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Location
The first issue I shall address in this discussion of the project is
the location of the pipeline right-of-way and its facilities.
Throughout the course of the Inquiry, the general routing of the
Mackenzie Valley pipeline between the Mackenzie Delta and the
Northwest Territories-Alberta border has, for the most part, been
taken for granted. But for many people, the proposed locations of
the pipeline right-of-way, ancillary facilities and access routes are
unacceptable. In particular, the native people have insisted on
their right to reserve decision on routing pending settlement of
their claims.
Apart from minor differences, the alignments of the mainline,
as proposed by Arctic Gas and Foothills, are virtually identical and
their potential for impact is, consequently, very similar.
Both pipeline companies have made changes in their original
routing and location proposals for a variety of reasons. For
example, the first change made by Arctic Gas, which moved the
alignment east of Fort Simpson, is an improvement in
environmental terms; the fact that the amended route would pass
through the proposed Ebbutt Hills International Biological
Programme site does not present a major problem. The social
concerns, however, are more serious because now there will be a
compressor station and a wharf site very close to Fort Simpson.
In addition to large-scale amendments, there have been more
modest changes. Both companies have modified the locations of
river crossings, wharves, stockpile sites, and access roads; and
both have introduced the Niglintgak lateral pipeline. Arctic Gas
changed the routing of their Parsons Lake lateral pipeline and
abandoned many of their communications towers and associated
access routes. Foothills have made minor adjustments in pipeline
routing north and south of Norman Wells. Most of these changes
represent some degree of socioeconomic or environmental
improvement but much more can obviously be done by further
adjustment of the route, the location of facilities and other areas
used by the project.
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Native people in all of the communities along or near the
proposed route have expressed some basic fears about the
location of the pipeline and associated facilities in the Mackenzie
Valley. These fears are specifically concerned with the location of
pipeline lands in relation to the communities themselves, to
traditional land use areas and sites of religious importance, and to
geographic features of special significance to native people, such
as Great Bear River. In response, both pipeline companies have
either made changes in location or indicated their willingness to
do so. For instance, to avoid the communities of Fort Good Hope,
Fort Norman and Wrigley, Arctic Gas proposed to relocate
wharves, stockpile sites, access roads and airfields.
To date, such changes have been introduced unilaterally, and
there appears to have been no progress towards instituting a
review process for resolving conflicts on pipeline routing and
location. In fact, there has been little effective communication on
this matter between local people, the pipeline companies,
government and other interested groups. Nonetheless, the 1972
Pipeline Guidelines state:
... where the pipeline construction is planned to be located in
proximity to a settlement – particularly a native settlement or
localized area subject to intensive use – then the location of
construction camps, associated activities and the detailed siting
of the pipeline will be decided by government after consultation with the Applicant, and the settlement council, or local
government body, or the native organization. [p. 29]

In terms of minor changes, as opposed to major alterations
there is no convincing evidence that the locations chosen for the
pipeline and related facilities are the best, either environmentally or
from the point of view of land use. Neither pipeline company has
responded to criticisms of specific locations raised by various
participants, except to say that the present locations are not final.
Nor has there been a commitment to any process of route location
refinement in final design that will ensure adequate consideration
of environmental and land use concerns. Indeed, during the Inquiry
little progress was made on a means to ensure that localities of
concern are avoided, and that location refinements will move
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the alignment to areas of less rather than more environmental and
socio-economic sensitivity.
1. The government should adopt policies that afford
maximum protection for wildlife and fish in the vicinity of the
pipeline route, and that preserve as much of the nearby land as
possible in its natural state. These policies should apply to nearby
governmental and industrial activities in the vicinity as well as to
the pipeline project.
The Agency should ensure that the location, construction and
operation of the project are consistent with these policies, and are
acceptable to local people. In particular, the pipeline project
should be modified to avoid interfering with local fishing,
trapping and hunting patterns, and to satisfy the environmental
concerns identified elsewhere in this report.
2. Routing must not be decided simply in terms of engineering
and cost. Proposals relating to the location of the right-of-way
and facilities should be progressively refined by a process of
successive Company proposals and Agency and public responses
that takes all environmental and socio-economic factors into
account. (See Project Regulation and Review.)
3. Before the final review phase, the Company shall submit to
the Agency for approval the rationale behind the location of its
route and facilities in terms of potential impact on birds,
mammals and fish and on traditional land use by native people.
The Company shall also submit proposals for modifying the route
and locations to meet environmental concerns. If requested by the
Agency, the Company shall include social, environmental,
engineering and cost comparisons of alternative right-of-way and
facilities locations. The Company should address such matters as
the following:
Adjustment of the pipeline route and locations to avoid
conflict with areas designated as present or future conservation
lands. (See Northern Conservation Areas.)
Adjustment of the location of compressor stations, and the
groups of facilities associated with compressor stations, to avoid
the valleys and rivers tributary to the Mackenzie River, and the
mouths of those tributaries. If a compressor station cannot be
moved, then the associated facilities - wharf, stockpile site,
airfield, borrow pits, road, camp, and waste facilities – should be
kept away from tributary valleys and rivers and river mouths.
Adjustment of the location of wharves and stockpiles along
the Mackenzie River to avoid interference with communities and
domestic, commercial and sport fishing sites.
Modification of the location of borrow pits to avoid any
borrow resource conflicts. (See Terrain Considerations.)
Adjustment of route and locations and established aircraft
flight corridors to meet the concerns outlined in the chapters on
Wildlife and Aircraft Control.
Adjustment of the pipeline route to minimize the length of
pipe on terrain that is potentially susceptible to frost heave,

thaw settlement, slope stability, buoyancy and erosion. (See
Geotechnical Considerations.)
A review of the location of the Mackenzie Valley pipeline and
associated facilities in terms of their potential for separate or
cumulative environmental impact. Any relocations of the pipeline
or other corridor developments that could reduce environmental
impact should be included.

Construction Plan and Scheduling
In Chapter 3 of Volume One, I described how the pipeline project
North of 60 will challenge the engineering and logistics
capabilities of designers and builders. The challenge relates not
only to the size and complexity of the project but also to its
remote setting, to the arctic climate and terrain, and to those
components of the project and its design that lack precedent.
There are, for example, the fundamental and unresolved design
problems associated with frost heave. These problems illustrate
the deficiencies in some aspects of the pipeline proposal and the
inadequacy of the information that is available to the Inquiry and
to the government information that provides the basis for an
assessment of the precedent-setting or innovative engineering
aspects of the project.
The innovations and problems are not confined to design: the
construction plans and proposed schedules for the pipeline also
involve techniques that lack precedent. Volume One outlined the
major issues related to winter construction snow roads and
productivity – and focused primarily on the Northern Yukon.
Similar problems will face a pipeline in the Mackenzie Delta and
Mackenzie Valley. The environmental, social and economic
assessments made by the pipeline companies were predicated on
the assumption that the project would, in fact, be built as
proposed. However, any substantial modification to the schedule
or to the methods of construction will obviously alter those
assessments. If a schedule cannot be met and plans have to be
changed, each party concerned would respond in a way that
reflects its own area of interest, and the result could be ad hoc
solutions, loss of quality control, and an increase in accidents.
Despite original intentions, it might become impossible to protect
the environment and the local people.
We must be careful to confirm all of our assumptions and
contingent evaluations. With regard to any potential impact of
pipeline construction on the environment - namely, the direct
disturbance of wildlife, fish and whole ecosystems – a schedule
limited to the winter months should have the least impact. This does
not mean that there will be no impact during winter construction,
nor does it mean that the potential impact of modifications to the
construction schedule will automatically be unacceptable in the
Mackenzie Valley. For reasons set out in Volume One, an extended
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summer season or an all-year schedule would be unacceptable in
the Northern Yukon; indeed, it was one of the concerns that led to
the rejection of the proposed Arctic Gas route across the Northern
Yukon. The consequences of a change to summer and winter
construction in the Mackenzie Valley would be substantial
because, for one thing, an all-weather road would have to be built.
In fact, such a change would invalidate nearly all of the planning
and assessments presented to this Inquiry.
Although both pipeline companies have indicated their
willingness to accommodate delays for environmental reasons,
neither company has developed a contingency plan in case of a
delay in schedules. No allowance has been made for delays in the
delivery of supplies and materials, or for failure in the river
transportation system; but most important of all, no allowance has
been made for the possibility of any labour problems such as
strikes, or even a lack of skilled labour. The most serious potential
problems for the northernmost part of the pipeline that could
delay the project from the very outset are insufficient snow and a
shorter winter season because of a late fall or an early spring (See
Terrain Considerations: Snow Roads). At the very least, a
contingency plan to counter these events would seem to be an
essential part of any construction plan.
Delays in construction activities will involve more than
additions to the number of men on the line: each man brought in
will require extra food, fuel and equipment and this, in turn, will
add to the number of aircraft flights. Extra men will most likely
be needed towards spring, which means that any extra flight
activity might well take place at a time that is critical for some
wildlife activities. As well, extra flights will put more pressure on
traffic control programs, on airstrips and community airport
facilities, and on local operators. At a glance, we can see the
cumulative impact that could result from even this incomplete
chain of events following a change in the work schedule.
To resist pressures from the Company to take shortcuts or to
change its basic plan in any way, the Agency must identify very
early any problems or potential trouble spots. The key factor is to
avoid the basic problem in the first place through careful
construction, planning and scheduling.
One of the unique features of the Mackenzie Valley
pipeline project is the need to consider “extraordinary” or
non-project occurrences, such as migrating or staging birds at
the site of construction activity. These atypical occurrences
will restrict construction activities just as much as any of the
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usual and foreseeable difficulties, such as labour problems,
delivery failures, and extended periods of bad weather. While
these events can be anticipated and alternative plans prepared,
some of the environment-related incidents may not be so
amenable to planning. Nonetheless, environmental constraints
must be seen as equally important, and must be incorporated into
project plans from the very beginning. The pipeline companies’
studies, which were submitted as background information to their
applications, and the information available through the exhaustive
hearings process, have emphasized the possibility that fish,
mammals and birds will, in the course of their own natural cycles,
preclude use of some land or water areas at certain times for
construction of the pipeline or related facilities. The landbased
activities of the native people may also raise conflicts.
Every aspect of the Company’s plan that might lead to
pressure to avoid or ignore some environmental or socioeconomic
restriction must be scrutinized from the point of view of the need
for contingency planning and scheduling for potential spillovers.
4. The Company shall develop a construction schedule that
minimizes the adverse impact of the pipeline project on the
socio-economic fabric of the region and on the physical and
living environment. To this end, the Company shall submit to the
Agency for approval a preliminary construction and logistics plan
for each spread, and shall demonstrate their technical feasibility
and environmental acceptability.
5. As part of its final design submission to the Agency, and
before commencing any work other than clearing, the Company
shall provide the Agency with a sequential activity analysis in a
form that is acceptable to the Agency. The analysis shall consider
all construction-related activities, as well as all possible
environmental and other constraints, together with the courses of
action that will be followed if such constraints do occur.
6. During construction, the Company shall prepare a monthly
progress report for each spread or part thereof, as prescribed by
the Agency. The report should detail such matters as the
construction progress to date on each spread, keyed to an updated
sequential activity program; construction delays and proposed
methods for overcoming them, including a revised forecast of
project scheduling and activities that show how all physical
constraints and all stipulations will be met; the physical condition
of snow and ice roads; and the need for any actual or planned
additions to the work force that is accommodated in construction
and other camps.
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General Approach
The design, construction and operation procedures for a
refrigerated natural gas pipeline in the North are unprecedented
and must be novel, effective and economical under exceptionally
adverse conditions. At the same time, we must protect the
northern environment from any possible permanent damage.
Many of the unprecedented aspects are related to geotechnical
matters. The existence of permafrost along the pipeline route
makes it necessary to depart from the engineering design and
construction procedures commonly used by the pipeline industry.
Some of these departures involve the innovations discussed in
Chapter Three of Volume One.
Geotechnical considerations have a direct bearing on three
areas of concern: engineering feasibility, the need for remedial
construction on a threatened portion of the pipeline, and
environmentally undesirable effects of geotechnically related
activities. I shall deal briefly with each of these areas before
turning to specific geotechnical problems.
The feasibility issue which, in Volume One, was central to
my discussion on engineering and construction of a buried
refrigerated gas pipeline in the North, is important because
several aspects – including chilling the gas – lack precedent. For
example, the pipe is expected to heave differentially as it passes
through several hundred miles of discontinuous permafrost.
Arctic Gas have undertaken an extensive laboratory and field
research program into the phenomenon of this frost heave, and
during the Inquiry, the mechanism and extent of the heave was the
subject of much debate among many experts. Nevertheless,
fundamental differences of opinion remain.
It cannot be said that a gas pipeline cannot be built and
operated along the Mackenzie Valley, however, the limits
within which the pipeline must be designed and built to ensure
acceptable performances have yet to be determined. Some
uncertainties will doubtless still exist at the start of
construction, and they may be resolved only by observing the

131

PART THREE –
THE PROJECT

Geotechnical
Considerations

pipeline in operation. A comprehensive overview of such aspects
of the work will obviously be required.
1. These geotechnical aspects of the proposed project that
lack precedent and experience should be independently reviewed
by a board of competent experts appointed by the Agency. The
board should consist of three experts, such as a permafrost
geologist, a cold regions geotechnical engineer and a gas
transmission engineer, with specialist advisers available as
required on temporary assignment.
The evidence I have heard shows that, because of lack of
precedent, important geotechnical engineering decisions have
been reached using empirical formulae derived from laboratory
tests and the interpretation of site conditions that are not
well-known. Schedules have been established on the basis of
assessments of situations that are not well-understood. It is
important to determine the sensitivity to error of such decisions.
For example, towards the end of the hearings, Arctic Gas
disclosed that certain testing equipment was faulty, casting doubt
on the accuracy of information about feasibility of deep burial and
surcharge as a practical method of controlling frost heave.
2. The Company should establish the sensitivity to error of
decisions based on empirical formulae and site conditions and
evaluations that are not well-known. Where the basis for decision
is found to be sensitive to error, its reliability should be
established by the use of thorough cross-checking procedures that
are satisfactory to the Agency.
My concern with the second issue – remedial construction
–relates primarily to the environmental consequences of
emergency repairs to the line. If these repairs have to be carried out
during spring thaw or at a time of year when wildlife is sensitive
to disturbance, they could cause unacceptable damage. For
example, the Applicant, using for the most part statistics for the
operation of warm gas lines in areas without permafrost, predicted
a probable pipeline breakage frequency of once in ten years. Such
statistics, however, do not necessarily apply to the operation of
refrigerated gas pipelines in permafrost areas: the actual
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performance may be better or worse. Clearly, the lack of
precedent, together with engineering innovation and the possible
environmental consequences of untimely repairs make it
desirable to use design and monitoring methods that will reduce
risks.
3. The approach to design, construction method and control
should be more conservative than is customary in pipeline
engineering practice. In particular, the Company should prepare
environmental contingency plans to cover a wide range of project
conditions that may arise during construction and operation of
the pipeline.
Finally, there are several circumstances that, although
acceptable from a geotechnical viewpoint, may be
environmentally undesirable. For example, the development of
the frost bulb around the refrigerated pipe could, without
threatening the pipeline, interrupt drainage and cause terrain
damage through permafrost degradation; or it could result in the
blockage of low winter flows to downstream pools in creeks
where fish overwinter. Although not serious with respect to
pipeline operation, the consequences could be environmentally
significant.
4. In order to minimize geotechnically related environmental
disturbance, the Company should, before construction, obtain as
much data as possible on surface and subsurface conditions.
Because of the size of the project and the remoteness of the area,
it is inevitable that much important information on geotechnical
design will be discovered only during construction. The pipeline
design phase shall, therefore, be considered as part of the
construction phase, to be terminated only at the end of
construction. The Company shall establish a workable liaison
between those responsible for design and those responsible for
construction, and shall demonstrate, to the satisfaction of the
Agency, that all the engineering and environmental implications
of the design concept are being carried through into construction.
5. Bearing in mind the proposed rapid pace of construction,
the Company should establish, in cooperation with the Agency, an
appropriate and reliable means of carrying out desirable design
changes. Such changes would probably be done by a field design
staff, with recourse to the main design office for major design
changes only.
The need for a well-selected and organized field team for
inspection and construction control is obvious. Bearing in mind
the considerable number of people required on this team, and the
seasonal nature of the construction schedule, it will be difficult to
find and keep qualified personnel. As I mentioned earlier, the
work must be as error-proof as possible by conservative design,
but a reliable system for checking the work is also needed.
6. The Company should establish an educational program to
ensure that all geotechnical field personnel fully appreciate the
environmental significance of their work.

The first six recommendations are general, and deal with
geotechnical problems in an overview fashion. Given below are
descriptions and recommendations on the major geotechnical
design aspects: frost heave, slope stability and pipe buoyancy.
A great deal of information on major geotechnical issues was
brought before this Inquiry and the National Energy Board;
nevertheless, much uncertainty still remains about this critical
aspect of the project. I intend to review the evidence so that all
parties will know, without laborious research into applications,
transcripts, evidence and cross-examination, where the issue
stands. I have relied to a great extent on the information in
Commission Counsel’s final argument and on the subsequent
work of my staff in reviewing and updating information. They, of
course, referred to the National Energy Board transcripts when
doing this.

Frost Heave and Thaw Settlement
One of the most important geotechnical design factors examined
during the hearings was frost heave in unfrozen ground, that is,
the upward movement of a buried pipeline resulting from
freezing. To avoid melting the permafrost, the pipeline companies
propose to keep the gas flowing through the pipeline at
temperatures below the freezing point of water. However, the
permafrost is not continuous, and when the chilled pipeline
crosses unfrozen ground freezing would be induced in the soil
around the buried pipeline. The frost penetration could, under
certain circumstances heave the pipeline in these areas.
A buried refrigerated pipeline through discontinuous
permafrost is without precedent. The phenomenon of frost heave
applies to a significant length of the proposed pipeline and the
control of frost heave is therefore central to the feasibility of the
proposed pipeline. The evidence given on frost heave and thaw
settlement, as they relate to the construction and operation of the
proposed pipeline, reveals that uncertainties still exist in four
areas: prediction of frost heave and the effectiveness of the
preventive and remedial measures; location of the southern limit
of refrigeration; confirmation of design assumptions during
construction; and monitoring of frost heave after construction.
These four considerations are basic to the geotechnical design of
the pipeline, and the resolution of any problems they may cause
is essential for an engineering design that is environmentally
acceptable.

Prediction of Frost Heave and Effectiveness of
Preventive and Remedial Measures
A reliable prediction of frost heave is central to the design of
effective frost heave control measures. Attempts to predict the
magnitude of frost heave must be based on a complete
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knowledge of the freezing processes involved. As I described in
Volume One, a full understanding of these processes does not
appear to exist.
To study the frost heave phenomenon, Arctic Gas carried out
a series of laboratory tests and a full-scale field test in Calgary.
From these tests they derived a set of empirical equations that
they believe encompass the significant parameters governing
frost heave. Their study reveals that the growth of ice lenses
where frozen and unfrozen ground meet is governed, in part, by
the effective stress in the soils at that location. Once a critical
effective stress – the shut-off pressure – is reached, the ice lenses
will not grow at the frost front, and the problem of heave is
considered solved. Because the shut-off pressure varies with soil
type, Arctic Gas determined its value for the range of soils likely
to be encountered along the route of the pipeline.
Although heave is the central phenomenon, it is differential
heave, – that is, the relative heave of adjacent locations with
different soil properties – that requires most attention when
considering the adverse effects of heave on the pipeline. A
parametric study carried out by Arctic Gas indicated that the time
to reach the point at which differential heave became critical, that
is, at which rupture of the pipe would occur, is a function of length
of heave section, and of the uplift resistance of the frozen ground
at each end of the heave section. The study indicated that the
minimum time to rupture, assuming frost heave is not controlled,
ranges from about eight months to several years. Assuming that
the empirical method for predicting frost heave and shut-off
pressures is valid, the study concluded that increasing the effective
stress at the frost front would be an effective technique for keeping
differential heave within acceptable limits.
Based on this understanding of the frost heave problem, both
Arctic Gas and Foothills proposed two techniques to limit the
effects of frost heave: first, surcharge the ground surface with an
earthen berm so that the overburden pressure at the frost front
below the pipe approaches the shut-off pressure; secondly, bury
the pipe deeper so that higher effective pressures are achieved at
the frost front. For special circumstances, and as contingency
measures, they proposed a number of other techniques: the
excavation and replacement of frost susceptible material; the use
of insulation around the pipe, along with granular backfill below
the insulation; dual pipelines at river crossings so that gas flow
can be run alternatively between each pipe; local increase in the
temperature of the gas to relieve the stresses from frost heave;
localized freezing to accelerate the growth of the frost bulb so that
the frost front beneath the pipe penetrates rapidly to a depth where
the overburden pressure is close to the shut-off pressure; and use
of slip joints or pliant clay around the pipe to reduce pipe stresses
where critical differential heave is anticipated.
Arctic Gas concluded from their test data that the maximum shut-off pressure in the field would be in the range of
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4,000 to 5,000 pounds per square foot (psf) and the primary
mitigative measures would include either deep burial, or a nonerodable surcharge berm with maximum height of about 10 feet
or some combination of both measures, to limit the heaving to an
amount acceptable from engineering and environmental
viewpoints. They also indicated that berm heights of over 11 feet,
and burial deeper than 15 feet, were impractical.
Arctic Gas and Foothills said that, before construction, they
will identify areas of potential frost heave along the route and
decide on specific measures to limit it. For this purpose, they have
characterized the potential for frost heaving of a number of terrain
types. They also propose to determine the distribution of unfrozen
soils along the route by geophysical profiling immediately after
right-of-way clearing. Arctic Gas claim that their geophysical
profiling has successfully distinguished between frozen and
unfrozen ground.
On October 7, 1976, Northern Engineering Services,
engineering consultants to Arctic Gas, informed both this Inquiry
and the National Energy Board of a previously undetected leak in
their laboratory test equipment. This flaw seriously affects the
validity of the test results used to predict the shutoff pressures for
various soil types. In their evidence, Northern Engineering Services
stated that the shut-off pressures may exceed 7,000-10,000 psf,
which is significantly higher than their initial estimate.
In February 1977, Arctic Gas filed with the National Energy
Board information regarding their plans for controlling frost
heave. In this evidence they conceded that, for virtually all soils
to be crossed by the refrigerated pipeline, the depth of burial and
the height of berm required to control frost heave would exceed
practical limits. Moreover, Arctic Gas indicated, for the first time,
that frost heave would be a problem where the pipe passes
through shallow permafrost.
According to the new plans presented with the foregoing
evidence, insulated pipe with heat trace would be used in all
overland sections where the ground is unfrozen, or where
permafrost is less then 15 feet thick. Heat probes would be used
to prevent the build-up of ice lenses where permafrost is 15 feet
or more thick. At river crossings in frost susceptible soils, a heavy
casing would be placed around the insulated pipe and heating
cables would also be used. Foothills, on the other hand, propose
to use insulation, with replacement of frost susceptible materials,
to control frost heave. There are, however, no experimental or
field observations to confirm that Foothills’ approach will work.
A review of all available evidence reveals a number of
uncertainties and concerns. First, it is apparent that the phenomenon
of frost heave is not well-understood, and that a reliable prediction
of frost heave magnitude under various terrain conditions is not yet
possible. The major redesign of frost heave mitigative measures by
Arctic Gas during the hearings reflects this problem. An erroneous
prediction resulted in an unsuitable initial design.
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The absence of empirical verification of frost heave
predictive methods, the lack of information on the behaviour of
pipeline insulating materials, and the lack of precedent for frost
heave under operating conditions make it difficult to examine the
effectiveness of the redesigned mitigative measures, including
insulation and heat tracing, proposed by Arctic Gas. There is also
some concern about the environmental effect of the extensive
overhead electrical transmission system required for heat tracing.
However, the criteria for redesign of frost heave mitigative
measures focus on the elimination of frost heave in most areas,
which appears to be a prudent approach at this time.
Performance of the insulated pipe proposed by Foothills is
particularly sensitive to design errors and standards of
construction. The design philosophy is to limit the penetration
of the frost front to a depth of about 2.5 feet below the
insulation, and, where necessary, to replace the frost susceptible
soil within this depth with non-frost susceptible material.
Should the frost front penetrate beyond this depth and into frost
susceptible material, the resulting total and differential heave,
because of relatively low overburden pressure and close
proximity to the pipe, could be greater than would have been
experienced without insulation. The initial performance of such
a pipe could be deceptive in that it may take several years for
heave problems to develop; once started, however, they could
advance rapidly.
To date, insufficient information exists on where critical
conditions for differential heave will be encountered in the field.
It is uncertain if the worst conditions were understood and
allowed for in the analysis. In extreme cases, lack of information
could result in increased maintenance over the life of the pipeline,
with attendant environmental implications.
Furthermore, no full-scale tests have been carried out to
assess the problem of differential heave. The Calgary field tests
were conducted in nearly homogeneous soils, and total heave
only was measured. Evidence presented at the Inquiry revealed a
concern that the developing frost bulb in the prototype would
have both strong and weak sections, depending upon the
heterogeneity of the surrounding soil, and that any pipe
deformations would be concentrated in the weak sections. The
concern is apparently unresolved at this time.
Although it is generally agreed that ice lensing and heave can
occur in soil already frozen, that is, behind the frost front, as well
as in soil as it freezes, experts disagree on whether or not this
phenomenon is of engineering significance to the pipeline over
the long term. The study of water migration in frozen soils is a
new area of research, and the disagreement results in part from a
lack of scientific knowledge.
7. Because the issues involved in the geotechnical aspects of
the engineering and construction of the pipeline are unprecedented, and because the detailed experience gained by those

associated with the Mackenzie Valley Pipeline is unusually
valuable both in itself and as a base for further necessary
investigations and studies, the Company and the Agency should
make a sincere effort to use the existing expertise. At the some
time, the Inquiry has shown the merits of new and independent
appraisal, and this should be encouraged throughout the
geotechnical design and review process.
8. The Company should adopt an approach to unprecedented
geotechnical issues that will ensure a suitably conservative
design. In particular, the design and construction contract
arrangements for the project should be flexible enough to permit
substantial changes as more understanding is acquired of
geotechnical conditions and techniques.
9. Emphasis should be placed now on further theoretical and
field investigation into the effectiveness of insulation plus heat
tracing in controlling frost heave.
10. The field drilling program and geophysical profiling
should be completed before the final design phase. Detailed
subsurface investigations should be carried out at locations
typical of those where severe differential heave is anticipated.

The Location of the Southern Limit of Refrigeration
The main reason for refrigerating the gas below the freezing point
of water is to prevent permafrost regression and associated
environmental and thaw-settlement problems. In northern areas
where the pipeline passes through predominantly ice-rich
permafrost, potential problems caused by thawing of the ground are
a more serious consideration than any problems that could arise
from frost heave in occasional segments of unfrozen ground. In
such areas, the merit of chilling the gas is obvious. In the southern
part of the discontinuous permafrost zone, however, the amount of
unfrozen material along the pipeline route increases to the point
where potential problems from frost heaving are more serious than
problems associated with the thawing of permafrost. Therefore, it
is necessary to establish a geographic limit for refrigeration that is,
in effect, a trade-off between the problems caused by chilling and
the problems caused by thawing of permafrost.
A final decision on the location of the limit of chilled gas
transmission is difficult to make. During the Inquiry, Arctic Gas
changed their southern limit, which meant that the gas
temperature would have remained below freezing to a point
approximately 50 miles south of the Northwest TerritoriesAlberta border. Following the discovery of the flaw in their
freezing test apparatus, Arctic Gas again moved the southern
limit of refrigeration, this time to a point north of Fort
Simpson. This change meant that the section south of Fort
Simpson would be kept above rather than below freezing, and
any permafrost encountered would be thawed. To maintain
pipe stability where this thawing occurs, Arctic Gas proposed
deep burial of the pipe; and, in critical locations, they
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proposed supporting the buried pipe on piles fixed in stable
material beneath the thawed area.
Foothills reported that their tentative location for the limit of
chilling is just southeast of Fort Simpson. Drilling and terrain
analysis from this point towards the Alberta border for a distance
of approximately 100 miles indicates that one-third of the route is
in permafrost. Some of this permafrost can be expected to have
high ice content and, therefore, to be thaw unstable. Foothills’
consultants, and the National Energy Board have concluded that
additional exploration work is necessary before a final design for
thaw settlement is prepared.
A review of the evidence indicates to me that neither
pipeline company has sufficient field information on which to
base a final decision on the best location for a southern limit of
chilling. Sufficient information may not be available until
construction begins and evidence is obtained from an
examination of the trench walls. Furthermore, the two companies
have not developed a “trade-off” approach that will mitigate the
adverse effects of chilling and not chilling. Although they
investigated the problems of chilling, Arctic Gas have not
thoroughly investigated the problems resulting from thaw
settlement. There is evidence that problems resulting from
permafrost thaw could occur over a longer period of time, and
hence involve greater maintenance than those problems
associated with frost heave. As well, surface ponding caused by
settlement could result in thaw conditions more adverse than
those predicted. For this reason, a wrong choice for the southern
limit of chilling would increase the need for maintenance and
thus the environmental impact.
11. Areas where significant thaw settlement and frost heave
could occur should be reliably identified by the Company. Before
construction, measures for reducing the impact of thaw
settlement should be studied in detail and submitted to the
Agency for approval. Where necessary to resolve technical
problems related to frost heave and thaw settlement, the
Company should conduct supporting field tests to the
satisfaction of the Agency.
12. Based on detailed field studies, the Company should use
conservative design practices to select a tentative southern limit
of refrigeration. This limit is a location south of which the need
for cooling equipment is considered remote, using thaw
settlement designs with a high factor of safety. If necessary a final
decision on the location of the limit of chilling should be
postponed until construction, when additional detailed soils data
will be available.
13. The design of the cooling equipment should be such that
the location of the southern limit of gas cooled below 0°C can be
modified, depending upon the behaviour of the pipeline when in
operation.
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Confirmation of Design Assumptions During
Construction
Arctic Gas planned to prepare design manuals and tables that will
specify the mitigative measures required for site-specific features
such as terrain type and line temperature. Because it is impossible
to anticipate all terrain conditions, they propose a design-change
manual that will be available before construction begins. This
manual is intended to cover most of the changes found necessary
because actual conditions differ significantly from those
anticipated before the start of construction.
As I said earlier, Arctic Gas intended to identify those
locations where permafrost is not present by undertaking
geophysical profiling shortly after the pipeline right-of-way has
been cleared. They also intended to catalogue permafrost and soil
conditions adjacent to and along the right-of-way and to record,
on a mile-by-mile basis, geotechnical conditions in the ditchwall.
The frequency of recorded observations in the ditch will be
determined by the natural variability of conditions and potentially
troublesome sections.
Under the schedule proposed by Arctic Gas, the pipeline
would be constructed in three winter seasons, each season being
three to five months long. During each winter season they
propose to construct a maximum of 450 miles of pipeline in three
spreads in the discontinuous permafrost area. Thus an average of
some 3.75 miles of pipeline per day are to be inspected; problem
areas will be identified and appropriate design changes
implemented by experienced geotechnical inspectors.
With the rapid pace of construction, it may be difficult to
ensure that all geotechnical problem areas are detected and
adequately dealt with. Even an examination of the ditch walls
may not be sufficient. While the mile-by-mile inspection of the
ditch will be helpful, it will not indicate the nature of the soil
below the bottom of the ditch. The presence of frost susceptible
material may not be established during construction.
Furthermore, very highly experienced personnel may have
difficulty identifying the nature of frozen soils in a trench wall.
Finally, it may be difficult to meet the demand for experienced
geotechnical inspectors. For these reasons, frozen soils, frost
susceptible material, and areas of differential heave and thaw
settlement may go undetected.
14. The Company should demonstrate, well in advance of
construction, how it proposes to cope with the problem of
selecting, organizing and administering construction control and
inspection personnel. (See Project Regulation and Review.)
15. The Company should have on site, as the work proceeds,
an adequate team of geotechnical personnel with the appropriate
experience to make decisions on the need for design
modifications or for further investigation. This team should be
efficiently organized and have a working arrangement with
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contractors that will ensure prompt implementation of the correct
design modifications.
16. Before final design, the Company should demonstrate to
the Agency that its investigations of soil conditions along the
route have been sufficiently detailed to permit the preparation of
a design that is reliable and that would require a minimum of
changes in the field. The design engineers should develop a
systematic feedback of data from the geotechnical field
inspector’s logging during construction to confirm previous
exploration of soil conditions and the site-specific design
measures.
17. To ensure that there is a satisfactory mechanism for the
prompt identification of problem areas and implementation of
design changes, an independent review of the field organization
for engineering supervision and construction control should be
undertaken periodically by the Agency as construction proceeds.

