situationse have been coveved but that
aufficient examples of each case have been

provided 1o establish e, for mat for all
sifuations .

4 shoald be r’ecoani-zed +at et

)

)
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[bevelopment
Recommendations

o\n geneval seiomic lines, bovrow pite and dutf
depostty vequive attention fomile 2.

o lrtevaection identification. 24- hour mﬁe‘@ ?

limit other developmertt. Y-tee inteveection
“ggested.

e Emevgency 2irstvip only, nofuvther developmert .

o Adintain presert maintenance depcl:

o See details Zand 4-

® Sec detail 2

® Secondavy scenic viewpoint ard voadside picric
avea not applicabie (lombavd Novth)

e Hee detall 2

*Entvance axveens

» belective catting ard plarting. Critical ererce.

* in direct ine of sight on cormey, Zelective.

i planting Eegvade pit Yo shore navvow tree.

baffev.

I‘_!...1.Q’QL.L.JL...

« P2d avea, seledive Planting veanved. treek.
Lontlicts with bovvow pit and aeiomic «Ats,

. I

® Shield entvarves, . Detail 2.

* Selective deaving tomeld in cleaved
comev.

o o

44 @ Z44 544

* Lieav cuf Pl vequves solective cleaving and
planting o blend n.

s\Wheve possible .ONY. dva\nagc should be
dirvected to old bovvow Pive which act as
sty tvape ard may vevevt Yo semi-nataval
watev badies supporting wildliée and

werteviouw | In the faaxave.
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T e Yevy dia\'avbinﬁ vieually- etail 5,

o Distant planting to ccreen cut lineo vevry
distuvbing pit. vequires \arge amount of
rehabilitation. 2ze detailo.

» Hee defail 2.

o Provide new planting associated with
renabilitating borvow pit 1o alleviate
“iretoh with no view restricthon. Defall

® Visual shielding of the futuve pipeline R.ON.

Nighway 2OW. intersection.
e Fivet view of Nananni Bette, some cleawing
may IMmprove vies/. .
®ol....

® Rehabi litate. constvenction camp o
CAmpgmuns\.

o A bridge is vecommended for The fishevies.

® Davelop access to Liavd Rivev. Developed
Viewpoirt,

* Exfensive revegetation requived, Bad

dieposal site at Aile 217 See detail 7.

4 9 @«

o Nooee migrate ocvosy Liavd infall, lwe,\y
travel route up Roplav Rivev, substantiates
Yeguiremerny for bridge.

.

o Selective cutting may 'mprove view, wreen
plarting. Detall 2.,

o Al\ borvory Pits requive antvarce ec-vt.-.en‘mg
bee detall 2,
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6e\relopment
Recommendations

r-

® Viewpoint on escarpment and short hiking trail-

Note: Rehabilitation of bovvow pite aay be

necessary due to possible bank instabilities
recommend favthey Investigation. Obvieus
HEvEVE erobion.

o Provide new plarting to alleviate lorg stvetch
with rno view constriction ang 1o renabilitate,
borrow pit.

o Ale 24 - Approxirmate end of constracted voed.

o Develop il (RHank) to Lavd escavpmertt.

View poirit.

® Fosoible selective cutting To open views.

o Deep cut slope teatmertt may be requived,
\‘Bvegsi'ad-ion aspisted by topeoil and nitvogen
phosphoves fevtilizer:

® Develop vieny. Selective catting.

® Parallel zaiormic line vegquives sslective.
Plewtting at eveections.

Old centve line cut reguawves entrarnce.

000001000_40000

Btumer
a W@E" <\\\ v
w\-~~um’( o

mﬂ\hs

Genevally n this avea dwirege of RONV.

irrto the ratuval syefem. Ditn blocks form
effective silt tvaps and preventy avoeion.
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‘KZ.O.\V INDNDUENENT CAN B PROCTIOED BY
SELECTED CUTTING. DETAILS

n e belective cleavi ng and caﬂms.

a ® Shield entravce

® Possible. bovvow of organic rmatevial within

2.0V, fov top dvessing . Fevtilizer ragauived
o assiet revegetation.
® Sslective cleaving o provide view to
Manann 2xatve,
: ® Shield erntvance. Cetail 4

o Detail 4

. ‘ “ o Mumevous diffenlt seiomic auts ov & cuts
1 to ehield

s Extens\ve selective cleavingtoalleviate.
bﬂg distarce of view congtvicticon.
fuggest covner wemain as cleaved . Domt
vedoce cuvvatuve neccess r\erhna#wrhev
c.lcawnﬁ

shoald be.cal\e.c.m '@qu\e.rﬁ'ly«éﬂo\
dspersed into the natural system.
Drein blocke fovem etfective s\ty tveps
and prevent evosion,

el et
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Ko, INDNDOENENT CAN B PROCTIOED BY
SELECTED CUTTING. PETAILS

& Selective cleavi ng and caﬁ'ms.

n o Mumevous diffcalt seiemic cuts ov ¢ axte

to shieid

n ® 5Shield entverce

® Possible borvow of ovganic matevial within
R.OAV. fov top dvessing. Fevtilizer reqauivesd
to assiet revegatation.

S ¢ 06 6 6 &6 0 0 0 o

® Salactive deav\rg ‘o provide view to
Harnanni Batte,

® Shield entvarce. Oetagl 4

e Detail 4

* Exrensive Selective cleavirg 1o allevate.
lorg distarce of view congAviction -
Luggest covnev remain as cleaved. Donyt

reduce cuvvatwe neccesstating Leavther

cleavi ns .

o denevally inthie avea d\fo‘\mge of R.ONV.
shoald be collecting Pregarentiy.and
dispersed into the natural system.
Drici~ blocks form effective sity tveps
and prevert evosion.
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o The details of RON menagement will have fo
have to be applied inthe field on site to
alleviate this long fangent. Detail 5.

e Helective cleavir\g

LONG| [V /ALE TANGENT 16 /AOST DIFFICULT AOPECT
AVONG THIS PART OF THEROUTE. R.O.W. ABNBHE-
/NENT RECONNENDED.

® 24' Fil Projected . Prefer more fill, e ceat.

"

* Difealt confluerce of seiane lines. Zoveen
emvevices. Petail 4.

. E.xisl-{ng cabin-no development.

Hiﬂh priovity prenietoric ite. Prevent access.

. un::fa ?mhéaﬁaWey on aite priov 4 c:le.av-ing
m‘e Ve m;‘Bi’ .

» Gravel deposite vacarnaraed by deo-Tach

wald be destwctive.  fish, high potential
aveh aeo\a@icsa\ avea Ard fecreation potential

+ Nle 67 enrd of cleaved RONLemevgency
sheltev,

» Cugqested vevislon at Blackatone River
Crossing - see Detail 7.

*Provide avvievs o viver on Seiemic lines -

thie eedtion of highway. Detail (L.

e J
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*THB OPPOIUNITY 15 pRESENT FOR R.O.W.
INONAGENENT & CLURVILINEAR ALUNAENT
FORTHE pEAAINDER. OF THE HIGHWAY, CLEARING
SHOUD B LUPERVISED ON SITE BY A
LANDOCOPE ARCHITECT.

® Sigrificart fovest aveA.

}

S 6 6 6 6 @ o

® The alignment from mile 72-78 is good
ard displays ntevesting cawilineay
alignmertt.

® Numewous seismic entrarces egeive-
Shielding. 4ee Detail 4.

® Possible selective clearirg o open views
Yo Narann Eutite,

o The extension of the aferratle between

i

mile ai-22 follows a vecommendec

altevrnate by GeoTecn. I+ appears to miss
Maskeq ard falls on better subgrade,

* Revegetation 1n this section assisted
by moderate applications of fevtilizeve.

® Rrovide. bavvievs to viver in seismic lines
lines in thie section of hignway. S=e Detail 1.
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e The poswible altevrate voute from mie ai to 6%

o

oo 00 09

1o vecommended to break ap & mike tangert.
W veduces the depth of fill at calveframbeir%

8 Convidev celective ceaving mile 82-84 Yo open

up view.

o oo 00 0
B

® Avoid distuvbarce of vivev slopes and bottor.
Emevgerey facilities. Distuvbance of
% critical. Ainirmize . Sae Detai| 1o,

® futuve access to Nahann Butte preferved at
this location. No developrmerit zZoNe, Oﬂ‘y
idertification.

9 0 0lee o000 04

B

- b&le.o‘fiv&ly plant old centre. line. ccat.

