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INTRODUCTION

This repcrt describes the results
mental comparison of the Alaska Highway and
line routes for the movement of Alaskan gas

Yukon and Northwest Territories. It covers

of an environ-
Arctic Gas pipe-
through the

the human, bio-

logical, and physical environments along both routes.

To properly analyze the main alternatives so that

a complete comparison could be made, we would need to have

had the fcllowing data.

- The date when Delta gas is needed
by Canada.

(not just wanted)

- The amount of gas in the Mackenzie Delta sedimentary
basin that Canada can and will ‘allow to be removed.

- The method by which offshore gas can be brought
to sheore in the vicinity of the Mackenzie Delta,

and the location where this 1s to

be permitted.

- Environmental data (including data on the human
environment) for: the Dempster Highway route, both

the Arctic Gas and Alaska Highway
and B.C. to a point where the two
the Yukon-Tintina Trench route to
the Yukon-Tintina Trench route to

routes in Alberta
routes converge,
Watson Lake, and
Whitehorse.

- Environmental data (including data on the human
environment) for the Alaskan sections of both the
Arctic Gas and Alaska Highway routes.

- Canada's long-range plans for providing for
future generations of Canadians in terms of
hydrocarbons, wilderness, and preservation of
the cultural heritage of its native peoples.

This information is not availabe to us and probably

not availakle to anyone; so i1f the pipeline

decision 1s to

be made this summer, it will have to be made without this

information.






of biases will be able to insert their own figures in the
tables and come up with their own comparison.

In the northen portion of their route, Arctic Gas
proposed a Circum~Delta route and a Cross-Delta route.
Although CAGPL preferred the Cross-Delta route we have not
considered it because we found it unacceptable. Mr. Justice
Berger, by recommending bird and whale sanctuaries in areas
crossed by the route, in effect also fouqd it unacceptable.
Of course he did not recommend a route across the northern
Yukon, sc¢ he did not differentiate between the Circum-Delta
and the Cross-bDelta routes. For the purpose of this com-
parison, we have used the Circum-Delta route.

We must again stress that the actual amount of en-
vironmental impact that takes place if the project goes
ahead depends con the quality and extent of administrative
control that is exercised by the permittee and the govern-
ment. Controls would ccnsist of codes, regulations, site-
specific restrictions, training and information programs,
planning bodies and enforcement officers. This repcrt
assumes the same degree of contrecl for each project. In a
few instances, the risk of not achieving that degree of
control is greater for one project than for the other. 1In
such a case, the comparison c¢f routes would reilect this
risk.

The appendix to this report contains the back-
ground documentation and analysis of the human, biological
and physical environmental features of both routes upcon

which we relied in making our judgements.



PROJECT DESCRIPTION

Alaska Highway Route:

The proposed routing of the Alaska Highway pipe-
line (Fig. 1} would generally follow the existing Alyeska
cil pipeline and associated haul road scuth from Prudhoe Bay
to Fairbanks. From there, 1t would generally follow the
Alaska Highway across southeastern Alaska and the socuthern
Yukon, across northeastern British Columbia, and south along
western Alberta to a point near Calgary where it would
divide in two. One line would cross southeastern Alberta
and southwestern Saskatchewan, entering the United States
near Monchy, Saskatchewan; and the other line would cross
southeastern British Columbia, entering the United States
near Kingsgate, B.C. Total pipeline length would be about
2754 mi, of which 731 mi would be in Alaska, 513 mi in the
Yukon, and 1510 mi in British Columbia, Alberta and
Saskatchewan.

Throughout its length, the pipeline will be buried
except where abdve—ground pipe enters compressor and meter
station buildings. Right-~of-~way width will be about 120 ft.
Gas temperatures will be below 0°¢ along all of the pipeline
across Alaské but only the northernmost 40 mi in the Yukon
will be chilled. South of this, gas temperatures will
generaily be 20 to 30°cC. Pipeline diameter will be 48 in.

in the Yukon.






Clearing of the right-of-way will be carried out
year-round. Laying of pipe along the Yukon segment will be
done in winter for the northern 110 mi and in summer for the
remaining 400 mi. Stockpile sites for pipe, fuel, and other
construction materials and equipment will occupy areas
varying from 6 to 20 acres and would be located at 30- to
50-mi intervals. Construction camps for about 800 personnel
are generally proposed at alternate stockpile sites.
Preconstruction and construction activities are scheduled to
take about 4 years in total.

Initially, 30 compressor stations would be re-
guired, roughly at 75-mi intervals to transmit about 2500
million ft3 of gas each day along the entire pipeline. Of
these, seven stations would be in the Yukon. Each station
would cover about 10 acres. If the amount of gas trans-
ported is increased to 3400 million ft3, a teoctal of 60
compressor stations at 40-mi intervals would be required, 13
of them in the Yukon.

Work force requirements during construction would,
according to Foothills, peak at about 2300 personnel per
year in the Yukon. Once the pipeline is built, about 190

personnel would be needed to maintain and cperate it.
Arctic Gas Route:

The routing of the Arctic Gas pipeline we selected

for study (Fig. 1) would generally follow the arctic coast









size. A&All stations in the Yukon and along the west side of
the Mackenzie Delta would have airstrips, mostly about 100
acres in size but one covering 300 acres,

Work force requirements would peak at about 5000
personnel in the Yukon and Northwest Territories. Once the
pipeline is built, about 225 personnel would be needed to

operate and maintain it.

10



APPROACH

Although a great deal of environmental information
has been collected by pipeline groups and the government in
the last seven yvears, the information is not in a form that
lends itself to ready comparison of alternate routes. What
is needed now 1s to compare the data available, and where
data are unavailable make subjective judgements. To make
these subiective judgements an interdisciplinary team
approach is preferable.

OQur approach has been to have a study team analyze
environmental parameters and then subject their analysis to
the Panel's review as a group. For those parameters on
which there were no data available, the Panel members ex-
pressed their collective opinions and have indicated them as
purely subjective opinions.

The steps through which the studies progressed

were as follows:

1) Selection of key environmental parameters.

2) Assignment of Relative Importance Weights to
the selected parameters.

3) Determination of a Relative Preference rating
for each parameter along both routes.

4) Explanation of the route preference for each

parameter and a numerical summation of this
as a Weighted Preference.

The details of these steps are shown in the

Appendix under the heading "Introduction and Approach".
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environment;:; and 206 to the physical envircnment. The 206
points for the physical environment were then divided among
its components: land (99}, water (84), and air (23). The
99 points for land were in turn divided among the land
parameters: permafrost (47), erosion (37), and slope in-
stability (15). Similarly, the Relative Importance Weights
for the biological and human categories were divided ameng
their components and parameters.

although these rankings were established by pro-
fessionals based on selected criteria, they are value judge-
ments. Reviewers of the comparison may wish to folloﬁ the
ranking procedures cutlined in the appendixz and establish
their own set of importance rankings.

Following the selection and weighting of environ-
mental parameters, the major potential impacts on the para-
meters along each route were identified. The routes were
then compared, parameter by parameter, and a Relative
Preference rating was determined for each parameter. The
rating was expressed on a scale from 1 to 5, with the pre-
ferred route receiving a "5" and the other route an equal or
lesser rating depending on: {l) regional severity of
potential impacts (including duration, magnitude, proba-
bility and timing), (2) number and nature of site-specific
impacts, (3) the ability of controls and mitigative measures
to reduce potential impacts, and (4) the magnitude of the
difference between the impacts on each route.

It may seem lnconsistent not to use a 5:0 ratio

in cases where a parameter 1s not present along one route
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but present along the other. The reason we did not use a
5:0 ratio is that it unfairly magnifies the difference
between the routes in most cases. Although a 5:0 ratie
might be appropriate when addressing barren-ground caribou,
it does not seem appropriate in the case of polar bears,
arctic fox, and salmon. (For example, a ratio of 5:4 in
favor of the Alaska Highway is a fair prefence ratio for
arctic fox -- even though the species is absent from the
Alaska Highway route -- because the Arctic Gas route is not
likely to have long-term effects on the species.}) We are
aware of the apparent inconsistency of the system, but
consider it justified for the purposes ©¢f this comparison.

The Relative Importance Weights and the Relative
Preference ratings were then combined into a Weighted Pre-
ference rating for each parameter. The Weighted Preference
rating adjusts the preference rating of the parameter,
taking into account its importance in relation to the other
parameters.

Several peoints apply to the Weighted Preference
ratings. First, the ratings reflect what, in our profes-
sional judgement based on available information and the
above criteria, is the best route in terms of each of the
selected parameters. Second, the ratings reflect relative

preference, not relative impact; consequently, high ratings

should not be construed to mean acceptability of potential
impact or an endorsement of any route. And third, the
ratings do not take into account that when the Canadian

Government makes a decision on a gas pipeline a key problem



will still remain: that of developing a set of controls and
mitigative measures together with an organizational mechan=-

ism to ensure that the impacts of the project are held to an

acceptable level.
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PHYSICAL. ENVIRONMENT

Changes to the physical environment will result
from construction and operaticn of a northern gas pipeline.
These changes can bhe identified and used as a basis for
comparing the potential impacts of alternate pipeline routes
on their respective physical environments.

In the following comparison, changes to the phy-
gical environment were dealt with in terms of three major
components: land, water, and air. The components in turn
were divided intc nine parameters: for land - permafrost,
erosion, and slope stabkility: for water - sedimentation,
water guality, groundwater regime, and surface water regime;
and for air - air guality and microclimate. Both projects
were examined from the point of view of each of these
parameters and a preference rating was determined after
reviewing them in the light of several factors: the amount
of the physical environment likely to be affected, the
number and severity of site-specific problems, and the
difficulty of establishing and enforcing effective controls
and mitigative measures. Several cther factors which would
affect preference were also briefly considered: seismic
risk, frost heave, climatic influence on constructiocon, and
winter rocads.

The ratings show that the Alaska Highway route is

strongly preferred over the Arctic Gas route.
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half the length of slopes which may significantly affect
erosion potential as the Alaska Highway route. To the
extent that a chilled pipeline influences ercsion through
ponding and channelization of runoff, the Alaska Highway
route is preferred because of 1ts much shorter length of
chilled gas transmission. Rainfall intensity, a significant
factor in erosion, is similar for both routes and no pre-
ference can be distinguished, although it is acknowledged
that the ground will be snow free and unfrozen for a greater
time pericd annually on the Alaska Highway route.

The preference of the Alaska Highway route in
terms of potential for erosicn resulted from compariscn of
the project descriptions and physical factors that influence
erosion. As with thaw settlement, however, we recognize the
risks of dependence on snow-reoad construction on the arctic
coast. If massive disturbance were to be.experienced in the
northern Yukon, ercsion resulting from such disturbance
would outweigh all other considerations affecting erosion.

In view of these considerations, the Alaska High=-
way route is preferred (5:2) in terms of erosion potential.

Slope stability in unfrozen ground will not be

significantly affected by pipeline construction and opera-
tion, although it is acknowledged that potential landslide
areas exist and must be investigated fully before final

route selection, particularly on the Alaska Highway route.

Slope instability has, therefore, been compared mainly on
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sensitive wildlife regions which could be catastrophically
affected by major spills of toxic materials.

Thermal pollution due to disposal of heated test-
ing fluids, and leachate from landfills are other sources of
change to water quality; but no preference can be made
between routes on their account. The Alaska Highway route
is preferred in terms of potential adverse effects on water
quality due to accildental spills of methanol.

In studies of both the Arctic Gas and Alaska
Highway routes, results indicate that impairment of water .
quality from pipeline construction is not very significant.
Most significance stems from the fact that it is the habitat
of fish. However, discussicns of problems on the Alyeska
pipeline with the Alaska Joint Fish and Wildlife Advisory
Team on the Alveska Project lead us to believe that perhaps
evidence given in Canada underplays adverse affects at river
crossings and perhaps our Relative Preference rating should
be higher. If this is the case, greater preference would
result for the Alaska Highway route because of the fewer
streams crossed. Overall, the Alaska Highway route is
preferred (5:2) with respect to water quality.

Changes to the surface water regime on the pipe-

line projects comprise channel shifting brought about by
river or stream crossings, formation of icings induced by
gas transmission at temperatures below OOC, diversion of
surface drainage resulting from thaw settlement of perma=-
frost, and alterations in regime initiated by borrow pit

operations in river floodplains.

2O





















QOthers Factors Affecting Preference

The physical envirconment is somewhat unigue in
that a pipeline project not only may cause changes to land,
water and air, but environmental processes may occur which
may create hazards to the integrity of the pipeline itself
or hinder construction. Such hazards, if they do ¢ccur, can
have serious implications for other components ¢f the en-
vironment. These hazards must be addressed in any coﬁ—
parison of routes.

Seismic risk along the proposed Alaska Highway

pipeline is significant. The entire route (513 miles)
within the Yukon is in moderate-to-major-damage seismic
zoning compared to only 40 percent (393 miles) of the Arctic
Gas route. Moreover, the Alaska Highway pipeline will cross
terrain susceptible to liguefaction and slope failure during
a severe earthguake. ©8uch conditions will not be encoun-—
tered along the Arctic Gas route as soils within the high
seismic risk zone are probably frozen. Although the en-
vircnmental implications of a seismic-induced gas pipeline
rupture are not necessarily severe, seismic considerations
clearly favor the Arctic Gas route by 5:2. Special pipeline
design can overcome the hazards posed by seismigity, al-
though at considerable additional cost and environmental
change (for example, the implications of an above-ground
pipeline).

Chilled gas transmission proposed for the Arctic

Gas route to contreol thaw settlement is not without problems
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Table 8. Physical environment comparison summary.

Relative Preference Weighted Preference

Relative
Importance Alaska Arctic Alaska Arctic
Weighting Highway Gas HEighway Gas
LAND COMPONENT
Permafrost 47 5 1 235 47
Erosion 37 5 2 185 74
Slope stability 15 5 5 75 75
Total a9 495 196
Preference ratio 2.5 1.0
WATER COMPONENT
Sadimentation 30 5 3 150 90
Water quality 30 5 2 150 60
Groundwater
regime 16 5 5 80 80
Surface water
regime 3 5 2 40 16
Total 84 420 246
Preference ratio 1.7 1.0
AIR COMPONENT
Air quality 12 5 4 60 48
Microclimate 11 5 2 55 22
Tctal , 23 115 70
Preference ratio 1.6 1.0
PHYSICAL ENVIRCONMENT
Total 1030 512
Preference ratio 2.0 1.0
OTHER FACTORS
Seismic risk 2 5
Frost heave 5 1
Climatic influence
on construction 5 3
Winter roads 5 2
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Mammals

Mammals were considered to be the most important
component of the biclogical environment for the purposes of
this comparison. The comparison included an analysis of the
potential effects on the following mammal species, listed in
decreasing order of relative importance: barren-~ground
caribou, Dall's sheep, grizzly bear, polar bear, woodland
caribou, moose, wolverine, gray wolf, arctic fox, and
aguatic furbearers. These species are expected to suffer
direct habitat loss and direct and indirect mortality, to
evacuate habitat as a result of disturbance, and toc undergo
behavioral modifications as a result of construction acti-
vities. Habitat evacuation during construction could have
long-term implications for local populations of species such
as Dall's sheep. Compressor station operation and inspection
and maintenance activities in critical areas are the major
anticipated long-term problems. A comparison based on these
mammals indicates a preference for the Alaska Highway
route, primarily because of potential long-term implica-
tions for the barren-ground caribou herd.

Barren-ground caribou do not occur along the

Alaska Highway route in the Yukon. Construction-related
activities and, in particular, aircraft traffic on the Yukoen
coast could disturb traditional caribou movements, interfere
with usage of traditional calving areas, or disrupt caribou
behavior and social structures during calving and post-

calving aggregation. Effects of anticipated increases in
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hunting pressure and direct mortality on long-term popula-
tion trends of the herd are unknown but potentially serious.
Disturbance due to construction in caribou winter range as
well as compressor station operation is expected to be
mincr. Long-term impacts on the Porcupine caribou herd will
ultimately depend on the effectiveness and‘enforcement of
mitigative measures and controls. If these are noct com-
pletely effective the Arctic Gas project, and subseguent
developments stimulated by it, could pose a considerable
threat to the survival of the herd. For this reason, the
Alaska Highway route is substantially preferred by a ratio of
5:1, based on potential effects on barren—-ground caribou.

The only Dall's sheep population adjacent to the

Arctic Gas route is the population of 400-~600 éheep on Mount
Goodenough. BAnother small population coccurs along the Firth
River about 15 miles south of the proposed route. Proposed
borrow operations near Mount Goodenough could seriously
disturb any sheep utilizing nearby slopes, although the
extent to which these areas are critical sheep ranges is
unknown. There is little potential for disturbance from
other sources during construction cor operation along the 25
miles of route adjacent to sheep range. In comparison, the
Alaska Highway, route has the potential to disturb sheep
populations in several areas along the approximately 250
miles of range paralleled by this route. Several thousand
sheep may use this range and could be within 5 miles of the
project at different times of the year. The operation of

three compressor stations and the new access through the
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Ibex River valley could have long-term effects on Dall's
sheep. Although the Alaska Highway pipeline generally
follows an existing transportation corridor and many pro-
blems can be eliminated or reduced by proper construction
scheduling, effective controls, and facility and route
relocations, the greater potential impact con this route
makes the Arctic Gas route preferred by a ratio of 5:2.

The Alaska Highway route is considered slightly
preferakle (5:4) insofar as potential effects on grizzly
bears are concerned. Major destruction of denning areas is
unlikely on either route. Summer construction on the Alaska
Highway route increases the potential for bear problems in
camps; however, this problem should be lessened by the
generally low grizzly bear population adjacent to the pro-
posed route. Furthermore it can be greatly reduced by
fencing camps and burning garbage. Winter construction on
the Arctic Gas route, if it proves feasible, considerably
reduces the potential for construction-related disturbance.
Potential for harassment of bears by aircraft is greater on
this route during summer. Although bear populations in the
southern Yukon are reduced, effective management is con-
sidered more feasible here than in the northern Yukon. This
is particularly relevant as the barren-ground grizzly (which
is the form éccurring on the Yukon coast) is considered
endangered.

Polar bears do not occur along the Alaska Highway

route in the Yukon but small numbers are found along the

Yukon coast in winter. The Yukon coast is not a "core"
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denning area, but it may be of some importance to a rela-
tively discrete Beaufort Sea population. Polar bears can be
expected to investigate winter construction sites if garbage
is available. The influx of highly-paid construction work-
ers may increase the demand for hides. Conflicts with
denning female bears are considered unlikely. Because bear
populations are small and reproductive potential low, any
increase in‘bear mortality is important to long-term popu-
lation trends, making the Alaska Highway route slightly
preferred by a ratio of 5:4.

The Alaska Highway is also slightly preferred

{5:4) with reference tc woodland caribou. 3about 100 and 700

miles of woodland caribou range are crossed by the Alaska
Highway and Arctic Gas routes, respectively. Summer con-
struction on the Alaska Highway project will minimize dis-
turbance during critical periods, whereas some disturbance
by Arctic Gas construction during winter is highly likely.
Although woodland caribou populations in the southern Yukon
are smaller than along the Arctic Gas route, more informa-
tion is available on their distribution and management may
be easier here.

Moose occupy most wetland areas along both routes,
and occur in low densities on the Yukon ceoast. Summer con-
struction on the Alaska Highway route will cause little dis-—
turbance toc mocse peopulations and, barring major forest
fires, only minor habitat destruction is anticipated.

Arctic Gas winter construction is expected to disturb small
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numbers of moose wintering along the Mackenzie River.
Temporary interruptions of seasonal mocvements in these areas
could occur during trenching and pipelaying. Some miti-
gaticn is pocssible by route changes but not by timing within
the present construction schedule. The Alaska Highway route
is, therefore, slightly preferred by a ratio cf 5:4.

The Alaska Highway route is slightly preferable,

at 5:4, with reference tc gray woclves, although neither

route is preferable with respect tc wclverines. Effects on

denning areas will be minor cn bcth rcoutes for both species.
Increased demands for fur of bhoth species are expected along
each route. Summer construction and low regional wolf and
wolverine populations decrease the likelihocod cf problems
with these species at camps along the Alaska Highway route.
The oppcsite situation will increase poctential for these
conflicts on the Arctic Gas route. In addition, construc-
tion activities in the relatively undisturbed habitat
traversed by the Arctic Gas route will duplicate conditicns
that caused major problems with wolves during ccnstruction
of the Alyeska pipeline ncrth of the Yukcn River.

Arctic foxes occur only on the Arctic Gas route

along the Yukon ccoast. Although several denning areas exist
on the Yukcn ccast, none are known to be in close proximity
tc the proposed right-of-way. Furthermcre, mcost such sites
can be readily identified and avoided. Foxes attracted to
camps increase the potential for human expcsure toc rabies.
Long-term effects of aircraft and constructicn-related

disturbance or increased trapping near camps are not ex-
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pected. Because no long-term effects on arctic fox popula-
tions are expected, the Alaska Highway route is only slight-
ly preferred with a ratio of 5:4.

In general, loss of aquatic furbearer habitat

resulting from increased siltation and fuel spills during
construction will be less extensive and shorter-term on the
Alaska Highway route compared to the Arctic Gas route. The
wider distribution of ice-rich soils increases the potential
for serious siltation problems on the Arctic Gas route. The
potential for major fuel spills on the Arctic Gas route is
also considerably greater because of the location of stock-
pile sites and the use of barge transportation. Fall and
winter modification of water levels in small streams and
lakes will be potentially greater on the Arctic Gas route
because of winter construction and possible in-stream gravel
removal. Operation of the chilled pipeline could cause
disruption of surface drainage over much greater distances
on the Arctic Gas route. The larger number and severity of
potential problems on the Arctic Gas route, therefore, makes
the Alaska Highway route preferred by a ratio of 5:3 insofar
as potential effects on aquatic furbearers are concerned.
The overall comparison of the Alaska Highway and
Arctic Gas routes for the mammal component is summarized in

the following table.
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Table 9. Mammal component of the biological environment
comparison summary.

Relative Preference Welghted Preference

Relative
Impeortance Alaska Arctic Alaska Arctic
Weighting Highway Gas Highway Gas
MAMMAL COMPONENT
Barren—-ground
caribou 39 5 1 185 39
Dall's sheep 25 2 5 50 125
Grizzly bear 20 5 4 100 80
Polar bear 18 5 4 90 72
Woodland caribou 13 5 4 65 52
Moose 8 5 4 40 32
Wolverine 7 5 5 35 35
Wolf 7 5 4 35 28
Arctic fox 3 5 4 15 12
Aquatic furbearers 2 5 3 10 6
142 635 481
Preference Ratio 1.3 1.0

Considering these mammalian species as a group, we
believe that the Alaska Highway project will cause less
unmitigable impact to mammalian populations than the Arctic
Gas project. The Alaska Highway route is therefore pre-
ferred. For 8 of the 10 parameters reviewed the relative
preferences for one route or the other are not substantial.
We helieve that there is a potential for serious effects on
only two species as a result of these projects: barren-
ground caribou and Dall's sheep. The basic decision for a
preferred route, therefore, rests primarily on the indivi-

dual route preferences for these two species.
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Birds

The bird component was considered about 90 percent
as important as the mammalian component for the purposes of
this comparison. Thirteen species, or groups of species,
were included in the comparison: peregrine falcon, gyr-
falcon, snow goose, trumpeter swan, whistling swan, golden
eagle, bald eagle, white-fronted goose, brant, diving ducks,
sandhill crane, Canada goose, and dabbling ducks.

The major potential project-related effects on
bird populations include physical destruction of habitat,
habitat degradation as a result of disturbance or pollution,
and disruption of critical life history activities such as
migration, staging or nesting. Improperly scheduled con-
struction activities could have an acute short-term effect
on some species and intense disturbance of some critical
areas could have long-term population implications. Direct
habitat loss is, except for a few critical areas, considered
insignificant. Compressor station operation in critical
areas is the major anticipated long-term problem. A com-
parison based on the above parameters indicates that the
Alaska Highway route is preferred for 11 of the 13 para-
meters addressed, primarily because cof the major potential
problems on the Yukon Coast and the Mackenzie Delta.

No peregrine nests have been reported within the
proposed Alaska Highway corridor during‘the last 10 years;

however, further studies are required to verify the birds'
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current breeding status. Several peregrine nesting areas
have been identified within 5 miles of the proposed Arctic
Gas routes, including the British Mountains, Campbell Lake,
Fort Good Hope and the Norman Randge. Many potential pro-
blems could be overcome by proper scheduling, effective
controls and facility relocation; however, the larger num-
bers aloﬁg the Arctic Gas route plus the relatively un-
disturbed nature of nesting habitat in the British Moun-
tains, make the Alaska Highway route strongly preferred by a
ratio of 5:2.

Although gyrfalcons probably breed in the Kluane

and Cassiar Mountains, no active sites have been identified
within 5 miles of the Alaska Highway route. Because there
are no known conflicts within the corridor, the alaska
Highway route 1s preferred; however, additional surveys must
be conducted to verify this conclusion. Several pairs nest
within the proposed Arctic Gas corridor on the Yukon coast.
No direct habitat destruction is anticipated along the
Arctic Gas route, and disturbance from pipeline construction
and aircraft can be reduced through effective scheduling and
controls. Any activities in this relatively undisturbed
area, however, pose risks for the long-term security of the
existing gyrfalcon population, and results in a strong pre-
ference of 5:2 for the Alaska Highway route.

Small numbers of snow geese and whistling swans

stage but do not nest in the southern Yukon. However, none
of the areas used for staging are regarded as critically

important; the ones identified are small and potential
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problems can be mitigated. The islands and sandbars of the
Mackenzie River on the Arctic Gas route on the other hand
are critical spring staging areas for both the western
Canadian Arctic snow goose population and about 20,000
Atlantic flyway whistling swans which nest on the outer
Mackenzie Delta and Yukonrcoast. In fall, 150,000-400,000
snow geese gather on the Yukon coast ketween Alaska and the
Mackenzie Delta to feed and rest prior to fall migration.
Aircraft disturbance and fuel spills alcong the Mackenzie
River during spring migration, and aircraft disturbance on
the Mackenzie Delta and Yukon coast during swan nesting and
snow goose fall staging are the major potential conflicts
during construction. Compressor station operation could
affect some whistling swan nesting habitat and could have
long-term effects on the use of the Yukon coast as a fall
staging area by snow geese. Although partial mitigation and
control is possible, there are few practical alternatives
for relocating aircraft access, fuel storage areas, and
compressor stations on the Arctic Gas route, making the
2laska Highway route preferred by 5:3 based on potential
conflicts with whistling swans, and substantially preferred
by 5:1 based on potential conflicts with snow geese.

Trumpeter swans are known to nest occasionally in

the southern Yukon and regularly stage at several locations,
although there are no nesting records within 5 miles of the
proposed route, Small numbers of trumpeter swans probably
occur along the Arctic Gas corridor in spring but their

nesting status in the Mackenzie Valley-northern Yukon 1is
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poorly dccumented. Although neither route is expected to
have a noticeable effect in continental populaticns, the
Arctic Gas route is slightly preferred by a ratic of 5:4.

Golden eagles nest thrcughcout the southern Yukon,

particularly the Kluane Mountains. Although potential nest-
ing habitat has been i1dentified in the Alaska Highway
corridor, there are no known sites within 5 miles cf the
propecsed route. Gelden eagles breed in scattered locaticns
along the Arctic Gas corridor in the northern Yukon and
District of Mackenzie. The Richardscon Mountains may contain
the highest nesting density on the continent. Few nesting
areas are close to either route and their high cliff loca-
tions facilitate potential conflict avoidance by prcper
scheduling, controls and facility location. Because of
potential conflicts in the British and Richardson Mcuntains
the Alaska Highway rcocute is slightly preferred with a ratio
cf 5:4.

Although nesting pairs of bald eagles have been

reported along the Alaska Highway route in the Yukon, their
nesting distribution is poorly documented. Bald eagles are
common summer residents in the Mackenzie Valley and Delta
and are fcund occasionally along the Yukon coast. The
highest nesting densities along the Arctic Gas corridor are
in the Upper Mackenzie Valley south of Fort Simpson. Based
cn existing informaticn, neither project is expected to have
a measureable effect cn regional populations, and most pot-
ential conflicts on either rcute can be avoided by proper

scheduling and minor route relocaticns. The Arctic Gas
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route is, however, slightly preferred at 5:4 because of a
greater number of potential ccnflicts along the Alaska
Highway route.

Both white-fronted and Canada geese use the

southern Yukon as a spring and fall migration corridor,
stopﬁing at Kluane, Marsh and Teslin Lakes. Some of the
approximately 25,000-50,000 migrating white-fronts may be
the rare and endangered Tule white-fronted goose which nests
on the 0ld Crow Flats. Smaller numbers of Canada geese use
the area as a migration corridor; however, nesting has been
confirmed at Nisutlin Bay (Teslin Lake) and the Donjek River
area. Large numbers of white-fronts and Canada geese use
the Mackenzie Valley as a migration corridor. White-fronted
geese nest along the Yukon Coast to Alaska, and Blow River
delta and Shallow Bay are important fall staging areas. The
shortgrass prairie population of Canada geese nests in low
densities in the Mackenzie Valley and Delta, which are
considered the principal migration and nesting areas for
this population of 125,000. Because the Alaska Highway
route has fewer opportunities for conflicts over smaller
areas, and Qould potentially conflict with smaller numbers
of birds, it 1is preferred by 5:3 over the Arctic Gas route

for both white-fronted geese and Canada geese.