Monitoring of Frost Heave After Construction
Both Arctic Gas and Foothills stated that they will monitor the
pipeline in all areas where frost heave may occur, and Arctic Gas
will also monitor all areas south of the limit of refrigeration where
frozen soils may thaw.
To measure pipe curvature, Arctic Gas intended to use
inclinometers or settlement profilers at river crossings, and risers
or other conventional survey techniques in overland areas. They
also intended to check the pipeline visually at regular intervals
and to use aerial photographs. They estimate that extensive
monitoring of frost heave would be required over a 400-mile
length, although this calculation may now have changed because
of their frost heave redesign.
Because most differential heave will normally occur in the
initial years of operation, both pipeline companies recognize that
frequent monitoring may be required during these years. The
proposed methods of pipeline monitoring may not be suitable for
the frequency of observation that may be required during the initial
year or two of operation. Some sections of the pipeline may require
monitoring monthly. Visual inspections and surveying risers are not
only time-consuming and potentially difficult in winter months,
they may not detect all locations where differential heave is causing
significant change in pipe curvature. If monitoring is not effective
or if it is not carried out frequently enough, problem areas may
develop undetected, or with insufficient lead time to plan
permanent remedial measures. Thus emergency situations may
arise, with associated environmental problems.
18. The performance of the pipe should be monitored by the
Company on a routine basis in accordance with a schedule
approved by the Agency. This schedule should allow for frequent
inspections during the first years of operation, with the
frequency of monitoring reduced thereafter, depending on the
observed behaviour.

19. A study of alternate methods for monitoring the
performance of the pipeline, particularly those methods that are
feasible for frequent observations, should be carried out by the
Company to the satisfaction of the Agency. The use of an
instrumented “smart pig,” a device that can detect changes in
pipe curvature at frequent intervals, is an especially promising
alternative and should be given a high priority.
20. Because the monitoring program is without precedent,
and because it is an important aspect of the project from an
engineering and environmental point of view, both the intended
procedure and the results of the program should be thoroughly
reviewed and approved by the Agency.

Slope Stability
Slope stability problems involve complex geotechnical
considerations that were discussed in some detail at the Inquiry.
For the purposes of this report, slope failures in permafrost soils
are divided into two categories: shallow failures involving thawed
soils, and deep-seated failures involving frozen and thawed soils.
Typical of shallow failures are skin flows, which involve
movement of the active layer – the zone of soil above the
permafrost that freezes and thaws seasonally – over the top of the
permafrost. Skin flows occur in many types of terrain and can be
caused by even minor disturbances, such as clearing of the
right-of-way. They may also occur in the backfill placed above
buried pipe in sloping ground. Arctic Gas stated: “While this type
of landslide cannot immediately threaten the integrity of the
pipeline, it has been studied in considerable detail because, if left
unchecked, unsafe conditions may develop after several thaw
seasons” (Northern Engineering Services Co. Ltd., Some Aspects
of Natural Slope Stability in Permafrost in Relation to the
Applicants’ Proposed Pipeline, 1974, p. 3).
Deep-seated slides involve displacement of a large mass in
the form of blocks of relatively intact material. In the Mackenzie
Valley, these slides have affected slopes in the range of 100 to 260
feet high, with an overall slope angle after failure of 9.50 to 200.
Such a large slope failure on the pipeline right-of-way would
likely lead to breakage of the pipe.
Creep of frozen soils is a form of slope movement not
normally categorized as slope failure. It involves the downhill
movement of relatively intact material at a very slow rate.
21. In deciding on the pipeline right-of-way alignment and
any subsequent changes that may become necessary during
construction, the Company shall avoid, wherever possible,
areas of questionable slope stability. Before construction, the
Company shall demonstrate, to the satisfaction of the Agency,
that it has undertaken adequate field surveys of the route to
ensure the identification of unstable areas that might be
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affected by project activities and that the necessary mitigative
measures have been developed.
A review of the available slope stability information indicates
four broad areas of concern: prediction of flow slide activity;
behaviour of deep-seated landslides; effect of interference of
subsurface drainage; and creep of ice-rich slopes.

Flow Slide Activity
Skin flows will likely be the common form of slope instability to
occur along the pipeline right-of-way. Both Arctic Gas and
Foothills have stated that the direct geotechnical and
environmental implications of skin flow failures are not severe.
However, if these failures should occur to a greater degree than
anticipated, and if they are left untreated, additional permafrost
regression and subsidence may occur and significant erosion
could develop as a result of surface run-off.
Arctic Gas stated that “skin flows can occur for a wide
variety of reasons but recent research has stressed the
dominant influence of thawing in promoting instability”
(Canadian Arctic Gas Pipeline Ltd., Responses to National
Energy Board for Additional Information, Vol. V, No. 4, Q.8,
p. 4). Accordingly, they have developed a method of analysis
based upon the theory of thaw-consolidation. This theory is
concerned with the development of excess water pressure in
the pores of a thawing soil; it considers the rate at which water
is produced by thaw with the rate at which water can be
squeezed out of the thawed soil. Excess pore water pressures
can result in slope failures. For the purpose of analysis, a slope
stability equation was developed to permit computation of the
factor of safety against sliding. Although Arctic Gas
recognizes other mechanisms that also control skin flows, they
have not evaluated them in detail.
By using the slope stability equation and the theory behind it,
Arctic Gas intend to identify all potential areas of flow, slide or
backfill instability. This equation is also basic to the design of the
proposed stabilization measures, and if this equation does not
correctly predict actual field behaviour, numerous areas of
instability may appear unexpectedly. The slope stability equation
is based on the thaw-consolidation theory. Although this theory is
supported by valid reasoning and laboratory research, there is
only one well-documented case history, which is contained in
“An Analysis of the Performance of a Warm-Oil Pipeline in
Permafrost, Inuvik, N.W.T.” by Morgenstern and Nixon. The
authors conclude: “Clearly many more well-documented case
histories are required for differing soil and thermal conditions to
increase the level of confidence in the application of the theory”
(p. 208).
Foothills have challenged the approach taken by Arctic Gas.
They argue that the natural variability of the parameters
required in the thaw-consolidation theory can be so great as
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to render the theory unreliable and of doubtful practical value.
Other witnesses before the Inquiry expressed similar criticisms.
Foothills have emphasized field observation and measurement of
actual pore pressures, but have not carried out sufficient field
work to demonstrate the practicability of their approach.
22. The Company should conduct detailed field studies on a
number of selected flow slides to consider the effect of variation
in topography, slide geometry, soil type and cause. The purpose
of this work should be to clarify and extend understanding of flow
slide mechanisms in relation to the construction and operation of
the pipeline.
23. The Company should develop a plan for reliably detecting
the occurrence of flow slides along and adjacent to the pipeline
right-of-way. Monitoring during construction and operation
should be carried out by Company experts experienced in the
investigation and assessment of slope stability hazards in
permafrost terrain.

The Behaviour of Deep-seated Landslides
The pipeline route crosses several relatively high, steep slopes,
usually at river crossings where there is a possibility that a large,
deep-seated slope failure may occur. Arctic Gas identify 33 slopes
that are higher than 100 feet and have slope angles greater than 9°.
They believe that not all 33 slopes are susceptible to deep-seated
failure, because other factors that they consider to be necessary for
failure are absent.
The stability of these slopes is assessed using the same basic
geotechnical techniques and principles employed in nonpermafrost areas. Some modification of these principles is
required where the ground is completely or partially frozen. A
number of the aspects of deep-seated landslides in permafrost
areas are not well-understood, and their behaviour is apparently
unique to frozen ground. In particular, uncertainty exists about the
magnitude of available strength along potential failure surfaces
within frozen ground, and the role of potentially high pore
pressures at the permafrost base.
There are no well-documented case histories. The only
published analysis of such a slide is found in “The Stability of
Slopes in Frozen Soil, Mackenzie Valley, N.W.T.” by McRoberts
and Morgenstern, and it is based on circumstantial evidence about
the soil and thermal condition of the materials actually involved
in the slide; as well it lacks topographic data and pore pressure
measurements. McRoberts and Morgenstern concluded;
Geomorphological evidence and experience during drilling at
a slide on the Mountain River suggest that substantial pore
pressures exist within the unfrozen materials beneath the
permafrost. Unfortunately attempts to measure these pore
pressures have not been successful and data obtained in the
future will be of considerable value in this regard. [p. 572]

Although the preliminary studies conducted by Arctic Gas
and their consultants indicate that the deep-seated failure
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mode can be successfully analyzed using the approach indicated,
definite conclusions regarding the reliability of the approach must
await the collection of more field evidence. If a critical condition
is overlooked, either because field data are inadequate, or because
the failure mechanisms are not fully understood, the ensuing
landslide would lead to engineering and environmental problems.
A large landslide, which could occur rapidly and without apparent
warning, might result in emergency repairs with attendant
environmental damage.
24. The Company shall investigate and analyze in detail
every slope along the right-of-way with a potential for deepseated
instability. Such slopes should be selected conservatively to
ensure that potential failure areas have not been overlooked.
Because of the lack of detailed investigations of deep-seated
landslides involving frozen material, geotechnical investigations
to assess the stability of the higher slopes along the route should
be more intensive than those normally undertaken for similar
situations in non-permafrost areas.
25. Because of the lack of precedent in analyzing high, steep
slopes involving frozen materials, the design for any protective or
remedial measures such as berming should involve a higher
safety factor and a generally more conservative design than is
usual for non-permafrost areas.

Effect of Interference of Subsurface Drainage
Where the chilled pipeline crosses slopes in non-permafrost
areas, the frost bulb will disrupt the natural subsurface flow of water.
It is conceivable that, under some conditions, especially where the
pipeline is on a cross slope, the presence of the frost bulb could
cause a significant increase in water pressures upsIope from the
pipeline. Any resultant landslide would tend to occur unexpectedly,
and the slide could be large enough to threaten the integrity of the
pipe or to cause environmental problems. Emergency measures may
also be required, with their attendant environmental problems.
The possibility of slope failures that result from interference
with subsurface drainage has not been adequately considered by
either pipeline company.
26. The Company shall design and test the feasibility of methods
for relieving subsurface water pressures on the uphill side of the
frost bulb. During construction, geotechnical field personnel should
be aware of this potential hazard. Evidence of significant subsurface
seepage adjacent to the right-of-way should be reported, and
protective measures should be implemented as required.

Creep of Ice-rich Slopes
Although initial theoretical work indicates that, under some
circumstances, ice-rich permafrost soils on slopes can creep a
significant amount over a number of years, there is little
evidence to show whether or not this actually takes place in
the field. It is recognized, however, that the creep would

probably be most significant on the steeper slopes or soils that
have a relatively high ice content. Creep may thus be an important
consideration at only a limited number of locations.
Creep movements, if they do occur, would likely proceed at
a relatively slow rate. It is probable, therefore, that suitable field
instrumentation could detect such movements at an early stage
and suitable remedial measures could be implemented before the
pipeline is affected.
Arctic Gas believe that creep would likely not be a
significant factor affecting the pipeline; nevertheless, they have
proposed a number of methods to overcome the problem if it
should occur. In 1975, they initiated a testing program to
determine the creep properties of a range of frozen soils. Other
studies done previously were reportedly carried out at higher
stress levels than would be encountered on the pipeline. The
purpose of the testing program is to provide data for “less
conservative final designs” (Canadian Arctic Gas Pipeline Ltd.
“Written Direct Testimony, Phase 1A, National Energy Board
Hearing,” Exhibit N-AG-3-81, Sec. 4, p. 12).
The two pipeline companies have not stated how they would
identify areas where significant creep might be anticipated. Given
the lack of field information on the creep behaviour of ice-rich
slopes, it is unlikely that any reliable method to anticipate creep
now exists. Arctic Gas have recognized the need for designs to
combat slope creep, but they have so far discussed only concepts;
and no specific data exist on the effectiveness of these concepts.
27. The Company’s research into the creep of ice-rich slopes
should continue until the Agency feels that sufficient information
exists to make a confident engineering prediction of those slopes
with a potential for significant creep movements.
28. A detailed annual inspection of all slopes that may be
unstable shall be included in the postconstruction monitoring
program. In their monitoring, the Company shall make use of
slope instrumentation techniques acceptable to the Agency.

Pipe Uplift Problems Unrelated to Freezing
The pipeline companies considered two potential causes of pipe
uplift not related to chilling of the gas: buoyancy, and pipe
stresses that result from the thermal expansion of the pipe and
from the high gas pressure.
An analysis of Arctic Gas alignment sheets indicates that a
potential buoyancy problem may exist along 44 percent – at most –
of the route from Richard’s Island to the Alberta border. In
non-permafrost terrain, buoyancy problems may occur in rivers, open
bodies of water, muskegs, peat swamps and low-lying flat areas that
have a high water table. In permafrost terrain, additional buoyancy
problems may occur in beaded streams, thermokarst ponds and
ice-rich slopes. As identified by Arctic Gas, the three basic conditions
under which buoyancy could occur are: open water flotation, for
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example, water crossings or wherever free water is encountered in
the ditch; delayed flotation following natural flooding of a
backfilled ditch where there is inadequate resistance to uplift; and
pipe flotation following the melting of permafrost in silty or
organic soils that have a high ice content.
In their application, Arctic Gas listed seven methods of
restraining buoyant pipe; nevertheless, they have stated that,
except for open water areas, they will rely as much as possible on
deep burial of the pipeline. They intend to make limited use of
anchors.
There are basically three consequences of uplift due to
buoyancy. Uplift before pipeline start-up will interfere with the
schedule; uplift south of the limit of chilling, during operation,
may interrupt surface drainage and necessitate the mobilization of
a substantial work force and a temporary shut-down of the
pipeline; finally, uplift after abandonment would interrupt surface
drainage with its attendant environmental problems.
Uplift due to stresses in the pipe, induced by temperature
changes and high gas pressure, can occur where the pipe bends,
but it is a particular concern at overbends – perpendicular bends
in the pipe, such as at the top of a hill. Although a very real
problem, the portion of the pipeline likely to be affected is
believed to be considerably less than the portion affected by
flotation. Uplift from this cause could affect the construction
schedule and interrupt surface drainage.

Design of Control Measures
Pipe flotation problems are a well-known difficulty in the pipeline
industry. I was told about a portion of the Pointed Mountain
Pipeline located in muskeg that floated in the first year after
completion of the pipeline: the saddle weights had slipped off the
pipe. A group of Canadian experts that included members of my
staff visited the Soviet Union in October 1975, and in Northern
Russia they observed sections of large diameter pipeline floating
with inadequate weights.
The problem of re-installing an uplifted or floating pipe is a
serious one, and Arctic Gas have stated that they intend to avoid
the problem by taking a conservative design approach; they are
depending primarily on burial to control overland buoyancy
problems. The selection of design value for the submerged unit
weight of the backfill placed over the pipe is a critical aspect of
the present design approach. For backfill soils with submerged
unit weight in the 20 to 40 pounds per cubic foot range – a range
that is common – the size of the backfill mound and its integrity,
particularly with regard to erosion of the mounds and slumping of
ice-rich backfill, are critical. A design approach vulnerable to
change in field conditions may cause frequent pipe flotations in
areas where soil conditions differ only moderately from those
assumed during design. In view of this, Arctic Gas’ safety factor
of 1.25 is probably too low.
It is also apparent that some backfill soils will thaw and
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behave as a thick slurry. This problem may go unrecognized when
the soil is in the frozen state. The work Northern Engineering
Services carried out for Arctic Gas in August 1974 (Depth of
Overburden Cover over the Pipe and Pipe Anchorage, Technical
and Cost Considerations) is not applicable because it would lead
to a result on the unsafe side.
It is important to bear in mind that pipe flotation normally
occurs during thaw seasons. This means that, if emergency repairs
became necessary, they would have to be carried out during a
period that is usually difficult from a logistics and environmental
standpoint.
Although the potential for pipe flotation could be severe
south of the limit of refrigeration, neither pipeline company has
investigated this aspect in any detail. Most of their work has
involved the potential for uplift before start-up north of the limit
of chilling.
Although uplift and exposure of the pipeline could pose
serious engineering problems, in some areas towards the south it
may be possible, from an engineering standpoint, to tolerate an
uplift condition. However, there may well be unacceptable
environmental ramifications if the condition goes unattended for
any length of time.
The design of field pipe bends must take into account
unprecedented gas pressures and thermal conditions in a large
diameter pipe. Faulty pipe bends, if not identified during pressure
testing, will likely become evident immediately upon start-up.
The risk of problems developing from this source should lessen
after start-up.
29. The Company should conduct detailed drilling and route
investigations to identify the location of those areas requiring uplift
control measures not related to freezing, and to determine the most
suitable design. In particular, uplift due to buoyancy should be
taken into account when selecting the southern limit of chilling.
30. Greater emphasis should be placed on the depth of pipe
buried in areas subject to uplift caused by buoyancy. The costbenefit approach initiated by Arctic Gas should be expanded to
allow for factors such as the cost of design uncertainties, possible
effects on schedules and maintenance costs.
31. The prudent approach to the design of buoyancy controls
and pipe bends is the use of a suitably high factor of safety. The
Company should consider the use of a varying safety factor with
reference to the reliability and detail of site information, and the
local consequences of uplift or buoyancy.

Design Modification During Construction
The selection and design of buoyancy control measures depends
upon site conditions. Decisions will be made well ahead of
construction on the measures to be used where buoyancy
problems may occur. For example, Arctic Gas have already
decided to use a continuous wire-reinforced concrete jacket for
the twin 36-inch lines at river crossings.
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Despite the additional subsurface investigations to be carried
out along the route prior to detailed design, it is reasonable to
expect that some buoyancy problem areas not identified at the
design stage will be encountered during construction. Under the
proposed construction schedule, such areas would have to be
identified by field inspectors, and appropriate design changes
implemented.
With the rapid pace of construction, it will be difficult to
ensure that all potential areas of pipe buoyancy not identified
during design are recognized, and the necessary design changes
implemented. Because of the great demand for geotechnical
inspectors on this project, they may not be sufficiently
experienced to detect, under winter conditions, changes in site
conditions significant enough to affect pipe buoyancy and pipe
bend design.
32. Because it is desirable to limit the possibilities of pipe
uplift, the Company should examine, from the standpoint of
buoyancy control, the difficulties associated with field checking
and inspection. The Company should demonstrate to the
satisfaction of the Agency how it intends to overcome these
difficulties. There is a need, for example, to establish local
guidelines to assist the inspectors in recognizing and evaluating,
under winter conditions, site facts that are conducive to pipe
uplift.

Monitoring and Remedial Measures
Even with a proper design approach and effective field control,
it is possible that areas with potential buoyancy problems will
be overlooked during design and construction. Significant

changes can also occur during operation; for example, erosion
and slumping of the backfill mound, and the melting of
permafrost south of the limit of refrigeration, could result in
buoyancy problems. Because most problems are expected to arise
during the initial years of operation, the pipeline companies
propose to include in their monitoring program an inspection of
all aspects related to buoyancy.
33. The Company should study in detail the engineering and
environmental problems that could result from an uplifted or
floating pipe, the feasibility of various remedial measures, and the
impact of these measures on the environment.

Buoyancy of Pipe Following Abandonment
Both Arctic Gas and Foothills propose to leave the pipe in the
ground following abandonment. They have suggested that those
portions of the pipe that may become buoyant could be filled with
water. This concept has not been studied in detail. In one sense,
any buoyancy problems that might develop after abandonment
have the greatest potential for adverse impact because it is not yet
decided who will be responsible for remedial actions. Without
decisions and agreements in this area, problems may well go
unattended.
34. Before start-up of the pipeline, the Company should
submit to the Agency a detailed plan on the problems and
remedial measures for pipe flotation after abandonment.
35. The Agency and the Company should reach a formal
agreement on who will be responsible for any necessary remedial
actions after pipeline abandonment, and on how these actions
will be funded.

Terrain Considerations
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Ground Surface Preparation
Terrain disturbance is an inevitable consequence of a construction
project such as the proposed pipeline, but this disturbance need
not be environmentally unacceptable if adequate mitigative
measures are followed. In this and the following sections, I
discuss clearing and grading techniques that will reduce
environmental damage. Attention is concentrated on the pipeline
right-of-way and on access roads to borrow pits, quarries and the
sites of facilities associated with the pipeline.
The borrow pits, quarries and the sites of pipeline facilities
are themselves not of great concern in this context. By their very
nature, these locations will be reshaped and they will, therefore,
require major rehabilitation measures that will go well beyond the
ameliorative measures required by areas that have been cleared
and graded. The pits and quarries will not normally be opened in
materials that are erosion- or thaw-sensitive. The sites of facilities
can be relocated to some extent to minimize terrain damage, and,
in addition, the surface of these sites will be protected by pads of
granular fill.
The pipeline right-of-way and the access roads to it are
different: they are continuous and they must have smooth, hard,
working surfaces throughout their length to permit the
transportation of supplies and the operation of specialized
mechanical equipment. They will cross areas of sensitive ground
and areas with vegetation that are important either as wildlife
habitat or as commercial timber. Sometimes such areas can be
avoided by changing the alignment of the pipeline, but often
other solutions, such as those I discuss in this section, are
required.
1. Some disturbance to terrain is inevitable, so the
environmental objective during clearing and grading shall be to
adapt the methods and schedules of work to minimize disturbance
to the vegetation and the ground surface. Particular attention
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shall be given to areas in which cuts are required in the crest of
slopes, in valley walls and in the banks of rivers and streams.
The first step towards minimizing disturbance is the
construction of the pipeline during winter. The many advantages
of winter construction are discussed throughout this report, but
the principal advantage is that the ground is frozen and snow
covered and it is, therefore, able to withstand the passage of heavy
traffic without severe damage to vegetation and terrain.
The usual procedure for laying pipe in winter begins with the
removal of vegetation and grading to provide a suitable ground
surface on which to work. This procedure is unsuitable in the
North because of widespread fine-grained and ice-rich soil.
There, care must be taken to preserve the lower vegetation and
organic mat so that disturbance of the permafrost is kept to a
minimum. In this way it is possible to avoid engineering and
environmental problems associated with slumping and thermal
degradation of the ground surface. Other special procedures, such
as snow access roads and snow working surfaces, have been
developed to avoid damaging the permafrost. These procedures
are essential principles of what Arctic Gas has called arctic
construction.
Although the purpose and methods of arctic construction are
clear, the specific locations at which it will be used are still a cause
of concern. Sensitive terrain occurs all along the proposed route, a
fact borne out by the experience of constructing the Mackenzie
Highway: problems related to slope stability and erosion occurred,
even though special construction methods were used. Because
conventional construction methods are simpler and cheaper than
the special procedures mentioned above, there will be an
understandable tendency for engineers to use them despite sensitive
local conditions and therefore, to create environmental problems.
2. All working areas shall be prepared by use of clearing
and grading techniques that minimize disturbance to the ground
and surface vegetation. Construction plans shall minimize cuts
and grading of the ground surface, and the area disturbed
shall be the minimum necessary for the execution of the
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project in a safe manner. Arctic construction techniques, such
as snow roads and snow work surfaces over ungraded ground
shall be the standard procedure for all construction spreads
working North of 60. Conventional procedures that involve
grading may be permitted by the Agency for selected stable
areas on the basis of site-specific terrain data provided by the
Company.
3. Construction of the pipeline at any time of the year other
than winter and construction from a gravel-fill work pad shall not
be permitted, except when specific approval has been granted by
the Agency. The Company shall demonstrate to the satisfaction of
the Agency the need for, and the advantages of, such a departure
from arctic construction practices.

Clearing
The Forest: Resource, Habitat and Aesthetic Values
Trees must be felled if the pipeline and facilities are to be built,
but the loss of wildlife habitat within the project area need not be
of major concern, provided certain precautions are taken.
4. Habitat change caused by clearing operations shall be
minimized by limiting the extent of clear-cut areas, by avoiding
critical habitat areas wherever practicable and by managing the
disposal of debris. Particular attention shall be given to
protecting fish populations and their habitat from the adverse
effects of siltation caused by erosion of cleared areas and by the
disposal of debris adjacent to watercourses. Special
considerations shall be given to reducing or modifying clearing
activities within areas of particular concern to wildlife, such as
raptor protection zones. (See Wildlife: Birds.)
Northern forests may be described as patchy, slow growing,
and difficult to reach for lumbering. (See Renewable Resources.)
Nevertheless, stands of timber of use to local communities may
occur on the pipeline lands.
5. Community interests shall be served by avoiding stands of
timber that are valuable for local use. If merchantable timber is
felled, local communities shall be offered first refusal of it. The
timber shall be suitably cut and transported by the Company to
easily accessible locations as defined by the Agency in
consultation with the communities.
Serious environmental damage can be caused by
disturbance of the surface organic layer, particularly on slopes,
where the organic layer and a network of plant roots combine
very effectively to resist water erosion. In permafrost areas,
this protective cover also limits the depth of the active layer
(the layer that thaws during summer) and prevents the
underlying permafrost from melting, thereby preserving the

stability of the terrain and guarding against a variety of hazardous
erosion processes.
6. Because trees are an important element in the aesthetic
quality of the landscape or scenery, as well as important in
controlling drainage and erosion, stands of undisturbed timber
shall be preserved within cleared areas wherever practicable. For
example, stands of undisturbed vegetation should be left between
cleared areas and waterbodies, and trees should be preserved
near buildings and roads, and at campsites, compressor station
sites and other facilities.

Clearing Procedures
The clearing procedures proposed by the pipeline companies are
expected to be adequate because they resemble present regulated
practice in the region, but the scheduling of clearing operations
and the use of machines, rather than clearing by hand, are of
serious concern. For instance, if the right-of-way is cleared a year
or more in advance of construction, there will be a disturbed
surface exposed to at least one spring thaw and summer melt. This
exposure will be especially critical on slopes where there could be
subsidence, slope instability and stream siltation.
7. The period between the beginning of disturbance by
clearing and the implementation of erosion control procedures
shall be as short as practicable. Where the right-of-way will be
cleared a year in advance of construction, temporary erosion
control measures should be implemented immediately after
clearing, and there should be no clearing of vegetation from river
and stream banks, valley walls or erosion-sensitive slopes, except
to allow the movement of men and equipment. The clearing of
sensitive permafrost areas should be delayed until immediately
prior to construction.
8. Only the minimum area essential for the construction of
the pipeline or of a particular facility shall be cleared.
9. Trees and shrubs may be cleared either by hand or by
machine, depending on the locality. Where it is necessary to
maintain an undisturbed organic cover on sensitive soils clearing
shall be by hand, unless otherwise approved by the Agency.
Clearing by hand may be done at any season, but clearing by
machine should be restricted to the winter construction season. It
shall not begin until the frost has penetrated deep enough and the
snow cover is sufficient to permit use of clearing equipment
without adverse effects on terrain. (See Terrain Considerations:
Snow Roads.) The shutdown of machine-clearing operations in
the spring shall be at the discretion of the Agency.
10. The blades of bulldozers used in clearing shall be
equipped with mushroom shoes, except in areas where grading
will be allowed. In permafrost areas, bulldozers shall use
highblading techniques to minimize disturbance of the ground
surface during clearing operations.
11. Machine clearing shall be discontinued if clean breaks of
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trees cannot be achieved, or if the number of uprooted trees
exceeds the limit deemed environmentally acceptable by the
Agency.
12. To minimize drainage and erosion problems, alteration of
the ground surface, such as by removal of the organic mat and by
levelling of hummocks to facilitate vehicle movement, shall be
delayed until construction is about to begin.
13. All cleared trees, brush and other woody material shall be
cut so that the stumps are no higher than six inches, measured
from the ground on the uphill side. All trees, snags, brush and
other woody material resulting from clearing operations should
be disposed of by burning, with the exception of survey lines and
winter trails, where lopping and scattering will be sufficient. The
use of chippers may be authorized by the Agency. The disposal of
cleared woody material shall be concurrent with clearing, except
where burning would be hazardous, such as in summer, in which
case disposal shall be as specified by the Agency.
14. Debris from clearing operations shall be burned on racks
or sleds designed for the purpose, on rock surfaces, or in any
other area where there is no danger of subsidence because of
thawing of permafrost. To minimize the impact on the aquatic
environment, burning sites shall be at least 300 feet away from
rivers, streams or lakes, except where burning sleds or racks are
used.