—® Poseibly incorpovate seismic cut o selective.
cleaving to open viewpoint. Rovide. bavvievs
for enowvmobile access o viver

® Scften covrer

|

* Provide havriems 'n ssiomic lineg 4o
prevent access to viver i This aection,
= higrway. See Detail 11.

® e 00 0o
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@ Critical moose habitat

8-

o Viewpoint developmert. Avoid distiwvyi ) el

¢« oo e o

L= <

LA

O

bankes and bottorny. Deep guily (Ioof1.%). A bvidge
shold be sevicess\y conedeved with
MNA PN AP PYaAact) cears | woold aled
possibly provide moose tvavel voutre

o (8bin, irtevpvet into hiking twail, o
am-awlogymwey priex to cleaving.

o Difficalt confluence of B.ON. and seiamic

—

linee. A.liﬂnmorﬂ' onift 1o avod irdeveection
200 velieve. \ong (2mnie) ‘&nﬂeﬂf mﬂgwt&é

e pollow old cerrve ine cut 2°ccavve hack fo
mile 0% -pvovides vetlev approach fo bill.

® Tvail o Viewpoint at fivetowev.

o Neirtain a6 majov bandacape 2ven. Svoid
stvangert At RONV. practice. Yelective. catting
200 cavvilineav Alighmertt argaesred.

o Theve cand ve seepajes ov «<pvings cie to hill
Ard pevered makeg,. Field check .

* Hiking accesto emavpmernt viespoint-
lncvease cavve o avieg fangertt back
2500 2000"

..O..OCO.QQJJ...O‘.O...

7~

® Critical mooee avea . Tvaill developrment
should physically vesthviat Snpresmotoiles.

e Nohe: _
Pavviers 1N seitrmie caits s viver

Srceald be Instailecs o pravertt wirter
Srcremopile. access ¥ prime moose

habitai, See detail (.
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o Cvitical moove habitat

8-

o Viewpoint developmert. Avoid distrbing cveeh

L= <8

2]

o

banke snd botiorns. Deep gully (1oot1.2). A bvidge
Shonld be sevicervs\y consdeved Witk
FMIrmiAm appyaach cate, woald aleo
possibly rovide moove tvavel voute,

o (2bin, irmevpvet info hiking tail, 40
Avchmeology awey pvicy to cleaving.

o Difficalt conflamnce of L.ONW. 3nd =aiamic

-2

linee, Alignmertt onift 1o avoid irteveection
and wlieve \ovg (2inke) -&nﬂmt agaested .

¢ pollow old cerrtve line cut 2Paecavve heck to
mile 10%-pvovides vetiev sapproach 1o bill.

o Twnil to Viewpoirt at fivetowev.

2

o Nsirtain a6 majov landecape aveo. bLvoid
stvaigeTt ceat ROV, practice. Zelective catting
2nA cowvvilineay Alignmerit auggesred.

o Theve cadd e seepages ov <pvirge cine o bill
ard. pevehed nixeg). Feld check .

Q

o Hiking acces=yto emavpmertt viespoint.
\ncvease cAavwe to aving tangertt hack
2500 22000",

i

....OOO..OQJJ..O.‘.....J

r

& Critical mooee avea . Tvail developrment
SOkl Phy-p'\caﬂ)/ e et Srorvrobiles.

o Nohe: .
Poavviers 1N semitmic st vivey

shaerld be inestalled 1o preverst wirtes
Scvmobile. access o pime moose
habitart, Se=e defail (|,
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¢ Added canilinear tveatment breaks ap tangert
/Nie 107 o 1.

o Develop parokama Viewing pointe. Sslected c.learirg-

¢ Lomgtargent (H/niles). cuggest shiftingRON. east

looofo 2000¢est which ako mixes old, messoy
seavvey aat between Aile 100-10.

Old o aves, Develop viewws 1o viver Flocd plain,
Dossible dlay Lwe avea, emegercy shnelterd possible
corstction camp. Detail 1o.

Final geolechnical festing may @eatt in minor
mod ifications to Awid bedvock . Aile 107- 112,

e 0ele g 0o eoooeee

Foseible telective cleavirg to spen up snort view
betwveen /Aile i1t — 112,

Intevpretation @bin, hiking el

On orte awhaeolagial «anvey dnoud be done
at shveam crossing priov-to cleavirg,

Alignmertt should allow view 1o Liava River£loai
plain hiking accessto eacavpmerst.

o Helective p\av-rhng on oA gat b cevitve line

o Reauest on eite avz:hﬂaolaa'\ca\ ey
priov 1o cleaving

e Bormow pite shoald azcar east of RO N, 1
po%eible 1o presevve the vivev side.
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e TR Loamanines 2 5a™ IRecommendations

e Al 15nme.v71 dhould e adjusted to waximize
valley view. Cave riot 1o dietavk cveek bottorr.
Hydveology coneAltant vecommended
calVevts, Aeutheticn dictate congderatior
ofae bridge, coneidervirg the l[ength ard
heignt of fill vegaived.

* Nove Blignmertt oo - 500 teet.

1o SECTION REAAIREZ A GRESTER. DEAREE
OF CORVATARE: EANAVDTING THE LIARD
RIVER BANK.

_a : o Field auwvvey priov To and dunivy alcav—ins

® MO"'C/‘-
Exctvomely long monotoncus alignmert .
from mile 1lB- 128, bwcc,p\na,

cavrilinesr 5\i3nn'\or'ﬁ vEcoOMviey e .

® Aoving alignmert 1500~ 2000 foet Aavolde
edge & kaeg and possible- pewvso--?m«.-;\‘.

Q * Field cevvey priov to and daving clearing.
¢ Proponed slternate vecommended to
provide. velief. 2% 4°znves vecormmended .

o Cavvy covve approx. (Doofeet ovev:

E o Defail 4

o Viewpoirt developmerst- celective
Slesving. Pecommend axtending targert.

A +rom mile 127 - 1800 - 2ooo feat. Ana

intey b&c:-‘f"sﬂe “b‘ﬂngcm‘\' > mile 120,

Thie incveases carvatuve Snad aeetes

A move '\rﬂ'c.veer\-‘sna approach to the

Maskeq River Sose ng-

e Povvow pite ahould occuv east of
R-ONM, if Poy:'«bler\-o presevve vivevside




el

0 ]
zELe
LELe
ogLe
o
62Cle
o
@ ggle
o
o
o
g AV 0 5-
¢ ' K g
eal n
. v Apnig ||&

71



Factors

Sceric W WilAlHe Aeh/Hit. Engineev
ratwer ttential Co‘mman'ltlcb 6&0{& Catenia "
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X

N

¢ (obin. Prevertt access. No Developmertt.

¢ Regquest awhaeolgial Fisld sirvey priov
Yo cleaving,

-
3

e & ¢ 6 6 0 ¢ 06 ¢

® 0 0 0 ¢

®
—
\

o /Nnov alignmertt madifeation. bong bridge,
affovde views, sxesws 1o Flad phain,
emegerey facildies. bv/oid Astearbing vivev
bottom.  Hiking el on @scarprernit. See
Detail 9 Recommevdation.

o Imtemsection identificaton. Do rot claarcct.
Corwider lavge witereecton and eslective
ctrting o provide @yt lines,

. Re-\/ege'fa'i‘vn enaakA be aasistat with
phos provouss,
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Factors &)eveIOpment
T i Lomminives s totiva”? ||IRecommendations

XK PAOR UNAIT ON CONMNANTTY
REQUIRES DEABILED STUDY.

¢ Roposed majov velocation of axccens o
escarpmertt.  Relacation weild previde
an edviev gwade wrio Fort Liav, vedaces
Vsl diwtuviarce Yo the community and
fees lower avea for furuve devslopmertt

R.ON/L Would be. mairtained on glacial i)
ard avod poblems semaciated with a nigh

\atev table ard Flood plain sift, a8nd ard

'= a oHpprich. eloctne cuttivg cand factner
enhance Viewy. Hee detnil @
Frpave ecadee access aowecs the

Petiiot River 1o the primavy foveet area
weald e facilitated .
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*THE DUGNABNT WANPERY FROA TREED TO Low-
RELIEF AUSKEG THE OPPORANITY EXISTS
FOR SELECTWE cuTTiNg 10 BLEND THE
ENTRONCES ARD Ex\T& FROA TREED TO
NON-TREED OREAD. THI& AUST BE DONE
OM ATE DUrRiNG INITAL CLEARING &Y A
BLUABLIFIED LONDECOPE DRCHITECT.

30

" * Scveen erifences 1o old cerfre line coit.
Oelective catting conld open ap views.