Black brant do not occur on the Alaska Highway

corridor in the Yukon. Approximately 6000 - 25,000 migrate
along the Yukon coast in spring and fall, and small numbers
nest in the ocuter Mackenzie Delta. Aircraft, watercraft and

construction-related disturbance are potential problems
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during construction; fuel spills on the narrcw Yukon coast
tidal flats could have longer-term effects on migrating
brant. Because of this the Alaska Highway route is strongly
preferred for brant, with a ratio of 5:2.

Diving and dabbling ducks occur in wetland com-

plexes along the Alaska Highway corridor during spring and
fall migration and nesting; numbers and regional distri-
butions, however, are poorly known. In comparison, the
Mackenzie Valley and the Yukon coast are major migration
routes for a large number of waterfowl species; and in terms
of overall numbers the southern Yukon is comparatively
unimportant as a waterfowl migration route. The Mackenzie
Delta 1s one of the major waterfowl production areas of
North America, supporting annual nesting populations of
100,000-350,000, and supplying waterfowl to all four North
American flyways. The river estuaries, barrier beaches,
spits and lagoons of the Yukon coast are important feeding
and resting areas during spring and fall migration and
during molting. In addition to making a considerable
contribution to the fall waterfowl flight, these and other
areas of relatively low density nesting habitat have con-
siderable additional value as a reservoir of stable habitat
during drought on the prairies.

Aircraft and construction-related disturbance,
fuel spills, and compressor station noise could well affect
waterfowl populations. The Alaska Highway route has more

potential for construction-related disturbance because of






Table 10. Bird component of the biological environment
COMmparison summary.

Relative Preference Weighted Preference

Relative
Importance Alaska Arctic Alaska Arctic
Weighting Highway Gas Highway Gas
BIRD CCMPONENT
Peregrine falcon 20 5 2 100 40
Gyrfalcon 12 5 2 60 24
Snow geese 12 5 1 60 12
Trumpeter Sswan 12 4 3 48 60
Whistling swan 12 5 3 60 36
Golden eagle 10 5 4 50 40
Bald eagle 8 4 5 32 40
White~fronted geese 7 5 3 35 21
Brant 7 5 2 35 14
Diving Ducks 6 5 2 30 12
Sandhill crane 6 5 4 30 24
Canada geese 6 5 3 30 15
Dabkling ducks _ 4 5 3 _ 20 21
122 590 353
Preference Ratio _ 1.7 1.0

As the table indicates, the Alaska Highway route
is preferred for 11 of the 13 bird groups examined. It was
strongly preferred for five species: peregrine falcon,
gyrfalcon, snow goose, brant and diving ducks, primarily
because of major potential problems on the Yukon coast and
the Mackenzie Delta. These areas also contain the nesting
grounds of the potentially threatened buff-breasted sand-
piper and Hudsonian godwit. There are no areas of com-
parable ornithological importance identified along the

proposed Alaska Highway corridor in the Southern Yukon. The



severity of potential conflicts in these areas and the
attendent difficulty in mitigating or controlling problems
makes the Alaska Highway the preferred route based on

ornithological considerations.
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The fish component, censisting of arctic char,
chinook and chum salmon, Dolly Varden, lake trout, whitefish
and arctic grayling was considered about half as important
as the bird component. Sedimentation at stream crossings
was considered to be the major potential source of impact on
these fish populations. Project-related effects include
sedimentation, destruction or degradation of critical habi-
tats such as overwintering or spawning areas, disruption of
critical activities such as migration and spawning, or
increased mortality resulting from toxic spills, blasting
and sport harvest.

Many of these problems will be acute but short-
term during the construction period; disturbed scils should
be stabilized within 3 years and most ©f the silt deposited
in streams and rivers will be washed downstream by floods
and spring freshets in 1-4 yvears; however, restoration of
lakes will take much longer. Few additional long-term
effects are expected during pipeline operation if repair and
maintenance activities are properly controlled, although
erosion at stream crossings could be a chronic problem in
some sensitive areas. A comparison based on this set of
parameters indicates there is no real basis for preferring
one route over the other in terms of potential effects on
fish populations.

Arctic char do not occur along the Alaska Highway

route making it the preferred route by a ratio of 5:3 for
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Construction—-induced siltation could potentially affect up
to 5 percent of the regional habitat; however, this could be
reduced to about 2 percent with proper controls.

Most of the lake trout habitat is upslope of the

Arctic Gas alignment, making it the preferred route by a
ratio of 5:3 because of the limited number of potential
conflicts. Lake trout occur in the Yukon, Alsek and Liard
drainages along the Alaska Highway route, where the pipeline
parallells Kluane, Marsh and Teslin Lakes. These areas
support limited, but active sport, commercial and subsis-
tence fisheries, and construction-related sedimentation
could affect up to 3-4 percent (2 percent with proper con-
trols) of the available spawning-nursery habitat.

Potential effects on whitefish and grayling popu-
lations are about egqual and there is no route preference.
Approximately 3 percent (2 percent with proper controls) of
available whitefish spawning habitat in the Alaska Highway
corridor could be affected by construction-related sedi-
mentation, primarily at Kluane, Marsh and Teslin Lakes. In
addition, Squanga and Little Teslin Lakes contain two dis-
tinct forms of humpback whitefish considered to be of high
scientific interest. The Arctic Gas route is upslope of 5
lakes and creosses 6 streams on the Yukon coast, and it also
crosses 19 rivers and streams in the Mackenzie Delta-Mackenzie
Valley area known to contain whitefish populations. Dis-
ruption of the important subsistence fisheries in the Mac-

kenzie Delta region as a result of excessive siltation or

w
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Table 11. Fish component ¢f the biclogical environment
comparison summary.

Relative Preference Weighted Preference

Relative
Importance Alaska Arctic hlaska Arctic
Weighting Highway Gas Highway Gas
FISH COMPONENT
Arctic char 17 5 3 85 51
Chincck salmon 13 4 5 52 65
Chum salmon 11 4 5 44 55
Dolly varden 7 3 5 21 35
Lake trout 7 3 5 21 35
Whitefish 4 5 5 20 20
Arctic grayling 4 5 5 20 20
63 263 281
Preference Ratic 1.0 1.1

Although there is a very slight preference for the
Arctic Gas route based on potential effects to the indivi-
dual fish species examined, both routes have the potential
for relatively severe short—term effects and some chronic
problems. The cverall accessibility of the Alaska Highway
route to enforce controls and conduct maintenance and repair
cperations may cffset the slight species preference for
Arctic Gas, leaving no real basis for preferring cone route

over the other based on potential effects to fish populations.
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Vegetation

The vegetation component of the comparison con-
sisted of seven vegetation types: arctic tundra, grass-
lands, alpine tundra, wetlands, riparian vegetation, pioneer
communities and boreal forest. The vegetation component was
assigned about half the Relative Importance Weighting value
of fish. The land area required by each project in each
vegetation type and the sensitivity of that vegetation type
to project-related disturbance were the major basis for
assigning route preference.

The Alaska Highway route is preferred for four
vegetation types: arctic tundra, wetlands, riparian vegeta-

tion and pioneer communities. Arctic tundra is absent along

the Alaska Highway route in Canada, and this route is sub-
stantially preferred {5:1) because the Arctic Gas route
would unavoidably cross much of this unique and sensitive
vegetation type. The Alaska Highway route is preferred by a
ratio of 5:2 for wetlands because it disturbs much less
wetland area and has a much shorter length of chilled pipe-
line and less potential for frost-bulb related drainage
alterations during operation. The Alaska Highway route also

disturbs considerably less area of riparian vegetation and

slightly less area of pioneer communities, and is therefore

preferred by ratiocs of 5:3 and 5:4 respectively for these
parameters.

The Arctic Gas route is preferred by a ratio
of 5:2 on the basis of potential effects on grassland

communities. Although only a small area of grasslands would
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Overall, the Alaska Highway route is preferred
over the Arctic Gas route on the basis of potential effects
on vegetation in the Yukon and Northwest Territories. It
disturbs less area and the consequences of disturbance are
less severe. Soil ice contents and erosion potential are
also generally lower in the southern Yukon, and more than
compensate for summer construction along much of that route.
In particular, the oﬁerall route preference is based pri-
marily on the choice between crossing grasslands in the
southern Yukon or arctic tundra in the northern Yukon. The
area of grassland affected in the southern Yukon is small,
and other grasslands would remain uncrossed. The area of
arctic tundra crossed, in comparison, is much more exten-
sive, with the right-of-way crossing the entire length of a

unigue vegetation region of Canada.

In summary, the Alaska Highway route is preferred
for three of the four components of the blological environ-
ment -- mammals, birds, and vegetation. In each of these
preferred components, the preference is primarily based on
the unique or critical contributions of the Yukon coast or
Mackenzie Delta to the well-being and long-~term stability of
key biological species -— the barren—-ground caribou calving
grounds and the raptor nesting areas of the Yukon coast, the
waterfowl nesting and staging areas of the Yukon coast and

Mackenzie Delta, and the unique expanse of arctic tundra on
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Table 13. Biological environment comparison summary.

Relative Preference Weighted Preference

Relative ]
Importance Alaska Arctic Alaska Arctic
Weighting Highway Gas Highway Gas
MAMMAT, COMPONENT
Barren-ground
caribou 39 5 1 195 39
Dall's sheep 25 2 5 50 125
Grizzly bear 20 5 4 1aa 8a
Polar bear 18 5 4 90 72
Woodland caribou 13 5 4 65 52
Moose ] 5 4 40 32
Wolverine 7 5 5 35 35
Wolf ? 5 4 35 28
Arctic fox 3 5 4 15 12
Aguatic furbearers 2 5 3 10 6
Total 142 635 481
Preference ratio 1.3 1.0
BIRD COMPONENT
Peregrine falcon 20 5 2 100 40
Gyrfalcon ' 12 5 2 60 24
Snow geese 12 5 1 60 12
Trumpeter swan 12 4 5 43 60
‘Whistling swan 12 5 3 60 36
Golden eagle 10 5 4 50 40
Bald eagle 8 4 5 32 40
White~fronted geese 7 5 3 35 21
Brant ? 5 2 35 14
Diving Ducks 6 5 2 30 12
Sandhill crane 6 5 4 30 24
Canada geese 6 5 3 30 18
Dabbling ducks 4 5 3 20 12
Total 122 590 353
Preference ratio 1.7 1.0
FISH COMPONENT
Arctic¢ char 17 5 3 a5 51
Chincok salmoen 13 4 5 52 65
Chum salmen 11 4 5 44 55
Dolly varden 7 3 5 21 33
Lake trout 7 3 5 21 35
Whitefish 4 5 5 20 20
Arctic grayling 4 5 5 20 20
Total 63 263 281
Preference ratio 1.0 1.1
VEGETATION COMPONENT
Arctie tundra 9 5 1 45 9
Grasslands 7 2 5 14 35
Alpine tundra 6 4 5 24 30
Wetlands 4 5 2 20 |
Ripazrian vegetation 3 5 3 15 3
Pioneer communities 2 5 4 10 8
Boreal forest 1 4 5 _4 _3
Total 32 132 104
Preference ratio 1.3 1.0
BIOLOGICAL ENVIRONMENT
Total ' 1620 1219
preference ratio 1.3 1.0
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HUMAN ENVIRONMENT

Changes to the human environment will result from
construction and cperation of a northern gas pipeline. Many
of these changes and stresses can be identified and used as
a basis for comparing the Alaska Highway and Arctic Gas
projects in Canada north of 60°N.

Initially, 23 social and economic parameters were
identified for consideration within four components of the
human environment: life patterns, local econcmy, man/land
heritage and infrastructure. Time constraints precluded
examination of 11 of the 23 parameters; consequently, data
are available to make a factual comparison on only 12
parameters. Although data are not available to make a
precise comparison of the effects of the Alaska Highway and
Arctic Gas projects on the human environment, there is
sufficient information available upon which to base scme
reliable judgements. The experience with the Alveska pipe-
line provides a good indication of the potential impacts
associated with a large construction activity and suggests
some of the relationships between the size of a well-paid
labour force and social and eccnomic impacts. Government
data and the Berger hearings provide some insight into the
economy and socilal fabric of the communities that would be
impacted along the two routes.

However, there is a paucity of relevant social and

economic data for both affected regions. This is true even
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of the Mackenzie Valley which has been subject to extensive
investigations and hearings in connection with pipeline
project studies. These limitations mean that the differ-
ences between the two routes cannot be precisely measured.
Nevertheless, since the Alaskan experience is a recent
demonstration of what can happen, a logical basis exists for
making a comparison of wvalue to those who must reach
decisions. |

As a result of this comparison, we have concluded
that the Alaska Highway pipeline project is slightly pre-
ferable to the Arctic Gas pipeline project from the point of

view of changes teo the human environment.
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will be an increase in alcohol-related crimes on either
route, particularly where workers associated with the pro-
ject live or recreate outside field camps. Alaska Highway
construction will be year-round whereas Arctic Gas con-
structicn will be mainly in winter with workers confined
more to the construction camps. However, there will also be
a great many activities in summertime in preparation for
winter construction on the Arctic Gas project. Poorer
access should result in a lesser influx of itinerant workers
and families along the Mackenzie Valley. While we envisage
a greater impairment of public safety on the Arctic Gas
route due to the greater stress anticipated there, the ready
access afforded by the highway would result in a greater
influx of professional criminals and itinerants to the
Alaska Highway route. Thus a preference for the Arctic Gas
route of 5:4 seems appropriate.

Public health facilities may be overloaded by both

projects. Each applicant says it will lock after the

health of its staff. Even so, the support subcontractors,
suppliers, and families that appear, unplanned as far as the
applicant is concerned, could overload existing facilities.
We are confident that theré is greater potential for impact
on public health on the Arctic Gas route. On the basis of
the data available, we conclude that the medical facilities
and services infrastructure in the Mackenzie Valley is more
susceptible to overloading which would result in an impair-

ment of the quality of service available to the local residents.
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In addition, given the more traditicnal character of many
Mackenzie Valley native communities, we conclude that the
potential for project-induced stress among the resident
porulation and thus the potential for increased mental
health preblems is greater in the Mackenzie Valley. We thus
prefer the Alaska Highway route by a ratio of 5:3.

With regard to cost of living & incomes, neither

rcocute appears to posseés cutstanding advanﬁages. There is
greater potential for increased income benefits on the
Arctic Gas project because historically, incomes in the
Mackenzie Valley have been much lower than in the southern
Yukon. ©Cn the other hand, we also anticipate that infla-
tionary pressures will be distinctly greater on the Arctic
Gas route because the estimated incoming labour force is
about 66% of the 1971 local labour force for the Arctic Gas
route as cpposed to 22% for the Alaska Highway route. The
existence of chain-store organizations such as the Hudscn's
Bay Co. could help stabilize prices; but where such organi-
zations do not exist, as along the Alaska Highway route, an
inflationary pressure could develop which would precipitate
rapid price escalation. Nominal income increases of all
residents will be offset, to some extent, by a higher local
inflation rate. For those people whose incomes are related
to prcject activity, this will ke less important. However,
many people employed in the less dynamic sectors of the
econcmy will experience a decline in real income during the
construction period. This seems most likely to occur for

the meore remote Mackenzie Valley communities with increased
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demands on transportation. Thus, we prefer the Alaska
Highway route by a ratio of 5:4.

Employment benefits from either project can result

from: (1) an expansion of labour force participation, which
can be brought about by encouraging people who are not pre-
sently members <of the labour force to make themselves avail-
able for wage employment; and (2) a reduction in the number
of unemployed by providing jobs to those already in the
labour force. It is the second factor that is of most
concern to us. The Arctic Gas work force peaks at 5000
whereas the Alaska Highway work force peaks at 2300 north of
GOON. In view of the size of either work force, we believe
that many jobs will be available on elther route. There is
considerable potential for those already employed to seek
alternative employment on the project in either region. The
1971 statistics show a lower participation rate in the
labour force for the District of Mackenzie than for the
Yukon, probably reflecting the more traditional way of life
there. Unemployment rates were also substantially higher in
the Yukon than in the District of Mackenzie. The larger
total population in corridor settlements along the Alaska
Highway route indicates a better ability to respond to
project work force requirements. Even though employment
opportunities will result from either project, we favour the
project offering the greater potential for reduction in
unemployment and thus assign a preference ratio of 5:4 to
the Alaska Highway project.

Subsistence and recreaticon are two parameters we

have not studied in detail because of insufficient time and
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a lack of data. Virtually no data exist on food gathering
activities along the Alaska Highway route. Indications are,

however, that subsistence activities are more widespread in

the more traditional native communities on the Mackenzie
River. Justice Berger heard considerable evidence on the
importance of country food, including whaling, to communi-
ties affected by the Arctic Gas project. Subsistence acti-
vities, a vital part of life to communities, affect not only
their incomes but also their cultures. Qur subjective
opinion would thus be to assign a preference of 5:3 for the
Alaska Highway.

We would distinguish recreation as an activity

pursued by residents of an area as distinct from tourism
which refers to ocutsiders coming into an area. Impairment
of local areas valued by residents for recreational pursuits
is the basis of concern. The recreational preferences and
valued recreatioconal resources both present and future are
unknown to us for both projects, although there were re-
ferences made through the Berger Inquiry. The importance of
recreation tc local peoples and to native peoples in commu-
nicating an awareness and appreciation of their'setting to
their children is of importance. Loss of wvalued local
recreational areas is’ very significant to those affected but
appears inconsequential to outsiders. A definite effort
will be needed to protect such areas before any project
prodeeds. However, at this time we cannot indicate the
level to which locations might be impaired or overloaded by

the project or project personnel. Thus we cannot indicate a
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route preference and therefore we have assigned both pro-

jects a preference rating of 5.

We can summarize our comparison of the Alaska
Highway and Arctic Gas routes for the life patterns com-

ponent of the human environment in the following table.

Table 14. Life patterns component of human environment
comparison summary.

Relative Preference Weighted Preference

Relative

Importance Alaska Arctic Alaska Arctic

Weighting Highway Gas Highway Gas
LIFE PATTERNS
COMPONENT
Acculturation 42 5 3 210 126
Public Safety 33 4 5 132 165
Public Health 27 5 3 135 81
Cost-of-Living &

Incomes 27 5 4 135 108
Subsistence 27 5 3 135* 81*
Employment 15 5 4 75 60
Recreation 12 5 5 60* 60*

183 | 882 681
Preference Ratio 1.3 1.0

*Parameters where detailed studies were not made for this report;

estimates are based on subjective judgements.
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From a consideration of the Life Patterns com-
ponent of the human environment we would strongly favour the

Alaska Highway route for all parameters except public safety.
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affect the industry locally. Furthermore, pipeline acti-
vities in traditional communities and on wild lands will be
perceived by trappers to have impact. This perception alone
could result in reduced effort and therefore reduced fur
returns. Pipeline workers' demand for leocal scuvenir pro-
ducts ccould result in a short-term increase in demand for
fur products. This would be a benefit to the industry
provided the long-term viability of the resource is not
impaired. Given proper controls on both projects, major
impact is not anticipated. Any impact which may occur is
expected to be relatively short-term or transitory in
nature. The circum-Delta route which we are examining
avoids the major concern for the Mackenzie Delta. Either
route will reguire management initiative tc avoid adverse
trapper-pipeline worker interaction. This will be more of a
problem on the Arctic Gas route where trapping is more
widespread. Overall, the Alaska Highway route because of
its scale warrants a slight preference (5:4) over the Arctic
Gas route.

Major ilmpact to commercial fisheries on either

route 1s not anticipated. Commercial yields and the landed
value and market value of producticon are insignificant in
both regions. Habitat degradation resulting from pipeline
construction is expected to be relatively short-term and
limited in extent. Erosion at stream crossings could be a
continuing prcklem, however, and the effects of toxic
spills could adversely affect the industry. Also, competi-

ticon from recreating workers fishing at Xluane and Teslin
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Lakes on the Alaska Highway route could have an impact on
local fisheries. Demand for salmon at construction camps on
the Alaska Highway and char on the Arctic Gas route could be
a benefit to the industry. Overall, neither project is re-
garded as being deleterious to commercial fisheries and thus
each route is assigned an equal preference.

We have not studied the following five parameters
because of insufficient time, and thus we have been limited
to subjective judgements.

Tourism, as distinct from recreation, refers to
people from outside a region coming in to recreate. While
we have not studied this parameter in detail, it is apparent
that tourism is a rapidlf growing industry in the Yukon.

The number of tourists visiting the Yukon increased 117%
between 1971 and 1974. In 1975 revenue from tourism approx-
imated $27 million, a 159% increase over 1970. FPeople are
drawn to the Yukon to wvisit Kluane National Park, view the
spectacular scenery, and relive the XKlondike gold-rush days.
Easy access by the highway and White Pass and Yukon Railway
add to the drawing power of the Alaska Highway route. In
addition, there is an infrastructure to support the in-
dustry, Tourism is much less significant today along the
Arctic Gas route and is more wilderness oriented. The
importance of this region lies in its value to future
generations and to present generations in knowing that
extensive tracts of untrammelled wilderness exist.

Pipeline construction, particularly along the

Alaska Highway, could displace normal tourism activity. We
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assume that would-be tourists will nct travel to the Yukon
to compete with pipeline activities alcng the railway and
highway. This cculd adversely effect Dawson even thcough it
is isclated from pipeline activity. There 1s, however, the
potential for pipeline workers to replace some of this lcss
and even the possibility of a short-term boom for the
industry. Whether this would subsequently give rise to a
substantial drcp following construction is uncertain.
Winter construction activities on the Arctic Gas project
should not affect tourism significantly, although a con-
siderable amount of summer activity is planned as well. On
this basis our subjective preference is for the Arctic Gas
route by a ratic of 5:3.

The mining parameter cf the lccal economy has not
been examined in detail. In 1971, emplcyment in the mining
and gquarrying sector in the Yukon was about 355 pecple,
while employment for the Neorthwest Territcries was about
420. Most cf the mining activity in the N.W.T. is concen-
trated in the District of Mackenzie. These figures do not
include managerial and clerical perscnnel.

The potential problem from pipeline construciion
arises from the expected increase in the demand for labour.
This could pcse a prdblem in terms c¢f a higher turnover rate
for labour in the mining industry. The costs associated
with this (hiring, training, loss of cutput) will be borne
by the industry for the duraticn of the construction period.
Given that prices for mining prcducts are established in

werld markets, and in the absence of any government assistance,
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attempts by the industry to offset increased prcduction
costs will be borne by the industry itself; they will not be
able to pass increased costs on to final consumers.

On the basis that the scale of mining activity is
fairly comparable in both areas, we expect that labour
turnover problems might be of a similar magnitude in both
regions, as a result of either pipeline. In addition, pipe-
line job opportunities may lead to a shift out of mining
regardless of the location of the pipeline. Therefore,
there seems to be little reason to expect a differential
impact on mining resulting from either project and thus an
equal preference is assigned.

To evaluate the potential for either project to

have an impact on planned land-use requires that there be in

existence a plan for the use of the land. There are no
detailed inventories of resource potential or plans for
preservation or development of lands for either corridor,
however. Consequently, the potential for a pipeline projec£
to impair or preclude future options is unknown. Future
options would be precluded if a gas pipeline project were to
consume available resources such as the Ya-Ya gravel esker
in the Mackenzie Delta. Future options would be impaired if
a project usurped inherent gqualities of a site such as its
sustained yield in furs or its potential for tourism deve-
lopment as a scenic lookout, such as Sheep Mountain on the
Alaska Highway pipeline route. Considerable land-use acti-

vity now occurs particularly along the Arctic Gas route
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where traditionally hunting, trapping, fishing, and re-
creation are widespread. Also, communities along both
routes consider in an informal sense that they should con-
trol a zone around their community as well the resources
which that community needs to sustain its wviability. In
this context, the Alaska Highway route associated with the
road is less likely to pre-empt future coptions than the
Arctic Gés route in the northern Yukon and lower Mackenzie
Valley. The number of communities on the Arctic Gas route
with their land-related aspirations and values are more
likely to be adversely affected by the project than those
communities closely asscociated with the Alaska Highway.
Squatters along the Alaska Highway or the lack of incor-
porated communities along the Arctic Gas route can preci-
pitate land-use planning problems from either project.

Also, the existing planning mechaﬁisms, though wvery limited,
can respond more easily to the Alaska Highway situation than
to Arctic Gas. Thus, a subjective preference of 5:3 favour-
ing the Alaska Highway 1s assigned.

The service and retalil sector of the local econocomy

is particularly sensitive to changes in aggregate disposable
income. A sudden increase in demand for the output of this
sector would have serious repercussions on the cost of
living. The problem is further complicated because trans-
portation is wvital to most retail outlets in the North since
most commodities are imported. There is a strong possi-
bility that competition for transportation facilities re-

sulting from pipeline construction, will disrupt established

9
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patterns of inter-regional trade. Competition for labour
adds another constraint to the ability of this sector to
cope with a sudden increase in demand. It 1s gquestionable
whether either project region will be able to respond
adequately. There are some differences, however, between
the two regions which are useful to note in coming to a
route preference opinion and these are as follows.

Project demands for locally provided goods and
services are uncertain. Since the Arctic Gas project is
larger than the Alaska Highway project, relative to the
local economies, the demand for local goods and services
could be substantially greater in the District of Mackenzie.
It is unlikely that local entrepreneurs would build up
sufficient inventories during the summer months to meet the
unclear demands of winter construction months.

Transportation is a vital link between southern
wholesalers and northern retailers. The Yukon has easy,
year-round access to the south via the Alaska Highway and
White Pass and Yukon Railway. The District of Mackenzie
relies to a large extent on barge service alcong the Mac-
kenzie River and on winter roads. There is thus a greater
potential for diversion of transportation services away
from their community resupply role with the Arctic Gas pro-

posal, and this would adversely impact the service and retail

sector.

Finally, changes in labour turnover and vacancy
rates can arise from either project. People will be drawn
from this sector to the higher paid pipeline jobs. This
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could result in increased wages with resultant inflationary
implications. Overall, it is our subjective opinion that
the risk of causing stress to the service and retail sector
appears greater for the Arctic Gas project and thus we would
slightly prefer the Alaska Highway project by a ratio of
5:4.

In 1971 there were about 105 people employed in
"forestry and logging" and "wood processing" occupations in
the Yukon, compared to 110 in the Northwest Territories.
Nearly all of the output from this sector was for local use.

The concern is that project demand for lumber
products will create shortages for other would-be users.
There 1s no evidence that one project will be more severe in
its impact. 1In addition, there is no reason to suppose that
either projé;t will be "regilon-specific" in its impacts.
Given that project activity may draw labour from the for-
estry sector for clearing and other preconstruction acti-
vities, thus causing turnover problems for that sector, we
see little reason to expect differential impacts from either
project. However, forestry work is a source of continuing
employment that local people easily relate to, and increased
project-related demand for materials would be bheneficial to
the industry. Whereas the Alaska Highway project could
reduce local sources of timber near Watson Lake, the Arctic
Gas project could reduce sources in the Delta. Overall, the
projects could benefit the industry provided lead time is
provided for the industry to respond. No overall route

preference was assigned.
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We can summarize our comparison of the Alaska

Highway and Arctic Gas routes for the local economy com=-

ponent of the human enviroment in the following table.

Table 15. Local economy component of the human environment
comparison summary.

Relative Preference

Weighted Preference

Relative

Importance Alaska Arctic Alaska Arctic

Weighting Highway Gas Highway Gas
LOCAL ECONOMY
COMPONENT
Tourism 25 3 5 ThH¥* 1257
Trapping 20 5 4 100 80
Commercial

Fishing 20 5 5 100 100
Mining 20 5 5 100%* loo~*
Planned Land Use 18 5 3 90%* 54*%
Service & Retail 17 5 4 g5 68*
Forestry 8 5 5 40Q* 40%*
128 590 567

Preference Ratio 1.0 1.0

*Parameters where detailed studies were not made for this

report; estimates are based on subjective judgements.

From a consideration of the local economy com-—

ponent of the human environment, we have no overall pre-

ference for either route.

route on tourism is offset by a less favourable rating for

The preference for the Arctic Gas

the trapping, planned land-use, and service and retail

parameters.



Man-Land Heritage

Man-land heritage was considered the third most
important component of the human environment for this com-
parison. It includes the potential effects of both proijects
on the following parameters listed in decreasing order of
importance: archaeological/historic sites, special areas
(sanctuaries, reserves, IBP sites), national parks, and
aesthetics. A comparison based upon these parameters in-
dicated a preference for the Alaska Highway route because of
the unique nature of the northern Yukon.

The density of archaeclogical and historic sites

along either route is very low. There are few known "im-
portant” archaeoclogical sites and few highly sensitive areas
in either immediate corridor. Significant finds at ©ld
Crow, along the 0l1d Crow River, and on the Firth river are
in the region of the Arctic Gas route. While no comparable
evidénce of early man has been found along the Alaska High=-
way, the region is highly regarded by archaeologists. Sites
on both routes are of equal "value" and the sequences for
each area are equally "important". Considerably more archaeo-
logical work has been carried out along the Alaska Highway
over the years because of easy access than along the Arctic
Gas route, although recent surveys have added substantially
to the base of information there. Looting of sites and
burial areas is a concern for both project areas; however,

the more remote setting of the Arctic Gas project poses
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geographical, geological, biological or historic features as
a national heritage for the benefit, educaticon and enjoyment
of the people of Canada". Although we have considered the
northern Yukon under special areas, we must also recognize
that a national park has been proposed for that area as well
as a Firth River Territorial Park. We thus prefer the
Arctic Gas route by a ratio of 5:3.

Aesthetic impacts of both prcojects have not been
examined in detail. We recognize that either project can
impair the corridor environment through increased distur-
bance of landscapes (visual impacts) and increased noise
levels from compressor stations in the vicinity of villages,
scenic outlooks, campgrcunds, etc. However, since the
Alaska Highway route is heavily used by visitors the number
of people affected could be significantly more on the Alaska
Highway in terms of visual and auditory impact. Alrcraft
overflights will he more extensive on the Arctic Gas route.
Overall, our subjective cpinion is to prefer the Arctic Gas

route by a ratio of 5:4.