Snow Roads
Except for preconstruction activity and for the construction of
major water crossings and compressor stations, the pipeline
companies propose to build the pipeline in winter so that they can
move heavy equipment along the right-of-way when the ground
is frozen, thereby making all-weather roads unnecessary.
All-weather roads are expensive to build and maintain. Moreover,
their environmental and social impacts may be greater than those
of the pipeline itself because of the increased access into remote
areas, permanent effects on land and waters, and the use of gravel,
which is a scarce resource in many parts of the North.
To protect the vegetation and the permafrost from heavy
traffic, both pipeline companies propose to use snow roads and
snow work surfaces. Snow pavements for the pipeline will have
to be built to a higher standard than the conventional winter roads
that are used in the North. They will be made of snow densely
compacted over the naturally frozen, but undisturbed, ground
surface. Adjacent to the snow road on the right-of-way there will
be a snow work surface along the ditch line; it will be similar to
the snow road, but its pavement will not need to be so densely
packed because it will have to sustain only a few passes by
slow-moving equipment, such as a ditcher.
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I described in some detail in Volume One my fundamental
concerns about the use of snow roads and snow work pads but I
have no doubt that. once in place, these snow surfaces will work
and that they will limit terrain damage and environmental
disturbance in permafrost regions. If a pipeline is built in the
Mackenzie Valley, the use of snow roads and snow work surfaces
in place of conventional, temporary graded winter roads will be
essential. Their use will help to overcome the problems caused by
the complex distribution of permafrost in the southern part of the
Mackenzie Valley.
15. Snow roads shall be adopted for all construction related
to the proposed pipeline North of 60, except where a different
mode (for example, a graded winter road) is specifically
approved by the Agency.
In theory, the winter construction scheme seems to be an
ideal solution to terrain degradation problems. In practice
however, the performance required to minimize terrain
degradation from the construction and use of snow roads and
snow work surfaces will be difficult to achieve. There are two
assumptions underlying the winter construction concept. The first
is that the pipeline trench can be backfilled and the right-of-way
restored with frozen material in winter, thus preventing thermal
degradation and controlling erosion. The second is that the
operation and maintenance of the pipeline system can be carried
out without permanent road access to the compressor stations and
other facilities. These assumptions have yet to be substantiated.
(See Location, Construction Plan and Scheduling.)

Scheduling and Sufficiency of Snow
There are two problems related to the construction and operation
of snow roads that are different from those related to the possible
effects they may have on the terrain, once they are built.
The first is scheduling: can the snow roads be ready early
enough and can they be used long enough to enable the season’s
construction program to be completed on schedule? There is a
definite and limited period of time for winter construction,
determined on each side by the start of freezing in the fall and
thawing temperatures in the spring. If the pipeline company tries
to follow a fixed schedule in preparing snow roads, there may be
considerable damage to terrain and consequent disruption of
construction plans. Schedules must take into account regional and
annual variations in climate, snowfall and frost penetration.
Before snow roads can be prepared in the fall, the ground
must be frozen deep enough to support heavy vehicles and
there must be sufficient snow to protect the surface vegetation.
Frost penetration varies from place to place and from year to
year. Streams, drainage channels and wet areas will delay road
preparation because they freeze more slowly than the
drier, intervening areas. If it is impossible to wait until the
frost has gone deep enough in wet areas to support the
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movement of vehicles, temporary crossings will have to be
built.
Construction activity in the spring will also be of great
environmental concern. There will be compelling reasons to try to
extend the use of snow roads as long as possible, particularly if
the project is running behind schedule. But the shut-down date of
a snow road will depend on the onset of spring weather, which
varies from year to year. Construction activity must be able to
stop at short notice without harm to the environment.
16. The Company shall demonstrate to the satisfaction of the
Agency, that its construction schedules based on snow roads and
snow work surfaces take into account regional and annual
variations in the frost penetration and in the temperatures that are
essential for snow road construction and maintenance. The
Company shall also tailor its construction plans so that, in the
spring, pipeline construction can stop at short notice before the
environment is damaged by the use of deteriorating snow roads.
The second concern is the quantity of snow: in the
northernmost parts of the region, particularly in the Mackenzie
Delta, early winter snowfalls may not give enough snow to build
the road and the work surfaces required by the construction
schedule. Snow fences, snow harvesting from lakes, and snow
manufacture have all been proposed to supplement the available
natural snowfall, but these measures have had only limited testing
on a small-scale.
17. For each construction spread year, the Company shall
demonstrate to the satisfaction of the Agency the technical
feasibility and environmental acceptability of accumulating,
harvesting and manufacturing snow, assuming fall weather
conditions as defined by the Agency. Some aspects to be considered
are the location, method of placement and orientation of snow
fences, the anticipated rate of snow accumulation, the uses of the
accumulated snow, and the method and time of removal of snow
fences; snow harvesting techniques on land and waterbodies,
including details of location and of times and means of access to
harvest locations; snow manufacturing techniques, including
details of quantities of water, locations of water sources, and the
times and means of access to those sources; and the impact of snow
fencing, harvesting and manufacturing operations on terrain and
waterbodies and on wildlife and fish and their habitats.

Overall Plan
To coordinate planning and consultation by both the Company and the Agency, Commission Counsel has suggested
that overall plans should be prepared for various aspects of
the pipeline work. (See Project Regulation and Review.) Such
a plan for the construction and use of snow roads and snow
work surfaces would provide an excellent means of tying
together some of the logistical, scheduling and technical
problems that were raised during the hearings and, at the

same time, it would provide essential background for the
recommendations I have made above.
18. Before the final design phase, the Company shall prepare
for approval by the Agency an overall plan for all snow roads,
snow work surfaces and winter trails that are expected to be used
during the construction, operation and abandonment of the
proposed pipeline. Subject to the direction of the Agency, the
overall plan shall be in cartographic form, and it shall be
compatible with the other overall plans requested elsewhere in
this report. The Agency may request the Company to resubmit
parts of the overall plan that do not meet with its approval. The
Company shall undertake to keep the overall plan up to date so
that it reflects the latest policies and actions of the Company, the
Agency and government.
19. In addition to the requirements of recommendations listed
under Scheduling and Sufficiency of Snow above, the overall plan
shall specify such items as the general timing and extent of
pipeline activities; the location of all snow roads, snow work
surfaces and winter trails, and where they cross streams and
rivers; the design standards to be applied, including those for
stream and river crossings, snow pavement properties, and
maximum grades; and the water withdrawal requirements for
snow road construction. (See Water Withdrawals.)
20. The overall plan shall be approved by the Agency before
site-specific applications are submitted for construction activities.

Site-specific Information
21. The Company shall file with the agency separate sitespecific information for the use of snow roads and snow work
surfaces for each winter by construction spread, or as specified
by the Agency. This information should include such items as the
exact location of snow roads, potential water sources, and snow
harvesting locations; the methods and equipment to be used for
right-of-way preparation (including enhancement of frost
penetration), snow harvesting and hauling, snow compaction
and ice capping; the date when snow road construction can be
expected to begin, the date when it will be required for use, and
the flexibility of this date. The information should also detail the
nature, number and location of wet areas (including, but not
limited to, rivers and streams) that will require special measures
during the construction, maintenance or abandonment of a snow
road, the methods to be used to cross these areas, and the
required crossing dates for each area; the methods and
equipment to be used for the construction of ice bridges and the
approaches to them; and the methods and equipment to be used
to maintain snow roads. The information should include the
anticipated date when use of each snow road will be terminated
at the end of the winter construction season, and should detail
the procedures for terminating their use, for abandoning them
and for rehabilitating the areas over which they have passed;
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in particular, the procedures for ensuring that snow roads that
cross rivers and streams do not interfere with normal breakup and
that overland drainage is not blocked or concentrated shall be
specified.
Where it is necessary to augment natural snowfall, the sitespecific information shall specify the access routes to all water
sources and snow harvesting areas; the equipment to be used, and
how it will be placed and used so that it does not cause
unacceptable terrain damage. Where snow harvesting is planned,
the location, dates and methods of harvesting, and the measures
to be taken to protect wildlife and fish and to rehabilitate any area
so used, especially damaged lake margins, shall be given. Fences
to collect snow shall be placed so they do not interfere with
wildlife movements and shall be removed by the end of each
construction season, unless otherwise approved by the Agency.

Snow Road Guidelines
I have heard a great deal of evidence about snow roads, and I
think that it is important to summarize here some of the pertinent
guidelines. I do so, of course, in the belief that continued research
by the Company and by the Agency will lead to further
refinement.
22. Snow road preparation shall not begin until frost has
penetrated at least eight inches into the ground and four inches of
snow has accumulated on it. However, the Agency may approve
plans to accelerate frost penetration and to manufacture or haul
snow in advance of its planned use. All types of equipment for the
preparation of snow roads and the uses to which they are put shall
be approved by the Agency.
23. Snow roads will be maintained to prevent contact between
the wheels or tracks of vehicles and the ground surface. Generally,
snow roads must have a compacted thickness of 10 inches of snow
and a density of at least 0.5 gms per cubic centimetre before traffic
other than low ground pressure vehicles will be allowed. In areas
of hummocky terrain, the depth of compacted snow will be
measured from the crests of the hummocks.
24. Frozen stream crossings shall be made of snow or ice or
both. No earth, timber or brush shall form any part of such
crossings.
25. An Agency-approved technique or structure for a
temporary crossing shall be required for the crossing of any
unfrozen stream, both during the preparation of snow roads and
during the construction of the pipeline.
26. Access to waterbodies for the purpose of snow harvesting
or water removal shall not damage their margins or banks
unduly. Cuts should not be allowed, and all fills should be made
of snow or ice or both. Terrain damage shall be repaired as soon
as practicable. (See Water Withdrawals.)
27. When the snow road pavement begins to deteriorate, the
Company shall be ready to terminate its winter construction
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activities on a week’s notice and shall be prepared to cease using
the road on 48 hours’ notice.
28. Unless otherwise approved by the Agency, the Company
shall remove all material and equipment from the work areas that
are serviced by snow roads before the roads deteriorate. If such
removal is not practicable, the Company shall store such material
and equipment at a location approved by the Agency. Stored
material and equipment shall not be moved from such a location
without the Agency’s approval.
29. All snow roads and temporary winter crossings of streams
and rivers shall be removed to the satisfaction of the Agency
before spring break-up.
30. In areas where the concentration or diversion of overland
flow in spring could result in erosion, snow roads shall be
cross-ditched before spring break-up.
31. Terrain damaged during the construction, operation and
abandonment of snow roads shall be repaired as soon as
practicable.

Drainage and Erosion
Measures to control drainage and erosion are especially important
in the construction of a pipeline because, to a large extent, they
will ensure the pipeline’s uninterrupted service. Such measures,
therefore, normally receive careful consideration in the design
and maintenance phases of the pipeline. Obviously the
construction of a chilled gas pipeline in the North poses special
problems because of special geotechnical considerations, such as
permafrost and the growth of a frost bulb around the pipe. I think
there is ample evidence to show that engineers understand how to
protect the pipe: my main concern is not with the safety of the
pipeline itself, but with the protection of the environment from
adverse effects that may be caused by drainage and erosion.
One of the most important means of mitigating the adverse
environmental effects of pipeline construction and operation will
be the effective implementation of measures to control drainage
and erosion. Terrain damage, obstruction and alteration of
watercourses, and siltation must be viewed, not just from the
point of view of the pipeline’s integrity, but also from the broad
perspective of their effects on the physical and living
environment. A wash-out on a cut river bank, for example, may
not threaten the pipe itself, but it could lead to siltation and
thereby threaten important fish-spawning or overwintering
habitat.
32. During design, construction, operation and abandonment
of the pipeline, measures to control drainage and erosion shall
take into account protection of the physical and living
environment as well as traditional considerations of design and
cost that are associated with the pipeline’s safety.
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I recognize that the selection and design of measures to
control drainage and erosion are complex matters that involve a
wide variety of site-specific, physiographic factors. These
decisions must, by necessity, be left until late in the design and
construction process. Nevertheless, there must be a clear
methodology and a timetable for implementing them.
33. The Company and the Agency shall agree on the
schedule, the level of detail, and the scale of presentation, review
and approval of submissions regarding measures to control
drainage and erosion before the final design phase.
I have heard a great deal of evidence on the environmental
aspects of drainage and the control of erosion. I summarize this
evidence and present my recommendations below under the
headings: Surface Drainage and Erosion, and Subsurface
Drainage. The next section, Revegetation, deals with a particular
mechanism for rehabilitation.

Surface Drainage and Erosion
From our everyday observations, most of us can understand the
problems associated with surface drainage and erosion. The
ponding of water, the flooding of land because of interference with
natural drainage courses, the gullying effect of rainwater on cleared
slopes, and the siltation of waterbodies by increased erosion are not
uncommon events. On a limited scale, these effects do not cause
alarm, but the pipeline and its numerous ancillary facilities will
have the potential to disrupt surface drainage on a scale that could
lead to unacceptable environmental damage to both land and water.
My concern about surface drainage focuses on three
interrelated issues: the approach to the design of the pipeline, the
methods of its construction, and the nature of the control methods.
I shall deal with each of these issues in turn.
DESIGN APPROACH
The volume of surface run-off dictates to a great extent the measures
to control drainage and erosion that must be employed. But the
prediction of run-off in the North is not an easy task because of the
lack of long-term meteorological data and because of permafrost,
which alters the standard coefficients of run-off used by engineers in
the South. To surmount these problems, both pipeline companies
have devised their own methods to arrive at a general approach and
an estimate of the cost of controlling drainage and erosion.
One of the main disputed issues is the selection of criteria
to determine surface run-off. My discussion of this topic in the
chapter on River and Stream Crossings and the principles I
advance there for the selection of the project-flood apply to
this problem. This theoretical dispute must be resolved to the
satisfaction of the experts involved, but. it is apparent that, as
with the construction of conventional pipelines elsewhere, the
criteria are based almost completely on capital cost and the
maintenance cost associated with the pipeline’s integrity.

I am not satisfied that environmental concerns have been
adequately integrated.
34. The selection of design criteria and the theoretical
approach to the design of works to control drainage and erosion
shall be on the basis of principles agreed to by the Company and
the Agency before final design. In developing such principles, the
usual economic considerations that are associated with pipeline
integrity shall be augmented to include considerations that are
associated with the preservation of the physical and living
environment, with emphasis on the elements of the environment
that are critical for populations of mammals, birds and fish or are
otherwise important from a local land use perspective.
CONSTRUCTION CONSIDERATIONS
Different approaches to the control of drainage and erosion and to
the maintenance of surface stability will be required along various
sections of the right-of-way, depending on the sensitivity of the
terrain and on the degree of ground disturbance. Areas in which
arctic construction techniques are used will probably present less
serious problems than areas in which conventional winter
construction techniques are used because, in the former case, a
smaller area of ground will be disturbed – only the ditch line –
whereas most of the right-of-way will be disturbed in the latter.
However, the consequences of erosion and the difficulty of stopping
it, once started, may be much greater in areas of arctic construction
techniques because of the sensitive nature of the terrain there.
35. Design and construction plans shall reflect the potential
dangers of erosion and the necessity to select sites with minimum
slopes. The plans shall show the measures to be taken to minimize
disturbance to the ground surface during clearing and
construction, particularly in sensitive areas with permafrost and
fine-grained soils.
36. Measures to control drainage and erosion shall be
implemented as construction proceeds from the first clearing and
site preparation through to project completion. In particular,
enough stilling ponds, settling basins, sediment traps and other
devices shall be installed to ensure that sediment created by
construction activities does not adversely affect aquatic habitat.
37. Separate proposals for the control of drainage and
erosion along the pipeline right-of-way shall be prepared for
areas in which different construction modes are proposed to be
used. Proposals shall be prepared for areas of arctic construction,
in which the pipeline will be built from a snow road along the
right-of-way; areas of conventional winter construction, in which
the pipeline will be built from a graded winter road; and areas of
summer or fall construction, in which the pipeline will be built
from a gravel work pad.
38. Particular attention shall be paid to the maintenance of
works to control drainage and erosion at all sites that are used
during the construction of the pipeline but that are then closed

Terrain Considerations

down and not used during the operation or maintenance of the
pipeline. Such sites include, but are not limited to, borrow sites,
spoil disposal sites, wharves, stockpile sites, and work pads used
during the construction of major river crossings.
SURFACE INSTALLATIONS
The objective in controlling drainage and erosion at all surface
installations along the pipeline is to maintain, as far as is
practicable, existing natural drainage patterns. Many methods to
control drainage and erosion are derived from conventional
engineering practice in the construction of highways and
pipelines, and they can be expected to work along a Mackenzie
Valley pipeline if they are conscientiously applied. Extensive
research has been devoted to revegetation as a primary method of
controlling erosion, and I deal with this aspect in the following
section. However, other methods will also be required to maintain
drainage and to prevent erosion especially during and after
construction of the pipeline and before revegetation is effective.
39. To avoid the adverse environmental effects of ponding
water and of mechanical or thermal erosion that may be caused
by channellized overland flow, natural drainage patterns shall be
maintained, so far as practicable, in all aspects of the proposed
construction.
40. Structures to control drainage and erosion shall be
designed not only to complement the stabilizing effect of
revegetation, but also to achieve the required control unaided by
new vegetation. These structures shall be kept in good repair until
their function has been completely taken over by vegetation.
Recent experience during construction of the Mackenzie
Highway northwest of Fort Simpson and around Inuvik has
provided examples of methods to control surface drainage and
erosion in northern conditions that are applicable to the pipeline
and its ancillary facilities. Concern for the environment led to the
use of fill over sensitive soils, the avoidance of ditch excavation
for road drainage, the use of ditch blocks to prevent water from
flowing parallel to the road berm, and the use of non-erosive
blankets and of ditch checks to prevent erosion. In addition, the
use of vehicles away from prepared gravel surfaces was strictly
controlled and kept to a minimum to avoid the disruption of
drainage on sensitive soils and permafrost.
These and similar methods must be used during construction of the pipeline. Probably the best way to handle surface
run-off caused by the spring melt or by summer storms is to
guide the water across the right-of-way by low diversion
dykes that have breaks in the backfill mound over the ditch.
In addition, the sides of the diversion dykes, the backfill
mound, and the floors of the mound breaks will have to be
specially treated to inhibit the erosive action of running water.
This treatment will be supplemented with baffles and
diverters to break up and disperse any concentrated flow of
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water before it drains onto undisturbed land off the
right-of-way.
Gravel pads for such facilities as compressor stations,
stockpile sites and airfields must be given special consideration.
The areal extent of these installations will cause some disruption
of surface drainage and may lead to ponding, thermokarst failures
and erosion, each of which would have its effects on the local
environment. Drainage from such pads may contain considerable
quantities of fine sediment, and it must be prevented from
reaching any waterbodies. If there is any risk that this drainage
contains toxic chemicals, such as fuel or other petroleum
products, the problems will be greatly aggravated. Permanent
gravel roads present similar problems.
Pipelines and facilities in the northern part of the Mackenzie
Delta will be subject to flooding either by storm surges or by ice
jams during spring break-up. This danger, of course, will be of
particular concern in the design of gas plants and feeder lines, and
in any proposal, such as that put forward by Foothills, that
requires an extensive gravel work pad for construction purposes.
Because all above-ground structures in the Delta area, including
structures to control drainage and erosion, will have to withstand
the damaging effects of waves and ice jams, there will have to be
extensive use there of gravel and riprap. This demand in itself
could have a considerable impact through increased use of borrow
pits, of blasting and of the necessity for long roads to acceptable
borrow sites.
41. Surface drainage shall be provided across the backfill
mound of the ditch, the surcharge berm and the gravel work pad
along the right-of-way and elsewhere for roads, airstrips and
similar structures according to criteria approved by the Agency.
42. Permanent project roads and temporary roads that are to
be in place during the summer shall incorporate the best design
standards for the control of drainage and erosion practised in
northern highway construction. In particular, enough
through-grade culverts or bridges shall be installed to allow
overland drainage and fish to move freely. (See Fish.) Each
culvert should be equipped with a ditch block or diversion
structure to minimize the flow of water along the road berms, and
ditches shall incorporate measures to prevent erosion.
43. Plans shall be presented for the design and installation of
measures to control erosion at all stream crossings designated by
the Agency. In particular, plans will be required for all crossings
of major rivers during summer construction.
44. Enough stilling ponds, settling basins, sediment traps or
other devices shall be installed to ensure that sediments,
particularly silt particles, in water flowing from the right-of-way
or from facilities do not adversely effect the surrounding terrain
or waterbodies. Particular attention shall be paid to the
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prevention of erosion on the banks of rivers and streams, valley
slopes, cut-slopes, and in cuts along the right-of-way.
45. All drainage water that contains petroleum products or
other chemicals shall be trapped, contained and disposed of
according to the provisions outlined in the chapter entitled
Management of Fuels and Hazardous Substances.
46. The structures to control drainage and erosion shall be
carefully maintained and observed each year as part of the
procedure for patrolling the operating pipeline. The Company
shall be responsible for constructing and maintaining devices to
control drainage and prevent erosion on all lands that have
been disturbed during the construction of the pipeline, including
not only lands under lease by the Company, but also lands not
under lease, such as borrow sites or stockpiles. In some
instances, the Company’s responsibility may extend to land
adjacent to the land under its care, even though this land was
not directly disturbed during the construction or operation of
the pipeline.
47. Drainage and erosion control devices shall be designed
and constructed in a manner that will facilitate travel along the
right-of-way. These devices must not be rendered ineffective by
the passage of operation and maintenance vehicles.
48. All drainage ways and control structures shall be
designed and maintained in a manner that will accommodate any
changes in ground level that might be caused by frost heave,
growth of the frost bulb, thawing of the ground or surface
subsidence along the right-of-way. Allowance shall also be made
for disruption of drainage patterns by the growth of stream icings
and surface icings along the right-of-way.

Subsurface Drainage
The problems associated with subsurface drainage for a
refrigerated gas pipeline remain controversial, and because a
technical solution is lacking, they give rise to a number of
environmental concerns.
The frozen ground around a buried refrigerated gas pipeline
will create an underground barrier along the length of each
section of refrigerated pipe that passes through previously
unfrozen ground. This barrier will block the movement of shallow
subsurface water across the pipeline’s route. Ponds or surface
icings might be created, or water might begin to move along or
parallel to the pipe. Such movement of groundwater on sloping
terrain could lead to erosion or to slope instability and, at certain
places, it could create problems related to pipe buoyancy. In
addition, many rivers and streams have flow within their granular
beds. When the pipeline passes beneath such watercourses, the
frost bulb created by the chilled pipe could block or divert flow in
the streambed. Where streams freeze to the bottom, this
streambed flow of water may be vital to the survival of fish that
overwinter in the stream’s deeper pools.

49. Before the final design phase, the Company shall
demonstrate to the satisfaction of the Agency that the frost bulb
created by a buried refrigerated pipeline will not create adverse
effects on drainage or on terrain, waterbodies or aquatic habitat.
Documentation shall include theory, site-specific appraisals and
tests, construction techniques, and plans and procedures for
operation, maintenance and monitoring. Particular attention
shall be given to the maintenance of subsurface flows that may be
essential to aquatic resources in winter.

Revegetation
Vegetative cover, with its underlying organic mat and network of
roots, plays a vital role in terrain stability and hence in the control
of drainage and erosion. In permafrost areas where soils are
fine-textured and ice-rich, disturbance of the vegetative cover can
cause thawing and lead to problems of instability, such as
subsidence and slumping. In both permafrost and non-permafrost
areas, the plant cover prevents wind erosion and various kinds of
water erosion. Therefore, the maintenance of plant cover is a key
to the mitigation of terrain damage and related impacts such as
silted watercourses.
Erosion of disturbed surfaces can be prevented by
revegetation, but only in conjunction with the non-biological
measures to stabilize the surface that I have described in the
preceding section. Permafrost degradation cannot be prevented in
the short term by newly established vegetation. Other means must
be used.
50. Revegetation shall be planned and implemented as a
complement to non-biological measures to control drainage and
erosion.
The objective of a revegetation program is to control erosion
by promoting the re-establishment of plant communities natural
to the area. There are, however, fundamental differences between
the proposals of the two pipeline companies. Arctic Gas propose
to depend primarily on agronomic varieties of grasses to provide
the initial ground cover, and on shrub cuttings to revegetate
slopes. Native species have only a limited and secondary role in
this plan. Foothills, on the other hand, propose to use only native
species in their revegetation programs, and to rely to a greater
extent than Arctic Gas on vegetative methods of erosion control,
including cuttings. In neither case is the effectiveness of
large-scale revegetation programs on the right-of-way and at
abandoned borrow areas, stockpile sites and other disturbed areas
fully proved.
51. The Company shall revegetate all lands disturbed by
the construction, operation, and maintenance of the pipeline,
first, to control erosion and its environmental impacts, and
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secondly, to re-establish native plant communities and to restore
aesthetic values.
52. Before the final design phase, the Company shall
submit for Agency approval a general plan for implementing
the revegetation program on all lands disturbed by the project.
Evidence on the effectiveness of the revegetation program to
control erosion, together with criteria and a schedule for
evaluating the effectiveness of the revegetation program, shall
be included in the plan. The use of native grasses, shrubs and
naturalized varieties of introduced grasses is encouraged. The
plan shall specify the various types and conditions of terrain to
be revegetated and shall incorporate the vegetative methods
and schedules, the types and mix of seeds, the types and
quantities of fertilizers, and the types of equipment to be used.
The revegetation plan shall also describe how the procedures,
seed mixes and fertilizers will be adjusted to accommodate
changes in topography, soil and drainage. Information shall
also be provided on the source of supply of the plant material
required for revegetation, on manpower and aircraft
requirements for these plantings, and on support camp
locations, timing, and potential conflicts with wildlife
populations.
Revegetation plans shall include measures to be implemented
following forest fires on lands under permit to the Company. (See
Terrain Considerations: Forest Fire Prevention and Suppression.)
53. The Company shall ensure that revegetation, together
with the necessary clean-up, regrading, and preparation of
drainage and erosion control structures, is completed promptly
after the termination of pipeline construction activity or other use
of land.
The speedy establishment of a continuous cover of new
vegetation along the right-of-way and in other disturbed areas is
the best long-term protection against the adverse effects of
erosion and sedimentation. However, it may be some years before
the vegetation cover is sufficiently thick and continuous to
provide this protection. The success of a revegetation program
depends on a stable soil surface. Although there have been some
small-scale tests, neither of the pipeline companies has
demonstrated that a stable surface for revegetation can be
achieved everywhere, especially on slopes or in cuts through
ice-rich soils. It appears that a large-scale test of any proposed
revegetation procedure should be carried out on slopes in an area
that has a high potential for erosion.
54. Before the final design phase, the Company shall
demonstrate to the Agency, by means of approved field tests in the
project area, the suitability of its proposed revegetation
procedures for the control of erosion on slopes and in cuts
through ice-rich permafrost soils.
Because the initial revegetation program will not at once
establish a complete vegetation cover, follow-up programs
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will be required. These programs will take place primarily in the
summer, and they may possibly disturb wildlife populations. In
any adjustments to the revegetation program because of such
conflicts, or for any other reason, priorities should be established
to protect the areas that are most susceptible to erosion.
55. In all revegetation programs, priority shall be given to the
areas that are most susceptible to erosion. Where there may be
conflicts between revegetation activities and the disturbance of
wildlife, the Company shall prepare for Agency approval special
techniques to minimize such disturbance.
56. As an integral part of its revegetation program, the
Company shall monitor the success of the initial revegetation
program and shall repeat the measures required for revegetation
until they are successful.
57. The Company shall monitor, as part of its construction,
operation and maintenance program, the success of its
revegetation program. To limit the long-term persistence of
non-native species along the right-of-way and to encourage the
re-establishment of native plant species, supplementary seedings
will be limited to those that are required to control erosion; they
will not be allowed solely for aesthetic reasons.

Forest Fire Prevention and Suppression
In the Mackenzie Valley where forest fires are common, a
cross-country construction project such as the pipeline will
inevitably become involved with forest fires and their control. My
concerns focus on environmental impacts during and after a fire,
especially with respect to thermal disturbance of permafrost
areas, to slope stability and drainage, and to the destruction of
critical wildlife habitat; and on the people, especially with respect
to indirect impact of fires on renewable resource harvesting.
There are two main issues – fire prevention and fire
suppression – and a corollary issue – the restoration of areas after
a fire. Let me deal with each in turn.
Fire prevention during the construction and operation of a
pipeline is, in general, the application of technical procedures
and the control of employees in a manner that is good practice
anywhere. Most of these procedures are routine and do not
warrant extensive discussion here. However, the scale of the
pipeline project and the nature of its activities, which will be
scattered along a corridor through remote and uninhabited
areas, parts of which comprise critical wildlife habitat, will add
to the normal problems of controlling activities and of
educating workers in the use of preventive measures. There is
also the very real possibility that some summer construction or
maintenance activities will have to be curtailed or delayed
when the risk of fire is high. The greatly increased risk of fire
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during summer must be recognized in all construction
planning.
Fire suppression must consider the possibility that forest fires
may be caused by project activities, either through carelessness or
accidents, such as a ruptured line, or by natural or other causes not
related to the pipeline. Obviously fires, whatever their cause,
must be suppressed if the pipeline and its facilities are threatened,
yet the matter seems to have received less than adequate attention
by the pipeline companies. I am concerned by the lack of agreed
procedures for the suppression and control of fires, because hasty
and improvised measures, such as bulldozing fire-guards (a
common approach in the South), can cause extensive
environmental damage in permafrost areas.
The restoration of burnt areas, particularly those underlaid by
ice-rich permafrost, also concerns me. Fire can reduce the
insulating effect of the surface cover and lead to terrain
instability; increased erosion could lead to problems of siltation in
adjacent waterbodies; and, of course, the pipeline itself could be
threatened, in which case extraordinary corrective measures
might be, without careful planning, the cause of serious
consequences to the environment.
The proposals made by the pipeline companies for fire
prevention and suppression do not deal adequately with these
issues. The consequences of forest fires go well beyond the
project to involve government, local people and local industries.
Clearly, there is a need here for a comprehensive and coordinated
plan to deal with such fires. The following recommendations,
developed from the evidence before me, should serve as the basis
for such planning, at least in the area affected by the pipeline.
58. Before the commencement of any construction activity
related to the pipeline, the Company shall submit for approval by
the Agency a plan for the prevention, detection and suppression
of forest fires that are related to or that may affect the
construction and operation of the pipeline. This plan should be
developed in collaboration with the Northwest Lands and Forests
Service and, where applicable, with the Yukon Forest Service.
Because wildlife is of greater value as a resource than timber in
the North, the primary environmental object of the plan should be
the protection of wildlife habitat, not timber-harvesting interests.
The plan shall detail fire prevention measures, such as
employee education and training; operation and maintenance of
equipment; conduct of all pipeline activities associated with
burning to minimize fire hazards, with special attention given to
preventive measures in summer and winter; and restriction of
personnel and curtailment of activities during periods of high
risk.
The plan shall detail fire suppression measures, such as fire
detection and reporting procedures that take into account
existing practices in the North; placement of the necessary
equipment and the availability of properly trained teams for

fighting fires at construction sites, camps, stockpile areas and all
lands adjacent to the pipeline right-of-way; and availability of
on-site personnel of both the Company and its contractors to fight
fires, if required.
59. The Company shall keep the fire prevention and
suppression plan up to date to reflect conditions along the
right-of-way, changes in government operations and procedures,
and the success or failure of fire prevention and suppression
methods that have been applied on the project or elsewhere.
60. In conjunction with the fire prevention and suppression
plan, the Company shall prepare measures designed to protect
particularly sensitive components of lands under permit to the
Company from degradation following a fire. (See Terrain
Considerations: Revegetation.)