Covvy cavve at Nle- 17265 to vove al iggmartt

to better soile and to provide gveater-
AV ATAE,
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THE DUGNABNT VONDER”? FRaA TREED T
LOW-REUEF ANASKEL- THE OPPORIUNITY EXWETS
FOR SELECTIVE CUTTING TO BLEND THE ENTRANCES
AND EXITS FROA TREED ANP NON-TREED
AREAS. THIS AUST BE PONE ON SITE
DARING INMAL CLEARING BY & GUABAFIESR
LONDLOApE  BRCHITECT

)

o & & & O

- Ale 146 velocates Wighway vesat sooofest 1o
provide oA bfier to Bove lake ‘o
protect histovical Fishery from ovevpee. Shorter
Stream valley cvoawing

~ Bridge over Brovie Lreek recornerdedFfov
protection of possble C(’bhev)/ C:cd(nﬁe’( Sspavning
Bveds inlied of thvee 120%Alvevts vecom
{ov hydve lo@y. Prevert access 1o lake tovie 10
protect domestic fishenies and av&haeolcg\cal
valyes.
~ Develop biking tvail o old vead wp Aex Horish
ascavprent o viewpoint Ard picnic aves.
Powivle prenistovic lcokout. Maﬂmlﬁw
volues pviov P deve lopment .

o
>

N
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UE TUE BUGNABNT WONDER: FRON TREED T
LOW - REUEE AULKLEL: THE OPPORTUNITY EX\ETS
FOR SELECTIVE CUTTING TO BLEND THE ENTRANCES
AND EXITE FROA TREED AND NON-TREED
AREAS, THIS AUST BE DONE ON SITE
DAARING INTIAL CLEARING BY A GUABUIFIED
LONDSGAPE ARCHITEST.

* Ale 146 velocates highway west Socofest To

provide WA taffer o Pove lake 1o
protect histovical Fishery fvom ovevuwe. Shocter
Stream valley cvoosi ng
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SECTION III

RECOMMENDATTIONS

Stemming from the previous two sections, it is possible to summar-

ize the recommendations as follows:

1 On a macro-scale the highway is favorably situated. On a
micro-scale, however, modification and rehabilitation is

required to satisfy all demands.

2 The highway is presently existing or has been pre-determined.
The least impact is based upon identification of sensitivit-

ies and planned development control to minimize impacts.

3 Adopt a management strategy reflecting multiple use of resour-
ces with minimum environmental deterioration, under the ethic

of preservation first, development second.

4 A development control corridor be established along the highway
bounded on the west by the Liard and Petitot rivers and on the
east by a buffer of approximately 2 miles (See Map 3.1). Land
use policies should be established in order to require prior
planning, approval, and permitting for multiple uses within the

management strategy for the corridor.

5 .Controlled use of the highway is considered the method by which
minimum impact will occur. Recreation persuits are considered
to be the use requiring control that must be specifically pro-
vided for in the public interest. Throughout the corridor, the
landscape is generally only interrupted by major stream cross-
ings. These have been chosen as recreation nodes, requiring
detailed development to control use. The logic behind these
choices 1s based upon the following:

unique breaks in the highway corridor
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water-based recreational activities, i.e. fishing
uncontrollable use of these areas, if undeveloped
ease of surveillance and ease of maintenance of a

limited number of specific locations.

The multiple use of these recreation nodes is also recommended.
They should provide emergency facilities for highway travell-
ers, particularly during winter conditions. The suggested site

at Mile 67 may also provide a temporary construction camp.

The following recreation nodes have been recommended.
Poplar River
Birch River
Blackstone River
Netla River
Mile 111
Muskeg River
The infrastructure of Fort Liard is expected to provide the major

service and recreational facility en-route.

The fisheries values at these locations are obvious. The crit-
ical spring migration normally occurs prior to the tourist sea-
son, and the sport fishing of these streams during that period
would be primarily limited to residents of the region. It
would be reasonable to expect licensing control over the fisher-

ies throughout this arca.

Wildlife values at the Blackstone and Netla River areas are
significant, These two points occur in what has been identi-
fied as primary moose winter habitat. It is felt that hunting
will occur in any event, and that facilities should be devel-
oped to allow ease of surveillance and enforcement.

Previous construction of a culvert crossing at the Poplar River
has gffgz%eg;a major impact on the fisheries of that streanm.

S LN S RO

The almost complete loss of migration capabilities past this
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crossing could have effectively reduced the fisheries within
the region by approximately 25%. Removal of the Poplar River
crossing and construction of a bridge are recommended, which,
hopefully, will enable the re-development of the fishery in

this stream. This, however, is likely to take many years.

Considering the loss of fishery at the Poplar River, bridges
are recommended at the Birch, Blackstone, Netla, Muskeg and
possibly Bovie Creek crossings, in order to not compromise

the fishery within the remainder of the region. With the
exceéption of the Bovie Creek crossing, bridges are recommended

by the hydrology consultant at these locations.

It is expected that these river valleys possibly form travel
routes for big game species and terrestrial fur-bearers. Con-
struction of bridges would enable maintenance of these routes

under the highway and thus, hopefully, reduce road kills.

Bridges at these locations are also incorporated into the rec-
reation nodes and provide a higher degree of aesthetics.
Bridges have traditionally attracted people, and fishing from

and beneath bridges is a typical recreational endeavour.

Within the recommended development control corridor, the vista
from the road has been indicated. This is intended to provide
guidance for on-site detailed right-of-way management with
regards to selective clearing within the constructed 30 miles
of the highway, and also within the cleared right-of-way
section to Mile 67. It is expected that selective clearing
will be required in order to alleviate strong parallel tree
edges. This, coupled with the planting of intrusions in the
treed edge, such as duff deposits, seismic lines, and borrow-
pits, is intended to improve the overall general aesthetic

of the highway. The degree to which this might be reasonably

! .
done must be determined on-site’in the field.
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The impact of access to Fort Liard is considered to be signi-
ficant. It is recommended that socio-economic studies be done

and detailed community planning be conducted.

A major revision is recommended to the access to Fort Liard,

as detailed within the report.

A major revision is recommended at the Blackstone River crossing

as detailed in the report.

A recommended point of intersection for future access to
Nahanni Butte has been indicated. It is considered that this
location potentially provides the least impact on wildlife.

However, this must be substantiated by further study.

From Mile 67 to the British Columbia border, the opportunity
for right-of-way management and curvilinear alignment exists.

A number of alignment shifts have been recommended, based
firstly on curvilinear concepts and, secondly, in certain cases,
upon seeking out better foundation conditions. The additional
road length is considered a reasonable investment towards imp-
roved highway aesthetics. Again, within this section of the
roadway, right-of-way management is possible, and it is recom-
mended that initial right-of-way clearing be done to a minimum
width (80 feet, plus or minus), and additional right-of-way
development be done on a selective clearing basis with a quali-
fied landscape architect in the field. Construction practices

should be maintained within the cleared right-of-way.

New borrow-pits should be established on the basis of detailed
plans noting access, tree buffers, depth, size and future rehabil-
itation. It is rccognized that certain of the better pits will

be required on a continuing basis for future maintenance. Thesc
should be provided with gates at the edge of the right-of-way

and the possibility of permanent maintenance camps would be best

predicated on association with these pits.

139
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Barriers for access to prime wildlife areas are recommended as

detailed within the report.

From Mile 67 to the British Columbia border, consideration
should be given to increasing the lengths of horizontal curves
to smooth the tangents into a flowing, curvilinear alignment

in accordance with the suggested alignment changes.

The profiles and vertical alignment of the highway have not
been studied. It is recommended, however, that cut and fills
be maintained at a minimum, and that cuts are more seQéféhéhén
fills due to the possibility of encountering permafrost at
gulley locations and the subsequent sloughing of slopes and
tree fringes. The natural undulations along this highway are
not severe and cut and fill should be minimized in order to
provide as much interest in the vertical alignmment for the
highway traveller as possible. This will compensate somewhat
for the lack of visual interest and the long tangential align-

ment within the first 67 miles.

Selective clearing should occur during early winter when the
ground is frozen and there is little snow cover so that vege-
tation can be sheared off at ground level with little distur-

bance to the vegetation mat.

Scheduling construction timing should respect certain critical,
natural cycles. Firstly, construction of bridge crossings
should not occur from spring break-up to the completion of fish
migration, late April to early July. From Mile 30 to Mile 67,
the highway traverses extensive wetland areas. Although the
inhabitants of these areas have endured one construction season
of right-of-way clearing and no evidence of impact is available,
further construction adjacent to these areas might be delayed
during the spring season (to mid-May) to protect the young of

the year.

o
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Construction practices at river bridge crossings must be care-

ful not to cause downstream siltation of spawning gravels.