We can summarize our compariscn of the Alaska
Highway and Arctic Gas routes for the man-land heritage

component of the human environment in the following table.
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Table l6.

Man~land heritage compcnent of the human environ-
ment comparison summary.

Relative Preference Weighted Preference

Relative
Importance Alaska Arctic Alaska Arctic
Weighting Highway Gas Highway Gas
MAN-LAND HERITAGE
COMPONENT
Archaeclogical
and historic
sites 18 5 4 90 72
Special areas 17 5 2 85 34
National parks 17 3 5 51 85
Aesthetics 11 4 5 44 * 55+
63 270 246
Preference Ratio 1.1 1.0
*Parameter where detailed studies were not made for this report;
estimates are based on subjective judgements.

tage compo
Alaska Hig
northern Y

heritage.

Based on this consideration of the man—-land heri-
nent of the human environment, we favour the
hway route because of the unique nature of the

ukon and its importance to Canada's northern
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Infrastructure

In this particular comparison, infrastructure was
considered the least important cdmponent of the human environ-
ment. This component includes the potential effects of both
projects on the following parameters listed in decreasing
order of importance: planning and administrative services,
transportation, education, municipal services, and communi-
cations. A comparison based on these parameters indicated a
preference for the Alaska Highway route generally because
planning and administrative services in the southern Yukon
can better respond to project demands.

Large—-scale project activity, as borne ocut by the
BAlyeska experience, results in increased demand for a wide

variety of government planning and administrative services.

A much expanded government presence and hence public cost
will be incurred in this sector as a result of either pro-
ject. Federal departments will be strained because of land-
use planning demands. Territorial and municipal governments
will be strained to respond to general demands and particu-
lar proklems related to education, health, welfare and other
services. Since the Arctic Gas project crosses a more
remote area, we believe that general administration and the
ability to respond to local problems will be more difficult
than on the Alaska Highway at places such as Teslin and
Haines Junction. Demands related to achievement of a native
land claims settlement and subsequent implementation pro-

grams are a further complicating difficulty. In light of
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Either project will increase demands for local

communications services and may thus impair the guality of

service available to local people. Increased capital,
operating and maintenance costs could be incurred depending
upon the degree of self-sufficiency planned into either
project. Pipeline operating systems should not affect local
communications because these systems are dedicated to the
project and thus independeht. Mail and telegraph systems
are federal responsibilities whereas telephones are not. We
see little to suggest a differential impact and therefore

have no overall route preference.

We can summarize our comparison of the Alaska
Highway and Arctic Gas routes for the infrastructure com-

ponent of the human environment in the following table.
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Table 17. Infrastructure component of the human environment
comparison summary.

Relative Preference Weighted Preference

Relative
Importance Alaska Arctic Alaska Arctic
Weighting Highway Gas Highway Gas
INFRASTRUCTURE
COMPONENT
Planning and
administrative
services 18 5 3 90 54
Transportation 13 5 4 65 42
Education 13 4 5 42% 6o*
Municipal
services 9 5 5 45%* 45%
Communications 8 5 5 40% 40%*
61 282 246
Preference Ratio 1.1 1.0

*Parameters where detailed studies were not made for this report:
estimates are based on subijective judgements.

From a consideration of the infrastructure component
of the human environment, we favour the Alaska Highway route
because the planning and administrative services there, though
inadequate, can better respond to project demands than in the

case of the Arctic Gas project.
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In summary (Table 18), it is evident that the
Arctic Gas alternative will have a somewhat less desirable
effect upon the human environment in Canada north of 60°%
than the Alaska Highway alternative. This conclusion is
based upon the following consideration.

The estimated peak labour force associated with
the Arctic Gas route is 217 percent of the estimated peak
labour force associated with the Alaska Highway route. The
larger number of individuals that would be employed on the
Arctic Gas route together with the larger amounts of income
that they will have to spend will result in a greater ad-
verse effect upon many of the important human environmental
parameters. Furthermore, since the communities impacted
along the Arctic Gas route are much more traditional in cul-
ture than communities impacted along the Alaska Highway
route, the problem of social adjustment to the construction
program are expected to be much more serious along the
Arctic Gas route. The accessibility provided along the
Alaska Highway may encourage migration of more socially
undesirable individuals than to the construction area of the
Arctic Gas alternative. However, we do ncot consider these
factors favouring the Arctic Gas route to offset the other

adverse social and economic effects of that route.
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Table 18. Human environment comparison summary,

Relative Preference Weighted Preference

Ralative

Importance Alaska Arctic Alaska Arctic

Weighting Highway Gas Highway Gas
LITE PATTERMNS
COMPONENT
Acculturation 42 5 3 210 1246
Public Safety 33 4 5 132 165
Public Health 27 5 3 135 8l
Cost-of-Living &

Incomes 27 5 4 135 108
Subsistence 27 5 3 135* Bl*
Employment 15 5 4 75 60
Recreation 12 5 5 60% 60*

Total 183 882 681
Prefarence ratio 1.3 1.0
LOCAL ECONOMY
COMPONENT
Tourism 25 5 75% 125=*
Trapping 20 5 4 loo0 80
Commercial

Fishing 20 5 5 100 100
Mining 20 5 5 loo* lo0*
Planned Land Usa 18 5 3 go* S4x*
Service & Retail 17 5 4 g5* 68*
Forestry 8 5 5 40* 40*

Total 128 590 567
Preference ratio 1.0 1.0
MAN-LAND HERITAGE
COMPONENT
Archaeological

and historic

sites 18 5 4 90 72
Special areas 17 5 2 85 34
National parks 17 3 5 51 85
Aesthetics 11 4 5 44%* 55*

Total 63 270 246
Preference ratio 1.1 1.0
INFRASTRUCTURE
COMPONENT
Planning and

administrative

services 18 5 3 a0 54
Transportation 13 5 4 65 42
Education 13 4 5 42%* 65*
Municipal

services 9 5 5 45%* 45*
Communications 8 5 5 40* 40%* -

Total 61 282 246

Preference ratio 1.1 1.0
HUMAN ENVIRONMENT

Total 435 2024 1740

Preference ratio 1.2 1.0

*Parameters where detalled studies were not made for this report:
estimates are based on subjective judgements.
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Although individual authors are cited for each
section, the study was conducted as an interdisciplinary
team effort under the guidance of the Panel. The opinions
expressed in the individual report sections, however, are

those of the individual authors and do not necessarily re-

flect the views of the Alaska Highway Pipeline Panel.

The study team consisted of:

J.0. Jacobson, M.Sc. Study Director

K.M. Adam, Ph.D., P.Eng. Hydrologist

R.E. England, Ph.D. Socio—-economic Analyst
W. Hayden, M.Sc. Aquatic Ecologist

H. Hernandez, M.Sc, Plant Ecologist

G.T.S. How, M.Eng., P.Eng. Geotechnical Engineer
L.E. Hurwitz, S.M., P.Eng. Geotechnical Engineer
K.M. Johnston, M.A. Economis£

G.R.P. Mutch, M.Sc. Mammalogist

A. Permut, M.Sc., P.Eng. Environmental Engineer
R.K. Schmidt, M.S. Ornithologist

G. Will, Ph.D. Archaeologist
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Qur objective in this comparison approach, there-
fore, was to develop a systematic framework that would
facilitate the identification and definition of potential
impacts, incorporate facts and professiconal judgements
related to these impacts, and provide a clear and consistent
presentation of the conclusions. This appreoach contains the

following major steps:

1. Selection of key environmental parameters

2. Assignment of Relative Importance Rankings
to selected parameters

3. Determination of route preferences for selected
parameters
4. Comparison Rating

Parameter Selection

Because of the complex nature of potential environ-
mental changes resulting from a project of this scale we
adopted a systematic procedure for refinement of potential
problems into discrete and comprehensible units. The break-
down follows the general hierarchical arrangement outlined
by Dee et al. (1972) where the total environment is

broken into three major categories: physical, bioclogical

and human. These categories are in turn divided into

major components such as land, water and air for the physical

category and finally, the components are separated into












bias, produces consistent comparisons and ailds in convergence
of judgment.

The basic process 1s to rank categories first, then
components, then parameters. Elements to be compared are ranked
according to the selected criteria. Successive pairwise com-
parisons are then made between contiguous elements to select,
for each element pair, the degree of difference in importance.
‘'This overall procedure (Dee et al. 1972) consists of the

following steps:

Step 1 - Select the evaluation group and explain in
detail the weighting concept, criteria and
use of ranking and weightings.

Step 2 - Rank the categories, components or parameters
that are to be evaluated.

Step 3 - Assign a value of 1 to the first element on
the list. Compare the second element with the
first to determine how much the second is
worth compared to the first. Express this
value as a decimal (0< X < 1).

Step 4 - Continue these pairwise comparisons until all
elements in the list have been evaluated {(com=-
pare third with second, fourth with third, etc.).

Step 5 - Multiply out percentages and express over a
common denominator; average over all individuals
in the experiment.

Step 6 -— In weighting the categories or components,
adjust decimal values from Step 5 if unegual
numbers of parameters exist in the parameter
groups being evaluated. Adjustment is made
by proportioning these decimal values in propor-
tion to the number of parameters included in
that grouping.

Step 7 - Multiply the average by the number of units
to be distributed to the respective grouping.

Step B8 - Do Steps 2-7 for all categories, components
and parameters.

Step 9 - 1Indicate to the individuals, by controlled
feedback, the group result of the weighting
procedure.
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Step 10 - Repeat as often as necessary to increase
reliability of the results.

For a numerical example consider that components
A, B, and C have been selected. These components consist of

eight parameters, four in A, two in B and two in C.

Step 2 - Relative ranking of components is B, C and A.
Steps 3-4 - Assign weights to components:

B =1

C 1/2 the importance of B

A = 1/2 the importance of C

Step 5 - HMultiply out percentages and express over common
denominator. Assume the average wvalues of all
individuals are given below:

B =1

C = 0.5

A = 0.25

B=1/1.75 = 0.57

C = 0.5/1.75 = 0.29

A = 0.25/1.75 = 0.14
1.00

Step 6 - Adjust for unequal number of parameters in each

component:

B =10.57 x 2/8 = 0.14

C=10.29 x 2/8 = 0.07

A=0.14 x 4/8 = 0.07
0.28



Using the new itotal, the component values

are:
B =10.14/0.28 = 0.50
C = 0.07/0.28 = 0.25
A = 0.07/0.28 = 0.25
1.00

Step 7 = Multiply these adjusted values by the total
importance units to be assigned to the group

{eg. 20).

B=20x 0.5 = 10
C =20 x 0.25 = 5
A= 2-x 0.25 = 5

Thus importance rankings for components A, B
and C are 5, 10, and 5, respectively.

A set of 1000 points was established for assign-
ment during the relative importance ranking of the selected
parameters. These polnts were assigned, using the above
methcdology in the following manner: the complete study
team, together with the Alaska Highway Pipeline Panel,
assigned Relative Importance Rankings at the category and
component levels, and final category and component rankings
reflect the average judgments of these individuals. Finally,
individual members of this team ranked parameters within the
components covering thelr respective areas of expertise.

The Relative Importance Rankings resulting from this process
are illustrated in Fig. 1.
To interpret these Relative Importance Rankings

the fellowing points should be considered. First the



rankings system produces interval scale rankings which can
be combined mathematically with cother interval scale numbers
and manipulated (Skutsch and Flowerdew 1976). Second, these
rankings are the relative importance of each parameter to
the cother parameters included in the comparison and are not
intended to reflect importance relative to all possible
environmental parameters. In additicon, althcocugh the ranking
weights are cumulative within the hierarchical structure,
the ranking system does not allow for direct comparisons
between parameters from diffefent categeories since these
direct comparisons were never made in establishing rankings.
Finally, although these rankings were established by a
professional team based on selected criteria, they undoubt-
edly contain value judgments. Reviewers of the assessment
may wish to follow the procedures and establish their own

set of importance rankings.

Relative Preference

Following the selection and ranking of environ-
mental parameters, each route was evaluated on the basis of
its potential environmental impacts. This consisted of
identifying the major potential impacts on each route for
each parameter, comparing the differences, and selecting a
preferred route. The criteria used 1in making this selection
included: (1) regional severity of potential impacts {in-
cluding duration, magnitude, probability and timing),

(2) number and nature of site-specific impacts, and (3) the






it should not be construed to mean a lack or acceptability
of potential impacts. Both routes reviewed in this prelimi-
nary compariscon have a variety of potential envirconmental
impacts. Once a final route selection is made, the problem
of identifying potential impacts and developing a set of
controls and mitigative measures to maintain impacts within

an acceptable level still remains.

Route Comparison Rating

The c¢lear definition of Relative Importance Rank-
ings and Relative Preference allows the reader to see how
the assessment team evaluated individual parameters for each
route. The Comparison Rating was subsequently developed to
summarize, into a single value for each parameter, these
independently developed rankings. This Comparison Rating is
defined, therefore, as the Relative Importance Ranking
multiplied by the Relative Preference. The combination of
these two values intc a single Comparison Rating to express
route preference has tweo major advantages. First, the
Relative Importance Rankings were developed because of the
recognition that individual parameters were not all of egual
importance in the regional environment. Combining these
rankings with the Relative Preference allows the importance
to modify the preference and more accurately reflect the
contribution of an individual parameter conclusion to the

overall decision. Secondly, this combination into a single
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value allows the aggregation of parameter conclusions into
Comparison Rating at the component and category level.

The structure of this preliminary comparison
follows the general hierarchical structure, in that dis-
cussion proceeds from the general category level to the
specific components and parameters. An overview summary 1
provided for each component and each parameter is discusse
individually in terms of the potential problems associated
with the construction and operation of a gas pipeline, the
potential impacts associated with the Alaska Highway and

Arctic Gas routes, and a comparison summary.
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Both construction and operation will thus cause
potentially less permafrost degradation and thaw settlement
on the Alaska Highway route than on the Arctic Gas route,
even with a favorable allowance for arctic and winter con-
struction techniques and chilled gas transmissions proposed
by Arctic Gas, factors which were included in the foregoing
estimates of thaw settlement. There is alsc considerable risk
that the snow roads propcsed by Arctic Gas will not he as
effective in preventing thaw settlement as envisaged by the
applicant. Therefore, overall, based upon permafrost con-
siderations, the Alaska Highway route is preferred over the

Arctic Gas route by a rating of 5 : 1.



EROSION

Problem befinition

Stripping of vegetation, grading and levelling along
the pipeline right-of-way, together with similar operations
for access road construction and borrow area preparation,
will expose underlying soil to forces of erosion. Increase
in erosion can lead to increased sediment loads of streams
located in watersheds crossed by the pipeline.

Comparison of erosion on the Alaska Highway route to
that on the Arctic Gas route is limited to a comparison
of potential for erosion from the pipeline rights-of-way only.
Roads will be required for access from the Alaska Highway
to the pipeline right-of-way just as they are for access from
the Mackenzie River to the right-of-way along the Arctic
Gas route. Access road location and borrow areas have
vet to be defined for the Alaska Highway route however, and
a comparison of these contributing sources 1s not possible
at this time.

Even a gross approximation of sediment yields from
the rights-of-way is not possible with the level of avail-
able data. However, soil type, slope length, slope gradient
and rainfall intensity, factors entering into the calculation
of sediment vyield, together with permafrost occurrence and
construction technique, may be used as indicators to compare

erosion potential on each route.
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particular, buried pipeline) in permafrost areas involves
new methods and procedures. It is largely because more
length of rivers and streams is affected on the Arctic Gas
route than on the Alaska Highway route and because the
borrow materials are to be taken from within or near flood-
plains of rivers by Arctic Gas that a clear preference
exists for the Alaska Highway route con the basis of sedi-
mentation. The Alaska Highway route is given a preference

rating of 5 and Arctic Gas 3.
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WATER QUALITY

Problem Definition

Changes in water quality will result due to the
construction of either pipeline project. The disposal of
wastewater from construction camps will add organic material,
nutrients, pathogenic microorganisms and residue to water-
courses. The use of hydrostatic pipeline testing fluid may
lead to thermal pollution where warm water is used. Where a
methanol-water solution is used, accidental spills could be
toxic to aquatic life. Additional foxic effects could
result from accidental spills during storage and handling of
fuels, 0il and other toxic materials. Water quality may
also be degraded in a few streams by leachate from landfill
sites along the routes.

Thus, the major pipeline-related activities that
may affect water quality are: {1l) disposal of wastewater
from construction camps; (2) use and disposal of hydrostatic
pipeline testing fluids; (3) storage and transfer of oil,
fuel, and other toxic materials; and (4) landfill site
cperation. -

The effect of 0il spills on streams takes several

forms. These are obstruction of light passage, interference
with reaeration, toxicity to certain fish and aquatic life,

hazard to wildlife, destruction cf shcreline vegetation, and
interference with recreation and water supplies (Nemerow

1971).
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stances could potentially affect water quality in the
Beaufort Sea in 2 places, the Mackenzie River in 14 places,
2 additional rivers, 3 creeks, and 2 lakes., The Mackenzie
Delta could potentially be affected directly in three loca-
tions and by upstream spills. Potential effects on wildlife
due to spills of toxic material in these areas are discussed
iﬁ the respective sections of this volume. An additional
effect of toxic spillé is the potential degradation of water
supplies from rivers near the following communities: Fort
.McPherson, Little Chicago,‘Fort Good Hope, Norman Wells,
Fort Norman, and Fort Simpscon. All stockpile sites north of
Fort Simpson will be supplied by barge. Although barge
transportation itself poses no great environmental hazards,
fuel transfer between barges, storage tanks, and eguipment
provides the major potential for spills in watercourses
(Jacobson 1974). It is expected large quantities of mate-
rials such as fuel will be stockpiled due to limited winter
access along the Arctic Gas route. This increases the
expectation of large spills along the route.

There are 24 camps proposed for the Arctic Gés
route in Canada (CAGPL 1974, 1976). Disposal of camp waste-
water could potentially affect 12 creeks, 7 rivers plus the
Mackenzie River in 13 locations, and 2 channels of the
Mackenzie Delta. Effects of wastewater on the Mackenzie
River will be insignificant due to large dilution wvalues.
The 12 creeks will be potentially most affected due to lower
flows. The effects on water quality due to wastewater

disposal will be the same as discussed for the Alaska
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The comparison of routes is discussed using the
criteria of severity cof impact (duration, magnitude, and
scheduling) number of site specific conflicts possibility

of conflicts mitigability, and access.

Potential Impact

Alaska Highway Route:

Several communities are susceptible to disruptibn
of local water supply by polluted groundwater during the
construction pericd. Those downslope of the pipeline right-
of-way or near fuel storage dumps or storage areas of toxic
materials are wparticularly susceptible. Yukon communities
downslope of the propcsed pipeline route known tc utilize
groundwater include Destruction Bay, M'Clintock, Johnsons
Crossing, Morley River within 0.75 km, and Teslin within
1.5 km. Other areas of potential impact include Beaver
Creek, Burwash Flats, Burwash Landing, Porter Creek, McRae,
M'Clintecck, Marsh Lake, Teslin Lake, Swift River, and a
campsite on Big Creek. Groundwater at the historic site of
Silver Creek could also be affected {Adam and Permut 1977).

If chilling occurs during operation as originally
proposed within the northern Yukon, subsurface drainage
disruption will be a potential prcblem only in the most
northerly 66 km. Drailnage disruption prcblems could poten-
tially occur in 24 percent of these 66 km - a length cf

nearly 16 km.
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SURFACE-WATER REGIME

Problem Definition

Changes in the surface water regime of rivers and
streams traversed by a northern pipeline can be induced in
several ways including changes to their cross—-sectional
configuration, shifting of channels both vertically and
horizontally, formation of icings induced by the cold pipe,
and disruption of local drainage patterns particularly in
relatively flat terrain. However, even in steep terrain
surface drainage is often concentfated to facilitate water
movement through mound breaks. |

In permafrost areas settlement along the right-of-
way may cause surface waters to be diverted alcng the pipe-
line right-of-way. Other changes to the surface water
regime can occur at the time of river or stream crossing
construction. Channelization or shifting of channels can
occur either by man-made diversion or in response to other
changes.

Borrow pits within the floodplain can initiate
major changes in river regimes. The removal of borrow will
create a tendency for the river slope to flatten downstream.
Lateral erosion may occur to accomodate meandering and
vertical erosion {downcutting) will occur near the borrow
area. The initial local increase in gradient at the borrow
area will gradually spread over the upstream length. This

will also result in downcutting. The final result will
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coutside of the right-of-way slight settlement could lead to
channelization of surface flow and ponding. Facilitating
cross—-drainage may be difficult.

Borrow from within the floodplains of rivers is
proposed for at least 17 sites along the Yukon coast and
Mackenzie Delta (Environment Protection Board 1974). This
is necessary because of lack of upland borrow sources in
this area. Several rivers in the area have abundant supplies
of granﬁlar material within their floodplains.

Icing potential along the Arctic coast and Mac-
kenzie Valley is high. Low winter flow and freeze-off of
the subsurface flow by the cold pipe will be conducive to

this problem.

Comparison Summary

The Arctic Gas route crosses more drainages
greater than 25 km2 than the Alaska Highway (approx. 125 vs.
65). More large crossings are also required on the Arctic
Gas route, most of them in the permafrost zone. No large
crossings on the Alaska Highway route exist where chilling
the gas is proposed.

More named lakes exist within a 30-km wide corri-
dor on the Alaska Highway route than on the Arctic Gas
route. Chances of lakes being affected appears higher on
the Alaska Highway route, particularly Kluane and Teslin

Lakes.
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Potential for drainage disruption is greatef on
the Arctic Gas route than on the Alaska Highway route.
Chilling +to maintain stability of high=-excess-~ice~content
solls is proposed over most of the Arctic Gas route within
the Territories, whereas on the Alaska Highway route chill-
ing is proposed only between MP (0-40.8.

Borrow sites from within floodplains are proposed
on at least 17 riversron the Arctic Gas route aloﬁg the
borrow-short northern Yukon coast and Delta. Apparent ample
borrow sites and access from the Alaska Highway make the
probability of having to locate borrow sites in floodplains
remote on the Alaska Highway route.

Potential for formation of icings is much greater
on the Arctic Gas route than on the Alaska Highway route.
The much greater distance of chilling and the implications
of more excess ice on the Arctic Gas route is the reason for
preferring the Alaska Highway route on the basis of surface-
water regime. Because of a larger number of stream cross-—
ings, more crossings within permafrost, borrow from within
floodplains and the implications of excess ice and chilling
to the surface-water regime, the Arctic Gas route is given a

preference rating of 2 relative to the Alaska Highway route.
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Table 1. Summary of air comparisona for the Alaska Highway
and Arctic Gas pipeline routes in Canada north of
the 60th parallel.

Relative Preferenceb Weighted Preference®

Relative
Importance BAlaska Arctic Alaska Arctic
Weighting Highway Gas Highway Gas
AIR COMPONENT
Air Quality 12 5 4 60 48
Microclimate 11 5 2 55 22
Totals 23 115 70

83ee Introduction and Approcach for detailed discussion of
Relative Importance Weightings and Relative Preference
ratings.

bRelative Preference 1s based on a scale of 1-5, where the
preferred route is assigned a value of 5.

“Weighted Preference = Relative Importance Weighting X
Relative Preference.
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Potential Impact

Alaska Highway Route:

Winter construction 1s expected between mileposts
(MPs) 0-111.4. Dispersion due to wind will be poor during the
winter months since approximately 26 percent of all winter
hours are calm between MPs 0O-111.4 (Environment Canada 1969-
1975). Based on data from 4 stations along the entire route
the mean annual occurrence of calm is 23 percent of all
hours. The mean annual wind speed along the route based on
data from 4 stations is 9.2 km/h (Environment Canada 1569~
1975).

Inversions limit the dispersion of atmospheric
contaminants. Based on limited data at Whitehorse and Fort
Nelson only, surface-based temperature inversions occur
along the Alaska Highway route an annual mean of 39 percent
of the time based on two daily readings {Burns 1973}.

There will be some burning of non-merchantable
timber from clearing operations (Foothills 1976). The major
emissions from open burning will be CO, particulates and
hydrocarbons. Regiocnally, changes to air quality due to
open burning will not be significant.

The major sources of air pollution from landfill
sites are odor, gas production and dust (American Society of
Civil Engineers 1976). Regionally, the effects on air
guality due to landfill sites are not expected to be signi-

ficant.
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proposed compressor stations are sized as follows: 16
stations will be 22.38 MW (30,000 hp) with 12.68 MW (17,000
hp) compressors for cooling; 1 station will be 22.38 MW
{30,000 hp) with a 25.36 MW (34,000 hp) compressor for
cooling; 2 stations will be 22.38 MW (30,000 hp) with no
chilling; and 1 station will be 20.52 MW (27,500 hp) with no
chilling (CAGPL 1976). Two additional stations {CA-06 and
CA-07) are proposed for increased pumping capacity after the
first 5 vears of pipeline operation. It is expected these
two stations will be 22.38 MW (30,000 hp) with 12.68 MW
(17,000 hp) compressors for chilling. It may be necessary
for Arctic Gas to increase compression in the Mackenzie
Valley when throughput is increased after the first 5 vyears
of operation. It is not known how large additional power
requirements will be. These compressor stations will emit
the same contaminants as the Alaska Highway stations.
Emissions of unburned hydrocarbons due to routine main-
tenance will likely bhe the same as for the Alaska Highway
route.

The implications of a pipeline rupture along the
Arctic Gas route will be similar to those along the Alaska

Highway route.

Comparison Summary

Potential site specific conflicts due to construc-

tion activities are likely to be proportional to length.
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MICROCLIMATE

Problem Definition

The effect on microclimate due tc the pipeline
prcjects will primarily be an increase in formaticn of ice
fcg. Ice fog has, therefore, been selected to represent the
effects of the projects on microclimate,

ice fog is defined as a "reducticn in visibility
due to large ccncentrations of solid watef particles sus-
pended in air" {Csanady and Wigley 1973). A reduction in
visibility affects the operaticn of transportation equipment,
including ailrcraft, as well as the cperation <¢f other
equipment such as construction equipment.

Ice fog can be measured in terms of frequency of
occurrence and density or visibility reduction. Ice fog is
caused by the emission of supersaturated water vapor at
temperatures greater than 100°C into ambient air temperatures
less than —BOOC, and its effect is influenced by the amcunt
cf wind wventilaticn, occurrence of inversions and the vclumes
of water vapcr emitted.

The two rcutes were evaluated on the basis of ice
fog formation during the construction pericd resulting from
the operations of transportation and construction equipment,
and during the operation period resulting from the cperation
of ccompressor stations. The sizes and numbers of compressor

stations are based cn compressing requirements fcor long-term
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maximum gas throughputs proposed by the applicants. These
maximum values were used so the routes could be compared on

a "worst case" basis.

Potential Impact

Alaska Highway Route:

There is potential for intermittent, short-~term
increases in ice fog along the 825-km length of the Alaska
Highway route.

The annual mean number of days that the mean mini-
mum temperature is less than -30°¢ ranges from 32 days at
Teslin to 71 days at Beaver Creek. The annual mean number
of days that the mean minimum temperature is less than -30%
along the Alaska Highway rcute is 50 days based on data from
6 stations (Environment Canada 1969%-1975).

Mean annual wind speed along the route ranges from
5.6 km/h at Snag to 12.9 km/h at Whitehorse. The mean
annual wind speed along the Yukon portion of the route,
based on data from 4 stations, is 9.2 km/h {(Environment
Canada 19%69-1975) .

Construction activities between mileposts (MPs) 0-
111.4 are scheduled for the winter and will, therefore
affect ice fog formation. The magnitude of impact cannot be
éstimated as neither the number and types of machines nor
their rate of water vapor emissions 1s known. Conditions

for increased ice fog are expected to occur between MPs Q-
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111.4 a mean of 58 days per year. Due to the relatively
small area affected at any given time, regional effects will
not be significant.

\ Based on the expanded throughout capabilities,
there are 13 compresscr stations proposed for the Yukon
portion of the Alaska Highway route. ©One of these stations
will be 43.27 MW (58,000 hp) with a 1.9 MJ/h gas heater (180
MMBTU/h)a 2 stations will be 43.27 MW (58,000 hp), and 10
stations will be 21.63 MW (29,000 hp) (Foothills 1977).

The 43.27 MW compressors will each emit water wvapor at a
rate of approximately 16,370 kg/h. The 21.63 MW compressors
will emit water vapor at a rate of approximately 8180 kg/h.
The 1.9 MJ/h heater will emit water vapor at a rate of about
0.20 kg/h. These water vapor emission rates were linearly
extrapolated from the rate of 7480 kg/h for a 19.77 MW
(26,500 hp) station (Federal Power Commission 1976). Any
time meteorological conditions are conducive to formaticn cf
ice fog, operation cof these compresscor stations will con-
tribute to i1ce fog formation. The extent of change on
micrcclimate due to the cperation phase is dependent on
winds that provide horizontal mixing and effects of temp-
erature inversions that reduce the depth of the vertical
mixing layer. The change toc ice fog is alsc difficult teo
predict since there is nc apparent method to convert water
vapcr emissicons to fog density. The annual mean humber of
days that the intensity of ice fog may be affected by

compresscr station coperation is 50 days averaged along the

Alaska Highway rcute.
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types of machines nor their rate of water vapor emissions
are known. Due to the relatively small area affected at any
given time regional effects will not be significant.