Blasting
Blasting is fundamental to construction of any pipeline, and the
Mackenzie Valley pipeline will be no exception. Blasting will be
extensive and will occur in all seasons for a variety of activities
that include quarrying, construction of facilities and river
crossings, preparation of the right-of-way and excavation of parts
of the pipeline trench. The variability of terrain conditions and the
need to make decisions in the field combine to make certain that
blasting will occur at unanticipated places at unforeseen times.
All blasting has the potential for causing unacceptable
disturbance to terrain, wildlife and fish.
Existing standards, which mainly relate to aspects of
engineering and human safety, already exist for blasting, and
they will certainly apply to the extensive construction operations
that have been described to the Inquiry. However, if we are to
protect the northern wildlife and fish, then environmental
standards are needed for blasting, too. The definition of most of
these standards will follow naturally from the sensitivities that I
have described in the chapters on Wildlife and Fish and the use
of these resources by native people. I have offered specific
recommendations for fish, many of which apply equally to
aquatic mammals, such as muskrats, beavers and whales. In this
section, I expand the subject to include wildlife and to human use
of wildlife resources.
My primary concern is that blasting will disturb wildlife
particularly raptors, waterfowl and whales – during the sensitive
periods of their life cycles when they are concentrated in certain
areas, and that it will disturb aquatic furbearers. Destruction of
habitat is also involved.
61. The adverse effects of blasting on wildlife shall be kept to
a minimum, either by scheduling blasting when vulnerable
species are not in the area or by controlling the frequency and
level of the blast.

Terrain Considerations

62. The Company shall confine all of its blasting operations
to lands covered by permit from the Agency.
Throughout the North, the native people are concerned over
the effects of blasting on wildlife because of their past experience
with the petroleum industry’s seismic operations. At the
community hearings, the Inquiry heard many complaints about
the adverse effects of this blasting. The native people fear that
blasting activities associated with the pipeline will further ruin the
land and upset the natural conditions for their traditional pursuits.
63. In planning any blasting activities, the Company shall
take into account traditional pursuits of the native people. This
consideration shall not be limited to areas in which people hunt
and trap, but it shall also include consideration of harvested
species during periods when the animals are concentrated or are
otherwise sensitive to disturbance.
With these broad principles in mind, I propose the following
recommendations to mitigate the adverse effects of blasting on
wildlife, fish, birds and the traditional use of the land by native
people.

Overall Plan
64. Before the final design stage and before any site-specific
approvals are granted, the Company shall prepare for approval
by the Agency an overall plan for blasting during construction of
the pipeline. The form and content of the plan shall be subject to
the direction of the Agency, but generally it should outline the
Company’s proposals to minimize adverse effects of blasting on
the environment. The overall plan should indicate such items as:
the approximate locations, dates, charge sizes and duration of
blasting activities; general land use in the surrounding area,
particularly as it may be related to wildlife and to traditional use
by local people; methods and procedures that will be used to
prevent damage, defacement or destruction of the landscape and
waterbodies by eliminating the scatter of blasted material beyond
the immediate working area; procedures to minimize shock or
instantaneous peak noise levels that may be disruptive to local
people, wildlife and fish; and plans to train personnel (who must
be qualified to carry out blasting work under existing regulations)
in the special environmental impacts that blasting may have and
in the mitigative measures that are to be employed in the field.
The Company shall undertake to keep the overall plan for
blasting up to date and to reflect the latest policies and actions of
the Company, the Agency and government.
65. The overall plan for blasting shall be approved by the
Agency before the Company submits any site-specific
construction plans that involve blasting.
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Site-specific Information
Although site-specific applications for blasting per se may not be
required by the Agency, the Company will have to submit
information on blasting as part of the other site-specific
applications required elsewhere in this report.
66. Details on blasting locations, dates, charge size, duration
and environmental procedures shall be submitted to the Agency as
part of the site-specific construction plans.

Blasting and Traditional Activities
Land use by northern native people is extensive, and it should not
be unduly interrupted, altered or prevented by blasting activities.
It is the Company’s responsibility to develop a blasting schedule
and a program of local communications to ameliorate this
problem to the satisfaction of the Agency.
67. The Company shall notify local people at least one month
in advance of any blasting operations planned for areas that are
used by the people. Where unforeseen circumstances make such
notice impossible, the Company shall notify local people as soon
as possible and, in any event, at least 48 hours in advance of
actual blasting.
68. If a blasting operation in any way puts at risk a camp,
trap line or any other aspect of the local people’s land-based
activity, the Agency shall prohibit it or shall prevent it from taking
place until adequate compensation is made.

Blasting and Wildlife and Fish
69. Blasting operations shall not be permitted within 1,000
feet of rivers, lakes or streams that are frequented by fish or
aquatic mammals without site-specific approval from the Agency.
Therefore, the Company must apply to the Agency for permission
to blast any site that is within 1,000 feet of a waterbody and
demonstrate either that fish and aquatic mammals are not
present, or that the proposed blasting activity will not have
significantly adverse effects on the fish and mammal populations,
fish-spawning beds and overwintering areas, bank stability, silt
load, and other components on the specific waterbody.
70. The Company shall limit and otherwise appropriately
control its blasting activities at times and in areas that are
important for wildlife. Unless otherwise approved by the Agency,
the following recommendations shall apply to protect particular
wildlife species.
Blasting activity within raptor protection zones shall be
prohibited during sensitive periods and at other times, if blasting
would damage the nest site. (See Wildlife: Birds.)
Blasting activity in areas used by concentrations of
nesting, moulting or staging waterfowl shall be prohibited or
severely constrained to limit disturbance so that the birds’
normal activities are not interrupted in any way. As a general
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guideline, blasting within five miles of waterfowl concentration
areas shall be considered to be potentially disturbing. (See
Wildlife: Birds.)
Blasting activity shall not occur within one mile of marine or
estuarine waters when they are being used by schools of
migrating, calving or nursing white whales. (See Wildlife:
Mammals.)
Blasting activity shall be prohibited in any location where it
might disturb or alarm migrating, calving or nursing caribou or
Dall’s sheep or any herd or band of either animal. As a general
guideline, any blasting within five miles of concentrations of these
species shall be considered to be potentially disturbing. (See
Wildlife: Mammals.)
Blasting activity in habitat populated by aquatic furbearers
shall be conducted in a manner that assures the continued
well-being of the local populations of furbearing species and ,the
continued harvest of those populations by native people. (See
Wildlife: Mammals.)

Borrow Operations
In the North, borrow pits are generally of two kinds: pits in
upland areas and pits in river channels. Both kinds were discussed
extensively at the Inquiry. In his final submission, Commission
Counsel dealt at great length with borrow operations in river
channels, largely because Arctic Gas proposed to mine gravel
from rivers in the Northern Yukon. Borrow pits in river channels
are not a cause of concern in the Mackenzie Valley: their use was
prohibited in the guidelines prepared by Dryden and Stein (1975)
for construction and operation of the Mackenzie Highway, and
those guidelines have become generally accepted practice. The
discussion that follows focuses, therefore, on upland pits.
In general, there should not be any serious shortages of
borrow materials, but because they are unevenly distributed over
the landscape, in terms of quantity and quality, there could be
local shortages. And such local shortages could be exacerbated by
competing demands from community development, for
construction of the Mackenzie and Dempster highways, and from
such things as petroleum exploration and development in the
Mackenzie Delta and Mackenzie Valley.
The development and operation of borrow pits and quarries
must, by their very nature, disturb terrain and they may also have
secondary, but severe, impacts on waterbodies, aquatic
organisms, mammals and birds. An enormous amount of borrow
material from a large number of pits will be needed if the pipeline
is to be built: this cannot be avoided. It will not be possible,
therefore, to eliminate all impacts on the land and the
environment. But if the pits are properly developed and operated,
these impacts can be controlled and kept to an acceptable level.

71. The Company shall select, develop, operate, close and
restore all pits and quarries in a way that minimizes disturbance
to land and the environment and that minimizes the amount of
land used and the amount of materials extracted.
Impacts of borrow operations depend on the local terrain and
biota and on the proximity of the pit to communities or other
developments. Terms and conditions for borrow operations should,
therefore, be designed to meet particular concerns about individual
pits and their operation. Unfortunately, site-specific recommendations of this kind cannot be made now because neither
pipeline company has made a final decision on which pits to use and
on how they should be developed and operated. As a result, my
recommendations take the form of advice for those persons who will
be responsible for developing and reviewing site-specific plans.

Overall Plan
Because many decisions still have to be made with regard to
borrow pits and their operation, an overall plan, similar to those I
have described elsewhere in this report, will be needed. This plan
will enable the Agency to review borrow pit operations in the
context of overall project activities, to make proper
environmental assessments and to request site-specific
ameliorative measures.
72. Before the final design phase, the Company shall prepare
for approval by the Agency an overall plan for borrow operations.
Subject to the direction of the Agency, the overall plan shall, as
far as possible, be in cartographic form and it shall be compatible
with the other overall plans requested elsewhere in this report.
The Agency may request the Company to resubmit parts of this
overall plan that do not meet with its approval. The Company
shall undertake to keep the overall plan up to date so that it
reflects the latest policies and actions of the Company, the Agency
and the government.
73. The overall plan shall list all the sources of borrow
material proposed for use, the quantities and grades that will be
taken from each source, the time of year that the sites will be
worked, the general purpose, timing and point of use of the
materials removed, and the plans for access, development
closure, restoration and abandonment of borrow sites. In addition
the overall plan, shall include such items as the mitigative
measures that will be used to control the adverse effects on the
physical and living environment, and non-pipeline requirements
for borrow materials in the project area
74. The overall plan shall be approved by the Agency before
site-specific applications are submitted for use of borrow pits.

Site-Specific Applications
The Department of Indian Affairs and Northern Development is at present revising the Territorial Quarrying Regulations that govern the opening and operation of pits and
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quarries in the Northwest and Yukon Territories. The stipulations
made by Dryden and Stein (1975) that relate to the operation of
borrow pits for the Mackenzie Highway have become generally
accepted practice. And the Department of the Environment,
Fisheries and Marine Service has also developed guidelines to
control borrow pit operations, such as Guidelines Concerning
Applications to Remove Gravel From or Adjacent to Streams
Frequented by Fish. These documents, together with our
extensive experience with northern borrow operations, provide a
solid basis for the implementation of practicable, site-specific
terms and conditions. There are, however, a number of points that
need to be dealt with in the context of the very large scale that will
apply to borrow operations on the pipeline project.
The pipeline project will require large volumes of borrow
materials and a wide range of those materials. To ensure that the
most appropriate sources are exploited, an exhaustive search and
categorization of borrow sources is necessary. Some geotechnically
suitable and conveniently located sources may not be acceptable
from an environmental standpoint. Other sources may be
inappropriate because they conflict with the needs of communities
in the region. In many cases, trade-offs will be necessary to ensure
that sufficient high-quality borrow material is left for future
developments in the Mackenzie Valley and Western Arctic. To
enable the Agency to judge if the Company’s pit operations are the
best possible, in terms of local needs and conditions, site-specific
plans for borrow extraction must be submitted for review.
75. The Company shall file with the Agency a separate sitespecific application for permission to open and develop each
borrow pit or quarry necessary for the construction of the
pipeline and associated facilities. Each application shall be
accompanied by a site plan, a mining or extraction plan and
sufficient geotechnical and other information so as to
demonstrate clearly the viability of the proposed borrow pit
development. In particular, the Company shall carry out sufficient
geotechnical investigations in the area to ensure, to the
satisfaction of the Agency, that the borrow site it has chosen is the
most appropriate for the purposes intended.
The site-specific application should include details on such
matters as the borrow source area; the thickness, quantity and
grade of materials; test pit and bore hole data; the placement
of the pit and its boundaries with estimates of the quantities
and grades proposed to be used and to be left behind; the
occurrence of permafrost, ground ice and ground water, and the
location of the water table. The applications should also give
details of the machinery the Company proposes to use; the
timing of the various operations; the details of any processing
operations that may be used; details of access to the pit, and
from the pit to the point of use of the material; plans to control
drainage, erosion and sedimentation during operations; the
final form of the pit or quarry; restoration proposals, including
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spoil disposal, and revegetation; and any other information
requested by the Agency.

Guidelines for Borrow Operations
The following nine recommendations apply to all proposed pits
and quarries. They are followed by recommendations that apply
to operations in river channels and flood plains.
76. Wherever possible, existing borrow sites shall be used in
preference to the opening of new sites.
77. In developing access to borrow sites, the Company shall
use existing roads, trails or cutlines wherever possible.
Temporary access roads shall be constructed of packed snow or
ice. (See Terrain Considerations: Snow Roads.) An all-weather,
gravel access road with culverts shall be provided to any pit
designated for summer operation or for continued use during the
operations phase of the pipeline.
78. The Company shall operate its borrow sites in accordance
with the principles detailed in “General Criteria For Gravel
Borrow Pits in Upland Areas” and in “General Criteria for
Quarry Sites” (Canadian Arctic Gas Pipeline Limited, Responses
to Pipeline Application Assessment Croup, Requests for
Supplementary Information, Appendix A, pp. 45-49 and 59-62).
79. Deposits of high ice-content material, of material covered
with high ice-content overburden or of borrow material overlying
high ice-content silts and clays shall be used only if no other
material is available.
80. Where processing of borrow materials is necessary, it
shall be done in an environmentally responsible manner either in
the borrow area or at the site of use of the material. Where
processing at these sites is not possible, it shall be done at sites
approved by the Agency.
81. To protect the physical and living environment borrow
sites shall be selected, operated and restored in locations and in
a manner that complies with the recommendations in Part II of
this report.
82. Unless otherwise approved by the Agency, buffer zones of
not less than 300 feet shall be left between all waterbodies and the
perimeters of pits and quarries; buffer zones of not less than 100
feet shall be left between all public roads and the perimeters of
pits and quarries.
83. When closing or abandoning borrow sites, the Company
shall promptly stabilize and rehabilitate the area and all access
roods so that the pit is not left in a derelict state. The
rehabilitation of any pit or quarry shall not unduly hinder other
parties from re-opening the sites for future use. Any part of a
closed borrow pit or quarry where waste material other than spoil
or slash has been buried shall be permanently marked.
84. Borrow pits and quarries shall be opened and used in a
way that permits archaeological surveys to be carried out during
all stages of development.
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BORROW OPERATIONS IN RIVER CHANNELS AND
FLOOD PLAINS
Special concerns arise over the proposals to extract gravel from
the channel zones and flood plains of some rivers and streams.
(The terms “channel zone” and “flood plain” are defined in the
chapter River-and Stream Crossings.) Borrow operations in such
areas pose threats to aquatic resources and river regime stability.
From a fisheries viewpoint, watercourses, particularly the channel
zone, are a highly undesirable source of gravel because that
gravel is important for spawning beds and as habitat.

85. The Company shall not open any borrow pits in river
channel zones in the Northwest Territories.
86. Where a borrow site is opened in a flood plain, dykes and
river training works shall be constructed to ensure that the pit
does not become connected with the river and to prevent the river
from changing its course through the pit. A 300-foot wide buffer
zone of undisturbed flood plain terrain shall be left between the
channel zone and the pit.
87. Because flood plains are occasionally inundated, future
water levels shall be taken into account in planning the
rehabilitation of abandoned pits on flood plains.

River and Stream Crossings

THE REPORT OF
THE MACKENZIE VALLEY
PIPELINE INQUIRY

14
The crucial importance of stream crossings from social,
environmental and technical points of view was highlighted by
expert and lay witnesses throughout the Inquiry hearings. I was
told that several technically favourable sites proposed for
crossings are a threat to fish, are near areas traditionally used by
local people, are near some important archaeological sites or
would disturb local environmental or socio-economic values.
To a great extent, the choice of the pipeline route will be
governed by the location of favourable (or least unfavourable)
stream crossing sites. The objectives in selecting a stream
crossing site are similar to those of route selection that I have
described earlier, namely to choose a safe and economical
pipeline route that will have minimal social and environmental
impact. However, the technical considerations involved in the
selection of sites for river crossings are different from those that
involve the rest of the route. The main technical points that I have
heard about include the stability of the valley wall, of river bank
slopes, and of the river bed, water levels, floods, scour depth, and
river ice phenomena. And, as I have said in Volume One and in
the chapter on The Physical Environment, river valleys are not
only important to fish populations, and to fish harvesting, they are
also biologically more productive than the surrounding terrain.
The social importance of river crossings is evident from the native
peoples’ traditionally high dependence on fishing, on trapping
beaver, muskrat and other aquatic furbearers, and on rivers for
travel routes.
The choice of sites for river crossings must be made with
regard to severe technical constraints as well as many important
environmental and socio-economic concerns. The possibility of
conflict in such choices is great, and these choices will be among
the most troublesome along the entire route.
1. A special review process for the selection of sites for river
crossings and their design, construction and monitoring should
be established within the framework of the Agency.
The design of river crossings is not regulated by a specific
design code, and the general pipeline design code, Canadian
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PART THREE –
THE PROJECT

River
and Stream
Crossings
Standards Association (CSA) code Z-184-1975, does not touch
upon the hydrological aspects of crossing design. It is obvious
from the evidence that considerable controversy exists
concerning these hydrological design criteria. For example, some
of the criteria proposed by the pipeline companies differ
significantly from those imposed on the trans-Alaska pipeline,
and I have heard vigorous objections to the imposition of the
stringent criteria used in Alaska. There is, however, general
agreement that specific hydrological design criteria can be and
should be drawn up.
2. A design and construction code dealing with the engineering,
environmental and local land use criteria for stream crossings
should be developed immediately in consultation with the Company.
Development of this code will involve experts from widely
differing backgrounds. Geotechnical and pipeline engineers will
provide the detailed project requirements; biologists and land use
specialists will underline the issues that relate to the physical and
living environment. A useful starting point in this task will be the
hydrological information contained in the evidence,
cross-examination and final arguments before this Inquiry.
Commission Counsel’s final argument is particularly useful.
Therefore, I present below a compendium of the information
available to me under five main headings: definitions, design
flows and levels, design criteria, construction, and monitoring.
Before these guidelines are incorporated into a code, they should
be reviewed and expanded by the broadly based group of experts
I have just mentioned.

Definitions
Fundamental to any discussion – particularly one involving
several disciplines – is a common understanding of
technical terms. It became apparent early in the discussion
of river and stream crossings at the Inquiry that there were
different understandings of basic terminology. Furthermore,
in the technical literature the use of certain terms related to
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hydrology and fluvial land forms is not consistent. To provide
clear regulations, some clarification of these terms is required. I
have, therefore, assembled definitions of the fluvial terms that are
used in this report and I present them here although some of them
are used mainly in connection with matters other than stream
crossings.

Watercourses
Strictly speaking, any identifiable trace of concentrated runoff
water can be called a stream. Pipeline construction, however,
involves at least four levels of effort in crossing streams, and it is
useful to tie regulations to these four levels. The Company should
not, of course, be in a position to define these four classifications
for regulatory purposes.
At the lowest level, there are small intermittent drainage
courses, which require the provision of berm breaks. However,
these drainage courses do not involve the pipe itself and they are,
therefore, considered to be problems of drainage and erosion
control. The remaining three levels involve some type of
stream-crossing design. The second level comprises small
streams for which ordinary crossing designs should be adequate.
Crossings of streams in the third level are likely to require
site-specific designs and procedures. All crossings within the first
three levels are usually carried out as part of the main pipeline
construction by the spread contractor. The fourth level comprises
the large streams: these crossings may be built under separate
contract and possibly before the main pipeline itself is laid in that
area.
The reason for classifying streams along the proposed route is
to ensure that the Company will undertake appropriate hydrological
and biological studies and will evolve design and construction
procedures that do not damage the stream. The definitions
presented below are intended to serve as a basis for specifying the
extent of the studies that will have to be undertaken before a stream
is approached and the procedures that will have to be followed to
obtain a permit to proceed with construction across it.
3. The Company and the Agency should use the following
definitions of watercourses in river engineering design.
Watercourse: a comprehensive term for any identifiable trace
made by concentrated run-off water on the earth’s surface.
Drainage course: any watercourse smaller than a stream (as
defined below) for which drainage and erosion control
procedures are obviously necessary, but which do not require
hydrological or biological work beyond initial identification
through mapping and field work.
Stream (also river or creek): any watercourse that
seasonally offers habitat suitable for fish or that has an
average width of channel greater than three feet or that carries
perennial flows of water in excess of 0.05 cubic feet per second
or that has a drainage basin greater than one square mile. For

pipeline construction purposes, streams require hydrological and
biological study. The groups of designated streams and
designated major rivers are introduced to subdivide further the
streams and rivers.
Designated stream (also designated river): any stream or
river for which site-specific crossing designs and procedures are
required by the Agency. The following streams will be included in
this category: streams with drainage areas greater than 10 square
miles; streams with the potential for significant channel shift and
scour at the crossing site; streams that support significant fish
populations at some time of the year near the crossing site; and
streams the crossing of which may involve significant technical or
environmental hazards.
Designated major river: any river that will probably be
crossed under a separate construction contract or that will be
crossed at a time significantly different from the main pipeline
construction there. This category includes Great Bear River, Peel
River and Mackenzie River.
4. Before the submission of the preliminary river crossing
design, the Agency (in consultation with the Company) should
prepare a complete listing of all designated streams and all
designated major rivers to serve as a reference in design review.

Fluvial Landforms
5. The Company and the Agency should use the following
definitions of valley components in river engineering planning.
Stream channel zone (also river channel zone): it is generally
the smaller of the following two areas: the area between the top
of distinct stream banks or between distinct trim-lines of forest or
tundra vegetation; or the area of the stream channel that is
covered by flowing water at least once in two years over a
long-term average. In the case of braided streams, which are
characterized by multiple, laterally unstable channels, the
channel zone includes the entire braided zone.
Flood plain: a low-lying area adjoining a stream channel that
is underlain by alluvial (river-deposited) materials and subject to
flooding at least once in 100 years over a long-term average.
Terrace: an area that was a flood plain at some earlier period
in geological time but that is now relatively higher than the
stream and therefore not subject to flooding or that is subject to
only very infrequent and minor flooding.

River and Stream Crossings

Design Flows and Levels
A basic consideration for the design of a project related to a
natural waterbody is the establishment of the worst conditions
that the project will have to withstand over its useful life. Except
in the case of major civil works, such as large dams or dyking
projects, the worst conditions that are assumed are always well
below the worst field conditions that can be expected to occur.
This fact implies that some risk is accepted. Generally speaking,
there are three aspects to such risk: cost, safety and
environment.
The Company will handle problems related to cost, but it is
widely accepted that the Agency should state the general criteria
regarding safety and environment. The primary reason for
presenting engineering evidence before the Inquiry was to discuss
the environmental consequences of any failure of the pipeline and
subsequent repair operations. In setting the criteria for risk, we
must remember that the stiffer the criteria, the larger the
engineering structure is likely to be and the greater the initial
impact on the environment. In the long run, it may be
environmentally preferable to accept the risk of occasional
failures in return for less initial disturbance. The converse could
also be true, depending on the magnitude of the initial disturbance
and the cumulative disturbance associated with maintenance and
repair.
In any event, one of the basic determinations to be made is
the design flow at pipeline-crossing sites. Other flow criteria to be
determined include the maximum flows to be expected during the
period when the crossing is to be built, design flows for road
crossings (culverts or bridges), design flows for gravel mining in
channel zones and on flood plains, and drainage design flows. In
situations that may involve severe ice jams, fluctuating lake
levels, and tides or storm surges in coastal areas, water levels
rather than flows will have to be evaluated.
To ensure conservative design and to reduce potentially
adverse environmental impact, there must be uniform design flow
and design level criteria. However, there is little information
about streamflow and water levels from the northern part of the
region the pipeline will cross. Meteorological observations are
more abundant, so it seems reasonable to adopt a
meteorologically based design flood criterion (standard project
flood).
6. Pipeline crossings of all designated rivers shall be
designed to withstand standard project flood conditions. The
standard project flood is a stream flow estimate based on the
assumption that the most severe storm or other meteorological
condition that may reasonably be considered as characteristic
of the specific region is occurring (Beard, 1975). The largest
flood that is considered physically possible, if all flood
producing factors were to combine, is the probable maximum
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flood. It is roughly twice the standard project flood under normal
circumstances.
7. Design water levels that take into account ice jamming,
storm surges or any other meteorological or hydrological
phenomena affecting the design of the designated stream
crossings shall be at least as conservative as the standard project
flood. The most severe meteorological or hydrological conditions
that may reasonably be considered as characteristic of the
general region have to be assumed in determining such design
levels, and this estimate is generally achieved by imagining that
the most severe conditions ever observed anywhere in the region
may possibly occur at the site of interest.
8. Design flows and levels for all other (that is, nondesignated) stream crossings shall be selected so that they bear
the same degree of risk as the standard project flood; however, in
these cases individual standard project floods do not need to be
determined.
9. Permanent stream crossings by access roads shall be
designed to withstand a 1-in-50 year condition of flow or water
levels. Temporary facilities, such as work pads in rivers,
perimeter dykes of gravel-mining operations in channel zones,
and coffer-dams are to be designed on the basis of the probability
of levels that are appropriate to the work in question, bearing in
mind the siting, timing and anticipated life of the structure
concerned.
Return periods, such as the 1-in-50 years floods may be
difficult to determine accurately with the data that is at present
available, but the intention here is that these return periods should
be used as rough guides in applying engineering judgment. The
design flows for culverts along the Mackenzie Highway, for
example, are based on 50-year flood return periods besides
having to meet several requirements for the passage of fish, that
are often more stringent. With time, the data base for final design
will be much better, and the specified return periods can then be
evaluated more precisely.
10. In addition to design flow specifications, structures shall
also meet hydraulic criteria for fish passage. (See Fish.)
11. Before the final design phase, the Company shall submit
to the Agency the supporting data and computations that have
been used to determine design flows and levels.
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Design Criteria
Generally, the design for a river crossing incorporates criteria for
avoiding or reducing environmental impact. These criteria should
be adjusted to reduce the possibility of a failure of the crossing,
for that would lead to environmental disruptions and to the need
for emergency repairs. The criteria I propose below are related to
the location of crossings, location of sag bends, river training
works, groundwater flow, overhead crossings, buoyancy control,
scour computations, and dual crossings. All of what is said below
about these criteria is intended to serve as the basis for discussion
among the parties concerned.

Location of Crossings
Some of the most difficult geotechnical problems in pipeline
design are caused by stream crossings and, to a considerable
degree, the alignment of the right-of-way is governed by the
availability of suitable sites for stream crossings. An associated
problem, which I discuss in the chapter entitled Geotechnical
Considerations, is to maintain the stability of river banks or valley
wall slopes. Other problems that I deal with here are more directly
related to rivers.
12. In the selection of sites for crossing rivers and river
valleys, sites that are unsuitable for technical, environmental or
land use reasons shall be avoided. The selection of these sites
should precede final selection of the pipeline route.
13. Crossings shall be carefully sited in reaches of rivers in
which the stream flow is reasonably stable and straight.
Crossings of flood plains and channel zones shall be as short as
practicable.
14. A site-by-site evaluation shall be undertaken to determine
the approach to be adopted at sites where highway and pipeline
crossings are close together. Safety, aesthetics and geotechnical
problems tend to favour wide separation but, in some locations,
close spacing could minimize the impact of these crossings on
fisheries and facilitate future maintenance.

Location of Sag Bends
A buried pipeline that must cross an obstacle, such as a river or a
valley, is designed with what the industry calls overbends and sag
bends to permit the pipe to run under the obstacle. A typical river
crossing involves two of each: the first overbend directs the pipe
from the horizontal down the slope of the river bank, then a sag
bend enables the pipe to pass horizontally under the obstacle, the
second sag bend turns the pipe up the bank, and the second
overbend enables the pipe to continue horizontally, as before.
If a river to be crossed flows in a single, well-defined and
stable channel, the sag bends are located a relatively short
distance landward of the river banks, thus allowing for minor

bank erosion and channel shifts during the life of the pipeline. But
the problem is not so easily solved when crossing wide, braided
channels or channels that migrate at significant rates across a
flood plain. There the designer has two options: he can either
locate the sag bends outside the present and potential future
channel zone, burying the pipeline deeply all across these channel
zones, or he can squeeze the channel zone with river training
works and build only a short river crossing. The environmental
effects of the two alternatives differ because the first involves
considerably more initial work, but less permanent interference
with the river, than the second. From an environmental point of
view, the first alternative – placing the sag bends well outside the
present or any future channel zone – is usually preferable because
it reduces the risk of having to undertake major repair or
maintenance work.
15. The sag bends of all designated stream crossings shall be
located far enough beyond the channel zone to ensure that they
will still be a safe distance outside the channel zone after 50 years
of natural, unimpeded migration of the channel zone. The Agency
may waive this requirement if deep burial beyond the channel
zone will do more damage than the construction of the river
training works that will be needed to avoid deep burial, if channel
zone migration cannot be predicted, or if it would be
economically unreasonable.

River Training Works
River training works are structures that are used in a variety of
circumstances to alter the direction of river flow or to contain it
within a particular location. For instance, by the use of river
training works, the channel zone of a river can be narrowed to
reduce permanently the length of river crossings, or it can be
confined temporarily to make room for a borrow operation in the
channel zone. River training works can also be used to arrest the
normal process of the migration of channel meanders to provide
a stable river-crossing site, and they can be built on the flood
plain to prevent future meander cut-offs or other channel
changes.
Besides the aesthetic considerations involved in despoiling a
natural river, training works may interfere considerably with a
river by obstructing the passage of fish or causing siltation.
Moreover, they require continual maintenance, and many of
them can fail, thereby magnifying detrimental environmental
effects.
16. Permanent river training works in the channel zone shall
be avoided wherever practicable. Where training works are
necessary to prevent a river from flowing along the right-of-way
of the pipeline or from entering a gravel pit on the flood plain, or
to prevent cut-offs or avulsions, they shall be located on flood
plains rather than in channel zones.