Tt is expected that there will be an overall reduction in
wildlife resource harvesting by natives within the region
However, this could be substantially offset by sport hunting.
It is recommended that a moratorium on hunting for a period
of two years be instituted within the region (Excepting sub-
sistence hunting and trapping) to allow re-establishment of

wildlife.

It is recommended that the sport fishing season be limited
during the up-stream migration and that fishing at the Poplar
River be prohibited until completion of a bridge and recovery

of the fishery is determined.

In general, the access from the highway should be limited to
identified and controlled points. This necessitates screen
planting on seismic cuts, unused access roads, old centreline
cuts, borrow-pits, etc. This is a general condition from Mile
0 to Mile 67, but if care is taken during construction, this
should be avoided to a large extent over the remainder of the
highway.

It is recommended that a natural and historical interpretive

fo
program be developed along the highway.

The utilization of existing borrow areas for other uses does
not appear feasible due to the high water table which has
caused flooding of most pits. Large shallow borrow areas could
be considered for this purpose; however, the cost of reclama-
tilon appears to be greater than the cost of properly establi-

shing these facilities in other areas.

Consideration of future power distribution should not follow
the highway but should occur east of the highway development

control boundary along existing seismic lines.
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30

31

The environmental impact appears to be minimal for all raptors.
Few birds were spotted and no nesting areas were identified.
Should they exist, it is expected that they will relocate with

the possible maximum loss of one season's productivity.

The major potential impact on wildlife will be on the moose
population and this impact is not expected from the actual con-
struction, but from the users of the highway. Recommendations

have been made in this regard.

It is recommended that this consultant be allowed the opportun-

ity to comment on the final engineering design.
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APPEIDIX

WILDLIFE SURVEYS

In order to obtain information on the seasonal distributions and
movements of wildlife spccies, five survey flights were made over
the area surrounding the Liard Highway in 1974, supplemented by
observations made during the fish survey. Flights were made in
either Bell 206 Jet Ranger or Hughes 500 C helicopters on the 6th
and 7th of March, 24th and 25th April, and on the 16th of October.
The fish study enabled observations to be made between the 28th

of June and 2nd of July. At least two observers, in addition to
the pilot, were present on every flight. Survey flights were con-
ducted from 500 to 1,000 feet above the ground, and gave adequate
visibility for the existing ground cover. The flight path taken
during the surveys usually followed a zig-zag pattern over the
proposed highway route, because the purpose of the survey was to
determince distributions rather than to estimate population size,
Oscillations away from the highway route were usually made to three
miles on either side, but greater distances were travelled up the
major tributaries to the Liard River and on the MacKenzie Mountain

side of the river.

Sightings of wildlife species, their tracks, feeding and bedding
areas, and the general habitat types used, were recorded in a note-
book and plotted onto maps during the survey flights. For the pur-

poses of these surveys, threce general habitat types were recognized:

open - usually muskeg regions, but also including openings in mature

forest; semi-open - trees between 5 and 15 feet (approximately) in

height, including Brulc; and mature forest - dense stands of trees

estimated to be greater than 15 feet in height. These three types
were further modified according to the local landform and species
composition of the aborecal vegetation. Threc types of deciduous

trec species could generally be distinguished: Populus, Betula and
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Salix. These areas surveyed generally proved to be a rich mosaic

of the various habitat types.

Results

Map 1.3 shows the locations of wildlife sightings made during the

flight surveys.

Flights Made on the 6th and 7th of March, 1974

Moose:

During these survey flights a total of 125 moose were sighted in 63
observations. However, it was estimated that at lease 26 moose were
counted twice during separate flights over the same area. Therefore,
the maximum number of individual moose observed would be approximat-
ely 99. This is not to be taken as a population estimate for the
area, because of the nature of the present survey and the flight
path. Census flights require quite different flight paths and meth-

odology (Bergerud and Manuel, 1969).

No individuals with antlers were observed, and at the elevations
flown, sexes could not be distinguished. Aging was limited to recog-
nising calves (approximately 7 months of age), and, because a number
of lone animals were observed, the figure obtained for calves can
only represent a minimum relative count. Of the 99 moose counted,

13 were classified as calves. No reliable estimate of productivity
can be made from these data because: (a) sex ratios of moose have
been found to vary considerably between different areas and so an
estimate of the sex ratio could not be justified from the present

data, and (b) sexes could not be distinguished.

It is clear from the data shown on Map 1.3 that the majority of moose
were observed in the areas immediately adjacent to the Liard River
and on its mid-channel islands, or on the major tributaries and their

flood plains. The habitat types utilized by the moose during this
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forest; semi-open - trees between 5 and 15 feet (approximately) in
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tree species could generally be distinguished: Populus, Betula and
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Results
Map 1.3 shows the locations of wildlife sightings made during the

flight surveys,

Flights Made on the 6th and 7th of March, 1974

Moose:

During these survey flights a total of 125 moose were sighted in 63
observations. However, it was estimated that at lease 26 moose were
counted twice during separate flights over the same area. Therefore,
the maximum number of individual moose observed would be approximat-
ely 99. This is not to be taken as a population estimate for the
area, because of the nature of the present survey and the flight
path. Census flights require quite different flight paths and meth-

odology (Bergerud and Manuel, 1969).

No individuals with antlers were observed, and at the elevations
flown, sexes could not be distinguished. Aging was limited to recog-
nising calves (approximately 7 months of age), and, because a number
of lone animals were observed, the figure obtained for calves can
only represent a minimum relative count. Of the 99 moose counted,

13 were classified as calves. No reliable estimate of productivity
can be made from these data because: (a) sex ratios of moose have
been found to vary considerably between different areas and so an
estimate of the sex ratio could not be justified from the present

data, and (b) sexes could not be distinguished.

It is clear from the data shown on Map 1.3 that the majority of moose
were observed in the areas immediately adjacent to the Liard River
and on its mid-channel islands, or on the major tributaries and their

flood plains. The habitat types utilized by the moose during this
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late winter period are shown in Table M. These data show that the
moose were using primarily the semi-open areas, predominated by an
overstory of deciduous species. Observations of tracks, however,
also indicated that the moose were using the numerous cut-lines ad-
jacent to the cleared highway right-of-way, as well as the right-of-
way itself. Also, although some feeding activity was evident, the
nature of the tracks suggested that they were using these cleared
routes mainly for travelling between more favored feeding areas.
Similar travel trails were observed along creek and river beds cov-
ered by ice (including the Liard River), but in these regions browse
species were more frequent, as were signs or direct observations of
feeding activity. No major trails or migration patterns could be
detected, partly as a result of the short duration of this survey,
and also due to the presence of fresh snow which had fallen a few

days earlier.

The majority of signs and direct observations of feeding by moose,
indicate that during this period they were feeding primarily on the
deciduous species above the snow, but which did not exceed 15 feet

in height. All three types, Populus, Betula and Salix, appeared to

be eaten. However, two observations indicated that moose were for-
aging for food beneath the snow. Both of these observations were

made in open areas surrounded by mature forest.

Two landings were made during these survey flights, one on Big Island,
and one between Beaver Water Creek and the Liard River. At both sites
signs of moose activity were quite evident, showing that they were

browsing on Populus, Betula and Salix. Snow depths were similar at

each location, being approximately 30 to 36 inches deep, and consis-
ting of soft powder snow with no crusting except in the old tracks.
When these conditions occurred, Des Meules (1964) and Peek (1970)
found that the moose would move into the denser mature forested areas.
If snow conditions in the Liard River Valley were to change in a sim-

ilar fashion, it would be likely that they would not move far from
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TABLE M
Number of Moose Sighted in Each Habitat Type

in the Vicinity of the Proposed Fort Simpson/Fort Liard Highway

HABITAT TYPES

OPEN SEMI-OPEN MATURE
. . Riverine/ Mixed -
Muskeg Clearing in Is}and - Flood plain - Deciduocus/ Pgre Mixed Pgre
Mature Forest Deciduous . . Deciduous Coniferous
Deciduous Coniferous
Number of individuals observed 3 3 30 30 26 6 - -
(percentage) (3.0) (3.0) (30.3) (31.3) (26.3) ‘ﬁ6.l) - -,
— - —_— ~ - 4 R
(6.0) (87.9) (6.1}
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these riparian habitats as denser forested areas were invariably
adjacent to these semi-open areas. On non-riparian habitats, the
moose were usually to be found in old burn sites or Brule vegetation,
where there was ample evidence of regrowth of their favored browse
species. However, in many of these Brule sites, the criss-cross of
fallen burned timber of the previous forest cover could have impeded
their movements, and thus accounted for the relatively limited use

made of these otherwise favorable areas.