Based on possible expansion plans of Arctic Gas,
there are 22 compressor stations proposed for the Arctic Gas
route (excluding the Richards Island supply line). The
proposed compresscor stations are sized as follows: 16
stations will be 22.38 MW (30,000 hp) with 12.68 MW (17,000
hp) compressors for cooling; 1 station will be 22.38 MW
{30,000 hp) with a 25.36 MW (24,000 hp) compressor for
cocling; 2 stations will be 22.38 MW (30,000 hp) with no
chilling; and 1 station will be 20.52 MW (27,500 hp) with no
chilling (CAGPL 1976). Two additional stations (CA-06 and
CA~-07) are propesed for increased pumping capacity after the
first 5 years of pipeline operation. It 1s expected these
two stations will be 22.38 MW (30,000 hp) with 12.68 MW
(17,000 hp) compressors for chilling. It may be necessary
for Arctic Gas to add compressor stations in the Mackenzie
Valley when throughput is increased after the first 5 years
of operation. It is not known how large additional power
requirements will be. The proposed compressor stations will
emit 22,700 1 of water vapor per hour {(CAGPL 1974). This
converts to 22,700 kg/h of water vapor. This rate of water
vaper emission is considerably greater than the values for
Alaska Highway compressor stations of similar size. There
is no apparent explanation for this discrepancy. The
operation of these compressor stations will contribute to

ice fog formation a mean annual of 82 days along the route.
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Site specific conflicts due to ice fog from
compressor stations were compared on the basis of potential
visibility reductions having a significant effect. That is,
the potential visibility reductions were considered signi-
ficant when they may affect settlements, highways, or air-
fields. It is expected there will be site specific con-
flicts resulting from the operation of 10 compressor sta-
tions along the Alaska Highway route, and 19 stations along
the Arctic Gas route. The magnitude of impact was compared
on the basis of the average number of days when the mean
minimum temperature was less than -30°¢ along the route.
There were 50 such days along the Alaska Highway route and
82 alcng the Arctic Gas route. Dispersion due to wind was
found to be essentially the same for both routes. The mean
rate of emission of water vapor by compressor stations was
found to be i0,0?O kg/h per compressor station along the
Alaska Highway route, and 22,700 kg/h per compressor station
along the Arctic Gas route.

The Alaska Highway route is the strongly preferred
route in terms of impact on microclimate with a preference

rating of 5 to 2.
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The Transmission of Prudhoe Bay Gas to American Markets:
A Preliminary Environmental Comparison of the Canadian
Arctic Gas Pipeline and the Foothills (Yukon) Pipeline

in the Yukon and Northwest Territories
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SUMMARY

Eleven mammalian specles (barren-ground caribou,
Dall's sheep, grizzly bear, polar bear, woodland caribou,
moose, wolverine, gray wolf, arctic fox and aguatic fur-
bearers) were selected to compare the relative preference of
the proposed Alaska Highway and Arctic Gas pipeline projects
in the Yukon and Northwest Territories. Species selection
and relative importance rankings were based on popélation
status and distribution, sensitivity and adaptability to
disturbance, and value to man. Route'preference ratings for
each species were based on potential severity of anticipated
conflicts and relative effectiveness of controls and mitigative
measures.

Barren-ground caribou do not occur along the
Alaska Highway route and it is overwhelmingly preferred to
the Arctic Gas route as far)as they are concerned (Table 1).
Low-flying aircraft during both construction and operation
may disturb caribou primarily during calving and post-
calving aggregations. The effects of anticipated increases
in hunting pressure and direct mortality during the construct-
ion phase on long-term population trends of the Porcupine
herd are unknown. A properly constructed and maintained
right-of-way should not be an impediment to caribou move-
ments and habitat loss should be minor barring construction-
related fires in winter range. Although impact of the

proposed Arctic Gas project and ancillary developments on the

Porcupine herd of barren-ground caribou could be potentially
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Table 1. Summary of mammal comparisona for the Alaska Highway
and Arctic Gas pipeline routes in Canada north of the
60th parallel.

Relative Preferenceb Weighted preference”

Relative
Importance Alaska Arctic Alaska Arctic
Weighting Highway Gas Highway Gas
Barren-ground _
caribou 39 5 1 195 39
Dall's sheep 25 2 5 50 125
Grizzly bear 20 5 4 100 80
Polar bear 18 5 4 90 72
Woodland caribou 13 5 4 65 52
Moose 8 5 4 40 32
Wolverine =7 5 5 35 35
Gray Wolf 7 5 4 35 28
Arctic fox 3 5 4 15 12
Aguatic
furbearers 2 5 3 10 6
Totals 142 635 481

%See Introduction and Approach for detailed discussion of
Relative Importance Weightings and Relative Preference
ratings.

bRelative Preference 1s based on a scale of 1-5, where the

preferred route is assigned a value of 5.

cWeighted Preference = Relative Importance Weighting X
Relative Preference.
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catastrophic, enforcement of stringent ccntrols and mit-
igative measures may ensure that there will be no serious,
long-term, directly project-related effects on this herd.

The Arctic Gas project is strongly preferred as
far as Dall's sheep are qoncerned. There is little potential
for disturbance of sheep along the 40 km where this route 1is
adjacent to sheep range, whereas the Alaska Highway project
has the potential to sericusly disturb them on the approx-
imately 400 km of Dall's sheep range it parallels. Enforce-
ment of stringent centrols on timing and route selecticon can
reduce most construction-related disturbance. Long-term
effects will be restricted to local disturbance arcund three
proposed compresscr stations. Increased sport-hunting
demand, expected primarily during the construction peried,
is manageable in the southern Yukon. Increased sheep
hunting by Natives to supply any market for sheep products
created by preject-related personnel may be a problem along
both routes.

Neither route was considered preferable with
respect to grizzly bears. Disturbance of denning areas or
denned bears will be infrequent on either route. Summer
construction of the Alaska Highway project increases pot-
ential Ior prcblems with bears at camps, althocugh the
magnitude of this problem should be lessened by the smaller
size of the southern Yukon grizzly bear population and by
adoption of suitable controls. The potential for harassment
of bears by aircraft is greater on the Arctic Gas route.

Less information for harvest management is available and en-
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forcement of restrictions is lesé feasible at least in the
northern Yukon, balancing the more depleted grizzly bear
populations of the southern Yukon. The barren-ground

grizzly occurring along the Arctic Gas route has been classified
as of indeterminate status.

Polar bears occur only along the Arctic Gas route
and impacts here are expected to be minor. Increased demand
for polar bear skiné may stimulate illegal harvest. Conflicts
with dens and foraging male bears in winter and females
with young after emergence in spring are unlikely. Small
bear populations and a low reproductive potential make any
increase 1n polar bear mortality important to long-term
population levels on the Yukon coast.

The Alaska Highway route is slightly preferred
with reference to woodland caribou. Summer construction
of the Alaska Highway project will minimize disturbance
of caribou during critical periods, whereas disturbance
in winter by the Arctic Gas project is highly likely.

About 150 and 1100 km of caribou range are crossed by
the Alaska Highway and Arctic Gas projects, respectively.
Woodland caribou populations in the southern Yukon are
smaller than along the Arctic Gas route and increased
mortality from any source will be more significant here.

The Alaska Highway project is slightly preferable
insofar as moose are concerned. Summer construction will
minimize disturbance of moose on critical ranges along much

of this route, whereas winter disturbance is expected along
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wildlife-~human conflicts are less adequate in the northern
Yukon sections of the Arctic Gas route than along the
Alaska Highway route in the socuthern Yukon. This will
compensate somewhat for the generally reduced status of
wildlife populations along the Alaska Highway route. Winter
construction will increase conflicts with woodland caribou
and moose on the Arctic Gas route and Dall’s sheep on the
Alaska Highway route. These factors all tend toc decrease
mitigability of impact due to the Arctic Gas project and to
increase the likelihood of unexpected conflicts. By far

the most serious long-term effect of inadequately controlled
and mitigated disturbance, habitat loss and mortality would
be on the Porcupine herd of barren-ground caribou. It is
because of this potential for destruction of cne of the

last great caribou herds in North America by the Arctic Gas
project and possible associated future developments that the
Alaska Highway project is recommended insofar as the mammals

are concerned.
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Two basic indicators of change, habitat loss and
increased mortality, were used. Loss ¢of habitat integrity
is a major factor contributing to declines in a mammalian
species' long-term welfare in a particular region. Habitat
loss can result from either physical destruction or range
evacuation as a result of disturbance. Denning areas are
particularly prone to destruction. Destruction of ungulate
range and aquatic furbearer habitat is generally shorter-term
as these areas tend to regenerate through natural processes
and to be reoccupied by the original species if other condi-
tions are suitable. Range evacuation, resulting f£rom human
disturbance, generally involves short-term habitat loss.
Special attention must be given, however, to critical areas
such as winter range, calving, lambing or denning areas, rut-
ting grounds, or traditional seasonal migration routes. Rela-
tively short~term disturbances in such areas may have profound,
long-term implications for the wildlife population concerned.

A second indicator cf deleterious project-related
effects is increased mortality. Collisions with vehicles,
falling into trenches and injuries as a result of rapid flight
may increase direct mortality. Increased demand for harvest
of desirable trophy species is expected to result from in-
fluxes of broject—related staff and visitors and increased
publicity surrounding northern frontier areas. This is
particularly significant if the wildlife populations con-
cerned are easily taken or already depleted. Repeated dis-

turbance of unhabituated mammals particularly in winter may
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BARREN-GROUND CARIBOU {(Rangifer Zarandus graniti)

Problem Definition

The Porcupine herd of 90,000 to 110,000 caribou
occupies a 220,000 km2 range primarily in the northern
Yukon and northeastern Alaska {(Calef and Lortie 1973,

Calef 1974). Histofically, caribou population declines

have followed significant human involvement in an area,

due mainly to increased hunting and range destruction,
particularly by fire (Bergerud 1974a, Lent 1975). Caribou
are sensitive to some human-related disturbance. McCourt

et al. (1974) documented minor reactions by caribou to
simulated compresscr staticon noise. Low-~altitude air-

craft produce strong reactions generally decreasing as
altitude increases to 300 m (Calef and Lortie 1973, McCourt
and Horstman 1974, McCourt et al. 1974, Jakimchuk et al.
1974). Caribou under stress show a greater reaction to air-
craft and other forms of disturbance, particularly on the
calving grounds and during early winter (Calef et al. 1976).
The calving and post-calving seasons may be the most criti-
cal periods for them (Bergerud 1976, Calef 1975). Cameron
and Whitten (1976) believed construction of the Alyeska
pipeline caused caribou to avoid the construction area

while work was in progress. Caribou will habituate to

many activities unless hunted or harrassed (Calef and Lortie

1973, Bergerud 1974b, McCourt et al. 1974, Calef 1975).
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possibly prevent usage of traditional calving areas and
disrupt caribou social structure during calving and post-
calving aggregations. Calving and post-calving aggrega-
tions along the north coast may be disturbed by low-flying
aircraft. Calving coincides with maximum river flow and
soil thaw on the Yukon coast, when aerial surveillance
needs are greatest (Calef 1975). Construction will cause
only minor disturbance of wintering caribou as the route
avolds major winter ranges {(Jakimchuk et al. 1974, McCourt
et al. 1974). Research by McCourt et al. (1974) showed
that caribou generally do not react strongly to compressor
station noise.

The proposed project will not cause major in-
creases in direct caribou mortality. Low=flying ailrcraft
may initiate stampedes, particularly during fly season
on the Yukon coast. Hunting in or from construction camps
is not expected, and the creation of new access can be con-
trolled if pipeline facilities are built from snow roads and
closed to the public. Publicity surrounding the project and
the influx of project-related personnel are expected to in-
crease demand for caribou-hunting privileges (Sprecker 1975,
Speller 1976, Lent 1976). The Dempster Highway currently
allows hunter access to some caribou migrations and winter
ranges (Jakimchuk et al. 1974, Mossop 1976), and sport-
hunter success rates are high (Lortie 1974). Residents of
northern communities harvest at least 2000 to 5000 caribou

annually (Monaghan personal communication to CAGPL 1974).
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DALL'S SHEEP ([(Quis dafif.i)

Problem Definition

Dall's sheep annually occupy up to six or seven
seasonal home ranges Jjolned by complex travel routes (Geist
1971a). 1In general, summer ranges are in alpine areas while
lower, windswept ranges of frequently restricted area are
critical in winter. Lambing (May-June), rutting {November-
December) and mineral lick {(May-August} ranges are also
crucial. Range-use patterns develop cntogenetically and are
a band tradition. Sheep do not readily cclonize new habitat
or former ranges (Geist 1971l1la).

Sheep which have not been habituated to the pre-
sence of humans are sensitive to disturbance, and human
incursions may result in range abandonment. Influxes of
temporary non-residents into northern areas tends to in-
crease demand for hunting privileges (Sprecker 1975, Lent
1976, Speller 1976). Because many sheep populations are
small, and there is no unexploited habitat close to a sheep
population under natural conditions (Geist 197la), any
increased mortality or range loss could result in elimination
of a population (Geist 1971c, 1975, Dunaway 1971, Hoefs
1975, Mossop 1976). Low-altitude aircraft, particularly
helicopters, cause temporary range evacuation and changes in
activity patterns (Price 1972, Lenarz 1974, McCourt et al.
1974) . Sheep react to helicopters up to 1 km away although
this reactivity decreases with increased distance (Price

1972, Reynolds 1974). Infreguent and unpredictable disturb-
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ances have the most serious effects, including energy
reserve depletion and behavioral disruption (Geist 1971b,

1971e, 1975).

Potential Impact

Alaska Highway Route:

Dall's sheep are found 1n most alpine areas near
the route {(Lands Directorate 1973, Foothills 1976b). Several
winter ranges are within 5 km of the proposed alignment,
particularly at Mount Wallace and adjacent areas between
pipeline mileposts (MPs) 135-150. Mount Ingram (MP 250)
and the Ibex River valley {(MPs 245-260} are an important
summer and possibly winter range and travel route, res-
pectively. Lambing, rutting and mineral lick sites are not
adequately known in many areas. Sheep wintering near the
right-of-way may be disturbed by route preparation and air-
craft flights, particularly where the route diverges from
the highway. Aircraft and blasting may also disrupt lambing.

Project-related disturbance is expected to cause
sheep to withdraw from critical range areas, particularly
winter range adjacent to the proposed alignment, during
construction. Controls on timing of construction and
related activities and on the route selected can prevent
most such conflicts. Little habitat destruction is ex-
pected during construction. Range loss during operation

is expected to be minor. Compressor stations FY-2 (MP 122.6),

114






affected by the project are not well known (Ruttan 1976).
No compressor stations are planned near sheep ranges (CAGPL
1974) and alircraft are expected to avoid these mountainous
areas. Borrow facilities are to be located at the base of
Mount Goodenough. Habitat destruction is not expected
during construction. Nc significant disturbance or range
loss is foreseen during coperation.

Increases in recreaticnal use of sheep ranges are
not expected. Only Natives are permitted to hunt sheep in
the Richardson Mountains, with a known kill cf 41, 22 and
33 sheep by Aklavik residents in 1969, 1970 and 1971 res-
pectively (Jakimchuk et al. 1974). This apparently equals
or exceeds recruitment and the sheep populaticn is declining.
Demand fcr trophies and souvenirs by pipeline-related per-
sonnel may stimulate this hunting by Natives. §Such in-

creases are not easily ccntrolled.

Compariscn Summary

The Arctic Gas route i1s preferred inscfar as
potential impact on Dall's sheep is concerned and is assigned
a preference rating ocf 5. This route parallels sheep range
for about 40 km. There is little apparent potential for
disturbance even though these sheep are hunted and habitua-
tion to human presence probably would be very difficult.
Cocmpresscr stations, construction equipment, borrow cpera-
tions, and aircraft are not expected to significantly dis-

turb sheep con the Arctic Gas route. While hunting cf the
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Mount Goodenough population 1s restricted to Natives, demand
for salable trophies may stimulate increased sheep hunting.
Institution and enforcement of regulations to control any
such increases in harvest will be difficult.

The Alaska Highway route parallels sheep ranges
for about 400 km and passes through or adjacent to sensitive
sheep ranges. Construction equipment, compressor stations
and small aircraft have the potential to disturb sheep on
this route, although such disturbances are partially mit-
igable. This route follows an existing highway for much of
its length, and sheep are expected to be somewhat habi-
tatuated toc these noises. New access to sheep ranges will
be created in the Ibex River valley. Increased demand for
sheep-hunting privileges is anticipated in all areas near
the corridor where sheep hunting is permitted. Increased
recreaticnal use of wilderness areas may result in range
abandonment. These problems are mitigated somewhat by the
fact that information on which to base management decisions
is available and controls on hunting and wilderness use are
more easily effected along this route than along the Arctic
Gas alignment.

On the basis of these considerations the Alaska
Highway route has been assigned a preference rating of 2

relative to the Arctic Gas route.
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GRIZZLY BEAR ([Ursust axrcilos]

Problem Definition

Grizzly bear populations are susceptible to
reduction where intensive human land use occurs (Pearson
1975). Human aversion to large predators means legal pro-
tection may not prevent extirpation of bears in remote areas
(Macpherson 1965, Jonkel 1970a). Grizzlies can habituate to
human presence if not hunted (Craighead and Craighead 1972,
Pearson 1975). They are sensitive to low-flying aircraft
(McCourt et al. 1974, Ruttan 1974a, Schweinsburg 1974a). In
wilderness areas bears generally flee from humans although
unexpected encounters may result in aggressive reactions
(Herrerc 1970, Mundy and Flcok 1973).

artificial food sources such as garbage attract
bears from as far as 80 km in the Arctic (Hinman 1374},
promoting intraspecific aggression and potentially serious
threats to human safety made worse by feeding ¢f bears
(Stokes 1970, Cole 1972, Craighead and Craighead 1972).
Bears without natural wariness of man are ménaces and often
must be destroyed or removed from the area (Eerrero 1970,
Cole 1972, Craighead and Craighead 1972, Hinman 1974).

Grizzly bears are desired as trophies, particu-
larly by sports hunters not resident in northern reglons
(Lortie 1974, 1975, 1976). Influxes of temporary non-
residents tend to increase demand for hunting privileges

(Sprecker 1975, Lent 1976, Speller 1976). Repreoductive
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potential of northern grizzlies is low (Jakimchuk et al.

1974, Doll et al. 1974, Curatole and Mcore 1974, Pearson

1975) and increased hunting may cause population declines
(McIlroy 1972, Pearson 1975).

Disturbance of denned bears (October-Zpril or May),
or destruction of scarce aenning habitat may drastically
affect bear populations (Watson et al. 1973, Harding 1976).
Long-term use of snow dens is rare (Ruttan 1974a, Harding
1976). Foraging areas are fregquently in river valleys
(Ruttan and Wooley 1974, Pearson 1975) and coastal areas

{Pearson and Nagy 1976).

Potential Impact

Alaska Highway Rcute:

Grizzly bears occur mainly in mountainous areas
along the route (Lands Directcorate 1973, Foothills 1976b).
Only small areas of prime foraging habitat on alluvial flats
will be destroyed by the right-of-way. Disturbance of
foraging bears should have an insignificant effect. Dest-
ructicn of denning areas 1s not anticipated as these ranges
are remote and inaccessible. Disturbance of bears by air-
craft on alpine meadows and alluvial flats is expected to be
infrequent.

Attraction of bears to construction camps and
dumps in the Yukon is expected particularly if garbage-

handling techniques are inadequate. Increased hunting
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demand is expected due to an influx of project-related
personnel. The proposed route feollows an existing trans-
portation corridor in the Yukon, and no significant new
access to grizzly habitat will be created. Long-term human
involvement in the scuthern Yukon has substantially reduced

bear populations there.
Arctic Gas Route:

Grizzly bears are concentrated in valleys and in
association with caribou on the Yukon coast and adjacent
British and Richardson Mountains in summer (Doll et al.
1874, Ruttan and Wooley 1874, Jakimchuk et al. 1874}. They
also occur throughout the Mackenzie Valley. Holloway (1970)
classified the barren-ground grizzly as being of reduced but
indeterminate status. Dens are restricted to stable, well-
drained soils in the British and Richardson mountains
{Jakimchuk et al. 1974) and were found in uplands well back
from the Beaufort Sea on the Tuktoyaktuk Peninsula and
Richards Island (Pearson and Nagy 1976, Harding 1876).

Bears may den in river wvalleys on the Yukon ccastal plain
(A.M. Pearson, perscnal communication to Kucera 1974)
although no den sites are known on or near the proposad
right—of-way;

Grizzly bears may be a problem if garbage is avail-
able at summer camps and dumps. Increased mortality and
harassment of bears are expected near such camps. In remote
areas most bears are unaccustomed to man and a selective

pressure for shyness has not been in effect for long (Kucera
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grizzly bear dens near the proposed right-of-way, den des-
truction and disturbance of denned bears could occur if such
dens do in fact occur on or near the alignment and they are
not found prior to the start of construction. The pro-
bability of such an event occurring is low. Disturbance by
aircraft may be significant along the open Yukon coast where
controi may be difficult. Effects of increased sport-
hunting demand may be serious particularly in open areas
where bears are vulnerable, or where bear habitat has been
made newly accessible, such as parts of the Mackenzie Valley.
Shortages of management information, and difficulties in en-
forcing hunting restrictions make this problem potentially
somewhat greater on the Arctic Gas route than on the Alaska
Highway project.

Based on these considerations the Alaska Highway

route is slightly preferred by a ratio of 5 to 4.
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POLAR BEAR [Ursus manifimud)

Problem Definition

Polar bear populations have been severely reduced
by over-hunting in once-secure circumpolar wilderness areas.
By classification of the International Union for the Con-
servation of Nature and Natural Resources polar bears are
"depleted" world wide (Holloway 1970) although populations
in Canada are belileved to be relatively secure. Natives
hunt small numbers in the Beaufort Sea area (Smith and
Jonkel 1975, Stirling et al. 1973).

Although adaptable to some forms of human contact,
polar bears are sensitive to disturbance in established
coastal or landfast-ice foraging zones (Jonkel and Kolencsky
1969 cited in Jonkel 1970b, Watson et al. 1973). Beaufort
Sea bears summer on drifting pack ice and return to the
mainland in September and October as this ice drifts to
land. Pregnant females den in river valleys and near bluffs
or slopes with deep snow, or on landfast ice (Lentfer 1972,
Jonkel et al. 1972, Stirling et al. 1975, Moocre and Quimby
1975). Heavy vehicle operation could disturb denning bears
(Moore and Quimby 1975). If such disturbances caused den
evacuation they would probably result in death of the young
and could affect local poprulation levels. Polar bear pop-
ulations are small and the species has a very low reproduc-

tive potential (Banfield 1974b, Stirling et al., 1975).
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Garbage and intentional feeding attracts foraging
bears to winter camps, potentially resulting in increased
intraspecific aggression, susceptibility to hunting, removal
of dangerous animals, and threats to human safety (Jonkel
1970a, Schweinsburg 19%74a).

Large-scale oil and fuel spills in Arctic waters
may affect polar bears and thelr prey, particularly by
causing bears to lose buoyancy and suffer from exposure

(Lentfer 1972, Stirling 1976).

Potential Impacts

Alaska Highway Route:

Sections of this route included in the comparison

avoid the distribution of polar bears.

Arctic Gas Route:

Polar bears occur along the Yukon coast in winter.
Construction activities could disturb any bears denning near
the route. Detection of occupied dens is very difficult in
winter, and avoiding dens during construction is largely a
matter of chance (Mcore and Quimby 1975). The Alaskan and
Yukon north coasts are not "core" polar bear denning areas
and few bears are known to den there (Harington 1968, Moore
and Quimby 1975, Stirling et al. 1975, Stirling 1976).

Although Moore and Quimby (1975) suggested that the western
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Encounters with peolar bear dens are considered
unlikely during winter constructicn on the Yukon coast.
Inadequate data make the probability and long-term effects
of such disturbances difficult to predict. Illegal polar
bear hunting may occur in response to increased demand for
polar hear pelts as a result of the project. These problems
are difficult to mitigate. Removal of nuisance animals and
possible intraspecific aggression at dumps may increase
polar bear mortality and lead to threats to human safety.
Low reproductive potential means that increased mortality
may be reflected in lower polar bear populations in the
Beaufort Sea for some time to come. Disturbance of foraging
male bears along the coast in winter or of females following
emergence from the dens in spring will not be critical.
Future industrial development along the ccast as a result of
the proposed project may have long-term, deleterious effects
on bear populations.

On the basis of these considerations the Arctic
Gas route has been assigned a preference rating of 4 rela-

tive to the Alaska Highway route.
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tends to result in a generally increased demand for sport-

hunting privileges (Sprecker 1975, Lent 1976, Speller 1976).

Potential Impact

Alaska Highway Route:

Most mountainous areas adjacent to the route in
the Yukon probably support small woodland caribou popu-
lations {(Lands Directorate 1973, Foothills 1976b). Hoefs
(1975) estimated woodland caribou populations in the Yukon
at 10,000 to 20,000 although regional caribou distributions
are unknown.

Habitat destruction by the project will be insignif-
icant unless fire destroys winter range. Hernandez (1977)
indicated that the project could increase the potential for
major fires if construction occurred in a "bad" fire year.
Disturbance will be temporary and insignificant unless
caribou are forced from winter ranges. Winter construction
is not scheduled in known caribou ranges, although route
preparation may be undertaken in winter. Disturbance by
aircraft will be limited to caribou on alpine meadows.

Pipeline-related increases in hunting demand are
expected, although caribou are not prime targets of non-
resident hunters and new access to caribou ranges will not
be created. Given their very low recruitment (Qosenbrug
1976), however, any increase in mortality is critical to the
integrity of woodland caribou populations in the southern

Yukon.
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Arctic Gas Route:

Widespread, low-density woodland caribou popula-
tions are found in the Mackenzie Valley {Watson et al. 1973,
Ruttan and Wooley 1974, Ruttan 1976). Their range extends
from Alberta to tree line east of the Mackenzie River and to
Arctic Red River on the west. There are no known populaticn
concentrations near the right-of-way (Watson et al. 1973),
although important year-round ranges will be crossed in the
Redknife and Ebbutt Hills and near Travaillant Lake. Other
herds are believed to be sparsely distributed along the
pipeline corridor.

Project-related increases in hunting demand by
non-residents are expected, as well as new access to caribou
ranges along the corridor in the upper Mackenzie Valley.

Disturbance effects will be minimal unless caribou
are forced from winter ranges. Protective cover should
decrease effects of aircraft noise. Little disturbance is
expected during operation. Habitat destruction will be
insignificant in either phase unless project-related fire
destroys winter range. Hernandez (1974) expected an in-
crease in the number of fires but not in the area burned as

a result of the project.

Comparison Summary

The Alaska Highway route 1is preferred insofar as

woodland caribou are concerned and is assigned a preference
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rating of 5. Although the absolute increase in caribou
hunting demand is expected to be small, any increase in
hunting is important due to the small size and apparently
reduced viability of caribou populations in the southern
Yukon. However, some information on which to base manage-
ment regulations is available and regulation of caribou
hunting is potentially possible in the southern Yukon where
caribou hunting is already prohibited in certain areas. The
summer construction schedule will reduce the potential for
winter disturbance in most areas to those effects which
accompany route preparation., Identifiable conflicts may be
mitigable by timing and alignment changes., Woodland caribou
populations occur along about 150 km of the route. About
one~half of these caribou ranges are adjacent to the Alaska
Highway, and cagibou in these areas may be somewhat habi-
tuated to disturbance accompanying aircraft and vehicular
traffic. Habitat destruction along the right-of-way will
not be critical unless project-related fire destroys winter
ranges. The probability of such an event in a "bad" fire
vear is high.

Winter disturbance of woodland caribou is highly
probable as a result of the winter construction schedule,
and may be mitigable only by major timing changes. Little
habituation to low-flying ai;craft is anticipated to have
occurred in most areas. Any interference with migration
will be local. Scattered woodland caribou populations are

believed to occur along about 1100 km of the route. Habitat
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destruction will be minor unless wproject-related fire des-
troys winter ranges, of which the probability is low.
Effective caribou management may he more difficult cn the
proposed Arctic Gas alignment due to inadegquate information
and difficulties of enforcement, particularly in remote
areas.

Based on these considerations the Arctic Gas route
was assigned a preference rating of 4 relative to the Alaska

Highway route.
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MOOSE [Afces alces)

Problem Definition

Moose are commonly a species of disturbed areas,
occupying primarily riparian and deciduocus upland areas in
winter and early spring, and wetlands and deciduous wood-
lands in summer and fall (des Meules 1964, Watson et al.
1973, Peek et al. 1976). Seascnal movements may be lateral
or altitudinal (Edwards and Ritcey 1956, Goddard 1970).
Winter range tends to bhe restricted by excessive snow,
although availability of other seasonal ranges generally
does not limit moose populations (Watson et al. 1973).
Disruption of climax communities by fire or other agents
often creates new moose habitat, although the short-term
effects of winter range loss can be serious.

Moose tolerate many human activities (Geist 1963).
McCourt et al. (1974) observed strong reactions to aircraft
flying at under 60 m altitude but only a slight response to
those flying at over 200 m altitude. Jakimchuk et al.
(l974)lsuggested that moose are more easily disturbed by
aircraft during late winter and in deep snow conditions,
potentially exacerbating already-negative energy balances at
these times (Geist 19%71lb, 1971c, Watson et al. 1973, Peek et
al. 1976).