River and Stream Crossings

Groundwater Flow
There is a certain amount of groundwater flow in the materials
below most rivers and their flood plains. The quantity of water
involved is normally very small compared with the river flow but,
in the case of rivers that have little or no flow during certain parts
of the year, it may have biological significance. In many parts of
the North, rivers freeze to the bottom in shallow places, thus
severely restricting or stopping normal channel flow. Under such
circumstances, groundwater flow may maintain pools of water in
the deep parts of the river or it may emerge as springs at certain
locations along the channel. These groundwater-fed areas can be
crucial for overwintering fish and eggs (see Fish). If a chilled gas
pipeline is buried in alluvial materials, the groundwater flow
needs to be maintained.
The effects on groundwater of various construction
techniques for crossing rivers and the possibility of obstruction by
a frost bulb below a stream are matters for serious concern (see
Geotechnical Considerations). These problems are not yet
adequately understood. Whether or not there may be a problem
with the groundwater flow at a river crossing cannot be known
definitely without site-specific knowledge of river and
groundwater flow during winter over a number of years, the
aquatic ecosystem, and the design for the crossing. This same
detailed knowledge is also necessary before mitigative measures
can be prepared.
17. Design proposals for all designated stream crossings
(and for any other crossings as required by the Agency) shall be
accompanied by conclusive evidence that the maintenance of
winter groundwater flow in the general area of the crossing is not
of environmental importance or that the maintenance of such flow
is of environmental importance but that the installation of a
crossing without special mitigative measures will not have
adverse environmental effects. Where special protection measures
are known to be needed or where there is no conclusive
demonstration that they are not needed, the crossing design shall
incorporate measures that ensure continued winter groundwater
and channel flow across the installation to provide adequate
protection for fish populations and the aquatic ecosystem that
supports them.
18. The Company shall build a test stream crossing at a
typical site that has little or no winter channel flow but that
does have significant groundwater flow. This test installation
should show that the structures can be installed without
significantly increasing the environmental impact of the
construction process. The test shall demonstrate the
effectiveness of the crossing design to maintain a flow of water
around the pipeline to points downstream similar to the flow
that would occur naturally; normal physical characteristics of
water quality, such as suspended sediment, dissolved oxygen, and

159

temperature; normal chemical characteristics of water quality,
such as pH, conductivity and colour; and normal invertebrate
and fish communities including eggs in the overwintering areas
downstream from the crossing.

Overhead Crossings
Generally speaking, pipeline designers are reluctant to use
overhead crossings – even though they provide a technically
feasible alternative for crossing most streams – because they
introduce construction and maintenance problems that are quite
different from those found along the rest of the buried line.
Overhead crossings are not part of either of the pipeline
companies I proposals for the main pipeline. Nonetheless, there
are at least four reasons why they may be environmentally
preferable to buried crossings at certain sites. Such structures
would avoid the problems of slope stability and erosion in narrow,
deep valleys, difficult scour problems in rivers, frost bulbs that
might interfere with groundwater flow, and frost heave.
19. Where preliminary design review indicates that a buried
crossing would involve major unresolved environmental
concerns, the Agency should instruct the Company to prepare a
comparison of the buried crossing with an overhead crossing and
to justify its choice of the mode of crossing in both engineering
and environmental terms.

Buoyancy Control
Buoyancy control at river crossings involves standard procedures
that are not expected to cause direct environmental concern.
However, if the techniques used to control buoyancy prove
inadequate – a concern of particular importance with regard to the
periodically innundated flood plain – then the pipe will float and
will have to be repaired. If these repairs are necessary in sensitive
locations or at sensitive times, then the possibility of
environmental damage is greatly increased.
20. Buoyancy control weights shall be required at river
crossings for the entire length of pipe that, under design flow
conditions, would be submerged.
Another buoyancy control problem, although not one that
exclusively concerns river crossings, is the tendency of saddle
weights (concrete blocks that straddle the pipe) to slip off. This
slippage may be caused by their having been incorrectly installed,
but the problem seems to be particularly acute in muskeg areas,
where there is insufficient lateral resistance in the soil to keep the
weights stable over the pipe.
21. Where weights are used for buoyancy control,
techniques shall be used to ensure that the weights will not slip
off the pipe. Where saddle weights are used, the Company
shall demonstrate to the satisfaction of the Agency that the
construction procedures used will ensure proper centring of
the weights and that, after backfilling, the soils will have
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sufficient lateral resistance to prevent movement of the
weights.

two pipes should be installed during construction to increase
flexibility in the scheduling of repairs.

Scour Computations
A considerable amount of evidence was presented to the Inquiry
about the unusual and poorly understood phenomenon of the
scouring of river beds by ice along the proposed pipeline routes.
Scouring occurs under massive ice jams, such as those observed
upstream from Point Separation on the Mackenzie River. Related
problems include the migration of very deep and not
well-understood scour holes that occur in the Mackenzie Delta
and scouring associated with spring runoff that flows over and
beneath icings. In addition to scouring by run-off, up-ended cakes
of ice can scour or gouge the river bed during the break-up period.
These kinds of scouring could threaten the integrity of the pipe
and cause engineering problems that would have significant
environmental consequences.
22. At the request of the Agency, the Company shall submit
the data and computations it has used to calculate scour and the
general degradation of the river bed at stream crossings. In
general, the security of all crossings shall be assured to a level of
risk comparable to that of the standard project design flood.

Dual Crossings
At certain times of the year, such as at freeze-up and breakup and
during spring flood, it would be impossible to repair pipeline
failures at some of the larger rivers. These are, however, the times
at which failures are most likely to occur, because then various
fluvial processes, such as scouring and bank erosion, are most
active.
Although Arctic Gas proposed dual crossings for economic
reasons, they may also have an environmental advantage: with
dual crossings, repairs in the river or on river banks would not
need to be done on an immediate or contingency basis, but they
could be scheduled in an orderly way, and due allowance made
for environmental protection. Of course, the chance of major
environmental degradation caused by emergency repairs at an
unsuitable time at any particular single crossing has to be weighed
against the detrimental effect of building two pipelines there
rather than just one.
23. The Company, in submitting preliminary designs to the
Agency for each designated major river crossing, shall explain
the reasons, including environmental considerations, that were
involved in deciding whether to use a single or a dual
crossing. The Agency may extend this requirement to crossings
of other large rivers. The preliminary design for any dual
crossing shall include the approaches to it as well as the
crossing itself.
24. If the project involves long sections of dual pipeline, an
adequate number of cross-overs or connections between the

Construction
The problems that are encountered in carrying a buried pipeline
under rivers and the techniques used to overcome these problems
set the construction of stream crossings distinctly apart from the
rest of the pipeline construction. Although river crossings
amount to only a small fraction of total pipeline construction,
they are a major factor in terms of potential environmental
impact.

Timing of Construction
Most of the pipeline will be built during winter, but the
construction of the major river crossings is scheduled for summer.
In permafrost areas with ice-rich soils, summer construction
activities on the approaches to the river crossings could cause
problems of terrain instability, erosion and siltation.
The construction of a large river crossing, whether in summer
or winter, involves a fairly rigid sequence of different activities,
of which the most important are discussed in subsequent sections.
These engineering requirements must also be scheduled to
accommodate seasons of environmental sensitivity and of land
use activity by local people. My concern is that, even with the
best of intentions on the part of the Company, unforeseen delays,
which are common in any level of construction, combined with
very rigid overall deadlines, could disrupt any schedule that was
organized, in the first place, to take environmental considerations
into account. Unforeseen delays are even more likely in the North
than in more temperate latitudes.
25. The Company shall prepare detailed schedules for all
construction work associated with crossings of designated
streams and shall submit evidence to show that the schedule is
realistic and contains adequate allowances for contingencies. In
particular, the Company shall show that the proposed schedule
for construction and its logistics does not unduly interfere with
significant biological resources or with traditional hunting and
fishing activities.
26. On request from the Agency, the Company shall draw up
construction plans for the crossing of selected designated streams
at times other than in winter, and it shall evaluate these plans for
feasibility, cost and environmental impact. These plans shall be
implemented if so requested by the Agency.
27. Summer construction of river training works shall be
avoided unless all necessary materials and equipment can be
brought to the site without damage to sensitive terrain.
28. The work pads and approaches to river crossings to be

River and Stream Crossings

constructed during summer shall be built in winter unless the
Company can demonstrate that summer construction is more
desirable at a particular site.

Installation of the Pipe
The various methods of installing a pipeline below a stream bed
give rise to a number of closely related concerns. Easiest to cross
are streams that dry up during winter, particularly if the
excavation for the pipe ditch does not encounter taliks (unfrozen
zones) below the channel. Such crossings can be carried out as
part of the normal pipe-laying procedure. However, if the ditch
intersects taliks, they will complicate construction. Any
excavation through them will fill with water, which will then
freeze rapidly.
In the chapter on Fish, I have outlined the environmental
problems that are involved in winter crossings of streams that
carry limited flows and contain overwintering fish or eggs. It may
be impossible to predict which streams will be flowing,
particularly because there may be marked differences from year
to year. Nevertheless, crossings must be installed without
interrupting stream flow and without damaging downstream
reaches of the river by increased sedimentation.
29. The Company shall endeavour to make or have available
periodic observations of winter flow over at least two years for all
designated stream crossings before the completion of final design.
30. To minimize the adverse effects of sedimentation and the
interruption of stream and groundwater flow, the time between the
excavation of the ditch and backfilling it shall be kept to a minimum.
31. All winter construction across watercourses that contain
overwintering fish or that have fall spawning areas downstream,
which could possibly be affected by the construction, is to be done
under dry conditions. These conditions may be achieved by
waiting for the stream to dry up, by diverting the stream, or by
staging construction through the use of coffer-dams. Water flow,
including flow through the gravel under the stream bed, shall be
maintained to any areas where there are fish or eggs
overwintering, and siltation shall be controlled to the levels
outlined in the chapter on Fish.
Much of the material excavated from the ditches at stream
crossings will be used as backfill, but any material that is left
over must be disposed of in a manner that does not interfere
with the stream. The proposed summer crossings of large rivers
may create problems of spoil disposal. The excavation by
dredge that has been proposed for crossing large channels will
primarily involve the removal of sand and silt. The discharge of
these materials into the river downstream leads to two basic
concerns: an increase in the sediment load of the river and
obstruction of the river. The excavation of a ditch by dragline
provides much less flexibility in the disposal of spoil than
dredging, and the obstruction of the river channel by this
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method could be a concern. Spoil from both dragline and dredge
operations can be disposed of on land or by barging it to suitable
dump sites. Selection of the method to be used should involve a
careful review of local environmental factors.
32. Ditch plugs shall be left in place on both sides of a stream
crossing until the last possible moment to ensure that little or no
flow from the ditch can enter the stream and that no stream flow
can enter the ditch.
33. The interference with aquifers below channels that are
dry in winter shall be minimized. In particular, the Company shall
avoid plugging aquifers with silt or contaminating the
groundwater in a significant way. The construction time of
crossings that might interfere with such aquifers shall be made as
short as possible.
34. The ditch across the stream shall be backfilled with
material from the channel bed unless otherwise approved by the
Agency.
35. As part of the planning for crossings to be built in summer
and for any other crossings that are not built in dry conditions,
the Company shall, at the request of the Agency, evaluate
alternative schemes for excavation and spoil disposal from an
engineering and environmental point of view. If it is proposed to
dispose of spoil in the river channel, the Company must show that
such disposal will not increase the channel velocity enough to
interfere with navigation or with fish migration and that it will not
lead to an increase in suspended sediment that may be hazardous
to fish. (See Fish.)
36. Blasting should conform to the recommendations listed in
the chapter on Fish: Underwater Blasting and in Terrain
Considerations: Blasting.

Work Pads and Berms in Channel Zones
At rivers to be crossed in summer, the pipe should be assembled
into segments of several hundred feet on a work pad, then pulled
across the river. This operation can be done in stages, depending
on the size of the work pad and on the width of the crossing.
Depending on the topography of the valley, the work pad may be
built on a flood plain beside the channel, which is the preferred
location, but it may have to be built in the channel zone itself,
where it might interfere with stream flow or might get washed
away during a flood. If the river erodes part of a work pad, it may
cause siltation problems that may be more or less serious,
depending on the materials that have been used in constructing
the work pad.
Similar problems can arise if the channel or parts of it are
dyked off by a coffer-dam to permit pipe laying in dry conditions.
An obstruction in the channel will increase the velocity and
erosive power of the remaining flow, which could interfere
directly with navigation or with fish migration, and it could also
cause erosion of the channel bed and of the banks.
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37. The size of work pads or of the dyked areas in the channel
shall be limited at any one time so they will not interfere with
navigation or with fish migration and will not cause significant
erosion at the design flood condition.
38. In general, a work pad or a dyked area should not occupy
more than two-fifths of the width of the channel zone.
39. Any borrow or spoil materials that are left in the river
after the removal of a work pad and any other materials that the
river may erode shall not alter the morphology of the channel,
bank or river bed in a way that may be detrimental to fish or
wildlife or to any other use of the watercourse.

Sedimentation
Many of the concerns related to fish and fisheries have to do with
the possibly harmful introduction of sediment into streams. The
effects of suspended sediment on stream biota are complex and by
no means fully understood. It is, therefore, difficult to state in simple
terms what may be harmful to fish and what may not. Whether or
not a certain sediment concentration is harmful depends on where
and when it occurs. The introduction of fine sediments (Silt and
sand) into a stream is, however, likely to be harmful – certainly it
will not be beneficial – so it should be avoided so far as practicable.
If concentrations of suspended sediment are kept within the
natural range typical for the stream site, the time of the year, and
the prevailing discharge, no harmful effects are likely to result.
Discharge is particularly important because naturally high
concentrations of sediment are associated with flood discharges
that rapidly wash the sediment down the channel without
significant deposition. A similarly high concentration of sediment
during a period of normal or low discharge would settle out on the
stream bed with environmentally unacceptable consequences.
Many of the recommendations in this section and in other
sections of this report that deal with river crossings have the
control of sedimentation as their main objective. Further
recommendations relating to suspended sediment occur
throughout the chapter on Fish.

Restoration of River Beds and Banks
The ditch across a stream channel is normally backfilled with the
materials that were previously excavated from it. If the backfill is
made to correspond roughly to the original shape of the stream
bed, the stream will regrade its bed during the next flood. There
is little potential here for significant long-term effects, apart from
the initial impacts caused by construction work, which I have
discussed above. Fills placed on top of streambeds for work pads,
ramps and so forth, must be removed, but their removal generally
has little potential for long-term effects on the environment as
long as the work is done properly.
The restoration of river banks may have effects in the
longer term. Poor restoration is unaesthetic and it could lead

to slides of earth into the river and associated siltation, or the river
might break through a cut bank to find a new course. Rivers with
broad flood plains and river channels in deltas are normally
contained by natural levees. Such levees tend to be very resistant
to erosion and are rarely breached by flood flows, although they
may be frequently submerged. All of the distributaries in the
Mackenzie Delta have such levees associated with them and it is
particularly important that they be properly restored at all pipeline
crossings.
If the river bank material is ice-rich, a cut into it that is left
exposed could initiate a lengthy cycle of thaw erosion. The
proposed method for dealing with such cuts is to backfill them
with native material, then to blanket them with select backfill to
prevent gullying and thaw erosion. If the installation of the river
crossing has reduced the resistance of the river bank to erosion,
riprap or other measures to control bank erosion, such as
gabions and spurs, must be used. My concerns for these
problems have been discussed above under the heading River
Training Works. The pipeline will frequently approach streams
through a cut in the bank, and the cut will naturally attract
run-off water. Many river banks are too steep to be restored to
their original shape and, unless properly protected, these cuts
will develop into deeply scoured gullies and the pipe may
become exposed. The Kotaneelee River crossing of the Pointed
Mountain pipeline, in the southwestern part of the Northwest
Territories, was cited at the Inquiry as an example of this
sequence of events.
The danger of erosion to steep river banks and valley walls
is one of the most important and most frequently stated
environmental concerns related to the proposed pipeline
project. The means of preventing such erosion are well-known:
they include granular backfills and blankets, insulation,
revegetation, and diversion of storm run-off away from the
pipeline right-of-way (see Terrain Considerations: Drainage
and Erosion Control). These measures are relatively expensive
and they are not, therefore, always applied. The problems at
river banks are not intrinsically different from those on any
other slope.
40. On the completion of pipeline construction across a
stream, the stream bed must be restored to its original shape using
native or closely similar materials. On request, the Agency may
relieve the Company from this requirement if the Company can
show that the stream in question is sufficiently active to ensure
restoration of its bed during the first freshet following
construction, and that it will not interfere with the biological
resources of the stream.
41. Stream banks are to be restored as close to their original
shape as drainage and slope stability will permit. The restored
banks must be as erosion-resistant as the natural banks
immediately upstream and downstream from the crossing.

River and Stream Crossings

Monitoring
Although a river crossing is designed to withstand changes in
flow and the position of the channel, and to avoid disturbing the
natural processes of fluvial evolution, not all changes can be
predicted accurately in advance. Prediction of the behaviour of
rivers in the North is particularly uncertain because it involves
processes that are not encountered elsewhere, such as the
formation of icings and the thermal erosion of ice-rich soil along
the banks. Although catastrophic changes must be dealt with as
contingencies, slower changes can be monitored by repeated
measurements that will provide a basis for the planning of
countermeasures. Changes that are seasonal or cyclical, as well as
those that are progressive, must be monitored. Parameters to be
recorded include the rate of channel shift, changes in channel
depth relative to the position of the pipe (scour depth), ice jams
and their effects, river icings and subchannel flow in streams that
have low winter flow, changes in suspended sediment, and pipe
movements caused by buoyancy and frost heave.
41. A monitoring plan and schedule shall be submitted to the
Agency for approval with the final design for each designated
river crossing. Site-specific adjustments to the plan may be
submitted up to the time the pipe is commissioned. During
operation of the pipeline, the appropriate governmental body may
carry out or instruct the Company to carry out additional
monitoring at particular river crossing sites.
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42. The following components should be part of the
monitoring program. Vertical stereoscopic aerial photographs at
an appropriate scale should be taken once a year or, for any
crossing of a stream that shows significant past channel
migration or bank erosion, more frequently. Channel soundings
should be made once a year in designated major stream crossings
that have mobile beds or are subject to scour; the soundings
should extend over a channel reach of about ten channel widths,
both upstream and downstream from the pipeline. Soundings and
other observations should be made at crossings where major ice
jams occur; as soon as possible after each ice jam has formed, the
crossing site should be sounded for scour holes; a procedure for
detecting scour depth beneath ice jams should be developed.
Water flow and levels should be measured during winter at
crossings where low water flow or the flow of groundwater is
important to overwintering fish; these measurements could
include water yield of springs, piezometric measurements of
groundwater and observations on icings. Suspended sediment
concentrations should be observed as outlined in Fish. The
position of the pipe relative to an established datum should be
measured at crossings where any freezing of the soil around the
chilled pipe could encounter frost-susceptible soils.
43. The Company may request permission to drop its
monitoring program at any crossing for which there is enough
evidence to show that a reduced monitoring program is not likely
to lead to engineering and environmental problems
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There are many practical administrative problems associated with
water resource management. One of these is the withdrawal of
water. Quite early in the hearings, it became apparent that water
withdrawals during construction and operation of the pipeline could
have substantial environmental and socio-economic consequences.
Construction of the pipeline will require hundreds of millions
of gallons of water. And water requirements for the operation and
maintenance of the pipeline, while substantially less, will still be
significant. Although there are large volumes of water along most
of the proposed corridor, there will be localized shortages and
conflicts with other, competing uses. The shortages may affect
fish and fisheries, and they will be accentuated by the scheduling
of major parts of the construction work during winter, when
stream flows and water levels are at their lowest. There will
inevitably be competing demands for water between the project
on the one hand and elements of the local environment on the
other. There will be a host of other major and minor
considerations, ranging from other human demands on a water
resource, concerns over waterfowl and aquatic furbearers, to
recreation and aesthetics. The effect of many other project-related
activities on waterbodies must also be considered. I have
discussed elsewhere wastewater, river crossings, and spills, all of
which overlap considerations related to water withdrawal. All of
these considerations should be taken together to form a
comprehensive water resource management scheme.
The water resources of the Northern Yukon were of
particular concern to many witnesses before the Inquiry. My
recommendation against a pipeline across that region was
partly based on this concern, particularly because of localized
water shortages and the effects of low water flows on
overwintering fish. The problems of water withdrawals
elsewhere along the pipeline route warrant careful attention.
Water will be required to test the pipeline hydrostatically, for
camps, and for the construction of snow and ice roads,
particularly along the northern part of the route where
snowfall is low. But whatever may be the project’s needs, the

165

PART THREE –
THE PROJECT

Water
Withdrawals

constraints imposed by the competing uses of the living
environment must be considered. These constraints go beyond the
obvious limitations of supply, with which engineers and
contractors are familiar, to encompass the less obvious, but
equally important, requirements for fish protection, habitat
maintenance and aesthetics.
1. The objective in regulating water withdrawal shall be to
control the location and time of withdrawal, the volume removed,
and associated activities so that they will not adversely affect:
other industrial, or domestic or recreational uses of the water;
transportation on, or access to, the waterbody; trapping or
fishing in or near it by local people; populations of fish and and
other aquatic biota in the waterbody; and waterfowl or wildlife
that use the waterbody or its margins.
The need to regulate water use is recognized in existing
legislation such as the Inland Waters Act and the Fisheries Act.
However, it may be that the proposed pipeline, because of its
scale, may require measures not considered in the existing
statutes. The project will involve hundreds of withdrawal sites
and hundreds of millions of gallons of water, all within a very
short period of time. Each water withdrawal activity will be
linked to the next by very pressing schedules for project design,
construction, operation and abandonment. The sites will be spread
over an extensive area; the volumes used at some sites will be
small but at others very large. Each withdrawal will have broad
implications on project activities, on regional environment in
general and on local water sources in particular; applications
cannot, therefore, be considered in isolation.
The cumulative effect on the environment of all the water
withdrawals could well be greater than the sum of the
individual withdrawals. So, in planning and regulating the
project, we must take a regional overview, as well as look at
site-specific details.
2. The Company’s water withdrawal schemes shall be
comprehensive by considering the immediate and cumulative
environmental impact of all aspects of the preconstruction,
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construction, operation, maintenance and abandonment phases
of the proposed pipeline.

5. The overall plan shall be approved by the Agency before
site-specific applications are submitted for water withdrawals.

Overall Plan

Site-specific Applications

We have available some outstanding environmental studies that
relate to water withdrawal but this work has not been brought
together to give a comprehensive overview of the nature and scope
of water withdrawals and their possible effects. It is essential that
the concerns emphasized in the chapters on fish and the physical
environment be considered together with such requirements of the
project as pipe testing, snow roads, camps, and river crossings so
that their relation to the problems of water withdrawal is clear to
everyone involved with the design and approval of plans.
Overall plans have been recommended for various aspects of
pipeline construction and operation. Because of the
interrelationship between water withdrawals and the other uses of
water resources, these plans must all be concisely keyed to each
other. This could not be done during the Inquiry hearings, but it
seems to me that it will have to be carried out before the
government or other interested parties will be able to provide
meaningful direction or comment. An overall plan is a means by
which the views of experts and specialists in all fields can be
incorporated into the planning and review process. I therefore
endorse the approach taken by Commission Counsel in his final
argument that, as in the case of all other aspects of the
management of water resources, there should be an overall plan
as well, as site-specific applications.
3. Before the final design phase, the Company shall prepare
for approval by the Agency an overall plan for the water
withdrawals for all construction activities and all permanent
facilities over the life of the pipeline up to and including its
abandonment. Subject to the direction of the Agency, the overall
plan shall, as far as possible, be in cartographic form, shall be
presented by drainage basin (or a part thereof) as designated by
the Agency, and shall take into account, by means of overlays or
other graphic techniques at the same scale or by notations, the
other overall plans requested elsewhere in this report. The
Agency may request the Company to resubmit parts of this overall
plan if, for any reason, they do not meet with its approval. The
Company shall undertake to keep the overall plan up to date so
that it reflects the latest policies and actions of the Company, the
Agency and government.
4. The overall plan shall specify such items as the general
timing and the extent of pipeline-related activities; the source of all
water to be used and the proposed method of its withdrawal, means
of transportation, storage, treatment and use; the anticipated
volume and the rates and periods of withdrawal; the general
physical and biological characteristics and the domestic or
commercial uses of the water source; and other details the Agency
may require, such as alternative withdrawal sites and plans.

6. The Company shall file with the Agency a separate sitespecific application for each water withdrawal, regardless of its
rate or duration. Each of these applications shall be keyed to the
overall plan. For administrative purposes, such individual
applications may be group-filed by each spread year, except when
they are not related to any specific spread location. In this event,
they shall be filed on an individual basis.
7. In all circumstances, the Company shall supply to the
Agency all information that is required or requested regarding the
potential effect of a water withdrawal on the environment,
particularly as it relates to fish or to the use of a waterbody by
other people for domestic or other purposes. In particular, each
application shall outline the need for water and shall specify such
items as the source of the water and the location of its use; the
maximum rates of withdrawal; the total volume to be withdrawn
or, in the case of a continuing withdrawal, the volume per unit of
time; the design details of the means of taking, transporting and
treating the water; the particular environmental and land use
characteristics of the water supply source (including its use by
fish, wildlife, trappers, fishermen or by any people for
recreational, professional or other uses) on which the Company’s
assessment of the site and of the effects of the proposed
withdrawal are based; the proposed methods for and the times of
monitoring water withdrawals and their effects on the
environment; and other details as requested by the Agency.
The application shall predict the physical changes to the
waterbody that may result from the withdrawal. In the case of
watercourses, this will include the percentage decrease in flow
rate, water depth and water level; and, for winter withdrawals
when fish or eggs are present downstream, the changes in depth
and area of pools during minimum flow and maximum ice cover.
For lakes, it will include the percentage decrease in the water
volume, the maximum water drawdown anticipated, and the
length of time the waterbody will take to recover its natural
level.
8. Applications that are approved shall be valid for only the
quantities, locations and periods of withdrawal specified. If the
conditions are altered in any way that would increase or change
the location of the impact, the Company shall submit an amended
application for approval.

Design Guidelines
Many principles of design and operation were placed before
me in evidence that will assist the government and the
Company in the preparation and execution of their plans. I
have asked my staff to develop guidelines from this evidence,

Water Withdrawals

and I commend them, together with the recommendations I have
made elsewhere in this report, to everyone concerned, as a
common starting point in the development of a comprehensive
approach to water withdrawals.
9. All water withdrawals shall be made only in accordance
with site-specific plans prepared by the Company, signed and
sealed by a professional engineer and approved by the Agency.
10. To protect the physical and living environment, the design
of all water withdrawal facilities shall be in accordance with the
following parameters:
a) Water shall not be removed from a waterbody frequented
by fish, waterfowl, or aquatic furbearers, unless the
Company has demonstrated that this withdrawal will not
be detrimental to the fish waterfowl or aquatic furbearer
populations and resources in and around the waterbody,
either at the time of removal or at any subsequent time. If
the Company submits that a waterbody is not frequented
by fish, it must be able to demonstrate that claim to the
satisfaction of the Agency.
b) No water intake shall be located within 1,000 feet of fish
spawning or overwintering areas that have well-defined
boundaries. Water removal from large waterbodies that
have scattered fish overwintering and spawning areas
shall be permitted, if proper screening and approved
velocities are maintained.
c) Water removal shall not exceed 10 percent of the minimum
quantity of water in the waterbody during the period of
removal. In any case, water shall not be removed from any
lake that contains fish, unless it is deeper than 12 feet, or
from any flowing waterway that contains fish, if removal
would reduce velocity below 75 percent of the normal flow
or to a depth of less than 0.6 feet. In all waterways that
contain overwintering fish, the flow rate shall be
maintained at least at the natural median monthly
minimum flow level between November and April. The
monthly minimum flow calculation shall be based on the
flow normally expected in streams during nine out of 10
years in each of the winter months.
d) Water removal shall not cause siltation or turbidity in
excess of the standards set out in Fish.
e) Intake structures shall be located and designed so that the
maximum inlet velocity is one foot per second or a
velocity that is demonstrated to avoid interference with
indigenous fish populations, assuming a worst-case
situation with ice accumulation on the screen and in the
water. Where it is necessary to avoid adverse effects to
migrating juvenile fish, intakes shall be recessed into
stream banks.
f) Stationary intakes shall conform to the specifications
outlined in “Intake Screen Guidelines (1972),” prepared by
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the Fisheries and Marine Service (Vancouver),
Department of the Environment.
g) Movable intakes shall be assessed and approved on an
individual basis, but they should meet specifications that
are comparable to those for stationary intakes.
11. The design of water withdrawal facilities shall include
measures to be taken during use and upon abandonment to
stabilize the approaches to the source so that soil creep and
erosion will not occur.
12. Where permanently submerged water withdrawal
structures are used, the Company shall arrange to have a
government agency inspect the structure on site before it is
installed.
13. The Company shall design all water-related systems for
construction activities, camps or permanent facilities to
incorporate practices and equipment that will minimize the use of
water. This practice will be particularly important in areas that
are ecologically sensitive or that are without an abundant water
supply.