Wolf:

A pack of six wolves was sighted on an island in the Liard River,
opposite Mile 60 of the proposed highway. Their tracks showed that
they had been moving south along the snow covered ice of the Liard
River. Following our sighting of them, the pack moved onto the north
bank of the Liard River. The wolves were obviously disturbed by the
presence of the helicopter, and in their flight, it was quite evid-
ent that they encountered difficulty in running through the deep
powder snow. What appeared to be wolf tracks were also sighted on
the Liard River opposite to Sawmill Mountain. With the snow cond-
itions at this time, which appeared to hamper running by the wolves,
but did not appear to affect the moose, it is unlikely that any ser-
ious predation occurred on the moose. No signs of chases or kills

were observed during these flights.

No other sightings were made of animals except for several raven.
However, tracks of small mammals were quite evident throughout the
arca. These appeared to belong to hares and probably to foxes and
lynx. Signs of active trapping were also evident, particularly
around the Poplar River crossing, and around the settlements of

Fort Liard and Nahanni Butte.

Flights made on the 24th and 25th of April

The weather conditions during these flights were markedly different
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from those experienced during the March surveys, Temperatures
during the April surveys ranged between 18°f in the mornings to
40°f by midday. These temperatures were mild enough for a variety
of animals to be active, including butterflies (Mourning Cloaks),
mosquitoes, grasshoppers, spiders, and also chipmunks. Snow cover
varied from completely bare areas to depths of 24 inches, depending
upon location and exposure. Unlike the deep snow depths of March,
the snow was dense and often compacted, making travel on the ground
by the observers difficult. Sun-cupping of tracks made it imposs-
ible to determine their age or origin, especially those observed

from the air.

Moosc:

Only two moose were observed during this survey, an adult cow and
calf of the previous year. They were spotted in an open, old river-
ine area, between Bay Creek and the Liard River about three miles

to the south of Swan Point (see Map 1.3) opposite Mile 70.

As stated carlier, melting of the tracks in the snow made it diffi-
cult to judge their age. Tracks were observed throughout the survey
area, but were concentrated along the tributaries of the Liard River
and in open and semi-open areas containing favored browse species.
The freshest tracks were observed between the Netla and Blackstone
Rivers, along the Blackstone River, east of the Poplar River, and

upstream along the Netla River from the highway crossing.

1t was apparent that the moose were utilizing different areas than
in March. It appeared that they were much more dispersed and moving
up the tributaries on both sides of the Liard River. A flight 4

miles up the South Nahanni River also showed signs of moose activity.

During several landings it was possible to ob:serve the browse specics
upon which the moose had been feeding. It appeared that by ocular

methods the preference of browse species was in the following order



of preference:

Willow (Salix spp.)

Dogwood (Cornus stolonifera)

Aspen (Populus tremuloides)
Poplar (Populus balsamifera)
Alder (Alnus incana)

Paper birch (Betula papyrifera)

Among the willows, two growth forms were evident - a generally small
shrub type with numerous red or yellow shoots, frequently browsed by
the moose, and taller grey-colored willow with little available new
shoots and much dead material. The moose appeared to utilize the
small shrub growing willows quite heavily, particularly on the islands
and the distinction between this type and the taller grey-colored
willows was very evident at a landing on the Netla River area (see
Figure 0). It was evident from the light to moderate hedging on the
island willows that they may not have used these areas each winter
or only for relatively short periods, but before a definite state-
ment can be made, a more thorough study should be undertaken, inc-
luding several more surveys during the winter periods. The youth-
fullness of the deciduous growth on these islands, especially along
their edges, suggested subsequent regrowth following frequent destr-
uction by ice or flooding, or by the formation of new substrate by

deposition, or from a combination of these three factors.

Dogwoods were heavily used along the Blackstone River and showed
signs of severe hedging (see Figure 0). It appeared to be utilized
at other locations wherever it occurred, except in the immediate
vicinity of the Poplar River crossing. Young aspen and poplar were
also used by moose at most locations. Observations along the high-
way right-of-way at the Blackstone River crossing, indicated that
the moose had used these species as they encountered them on their
travels along the cleared way. They did not appear to have used

this cleared line in the Blackstone area for extensive feeding,
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by the moose were almost entirely composed of young growth, supports
the findings of Halter and Martin (1960) on winter habitat requirem-
ents of moose. Movement off the islands between the time of the
March survey and the April flights may have, in part, been stimulated
by thinning and breaking up of the river ice, together with tradition-

al scasonal migration patterns.

The Game Warden from Fort Simpson reported traditional fall movements
of the moose across the Liard River by its confluence with the Poplar
River in the late fall, and movements between Antoine Lake and Cli

Lakes well to the north of the Liard River.

If the observations of moose concentrations along the Liard River
during the March survey werc exceptional, and moose in this region
are generally more dispersed along the tributaries of the Liard, the
potential increase in hunting through increased access from the road,
would therefore modify the predictions made in the report of the
March survey. However, these comments would still be subject to any
other planned developments, such as mining or logging activity, for

the area and associated with the proposed highway.

Bear:

A single bear was observed on the banks of Flett C(reek behind Sawmill
Mountain. Unfortunately, due to circumstances, positive identifica-
tion of the species could not be made as the bear moved off into dense
timber. It is possible that the bear was not fully out of winter hib-
ernation and was responding to the mild weather at the time of the

survey.

Other information regarding bears comes from the Fort Liard and Fort
Simpson/Jean Marie River trapping records. Between 1965 and 1970,

63 bears were brought to Fort Liard and from Fort Simpson/Jean Marie
River 58 bears were returned. A decline (of unknown origin) occurred
in the latter returns only. The Game Officer from Fort Simpson reports

that bears arc often used as target practice by road travellers, and a
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number have been found with wounds apparently as the result of this

activity.

Wolf:

Tracks of wolves moving ecast along an old moose trail were found
during a landing at the Blackstone River crossing. The animals were
moving along the trail of the moose in the opposite direction, and

it is possible that they were using this trail as it afforded easier
travelling. The moose trail had resulted in a compaction and hard-

ening of the snow and the wolf tracks were not very deep.

Information provided by the Fort Simpson Game Officer showed that in
his area there is a bounty of $40 on wolves. This, he feels, is of
benefit to the wolves because the alternative is for he or his staff
to go and poison any wolf which causes problems with trap lines, and
this results not only in the killing of the problem animal, but also
of other wolves and many other species of wildlife. There are app-
roximately 20 to 22 requests for wolf bounties per year, and this
relatively small number may, in part, be the result of certain super-
stitions held by some of the local native peoples, especially those
living around the Trout Lake area. Fur records for 1965 to 1970
show 62 wolves returned at Fort Simpson/Jean Marie River, and 32

from Fort Liard.

Caribou:

The caribou are found on either side of the Liard river, around the
Trout Lake area and in the Martin Hills. No observations or signs

of this species were made during either the March or April surveys.

Birds:

Three sightings of waterfowl were made, and consisted of a pair and

a group of three mallards, and one pair of Harlequin ducks. All



seven birds were seen along the Blackstone River. In addition, a
third sighting of mallard was made, out of the study area, and also
14 Canada geese, all at the junction of the Liard and MacKenzie
Rivers. All sightings were of flying birds. Open water along the

tributaries and in the form of ponds was evident throughout the area.

Potential nesting sites for falcons and other birds of prey were
evident along the steep and high banks frequently seen along the
Liard River, and on the uplifted and tilted outcrop of rock to the
southwest of Nahanni Butte. Two buteos were sighted during the sur-
vey, an unidentified hawk, and what appeared to be a rough-legged

hawk in the vicinity of the Poplar River.

Flights made Between the 28th of June and the 2nd July

During the fish sampling study, it was possible to make observations

of wildlife on flights between sample locations.