Moose are susceptible to hunting by humans (Geist
1963). Influxes of temporary non-residents frequently

increase demand for hunting privileges (Sprecker 1975,
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Speller 1976, Lent 1976). Moose productivity and pcpula-
tions are lower in ncrthern areas than in southern, in-
creasing susceptibility t¢ overhunting {(Jakimchuk et al.
1974, Hoefs 1975). Geist (1971la) considered moose capable
0of colonizing new ranges but Goddard (1897C¢) found that
locally overhunted areas were not invaded by mcose from
nearby, unhunted regions. Moose are primarily unsociable
and solitary except during and after the rut (Geist 1963,

Houston 1974).

Potential Impact

Alaska Highway Route:

Mcose occupy most wetland areas alcng the route
(Lands Directorate 1973, Fcothills 1976b). Data con regional
populations and harvests are largely unavailable.

Disturbance by aircraft will generally be minor.
Winter construction and route preparation in occupied
winter ranges will disturb mocse in areas adjacent to the
right-cf-way. Although some such disturbance will cccur in
summer the effects will not be critical. Large-scale des-
tructicn of.critical habitat is unlikely unless extensive
areas of riparian vegetatiocon are cleared or forest fires
destroy winter range. Hernandez (1977) indicated that the
project cculd increase the potential for major fires if con-

structicn occcurred in a "bad" fire seascn. Such fires in
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relatively minor. Mocose will be vulnerable to disturbance
in winter wherever project-related activities occur in their
ranges in winter.

Normal seasonal migrations may be disturbed for
short periods during construction, primarily by trenching
and pipe-laying activities. Moose wintering particularly on
Mackenzie River islands and possibly in valleys on the
Alaska {and presumably Yukon} north coasts undertake seascnal
migrations believed to cross the proposed alignment (Watson
et al. 19873, Roseneau and Stern 1974, Ruttan 1976).

Increased demand for meoose hunting is expected due
to project-related influxes cf non-resident perscnnel into
the nerthern Yukon and Mackenzie Valley. Moose are an
important resource for northern peoples and have been effec-
tively extirpated from areas surrounding many northern

communities {Jakimchuk et al. 1974).

Comparison Summary

The Alaska Highway route is preferred insofar as
moose are concerned and is assigned a preference rating of
5. Disturbance of moose on winter ranges along this route
will be decreased by the scheduled summer construction on
most of the route. Some disturbance on winter ranges will
accompany route preparation activities, although they will
be somewhat mitigable by route and timing changes. Little

disturbance is expected when summer range is crossed.

i
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Little interference with seasonal movements is expected.
The Alaska Highway generally does not encounter moose
habitat between MPs 90-350. A "bad" fire season during
construction may destroy moose winter ranges, but also
create significant areas of new moose browse for the future.
The route will not create significant new access to moose
ranges. Increased non-resident sport hunting is antici-
pated. Should controls on sport-hunting prove advisable a
data base for management 1s more reacdily availlable and
restrictions probably more easily implemented and enforced
in the southern Yukon than in the northern Yukon (Mossop
1976).

The winter constructicon schedule proposed by Arctic
Gas 1s expected to result in disturbance of small numbers of
moose wintering along the right-of-way, particularly near
the Mackenzie River. Mitigation may be possible by route
changes in some cases; but not by timing within the present
schedule, Minor, temporary interruptions of seasonal move-
ments may also occur during trenching and pipe-laying in
these same areas. Essentially the entire Arctic Gas route
traverses moose habitat, although it is marginal on most of
the Yukon coast. Effects of increased hunting may be
significant along the Arctic Gas route, particularly where
new access is created in the upper Mackenzie Valley. Any
increased hunting in such areas, particularly by holders of
General Hunting Licences, is difficult to control and could

cause depletion of local populations. Information for
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management of moose along much of the route 1is relatively
unavailable and enforcement of regulations difficult
relative to most of the scuthern Yukon. Project-related
fires are not expected to increase either winter range loss
or creation of future moose habitat over present rates.
Based on these considerations the Arctic Gas route
was assigned a preference rating of 4 relative to the Alaska

Highway route.
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searches during location surveys can prevent most potential
conflicts at den sites. Construction is scheduled for the
early denning period only in the Beaver Creek to Duke River
sections, although right-of-way preparation in other sections
may be underway during this peried. Cover and rough terrain
will protect wolves from aircraft harassment along most of the
route.

Demand for wolf fur is expected to increase over
an area larger than the proposed corridor. About 2 percent
of the current Yukon wolf harvest is obtained within 15 km
of the‘proposed alignment {(Hoefs 1975, M. Hoefs personal
communication, R. Archibald personal communication). Increased
harvest effort could deplete the already-reduced wolf pop-
ulations in the southern Yukon. No major new access to wolf
ranges will be created by the project.

Wolves freguently follow ungulates into alpine
valleys and lowlands in winter (Cowan 1947). This increases
the potential for problems at camps during winter construct-
ion in the Beaver Creek to Duke River section and wherever
route preparation and other activities are undertaken in
winter. Problems at camps and dumps are readily mitigable,

however.,
Arctic Gas Route:

Wolf distribution near the proposed route is

poorly known. Wolves occur on the Yukon coast and Mackenzie
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Delta (Ruttan and Wooley 1974, Ruttan 1974b, Jakimchuk et
al. 1974, Doll et al. 1974) and are expected to cccur along
the route wherever significant ungulate populations are
present (Ruttan and Wooley 1974).

Some disturbance cf dens may occur although Ruttan
(1974b) found no wolf dens near the proposed alignment on
the Yukon coast. Suitable denning areas may be uncommon ih
this region. Extraction of borrow material may destroy such
areas unless den sites are identified during route location
surveys and subsequently avoided. Construction later than
early April may disturb denned wolves. Wolves will be
particularly vulnerable to aircraft harassment on the open
coastal plain.

Large numbers of project-related in-migrants may
increase demand for wolf pelts, possibly stimulating har-
vesting effort. The proposed win£er construction schedule
increases the possibility of investigaticons by wolves in
camps, with corresponding increases in wolf-human contacts.
Although appropriate controls can be expected to mitigate
many such difficulties, wolves proved to be a serious
problem in camps and aleng the right-of-way during construct-
ion of the Alyeska pipeline in northern Alaska (J. Hemming

personal communication).

Comparison Summary

The Alaska Highway route is preferred insofar as

wolves are concerned and is assigned a preference rating of
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5. No significant new access to wolf ranges will be created
by the Alaska Highway project. Wolves are hunted along much
of the route and are expected to be extremely wary of man,
lessening the magnitude of any problems at camps and dumps.
Summer construction should decrease the potential for pro-
blems with wolves at Alaska Highway camps. Such problems
can be readily mitigated by fencing camps and incinerating
garbage. Disturbance of denning areas along the right-of-~
way and in or near sources of borrow material can be avoided
by undertaking pre-alignment surveys. Increased demand for
wolf fur as a result of influxes of project-related personnel
is expected to stimulate wolf harvest. This is important in
view of the already-depleted wolf popﬁlations in much of the
southern Yukon. Relatively more data on wildlife are avail-
able in the southern than the northern Yukon (Mossop 1976),
and any management of wolves made necessary by the project
should be more easily effected in the more southern areas.
Oon the Arctic Gas route the winter construction
schedule will increase the potential for serious problems
with wolves at camps and along the right-of-way although
some of these are mitigable. This problem could‘be
exacerbated by the relatively higher populations of wolves
believed to occur aloﬁg this route. Lack of cover in tundra
increases vulnerability of wolves to harassment by aircraft.
The anticipated increase in demand for wolf fur is expected
to increase harvest effort. Data on which to base manage-
ment are relatively unavailable, at least in the northern

Yukon (Mossop 1976} and any management and enforcement of

142



hunting and anti-harassment regulations will be difficult in
remote areas. Disturbance of denning areas along the
right-of-way or near sources of borrow material can be
avoided by undertaking pre-alignment surveys.

Based on these considerations the Arctic Gas route
was assigned a preference rating of 4 relative to the Alaska

Highway route.
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primary effect of increased trapping would be wolverine
population reductions or extirpation aleong much of the route.

Wolverine meortality is alsc expected to increase
due to man-wolverine contacts during construction. Problems
at camps and dumps will be decreased by the summer con-
struction schedule along most of the route although winter
route-clearing camps may experience problems with wolverines.
Late summer-early spring preparation of the right-of-way and
permanent facility sites may occasicnally destroy or disturb
wolverine dens,

Very little habitat loss is anticipated during any

phase of the project.
Arctic Gas Route:

Although details of distribution are unknown,
wolverine are believed to occur along the entire route.
Kucera (1973) recorded wolverine at Travaillant Lake. The
entire Northwest Territories has recently exported fewer
than 100 wolverine pelts annually (Kucera 1974). Most
wolverines are trapped incidentally and pelts used locally
{Novakowski 1975).

The major impact of the proposed project on
wolverines will be increased human contact and consequently
increased mortality. The wintex construction schedule in-
creases the likelihood of wolverines coming into contact
with any poorly manéged dumps and camps. Current scheduling

should prevent clearing operations from threatening dens.
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barring major forest fires, although wolverines may tem-
porarily abandon areas adjacent to the right-of-way during
construction. Rugged terrain will minimize aerial harass-
ment.

Camps and dumps on the Arctic Gas route may ex-
perience frequent investigations by wolverines because of
the winter constructilion schedule, although many such pro-
blems are generally mitigable. Wolverine harvest may in-
crease as a result of the project due to greater demand for
wolverine fur, possibly depleting wolverine populations.

The route crosses primarily undeveloped territery, bringing
human incursions to areas where wolverine populations are
expected to approach carrying capacity. Very few data on
which to base any wclverine management programs made neces-
sary by the project are available and enforcement of any
harvest restrictions could be difficult. Very little habi-
tat loss is anticipated barring major forest fires, although
areas near the alignment may be temporarily abandoned during
construction. Aerial harassment may he significant in areas
lacking protective cover, particularly the Yukon coast.

Based on these considerations both routes were

' assigned Relative Preference ratings of 5.
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ARCTIC FOX (Afopex fLagopus)

Problem Definition

Arctic foxes are found on much of Canada's arctic
tundra and are economically important furbearers (Kucera
1974, Hoefs 1975). They have large home ranges on sea ice
and land and theilr versatility as predators decreases sus-
ceptibility to disturbance except when denning in spring and
summer, at which time territories are defended (Macpherson
1969, Ruttan 1974b). Destruction of dens or denning habitat
can have serious effects on fox populations. The availa-
bility 0of good den sites (eskers, moraines and similar
areas) may limit fox populations and in many tundra areas
the same sites may be reused for centuries (Macpherson 1969,
Ruttan 1974b, Ruttan and Wooley 1974). Foxes cannot dig new
dens in spring and must utilize existing burrows (Macpherson
1969). Where gravel availability is limited these same
areas may also be prime scurces of borrow material. Dens
are easily crushed by heavy equipment even in winter (Ruttan
1974b, Quimby and Snarski 1974).

Foxes are attracted to garbage dumps, particularly
in winter, thereby increasing local vulnerability to trap-
ping. Feeding attracts foxes into camps bringing a poten-
tial rabies hazard (Quimby and Snarsky 1974, J. Hemming
personal communication). Foxes react strongly to humans
only if approached closely and hungry foxes do not fear

humans. They may avoid low flying aircraft or simply show
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watchful curicsity (Ruttan 1974b). Wearby operation of
heavy equipment or use of explcsives may cause den abandon-
ment (Watson et al., 1973).

Arctic fox populations are generally resistant to
overtrapping. They experience periodic population fluc-
tuations in apparent response to changes in prey species
abundance {Macpherson 1969, 1970). High reproductive poten-
tial promotes recovery from population reductions due to
natural causes, cvertrapping or over-reliance on temporary

local food abundance (e.g. garbage).

Potential Impacts

Alaska Highway Route

Sections ¢f this route included in the comparison

avold the distribution of arctic fox.

Arctic Gas Route:

Arctic foxes are found on the Yukon coast and
Mackenzie Delta (Ruttan 1974b, Schweinsburg 1%74a). Kucera
(1974), using the habitat classification of Nclan et al.
{1973), found that the Arctic Gas route crossed 82 km of
Class 1 {(mcst important} habitat, 70 km of Class 2 and 116
km ¢of Class 3 habitat on the Yukon cecastal plain. Several
denning areas exist between the Alaska-Yukon boundary and

the Blow River, including areas near Clarence Lagoon,



alluvial fans of the Malcolm and Firth Rivers and the region
between the Firth and Spring Rivers {Ruttan 1974b). Most
occupied dens found by Ruttan (1%74k) were not near the pro-
posed alignment. Borrow material will be collected in many
of the same general areas that have been identified as den-
ning ranges (CAGPL 1974); however, locations of fox dens can
be readily identified and avoided (Macpherson 1869). The
potential for den destruction will be restricted to the
construction phase unless maintenance of the line requires
extensive amounts of gravel. Den abandonment may result if
heavy equipment is operated nearby or if human investigation
of dens occurs.

Foxes are expected to congregate at camps and gar-
bage dumps if food is available, particularly if there is a
no-hunting corridor along the right-of-way. Without such a
corriaor, harvest of these fox concentrations by hunters and
trappers may increase, but probably without long-term
effects. Restricting garbage availability is a feasible
control for such problems. Little disturbance is expected

due to human presence.

Comparison Summary

Because Arctic foxes do not occur on the Alaska
Highway route, it is preferred insofar as arctic foxes are
concerned and is assigned a preference rating of 5.

There are no serious long-term threats to arctic

foxes along the Arctic Gas route. One potential problem is



destruction of denning habitat, primarily by borrow operations.
Extensive loss of the available denning habitat is not
anticipated, and effects ©of bhorrow operations on fox pop-
ulations should be minor if pre-construction surveys are
undertaken and borrow areas chosen to avoid such conflicts.
Any fox concentrations neaf camps as a result of garbage
availability may be exposed to greater harvest effort but
ne long-term or widéspread declines in arctic fox populations
are anticipated due to their high reproductive capacity.
The incidence of rabies in the fox population may increase
if they concentrate near camps, and feeding of foxes will
increase the potential for human exposure to this disease.
Right-of-way vegetational changes may promote locally increased
small-mammal populations, changing local arctic fox dis-
tribution patterns in summer. Little disturbance by air-
craft, humans or equipment is anticipated.

Based on these considerations the Arctic Gas route
was assigned a preferencing rating of 4 relative to the

Alaska Highway route.






Potential Impact

Alaska Highway Route:

Beaver and/or muskrat are present in most wetlands
along the route, particularly in the Beaver Creek-White
River (MPs 0-44) and Xoidern River-Pickhandle Lake (MPs 45-
58) areas, and the Swift, Rancheria and Liard river basins
{Lands Directorate 1973, Foothills 1976b). Trenching will
cause temporary siltation in furbearer streams and water-
bodies, particularly east of Nisutlin Bay between MPs
375-512 (Adam and Permut 1977a). Floodplain borrow act-
ivities will be unnecessary along this route. Chemical,
fuel and sewage discharges into streams and marshes will be
inevitable, although the probability of large spills is
generally small. Several stockpile sites where spills are
most likely to occur have been identified (Adam and Permut
1977a). The project may increase the forest fire hazard if
construction occurs in a "bad" fire season (Hernandez 1977).
Significant fall and winter water-level fluctuations will be
restricted to specific streams and marshes where construct-
ion problems are experienced or alterations in drainage
patterns occur.

Minor increases in trapping may occur in some
areas, particularly if local residents employed on winter
route-clearing do not return to their homes on their days
off. In recent years about 7 and 1 percent respectively of

the Yukon's reported beaver and muskrat harvest has originated
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within 15 km of the Alaska Highway (Hoefs 1975, R. Archibald

personal communication).
Arctic Gas Route:

Beaver and muskrat are widely distributed along
the entire Mackenzie Valley (Watson et al. 1973, Dennington
and Jeohnson 1974). Small streams in the south and central
portfons of the Mackenzie Valley are more utilized by beaver
than those in the lower valley {Dennington and Johnson
1974). Good muskrat habitat is found between Arctic Red
River and Travaillant Lake but populations in other areas
are apparently small and scattered (Ruttan and Wooley 1974).

Agquatic furbearer habitat may be destroyed by
large discharges of oil and chemicals. Construction activity
in furbearer streams during fall and winter will occasion-
ally alter normal drainage patterns and water levels in
inter-connecting lake systems, particularly if in-stream
borrow operations are undertaken (Howard 1974). The cold
pipe may initiate ice-hulb formation, potentially inter-
rupting subsurface drainage during operation (How 1974).
Worst-case ©0il spills would be of relatively local signifi-
cance for beaver and less serious for muskrat (Kucera 1974).
Streams on the Yukon coast and lower Mackenzie Valley may
experience significant increases in sediment load during
construction and for someltime thereafter due to thermal
erosion in high ice-content soils (Howard 1974, Adam and

Permut 1977b). The upper Mackenzie Valley has relatively






measures can be taken and contingency plans developed to
minimize any effects. Volumes of fuel stored in these
depots will probably be smaller than those on the Arctic Gas
route as year-round fuel supply is feasible.

Greater increases in siltation of small streams
are expected during construction on the Arctic Gas route.
These increases will be more difficult to mitigate than on
the Alaska Highway route due primarily to differences in
soil types and construction techniques (Adam and Permut
1977b). Modification of drainage patterns and water levels
is expected to be greater on this route due to the winter
construction schedule and the predominance of high-ice-
content soils., This will be exacerbated by any in-stream
gravel removal, particularly con the Arctic coast. Potential
for pilpeline-related icing and consequent alterations of
drainage patterns is greater on this project as chilling
will occur over a longer section of the route. Any oil and
fuel spills have the potential to be larger as greater
volumes of these materials will be stored to overcome pro-
blems of supply and access. Spllls in more northern areas
can be more damaging to natural systems. Appropriate mitiga-
tive measures can be taken and contingency plans developed
to minimize the effects of any such spills. Fuel will be
barged to areas no;th of Fort Simpson, increasing the
probability of larée spills from such sources.

Based on these considerations the Arctic Gas route
was assigned a preference of rating of 3 relative toc the

Alaska Highway route.
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at this time must be regarded as tentative, owing to the
lack of data on peregrine distribution within the proposed
corridor. Site-specific surveys must be conducted before a

final assessment can be made.

Arctic Gas Route:

Gunn (1975) reported 2-3 peregrine nests within 5
km of prime coastal routes and another 7 nests within 5 km
of the prime route from the Mackenzie Delta south. He
stated that wherever an active aerie lies within 4 km of the
pipeline or compressor station, the alignment and statiocon
should be moved. Although specific nest site locations are
not given, it appears that several sites along the Arctic
Gas route are vulnerable to human activity at camps, at
borrow pits and other summer-construction facilities and to
noise from compressors during pipeline operation; these may
alsoc be affected by frequent passage of aircraft during the

construction period.

Comparison Summary

No active peregrine aeries have been found within
80 km of the proposed Alaska Highway pipeline route, al-
though several potential nesting areas have been identified
(Schmidt 1977). On the Arctic Gas route, several known
nests are vulnerable to disturbance from pipeline acti-

vities. Gunn (1975) stated that in two cases, relcocation of
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small numbers of snow geese stage at a few sites along the
proposed route. Soper (1951) reported that medium-sized
flocks have been observed at Kluane Lake (particularly the
northwest end), Marsh Lake, Teslin Lake and Nisutlin Bay
during migration. Flocks of snow geese numbering up to 100
have been sighted at the mouth of Slims River in May 1970-71
{Hoefs 1973). Snow geese do not breed along the Alaska
Highway route.

Disturbance of staging snow geese by activities
assocliated with construction are anticipated at four sites.
Fuel spills at Duke River and Teslin Lake stockpile sites
could foul Kluane River and Teslin Lake shorelines, making
them unsuitable for staging for one or more years. Passing
aircraft during pipeline operaticon may flush groups of
staging snows, but surveillance flights will not be frequent
enough for this to have any detrimental effect on staging
populations., Compressor station noise is not expected to

cause problems at any ¢f the above sites.
Arctic Gas Route:

Islands and sandbars near open water 1n Mackenzie
River are important staging areas for spring migrants
{Campbell and Shepard 1973). Impcortant areas are located
between Norman Wells and Thunder River where up to 92,500
geese have been observed in a single day (Camphkell and

Shepard 1973). These same areas are rarely used during fall
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fied are not extensive and support small! numbers of geese
for short periods in spring and fall. Because most poten-—
tial conflicts are confined to a few small areas, mitiga-
tion should be relatively easy by scheduling construction to
avoild staging areas during spring and fall. Presence of
surveillance aircraft during pipeline operation will have
little effect on staging snow geese. This can be reduced by
routing flights away from concentration areas, most of which
lie at least one kilometer from the proposed alignment.
Minor relocations of two stockpile sites will greatly reduce
the likelihood of habitat degradation from pollution.
Potential conflicts along the Arctic Gas route are
likely to be more severe in terms of numbers of snow geese
affected. In addition, there are many more opportunities
for conflicts over a greater area in Mackenzie River-Yukon
coast areas than in the southern Yukon. The most serious
potential preoblems are aircraft disturbance and the possi-
bility of fuel spills during pipeline construction, both of
which would be difficult to mitigate because there are few
alternatives for relocating aircraft acéess or fuel storage/
handling areas away from sensitive areas. Thus, regardless
of safeguard measures adopted to reduce the incidence of
spills and disturbance by aircraft, supply barges and air
traffic must still have to use depots and air strips located
along the Mackenzie River and Yukon ccoast, both of which are
critical staging areas for snow geese. A similar situation
exists with the prorosed compressor stations and camps in

Mackenzie Valley-North Siope regions. Problems caused by
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compressor noise and human activities can be alleviated
somewhat through facility relcocation, but the most favour-
able form of mitigation -- avoiding the Mackenzie Valley-
North Slope area altogether =-- is not a realistic optiom.
Even with institution of mitigative measures at conflict
sites identified to date, the chances of something going
wrong are considerably greater on the Arctic Gas route
because (a) there are more problem areas that require pro-
tective measures, and (b) the opportunities for major impact
on continental populations of snow geese are much greater
than on the Alaska Highway route. Therefore, the Arctic Gas
route is given a low preferenée rating of 1 compared to 5

for Alaska Highway.
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as being susceptible to pollution from fuel spills at
wharves and stockpile sites along the Mackenzie River. The
possibility that supply aircraft will drive geese away from
staging areas, either temporarily or for the entire spring
staging period, exists at sites along the Mackenzie River
from Norman Wells to Arctic Red River. ©Noise from com-
pressor stations i1s considered likely to affect staging
geese at three sites. Pipeline construction along the
proposed right-of-way is scheduled for winter, hence asso-~
ciated activities should not conflict with staging white-
fronts.

Only 10 km? of approximately 300 km® of coastal
range between the British Mountains and Arctic Ocean will be
degraded by development of the pipeline right-of- my.
Construction work, which is scheduled for winter, will not
affect nesting geese; and other disturbances such as air-
craft, compressor noise and pollution should affect a
small percentage of the geese that breed in the western

Arctic.

Comparison Summary

The Alaska Highway route is clearly preferable to
the Arctic Gas route with respect to white-fronted geese.
Data on population distribution clearly indicates that the
Mackenzle Valley and Yukon cpast are used more extensively

and by more birds than the southern Yukon. The number of
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BRANT (Branta berndicla nigricans)

Problem befinition

The Pacific brant nests in colonies in low-lying
coastal habitats from Cape Bathurst west to the southwest
coast of Alaska. Bellrose (1976) indicates the pgpulation
has remained fairly stable ({(approximately 140,000 birds)
since 1951.

Brant nests are extremely susceptible to des-
truction from flooding and predation (King 1970, Einarsen
1965, Barry 19%67), hence activities that disturb nesting
birds will jeopardize the’breeding success of local popu-
lations. Investigations along the arctic coast have shown
that brant will readily fiush and abandon nests when approach-
ed by people or aircraft {Jones and Jones 1966, Einarsen
1965, Gollop et al. 1%74). In migration, they gather in
guiet bays and lagoons, making them vulnerable to distur-
bance from humans, aircraft, watercraft, pollution and
construction activities at nearby borrow pits and stockpile
sites (Jacobson 1974). On northern breeding ranges, brant
are dependent on brant grass (Caiex subspafhacea) for food.
Destruction of this sedge through pollution or excavation
would undoubtedly have an adverse effect on breeding success

of brant.



Potential Impacts

Alaska Highway Route:

Nc conflicts are anticipated because brant do nct

breed or stage within the prcposed pipeline corridor.

Arctic Gas Route:

Brant are present ¢nly on the Arctic Gas route.
They are found primarily in coastal areas during migration
and breeding. Bellrose (1976) indicates that 6000-25,000
brant migrate along the Yukcon coast in spring and fall with
peak movements occurring in early June (McEwen 1958,
Schweinsburg 1974a) and again in late Auqust. Migration
almost always follows the shoreline and rarely extends
inland more than 90-180 m, although cffshore movements are
fairly common (Bent 1925, Ggllop and Davis 1974a).

Only a small percentage ¢f the Pacific Flyway
population nests in the western Canadian Arctic. Slaney
{(1974) estimated the total population in the Mackenzie Delta
at 200 individuals in 1973. Elsewherg, nests have been
found in the mouth ¢f Blow River (R.W. Campbell in Jacobson
1974), the Barrier Islands (Slaney 1974), Kendall Island
(Smith et al. 1964} and on islands offshore from Firth River
delta (Gollop et al. 1974). Schweinsburg (1974a) estimated
1.5 brant/km2 inhabit coastal areas between Prudhce Bay and

Blow River.



Approximately 200 km of coastal habitat is vulner-
able to pipeline-related activities that could affect nest-
ing or staging brant. Brant are susceptible tc disturbance
from aircraft during construction and operation over this
entire area. Other site-specific problems that require
mitigation have been identified for three sites; causes of
disturbance include watercraft, human presence, and

pollution.

Comparison Summary

The Alaska Highway route is clearly favored over
the Arctic Gas route because brant do not occur iﬁ the
southern Yukon. Most conflicts anticipated along the Yukon
coast {(Arctig Gas route) can be reduced in severity by
locating pipeline facilities away from the cecastline and
tidal flats, which are critical brant feeding and resting
areas, and by scheduling aircraft and boat traffic to avoid
occupied nest colonies and staging areas. The most serious
potential prcoblem is the possibility of fuel spills offshore
along the Yukon coast which could foul stands of brant grass
(Carex subspathacea) that make up the bulk of the brant
diet in the western Canadian Arctic. Widespread pollution
of tidal flats could render staging and molting habitats un-
suitable to brant for several years. Mitigative measures,
of course, would lower the chances of such spills occurring,
but prevention cannot be absclutely guaranteed. Therefore,
the Arctic Gas route is given a moderately low preference

rating of 2 compared to 5 for Alaska Highway.
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DIVING DUCKS {Avthyinae)

Problem Definition

Representative species of this large and diverse
subfamily of waterfowl breed throughcut Canada in grassland,
boreal foresﬁ and arctic tundra habitats. For purposes of
convenience, diving dﬁcks have been divided into two major
but rather arbitrarily defined groups - freshwater ducks and
sea ducks. Freshwater divers include speqies such as canvas-
back (Aythya valisinenia), redhead (A. amenicana), greater
[A. manifa) and lesser scaup (A. affindis), ring-necked duck
(A. collaris), goldeneye (Bucephala clangula, B. Lslandical,
bufflehead {B. afbeofa) and common merganser [Mergus men-
gansen), which occur on inland lakes, marshes and streams
during breeding and post-breeding seasons. The harlequin
duck [Histriondicus hastrndionicus) and red-breasted merganser
(M, sennafonr) are also included in this group even though
much of their life cycle is spent in marine habitats. Sea
ducks consist of those species that are largely dependent on
coastal areas even though many species may nest in inland,
freshwater habitats. Representatives of this group are the
scoters Melanitta deglandi, M. perspicillata, M. nigral,
eiders (Somatendia mollissima, S. spectabifis) and oldsquaw
(CLangula hyemalis).

Aircraft take-offs, landings and low level flights
in areas used by diving ducks have the greatest potential

for disturbance, especially during brood and molt pericds
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when ducks are relatively helpless {(Jacobson 1974; Schweins-
burg 1974a,b). Possible adverse effects caused by aircraft
include abandonment of productive habitats, reduced survival
of young and molting adults, and reduced nesting success.
Construction-related activity (human presence, water and
lénd traffic) along rights-of~way and around support facili-
ties and work sites located near waterfowl use areas could
have similar effects.r Clearing of rights-of-way and pollu-
tion of waterbodies through accidental spills could degrade
duck habitats or at least make them unattractive for several

years.

Potential Impact

Alaska Highway Route:

The freshwater diver most frequently observed in
the southern Yukon is the greater scaup. Barrow's golden-
eye, bufflehead, harlequin duck and common merganser, all of
which probably nest near rivers, lakes and marshes along the
proposed pipeline route, are also common in the southerﬁ
Yukon {(Hoefs 1973, Bellrose 1976). Other species that breed
regularly in the area includé lesser scaup, commen golden-—
eye, canvasback and red-breasted merganser (Godfrey 1966,
Bellrose 1976). MNumbers and regional distribution of these
species in southern parts of the Yukon are poorly known.
White-winged and surf scoters are the only sea ducks known

to nest along the proposed corridor, the former being most
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abundant (Hoefs 1973). Oldsquaws and black scoters have
been recorded but probably do nct breed in the area (Hoefs
1973, Bellrose 1976).

Important breeding areas within the proposed pipe-
line corridor are Xluane, Pine, Marsh and Sulphur Lakes,
wetlands near Pickhandle Lake, Donjek River, Squanga Lake-
Michie Creek, Klco Lake, Nisutlin Bay, the confluence of
Smart and Swift Rivers, Rancheria River valley and Dodo
Lakes. These areas plus Kluane River, Little Teslin Lake,
Teslin River and Lake and Morley Bay are also used for
staging by migrating divers.