Operating Considerations
14. An individual qualified to supervise water withdrawal
operations shall be at the withdrawal site at all times during
withdrawals of water that will be used for industrial and related
operations during pipeline construction and testing (for example,
pipe testing, ditch flooding, and snow road construction).
15. An individual qualified to supervise water withdrawal
shall be a person who has been so designated by the Company
and approved by the Agency and who has a demonstrated
knowledge of the critical biological features of the water supply
source, including the habitat features that must be protected and
the presence and movement of fish; the design and operation of
the water withdrawal facility; and safety.
16. The individual qualified to supervise water withdrawal
shall be given authority by the Company to stop all water
withdrawals, should he be asked to do so on site by the Agency’s
representative or should he deem it necessary on the basis of his
own judgment.
17. If an intake impairs fish habitat or interferes with fish
movements, directly or indirectly, it shall be shut down and either
redesigned or moved to a more suitable location that has been
approved by the Agency.
18. If the minimum flow or depth in the watercourse or lake
is approached during water withdrawal, the extraction of water
shall be reduced until a safe water level has been restored.
19. Upon abandonment of a water withdrawal facility, or
when such a facility will not be used for an extended period of
time, as determined by the Agency, the Company shall remove
the intake and all related equipment and structures from the
water.
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The collection, handling, treatment and disposal of wastes are not
issues that attract much public attention during the review of a
huge project such as the proposed pipeline. They are regarded by
most people as matters of routine. However, the evidence now
before me demonstrates that explicit directions must be given to
avoid unnecessary problems that may arise through
misunderstanding rather than from conflicting objectives.
1. Waste from construction camps and permanent facilities
associated with the pipeline must be collected, treated and
discharged in a manner that will eliminate any hazard to public
health, avoid the creation of a nuisance, maintain the quality of
the environment, and protect the indigenous flora and fauna.
Everybody will agree with this recommendation, but
problems will arise as the Agency tries to quantify, and as the
Company strives to meet, these broad objectives.
The northern environment poses special problems for waste
management engineers. For example, the prolonged cold inhibits
biological degradation of waste and extends the survival period
for many pathogenic organisms. Natural dissolved oxygen levels
in northern watercourses are often very low, so that the
introduction of project-related wastewater (which consumes
dissolved oxygen during its decomposition) may locally reduce
the oxygen to a level below that necessary to sustain aquatic
organisms. The attraction of wildlife to domestic solid waste is a
matter of particular concern.
In the North today, there are relatively few major sources of
pollution: the rivers, lakes and streams are among the cleanest in
North America, and the land has not yet been much altered by
man. These qualities are, in themselves, worth preserving, but in
attempting to preserve them, we must be realistic, particularly in
view of the limited duration of most pipeline activities. There are
limits to environmental control: we cannot protect every blade of
grass. We cannot guarantee that there will be no losses to fish and
wildlife populations.
On the other hand, we must work with the environment as
much as possible to reduce total impact. For example, if waste
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were allowed to be disposed of without the use of elaborate
treatment facilities, its short-term impact could be great, but its
long-term impact might be less than the total environmental
consequences that would result from the fabrication, construction
and abandonment of such facilities. We must understand the costs
and limits of practicable technology and we must know what is
the environment’s natural assimilative capacity. For example,
some of the large waterbodies in the North, particularly the
Mackenzie River, can assimilate substantial quantities of
domestic wastewater without environmental harm. Prudent use of
such assimilative capacity, particularly on a temporary basis, may
be good environmental management.

Waste Management Plans
For a realistic and comprehensive approach to the management of
waste produced by the pipeline project, there must be, at the
outset, agreement between the Company and the Agency about
the nature and extent of the subject. The preliminary nature of the
waste management proposals that were put before the Inquiry
makes it impossible, at this stage, to piece together an overall
picture. However, it is important to say something about the
relation of the locations, volumes, and periods of discharge of all
wastes – liquid and solid – to other aspects of the project,
especially if they may have a cumulative or compounding effect
on the receiving environment. Sources of water and the points at
which pipe test liquids are discharged should be considered, as
well as environmental constraints, such as the natural
characteristics and fluctuations of dissolved oxygen levels in
waterbodies, permafrost soils, fish spawning and overwintering
areas, and the use of water, land and renewable resources by
people. In this way, the problems posed by waste disposal may be
seen from the overall perspectives of both the project and the
local environment.
Consequently, I endorse the approach taken in the
submission of Commission Counsel in his final argument, which
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requires the Company to develop an overall waste management
plan before submitting site-specific applications. Commission
Counsel’s proposals, which I present here in a slightly revised
form, should be adopted.

Overall Plan
2. Before the final design phase, the Company shall prepare
for approval by the Agency an overall plan for the disposal of
wastewater and solid waste from all construction activities and
from all permanent facilities related to the pipeline project, up to
and including abandonment. Subject to the direction of the
Agency, the overall plan shall, as far as possible, be in
cartographic form, shall be presented by drainage basin (or a
part thereof) as designated by the Agency, and shall take into
account, by means of overlays or other graphic techniques at the
same scale or by notations, the other overall plans requested
elsewhere in this document. The Agency may request the
Company to resubmit parts of this overall plan if, for any reason,
they do not meet with its approval; the Company shall undertake
to keep the overall plan up to date so that it reflects the latest
policies and actions of the Company, the Agency and
government.
3. The overall plan shall specify such items as the general
timing and the extent of pipeline-related activities; the points of
generation and disposal of waste; the proposed methods of
collection, storage, treatment and disposal of all waste; the
anticipated volumes, the physical, chemical and biological
characteristics, and the periods of discharge of all waste; the
general physical and biological characteristics of the
environment in the vicinity of any waste discharge sites; the
location of any communities or camps in the vicinity of the
proposed activity, with a description of the use they make of the
waters and lands that may be affected by the waste disposal
actions of the Company; and other details the Agency may
require, such as alternative waste disposal sites and plans.
4. The overall plan shall be approved by the Agency before
site-specific applications are submitted for wastewater discharge.

Site-specific Applications
5. The Company shall file with the Agency a separate site-

specific application for each discharge site of solid and liquid
waste, regardless of the quality, rate or duration of the discharge.
Each of these applications shall be keyed to the overall plan. For
administrative purposes, such individual applications may be
group-filed by each spread year except when they are not related
to any specific spread location. In this event, they shall be filed on
the basis of the activity or the geographical area involved.
6. Each application shall specify such items as the normal
and maximum population of all facilities at which domestic
waste will be generated; the complete design parameters of the

facility proposed to dispose of waste, including a documented
estimate of the quantity, its chemical, physical and biological
characteristics, and the location, method and periods of
discharge; the design and operating considerations for
handling upset conditions such as surge flows, hydraulic
overloading, equipment failures and the collapse of biological
processes; the particular physical characteristics of the
receiving environment, its use by fish and wildlife species and
by hunters, trappers or anyone else for recreational,
professional or other use, together with the Company’s
assessment of the degree of treatment that is needed at a
particular discharge site; and the proposed methods and times
both for the monitoring of receiving lands and waters, and for
their rehabilitation after the discharge has stopped.
7. The Company must be able to satisfy the Agency that the
collection and treatment processes will be performed to the
standards specified under the prevailing field conditions.
8. The Agency must approve an application before any onsite
construction begins. Approved applications shall be valid for only
the quantities, qualities, locations and periods of discharge
specified. If the conditions are altered in any way that would
increase or change the location of the impact, the Company shall
submit an amended application for approval.
9. The Company shall supply to the Agency all information
that may be required and requested regarding the effect of any
waste discharge on the environment.

Wastewater
The primary purpose of any scheme to manage wastewater is the
establishment and maintenance of effluent standards that will
achieve the objectives I set forth in my first recommendation.
This task is not as straightforward as it may at first seem, and it
could lead to misunderstanding among all the parties that will be
involved in the construction and regulation of a pipeline.

The Application of Standards
It is worthwhile to place the subject of wastewater treatment in
perspective so that we can understand the application of relevant
standards in the North. Everyone agrees that it is important to
treat sewage to protect the environment. In urban and industrial
areas, where most of us live, the volume of wastewater is greater
than the local environment can absorb. Thus, treatment of sewage
is desirable – if not essential – to our well-being.
Most wastewater technology and programs tend to focus
on the urban and industrial problems we face in the South. This
perspective is often transferred to the treatment of wastewater
problems in frontier regions. Furthermore, we all tend to
feel satisfied with forms of technological responses that

Waste Management

result in measurable improvements. But is this the right approach
in the North? Is there an entrenched administrative approach here,
an approach that is strengthened by urban industrial attitudes, that
views with suspicion any softening of southern regulations in the
northern context?
Presumably there are economic, technical and administrative
limits to environmental protection programs. Are we not, then,
obliged to define our concerns on the basis of the actual priorities
of the northern environment rather than on the basis of the
problems and the technology applied in other parts of the nation?
Are not other fresh water issues more important in the North than
elaborate sewage treatment? Is it not, for example, more important
to eliminate barriers to fish by installing more bridges and larger
culverts, to reduce the problems of siltation by using more
elaborate devices to control erosion, or to institute comprehensive
procedures to prevent and control toxic substances?
I am dismayed by the huge amounts of money and effort that
have been spent on sewage treatment in connection with the
Alyeska pipeline. Many of the secondary treatment plants did not
meet their design specifications, and often the effluent produced
by secondary treatment was only slightly better than it was after
primary treatment. The Alyeska Pipeline Service Company did
not, therefore, achieve the environmental benefits of secondary
treatment, yet they poured hundreds of thousands of dollars into
the effort. The friction that resulted between the surveillance and
administrative authorities seems to me to have been far out of
proportion to the importance of the subject. In considering the
Alaskan experience, we must look not only at the reasons why the
secondary treatment plants failed to operate properly, but also at
the justification for these plants in the first place.
Commission Counsel said that “procedures to minimize the
adverse effects of waste disposal on the receiving environment
are not ... well understood” (Commission Counsel, 1976,
“Construction Services and Activities: Wastewater and Sewage:
Camps and Facilities,” p. 1). Archie Pick, of the Environmental
Protection Service, Department of the Environment in Edmonton,
after reviewing the argument, disagreed:
The aspect that is not well understood is a method of rational
analysis to determine the level of treatment efficiency required
in each site-specific case. The gap is more in the ability to
interpret the receiving environment and its limitations and the
time required to do so, rather than with the waste treatment
systems available. In fact, it is this gap that has led most
jurisdictions to adopt a strategy similar to “Best Practicable
Technology,” which is based on a concept of incremental
improvement rather than doing nothing because rational
engineering analysis is not fully available. The difficult part of
the concept is to define technology that is “practicable.”
Practicability infers that the system is available, proven and
does not create an unnecessary economic or technological
hardship....
Conceptually I do not object to the need to consider the
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assimilative capability of the receiving environment; however,
the difficulty that has been experienced in arriving at waste
treatment requirement this way should be recognized. I
challenge the second statement [in Commission Counsel’s
submission] which states that “it would be irresponsible to lay
down blanket-type effluent standards that ignore the influent
characteristics and the site-specific characteristics of the
receiving environment.” It has been the cumulative experience
of pollution control agencies that attempts to regulate on a siteby-site basis lead to interminable delay and a failure to achieve
pollution abatement goals.
In effect, I am saying that the assimilative approach, while
scientifically desirable, is virtually unworkable from an
administrative perspective. I believe such a requirement would
ensure that no decisions of consequence could be reached until
after a pipeline was completed. With the large number of sites
involved, the Agency would become bogged down in rhetoric
and alternatives. [Pick, personal communication, June 28, 1977]

I am persuaded that these are vital points: we must specify
standards that are attainable with practicable technology, as
suggested by Mr. Pick, and be prepared to specify the standards
without the extensive site-specific analyses necessary to define
scientifically the assimilative capacity of the local environment.
In doing so, we must recognize the temporary nature of most of
the discharges associated with the project and the time constraints
that all parties will have to meet during the design and
construction periods.
I have heard evidence on the problems of managing the
wastewater associated with the Alyeska pipeline. There, the high
cost of treatment, and the design and operating problems
encountered seem to be tied, in part, to the nature of wastewater
produced by the camps: it is several times more concentrated than
that produced by cities and towns. The standards applied,
however, often do not take this fact into account.
The pipeline companies initially told me that they would
provide secondary treatment for all wastes from large camps, and
the quality of the effluent from them would have been close to the
standard specified in Guidelines for Effluent Quality and
Wastewater Treatment at Federal Establishments and in
Recommended Environmental Standards for the Design and
Construction of a Mackenzie Valley Gas Pipeline, both published
by the Environmental Protection Service, Department of the
Environment. However, the companies later modified their
statements and suggested a lower quality of effluent. The National
Energy Board has rejected this modification and said that the
standards set out in the federal guidelines must be met.
I think that, in our efforts to protect the environment, we
must be careful that we do not lose sight of our overall
objectives and of the limits of practicable technology. The
federal guidelines were intended as an example, and they are,
therefore, equal to, or more stringent than, the established
standards or requirements of any other federal or provincial
regulatory agency. I am advised that the effluent limits set out
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in the guidelines are based on the quality of municipal effluent
attainable with well-operated, standard secondary treatment
technology, which is considered to be the best practicable
technology. This technology is considered to remove at least 85
percent of suspended solids and five-day biological oxygen
demand (BOD). For domestic wastewater at the federal
establishments for which these guidelines are intended, the
specific effluent limits are, therefore, 20 milligrams per litre
(mg/l) BOD and 25 mg/l suspended solids.
However, if we recognize that camp wastewater will be
several times stronger than municipal Wastewater, it is obvious
that a practicable reduction by 85 percent of camp wastewater will
yield an effluent that exceeds the limits specified in the federal
guidelines. If the numerical limits of the guidelines are applied, we
shall, in fact, be asking the Company to reduce its wastes by over
96 percent – and that is not practicable. In most instances, it would
place an unnecessary burden on the Company and its enforcement
would cause considerable difficulty for the Agency. Quite simply,
such an approach to the problem will be unmanageable.
James J. Cameron of the Northern Technology Centre,
Department of the Environment, in Edmonton has written the
Inquiry on this subject.
I do not believe the Guidelines for Effluent Quality and
Wastewater Treatment at Federal Establishments (EPS-1-EC76-1) have direct application in these circumstances. I agree that
the wastewater management requirements should be site-specific
to allow flexibility in engineering and administration and
tailoring to the characteristics and uses of the receiving
environment. Domestic wastewater effluent quality requirements
should be cognizant of the present and future very low population
densities, and industrial and agricultural activities within northern
watersheds. However, wastewater disposal must not adversely
affect the local environment. Northern effluent guidelines must
consider the relatively long survival time of pathogenic
organisms in cold environments and the resulting potential health
hazard which is enhanced by the use of receiving waters by local
people in their extensive land use activities.
Unfortunately, it is generally impracticable to assess
scientifically and to define clearly the assimilative capacity and
public health requirements and to administer strict receiving
water quality regulations. This is particularly true in the
northern environment, which is less studied and understood,
and where there are few relevant precedents. Also, the transient
nature of this project’s activities negates incremental response.
Therefore, I believe that it is prudent to present a precise,
conservative, yet rational general effluent standard. However,
these should not be based on the Federal Establishment
Guidelines. Rather, their intention of a well-operated secondary
treatment system should be applied to the characteristically
concentrated nature of the camp wastewater.
Effluent BOD from normal camps is expected to be
approximately 600 mg/l. Higher values would be produced where
kitchen wastes and grease are not segregated or where water
conservation measures are implemented. In contrast, the BOD of
domestic type effluents from normal municipalities is generally

less than 200 mg/l. The higher strength wastewater is relatively
easier to treat and normal secondary treatment technology can
achieve a 90 percent reduction in BOD. I understand that on
this latter point there is precedent in the Great Lakes
regulations for ships. In these circumstances, a strong waste
with BOD of 500 mg/l is anticipated and the effluent
guidelines specify a maximum effluent BOD of 50 mg/l.
If this “best practicable technology” concept is followed, then
maximum effluent requirements for BOD of 60 mg/l and
suspended solids of 75 mg/l with a minimum of 90 percent
removal and fecal coliform count less than 400 per 100 ml
would be appropriate. If such a reasonable general effluent
guideline were presented, I believe that it would be adopted
without dispute for the majority of camp locations. Indeed, to
standardize the design and to show good corporate citizenship
and leadership, the pipeline company may choose to adopt
these at all but the small, temporary camps, even though such
standards were not required on environmental grounds. In
those instances where the receiving environment could not
readily assimilate such a loading, then flow management
lagoons to prevent discharge during critical times of the year
will probably be the most economical and environmentally
sound solution. [Cameron, personal communication, July 15,
1977]

Effluent and Disposal Standards
Before giving my recommendations, I want to dispel any
misunderstanding that may arise from my general conclusion that,
although the same principles of waste treatment should be applied
to the pipeline project as would be applied to a federal
establishment in southern Canada, less stringent numerical
standards should be used. This conclusion does not contradict my
general view that ambient water quality standards, which I
proposed in The Physical Environment: Water, should be
maintained. The temporary nature of most discharges, the design
and location of camp facilities and the natural assimilative
capacity of waterbodies will help to limit most of the adverse
impacts on water quality. Of course, if there is any danger of
overtaxing the natural assimilative capacity of waterbodies,
higher effluent standards can be provided or the discharge may be
held until it can be released without harm. My point here is that
we must not try to apply standards that we know from the outset
are virtually unattainable.
In the chapter on The Physical Environment, I said that
wetlands should be accorded the same level of protection as other
elements of the landscape. Thus, although I recognize that the
Company may, in some circumstances, use wetlands to receive
sewage effluent, the quality of the effluent that may be discharged
into swamps must be strictly controlled, as outlined below. The
value of wetlands, in this context, lies in their capacity to hold water
and as habitat for aquatic and other wildlife species. Their value as
habitat would not be decreased – in some cases, it could be enhanced
– by the addition of nutrients. Also, if wetlands are used as natural
sewage lagoons, there will be no need to dig artificial lagoons,
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which would remain, after they were abandoned, as scars on the
landscape. My recommendations aim to prevent the abuse of all
northern lands and waterbodies and to ensure the continued
viability of their ecosystems.
Obviously a balance must be struck that will ensure the
attainment of our objectives in a practicable way under the field
and administrative conditions of the project. I have asked my staff
to pursue this issue. They have received useful information from
the Environmental Protection Service, Department of the
Environment, in Edmonton, on which I have relied, in part, in
writing the foregoing paragraphs and in what follows.
10. The Minimum Effluent Standards for all facilities shall be
based on primary treatment, which shall consist of the removal of
settleable, floatable and suspended solids and grease and of
appropriate disinfection to ensure that public health standards
are met. Primary treatment could be accomplished by screening,
grit removal, pre-aeration and primary sedimentation, with
surface skimming to reduce grease and floatable solids.
11. The General Wastewater Treatment Requirements that are
applicable to major construction camps and to permanent
facilities that discharge into environments that have a relatively
limited assimilative capacity shall be based on the best
practicable technology and on the capabilities of a well operated
secondary treatment technology. In view of the relatively high
concentration of camp wastewater, the effluent may have a
maximum BOD of 60 mg/l and suspended solids of 75 mg/l, but
the maximum must not exceed 10 percent of the influent values
and the fecal coliform count must be less than 400 per 100
millilitre (ml). The Agency may specify more or less stringent
effluent standards in view of the volume of effluent, its quality, the
timing of its discharge or because of other developments in the
area and the nature and uses of the particular receiving
environment.
12. Unless otherwise noted by the Agency, any application to
dispose of effluent in a way that deviates from the General
Wastewater Treatment Requirements shall be supported by
site-specific information.
13. The discharge of an effluent without disinfection shall be
permitted only when it has been proved beyond reasonable doubt
that it poses no threat to public health. The Company may be
required to institute higher standards of treatment on a
site-specific basis to ensure that the effluent is adequately
disinfected.
14. The use of chlorine as a disinfectant is discouraged, but
where it is used the Company shall demonstrate that the
chlorinated effluent is not toxic to aquatic organisms.
15. The wastewater effluent shall be discharged only into a
receiving environment that can assimilate the residual
pollutants. Outfall works shall be designed to disperse the
effluent. Particular attention shall be given to the protection of
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waterbodies from excessive organic loading during periods of ice
cover or low water levels and to preventing discharges into
waterbodies that are quiescent or that could become thermally
stratified, thereby causing localized concentrations of effluent.
16. Unless otherwise demonstrated as environmentally
acceptable, swamps, bogs or fens shall not be used to receive
treated effluent for more than five years, and they shall be of
sufficient size to allow approximately 120 square yards per
contributing man-year. The disposal of treated effluent should, if
possible, be into swamps, bogs and fens that have sub-pools that
maintain flow throughout the year (Hartland-Rowe and Wright,
1974). All swamp, bog or fen areas used for effluent disposal shall
be clearly posted to alert trappers and others that sewage effluent
is present.
17. All solids and sludges in, or resulting from, the treatment
of wastewater or sewage shall be handled and disposed of in a
manner approved by the Agency and consistent with its
requirements for solid waste disposal as detailed in Waste
Management: Solid Waste.
18. To ensure proper operation of all treatment facilities, a
qualified operator or other designated individual shall attend all
wastewater and sewage operations at such times as the Agency
may designate. The Agency must approve the training program
and qualifications of such an operator or individual.

Sampling and Records
19. The procedures for effluent sampling and analysis shall
be in accordance with the latest edition of Standard Methods for
the Examination of Water and Wastewater (American Public
Health Association, 1974)
20. During periods of effluent discharge, composite samples
shall be taken and analysed daily or as otherwise specified by the
Agency for BOD and suspended solids to ensure that the specified
standards are not being violated. Referee samples shall be taken
at times specified by the Agency and analysed by personnel
approved by the Agency. The results shall be incorporated into the
plant records.
21. The Company shall conduct additional tests, such as fecal
coliform tests, chlorine residual tests (when chlorine is used as a
disinfectant in the effluent stream), and nutrient, chemical oxygen
demand (COD), total organic carbon (TOC), and other tests, as
the Agency may require to measure the impact of the effluent on
the receiving environment.
22. If an effluent is discharged directly or indirectly into any
stream, the Company shall sample the water both above and
below the discharge point. These samples shall be taken at the
same time as effluent samples, or as otherwise directed by the
Agency, and they shall be analysed for BOD, suspended solids,
total coliforms, chlorine residual and other parameters, as the
Agency may specify. The results shall be incorporated into the
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plant records. Sampling points shall be established as outlined in
the chapter on Fish or as otherwise directed by the Agency.
23. For both composite and grab samples taken at
wastewater treatment sites, the arithmetic mean for any
consecutive 30-day period should not exceed the limits specified;
in accounting for minor disturbance to plant operations, the
seven-day arithmetic mean shall not exceed 150 percent of the
limits specified. If the effluent does not meet these limits, the
treatment system shall be declared deficient, and the Company
shall immediately take corrective measures that are acceptable to
the Agency.
24. Adequate records and reports of the wastewater treatment
operation shall be maintained on site in a form approved by the
Agency. They shall indicate the characteristics of the raw waste;
the amount of waste treated, chemicals used and sludge
produced; final deposition of sludge; effluent quality;
maintenance done; and characteristics of the receiving
environment. During pipeline construction, a copy of all records,
duly certified by the operator and camp superintendent, shall be
forwarded to the Agency at the end of each month. During
operation of the pipeline, these records shall be made available
upon request.

Design Guidelines
The terms and conditions I have outlined above to deal with plans for
wastewater management and with effluent standards should provide the
basis for the preparation, implementation and assessment of
comprehensive measures for the management of wastewater. However,
further guidelines may be needed to clarify various details. To assist the
Company and the Agency, I include below guidelines taken from
Commission Counsel’s final argument, revised to accommodate the views
of participants, and others.
I must emphasize that the objectives of wastewater treatment
will be best met by having a plant design that is appropriate to the
type of waste expected from camps and by ensuring that the
system is operated well. The quality of operation is of paramount
importance because excellence of design cannot fully compensate
for a poor operator. A good operator, on the other hand, can often
compensate for minor shortcomings in design.
QUALIFIED OPERATOR
25. A qualified operator for the wastewater and sewage
operations shall be on site at all times when construction and
related operations exceed 200 man-days at one location; one day
a week, with a minimum of two visits per site, when construction
and related operations are less than 200 man-days at one
location; and as required at permanent facilities on the operating
pipeline to perform normal maintenance and repairs, except that
there shall be a minimum of two visits a year (one of which shall
be in winter) or once every 200 occupied man-days.

26. A qualified operator shall have successfully completed a
training program approved by the Agency. The operator training
program being developed by the Water Pollution Control
Directorate, Environmental Protection Service, Department of
the Environment, and the guidelines for the classification of
treatment facilities and certification of personnel developed by
the Committee on Training and Certification, Federation of
Associations on the Canadian Environment, should be used in
developing a program to train operators for work on the pipeline
project. Qualified operators should have a demonstrated
knowledge of wastewater treatment processes; wastewater
sampling procedures; wastewater tests, such as those for BOD,
COD, suspended solids, pH, dissolved oxygen, and chlorine
residual; interpretation and application of laboratory results;
equipment operations, basic repairs and preventive maintenance;
basic public health practices; and safety. In particular, the
operator must be able to deal with start-up and upset conditions
such as surges and the collapse of biological processes.
27. At locations where a full-time qualified operator is not
required, one individual shall be designated to ensure the safe
and proper functioning of all wastewater and sewage systems.
That designated individual shall have a demonstrated knowledge
of wastewater sampling procedures; steps to be taken to deal with
start-up and upset conditions such as surges and the collapse of
biological processes; equipment operations, basic repairs and
preventive maintenance; testing and reporting responsibilities;
basic public health practices; and safety.

DESIGN
28. Before disposal, all wastewater and sewage shall be
collected and treated in accordance with detailed site-specific
plans prepared by the Company, signed and sealed by a
professional engineer and approved by the Agency.
29. Each wastewater and sewage treatment system shall be
designed to handle maximum possible peak flows and surges, plus
20 percent, to minimize the chances of hydraulic overloading of
the system. The use of flow equalization systems shall be
mandatory for all mechanical treatment plants. Continuously
recording flow meters shall be included at the effluent points of
all treatment facilities. Biological treatment plants at facilities
that experience wide variations in population should use parallel
treatment plants to ensure that organic and hydraulic loading are
within the acceptable range for optimum treatment.
30. To ensure proper operation of the facility, all treatment
plants shall include a laboratory adequately equipped to make
the routine influent and effluent analyses.
31. All continuous-flow wastewater treatment facilities
that depend upon the operation of mechanical equipment shall
have temporary emergency storage ponds or tanks with a
capacity sufficient for a 10-day flow of untreated effluent.
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Pump facilities to return such stored waste to the treatment
facilities shall be provided.
32. All domestic water and sewage systems used in camps or
in permanent facilities shall be evaluated so that practices and
equipment may be incorporated to minimize the use of water and
thus to reduce the volume of wastewater produced. This
evaluation will be particularly important in environmentally
sensitive areas and in locations without abundant water.
These design considerations are based on the use of
conventional systems of water supply and sewage collection and
they should be applied accordingly. Where the Company uses a
system to conserve water, as it is actively encouraged to do, the
Agency should give special consideration to proposals for the
adjustment of specific effluent quality limits and to the disposal of
any special effluents, such as concentrated sludges and grey water.
33. Sufficient spare parts and equipment shall be stocked in
appropriate locations to provide for the timely maintenance of
wastewater treatment and disposal systems.
LAGOONS
34. Lagoons for wastewater and sewage treatment shall be
designed for a minimum retention period of one year under the
worst case of infiltrated water conditions and with maximum
population, plus 20 percent, to account for unforeseen variations
and to ensure, as far as possible, that hydraulic overloading will
not occur. The Company shall limit discharge from lagoons
during critical periods of the year, such as the period of ice-cover,
to ensure compliance with the criteria for the quality of the
receiving water. (See The Physical Environment.)
35. Lagoons shall include a separate primary cell. The sludge
shall be cleaned out of it as often as required for good operation
and disposed of in a manner approved by the Agency and
consistent with the requirements as specified in Waste
Management: Solid Waste.
36. All plans for sewage lagoons shall be accompanied by
detailed, site-specific, geotechnical and thermal (permafrost)
analyses. The materials to be used for waste-impounding
embankments, their source, permeability and stability shall be
specified. Measures to control seepage shall be described.
37. Natural waterbodies shall not be used as lagoons unless
the Company can demonstrate the site-specific benefits of such a
practice.
38. Unless otherwise approved by the Agency, sewage
lagoons shall not be located within 1,000 feet of any waterbody
that supports fish that is a source of water supply or that is used
by local people for hunting, trapping, fishing or for recreational
purposes.
39. When submissions are made for the initial authorizations
to work, the Company shall submit for approval specific details
of the measures that will be taken when each lagoon or
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wastewater retention pit is to be abandoned. Upon termination of
use, lagoon storage facilities shall be maintained for a minimum
of one year or until the water quality has sufficiently recovered to
permit the discharge of its total contents into the receiving
environment. The topography of the lagoon area shall be restored
to be compatible with the surrounding terrain and it shall be
revegetated. Abandoned lagoons shall be posted.
INDUSTRIAL WASTE
40. Wastewater and sewage from non-domestic operations
associated with the pipeline shall be discharged into sanitary
sewers only if they do not interfere with the treatment process.
Subject to site-specific approvals by the Agency, the wastes
should comply with the guidelines given below. Industrial
effluents shall not be diluted to comply with these maximum
levels.
a) The temperature of industrial waste discharge shall not
disrupt the treatment process or the receiving environment.
b) The industrial waste flow shall not exceed twice the
designed average daily flow.
c) The pH of the industrial waste shall be between 5.5 and
9.5.
d) Organic and other industrial waste concentrations shall
not overload the treatment system.
e) Toxic materials discharged into sanitary sewers shall not
exceed the following levels (expressed in mg/l):
Cadmium
Chromium
Copper
Cyanide as HCN
Lead
Mercury
Nickel
Phenolic compounds
Zinc

3
3
3
2
3
0.005
3
1
3

Pretreatment to reduce toxic materials to this level will result
in sludges, the disposal of which must be described to and
approved by the Agency.
f) Flammable or explosive materials shall not be discharged
into sanitary sewer systems but shall be contained and
treated as hazardous materials.
g) Animal or vegetable fats or oils shall be limited to 150
mg/l; mineral oil effluent levels shall not exceed 15 mg/l.
h) Substances emitting hazardous or noxious gases, such as
hydrogen sulphide, carbon monoxide and ammonia, shall
not be discharged into the sanitary system.
i) Wastes containing dissolved salts in excess of 1,500 mg/l
shall be pretreated before discharge.
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j) The discharge of radioactive materials into sanitary sewer

systems shall be prohibited.

Solid Waste
The particular nature of both the proposed pipeline project and the
northern environment make it difficult to use a standard approach
to meet objectives for the management of solid wastes, such as
domestic garbage, and industrial non-combustible refuse. Here
again, permafrost, low temperature and remoteness severely limit
and, in many cases, preclude the use of conventional southern
techniques for the handling and disposal of solid waste.
During the construction of the pipeline, large volumes of
various kinds of solid waste will be produced during a short
period from centres of activity that are spread over a vast area.
Wildlife, particularly bears, foxes and rodents, will be attracted to
the organic waste, unless it is properly handled and treated. The
disposal of excavated soil and rock will also pose special
problems. Much of it will have high ice content, thereby inducing
erosion and siltation.
The pipeline companies have said that combustible wastes
from camps and facilities will be incinerated and that noncombustible wastes will be stockpiled until they can be taken to
previously designated areas or can be buried. In areas without
permafrost, the companies have said that they will use sanitary
landfill. Scrap metal and machinery will be stockpiled in
designated areas approved by the Agency or will be returned to
the South. Site-specific details for this plan are lacking, and the
need for the overall plan that I have recommended is obvious.
However, of all the problems related to solid wastes, the attraction
of wildlife to domestic waste is, in my opinion, the most
important. It is a common problem throughout the North and the
South, and the only sure solution to it seems to be incineration.
I commend to government, the Agency and the Company the
following set of guidelines relating to all aspects of solid waste
management.