Moose:

A total of five moose were sighted during this period. All but two
of these were adult bulls, with antlers in velvet. The other two
animals were an adult cow, accompanied by her calf of the year. All
male moose were alone, and all five individuals were observed either
along the upper ends of the tributaries of the Liard River or in or
by the ponds and lakes with abundant aquatic plant growth. At the
fish sampling locations, it was possible to observe that the fresh
signs of moose browing confirmed the observations of favoured species
made in the earlier surveys. The moose were well dispersed away

from the Liard River in contrast to the observations earlier in the
year. In some areas, particularly along the Muskeg and upper reaches
of the Netla Rivers, there were signs of severe hedging on willows,

dogwood, and rose.
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Birds:

A female goldeneye and 5 or 6 young were seen on a small tributary
of Rabbit Creek. Two male goldeneye and a number of mallard were
also observed in the lower Netla region, where the river is surr-

ounded by extensive ponds and marsh areas.

No other sightings of wildlife were made during this period, although
the observations of the helicopter pilot made throughout the summer
supported the observations of moose distributions made during this
period. Only one black bear was spotted at the D.P.W. field camp

at Bovie Lake. Other sightings of black bear were made by D.P.W,

field crews along the cut-lines to the west of Bovie Lake.

Flight made on the 16th October

Low cloud hampered observations during this flight, especially in the
area north of the Blackstone River. In this region, snow covered the
ground but appeared to be no more than 6 inches in depth. In the
southern area there was less snow, and around Bovie Lake the ground

was clear of snow.

Moose:

Two moose were observed during this flight. Roth were lone adult bulls.
Their antlers were clear of velvet in both observations. One male was
observed between thé Liard River and the highway right-of-way, opposite
Mile 43 in a semi-open area browsing on willow. The second was sigh-
ted approximately 4 miles east of the highway, opposite Mile 15, stand-
ing in a young Brule area with a heavy ground cover of cross-crossed

fallen timber.

Besides following the usual zig-zag flight path over the entire length
of the proposed highway route as far south as the British Columbia/
Northwest Territories border, flights were made into areas in which

moose had been during the summer. Recent signs and tracks of moose




were mainly found near the Liard River, suggesting that along with
the observations of the two males, the moose were moving back from
their summer areas towards the river. Relatively fresh signs and
tracks were seen in the area to the west of the highway route bet-
ween the Netla and Blackstone rivers. This area is designated as
the best class of winter habitat on the Atlas maps prepared by the
Canadian Wildlife Service (1973) and from the observations made
during 1974, this would lead to the conclusion that this area, along
with the islands of the Liard River, are of great significance for
the moose population in this region. Every effort should therefore
be made to ensure that minimal disturbance be made in these loca-
tions, especially if a feeder road is planned to link the settle-

ment of Nahanni Butte with the Liard Highway.

Fox:

A single fox was sighted in the marsh flats of the lower Netla River
area. Numerous other tracks of small mammals were seen throughout

the area where snow was present,

Birds:

Five snow geese were observed at the Poplar River crossing and app-
eared to have been resting on the water before being disturbed by
the appearance of the helicopter. Upstream along the Blackstone a
relatively small falcon, colored brown and slate grey, was observed,
but positive identification was not possible. A bald eagle was
sighted just east of the confluence of the South Nahanni River with

the Liard River.

No other sightings of wildlife were made during this flight, although
four observers, including the pilot, were present. Reports from the
Game OQOfficer at Fort Simpson indicated that moose on the north side
of the Liard River moved towards the Ram River in the spring and that
a salt lick along the Ram River was used by caribou in the fall. A
second lick in Deadman's Valley was known to be used by sheep and

caribou.
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APPEIDIX 2

January 22, 1974
Project 6311

Public Works Canada

Western Region

10th Floor, One Thornton Court
P. 0. Box 488

Edmonton, Alberta

ATTENTION: Mr. A. L. Perley, Manager
Western Road Program

Dear Mr. Perley:

RE: Environmental Impact Study -
Fort Simpson--Fort Liard Highway

This interim report is intended to provide the environmental considerations
necessary to resolve the physical crossing of the Poplar River. We have
attempted to be definitive in our conclusions and recommendations to
facilitate the final design by the agencies involved.

The final environmental impact report on the Fort Simpson--Fort Liard
Highway will incorporate this interim report.

Respectfully submitted

SYNERGY WEST LTD.

M. E. STmpsoll, P. Eng.
Project Diregtor
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AUTHORTZATION

This ‘report is prepared under Department of Public Works Contract
A13/74. The "terms of reference' specifically applicable to the
Poplar River are as follows:

- conduct environmental surveys and studies for the

primary purpose of assessing environmental impact

- advise concerning ways of remedying environmental

damage

- provide advice to bridge agencies on the design and

construction of bridges and approaches

- assess stream and river crossings in relation to

fish passage and impact on aquatic habitat

- advise on alternative fish passage structures

- suggest restoration of fish habitats damaged by

development activities.

THE PROBLEM

In 1971 two 18 foot diameter by 190 foot long metal culverts were
installed at the Poplar River crossing. A formal complaint was laid
"in July, 1972 by Environment Canada - Fisheries. Correspondence
dated November 2nd 1972 Environment Canada Fisheries by J.M. Millen,
Head, Environment Quality Section, Winnipeg, Manitoba states: 'My
conclusion is that the most feasible way to provide effective fish
passage at this site is to rebuild the crossing, providing a consid-
erably greater waterway. The Poplar River crossing as presently
installed is an unacceptable obstruction to the migration of‘a sign-

ificant fish population."

This complaint effectively stopped further construction and resulted

in this contract (A13/74). The problem was reinforced in report by
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Renewable Resources Consulting Services Limited in 1972, "Two cul-
verts in place on the Poplar River since 1971 are thought to present
a barrier to fish migration". fividence for this effect is presuma-
bly based on observations of large numbers of Arctic Grayling

(Thymallus arcticus) downstream from the culverts which were unable

to overcome the high water velocities in the culverts.

INVENTORY

The site was visited in the fall of 1973 by Synergy personnel. The
relationship and import of the Poplar River within the region was

determined and a detailed photographic assessment was made.

This report is based upon all known developed information relative
to the crossing. Development of new information and additional

inventory within the time constraints was impossible.

STREAM CHARACTERISTICS

These data were provided by Unies Limited in their report '"Hydrolog-
ical Study, Fort Simpson/Fort Liard Highway, Report on Air Photo

Assessment of Catchments December, 1973'.

Channel characteristics - braided, structure controlled, be ded,
1,000 feet wide flood plain, 250 feet normal width of flood channel,
150 feet width of stream, even profile, deeply incised valley, dis-
cordant tributary streams, light flood plain vegetation and no normal

flood channel vegetation.

Basin characteristics -~ lincar level type, drainage structure con-

trolled, dentritic.

No backwater from Liard due to very steep gradient. Incised channel
system, Cormack Lake outlet 50 feet wide meandering channel, not
incised. Lakes in northwest of basin poorly connected and may be

seasonal. Cormack Lake may have some winter flow.
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FLOW CHARACTERISTICS FROM UNIES LTD. JANUARY, 1974

Velocity Depth Flow Duration

Factor Frequency Mean Daily
Peak Flood (fps) (ft) (days)
(cfs)
snowmelt 50 year 22500 8.3 9.0 less than 1
snowmelt 30 year 19200 8.0 8.5 less than 1
rainfall 50 year 13500 7.3 7.5 2.6
rainfall 30 year 11500 7.1 7.1 4.5

Specific flows and water velocities at the times of observations are
not available.

TABLE 1

FISH BIOLOGY

Species

Several species of fish are known to be present in the Poplar River
during the open water period. The only available information on |
species composition and population sizes is contained in a series of
reports on the fish resources of the MacKenzie River Valley (Hatfield
et al, 1972; Stein et al, 1973; Dryden et al, 1973). Table 2 lists
species caught or observed in the Poplar River and Cormack Lake
during 1971. While the species listed are known to be present, there
several other species which must be considered potential inhabitants
of the Poplar River. Three species found in the nearby Birch River
which might also be found in the Poplar River are: Lake Chub, Slimy
Sculpin and Brook Stickleback. The Liard River contains Humpback
Whitefish, Broad Whitefish, Lake Cisco, Yellow Walleye, Flathead Chub

and other species, which may also be found in the Poplar.

The few fish collected in the Poplar are not sufficient to establish
percent species composition. Data are available, however, from coll-
ections made in the Fort Simpson area of the MacKenzie and Liard
Rivers during 1971 (Hatfield et al, 1972). Figure 1 illustrates the
percent species composition of fish caught by gill net. Northern

Pike and Humpback Whitefish dominated the catch throughout the
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sampling period with lesser numbers of Yellow Walleye, Flathead Chub,
Longnose Sucker, Arctic Grayiing, and White Sucker, as well as other
species. Until further information is available, it is not unreason-
able to assume the percent species composition of the Poplar resembles

that found in the Fort Simpson area.