Opportunities for conflicts caused by surveillance
aircraft during pipeline operation exist at an estimated 15
sites, although such disturbance should not have a measur-
able effect on the status of regional populations. Con-
struction-related activities (humah presence, mevement of
equipment) could have an impact on breeding/staging birds at
11l sites. Fuel and toxic material spills and nolse from
compressor stations will have less impact in terms of
number of sites affected, but the effects of such distur-
bance are likely to last longer than those anticipated

during construction.
Arctic Gas Route:

Twenty species of diving ducks have been recorded
in the Mackenzie Valley Delta, and on the Yukon coast
{Jacobson 1974} . Of these, 17 species cccur as breeders, 3

as casual visitors. The most abundant freshwater species
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are lesser and greater scaup, which comprised over 50 per-
cent of all waterfowl cbserved in the Mackenzie Valley and
were among the most common species in the Mackenzie Delta
and on the Yukon coast during 1972 (Davis 1974). Campbell
and Weber (1973) estimated approximately 51,000 scaup used
the Mackenzie Delta in 1972. Canvasback also nest in the
Mackenzie Valley and Delta but in low numbhers; bufflehead
and common goldeneye are widely distributed and breed in low
densities along the Mackenzie River valley, whereas red-
breasted mergansers occur along the arctic coast and to a
lesser extent in boreal habitats. Other species such as
Barrow's goldeneye, ring-necked ducks, common mergansers and
redheads are confined to upper reaches of the Mackenzie;
ruddy ducks occur as transients. Surveys conducted by the
US Fish and Wildlife Service in 1973 showed that the stratum
from Norman Wells to Inuvik had the highest broed index
recorded in the Northwest Territories (Bellrose 1976),

Freshwater divers, with scaup dominant, arrive in
the Mackenzie Valley between mid-May and early June and
gather on thawed ponds or open stretches of the Mackenzie
River in the vicinity of islands. Other major spring con-
centraticon sites include the Brackett Lake wetlands, Mackay
Creek area and Ramparts River area (Davis 1974). Southward
migration through the Mackenzie Valley begins in mid-August
and continues until early October.

The most common sea ducks along the Arctic Gas
route are eiders, scoters, and oldsguaw. The common eider

occurs in very large numbers {(approximately 1,100,000} in
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migration along the Beaufort Sea coast. They nest in small
colonies on low-lying tundra cf the Yukon coast and mclt in
nearby lagoons and bays, although they do not appear to form
large concentraticons between the Alaska border and the
Mackenzie Delta. Migraticn is generally westward along the
Arctic coast and cccurs from about the first of July (pre-
molt) to October (pocst-mclt migraticn). Scoters (white-
winged, surf and black) nest near inland waters but spend
mcst of the year along seacoasts. White-winged scoters are
most common cf the three and stop in large numbers along the
Mackenzie River duriling spring migration. Both surf and
white-winged sccters nest in highest densities in coastal
habitats along the propcsed route but black sccters are rare
in the area. Large numbers of scoters molt cffshore from
the Yukon coast and are especially abundant arcund Herschel
Island (Gollop and Davis 1%74b). Migraticn from mclting
areas begins in late August and early September and con-
tinues until early October, when most birds have left
ncrthern ranges. Oldsquaws, like eiders and scoters,
migrate, nest and molt in greatest densities alcng the Yukon
ccast; a few reach breeding areas via inland drainages
including Mackenzie River.

hpprcximately 1220 km (77 percent) of the propcsed
Arctic Gas rcute parallels or crosses areas used for stag-
ing; areas designated as breeding habitat are present alocng
an estimated 760 km (48 percent) of the route. About 35

different sites regarded as important for nesting or staging



are vulnerable to disturbance from low-flying aircraft.

Fuel or toxic material spills at wharves, campsites and
stockpile sites along the Mackenzie River and Yukon coast
threaten many important waterfowl areas, while ncise from
compressor stations is likely to conflict with diving ducks
at staging sites, especially along the upper Mackenzilie River.
Movement of boats and barges along the Arctic coast could
disturb large flocks of sea ducks molting or staging near
Herschel Island. Actual construction work along the pro-
posed right-of-way will be a significant impact factor if
work 1s carried out in winter as scheduled. The only
effects of construction will be a minor loss of potential
nesting habitat caused by trenching and movement of equip-
ment along the pipeline alignment, and disturbance caused by
summer construction activity at camps, compressor stations

and other support facilities.

Comparison Summary

The Mackenzie Valley and Yukon coast are major
migration routes for many diving duck species. Roe (1976)
stated that ..."in terms of overall numbers, fall staging
areas in the southern Yukon are used much less (by water-
fowl) than those in scuthern Mackenzie District. Also
these numbers suggest that the southern Yukon is compara-
tively unimportant as a waterfowl migration route”.

There are alsc major differences between the two

routes with regard to the severity of potential impacts.
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Alr traffic during construction will be much heavier on
Arctic Gas than Alaska Highway; aircraft on the latter
project will be used only for surveillance during pipeline
operation. In addition, most stockpile sites along the
Mackenzie River and Yukon coast will be supplied by barge,
thus increasing the probability ©of major fuel spills occur-
ring in marine and riverine habitats used for breeding,
molting or staging. Pollution of waterbodies is less likely
on the Alaska Highway project because stockpile sites will
be supplied via the Alaska Highway. However, diving ducks
on the Arctic Gas route will be less susceptible to distur-
bance from most construction-related activities (aside from
outright destruction of breeding habitat along rights-of-way
which is inevitable on both routes) because work there will
take place in winter. Most duck-use areas along the Alaska
Highway route lie within summer construction zones.

If proper mitigative measures are applied where
project events are expected to conflict with diving ducks,
no measureable reductions of populations will occur on
either route. However, more effort will be required to
achieve effective mitigation on the Arctic Gas project
because of the large number and variety of potential con-
flicts identified along that route. Consequently, one must
assume that the probability of control measures not being
absolutely effective in mitigating potential conflicts is
also greater for Arctic Gas. For these reasons, the Alaska
Highway route is preferred over Arctic Gas, which is given a

relatively low preference rating of 2.
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SANDHILI, CRANE (Ghrus canadensds)

Problem Definitiocn

Sandhill cranes are wary and extremely sensitive
to disturbance when breeding or staging. Approach of air-
craft or people on foot will cause breeding cranes to leave
nests or to flush from staging sites. Presence of people
and equipment near traditilonal stopover areas could cause
migrating cranes to avold or leave these sites, but such
effects should not persist beyond the periocd of construc-
tion. Compressor ncise, movement or aircraft and pollution
may also cause cranes to avoid suitable breeding or staging

habitats.

Potential Impact

Alaska Highway Route:

Sandhill cranes are not known to bhreed in the
southern Yukon {Godfrey 1966, D. Mossop personal communica-
tion) and only cone pair (near Pickhandle Lake) has been re-
corded within the proposed pipeline corridor during the
breeding seascon., Small numbers of migrants have been seen
in spring at several sites between Kluane Lake and the
Alaska border. According to D. Mossop {(personal communi-

cation) the major migration route for cranes in the Yukon
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follows the Liard River valley located approximately 13 km
east of the proposed route, and along the Yukon River.
Staging cranes are likely to be affected by sur-
veillance aircraft at four sites during pipeline operation.
Conflicts caused by construction activity and presence of
people are anticipated at two sites, while fuel and toxic
material spills at stockpile sites should have little if
any effect on staging habitats. Disturbance from aircraft
will be confined to the operation period over most of the
route and will not be fregquent enough to have anything but a

short-term disruptive effect in staging flocks.

Arctic Gas Route:

Sandhill cranes probably breed throughout the
District of Mackenzie (Godfrey 1966). Migrating cranes have
been cobserved in the Mackenzie Valley from Fort Simpson to
the Delta and alcng the Yukonrcoast in both spring and fall.
Small numbers of cranes ({(flocks smaller than 50) have been
observed staging at Fort Simpson (Salter 1974a) and on
islands in the Mackenzie River between Norman Wells and
Little Chicago (Campbell and Weber 1973, Salter et al.
1974} .

Camphbell {(1973b) recorded four active nests and
three broods in the Mackenzie Delta during summer 1972. He
reported that crane densities in the Delta in 1972 ranged
from ¢.23/100 km2 (upland tundra) to 39,/100 km2 {north delta

wetlands); at Blow River and Shallow Bay densities were
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about 18/100 kmz. Southward migration of cranes through the

Mackenzie Valley takes place from mid-August to mid-September.
Major fuel or toxic material spills at wharves and
stockpile sites along Mackenzie River and Delta could result
in extensive pollution of downstream islands, mudflats and
sand bars used by cranes during Spring and fall migration.
Of special concern are island-sand bar habitats between
-Norman Wells and Little Chicago. Spills from the stockpile
site at coastal MP 360 will pocllute areas identified as
nesting range in western Mackenzie Delta. C(Cranes are also
vulnerable to disturbance from aircraft along the Yukon
coast and in the Mackenzie Valley and Delta. Noise from
compressor stations could affect staging or breeding cranes
at only a few sites. No impacts caused by construction
activity are anticipated along the route as long as work is

carried cut in winter as proposed.

Comparison Summary

Available information suggests that conflicts will
be more numercus and widespread on the Arctic Gas than on
the Alaska Highway route, although neither project is likely
to result in any measureable reduction of regicnal popu-
lations. For these reasons, Alaska Highway is preferred
over Arctic Gas.

Most potential impacts can be aveided along both

routes if proper mitigative measures are taken. However,
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the chances that conflicts will occur are considerably
greater for Arctic Gas, simply because there are more pro-
blem sites that require mitigation and -supervision. There-
fore, Arctic Gas 1s given a rating of 4, slightly less

preferable than Alaska Highway.
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CANADA GOOSE [Branta canadensis)

Problem Definition

At least 11 different races and 12 distinct popu-
lations of Canada geese are recognized in North America and
virtually all of these have increased substantially in the
last 20 years. Bellrose (1976) states that in 1974, the
continental population was estimated at cover 2 million
birds. The Alaskan and Shortgrass Prairie populations,
which occur along the two proposed pipeline routes, number
about 250,000 and 125,000 geese, respectively.

Human activity and egquipment and noise during
construction in nesting areas may result in abandonment of
nests and subsequent loss of eggs through predation or
chilling. Similarly, disturbance of birds during staging
or molting can break up family groups and place molting and
staging flocks under stress. Canada geese are particularly
vulnerable during spring staging when available feeding and
resting areas are confined to a few open water areas.
Alrcraft disturbance and pollution at these sites could
force pre-nesting birds into unsuitable habitats which in
" turn could reduce breeding success by delaying nest ini-
tiation and depleting energy reserves. Noise and activity
around compressor stations could cause geese to avolid nearby
staging, meolting and nesting areas for as long as a pipeline
remains in use. Presence of aircraft during pipeline opera-
tion will have minor, short-lived effects on staging flocks

but should have virtually no adverse impact on nesting birds.
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Potential Impact

Alaska Highway Route:

The breeding status of Canada geese {presumably of
the Alaskan populaticn) in the southern Yukon is not well
known. Nesting has been confirmed in two areas: Nisutlin
Bay and wetlands in the vicinity of Donjek River. Areas
having high potential for breeding include wetlands and
lakes in the Pickhandle Lake and Squanga Lake-Michie Creek
areas. Important stop-over points during spring and fall
migration include grassy shorelines of Kluane Lake (parti-
cularly at the north end), Marsh Lake (cutlet area), Little
Atlin, Little Teslin and Teslin Lakes, and Morley and
Nisutlin bays. Teslin lLake serves as an ilmportant migration
flyway.

Surveillance aircraft during operation are likely
to temporarily disrupt goose staging activity, but should
have no adverse effects on populations. Clearing and con-
struction of the pipeline will destroy a small amount of
potential breeding habitat but related activities could
conflict with staging geese at four sites and with nesting
and broocd-rearing birds at one site. One staging area
(Kluane River) and one breeding area ({(Donjek River) lie
downstream from proposed stockpile sites and are therefore
vulnerable to pollution. Fuel spills at the stockpile site
at Teslin Lake are not likely to have a measureable effect

on staging geese even though some shorelines used in spring
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and fall could be fouled. Noise from two compressor sta-
tions could drive birds away from staging areas or dis-
courage them from landing, effects that may persist as long
as the pipeline is in use. In general, Canada geese will be
affected by the project should not suffer noticeable pro-
duction or regional population losses as a result of pipe-

line construction or operation.
Arctic Gas Route:

Canada geese ¢f the Shortgrass Prairie Population
(Grieb l9f0) nest in low densities along the Mackenzie
Valley and Delta (Smith 1956-1962, Smith and Matlock 1963,
Smith and Jensen 1964, Smith and Wellein 1965, Wellein and
Jensen 1966, Godfrey 1966). According to Bellrose {1976)
the Mackenzie River, including the Delta, serves as a
principal breeding ground and migration route for this
population which numbers approximately 125,000 birds.
During spring migration which lasts from about early May +to
early June (Irving 1960), Canada geese often stop at islands
and sand-bars en route to nesting grounds {Jacobson 1974).

Site-specific distribution and numbers of nesting
birds in Mackenzie River-Yukon ccast areas is not well
documented. Density estimates for treeless parts of the
Delta and coastal tundra east of the Delta are 0.01—0.25/km2
and 0.015—0.2/km2, respectively (Jacobson 1974). Approxi-
mately 300 Canada geese used the Delta in 1972 (Campbell and

Shepard 1973): Davis (1974) estimated 0.046 geese/km2 on
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transects between Alberta and Arctic Red River. Nesting and
molting Canada geese have also been reported at Herschel
Island (Slaney 1974, Dixon 1943, Brocks 1915). In general,
Canada geese prefer to nest inland rather than along barren
coasts (Jacobson 1974). There are ne known molting areas of
major importance along the proposed route. Fall migration
through the Mackenzie Valley takes place from about early
August to early October; some birds stop at river islands
and lakes on the way, but meost proceed nonstop to southern
staging grounds ({(Camphell 1973a).

Available information indicates that the Yukon
coast from the Alaska border to the Mackenzie Delta receives
very little use by breeding or staging Canada geese. While
project events may affect geese in this region (13 potential
conflict areas have been identified, most of which are
vulnerable to aircraft disturbance or pollution), they
should not have any measureable impact on the status of the
Shortgrass Prairie Population. More serious problems are
anticipated in Mackenzie Valley and Delta areas which are
used by large numbers of geese, especially for staging in
spring. Fuel spills from wharves and stockpile sites along
the Mackenzie River could foul critical staging habitat;
presence of aircraft during construction is an impact factor
at more than 20 specific sites regarded as important to
staging Canada geese. Compressor stations are likely to
affect staging geese at fewer than five sites.

Potential conflicts with nesting and molting birds

cannot be determined on a site-specific basis because no key
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Arctic Gas less preferred, is that effective mitigation will
be difficult tc guarantee because limited access makes it
impossible to completely avoid most problem areas by means
of route relocation or adepting alternate methods of ser-
vicing camps and pipeline facilities. Therefore, Arctic Gas

is given a preference rating of 3.



DABBLING DUCKS (Anatinae)

Problem Definition

Arctic and boreal forest regions of Canada are
secondary production centers for dabbling ducks compared to
the prairie and parkland habitats to the south. WNorthern
ranges are important; however, in that they provide stable,
relatively undisturbed habitat conditions over large areas
and therefore support large numbers of ducks at low densi-
ties. This region is particularly important in years when
production on the prairies is reduced because of drought.
At such times, the North serves as a production reservoir
and tends to buffer losses sustained on southern ranges.

As in the case of diving ducks, dabbling ducks may
be adversely affected by activities associated with large
scale developments such as pipeline projects. Construction
activity, human presence, compressor noise and aircraft are
likely to disrupt normal activities of dabbling ducks during
staging, nesting, brood rearing and molt periods. Distur-
bance at close range or over extended periods could drive
ducks out of favorable habitats or away from nests thereby
resulting in production losses, abnormal expenditure of
energy or Severe stress, all of which could lead to re-
duction of regional populations. Some physical degradation
of breeding or staging habitat will accompany right-of-way
construction, especially where rights-of-way crosses un-

disturbed terrain. Fuel spills and alteration of natural
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drainage patterns may render traditional nesting, molting or
staging areas uninhabitable longer than one year and could

result in loss of nests, young and possibly adults.

Potential Impacts

Alaska Highway Route:

Six species of dabbling ducks breed in the south-
ern Yukon, with mallards (Anas platyrhynchos} and green-
winged teal (A. carcfinensis) present in larger numbers than
American wigeon (A, ameadicana), blue-winged teal [(A. discons)
and shovelers (A. clypeafa). Pintails (A. acufa) are common
as migrants bhut apparently breed there in low densities.
Arrival on breeding grounds occurs from mid-April to mid-May
(Bellreose 1976); mallards, and pintails arrive somewhat
earlier than the other species.

Drury (1953) stated that shovelers nest at Pine
and Sulphur Lakes and that the Pickhandle Lake area is
important breeding range for mallards and green-winged teal.
Other nesting areas within the proposed pipeline corridor
include the Enger Lakes-Dry Creek wetlands, marshes and
ponds adjacent to Donijek River, Kloo Lake, Mendenhall
River, Smart-Swift River junction, Rancheria River valley,
the Squanga Lake-Michie Creek wetland complex, Nisutlin Bay
(Teslin Lake) and lakes north of Swan Lake (Foothiils
1976b). Key staging areas are at Pickhandle Lake, Donijek

River wetlands, shores of Kluane Lake and Kluane River,
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Marsh Lake, Sguanga and Little Teslin Lakes, Teslin River
and Morley and Nisutlin Bays (Schmidt 1977).

Within the proposed corridor area, disturbance
caused by human interference and pipeline construction could
have an adverse impact on dabblers at 1]l sites considered
important for breeding or staging. Approach of aircraft
duriné operation is expected to have a negligible effect on
dabbling ducks during-all seasons. Noise from compressor
stations should not have any effect on nesting or staging
dabblers, whereas seven waterfowl-use areas are vulnerable

to pollution.
Arctic Gas Route:

Nine species of dabbling ducks have been recorded
in Mackenzie Valley-Yukon coast areas. Species that occur
as breeding residents are mallards, pintails, American
wigeon, green-winged teal, blue-winged teal and shovelers.
Of these, blue-winged teal nest in southern parts of the
Mackenzie Valley as far north as Creat Slave Lake whereas
pintails, American wigeon and some green-winged teal breed
along the Yukon coast and in Mackenzie Valley and Delta
areas. Other dabblers are largely confined to Mackenzie
River and Delta portions of the route.

The Mackenzie Valley is an important spring migra-

tion route for dabbling ducks from mid-May to early June.



Important staging areas used include river islands between
Norman Wells and Arctic Red River, and wetlands at Brackett
Lake-Mackay Creek and Ramparts River areas {(Davis 1974,
Campbell and Shepard 1973). Estimated breeding densities
for all dabblers are O.O4—O.2/km2 in boreal forest habitats
with higher densities (O.3—2.O/km2) occurring in Brackett
Lake~Mackay Creek and Ramparts areas {(Davis 1974). The Mac-
kenzie Delta is an important mid-summer concentration area
(Campbell and Weber 1973). Lakes and marine shores on the
Yukon coast appear to be important molting areas for un-
successful nesters and non-breeders (Bartonek 196%, Gollop
and Davis 1974a,b). Fall migration along the Yukon coast
and south through the Mackenzie Valley takes place from mid-
august to mid-Octbker (Gollop and Davis 1974a, Salter 1974b),
with pintails by far the most abundant in coastal areas and
lower Mackenzie Vvalley, indluding the Delta (Gollop and
Davis 1974a, Campbell 1973a).

The potential for impacts resulting from the pipe-
line project exists over most of the route from Fort Simpson
to the Alaska border. Areas where conflicts are likely to
occur are essentially the same as those identified for
diving ducks except in the case of watercraft which should
not affect dabbling ducks. With regard to other project
components, the possibility of fuel or toxic material spills
threatens 17 breeding/staging areas, while aircraft and com-
pressor noise are considered potential impacting agents at

more than 30 sites used for staging.

229



Comparison Summary

 The proposed Arctic Gas route lies along a major
migration corridor used by thousands of dabbling ducks
(Campbell and Shepard 1973). 1In comparison, the Alaska
Highway route appears to be much less important during
migration, although this may reflect differences in the
information available for the two routes -- data on water-
fo%l are considerably more detailed for Arctic Gas than
Alaska Highway.

The amount of breeding and staging habitat that
coincides with the two pipeline routes is much greater for
Arctic Gas than for Alaska Highway. Thus, on the Arctic Gas
route more dabbling duck habitat is likely to be degraded by
right-of-way development and made less attfactive because of
aircraft and construction-related disturbance.

There are also more oppoertunities for conflicts on
the Arctic Gas project than on the Alaska Highway project.
In the first place, Mackenzie Vallevy-Yukon coast areas
support larger numbers of breeding and staging ducks than
the southern Yukon (Roe 1976, Bellrose 1976), therefore
pipeline-related disturbances on Arctic Gas will affect a
greater portion of continental populations than Alaska
Highway. The two projects alsc differ in methods of trans-
porting fuel and materials to camps and storage facilities.
On Arctic Gas, supplies will be brought in by barges and
aircraft during construction. ©On the Alaska Highway pro-

ject, railroads and highways will be used to transport most
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fuel, people and equipment tc work sites, which should
produce fewer cpportunities for impact on dabbling duck
habitats and populaticons than water-alr transport. However,
the effects ¢of actual ccnstruction willl be more severe on
the Alaska Highway prcject because most work will take place
in summer whereas winter construction is scheduled on Arctic
Gas.

In general, mitigation of potential conflicts
resulting from constructicon activity will be mcre difficult
to achieve for Alaska Highway, but problems of aircraft
disturbance, pollutigon and compressgr staticn necise will
require greater mitigative effeort for Arctic Gas. Overall,
Arctic Gas has more potential for impact in need <¢f mitiga-
tion than Alaska Highway, hence the latter route is pre-

ferred, A preference rating of 3 is assigned to Arctic Gas.
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SUMMARY

The proposed Alaska Highway and Arctic Gas pipe-
lines were compared with respect to their potential for
affecting seven selected species of fish: arctic char,
chinook and chum salmon, Dolly Varden, lake trout, whitefish,
and arctic grayling. The magnitude, duration, and mit-
igability of potential effects was considered in determining
route preference.

Arctic char are absent from the Alaska Highway
route in Canada, so this route was preferred (Table 1).
Along the North Slope and west Delta regions of the Arctic
Gas route the potential for chronic siltation and the possi-
bility 9f dewatering downslope spawning and overwintering
areas make this route less preferred for arctic char.

Both chinoock and chum salmon are virtually absent
from the Arctic Gas route, making it the preferred route for
both species. Because of the relatively limited numbers
of these species expected to be vulnerable to impact along
the Alaska Highway route and because of their relatively
low use within this corridor, this route is only slightly
less preferred for salmon.

Dolly Varden occur infrequently along the Arctic
Gas route, making it the preferred route for this species.
The Alaska Highway route parallels several drainages in-
habited by Dolly Varden, thus affording greater chance for

interaction. The species is also more abundant here, and
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more harvested by man. For these reasons, the Alaska
Highway route is less preferred for Dolly Varden.

There are few locations along the Arctic Gas
route where interactions will occur between the project
and lake trout; therefore, this route is the preferred one
for this species. The Alaska Highway project has a higher
potential for causing disturbance to lake trout because
of the long distances over which it parallels lake shore-
lines; therefore, this route is less preferred relative
to this species.

Interaction with whitefish along the Alaska High-
way route is likely along paralleled lakeshores of Kluane,
Marsh, and Teslin Lakes. Unique whitefish populations could
be seriously disturbed at two small lakes {Squanga and Little
Teslin Lakes) near this alignment. The Arctic Gas project
could interfere with important subsistence fishing for white-
fish by residents of Fort McPherson and Arctic Red River in
the lower Mackenzie River Valley. Relative to whitefish
neither route is preferable because potential problems are
about equal.

Predominant summer constructilon of the Alaska
Highway project is expected to affect arctic grayling
nursery and feeding habitat. Construction-related inter-
ference with sport fishing is also likely along this route.
Along the Arctic Gas route toxic spills and conflicts with
subsistence fishing are more likely to occur than along the
Alaska Highway project route. Ice-rich scils may cause

chronic siltation problems on the Arctic Gas route. Both
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routes were assigned equal preference ratings based on their
potential effects to grayling.

In conclusion, this comparison shows a slight
preference for the Arctic Gas route relative to effects on
fish, This preference may result largely from the fact
that more of the compared species are found along the Alaska
Highway route. The balance of preference could go to either
project depending on the adequacy of controls which will, in
turn, depend on site-specific investigations before construc-
tion. Assuming such controls were egually effective for
both projects, characteristics of the projects' physical
settings which cbntrol such factors as ease of access for
emergency repairs could be the key factors in determining

which is the praferable route relative to impact on fish.






the gravel as fry). Toxic spills could affect fish habitat
as well as cause direct mortality to fish and eggs. Degra-
dation of stream habitat by siltation and toxic spills
would, except for chronic erosion problems, be of shorter
duration than similar impacts to lake habitats because of
the clearing and cleansing action of flowing waters.

Sensitive fish activities most vulnerable to

impact are migration‘and spawning, both of which may have
critical time constraints. Overwintering habitat most
sensitive to disturbance is that limited to stream pools or
spring areas. These sensitive fish activities could be
interferred with if pipeline crossings are inappropriately
located, or if construction activity is inappropriately
timed.

Unigue fish situations regquire special considera-

tion since they are often of high scientific interest and
value. Examples include unusual or isolated fish popu-
lations. Project-caused disruptions in these areas could
result in considerable impact, and these areas are best
avoided if special mitigative procedures cannot be designed
to avoid disruptions.

Construction-fish harvest conflicts depend largely

on the location and timing of construction and the location
of ancillary facilities. Protection of subsistence, com-—
mercial and sport fisheries will regquire a thorough identi-

fication of fishing sites.

Fe)
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The highest common level of information available
for the addressed species in each project corridor was used
to compare routes. Specles distribution was outlined, the
size or relative size of populations was estimated where
possible, and the amount and importance of harvest was also
considered. Project aspects that would most severely affect
each species were identified, and potential effects and
their duration were compared between projects. Preference
values were assigned based on the procedures outlined in the

Intrcduction and Approach section.



ARCTIC CHAR (Salfvelinus alpinus)

Problem Definition

Arctic char has the most northerly distribution of
any freshwater fish and is abundant in arctic coastal
rivers {Scott and Crossman 1973, McPhail and Lindsey 1970).
They are highly wvalued by both sport and subsistence fisher-
men, and are being harvested more and more in arctic commer-
cial fisheries (Glova and McCart 1974, Scott and Crossman
1973} .

Anadromous char move to the sea in spring and
return to freshwater in fall. This sea run is not asso-
ciated with spawning but is apparently a feeding migration
that mature adults may not undergo in the season prior to
spawning (Johnson 1975, Craig and McCart 1975). Spawning
populations are of several age-classes, and mature fish
probably do not spawn in consecutive years (Johnson 1975,
Craig and McCart 1975). Fall spawning coccurs in gravel-
bottomed, freshwater lakes and rivers with permanent flows.
Eggs incubate in redds overwinter and fry emerge from the
gravel during spring break-up (Scott and Crossman 1973).
Young arctic char spend 5-8 years in freshwater before their
first migration to the sea (Johnson 1975).

The most sensitive period of anadromous arctic
char life history is during winter when fish and incubating
eggs are present in restricted overwintering and spawning

areas (Craig and McCart 1975). During this period actions
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cf the Beaufort Sea coast during summer for feeding, while
pre-smolt juveniles and perhaps spawners of the year remain
in freshwater during this pericd (Craig and McCart 1975).

Dewatering ¢f char spawning and overwinter areas
would cause severe impact tc the fish and incubating eggs.
Dewatering could occur during construction as a result of
water withdrawal for camp, snow-road and pipe-testing uses.
During c¢peration of the pipeline, dewatering of dcwnslcpe
areas could be caused by the buried, chilled pipeline and
associated frostbulb affecting aquifer flow. There is high
pctential for dewatering downslope areas on the Firth River
delta where a spring and downstream river pcol contain char
spawning beds and overwinter populations.

Short-term interference with char migraticns could
be caused by inappropriately timed infstream activity during
censtructicn or repair operations. Cﬁronic delay or block-
age of spring char migrations could also be caused by ice
dams resulting from frostbulb effects during pipeline opera-
tion. These situations would cause greatest impact in majcr
char rivers (Fish Creek, Firth River, Babbage River, Big
Fish Creek and Rat River).

Toxic spills and habitat degradation via organic
wastes and siltation could cause severe impact to near shore
feeding populations and dcwnslope spawning and overwintering
areas. Toxic spills could originate from fuel storage
sites, maintenance areas, or methancl used in pipe testing;
organic wastes cculd originate from construction camps.

These effects would be short-term in nature. Silt would
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the food supply available to juvenile chinook salmon.

Siltation could degrade spawning beds and smother eggs.

Potential Impact

Alaska Highway Route:

In the upper Yukon River drainage seven water-
bodies to he crossed by the pipeline (Takhini, Yukon,
McClintock, Teslin, Morley, and Swift Rivers, and Nisutlin
Bay) are known migration routes and two (Ibex River and Wolf
Creek) are suspected migration routes (Beak 1977, Brown et
al. 1976, Brock 1976, Clemens et al, 1%68). If chinook
salmon ascend the White River drainage to the project zone,
five waterbodies that may be chinock migration and spawning
areas (White, Koidern, Donjek and Duke Rivers, and Swede
Johnson Creek) would be crossed and one river (Kluane River)
would be closely paralleled (Beak 1977, Lands Directorate
1973, Wynne-~Edwards 1947). However, it is questionable
whether chinook salmon now cccur in the corridecr area of the
White River drainage.