Waste Guidelines
WASTE HANDLING: GENERAL
41. The Company shall adhere to the Code of Good Practice
for Handling Solid Waste at Federal Establishments
(Environmental Protection Service, Department of the
Environment), unless it can demonstrate to the Agency that other
practices are preferable.
42. All domestic solid waste produced along the right-of-way
or anywhere away from a camp or permanent facility shall be
incinerated daily on location or stored in tight, animal-proof
containers for regular shipment to the nearest approved disposal
facility.

43. Scrap metal, oil drums, discarded equipment and other
non-flammable wastes shall be stored temporarily in designated
areas. The volume of these wastes shall be reduced by
compaction, and the material shall be transported to previously
designated and approved disposal or storage sites, unless the
Company can demonstrate that other methods of handling them
are preferable.
44. Sludges from sewage or from the treatment of water shall
be handled at each location according to methods developed by
the Company and approved by the Agency. The preferred method
of disposal is incineration.

INCINERATION
45. All combustible wastes shall be incinerated in an
approved incinerator, unless the Company can demonstrate, on a
site-specific basis, that other means of disposing of these wastes
are preferable and will not attract wildlife.
46. Open incineration shall be prohibited except with prior
authorization of the Agency.
47. Unless otherwise approved by the Agency, emissions from
incinerators shall meet the standards prescribed in Air Pollution
Emissions and Control Technology, Packaged Incinerators
(McColgan, 1976).
DISPOSAL SITES
48. To avoid nuisance and the contamination of streams,
lakes or groundwater, solid waste disposal sites shall be located
at least 1,000 feet away from watercourses, human settlements or
camp sites, unless otherwise approved by the Agency.
49. Solid waste disposal sites shall be managed in
accordance with the Code of Good Practice on Dump Closing or
Conversion to Sanitary Landfill at Federal Establishments
(Environmental Protection Service, Department of the
Environment), unless the Company can demonstrate to the
satisfaction of the Agency that other practices are preferable.
50. If borrow pits are to be later used as solid waste disposal
sites, they must be so described on the application to use
materials from them and shall be approved as such by the Agency.
51. Hazardous or toxic wastes, as defined in Management of
Fuels and Hazardous Substances, shall be excluded from normal
landfills, unless specifically approved by the Agency.
52. Storage areas and disposal sites shall be adequately
fenced to prevent or restrict, so far as practicable, access by
scavengers, such as bears, foxes, wolves and wolverines, and to
contain wind-blown rubbish.
53. Upon completion of disposal operations at a particular
site, the Company shall grade and revegetate the area in keeping
with local topography and drainage characteristics, and it shall
post permanent signs to indicate the extent of the abandoned site
and its dates of use.
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WASTE DISPOSAL: CLEARING AND EXCAVATED
MATERIALS
54. Trees and shrubs made waste by clearing or cutting shall
be burned or chipped. (See Terrain Considerations.)
55. An undisturbed area of natural vegetation at least 300
feet wide shall be left between any disposal site that contains
waste soil or excavated material and any waterbody or public
right-of-way.
56. Waste soil, rock and other materials resulting from
construction, operation or maintenance activities shall not be
deposited in any waterbody, ice-covered or not, unless
specifically approved by the Agency.
57. Waste soil from the pipeline trench or other excavations,
stumps and other excavated residue should be deposited in
designated borrow pits. Waste soil may be spread over the
right-of-way or other approved sites, if the Company can
demonstrate that this means of disposal will not cause siltation of
adjacent waterbodies or interfere with natural drainage, local
vegetation or any local program of revegetation. To reduce the
risk of erosion and siltation, the waste excavated material shall be
spread out in layers not greater than six inches thick and on
slopes not greater than three degrees, unless otherwise approved
by the Agency.
59. Small amounts of waste organic material, such as peat,
may be spread on cleared areas, provided it is spread in layers not
exceeding six inches thick and is covered with soil or rendered
harmless as a fire hazard in some other way approved by the
Agency.
59. If the amount of waste soil exceeds the capacity of the
designated borrow pits and of the right-of-way, the soil may be
disposed of in spoil mounds. The Company shall prepare plans
for spoil mounds on a site-specific basis and include such details
as clearing and stripping of topsoil at the site; topography and
drainage before and after disposal occurs; nature of the
substrata; properties of the soils or other excavated material to
be disposed of at the site; height, side slopes and drainage
features of the spoil mound; and measures for rehabilitation of the
area, including grading and revegetation.
60. Disposal of unstable, ice-rich excavated material shall be
completed before it has deteriorated by thawing.
61. Unstable, ice-rich excavated material shall be disposed
of only in designated borrow pits or as otherwise approved by
the Agency. The rehabilitation and revegetation of designated
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borrow pits shall be carried out in such a way that the areas will
be stabilized.

Hazardous and Toxic Wastes
I heard evidence about the problems of handling, storing,
transporting and disposing of hazardous and toxic substances. In
the chapter entitled Management of Fuels and Hazardous
Substances, which contains a full definition of these substances, I
discuss specific aspects of these problems. in this section, I want
to cover the problems of disposing of these wastes.

Procedures
No comprehensive approach to the disposal of such wastes was
presented to the Inquiry. The problem involves a wide variety of
waste products and many special procedures and approvals. The
Environmental Protection Service has prepared a comprehensive
description of hazardous and toxic wastes, and I recommend its
use in disposing of such wastes produced by activities related to
the proposed pipeline.
62. All hazardous and toxic wastes associated with the
project shall be handled in compliance with the Code of Good
Practice for Management of Hazardous and Toxic Wastes at
Federal Establishments (Environmental Protection Service,
Department of the Environment, 1977).
63. Substances used on the project shall be selected, so far as
practicable, according to their least toxicity and persistence of
their waste products in the living environment.
64. Hazardous and toxic wastes shall be listed and especially
noted in the overall arid site-specific plans. Each application to
the Agency for a permit or approval for any purpose shall specify
the use of any or all hazardous and toxic wastes associated with
the activities included in the application. Information will include
details such as the name, properties and use of each substance;
the volume or weight of waste; the toxicity of each substance (if
known); the proposed method of packaging, transporting,
transforming and stowing of waste; and the proposed method of
disposal.
65. Radioactive materials shall be handled, stored,
transported and disposed of according to the latest government
regulations and according to specific plans developed by the
Company and approved by the Agency.
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There is a great tendency to underestimate the magnitude of the
problems associated with the storage and handling of fuels and
hazardous substances that will be used during construction and
operation of a natural gas pipeline. From the evidence before me,
it appears that the pipeline companies have not given this problem
the kind of consideration that it warrants. This causes me some
concern, because casual handling of these substances could pose
extremely serious risks to the northern environment.
The problem centres on the storage and handling of the
various fuels that will be transported in bulk to power the
machines necessary to build the pipeline and to support the
enormous infrastructure necessary to feed the construction
process. But it also involves other substances, such as lubricants,
solvents, alcohols, paints and a host of other chemicals in a
variety of forms. Moreover, if methanol is the antifreeze in the
water mixture used to test the pipeline under pressure when it is
completed, large quantities of it will have to be transported north
and stored there. The specific problems associated with the use of
methanol in testing the pipeline are dealt with in the chapter
entitled Pipe Testing.
Hazardous and toxic substances are defined in the
Environmental Protection Service’s publication Code of Good
Practice for Management of Hazardous and Toxic Wastes at
Federal Establishments, to include any product or substance that
is or contains a poisonous, toxic, inflammable, explosive or
corrosive product or any substance of a similar nature that, upon
release or escape to the environment, may cause or may
contribute to a harmful effect on the environment and on human
health and safety. Liquid and solid municipal wastes, non-toxic
and non-hazardous commercial and industrial solid waste, and
construction debris, are not included in this definition. They are
dealt with in the chapter entitled Waste Management.
The management of fuels and hazardous substances
involves two aspects that must be addressed properly from the
outset: first, to avoid spills by careful and comprehensive
planning, and, secondly, to minimize environmental damage
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Management
of Fuels and
Hazardous
Substances
caused by spills by putting effective contingency plans into
action. I wish to emphasize these two issues in this chapter.
Arctic Gas estimated in their application that they would use
about 100 million Imperial gallons of fuel and methanol during
the construction of the proposed pipeline. Foothills would use
quantities of the same order of magnitude. In addition, both
companies would use large quantities of other hazardous and
toxic substances that could cause substantial damage if they
escaped into the environment.
The transportation of fuel and other hazardous substances,
whether by rail, air, road, barge or ocean-going ships, and their
storage will use both existing and new facilities owned by the
Company itself and by non-Company interests. A variety of
standards and types of equipment will be used: for example, small
volumes of fuel (up to about 1,500 barrels) will be stored in bladder
tanks: but steel tanks may be used instead of, or in combination with,
bladder tanks for larger quantities (up to about 5,000 barrels). Final
selection of tank type will depend on several factors, including
volume, length of storage time, and availability of land. Vehicles will
transport fuels and other substances from the bulk storage areas to
worksites located throughout the project area. During the operation
of the pipeline, fuels will be stored at facilities along the right-of-way.
I have heard a great deal of evidence about the threat posed
by spills of fuels and other hazardous substances during the
construction and operation of a pipeline. Many expert witnesses
at the formal hearings testified on environmental aspects of the
project, and many people at the community hearings predicted
major damage to waterfowl, aquatic mammals, fish and the native
people’s traditional pursuits, if spills occur. This threat is real,
particularly if a spill occurs in the Delta or along the Arctic coast.
The evidence from the hearings, the technical literature
and actual world experience show that oil and chemicals, once
spilled in water, cannot effectively be cleaned up unless
exceptionally calm, temperate conditions prevail at the time
of the accident. These conditions are very seldom present in
the North. As I emphasized in Volume One, the evidence
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demonstrates that we do not have the technical ability to clean up
major spills in arctic conditions. Every effort must, therefore, be
made to avoid spills.
Fuel spills occurred during the construction of the Alyeska
oil pipeline. Gilbert Zemansky, who was engaged in monitoring
its construction, informed the Inquiry that there were at least three
major oil spills: in 1974, a seam on a bladder tank at the Toolik
camp site burst and spilled more than 100,000 gallons; between
February 1975 and spring 1976, chronic leakages in buried fuel
lines at the Galbraith camp site lost between 100,000 and 600,000
gallons; a similar situation was reported at the Prospect camp site,
where over 40,000 gallons leaked into the environment
(Zemansky, 1976).
I said in Volume One that the extremely large volume of
petrochemicals that must be moved and stored during pipeline
construction will make spills inevitable, despite the best planning.
This issue was given special consideration in the Pipeline
Guidelines, yet the plans the pipeline companies laid before the
Inquiry were vague on the subject of what must be done to
prevent spills. Some attention has been given to contingency
plans, but they are still in the most rudimentary stage of
development and they do not answer the problem.

The Limitations of Spill Control
I have heard a good deal of evidence on the need for thorough
contingency planning. But such planning is for the purpose of
developing an emergency response to an environmental hazard
that has already become reality. I have heard very little evidence
on spill prevention, despite the fact that is the means – indeed, the
only means – to a successful resolution of the risks associated
with the use of fuels and hazardous substances on the pipeline
project.
It must be clearly understood by everyone who may be
concerned with the construction, operation and regulation of a gas
pipeline, that petrochemical spills will occur, that the technology
for dealing with petrochemical spills is in its infancy, and that, as a
consequence, some level of damage to the environment will result.
We know from experience in more temperate regions that,
once a spill has occurred, the clean-up operation is very difficult, if
not impossible. In the North, the problems of cleanup are far worse.
Remoteness and the great distances between centres of activity and
supply will seriously affect the efficiency of any clean-up
operation. These distances will complicate communications,
delivery of clean-up supplies, the feeding and housing of clean-up
crews, and the repair and servicing of clean-up equipment, and
these problems are only a beginning of the difficulties.
The deployment of men and equipment in low
temperatures, through broken and moving ice, in stormy seas,
darkness and permafrost conditions may be difficult to the
point of impossibility. In winter, fuel and chemicals will run

under the ice or, if spilled on the ice, will leak through cracks and
between blocks and fissures. An ocean or river current (the
Mackenzie River averages approximately three miles per hour)
will disperse a spill over a considerable distance in a short period
of time. Booms to contain spills are relatively inefficient in
currents, waves and ice. Many northern rivers, including the
Mackenzie River, are subject to flash floods in summer: after a
heavy rain, perhaps far upstream, the river rises quickly with an
attendant increase in current velocity. Water levels fall rapidly
after a flash flood, and in such circumstances a spill might be
widely spread over soft mud on the river’s banks. These areas,
the tidal flats of the Beaufort Sea, and the low, marshy terrain of
the Mackenzie Delta would be difficult or impossible to clean up.
Barges will carry tens of millions of gallons of fuel oil during
the short shipping season on the river, the equipment available
will be used intensively, and in places there will be transfer
operations in fast currents, poor weather conditions and darkness.
The barges now used on the Mackenzie River to transport fuel
vary in design, age, size, equipment and in the layout of their
piping and pumping systems. These variations create a further
potential for accidents, and the likelihood of spills will be still
further increased if inexperienced personnel have charge of
equipment to transfer cargo.
There is the very real possibility that the huge cost that would
be incurred in the clean-up of a remote area would be used as an
argument for leaving the area to recover naturally. This has
happened elsewhere. But, in the North, natural recovery is
extremely slow and, therefore, the impact of oil pollution on
northern species and northern ecosystems is likely to be more
devastating than in more temperate climates.

Risks to the Environment
There have been several studies of the effects of oil and chemical
spills on the environment. Conclusions differ widely, and many of
the mechanisms involved in chemical and oil toxicity are not
understood. Petrochemical spills may involve different
compounds, and the threat of pollution may come from the slick
itself or from the toxic effects of petroleum fractions or chemicals.
In an aquatic environment, some hydrocarbons and chemicals will
float to the water surface, others will settle to the bottom; some are
soluble, and many volatile components of the spill will evaporate.
In Volume One, I outlined the general impacts that might
result from the spill of fuels in the North. The most visible
effects of a spill on wildlife will be seen on sea-birds and
waterfowl. Oil will mat the feathers so they can no longer
function for flight, water repellency or insulation, and the
birds affected generally die by drowning or from exposure.
Birds are also harmed by the toxic effects of oil when they
ingest it by preening oil-stained feathers. The enormous flocks
of the migratory birds that use the Mackenzie Valley and
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Western Arctic are vulnerable to this disaster. The threat is not
confined to spills that occur during the summer, when the birds
are present in the region. A spill in winter would probably persist
and affect the environment used by these birds for many years.
There is conflicting evidence on the effects of oil on marine
and aquatic mammals. Contamination of restricted areas, such as
whale calving waters, seal haul-out sites, and muskrat and beaver
ponds, could have a serious impact on the populations that use
these locations. Polar bears could also be affected.
Effects on aquatic organisms are generally more subtle, and
might not be visible to the casual observer. Aquatic organisms
may be killed directly by coating and asphyxiation, by contact
poisoning or by exposure to water-soluble toxic components of
the spill. Juvenile forms are generally more sensitive and
vulnerable than adults. The higher species in a food chain may be
affected by destruction of their food resources lower down the
chain. The ingestion of sub-lethal amounts of oil or of oil products
into aquatic organisms can result in reduced resistance to
infection and other stresses, the destruction of the food value of
fishery resources, and the incorporation of carcinogens into the
marine food chain and into fish used for food by the local people.
Oil can kill salt-marsh grasses, seaweeds and freshwater
vegetation, leading to a loss of food and habitat for wildlife and
aquatic organisms and, if extensive enough, to the erosion of
sediments normally held in place by the roots of these plants.
Once contaminated, vegetation is extremely difficult to clean. It
generally takes two, three or more years in temperate regions for
heavily oiled vegetation to recover its former productivity.
The threat to the aquatic environment comes not only from
fuels, but also from a host of other hazardous and toxic substances
that will be used on the pipeline. Substances such as the wide
variety of lubricants necessary on the project and chlorine, which
is used to treat drinking water and wastewater, could present a
threat to the aquatic environment if they are not carefully handled.
In addition to the biological effects of petrochemical
pollution, there are many non-biological effects that should also
be considered because they could have an economic or aesthetic
impact on an area. Boats, wharfs and fishing gear might be
fouled. The recreational possibilities and the tourist industry in a
spill area might be seriously affected for a long period of time.
Water supplies could be contaminated, and specific-status land
areas, such as parks, ecological reserves and lands and waters
used by native peoples in their traditional pursuits, could be
spoiled.
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Implications
The problem of oil spills during the construction of a gas pipeline
is important because of the very large amounts of fuel and
chemicals involved and because the means to control spills in
northern waters are inadequate. The prospect of other
petroleum-related developments in the region makes the threat of
long-term adverse effects on the environment all the more
serious.
Granted, government and industry are now spending millions
of dollars on research that focuses primarily on clean-up
technology for oil spills. It is urgent and vital work, but we must
never forget that, in the design, construction and regulation of a
pipeline, the emphasis must always be on prevention.

A Management Plan
Commitment to a Plan
The plans for fuel storage and handling and for spill prevention
and control that the pipeline companies presented to the Inquiry
are, at best, rudimentary. A great deal more work will be required
to produce plans that are acceptable.
The drilling program in the Beaufort Sea has given some
impetus to improving the state-of-the-art, with particular
emphasis on clean-up measures to be taken in arctic marine
environments. Since the Inquiry hearings ended in November
1976, an intergovernmental task force has developed contingency
plans for a major oil spill in the Beaufort Sea, and the Department
of the Environment has drafted contingency planning guidelines
for spills from oil and gas pipelines.
These plans, however, are mainly concerned with the
organizational aspects of a response to an oil spill: the prevention
of spills seems to be receiving less attention. I think my most
effective contribution is to specify preventive measures that
should be imposed on the pipeline project, because prevention
offers the best means of protecting the environment.
Because so few regulations to prevent spills are now in force,
and because the work of the pipeline companies on this subject is
inadequate, despite the specific requirements of the Pipeline
Guidelines, I deem the following recommendations to be essential
from the commencement of the project.

Overall Plan
To deal adequately with the handling, storage and clean-up of
fuels and hazardous substances that may be spilled, the
Company and the Agency must come to terms with a host of
complex and interrelated considerations of engineering design,
construction and operating measures, environmental
disciplines and socio-economic factors. A comprehensive

182 THE PROJECT - Mackenzie Valley Pipeline Inquiry - Vol. 2

approach of this nature goes far beyond the pipeline companies’
present submissions. The Company and the Agency must agree
on an overall plan that will specify precisely the approach to be
taken at each stage of the design, construction and operation of
the pipeline and its related facilities.
1. Before the final design phase, the Company shall prepare
for approval by the Agency on overall plan for the transportation,
transferral, storage, use and disposal of fuels and other
hazardous substances that will be used during the construction,
operation and abandonment of the pipeline and all related
facilities used by the Company. The overall plan shall emphasize
the need to prevent spills and to control fuels and hazardous
substances. It shall demonstrate that facilities and handling
equipment will be designed, and personnel will be trained, to
minimize the risk of spills. It shall also demonstrate that during
construction and operation of the pipeline, products will be
transported, transferred, stored, used and disposed of in ways
that will most effectively protect the environment; and that there
will be effective contingency plans and trained personnel
available to deal with spills that do occur, both at the site of the
spill and in other areas that may be affected. The overall plan
shall outline training programs for Company personnel who
handle hazardous or toxic materials.
Subject to the direction of the Agency, the overall plan shall,
as far as possible, be in cartographic form, and shall take into
account, by means of overlays or other graphic techniques at the
some scale or by notations, the other overall plans requested
elsewhere in this report. The Agency may request the Company to
resubmit parts of this plan if, for any reason, they do not meet
with its approval. The Company shall undertake to keep the
overall plan up to date so that it reflects the latest policies and
actions of the Company, the Agency and government.
2. The overall plan shall specify the physical and biological
aspects of the environment that must be protected to safeguard the
living resources along the pipeline corridor from possible spills of
fuels or hazardous substances. It should show, for example,
waterfowl and sea-bird concentration areas, habitat for rare and
endangered species, and fish spawning and overwintering areas
along the pipeline corridor and transportation routes. It should
also show locations of communities and of hunting and fishing
areas and camps; locations and times of use of all domestic,
commercial and sports fishing sites; locations and boundaries of
all existing and proposed parks, International Biological
Programme sites, bird sanctuaries and other ecological reserves;
locations of archaeological or historic sites; locations of all
harbours for small craft or areas in which they are used, docks
and landing sites for marine vessels, and designated landing and
take-off areas for floatplanes; and locations of water intakes for
temporary and permanent domestic and industrial use, as well as
those used for pipeline construction.

In addition, the overall plan shall indicate general locations
and periods of use of all transportation routes and storage areas
for petrochemical and hazardous and toxic substances, and the
volumes of these materials to be moved along various routes and
stored at the various locations by season. An outline indicating the
inspection and construction requirements for all transportation
systems and transfer and storage facilities, whether they are
owned by the Company or not, should be provided.
The overall plan shall also list all hazardous and toxic
substances to be used, and provide details of the name, properties
and use of each substance, the volume, the toxicity data (if
available), the proposed method of packing, transporting,
transferring and stowing for each substance, and the proposed
method of disposing of it.
3. The overall plan shall be approved by the Agency before
site-specific applications are submitted for facilities at which
fuels or hazardous substances will be handled, used or stored.

Site-specific Information
4. The Company shall file with the Agency, as part of its sitespecific applications for construction and operation of project
facilities, site-specific information relating to the transportation,
use and storage of fuels and other hazardous substances. This
information shall include designs for fuel and chemical storage
facilities, transfer equipment, and transportation vessels and
vehicles owned or used by the Company. Site-specific information
for storage facilities shall include a summary of the physical and
biological environmental conditions in the area surrounding the
installations; a complete set of detailed engineering drawings; a
complete set of operating standards, including volume
through-puts, number of operating personnel, period of use,
expected life of the installation, abandonment criteria,
environmental protection criteria and environmental restoration
plans. Site-specific information shall also include an operation
procedure manual for each spread and for each transfer depot
and storage facility.
Site-specific information shall detail specific contingency
plans for each spread and for accidents that could occur along
transportation routes, as well as specific measures to maximize
the chances of cleaning up spills on land rather than on water. To
handle spills that do escape into watercourses, plans shall be
developed that give first protection to areas important to aquatic
birds, fish, marine mammals and human use.
The Agency must approve the location and extent of the areas
in which spilled liquids and contaminated materials, such as
earth, natural and synthetic absorbents and driftwood, are
deposited.
The preparation of the overall plan and of the site-specific
information necessary for the submission of site-specific
applications will be major undertakings and will require the

Management of Fuels and Hazardous Substances

detailed specification of designs and procedures and a
comprehensive understanding of a wide range of biological and
socio-economic factors. The responsibility for preparing the
information clearly lies with the Company, hut the Agency will
also have a major task in assessing the plan.

Spill Prevention
To assist in the preparation of a sound spill prevention program, I
have developed a comprehensive set of recommendations based
on the final submission of Commission Counsel and the
information provided by other participants at the Inquiry.
In making these recommendations, I endorse the use of very
specific numerical values. It has been argued that this approach is
too restrictive and that, instead, a best judgment based on
site-specific features by professionals should be made at each
location. I reject that approach because, in view of the scale of the
project and the time involved, it is simply not practical. In my
opinion, the most practical approach for the pipeline project is the
adoption of standards that are easily understood by all concerned:
the designer, the executive, the inspector, the biologist and the
transportation and pipeline contractors. Cases that require special
attention can, of course, be dealt with on an individual basis. If the
specified recommendations are unsuitable in a particular case, the
Company must document the situation and clearly specify
alternative measures, which the Agency can then assess and
approve or reject. So far as the Company is concerned, this
procedure will involve about the same work that would be
required for a best judgment by professionals. The difference is
that specific requirements support a general standard, and best
judgments, by themselves, may not.
The recommendations read like a safety program, and with
good reason. Personnel must be continuously trained and
supervised to ensure that they are following sound practice to
prevent oil spills. The location, design and construction of
facilities must be carried out to minimize environmental damage
if a spill does occur. The correct operation of storage facilities is
a matter of particular importance, and they must be continuously
checked to ensure that they are in good order.
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one foot. The effective tankfarm area equals the entire area that is
surrounded by dykes, less the area occupied by all tanks except the
largest tank.
6. The dyked area of permanent tankfarms shall be rendered
virtually leak-proof by ensuring that the maximum percolation
rate in the soils is no more than 5 x 10-6 cm /sec. This protection
may be achieved by locating the tankfarms in areas that have
suitable natural soils, or by importing or preparing suitable soils
and lining the tankfarm area with them. These soils shall be
protected with a minimum cover of 10 inches of gravel to prevent
physical damage to the soil below.
7. The dyked area of temporary tankfarms shall conform to
the soil percolation rate requirement specified for permanent
tankfarms. This criterion may be met in the same manner or by
the use of oil-resistant membranes manufactured for the purpose,
such as those made from polyvinyl chloride (PVC) or urethane.
These membranes shall be protected against mechanical damage
by a 6-inch layer of sand above and below them. Because PVC
membranes become brittle at temperatures below 0°C, they
should not be used if in contact with frozen ground. Urethane
membranes do not last long and should not be used in
installations that will exist for longer than two years.
8. Tankfarms shall not be built on permafrost unless the
permafrost is insulated from the tanks and other structures to
ensure that the contents of the tanks and the structures do not
cause melting; and unless soil test results demonstrate that the
permafrost will support the loads placed upon it without
settlement or movement.

Design Guidelines for Spill Prevention

UNDERGROUND STEEL STORAGE TANKS
9. Underground tanks shall be constructed according to the
specifications given in Underwriters’ Laboratories of Canada
Standard S603 and / or Standard S603.1.
10. Underground tanks should not be installed in areas of
permafrost.
11. Underground tanks shall be surrounded with a minimum
of one foot of clean sand, shall be buried a minimum depth of
three feet and, in areas where traffic passes over them, they shall
be covered with reinforced concrete slabs.
12. Permanent underground tanks shall be protected from
corrosion by the use of anodes. Points shall be installed for anode
testing.

TANKFARMS
5. Reinforced concrete or earthen dykes for spill
containment shall surround all above-ground tanks. The
minimum dyke heights shall be either two feet for concrete dykes,
three feet for earthen dykes, or as calculated as follows,
whichever is greater: the capacity of the largest tank (in cubic
feet) plus 10 percent of the capacity of all other tanks (in cubic
feet) divided by the effective tankfarm area (in square feet), plus

ABOVE-GROUND STORAGE TANKS
13. Above-ground shop-fabricated tanks shall be constructed
according to the specifications given in Underwriters’
Laboratories of Canada Standard S601. Above-ground
field-fabricated tanks shall be constructed according to the
specifications given in American Petroleum Institute Standard 650.
14. The Company shall prepare a proposal for approval by
the Agency for all steel and welding specifications to be used

184 THE PROJECT - Mackenzie Valley Pipeline Inquiry - Vol. 2

with metal tanks. One area to be considered is protection against
the brittle fracture of steel by specifications of a Charpy-Vee
Notch impact requirement.
15. Bladder tanks shall be used for temporary storage only.
They shall meet the standards of the Underwriters’ Laboratories
of Canada or government specifications for their intended use.
They shall not be used where atmospheric temperatures may go
below the minimum temperature for usage recommended by the
manufacturer. The tanks shall be installed on a bed of sand at
least one foot thick.
STORAGE IN FLOATING VESSELS
16. Storage of fuels and petrochemicals in vessels used for
transportation or in any other floating vessel shall be subject to
the specific approval of the Agency.
17. The use of floating storage shall be prohibited in ice,
unless the barges or vessels are fully protected from moving,
floating ice and from being held in the ice, either in a river or at
sea. However, special consideration may be given in specific
instances to ice-strengthened barges or vessels that are designed
for the purpose and that have adequate mooring and docks of
sufficient strength to support the loads involved.
18. The use of barges for storage in waters that have a
current shall be avoided. If the current exceeds three knots, the
use of floating equipment for storage purposes shall be
prohibited, except when waiting a reasonable period (about three
days) to be unloaded.
19. Barges or vessels may be used for storage in waters
provided that the prohibitions on ice and current outlined above
are met. The storage barge or vessel shall be surrounded by a
floating containment boom, and its mooring arrangements shall
be checked and recorded every 12 hours.
20. Daily recordings and reconciliations of cargo tank
ullages shall be carried out on all barges or vessels used for
floating storage.
21. All dyking requirements for fixed-tank storage shall apply
to floating equipment that is used for storage on land.
22. As the bottom structure of most barges is not designed to
support the weight of full fuel tanks when they are out of the
water, the underside shall be shored up in a manner approved by
the Agency for the specific vessel used. Care shall be taken to
ensure that the shorings take up the load at the major structural
member and not at unsupported panels of plating.
DRUM STORAGE AREAS
23. Storage areas for drums (full or empty) shall comprise a
concrete slab or some other impermeable ground cover (such as
a steel plate) that is graded so that all leakages collect in one
area. The storage areas shall drain toward a sump and, in the
case of petroleum storage, to an oil separator.