Heavy silt loads in the Liard River require most fish species to
migrate to silt-free streams for spawning. The upstream spawning run
is usually followed by a downstream movement of spawned-out adults.
Adults of some species may remain in the tributary streams until just
before freeze-up when they move to deeper water along with young of
the year. Characteristic for several speciés likely to be found in

the Poplar River are given in Table 3.

FISH SPECIES CAUGHT OR OBSERVED IN THE POPLAR RIVER
DURING 1971 (from Dryden et al, 1973)

Location Date Species Number
Lower Poplar June 23 Northern Pike 1
Lower Poplar June 24 Burbot 1
Upper Poplar June 23 Northern Pike 2
Upper Poplar June 24 Longnose Sucker 3

Longnose Dace

Arctic Grayling 3
Trout-Perch 1
Cormack Lake August 25 Northern Pike 4
Longnose Sucker _ 4
White sucker 1

TABLE 2
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CHARACTERISTICS OF FISHES FROM THE POPLAR AND NEARBY RIVERS

Species Age at Length at Length at Time of Water Temp. Critical References
Maturity Maturity 0+ Year Spawn During Velocity
(years) {cm) {cm) Spawn (9C) {cm/sec)

Northern Pike 2-3 20-35 8.5 May-July 7-16 30 Hatfield et al 1972
Stein et al 1973
Jones 1973

Arctic Grayling 6-9 25-30 4.7 May-June 8-10 70 Hatfield et al 1972
McCart et al 1972
Jones 1973

Longnose Sucker 5-6 35 5.0 May-June 8-16 70 Hatfield et al 1972
Stein et al 1973
Jones 1973

Flathead Chub - - - - - 50 Jones 1973

Burbot 3-4 20-30 5.2 February 1.5 30 Hatfield et al 1972
Cahn 1936
Jones 1973

Longnose Dace 2 - - May 15 - Bartnik 1970

White Sucker - - - May-June 10 60 Geen et al 1966
Jones 1973
Hatfield et al 1972

Trout Perch - - 2.5 June 10 55 Hatfield et al 1972
Magnuson & Smith 1963
Jones 1973

TABLE 3




SWIMMING PERFORMANCE

A number of studies have been undertaken to assess the swimming per-
formance of various species of fish (Brett, 1964; Blaxter and
Dickson, 1959; Brett, 1967). It appears fish are capable of both
steady performance of indefinite duration as well as burst swimming
at speeds 3-4 times maximum sustained speed but lasting only 12-24
seconds. Bainbridge (1960) has indicated the maximum distance a
fish is able to travel in still water during burst swimming would
be in the range of 40M. Jones (1973) has noted the mean length

of culverts in use on the MacKenzie Highway is around 55M, with the
maximum near 100M, DiSpances such as these could not be traversed
by burst swimming, but are more likely to be covered by steady per-

formance near the maximum sustainable speed.

Jones (1973) has recently characterized the swimming performance of
fish species from the MacKenzie River area. Laboratory and field
studies were structured to give a measure of the maximum steady swim-
ming performance (critical velocity) which could be maintained for

10 minutes. Critical velocities for several fish species likely to
be found in the Poplar River are given in Table 3. Figure 2 illus-
trates the relationship between fork length and ability to move 100M
against water velocities of 0-80 cm/sec. in 10 minutes (Jones, 1973).
The curves can be used to establish maximum allowable water veloci-
ties for obstacles of various lengths where passage by fish is int-
ended. For examples, the Poplar River culverts which are 190 feet
\(59M) would allow passége for adult Grayling (25-30 cm) if water
velocities were 60 cm/sec. (1.9 feet/sec.) or less. Northern Pike
would require maximum water velocities of 30 cm/sec. (1.0 foot/sec.)
or less for passage. J.M. Millen stated "It is difficult to resolve
laboratory and field data on swimming performance, however, water
velocities of 5 feet/sec. appear to be rather high." He stated for
example that a few pike at Frog Creek were able to make it through

a culvert at 5 feet/sec. but were in a damaged condition. R.L. Dryden

(memo October 27th 1972) notes a clear span of 90 feet to 100 feet is
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required to allow migration. This is based upon flood criteria app-
roximately % that of the projection of Unies Limited. These water
velocities may seem unreasonably slow. However, water ol sufficient
velocity to block fish passage through a culvert, may not block pass-
age in a stream, due to the effect of the stream substrate. Fish
move from one dead water area to another behind natural objects in

the stream substrate (Renewable Resources, 1972).

Low water levels can also adversely affect swimming performance and

minimum depths of 3-5 inches have been recommended (Oregon State

Game Commission, 1971; Renewable Resources, 1972).

R. Scace (personal communication, 1974} notes present designs utili-
zing a seven day delay migration. McCart et.al (1972) note, however,
an almost spontaneous (within 24 hours) movement of grayling after
peak flood conditions. Renewable Resources Consulting Services Ltd.

(1972) state:

We feel that there are probably reasonable limits for
grayling moving upstream during the spring spawning mig-
ration. Because they are close to spawning and because
of the short duration of success. The maximum seven-

day delay period suggested in the Fisheries Service High-
way Guidelines (Anonymous, 1972) seems excessive and
might have serious consequences for populations in streams
where delays of this length were an annual occurrence.

SPAWNING AREAS

A general account of the Liard River and its tributaries is to be
found in a report by Hatfield et. al (1972). Generally, the high

silt load of the Liard makes it unsuitable as a spawning and nursery
area. A great diversity of fish species at the mouth of the Liard
indicates the river may serve as an important migratory route for
spawning fish. A comparison of the estimated potential spawning areas
available in the major tributaries of the lower Liard River surveyed

by Hatfield is shown in Table 4,

Between Fort Simpson and Nahanni Butte the five major tributaries of

the Liard have an estimated 2.2 million square yeards of potential
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spawning gravel (Table 4). Of this estimated total, nearly 1/3 is
in the Poplar River. The other tributaries have restrictions red-
ucing their potentials. It is therefore estimated that the Poplar
River represents approximately 50% of the potential for the lower

Liard River system.

From this data, one can see the Poplar River is a major potential
spawning area. Extensive pools with intermittent rapids indicate

excellent spawning areas.

EVALUATION

The data available allows only a very limited evaluation of the fish
resources of the Poplar River. Seven species of fish are known to
occur in the Poplar with at least 3 others likely to be found there.

The presence of immature Longnose Sucker, Longnose Dace, Arctic

Grayling, and Trout-Perch, indicate that these species and probably

others, utilize the Poplar as a spawning area.

The present river crossing has effected a barrier to migration for
two years. We believe that adult breeding stocks will be severely
damaged if the migration of 1974 is not permitted. J.M. Millen
stated in 1972: "We have now sustained these losses to one year
class of Grayling. If the obstruction is removed in the neit con-
struction season (1973), the Grayling.stocks will not be severely
damaged.'" The deterioration of breeding stock will accelerate
almost exponéntially this year and the next because the age of the
breeding stock will be 3 to 4 years and natural depletion will in-
crease. Millen also states: '"If plans are made to remove the ob-
struction within the next two years (1972 and 1974), we can take

specific measures to protect the breeding population".

The importance of the Poplar River necessitates that we do not place

undue restrictions on this potential spawning area.
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COMPARISON OF POTENTIAL SPAWNING AREAS
FOR MAJOR TRIBUTARIES OF THE LOWER LIARD RIVER
(from Hatfield et al, 1972)

Tributary Length Length Potential Comments
(mi.) Surveyed Spawning ‘
Gravel
(sq. yds.)
Poplar River 62 40 788,000
Birch River 37 37 63,000 Falls and beaver dams
present.
Matau River 51 51 nil No significant spawning
areas,
Blackstone River 60 60 1,162,000  Low water levels reduce

potential.

Grainger River 42 42 - 271,000 Beaver dams present.

TABLE 4

WILDLIFE BIOLOGY

Field data are very limited on mammal and waterfowl populations in
the vicinity of the Poplar River Crossing. It appears that the
Canadian Wildlife Service has not done specific studies in this
region (Dr. W. Stevens personal communication). Judging from the
limited information available in the Land Use Information Map Series,
the crossing does not significantly influence any major mammal or
waterfowl populations, per se. The major influence is probably

through increased access to hunters and trappers.