Brock (1976) estimated that the chinook salmon
population of the Yukon River upstream of Dawscon was 36,700
fish in 1974, If this estimate represents the average upper
Yukon chinook salmon spawning population, the relative use
of waterbodies within the corridor can be summarized as in

Table 2. Spawning areas in the upper Yukon are reported






upstream of proposed pipeline crossings of the Takhini,
Yukon, McClintock and Swift Rivers, and at or downstream of
proposed pipeline crossings of the Yukon, Teslin and Morley
Rivers (Lands Directorate 1973). Migration and spawning has
not been documented in the Ibex River, and it is guestion-
able i1f chinook salmon still use Wolf Creek (Brown et al.
1976) .

Inappropriately timed in-stream activity could
interfere with a maximum of about 9 percent (3300 fish) of
the estimated Yukon chinook salmon spawning population mig-
rating to spawning beds during construction of the pipeline
crossings. Toxic spills could affect a maximum of about 15
percent (5600 fish) of this population if the spills were
massive or continuous during migrations in Takhini, Yukon
and Teslin Rivers. Downstream siltation from construction
activity could degrade an estimated 5 percent of availabie.
habitat (Hayden 1977) used by a maximum of about 10 percent
of the spawning population (3700 fish).

Mitigation of these sources of impact appears
possible and practical. Interference with spawning migra-
tions can be avoided by appropriate scheduling of in-stream
construction. Chance of toxic spills can be lessened by
following the silt location and procedural recommendations
made in the Initial Environmental Evaluation (Hayden 1977),
and the proposed predominance of summer construction will
enhance containment and clean-up of spills. Degradation of
chinook salmon habitat by siltation cannot be avoided, but

can be reduced by as much as one half with controls {Hayden
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Because of the limited number of chinock salmon
vulnerable to impact along the Alaska Highway route, the
anticipated short-term nature and mitigability of potential
impacts, anhd because of the ease of access for right-of-way

repair, a preference rating of 4 is given this route.
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CHUM SALMON (Oncorhynchus keta)

Problem Definition

Chum salmon are distributed throughout the Yukon
River system almost to its héadwaters and in limited numbers
in North Slope drainages and the Mackenzie River drainage.
They are of considerable importance in commercial and
subsistence catches in the Yukon, but are caught only in-
cidentally in the Mackenzie River drainage (McPhail and
Lindsay 1970).

Mature chum salmon {(ages 3-5) migrate from the sea
into freshwater rivers during summer to spawn. Spawning
occurs from July to Octoher depending on the distance of
spawning sites from the sea (McPhail and Lindsey 1970).

Eggs incubate in redds overwinter and fry emerge from the
gravel in spring and immediately start their downstream
migration to the sea (Scott and Crossman 1973).

The most sensitive freshwater phase of chum salmeon
life history is the survival of eggs and alevins (McNeil
1969). As with chincok salmon the spawning migration and

the quality of spawning habitat are also important.

Potential Impact

Alaska Highway Route:

Estimates of the chum salmon spawning population

of the Yukon River upstream of Dawscon were approximately









may flow to spawning areas. Degradation of chum salmon
habitat by siltation can be reduced by as much as one-half
with controls (Hayden 1977). Natural restoration of silted
habitat should occur within 1-4 years (Hayden 1977) unless
erosion of the right-of-way and stream banks is chronic, but
ease of access to the right-of-way would facilitate the repair

and restoration that may be required.

Arctic Gas Route:

Chum salmon have been reported from the Mackenzie
River drainage in the Mackenzie Delta, Great Bear Lake,
Great Slave Lake and Slave River (Keleher 1972, McPhail and
Lindsey 1970). They occur in very low numbers in this
drainage and are caught only incidentally {(McPhail and
Lindsey 1970). No spawning areas have been identified along
this route. Because of the very limited numbers of chum
salmon and their incidental harvest here, little or no

effect on the species is expected.

Comparison Summary

Since chum salmon occur very infreguently along
the Arctic Gas alignment and because they are of virtually
no importance in harvest in the Mackenzie River drainage,
the Arctic Gas route is preferred and given a preference

rating of 5.
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SUMMARY

The proposed Alaska Highway and Arctic Gas pipe-
line projects were compared with respect to their potential
for affecting seven types of vegetation: arctic tundra,
grasslands, alpine tundra, wetlands, riparian vegetation,
pioneer communities, and boreal forest. These include all
of the vegetation along both routes, although some only
occur along cne of the routes. Preference was based on land
area affected by each project in each vegetation type com-
bined with an evaluation of the susceptibility of each type
to disturbance from project activities.

The Alaska Highway route is preferred over the
Arctic Gas route for four of fhe seven vegetation types
(Table 1): arctic tundra, wetlands, riparian vegetation,
and pioneer communities. One of these preferences results
from the absence of arctic tundra along the Alaska Highway
route. The Arctic Gas route is preferred for the other
three types (Table 1l): grasslands and alpine tundra, neither
of which is crossed by this route; and boreal forest.

For arctic tundra, the Alaska Highway route is
substantially preferred over the Arctic Gas route because
the Alaska Highway route does nmot cross this sensitive and
unique type of vegetation whereas Arctic Gas would unaveid-
ably cross much of it.

For grasslands, the Arctic Gas route is strongly

preferred because grasslands are absent in the northern






Yukon. Although only a small area of grasslands would be
affected along the Alaska Highway, grasslands are rare in
the southern Yukeon and their crossing is unavoidable.

For alpine tundra, the Arctic Gas route is only
slightly preferred. Although the Arctic Gas route does not
cross any alpine tundra, the few patches crossed by the
other route are small and their crossings could be avoided.

For wetlands, the Alaska Highway route is strongly
preferfed over the Arctic Gas route. It disturbs much less
wetland area and has a much shorter length of chilled pipe-
line across wetlands.

For riparian vegetation, the Alaska Highway pipe-
line is preferred. It disturbs fewer riverbank areas,
largely because wharves are not needed for access to the
southern Yukon whereas they are needed along the Mackenzie
River Valley.

For pilioneer communities the Alaska Highway pipe-
line is slightly preferred cover the Arctic Gas pipeline
because it disturbs less of this vegetation.

For boreal forest, the Arctic Gas route is slightly
preferred. Although it disturbs more area, much of the
Alaska Highway pipeline construction would ke in summer,
increasing the possikility of fire,

In conclusion, this comparison shows a preference
for the Alaska Highway route over the Arctic Gas route
in terms of effects on vegetation. For the four vegetation

types crossed by both routes, the Alaska Highway route is



preferred. It disturbs less area and the consequences of
disturbance are less severe. S0il ice contents and erosion
potential are lower, and more than compensate for summer
construction along much of the route, especially since
construction across most wetlands will be in winter along
both routes. For the remaining three types, grasslands and
alpine tundra are crossed by the Alaska Highway route and
arctic tundra by the Arctic Gas route. Areas of alpine
tundra affected are small and largely avoidable. Given a
choice between crossing grasslands in the southern Yukon and
crossing arctic tundra in the northern Yukon, the choice is
overwhelmingly for crossing grasslands and avoiding arctic
tundra. The area of grassland affected is small; other
grasslands would remain uncrossed, and recovery would
follow. The area of arctic tundra crossed by the Arctic Gas
route, however, is much more extensive, and forms part of a
unique region of Canada which would be crossed for its

entire length.






APPROACH

Route preference was based on the land reguire-
ments of each project in each vegetation type combined with
an evaluation of the susceptibility of each type to distur-

bance frcom project activities.

Arctic Gas Route

Alignment of the coastal-circumdelta and Mackenzie
Valley segment to the Willowlake River (MP 590) was based on
the original Canadian Arctic Gas Pipeline Limited appli-
cation (CAGPL 1974) and the segment south of MP 550 on the
consolidation filing (CAGPL 1976). Length of route in each
vegetation type was determined from the Environment Protec-
tion Board's environmental atlas (EPB 1974).

Land requirements per unit distance were deter-
mined from data in Hernandez (1974: Table 9) for land re-
quirements, excluding river crossings and communications
towers, along the Arctic Gas route north of 60°N to Prudhoe
Bay originally applied for. 1In tundra areas these land
requirements were 4.84 ha/km of which 0.31 ha/km were
estimated to be borrow pits. In forest regions, land re-
quirements were almost 6.10 ha/km, of which 0.49 ha/km were

estimated to be borrow pits.






initial disturbance will result from clearing rights-of-way
for subsequent use and travel. 1In non-forest areas, over-
land travel will be the initial source of vegetaticon diétur—
bance. 0On both forest and non-forest land, scme areas will
also be subjected to additional disturbance. The ground
surface will be dug up by grading operations, ditching,
river crossings and borrow activities. At other sites,
vegetation will also be covered by gravel pads for com-
pressor stations, permanent rcads, wharves, and similar
long-term facilities.

Following pipeline construction, stable areas
which were only temporarily disturbed could be colonized
naturally by pioneer species depending on such site condi-
tions as site stability, climate, time and severity of
disturbance, survival of plant parts, availability of seed,
and the right-of-way vegetation management approach adopted
by the pipeline company.

Construction activities, especially in summer,
have the potential for starting fires which could affect
adjacent vegetation, and fires originating elsewhere could
threaten project activities.

During operation of the pipeline, vegetation could
be affected in several ways. Construction of pipelines and
their associated roads across wetlands in other areas has
altered drainage resulting in dead trees and other changes
in vegetation. Operation of the chilled pipeline could aggra-
vate this situation in wetlands and may have similar effects

in other areas. Emergency repairs requiring overland traffic,
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Table 2. Comparison of length of route (L} and land requirements
(A)2 in each vegetation type crossed by the proposed
Arctic Gas and AlaskaoHighway pipeline routes
in Canada north of 60°N latitude.

Vegetation Arctic Gas Alaska Highway
Type Route Route
L {km) A (ha) L{km) A(ha)
Arctic tundra 274 1326 0 0
Alpine tundra 0 0 5 28b
Grasslands 0 0 3 lOb
Pioneer communities 114 695 97¢ 566°
Riparian vegetation - 208°€ - 94d
Wetlands 207 1262 56 240
Boreal forest 987 6016 665° 2705°
TOTAL 1582 9507 826 3643

A5ce text for discussion on how the following numbers were derived:
Unless otherwise stated, land regquirements are:

4,84 ha/km for Arctic Gas project across tundra region.

6.095 ha/km for Arctic Gas project across forest regions.

4,29 ha/km for Alaska Highway pipeline Yukon Segment.

bTaken from Hernandez {(1977)

cLength of route along existing rights-of-way (150 km of
northern 209 km) is counted as boreal forest not vioneer
communities since right-of-way would have to be widened
by about 4 times and would involve disturbing more forest
than pioneer areas. Land requirements, however, were
altered by adding 150 ha to the value calculated across
recent burns and by subtracting 150 ha from boreal forest.

dEstimated by assuming 1.6 ha for major and 0.4 ha for other
river crossings.

eIncludes 120 ha for wharves; remainder calculated as for 4,
above.



1976) and is more effective where mineral soil is exposed
than where organic soil‘is exposed (Hernandez 1973a, b; 1974,
Lambert 1976). Exposure of mineral soil, however, leads to
more severe disturbances since peat acts to delay the onset
of thaw because of high moisture content and lower conduc-—
tivity (Haag and Bliss 1974). All impacts discussed in the
general problem definition will affect arctic tundra and
will have greater effects than elsewhere because of high ice
contents. Fire, however, 1is hot as great a problem in this
vegetation type althoﬁgh tundra fires do occur (Wein 1976).
This reéion of the pipeline route has been rela-
tively undisturbed in comparison tc tundra areas east of the
Mackenzie Delta and construction of the pipeline would

affect the entire unit of Herbaceous Coastal Tundra in

Canada which is part of this parameter (Hernandez 1974).

Compariscn Summary

The Alaska Highway pipeline does not cross arctic
tundra and is the preferred route {(Table 1). In comparison,
the Arctic Gas route crosses 274 km of arctic tundra and
affects 1326 ha (Table 2). Overall the Arctic Gas route is
much less preferred (1 vs 5) because of amount of area
disturbed, the unique nature of the vegetation, the unavoid-
ability of disturbing it by any routing across the Yukon
Coastal Plain, and the relative severity of disturbance and

slower rates of recovery in this region in comparison to









Comparison Summary

Arctic Gas is the preferred route for grasslands.

Although the Alaska Highway pipeline will only affect 10 ha
of grasslands, this small area represents 1 percent of the
existing major grasslands in the region (Hernandez 1977).

In addition, the crossings of Duke Meadows and the base of
Sheep Mountain are unavoidable but that of Slims River delta
is aveoidable (Hernandez 1977). These two reasons, combined
with summer construction, the susceptibility to disturbance,
and slow recovery of disturbed grasslands 1in the project
area make the Arctic Gas pipeline much preferred (5 vs 2)

over the Alaska Highway pipeline for grasslands.









WETLANDS

Potential Impact

Wetland communities occur along both routes. They
consist of non-wooded areas containing wet scils and include
shallow open water areas, marshes, swamps, wooded or non-
wooded bogs and open, sparsely wocded fens (Zoltai et al.
1974). Wetlands are easily disturbed by summer constructicn
activities but when frozen they can easily support vehicle
traffic. In addition to actual construction activities,
wetlands will be affected by alteration of surface and sub-
surface drainage. Pipelines and the associated corduroy
roads used to build them have blocked normal water flows and
raised the water table on the upslope side, significantly
reducing growth and killing trees in north-central Minnesota
(Boelter and Close 1974). In northern Ontario a road built
across a wetland resulted in the conversion cof a treed
peatland to an open bog 1n about 20 years (Jeglum 1975).

The frost bulb which will result wherever the pipelines are
chilled could similarly act as a dam interrupting drainage

(How 1974).

Alaska Highway Route:

Almost 60 km of wetlands will be crossed by the
proposed Alaska Highway pipeline in the Yukon (Table 2}.

About 35 km occur north of the Duke River. Total wetland
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about 90 ha will be by river crossings and the remainder by
the construction of wharves along the Mackenzie River for
the offloading of eguipment and supplies (CAGPL 1974, 1976).
Winter construction will allow the crossing of
rivers but riverbanks will have to be graded to permit
vehicle passage. Major river crossings will be built in

sSummer.

Comparison Summary

Overall, the Alaska Highway pipeline is preferred
(5 vs 3) over the Arctic Gas pipeline for effects on riparian
vegetation. Although both would affect similar areas from
crossing rivers, Arctic Gas would also require an additional
120 ha for wharves. These would not be needed on the Alaska
Highway pipeline. The presence of the Alaska Highway along
most of the pipeline in the Yukon would provide access for
construction equipment and supplies.

Summer construction of river crossings generally
has a greater initial effect than winter construction. How-
ever, the Arctic Gas route has a greater abundance of ice-
rich permafrost and both routes would require extensive
grading and cutting cof riverbanks, thereby exposing socils,

irrespective of the time of year of construction.






The northern 180 km of the pipeline will be con-
structed in winter the remainder in summer. Summer con-
struction across pioneer communities will be more severe in

its effects than winter construction.

Arctic Gas Route:

About 114 Km of recent burns will be crossed by
the Arctic Gas pipeline in the Northwest Territories, affec-
ting almost 700 ha (Table 2). Most of these occcur near
Little Chicage, Fort Good Hope, Chick Lake, Ochre River and
Willowlake River. Few, if any, portions of the alignment
paralliel existing cleared rights-of-way for significant
distances.

Permafrost is widespread or continuous north of
Great Bear River, with excess ice generally 10-15 percent
with local occurrence of up to 50 percent (How 1974).
Thermokarst subsidence becomes significant after distur-
bances in this area (How 1974) with some recent burns re-
sulting in flow slides in the region (Strang 1873). Winter
construction will reduce the severity of disturbance from

construction activities on pioneer communities.

Comparison Summary

Overall, the Alaska Highway pipeline is slightly
preferred (5 vs 4) over the Arctic Gas pipeline for effects

on pioneer communities. It disturbs less area; permafrost
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eliminated. Fires could result from pipe rupture or main-
tenance activities. In addition, fires which start else-

where could threaten permanent project facilities.

Alaska Highway Route:

About 80 percent of the 825-km proposed Alaska
Highway pipeline route crosses boreal forest types (Table
2). White and black spruce, occasionally with aspen and
birch, dominate the route west of Whitehorse; lodgepole pine
become abundant east of Whitehorse (Hernandez 1977, Raup
1945a,b; Raup and Denny 1950). Lodgepole pine and aspen
often overtop the initial pioneer communities and spruce
become dominant i1f the interval between fires is suffi-
ciently long. Construction of about 80 percent the Alaska
Highway pipeline will be in summer, increasing the possi-
bility of fire. Clearing of the right-of-way is proposed to

be year-round.

Arctic Gas Route:

About 60 percent of the almost 1600-km Arctic Gas
route crosses boreal forest communities {(Table 2). Forest-
tundra grows between Norman Wells and Inuvik where perma-
frost is widespread or continuous; boreal forest grows scuth
cf Norman Wells and occurrence cof permafrost decreases to

the south (Hernandez 1974, Forest Management Institute
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used for wharves, camps and stockpile sites and both pro-
jects will also carry out final site selection and eval-
uation programs in summer.

In view of these two factors, as well as the
abundance and distribution of boreal forest along both
routes, the Arctic Gas route is slightly preferred because
most clearing and construction activities will be in winter

when the risk cf fire is low.
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SUMMARYl

For the life patterns component of the human
environment we examined the following parameters; accultura-
tion, public health, public safety, incomes and cost-of-
living, and employment opportunities. Although we concluded
that the Alaska Highway route was preferable from a life
patterns perspective, it is not conspicucusly so. We are
reasonably confident that the construction of a pipeline
along the Arctic Gas route has a greater potential for
cultural Iimpact given the seemingly more traditional char-
acter and relative isolation of the small native communities
there compared to southern Yukon and the seemingly more
negative perceptions of a pipeline project prevailing in
Mackenzie Valley communities. We are alsoc reasonably con-
fident that there is greater potential for impact on public
health in the Mackenzie Valley. On the basis of the limited
indicator data available, we concluded that the medical
facilities and services infrastructure in the Mackenzie
Valley are more susceptible to overloading which would
result in an impairment of the quality of service available
to local residents. Also, given the more traditional
character of many Mackenzie Valley native communities, we
concluded that the potential for project-induced stress
among the resident poprulation and thus the potential for
increased mental health problems is greater in the Mackenzie

Valley.

lSee also "Human Environment--Overview", pages 331-333.
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The relative preferability of the two routes with
respect to thelr potential for impact on public safety is
less clear. On the one hand we envisage a greater impair-
ment of public safety in Mackenzie Valley due toc the greater
stress anticipated there, while on the other given the more
ready access afforded by a highway we anticipate a greater
influx of professional criminals and itinerants to southern
Yukon. The above considered we have concluded that the
Arctic Gas route is marginally preferable with respect
to public safety considerations.

Neither route appears to possess outstanding
advantages with respect to incomes and cost of 1living con-
siderations. While there appears to be greater potential
for increased income benefits in Mackenzie Valley District,
given that historically incomes there have been much lower
than incomes in Yukon Territory, there also appears to be a
reasonable basis for anticipating a greater increase in the
cost of living in Mackenzie Valley as a result of project
activity. It is not inconceivable that any gains in nominal
income which might be realized could be more than offset for
large portions of the population by cost-ocf-living increases.
We expect though, that the smaller scale of the Alaska Highway
project and the relatively more developed Yukon economy will
permit greater real income increases to be realized in this
region. The Alaska Highway route is regarded as being preferable.

Neither project we concluded has a readily demon-
strable advantage in terms of employment opportunities. In

arriving at this conclusion we have assumed that employment
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opportunity advantages only accrue from expanding labor
force participation or decreasing unemployment rates. On
the basis of the very limited data available, some of which
are quite dated, it would appear that whereas there is
greater opportunity to expand participation in the labor
force of Mackenzie District there 1s greater opportunity to
affect the unemployment rate in Yukon Territory.

Regional differences in labor skills and willing-
ness to participate in the project labor force considera-
tions aside, both projects are capable cof employing all un-
employed and presently non-participating members of the
labor forces of the respective regions. The duration of
employment on the Arctic Gas route would be slightly
greater but overall, the long-term impact of both projects

for local residents will be minimal.
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ACCULTURATION

Problem Definition

Large-scale northern development projects pos-
sess potential for overwhelming native peoples, disrupting
the social and economic fabric of their communities,
exerting tremendous pressures on prevalling value systems,
and otherwise eroding their culture.

We feel that the nature and magnitude of a major
development project's impact on native peoples depended in
large measure on the way in which the development is per-
ceived, the degree to which the pecople voluntarily, and
involuntarily, interact with it and the extent to which it
introduces values and lifestyles in marked contrast to or
conflict with existing values and lifestyles.

The more "traditional"” the value system and life-
style, we have assumed, the greater will be the potential
for impact. If the assumption is correct, the relative
potential of the two projects for impact may best be deter-
mined by appraising the relative "traditionality" of
native peoples in the two project settings. Eséentially

this is what we have attempted to do.

Potential Impact

As a result of extensive hearings related to

construction of an Arctic Gas pipeline, the following was
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concluded: "The common position of the Native People of
the Northwest Territory and Northern Yukon (0ld Crow) is
that before any Mackenzie Valley pipeline is approved

their land claims must be settled (Commission Counsel
1976a). Commission Counsel (1976a} further concluded that
this waé not a view restricted t¢ native organizations but
rather one widely embraced by native peoples throughout the
proposed Arctic Gas project area.

In their summary of fundamental recommendations,
the Council for Yukon Indians (CYI) stated "That no pipe=~
line be constructed until the Land Claims of Yukon Indian
People have been settled and implemented” ({(CYI 1976a).

The community hearings conducted as part of the
Mackenzie Valley Pipeline Inquiry clearly indicate that
native people in the Mackenzie Valley view the proposed pipe-
line project negatively and consequently are opposed to it.
It is not possible to ascertain the precise number who hold
this view, however. It is even less clear at this time how
native peoples residing in communities along the proposed
Alaska Highway corridor regard a pipeline project.

Commission Counsel (1976a) stressed the importance
of being cognizant of peoples' perceptions in appraising im-
pact, noting "A distinction can uséfully be made between
'actual' interference with native resources and 'perceived!'
interference. Even if evidence has been insufficient to
establish definitely whether, for example, seismic activi-
ties have seriously threatened the animal populations upon

which native people depend, the fact that such harm is
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perceived to have occurred has heen sufficient to pro-
duce widespread anxiety and altered attitudes towards the
resource base in native communities. Disregard for this
anxiety aggravates the native peoples' sense of being
unable to control their own lives. In many areas what 1is
perceived as a problem is a problem." ﬁe suggest this
statement is egqually applicable tc perceptions <f social
impact, like those voiced by 0ld Crow residents in the
CYI submission to the Mackenzie Valley Pipeline Inquiry
(CYI 1976b).

The limited data available to us clearly indi-
cate that native peoples of the Northwest Territories are
meore "traditional" in orientation. Language serves as one
useful indicator of this.

As indicated in‘our initial evaluation of the
Alaska Highway corridor (England and Johnston 1977), the use
of native languages has declined markedly in Yukon Territory
during the last three decades (Statistics Canada 1951, 1361,
1971la}. For example, census data show a 28 percent decline
between 1951-7]1 in the number of Yukon residents reporting
a native lancuage as their mother tongue. Also, 1971 census
data show only 425 persons in all of Yukon Territory as using
a native language as the primary language of the home, 41
percent of the number reporting a native language as their
mother tongue.

In contrast, census data show a 44 percent increase
between 1951-71 in the number of persons in Northwest Ter-

ritories reporting a native language as their mother tongue.
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In addition, 13,500 persons are reported as using a native
language as the primary language of the home, 85 percent
of the number reporting a native language as their meother
tongue.

The apparent contrast in resiliency of native
languages in the two project settings may be explained by
a variety of factors. Among those'which appear most obvious
to us are the differences in setting access and consequently
differences in exposure to outside influences, and the dif-
ferences in the proportion of the total setting population
comprised of native peoples.,.

Alaska Highway corridor communities are without
question much more accessible than all Mackenzie Valley
communities with the possible exception of Fort Simpson
which is located at road's end. As a consequence, the native
peoples of the Alaska Highway corridor have been subjected
to much more outside influence and are accustomed to travel-
ling guite readily and at a relatively small cost to quasi-
urban settings like Whitehorse. Travel is much more costly
for residents of Mackenzie Valley villages. Mackenzie
Valley communities where outside influence is most manifest -
Inuvik, Fort Simpson, Hay River - are located far from the
predominantly native settlements of Fort Macpherson, Fort
Good Hope, Fort Norman and Arctic Red River.

Also, in the majority of Mackenzie Valley settle-
ments, the population is overwhelmingly native. This is
again in sharp contrast to the situation in most Alaska

Highway corridor settlements (Table 1). It seems logical
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Table 1. Proportion of ccrridor community populations
comprised of native peoples.

Total
Population Percent
1971 Native
Corridor Settlements (Arctic Gas)
Aklavik 6602 762
Fort Macpherson B4l 89
Arctic Red River 95 B9
Port Goed Hope 375 93
Norman Wells 363 23
Fort Horman 260 84
Wrigley 191 83
Fort Simpson 19004 45
Subh total 3789 - €9
Non-corridor Settlements (Arctic Gag)©
Inuvik 3249 4589
Hay River 3004 23
Sub total 6253 36
TOTAL 10,042 48
Corridor Settlements (Alaska-Highway)
Beaver Creek 120e 4<
Burwash Landing 67 82
Haines Junction 133 48
Whitehorse 11,217 ?
Teslin 34¢C 54
Upper Liard ‘ 218 89
Watsoa Lake 553 17
TOTAL 12,699 11

85ource: Gemini North (1974a, p.113).
bSource: Gemini North (1974a, pd46).

CThe non-corridor settlements shown are settlements which though
they lie cutside a 20 mile wide corridor along the proposed
pipeline right-cf-way will be subject to impact from staging,
transportation, personnel movement and project management
activities,

dGemini North (19742, p.446) cites as the source for this
estimate 1971 NWT government commrunity population data. Else-
where, however, Gemini North (1974a, p.l1l91l) indentifies the
1971 Eskimo, treaty Indian and non-treaty Indian population

of Inuvik as 969 or about 30 pexcent of the total population,
A northern manpower survey program in the Yukon and North-
west Territories 1969-71 (DIAND undated) shows tha Eskimo,
treaty and non-treaty Indian population ¢of Tnuvik as only

662. We cannot reconcile these data.

®5ource: Thibault (1975).



to assume that communities which have remained relatively
more isolated from outside influence and are overwhelmingly
comprised of native peoples with "traditional" values and
lifestyles are better able to maintain mere a "traditional”
cultural orientation.

This is not to suggest that the native cultures
of Mackenzie Valley have not undergcone change in response
to influences from without, for they have. Commission Counsel
{1976a) in addressing the potential impact of a pipeline in
the Mackenzie Valley corridor notes, however, "the evidence
also suggests, and the community hearings establish that
native people sustain and hold fact to many values and acti-
vities they regard as traditional”.

The 1971 populaticon of Mackenzie Valley corridor
communities likely to be most directly affected by pipeline
activity (this excludes such centres as Inuvik, Hay River
and Yellowknife) was 3789 compared to 12,699 in the Alaska
Highway corridor. Further, of the 3789 persons residing in
the 8 Mackenzie Valley corridor communities apt to be most
adversely affected, 69 percent were native peoples and al-
most 80 percent of these people lived in communities where
they comprised at least three-quarters of the population
(Table 1}.

In contrast, only about 11 percent of the popula-
tion residing in the 7 Alaska Highway Corridor communities
was native and only about 17 percent of these people lived
in communities where they comprised three-guarters or more

of the population.
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Comparison Summary

On the basis of the foregoing we conclude that the
potential for adverse impact on the culture cof native
peoples is higher in the Arctic Gas than in the Alaska
Highway corridor.

As already indicated, this evaluation dces not
take intc account native peoples' percepticns of a pipeline
project in either setting. Our conclusion, therefore, must
be regarded as highly speculative, based as it is upcn a
scmewhat superficial appraisal of relative ease of access,
setting and exposure of native communities *o outside influ-
ences, the proportion of corridor community populaticn com-
prised of native peoples, and the seeming resiliency of
native languages. Nonetheless, given the noteworthly dif-
ferences in the two settings with respect to these factors,
we have concluded that the Alaska Highway route is to be

preferred over the Arctic Gas route.
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PUBLIC SAFETY

Problem Definition

Large-scale project activity will contribute to an
increase in c¢rime rates and consequently an impairment of
public safety. The Fairbanks experience with respect to
Alyeska project activity clearly bears this out as reported
by the Fairbanks North Star Borough Impact Information
Center (IIC 1975,1976). With a sudden and large-scale
increase 1in economic activity, such as that which charac-
terized construction of the trans-Alaska pipeline and will
characterize these gas pipeline projects, populations in-
crease, the number of prey available to resident criminals
increases, non-resident criminals are attracted to the area
and life becomes more stressful for many residents. These
and other factors contribute to an increase in crime.

Fairbanksans witnessed a significant increase in
crime rates during construction of the trans-Alaska pipe-
line, particularly an increased rate of property crimes
under the criminal code. There was also an increase in the
incidence of viclent crime. ©Our appraisal of Fairbanks
crime rates in general and violent crime rates in parti-
cular, however, was that the increases were less than might
have been anticipated given the magnitude of the population
increases which accompanied Alyeska project activity -- a
conclusion, we might add, only recently reached in Alaska as

a result of a statewide criminal justice survey (IIC 1977).
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The crime situation in Fairbanks was aggravated by
a loss of local law enforcement personnel to pipeline

security jobs.