The area can be expected to have reasonably good moose populations.
The general habitat type appears to be muskeg, and should be fairly
uniformly productive for moose. The Poplar River is not extensively
braided and because of this, it would not have exceptional attrac-
tiveness for moose. What willows and other shrubs exist along the

river valley will be a preferred winter food source.

The muskrat-beaver association in the Poplar drainage basin is also

limited. According to the Land Use Information Map Series, trapping
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in this area is '"a relatively recent development and appears to be
largely a part-time activity of men employed on road construction

nearby",

The map further points out that, 'nmevertheless, the area is partic-
ularly well used during the spring beaver hunt, and there are indi-
cations that at least one trapper may begin operating on a regular
basis in the near future." To protect the beaver-muskrat association.
care should be taken to avoid stream siltation and artificial fluc-
tuations in water level. Since the crossing is in close proximity

to the confluence of the Poplar aiwd Liard Rivers, these consider-

ations are minor,

Given that the road is completed, the potential mammal and waterfowl
uses of the area will not be significantly altered by the type of

river crossing that is chosen.

The crossing will not affect any critical flora associations.

ARCHAEOQLOGICAL RESOURCES

There are no known prehistoric or historic restrictions on the pres-

ent crossing or its redevelopment.

RECREATION VALUE/AESTHETICS

We identify the Poplar River Crossing as a primary recreational node
along the highway. A number of factors predicate this choice, one

of significance is the sport fishing value. This value is considerced
greater for the Poplar than any other stream along the highway. The

proximity to Fort Simpson presupposes significant use by residents.

The visual characteristics of open channel structures are superior

to earth fill structures. The report was not intended to provide
detailed advice on this aspect. Final determination of the crossing
type would consider the aesthetics and will be the subject of further

work.
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CONCLUSTONS

1 The importance of the fisheries resource of the Poplar River
within the lower Liard River system is recognized. To pro-
tect and maintain this resource, the following criteria must
be considered in design of the river crossing
- removal of the present obstruction prior to spring
break-up 1974 to allow migration within the following
limits.

- a stream velocity of 2 fps for straight culverts

- a stream velocity of 5 fps or the natural velocity,
whichever is greater, when natural conditions are
assimilated

- a maximum 3 day delay in migration due to velocities
above recommended limits

- a minimum water depth of 5 inches or natural stream
conditions

- a study of the fisheries resource, specifically
spawning success after removal of the obstruction,
during the 1974 season and at lease one year after
construction

- construction affecting the river channel must bé
prevented from spring break-up to the completion
of upstream migration (approximately late April to

early July).

2 There are no restrictions due to fauna and flora

3 There are no archaeological restrictions

4 Sport fishing is considered to high a high recreation value
5 Aesthetics will be determined during the final design stage
6 The preferred crossing type is that which provides a natural

stream bottom (i.e. bridge). The second preference is a
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crossing type approaching natural conditions (i.e. multi-
plate arch; open bottom, submerged culverts with natural

bottoms). The least preferred is provision of artificial
means of fish-passage similar to recommendations made by

Renewable Resources Consulting Services Limited (1972) in
their "Preliminary Report, Culverts and Fish Passage

MacKenzie Highway Overview Study'.

The following recommendations apply to the actual construction

- excess fill materials should not be wasted to exist-
ing deposits (i.e. west bank) but should be placed
in old borrow-pits

- erosion control be placed in approach ditches to

control siltation ot bz,
Je

- to prevent erosion, existing river banks should

not be further cleared

- construction be curtailed during upstream migration

That consideration be given to removing the obstruction during
1974 to allow for further detailed study of the fisheries res-
ource of the Poplar River system and to verify this report and

that the solution be accomplished in 1975.



172

APPENDIX 3

Record of Visual Highway Inventory Trip, October 3rd 1973, Mile 0 to

Mile 30.6

Mile 0 is the junction of the MacKenzie Highway with the Liard High-

way.

The corners have been cut at this location, making a large

cleared area. This will require some study as far as identification

of highways and whether or not service facilities should be incor-

porated at this location.

Mile

Mile

Mile

Mile
Mile

Mile

Mile

Mile

Mile
Mile
Mile
Mile

+, Mile

Mile

0.3

0.7

1.0

1.4

1.7

1.9

2.1

2.2

2.3

2.6

3.2

4.0

4.6

4.8

Access road

Highways Maintenance Depot - why was this not incor-
porated with adjacent old construction camp ?

Simple road entrance does not appear to present a
problem.

Camp is basically screened from highway vision.

Access to old construction camp. Suggest this might
be required to service maintenance area. It would
also seem reasonable that this old camp area, which
is cleared, be incorporated into future extensions
for this maintenance depot. Astute signing for
identification of this location may be considered.

Borrow-pit on corner of highway that visually will
require attention.

Rough interceptor ditch - requires trimming and
planting.

Drainage ditches requiring work and clean-up.

Access to small borrow area. Screening of entrance
a problem,

Second access to small borrow area.

Seismic line - visual problems., Entrance screening
possible.

Small borrow pit. Common entrance problems.
Interceptor ditch - requires trimming and work.
Large double borrow-pit. Requires treatment for
stabilization and screening of entrances. Cannot

see any possible other use.

Very bad area - seismic running in two directions, /i
plus borrow-pit, all converging into a mess. :

Another interceptor requiring consideration.
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Mile

Mile

Mile

Mile

Mile

Mile

Mile

Mile

Mile

Mile

Mile

Mile
Mile
Mile
Mile
Mile
Mile

Mile

Mile

Mile

Mile

Mile
Mile
Mile
Mile
Mile

Mile

14.

14.

14.

15.

17.

17,

17.

17.

18,

18.

18.

19.

20.

20.

20.

20.

21.

21.

22,

22.

22,

22.

22,

22.

23,

23,

23.

Exposed borrow-pits, Typical entrance and stability

problems.

Seismic lines. Visual problems.

Bad borrow-pit, water. Creek drainage through 7 foot
culvert. Field interpretation required.

Borrow-pit plus culvert. Two entrances requiring

consideration.

Shallow borrow-pit. Entrance problems.

Shallow borrow-pit, exposed to road,
Visual considerations.

Very bad.

Seismic lines - could soften by selective cutting on
hump, 300 feet in from roadway. Field design.

Interceptor - long and straight. Possible interruption

required.

Seismic lines - visual problems again,.

Borrow-pit - big. Bad entrance problem to entrances.

o4

Borrow-pit with water. Entrance and stability consid-

erations.

Duff deposit - major deposit area.
Duff deposit and drainage channel.
Duff deposit loop - two entrances.
Seismic - visual entrances.

Side cuts - duff deposits.

Borrow pit. Typical probleﬁs.

01d seismic line or centreline cut.
ation.

Field interpret-

Major gravel pit at Poplar River. This may be inco-
rporated into Poplar River Development.

Poplar River - existing construction camp. Small air-
field. Access approximately three miles to Liard River.
This entire area requires a detailed field analysis to

determine potential and future uses.

It is one of three

accessible river crossings. Has breaks in a relatively

flat channelized highway.

Bad disposal site. Exposed to view of the Poplar River.

Field considerations required.
Culvert with ditch blocks.

Soil disposal area. Duff disposal.
Culvert with ditch blocks.

Duff deposit.

Borrow-pit - shallow - water filled.

Culvert with ditch blocks.

Seismic line.

Entrance problems.
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Borrow-pit. Typical entrance problems to access.

Seismic both ways. Selective cutting could improve
view to mountians. Close off east extension - small

side cut and culvert - re-hab. required.
Small pit.

Duff deposit.

Interceptor - needs work and trimming.

Seismic lines - borrow pit. Bad aspect. Site evalu-
ation required.

Interceptor - requires trimming.

Culvert. Looks like possible interceptor required.

Borrow-pit - full of water. Two access problems.
Duff deposit.
Interceptor.

Seismic interceptor. Side cut for duff deposit or
seismic requires clean-up, visual interruption, etc.

Culvert and interceptor to river bank. %guld consider
river bank erosion problem.

Interceptor to river bank. Check erosion.

Interceptor to river bank requires clean-up. Check
bank erosion.

Borrow-pit. Check access to river. Natural drainage
channel shows recent severe erosion. May not be

this area.

The natural interceptor draining into the above borrow
area should be changed, due to possible bank instabil-
ities.

Interceptor ditch to river bank.

Borrow-pit. Possible view to river. Should consider
other uses.

Seismic line and corner. Visual interruption required.
Interceptor partly developed. Should plan in field.

Road - is this required ? Can it be removed and
blocked off ?

Probable culvert and interceptor should meander in
and to the left,

End of developed roadway.
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