Potential Impact

Commission Counsel (1976a} for the Mackenzie
Valley Plpeline Inguiry anticipates increased crime to be
more of a problem in what are termed the "action communi-
ties". These are the larger ethnically mixed communities of
the Mackenzie Valley where growth is expected to be more
sudden and dramatic as a result of project activity: Inuvik,
Norman Wells, Fort Simpson and Hay River. The probklems
anticipated are summarized as follows: "In advance of, and
until well after the period of pipeline construction, the
action communities will experience rapid population in-
creases, inflation, pressures on housing and services, lack
of recreation faclilities, increased cash income, increased
alcohol consumption and heightened racial tension. South-
erners may bring with them new problems associated with
organized and more sophisticated crime" (Commission Counsel
1976a) .

That increased crime does not seem to be perceived
as a potential problem in the smaller native communities of
the Mackenzie Valley may be an oversight on the part of
Commission Counsel. It is interesting to note, for example,
that Alaskans were surprised to discover from a recently

completed statewide criminal justice survey that during the
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height of pipeline activity in 1975, crime was much more
prevalent in the small rural Alaskan communities than in
Fairbanks or Anchorage (IIC 1977). Robbery (property crime)
and assault (violent crime) were found to be particularly
prevalent in rural Alaskan communities.

In our initial evaluation of the Alaska highway
pipeline project (England and Johnston 1977) we concluded
that not only would that project give rise to an increase in
the rate of property crimes such as Fairbankslexperienced
but also an increase in the rate of violent crime. Our
conclusion that violent crime rates would also increase was
based on the assumption that the prevailing high rate of
violent crime in Yukon Territory 1s a wvalid indicator of the
potential for increased violence.

We would suggest that the same conclusion applies
to Northwest Territories, the only provincial or territorial
jurisdiction in Canada where crime rates, both property and
violent, are comparable to or exceed those prevailing in
Yukon Territory. Property crime rates (per 100,000) in
Yukon and Northwest Territories are 10,762 and 8240 res-
pectively while violent crime rates are 2904 and 4513
respectively.

Since the RCMP assume responsibility for law en-
forcement in both Yukon Territory and Northwest Territories
no serious problem in maintaining police personnel is anti-
cipated in either area.

Impairment of public safety due to increased

traffic and incidence of impaired driving is anticipated in



Yukon Territory and is expected tc be most prevalent in
Whitehorse and Haines Junction areas. Accidents and related
injuries will be much less likely in lNorthwest Territories
where many smaller corridor communities are not serviced by
roads.

We anticipate that more itinerants seeking jobs
and excitement will be attracted to Yukon Territory gener-
ally and Whitehorse in particular than to Mackenzie Valley
communities given that Yukon communities are accessible by
auto, bus, boat, train and air. Most of the communities in
the Mackenzie Valley are serviced only by air and conse-
quently much less accessible and more costly to reach.

To the degree that increased stress contributes +to
an increase 1n crime rates we would anticipate more crime in
Mackenzie Valley. This conclusion is based on the assump-.
tion that the more an activity is alien to the residents'
experience and the more those involved in the activity held
values and attitudes markedly different from those of local
residents, the mcre stressful will ke the situation for
local residents. As indicated in the acculturation and
pubklic health (mental health) discussions of this volume,
we feel that a greater potential for stress exists in the

less acculturated villages of the Mackenzie Valley.

Comparison Summary

Crime rates will increase as a result of either

project. Prevailing violent crime rates in both settings



are high and may be expected to increase as a consegquence of
project activity. Although most communities in Yukon
Territory are more accessible and consegquently likely to ex-
perience a higher influx of itinerants during project acti-
vity, the population of Mackenzie Valley is apt to manifest
more stress in response to project activity. In balance we
conclude that neither route has outstanding advantages in
terms of public safety. We would suggest, however, that the
more ready access to the southern Yukon and the presence
within the corridor cof a large center, Whitehorse, could
give rise to a slightly higher increase in crime rates than
is likely to occur in Mackenzie Valley communities. As a
consequence we conclude that from the perspective of public
safety, the Arctic Gas route is slightly preferable to the

Alaska Highway route.







































Tabhle 1. Incomes of males who worked in 1970, Yukon
Territory and District of Mackenzie, by percentage
distribution.2

<$1000 $19000 $2000 54000 $5000 S6000
51999 $3999 $4999 $5999 $6999
Yukon 7.3 5.4 10.1 5.3 5.4 6.9
Mackenzie 13.2 8.0 12.0 5.3 5.7 6.1
$7000 $8000 $10,000 >$15,000
$7999 $9999 $14,999%
Yukon 7.3 18.5 27.2 6.7
Mackenzie 7.6 16.3 20.9 4.9

aStatistics Canada (1971b).
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individual was employed during the last week of May, the
possibilities for definitive conclusions in the present
context are limited.

We did not use information published by Gemini
North (1974a) due to the statistical methods they employed.
In comparison with labour force surveys conducted by Statis-
tics Canada, the material published by Gemini North was, in
our opilnicon, misleading.

According to Palmer and St. Pierre (1974),
"...there is no system tc assess on a continuing basis the
size and status of the labour force in the N,W.T." This has
been borne out by our experience; yvet despite the lack of
statistical data, we have attempted to‘outline the theore-
tical issues of employment impacts in each region. OQur con-
clusicns are based on 1971 Census data; but it must be
remembered that we view these data with some skepticism in

the present context.

Potential Impact

From 1971 Census data, we know that the labour
forces of the Yukon Territory and District of Mackenzie each
numbered about 8250 that year. A significant difference was
found in the participation rates, however: 68.6 percent for
the Yukon Territory and 58.1 percent for the District of
Mackenzie (Statistics Canada, 1971lc). The lower participa-
tion rate in the District of Mackenzie could imply that a

pipeline built through that area might have a stronger
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Potential Impact

Information provided by Yukon Game Branch per-
scnnel (Archibald personal communication) indicates that 63
traplines are crossed by or lie wholly or partially within
the proposed Alaska Highway pipeline corridor. 1In 1973-74,
an estimated 3192 pelts with a gross value of about $41,550
were harvested from these traplines. At best we are able to
determine that the above production was taken by about 25
trappers.

We know neither the number of trappers utilizing,
nor the harvest from a 20-mile-wide corridor along the
proposed Arctic Gas pipeline alignment. At best we can
focus attention on trapping activity in those communities
within or close to the proposed pipeline right-of-way:
Aklavik, Fort Macpherson, Arctic Red River, Fort Good Hope,
Fort Norman, Wrigley and Fort Simpson.

FPewer native people in the Mackenzie Valley
communities trap now than in the recent past. As a con-
sequence, the number of furbearers harvested has declined
considerably., Grogs revenue from trapping has only been
maintained at former levels due to the current strong
market, particularly the market for long fur (PAAG 1974).
Data available for trapping activity and harvest in Yukon
Territory would indicate that the same general observations
attain there (Heoefs 1975, Tanner 1566).

Estimates of 1972-73 gross revenue to trappers

residing in the Mackenzie Valley communities mentioned above
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vary. Gemini North (1974b) estimated the 1972-73 gross
revenue to trappers in the aforementioned communities at
$220,467. Bissett (1974) on the other hand estimated gross
revenue from local fur sales at $207,633 but provided no
estimate of 1972-73 revenue from export fur sales. In 1970-
71, however, 33 percent of the total trapping revenue in
these communities was derived from export fur sales. If
this same ratio prevailed in 1972-73 the total trapping
revenue 1in these communities could have been about $276,000.

There were an estimated 419 trappers in the
aforementioned communities in 1972-73. C©Of these about 82
met one or both of the following criteria. They had a gross
return from trapping in excess of §1000, or spent 2 or more
months on the trapline (Bissett 1974). These 419 and 82
trappers would represent about 46 percent and 9 percent
respactively of the total 1971 male population 15-65 years
of age in these communities.

In the Mammals section of the initial evaluation
of the Alaska Highway pipeline corridor (Mutch 1977) and in
the Mammals section of this report the potential for pipe-
line impact on acquatic furbearers is discussed. It is
concluded that the potential for impact on aquatic fur-
bearers, the staple species bf the trapping industry, is
greater in the Mackenzie Valley than along the Alaska High-
way corridor. If impact is more likely and of potentially
greater magnitude in the Mackenzie Valley, there is greater

potential for impact on trapper harvest. For the most part
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COMMERCIAL FISHERIES

Problem Definition

Commercial fisheries provide cone of the few
sources of earned income in many mid-northern communities,
particularly native communities., As one proceeds into the
far north or remote areas, however, transportaticon costs
tend to render commercial fishing activity uneconomic.
Consedquently, northern contexts far removed from the market,
commercial fishing for other than local markets i1s uncommon.
Where commercial fisheries do exist, the potential for
project impact on.them deserves attention nonetheless.

The primary concerns with respect to project
impact are long-term degradation of fish habkitat and large-
scale reduction of fish populations. Project activity which
leads to high and sustained levels of siltation of major
spawning areas, interrupts spawning runs, or exposes popula-

tions to toxic chemicals is of particular concern.

Potential Impact

Commercial fishing harvest in both the Mackenzie
Valley and Alaska Highway settings is small. In Yukon
Territory the estimated 1973 commercial harvest from waters
within the effect zone of the proposed pipeline was 53,600

pounds (Yukon Territorial Government undated).
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SUMMARY

For the Man-Land Heritage compecnent cf the human
environment three paramecers were examined. These were:
archaeolcgical and historic sites, special areas (ecological
reserves and wildlife sanctuaries), and naticonal parks.

The Alaska Highway route is regarced as being
only slightly preferable toc the Arctic Gas route with respect
to potential impact cn archaeclecgical and histecric sites.
This ceonclusion was based on the following considerations:
site density is very low on both routes, there are few known
"important” sites and few sensitive areas on either route,
sites on both rcutes are of equal "value", and the seguences
for each area equally "important"”. The factors favoring the
Alaska Highway rocute are primarily related to the following:
the Alaska Highway route has already been impacted by con-
struction of the highway; and the area is more readily
accessible, thus facilitating monitoring and salvage should
Sites be revealed during the progress of construction.

Both routes would affect impecrtant proposed and
designated special areas. Overall, however, the Alaska
Highway route is preferred. Route preference hinged cn
the potential for impact on the Duke Meadows and Sheep
Mountain sites cf the southern Yukon vs the Firth River-
North Slope area of the northern Yukon crossed by the Arctic
Gas route. The latter was considered more critical and

consequently the Alaska Highway route was favored.

lSee also "Human Environment--Overview", pages 331-333.
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The Arctic Gas route i1s preferred for potential
impact on national parks since it does not cross any parks.
The Alaska HUighway route, however, crosses Dall's sheep wintering
range at the base of Sheep Mcuntain in Kluane National Park.
Although the northern Yukon has been considered under special

areas, a national park is also under consideration here.
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ARCHAEOLOGICAL-HISTORIC SITES

Problem Definiticn

Both routes cross territory formerly occupied by
the predecessors of Indians, Inuit, or both. This past
occupation is recorded in archaeological sites scattered
throughout the region. Some of these sites may date to
30,000 years ago, the initial occupation of the New World.
ILater sites relate to the development of native cultures on
this continent while more modern sites record the arrival of
Europeans and their activities for the past few hundred
years.

Archaeological sites are very fragile and are non-
renewable rescources. It is probable that a number of
archaeological sites will be encountered along either
right-of-way, and it is imperative that every effort be made
to preserve this archaeoclogical record. Where pipeline
construction activities conflict with archaeclogical sites,
data concerning the past are invariably lost unless mitiga-
tive procedures are brought into effect. The types of
potential conflict, their degree of destructiveness, and the
mitigative procedures designed to eliminate or reduce poten-
tial impacts have been previously described (Doyle 1974).

In addition to potential negative impacts, however, pipeline
construction also contains some positive aspects related to
the archaeological resource. Potential new site discoveries

and subseguent archaeclogical investigations resulting from
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were destroyed and there have been archaeological excava-
tions at about 10 others. The route crosses little un-
explored territory and in any case the presence of the
highway facilitates any necessary archaeological salvage
activities from reconnaissance through excavation.

Human population density in the area préhistori—
cally was likely always low (1 individual per 10 km2} =1e)
sites are both rare and scattered. It is unlikely that more
than 20 previously unknown archaeological sites would be
encountered during construction of the pipeline. Of the
known sites only two or three appear to be in danger of
direct impact from pipeline construction and it is rela-
tively simple to avoid or excavate them. As Morlan (1975:
7628) pointed out in his testimony before the Berger In-
guiry, of the 400 known prehistoric sites in the Yukon only
a Ifew dozen warrant protecticon or intensive excavation,
Very few sites along the Alaska Highway route meet Cing-
Mars' (1974:28) criteria establishing a site as important
enough to protect or excavate. Only some of the sites from
Kluane Lake and the Aishihik-Dezadeash Valley confluence
meet even one of the criteria. Most of the other sites are
small surface Scatters of undiagnostic material which, if
encountered, can be rapidly dealt with using conventional

archaeological recovery techniques.
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Arctic Gas Route:

There is some convincing evidence that Early Man
was present in northwestern North America as early as
30,000 years ago. A very old find was made at 0ld Crow
Flats (Harrington and Irving 1967; Harrington 1570; Irving
1968, 1971; Irving and Harrington 1973). If other sites of
similar antiquity are found within the Mackenzie Corridor
there will be little doubt that it was used as a major
migration route for Early Man into the New World.

Certainly the corridor was used as a migration
route for hunters in later times. A date of 15,000 years
before present is given to an occupation at Fisherman Lake
(M%llar 1968). The first identified cultural tradition for
the area is the 0ld Cordilleran known widely from north-
western North America. It is manifested at Engigstciak at
the northern extreme of the corridor (MacNeish 1964) and
from Fisherman Lake at the southern end {(Millar 1968} but
is absent to date from the corridor itself.

The first well-identified tradition in the corri-
dor is the Northern Plano (MacNeish 1964) or Agate Basin
Complex {Millar 1968). There are numerous type sites in the
Barren Grounds, Yukon, Alaska, and in the Mackenzie Corri-
dor. It is dated to the period before 5000 BC and repre-
sents an intrusion of Plains bison hunters.

The next tradition, the Northwest Microblade

Tradition {(MacNeish 1964), is very widespread with a great
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Comparison Summary

Of the 66 known sites in southwest Yukon only a
few are in danger of being affected by pipeline construction
activities. The very low site density for the area in-
dicates that the potential for impacting unknown sites is
also extremely low. Very few important sites are known and
these can readily be avoided. Many sites were previously
disturbed during construction of the Alaska Highway which
closely parallels much of the Alaska Highway pipeline route.
The proximity of the highway also facilitates all archaeo-
logical activities from reconnaissance to salvage exca-
vation.

In the Mackenzie Valley corridor, site density is
also very low, few sites are likely to be encountered, there
are few "important"” sites, and there are few sensitive
areas. Sites in the case of either route are of equal
"value" and the cultural sequences for each area are equally
"important"

The Arctic Gas route is longer than the Alaska
Highway route in the area compared. There is more con-
struction activity asscociated with i1t; there are more com-
pressor stations, stockpile sites and camps; and there is
more potential to adversely effect the archaeclogical re-
source. Logistically, the Alaska Highway route is also
favored because the proximity of the highway along much of
the pipeline route facilitates archaeclogical reconnaissance
and salvage operations. For these reasons the Alaska High-

way route is slightly preferred.
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Arctic Gas Route:

The Arctic Gas route will not affect Nahanni
National Park in the Northwest Territories but it will cross
part of the northern Yukon which has been proposed as a

national park (Parks Canada in Commission Counsel 1976b).

Comparison Summary

For national parks, the Arctic Gas route is
preferred because it does not cross any existing parks whereas
the Alaska Highway route will infringe on the existing
Kluane National Park. The Arctic Gas crossing of the northern

Yukon is considered under specilal areas.
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SPECIAL AREAS

Problem Definition

Numerous areas of the Yukon and Northwest Terri-
tories, have already been designated or have been proposed
for future designation as ecological reserves or wildlife
sanctuaries. These areas are of special public interest,
limited in occurrence, restricted in distribution or re-
presentative examples of the various natural regions of
Canada. Both proposed pipeline routes cross or pass close
to several of these special areas.

The compatibility of industrial activities within
an ecologlical reserve or wildlife sanctuary varies with the
industrial activity and the reason for which a site is con-
sidered special and worthy of preservation. In some cases
entire reserves or sanctuaries require prohibition of acti-
vities; in other cases only key areas within a larger re-
serve or sanctuary require the highest degree of protection.

Comparison of the two projects will be based on
examination of the numbers and types of proposed project
activities within a designated or proposed ecological re~
gserve or wildlife sanctuary, the sensitivity and level of
protection considered compatible with the area affected and
the feasibility and ease with which such conflicts could be

avoided.
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Potential Impact

Alaska Highway Route:

The region beside the proposed Alaska Highway
pipeline route in the Yukon contains the Kluane Game Sanc-
tuary and six proposed eéological reserves {(Beckel 1975}):
Kolidern River area (Pickhandle Lake), Klutlan Glacier area
(between the White and Donjek Rivers south of the Alaska
Highway), Duke Meadows (at the Duke River), Sheep Mountain-
Mount Wallace (at the scuthern end of Kluane Lake), Mount
Archibald-Decoeli area (between the Jarvis and Dezadeash
Rivers), and Wolf Lake (in the northern Cassiar Mountains).
The proposed alignment crosses the Kluane Game Sanctuary and
four of the proposed ecological reserves: Klutlan Glacier
area, Duke Meadows, Sheep Mountain-Mount Wallace, and Mount
Archibald-Decoeli.

The proposed alignment generally parallels and
lies outside the northern boundary of the Klutlan Glacier
area (MPs 45-48, 59-87). This site is entered, however,
every time the pipeline comes to the south side of the
Alaska Highway (MPs 62-6% and 72-79). About 90 ha in the
area could be affected (0.02 percent). In addition a stock-
pile site at MP 70 lies Jjust outside the site beside a lake
complex.

The southern tip of Duke Meadows 1s crossed at
pipeline MP 110 for about 2.5 km. The total area disturbed

will be about 10 ha {out of 2500). About half this 10-ha
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area 1s grassland. A stockpile site is proposed on the west
shore of Duke River.

The entire pipeline between MPs 136-154 1ies
within the northern boundary of the Sheep Mountain-Mount
Wallace site. Most of the alignment lies only a few hundred
metres within the site but between MPs 136~138, 1l46-148 and
150-154 it lies about 1.5 km inside the area. The area
disturbed would be about 120 ha {0.3 percent of the site),
part of it crosses the bottom of critical Dall's sheep
winter range. Effects on sheep will also result if con-
struction activities occur in winter.

Much of the Mount Archibald-Decoeli area lies
about 6 km scuth of the proposed pipeline alignment between
MPs 173-180 but the northwest corner of the site is crossed
between MPs 170-173. The 12 ha which would be disturbed
are not important grizzly bear habitat.

The proposed pipeline alignment MPs 45-185 gener-
ally parallels the northern boundary of the Kluane Game
Sanctuary, -falling within it whenever the pipeline lies
south of the Alaska Highway pipeline: MPs 45-57, 63-69, 73-
79, 91-109 and 112-172. Compressor station FY-2 {(MP 123)
lies just within the sanctuary. " A stockpile site at MP 70,
a stockpile and camp at MP 90 and a stockpile at MP 110 lie
just outside the sanctuary but a stockpile site and camp at

MP 161 lie about 3 km inside it.
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Arctic Gas Route:

The regicn along the proposed Arctic Gas pipeline

route contains five prcoposed ecolcgical reserves (Beckel

1975): Firth River, Cance Lake, Rat River, Brackett Lake
and River, and Ebbutt Hills. In addition four areas have
alsc been proposed as wildlife sanctuaries: Yukon Ncrth

Slope (Canadian porticn cf Arctic International Wildlife
Range), Mackenzie Bay.ﬁhite Whale and Bird Sanctuary, Mount
Goodenough Dall Sheep Range and Mackenzie River Islands
(staging areas) (Commission Ccunsel 1976b). The pipeline
alignment considered in this study would directly cross four
of the prcposed ecological reserves: Firth River, Rat
River, Brackett Lake and River, and Ebbutt Hills and the
Canadian Arctic Wildlife Range. In addition, the propcsed
Mackenzie Bay White Whale and Bird Sanctuary would be
directly affected by pipeline barging and related water
traffic activities.

The Firth River ecological reserve would be
crossed for its entire length (MP 195-240). 1In addition
compressor staticn CA-05, a wharf and stcockpile site and
related access rocads and 5 borrow pits in rivers are pro-
posed within the area. This region is also being considered
as a Yukon Territorial Park (Hutton 1975).

The Rat River ecological reserve wculd be crossed
by coastal route MP 405-418. Compressor station CA-09 and
a borrcw pit propcsed from the Rat River itself also fall

within the area.
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The Brackett Lake and River site would be crossed
by the Arctic Gas project from MP 417-422. A wharf and work
pad at the Great Bear River crossing point fall just within
the area.

The Ebbutt Hills site would be crossed by Arctic
Gas MP 635-638.°

The proposed Canadian portion of the Arctic Inter-
national Wildlife Range {(McRea 1971) would be crossed by 215
km 0of pipeline (cocastal MP 195-330). In addition compressor
stations CA-05, -06, -07 are located within it as are two
wharf and stockpile complexes and related access roads and

nine borrow pits, all in or beside rivers.

Comparison sSummary

For ecoleogical reserves and wildlife sanctuaries,
the Alaska Highway route is preferred over the Arctic Gas
route., Both proposed routes, however, would affect important
special areas. Alcng the Alaska Highway pipeline the greatest
concern would be for the Duke Meadows and the Sheep Mountain
area. Along the Arctic Gas route, important special areas
affected include the Firth River ecological reserve and the
Yukon North Slope which contain the calving grounds of the
Porcupine caribou herd. Pipeline activities are not considered
compatible with the purposes for which the Firth River
ecological site was proposed {(Peterson 1975). Crossing of
the other three ecological reserves may be compatible with

proper controls. The boundaries of Brackett Lake and River
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and the Rat River sites, in particular, have been designed
to include part of the proposed pipeline route so that the
areas can be used for long-term ecological monitoring
{Peterson 1975). Other areas in these sites, however,
should be protected from development activities.

Overall, the Alaska Highway route is preferred.
With proper timing and route selection, the crossing of the
bottom of Sheep Mountain could be carried ocut when the sheep
are absent. No permanent facilities would remain on the
sheep range. For the Arctic Gas pipeline, however, although
construction would be timed to avoid the caribou and geese,
numerous summer activities will take place and permanent
installations will remain. Repairs in an emergency should
be easier to accomplish along the Alaska Highway route where
access would be by existing roads instead of by air and
overland travel, as would be required along the Arctic Gas

route.
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SUMMARYT

For the Infrastructure component two parameters
were examined: the administrative and planning infrastruc-
ture, and transportation. With respect to the former we
concluded that an effective response by government to either
of the proposed projects would require a considerable ex-
pansion of existing government programs and consequently
staff. The existing administrative and planning infra-
structure in both regions, we concluded, is inadequate and
consequently incapable of effectively responding to projects
of the scale proposed.

The lack of data and any clear indication of how
responsibility for increased transportation infrastructure
and operating costs will be allocated, meant that a definitive
conclusion was difficult to make. Without doubt, both
projects possess the potential to disrupt community resupply
functions and contribute to the degradation of the existing
transportation infrastructures. However we feel that the
relatively well-developed transportation system in the Yukon,
with year-round serﬁice, lends that region a greater flexibility
in adapting to project activity. Therefore the Alaska Highway

route is slightly preferred.

lSee also "Human Environment--Overview", pages 331-333.
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PLANNING AND ADMINISTRATIVE SERVICES

Problem Definition

Of concern here is the adequacy of existing
government planning and administrative infrastructures to
respond effectively to the increased demand for a wide range
of public services anticipated as a result of large-scale
project activity. There is growing recognition that plan-
ning and administrative infrastructures require bucoying up
in response to major development undertakings and that con-
siderable public costs are incurred as a result of the in-
creased demand for public services (US Department of
Commerce 1976).

The Alaskan experience, briefly reviewed in our
initial evaluation of the Alaska highway pipeline route
(England 1977), dlearly indicates that greatly increased
demand for a wide range of public services occurred as a
result of Alyeska project activity (Alaska Department of

Community and Regional Affairs 1976).

Potential Impact

In our brief appraisal of the adequacy of the
planning and administration infrastructures of the Yukon
Government we focussed attention upon one department, the

Department of Local Government. We concluded that this

407






A perusal of Commission Counsel (l1976a) submissions
to the Mackenzie Valley Pipeline Inquiry clearly indicates
that existing planning and administrative infrastructures in
the Northwest Territories are not capable of responding to
the type and magnitude of demand anticipated as a result of
project activity. These submissions are replete with re-
commendations for new and expanded programs required for an

effective response to pipeline construction.

Comparison Summary

The limited information available to us would seem
to indicate that the planning and administrative infra-
structures in both project areas are insufficient to respond
effectively to a major development undertaking. It is
therefore impossible to ascribe any preference from this
perspective.

We would suggest, however, that the task in the
Northwest Territories may be more difficult and costly to
achieve than in southern Yukon given the problems associated
with access to many Mackenzie Valley communities and the
fact that the Arctic Gas pipeline project within territorial
jurisdiction is larger in scale.

The above notwithstanding, we are unable to assign
greater preference to one route over the other with respect

to this parameter.
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The lack of available information with respect to
all aspects of the transportation sector precluded the
possibility for a true comparison. For example, present
capacity utilization rates, associated costs of expansion,
and the future level of final demands are not known for
either region. Neither can we forecast the costs associated
with road degradation. Therefore, the following will |
attempt to put the problems into some perspective, rather

than to arrive at a definitive conclusion.

Potential Impact

Using prorated data, the Arctic Gas project will
require somewhere in the neighbourhopd of 1,485,000 tons of
material north of 60O (CAGPIL 1974). This figure excludes
pipe requirements, which will be in the order of 876,000
tons (based on 13.9 tons per 80-foot length of 48-~-inch-
diameter pipe, and 956 miles of pipeline north of 600).
Total requirements then, will be scmewhere around 2,361,000
tons of material.

Arctic Gas recognizes that the main transportation
mode will be via rail to the Hay River/Enterprise staging
area, and then by barge down the Mackenzie River. Further,
they recognize that the existing infrastructure in the
Mackenzie barge system will be insufficient for their needs.
Given that expansion of the system is necessary, the ques-
tion remains as to how the increased costs of expansion will

be recovered during the construction period. In other
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words, are costs of expansion to be reflected in the local
inflation rate? We cannot, however, estimate the actual
impact that this will have on the availability and costs of
transportation services for community resupply. The seasonal
nature of the barge system, though, restricts the potential of
the system to respond to winter requirements.

Road transport and associated degradaticn of roads
is expected to be minimal in the District of Mackenzie, in
view of the heavy reliance on the barge system. Arctic Gas
will utilize air services to some extent although they have
stated their willingness to avoid "overtaxing" the local air
transport sector.

The Alaska Highway pipeline will require about
470,000 tons of pipe (based on 13.9 tons per 80-foot length
of 48-inch-diameter pipe, and 512 miles of pipeline).
Assuming that the ratio of other material requirements to
pipe requirements will be similar for both projects (1.68
for Arctic Gas), then total material requirements for the
Alaska Highway project could be in the order of 1,260,000
tons. It has been suggested that the White Pass and Yukon
Railway could handle traffic in the order of 2.4 million
tons annually with additional rolling stock and engines
(Gi1llis 1975). Considering that present inbound freight 1is
about 111,000 tons annually (Hagglund 1976), it would
seem that railway capacity could supply both pipeline and
community resupply needs. However the gquestion of alloca-

tion of increased costs for expansion still remains.
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Further, 1if we consider that the northern terminus cf the
railway is at Whitehorse, and that further transportation
will be via highway, it is likely that trucking costs will
increase. Again, the actual magnitude of these costs and
their effects on the local cost of living cannot be deter-~
mined. Bowever, the year-round access to local communities
should mean that the flow of commodities to Yukon ccmmunities
can be sustained.

Road maintenance costs will be much higher with
the Alaska Highway project, due of course, to the lack of
highways in the District of Mackenzie. While we do not wish
to infer that the Alyeska project is a whclly adeguate basis
for comparison here, it is interesting to note that esti-
mates cf increased highway maintenance costs in Alaska, due
directly to pipeline activity, were about $118 millicn

{Alaska Department of Community and Regional Affairs, 1976).

Comparison Summary

An adequate ccmpariscn of the effects of both pro-
jects cn ccmmunity resupply is difficult to make at this
time. Even though the material requirements for tﬁe Arctic
Gas proposal are almost double the estimate for the Alaska
Highway pipeline, the fact remains that we are dealing with
different modes of transport and with inadegquate informaticn
regarding these different modes. If we accept that expansion

of the transportation sectors will be necessary with either
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project, the costs associated with this expansion and the
allocation of these costs among the users of the services
will determine the ultimate effects on community resupply.

An obvious conclusion that we can draw, is that
highway maintenance costs will be higher with the Alaska
Highway pipeline, by virtue of the fact that highway trans-
port is much more important to that project., Again, it is
not clear just how these costs will be allocated among users,
the Federal government, the Territorial government, and the
pipeline company.

Strictly on the basis of the seasonal nature of
transportation in the Mackenzie Valley as compared to the year-
round system in the Yukon, we feel that community resupply will
be easier to sustain with the Alaska Highway proposal. There-

fore, it is slightly preferred in this instance.
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