PIPELINES AND FITTINGS
24. All pipelines connecting to barges, vessels and
petrochemical facilities shall be of steel or a steel alloy that is
suitable for the purpose; all joints shall be welded or
weld-flanged to the required pressure rating.
25. Valves and other pipeline fittings shall be made of forged
or cast steel alloys that are suitable for northern temperatures.
Valves and fittings used inside vessels or barges may be of cast
iron.
LOCATION OF STORAGE FACILITIES AND ROUTING OF
PETROCHEMICAL TRANSPORT
26. Sites for the bulk storage of petrochemicals shall not be
within three-quarters of a mile of areas where waterfowl
concentrate or within 1,000 feet of any waterbody, unless
otherwise approved by the Agency.
27. Because of the environmental sensitivity of the Delta, its low
topography and its susceptibility to storm surges and floods, every
effort shall be made to avoid the risk of an accidental spill. The
Agency shall, therefore, institute special measures for storage
facilities located there. These include limiting the size of storage
facilities (generally, the maximum tank size should be approximately
125,000 gallons, which is equal to about one-quarter of a barge
load); restricting the location of storage tankfarms to stable, high,
“Old Delta” ground; and permitting drawdown from only one tank
at a time, with all other tanks kept locked.
28. Fuel loading and discharge terminals shall be located
downstream from loading and discharge berths for general cargo
to reduce risks of explosion or fire.
29. Bulk storage and handling sites shall have a maximum
surface slope of two percent. (The velocity of drainage on such a
slope is generally slow enough so that run-off can be controlled.)
30. Petrochemical transport shall be along designated and
approved routes. Waterborne petrochemical transport should not
be routed through large areas of waterfowl concentrations nor
through ecological preserves. Routes should avoid areas of
waterfowl concentration by at least three-quarters of a mile.
Considerable research and field work will be required to establish
a complete inventory and evaluation of wildlife resources and the
sites of human habitation to be avoided by such transportation
routes. Navigation hazards, the practicability of landing, and
wharf sites must also be considered.
31. Fuel and bulk chemical cargo movements on a river or
in the Beaufort Sea should not begin until the ice conditions,
water level and current will not hamper activities to contain or
clean up an accidental spill (this date may vary from year to
year). Fuel and bulk chemical cargo movements on a river
should be suspended if there is a rapid change in the water
level or current. All fuel and bulk chemical cargo movements
should be completed before vessels and barges are in danger of
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being caught by freeze-up (this date may vary from year to
year).
32. If, after approval, the Agency finds that any of the
procedures for petrochemical transportation, transfer, storage or
waste disposal do not adequately protect the environment they
shall be altered. This may require the re-routing of supplies, the
relocation of storage facilities, or the redesigning of transfer and
disposal equipment.
MARINE TRANSPORTATION FACILITIES
33. All ships or barges used to carry petrochemical products
in bulk for the pipeline project shall be classed by a recognized
international marine classification society, such as the American
Bureau of Shipping or Lloyd’s Register of Shipping, or approved
by the Canadian Coast Guard’s Ship Safety Branch. New vessels
shall be built to the relevant institution’s rules and constructed
under its supervision.
34. Cargo tanks shall be subdivided according to the
requirements of the Canada Shipping Act, “Oil Pollution
Prevention Regulations, Amendment,” dated September 6, 1973.
35. Operation, construction and outfit of vessels shall be to
the requirements of the Canada Shipping Act, “Load Line
Regulations.”
36. At present it is standard practice for fuel barges to carry
deck cargos, but in many instances, fittings and arrangements to
prevent spills are incompatible with the carriage of deck cargo.
The Company shall submit for approval the modification that will
have to be made to existing barges, and the designs that will be
required for new equipment.
PETROCHEMICAL TRANSFER: MARINE OPERATIONS
37. To contain spills that occur during transfer operations, a
spill-guard shall be fitted around the perimeter of the decks of
barges or tankers. A 12-inch-high spill-guard is usually adequate,
but the spill-guard shall be higher if the deck is cambered or if the
ship usually operates with trim. Spillguards must have drain
openings to prevent the accumulation of rainwater or spray when
underway. These openings shall be provided with plugs that must
be fitted during transfer operations. A strip of deck outside the
spill-guard shall be painted white to allow easy visual
identification of a flow of liquids over the side.
38. To contain minor spills within an area smaller than the
whole deck, other spill-guards shall be fitted around the
“make-break” connections, tank vents and hose stowage racks.
39. As for as practical, loading and discharge manifolds,
cargo tank vents, flow meters, level gauges and pump controls
shall be grouped together to aid surveillance during transfer
operations.
40. At the loading and discharge manifolds, whether on
marine vessels or on land, bolted flanges or quick-operating,
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flange-type connections shall be used. The manifolds shall be
fitted with spill-guards of sufficient capacity to contain the
amount of liquid that would be spilled from a manifold connection
and equal to the flow through it during the time taken to stop the
flow in an emergency. The capacity shall be determined by the
design shut-down time. In no case shall a manifold be installed
that hangs clear over water or land.
41. A positive means of draining the manifold and hose lines
shall be provided with a recirculating pump connection that
enables the discharge pump to deliver the liquid product back to
the ship’s tank, instead of to the shore facility, during discharge
operations. Test cocks shall also be fitted so that operators can
verify that the lines have been purged before disconnecting the
hoses.
42. The complete deck area, and all areas where operations
may have to be carried out in darkness, shall be adequately
lighted. In internal spaces, such as pump rooms, the minimum
level of illumination shall be 15 footcandles, at exterior deck at
manifolds and pump controls, 10 footcandles, and for the entire
exterior deck other than above, five footcandles.
43. To prevent spills and for general safety, the following
precautions against fire must be taken. All electrical devices shall
be suitable for use in an explosive atmosphere. All cargo tank
vents shall have flash screens. A foam firefighting system shall be
permanently installed on the deck. It shall be capable of supplying
foam to any part of a deck and, to ensure that enough foam is
available, it shall have the capacity to produce 0.11 Imperial
gallons per square foot of deck per minute for a total of 20
minutes. (Further requirements are contained in the “Fire
Detection and Extinguishing Equipment Regulations” of the
Canada Shipping Act.) Spaces below deck, in which fires often
start, shall be protected by an automatic carbon dioxide or similar
flooding system. This system shall automatically shut off all
ventilation to the affected space in the event of fire. Adequate dry
chemical fire extinguishers shall also be provided, and large “No
smoking” signs in languages or in symbols that are understood by
everyone on the site shall be displayed at the gangway, the
manifold and at any other locations that may be necessary.
44. To soak up any minor spillage caught within the
spillguard, an appropriate quantity of natural or a commercial
absorbent material, an empty oil drum, plastic garbage bugs,
shovels, rakes, brooms, rubber gloves and boots shall be kept on
the vessel. They shall be stowed in a convenient watertight and
secure locker on the deck.
There are no established transfer procedures defined by
regulations, but there can be no substitute for conscientious,
well-trained personnel, who will take the necessary precautions.
Cutting corners to save time or effort invariably increases the
chances and severity of an accident. Continuous training and
close supervision of work procedures are always necessary.
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The following rules shall be incorporated into work
procedures to reduce the possibility of spillage and to mitigate the
effects of any spills that may occur.
45. At all times during the loading or discharge of liquid
products, suitably trained and qualified personnel shall stand by
at both the receiving and discharge points. For tanks 1,000 feet
from the unloading site, the cargo discharge point on the vessel,
the receiving point on land, and the receiving point at the
tankfarm shall all be manned (three persons). All personnel shall
be fluent in the same language and be equipped with two-way
radios for good communication and coordination. A supervisor
employed by the Company shall be present and responsible for
overseeing the entire operation.
46. Berth operators and crew at marine facilities shall be
trained and competent in all vessel and transfer operations
including vessel mooring procedures; transfer connection
procedures; shoreside and vessel cargo flow routing, loading
phases and system timing details; methods for adapting to the
different mooring and cargo transfer situations that may be
expected at the mooring berth or elsewhere at the terminal;
prescribed operating procedures for a particular berth; and
emergency and contingency procedures and plans for the
particular berth or terminal.
47. During operations that involve the transfer of a liquid
product to or from a vessel, all plugs in the spill-guards shall be
in place. If there is heavy precipitation, it may be necessary to
drain any accumulation of water by removing these plugs: if so,
the transfer operation shall be stopped while the plugs are not in
place. Transfer of a liquid product shall not be carried out if more
than one inch of water is contained within the spill-guards.
48. When topping off the receiving facility, the rate of flow of
the liquid product shall be reduced. Before disconnecting the
hoses, care shall be taken to purge the lines and to verify that they
are purged before the connection is broken.
49. Fire prevention regulations, such as “No Smoking”
rules, shall be strictly enforced, and adequate fire extinguishers
shall be available near the transfer location. Personnel shall be
trained in the techniques of fighting petrochemical or hazardous
substance fires.
50. Liquid products shall not be transferred to or from
waterborne transport when visibility is restricted.
51. In fast-flowing rivers, particular attention shall be paid to
the mooring arrangements of barges. Mooring lines shall be of
adequate strength for the size of the vessel, and four lines should
be employed, two forward and two aft. All lines shall use separate
cleats or bollards, both on the ship and on the shore. The mooring
arrangements shall be checked regularly (preferably at least once
every hour) by a watchman.
52. In tidal waters, or in waters such as lakes that do not have
appreciable currents, all fuel-transportation equipment shall be

surrounded by a floating containment boom during the transfer of
a liquid product. This boom could be carried by the vessel, but it
should normally be stored at the wharf.
53. To keep all transfer systems in good order, a detailed
preventive maintenance schedule shall be implemented. Pumps and
valves shall be opened for inspection once every 12 months,
preferably at the start of each season. Hoses shall be visually
inspected for damage before each use and, once every 12 months,
preferably at the start of each season, they shall be hydraulically
tested to a pressure equal to one and one-half times their maximum
working pressure. Rigging shall be visually inspected for damage
before each use and, once every 12 months, preferably at the start of
each season, it shall be statically tested to one and one-half times its
rated capacity. Alarms shall be tested for correct operation before
each use of the system. Gauges and meters shall be visually checked
for correct operation at each use. Fire-fighting equipment shall be
inspected in accordance with “Fire Detection and Extinguishing
Equipment Regulations” of the Canada Shipping Act. Mooring lines
shall be visually inspected for damage before each use, and they
shall be replaced every 24 months. Floating containment booms
shall be visually inspected for damage before each use.
PETROCHEMICAL TRANSFER: LAND OPERATIONS
54. All transfer areas, including – but not limited to – areas
for tank truck loading, drum filling and vehicle fuelling, shall
have spill collection facilities as outlined in the section “Drum
Storage Areas.”
55. All transfer points shall be controlled by fast-acting valves
so that the flow of the liquid product can be terminated immediately
if the hoses or any other equipment should fail or if there is a fire.
56. Transfer operations shall be constantly monitored by
trained personnel who shall be in attendance during the entire
transfer period.
57. All recommendations made in the section “Petrochemical
Transfer: Marine Operations” concerning transfer-point
illumination, no-smoking regulations, fire-fighting capabilities,
fire extinguishers, and qualified personnel, and relevant points in
the preventive maintenance schedule shall apply.
WASTE PETROCHEMICAL HANDLING
58. Bottom-drainage lubricating oil change areas shall be
supplied with concrete slabs or some equivalent, such as steel
plates, that are suitably graded toward a sump and petroleum
separator to ensure that any spillage does not contaminate the
surrounding area. Top-drainage lubricating oil change areas,
where oil is removed from crankcases by mobile or fixed suction
pumps, shall not require special protection.
59. Used lubricating oil shall either be shipped to a refinery
for use as feed stock or for re-refining, or burnt in an incinerator
specifically designed for the purpose.
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60. An application to dispose of a chemical shall be made to
the Agency every time a disposal is contemplated, and the
Company must have formal approval of its proposal before the
disposal is effected. Generally, the disposal shall conform to
recommendations in the Code of Good Practice for Management
of Hazardous and Toxic Wastes at Federal Establishments
(Environmental Protection Service, Department of the
Environment, 1977).

CONTAMINATED RUN-OFF CONTROL
61. It may not be practical or possible to collect all
petroleum leakages and spills at each small petrochemical
storage facility in living and work areas. Run-off water storage
pits shall, therefore, be installed immediately adjacent to these
areas to collect all run-off so that it may be monitored for
petroleum content.
62. Storage pits shall be designed to contain a minimum of 48
hours of run-off from the area drained. The rate shall be based on
the maximum 24-hour run-off rate for the 10-year storm return
period.
63. In sensitive permafrost areas, pits shall be designed to
minimize thermal disturbance and degradation of the
surrounding soils.
64. Permanent storage pits shall be constructed with soil
liners to prevent leakage to the environment. Percolation rates
shall be less than 5 x 10-6 cm/sec.
65. Temporary storage pits shall conform to the percolation
rate requirements specified for permanent storage pits. The
criteria may be met in the same manner or by the use of oil
resistant polyvinyl chloride (PVC) or urethane membranes
specifically manufactured for the purpose, but within the
restrictions outlined in the recommendations for tankfarms.
66. Water from storage pits shall not be released to the
environment until it is ascertained that the oil concentration in it
is less than 5 parts per million (ppm).
67. Surface run-off water from petroleum storage and
handling areas that contain petroleum products in excess of the
limits specified shall be collected and transported in closed,
leak-proof systems to a separator facility. After treatment in the
oil-water separation facility, all run-off water shall be drained
into a collection pit. The water in this pit shall be inspected to
ensure its purity before it is released to the environment. Oil skim
on the water shall be removed by commercially available
absorbents and incinerated. The concentration of petroleum in
discharge water shall be less than 5 ppm.
68. Ice and snow contamination by petroleum products shall
be kept in storage pits until it melts. Commercial absorbents shall
be used to collect the oil, as described above, which shall then be
incinerated.
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Contingency Planning for Spill Control
The measures I have outlined above are aimed at spill
prevention. Nevertheless, as I explained in Volume One,
spills are bound to occur. We also know that, once they do
occur, the technology at present available to clean them up
is inadequate. Contingency planning is essential to make
spill management as effective as technically possible and
such planning must be complete, thoroughly understood
and ready for immediate implementation.
The submission by Commission Counsel on spill control
dealt with the requirements of contingency planning, personnel
training and the selection and deployment of clean-up equipment.
This was the only comprehensive outline of these subjects that
had been developed to that time. However, since then, the
Department of the Environment has developed a draft paper
entitled “Contingency Planning Guidelines, Oil and Gas
Pipelines” (May 1977). I think it is fair to say that in considerable
measure these guidelines are based on Commission Counsel’s
submission to this Inquiry.
69. The “Contingency Planning Guidelines, Oil and Gas
Pipelines,” prepared by the Department of the Environment
(draft, May 1977), should be adopted as the basis for specific
requirements for industry contingency plans.
I do not think it is necessary to reprint here either the
Department of the Environment’s draft or Commission Counsel’s
recommendations because both of them are only guidelines for
the preparation of a contingency plan. Such a plan is urgently
required and it does not now exist: it must be comprehensive and
it must be compatible with other government plans. In the final
analysis, the success of the contingency plan will depend on the
scope of the planning, the commitment of money, the training of
personnel and the limits of technology.
Government agencies across the nation have prepared
contingency plans for spills of various sorts. One example is
the draft “Government Contingency Plan for Major Oil Spills
in the Beaufort Sea” (Environmental Protection Service,
Department of the Environment, November 1976), which aims
at the coordination of the responses of various levels and
departments of government to an accidental spill in the
Beaufort Sea. Exactly this sort of coordinating plan will be
necessary for a spill anywhere along the proposed pipeline
corridor.
70. The draft “Government Contingency Plan for Major Oil
Spills in the Beaufort Sea” should be completed and tested in the
field. Similar plans to cover wider regions of the North should
also be prepared.
The preparation of plans to coordinate the work of
government departments and agencies is plainly the job of
government itself. However, it is equally clear that industry,
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in this case the pipeline company, will have the first responsibility
for and the liability to clean up any accidental spill. In fact, the
Pipeline Guidelines specifically require industry to prepare a spill
contingency plan in the context not only of a gas pipeline and its
attendant facilities, but also an oil pipeline along the same
corridor:
... effective plans [shall] be developed to deal with oil leaks, oil
spills, pipeline rupture, fire and other hazards to terrestrial,
lake and marine habitats, that such plans be designed to
minimize environmental disturbances caused by containment,
clean-up or other operations and to bring about adequate
restoration of the environment, that they be designed to deal
with minor and major incidents, whether they are single-event
or occur over a period of time and that they include
contingency plans to cope with major hazards or critical
situations. [pp. 15-16]

In addition, the Pipeline Guidelines require proposals of specific
contingency plans or information regarding:
a) how the possible loss of oil or gas through pipeline leaks
would be routinely detected and stopped quickly (the
maximum potential undetected loss from the pipeline should
be specified and evidence provided. This value is to be as
low as is technologically feasible);
b) how oil which has escaped into the terrestrial, lake or
marine environment would be detected, how it would be
disposed of and how the elements of the environment
affected by the oil would be rehabilitated; ... [pp. 22-23]

The pipeline companies must also:
... provide documented evidence that they possess not only the
necessary knowledge, but also the capability to carry out the
specific proposals. [p. 13]

The contingency plans advanced before the Inquiry by the
pipeline companies and the producers in the Mackenzie Delta fall
far short of the requirements laid down in the Pipeline Guidelines
and of the ultimate requirements for the construction and
operation of a pipeline. Obviously, I cannot prepare a
comprehensive plan: that is the responsibility of the pipeline
company. The Pipeline Guidelines are useful, but they are not
specific enough in their directions to industry to ensure that their
contingency plans will be comprehensive and compatible with
those of government.
71. The Company shall prepare a spill contingency plan that
is comparable to and coordinated with those of the relevant
government agencies.

There are four additional points that warrant further
consideration and that should ultimately be included in any
planning scheme advanced by industry.
72. There must be some definition of what constitutes a spill
and of the appropriate response, given that the size and nature of
spills can vary. The contingency plan must describe not only an
appropriate level of response, but also an appropriate type of
response, taking into account that, in the North, certain clean-up
techniques could cause more harm than the spill itself.
73. To assist with project planning and spill response, the
Company should establish and file with the Agency a catalogue of
all the toxic and hazardous materials that will be used during the
construction and operation of the pipeline and its ancillary
facilities. The catalogue should include details on the quantities
shipped, stored and used in various locations and at specified
times; the properties of the substance, the probabilities of a spill
and the probable success of a clean-up operation with the
equipment on hand.
This procedure might be developed from the methods
outlined in the Battelle Memorial Institute’s report Control of
Spillage of Hazardous and Polluting Substances (United States
Government Printing Office, 15090 P0Z10/70).
The reporting of spills has been required by law in the United
States since the early 1970s, but, except for spills from ships, it is
not yet law in Canada. It must be a requirement for the pipeline
project and it would be commendable on a nation-wide basis.
74. Throughout the preconstruction, construction, operation
and abandonment phases of the pipeline project there should be a
mandatory spill-reporting scheme for the Company and all its
contractors and subcontractors.
Finally, the contingency plan must be proved effective under
actual conditions in the field. It does not matter how persuasive
the plan is as a written document, as an organization chart or as a
computerized response mechanism; if it does not work in the
field, it is useless.
75. Any comprehensive contingency plan must be field-tested
regularly with realistic scenarios of all types of spills.
Government or Agency inspectors should spot-check contingency
planning preparedness by dropping unannounced into camps and
facility sites to conduct mock spill exercises.

Pipe Testing
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The technical aspects of testing a pipeline under hydrostatic
pressure after it is in place and before it is put into service are based
on standard practice and are well covered by existing regulations.
There are, however, environmental aspects to the testing of a
northern pipeline that require regulation because of the very large
volumes of test liquid and its effects on the aquatic environment.
To prevent the test medium from freezing in the pipe, it will be
necessary to use either warm water or an antifreeze mixture of
water and methanol. Foothills suggested that the antifreeze mixture
could be as much as 70 percent methanol, and Arctic Gas suggested
26 percent. In either case, very large volumes of methanol and
water will be used. For example, a three-mile length of pipe, the
length suggested for a test section, would hold over 1 million
gallons. Whether or not this volume is all water or is a
water-methanol mixture, there are obvious and major problems
related to water withdrawal, the handling of methanol, contingency
plans for spills, and the disposal of the warm water or the
water-methanol mixture. Most of these problems can be handled by
applying the recommendations advanced in the chapters entitled
Water Withdrawals, Waste Management, Management of Fuels and
Hazardous Substances and The Physical Environment: Water.
However, there are some specific issues that warrant mention here.
The first relates to the withdrawal, then disposal, of the large
amounts of water that will be required to test the pipe. Millions of
gallons of water will have to be withdrawn from one location and
disposed of in another several miles away. This prospect raises a
number of biological concerns, such as the impact on the location
from which the water is withdrawn, and the possibility of
transferring water from one watershed to another. If a
water-methanol mixture is used, it will be made up at one point,
then reused in successive sections of the pipeline before it is
ultimately discharged. A test with warm water will require not only
the volume of water needed for the test, but also water to flush and
warm each section of the pipe before it is tested. This method will
require much more water, and it will preclude the reuse of the
test liquid, which is possible within a closed system if the
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water-methanol mixture is used. In either case, the discharge of
such large quantities of water could create significant
environmental problems, such as melting of river ice at the point
of discharge, melting of snow cover over the ice or along stream
banks, erosion of bank material, and, when the water has cooled,
an increased thickness of river ice that may alter spring break-up
patterns.
The second, and perhaps the most troublesome, issue is related
to the toxic nature of methanol and, in particular, to its high
biological oxygen demand. Although contaminants may be picked
up from within the pipeline, even with a warm water test, they
probably represent a minor problem in comparison with the toxic
and asphyxiating nature of methanol. The pipeline companies have
said that, after testing is complete, the methanol will be
concentrated by distillation, then burned or used for other purposes;
the water from the mixture will either be sprayed onto land or
frozen water surfaces or metered into suitable watercourses.
Alternatively, the mixture might be diluted with more water, until it
contains less than one percent methanol by volume, then disposed
of in suitable watercourses. This latter technique has been severely
criticized because it would require inordinately large volumes of
water and because the total volume of methanol would create a high
oxygen demand in the receiving environment.
I am not satisfied that the toxicity of methanol to fish and fish
eggs is adequately understood, and I conclude that the possible
effects of disposing of the methanol mixture or a distillate residue
have not been adequately dealt with. Both Arctic Gas and
Foothills have, in my opinion, underestimated the practical
problems associated with disposing of the enormous quantities of
methanol waste. In particular, they have minimized the high
demand for biological oxygen that the methanol will make. As
noted in the report of the National Energy Board, small-scale
studies of the effects of such a discharge do not provide any
assurance that the environmental effects of a large-scale discharge
can be overcome. The possible effects on water quality and fish
are troubling, and they require the utmost caution.
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The third issue involves contingency plans for an
accidental spill during testing. Again, the toxicity of methanol
is the cause of gravest concern, although a warm water spill
would cause melting and erosion, and it could cause problems
of thermal shock. The transportation, transfer and storage of the
test liquids will have to comply with the recommendations and
guidelines presented in the chapter entitled Management of
Fuels and Hazardous Substances. I assume, of course, that the
most rigorous procedures to maintain quality control will be
employed during the construction period to minimize the risk
of pipe failure, but special and comprehensive measures must
also be developed to contain a spill and to minimize its effects
on the environment, should a spill occur during any part of the
testing process. No such measures exist in the documentation
presented to me, and it appears that the pipeline companies
have seriously underestimated the importance of planning for
this possibility.
With these points in mind, and recognizing that other
chapters of this report cover many issues related to testing the
pipeline, I put forward the following recommendations.
1. Before construction of the pipeline begins, the Company
shall prepare for approval by the Agency detailed plans for
pressure testing. In addition to information required by existing
regulations, these plans shall detail the environmental effects and
the measures that will be used during a typical water or
water-methanol hydrostatic test sequence to mitigate these
effects.
2. Pipe testing shall be carried out only under a permit from
and in the presence of a representative of the Agency. The
Company shall make site-specific and separate applications to
the Agency to test the pipe for each spread season during which
these tests will be conducted. Each application shall be consistent
with and keyed to the overall plans and the recommendations
specified in The Physical Environment: Water, and in Fish, Water
Withdrawals, Waste Management, and Management of Fuels and
Hazardous Substances.
3. Each application to test the pipe shall note clearly and
concisely the location or locations at which the following
operations are proposed: withdrawal; pretreatment or heating of
water; the mixing of methanol and water; the filling of test section
or sections; the storage of water or water-methanol mixture in the
pipe between tests or from one construction season until the next;
the emptying of test section or sections; and the treatment and
disposal of the test medium. Each application shall also detail the
equipment and procedures to be used, the quantities and
temperatures of water and methanol involved, and the dates and
times of the proposed operations.
The potential toxicity of the effluent from pipe testing
operations must be investigated before any effluent is
discharged. The procedures for the toxicity test should be

specified by the Toxicity Coordination Committee of the
Environmental Protection Service, Department of the
Environment, and should include provisions similar to those
outlined in the Petroleum Refinery Effluent Regulations and
Guidelines (prepared by the Environmental Protection Service,
1974).
4. The water-methanol test mixture shall be disposed of by
distillation, and the distillate shall be burned or used in some
approved way, and the residue liquid shall be effectively treated
before it is discharged. Disposal of the test mixture by dilution
shall be prohibited.
Because of the large volumes and high biological oxygen
demand of residues that contain methanol, the treatment
standards, if they are to protect the environment, may well have
to exceed the effluent standards prescribed in Waste Management.
5. Before disposal, the Company shall treat all test liquids,
including the water used to heat the pipeline, to reduce
concentrations of oils, organic carbon compounds and
particulates to acceptable levels.
6. The Company shall store the methanol test mixture
between tests, or from one construction season to the next, in steel
tanks or bladder tanks in accordance with the recommendations
made in Management of Fuels and Hazardous Substances: Spill
Prevention. Mixtures stored in completed sections of pipeline
shall be stored only in sections that have been successfully
pressure tested and have been approved by the Agency for storage
purposes.
7. The Company shall submit detailed contingency plans for
each spread season during which hydrostatic tests will be
conducted, outlining methods to contain and recover spills of
warm water, water-methanol or pure methanol, should the pipe or
any associated equipment fail during testing. These plans will
include methods of detection, notification, decision making,
containment, countermeasures, clean-up and disposal of test
media, as well as plans for restoration that adequately reflect
concerns for vegetation, surface waters, and wildlife habitats. All
plans must be approved by the Agency. Catchment devices may
have to be installed before the pipe is tested to prevent any spilled
fluid from reaching a waterbody that may be highly sensitive to
pollution.
8. The Company shall submit to the Agency for approval
plans for the location and repair of failures during pressure
testing.
The repair of any failure in the pipe during the testing of it
shall depend on access to the site of the failure. The Company
should not assume that the construction season will be extended
for the repair of any section of pipe that fails during testing. This
limitation is particularly important in areas that are seasonally
critical to wildlife and fish and in areas to which access is by
snow roads.

Facilities Complexes and Equipment Operations
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Many witnesses at the formal and community hearings described
the impact that construction and operation of compressor stations
and associated pipeline facilities and equipment is likely to have
on the physical, biological and human environment. I have dealt
elsewhere with transportation, the physical environment and the
location of the pipeline in relation to wildlife, all issues that have
direct bearing on the complexes of facilities and the operation of
equipment during pipeline construction and operation. Aircraft
control is integral to both this chapter and the chapter on
Transportation; the subject is dealt with separately because of its
complexity and its central importance to effective environmental
control in the region.
In this chapter, I shall focus on compressor stations and
associated facilities in their relation to the environment. I
recognize the artificiality of this categorization in view of the
complex interrelationship of all aspects of the environment, of
which a fuller appreciation is given in the chapters of Part Two
of this volume. In this chapter, I shall simply present some
concerns and recommendations related to specific aspects of the
project.
The impact of the construction and operation of the facilities
that are associated with the pipeline will depend on two factors,
with which I shall deal in turn. The first is the location and design
of facilities – particularly of compressor stations – in relation to
terrain sensitivities, fish and wildlife habitats, migration routes
and aesthetic factors. The second relates to the operation of the
equipment that is associated with those facilities.

Facilities Complexes: Location and Design
Compressor stations will be located along the pipeline at
intervals of approximately 50 miles at hydraulically optimum
points chosen on the basis of pipe and station size and on gas
volumes; the position of the stations may then be adjusted
slightly to accommodate site-specific geotechnical
considerations. The degree of flexibility in choosing and
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adjusting station sites is said to be limited if hydraulic balance and
throughput efficiency are to be maintained.
Compressor station sites will be the focal points of activity
during the construction and operation of the pipeline because
frequently they are also the location of airstrips, heliports,
temporary and permanent roads, wharves, stockpile sites,
borrow pits, camps and permanent staff quarters. They are,
therefore, called facilities complexes.
From a broad, regional perspective, the pipeline is a linear
development across the northern landscape with nodes of activity
at 50-mile intervals. From a local perspective, however, these
nodes are the focal points of many environmental concerns. For
example, a facilities complex could sprawl from a wharf site on
the Mackenzie River to stockpile sites on the right-of-way and
include heliports, airfields and borrow pits. It may include several
miles of connecting roads and encompass tens of square miles of
land. Such complexes were characterized at the Inquiry as
mini-industrial developments and from an environmental
perspective, they must be viewed in this way.
Activities at these facilities will be at a high level during the
construction phase, and they will persist at a lower level
punctuated periodically by special maintenance and emergency
operations, throughout the life of the pipeline. There may also be
sustained bursts of activity at compressor sites if the gas pipeline
is looped or if an oil pipeline is built. Should these events occur,
the whole construction scenario would be repeated – perhaps with
greater environmental consequences.
Construction of the pipeline cannot be considered as a single
event. Even after construction is completed, there will be some
disrupting and disturbing activity, and that activity will be
particularly pronounced at the facilities complexes.
Biologists and other people at both the formal and
community hearings voiced concern over the levels of
logistical and construction activity at these facilities complexes
and over their potential effects on the environment and on
society. These witnesses expressed concern about the effect of
disturbance by transport activities, noise and increased
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human access during critical life stages of birds, fish and
mammals; the impact on fish, aquatic biota and habitat, of
run-off, sedimentation and increased siltation caused by the
disruption of drainage and the construction of facilities on gravel
pads; the threat to bird and fish populations posed by spills of fuel
and hazardous substances; and the aesthetic results of the location
and design of these facilities. In particular, native people were
concerned about the possible impacts on their resources and their
way of life.

period (broken down into monthly or seasonal periods, as
appropriate) and during pipeline operation (broken down on a
quarterly basis); all of the assumptions that the Company has made
regarding facilities that parties not associated with the pipeline
company may build, for example, extensions to the Mackenzie
Highway and facilities built by the gas producers in the Delta.
3. The overall plan shall be approved by the Agency before
the Company submits site-specific applications for construction
and operation of facilities.

Overall Plan

Site-specific Applications

The various engineering and environmental aspects of facilities
complexes have not yet been brought together in a clear and
comprehensive way. An overall plan is, therefore, essential if the
extent of the activities, their interrelationship and their impact are
to be properly understood by everyone associated with their
design, approach and regulation.
1. Before the final design phase, the Company shall prepare
for approval by the Agency a comprehensive, but concise, overall
plan for the project’s transportation facilities, including airstrips,
heliports, temporary and permanent roads, wharves, stockpile
sites, borrow pits, camps and permanent staff quarters. This plan
shall take into account the other overall plans requested
elsewhere in this report. The Agency may request the Company to
resubmit parts of this overall plan if, for any reason, they do not
meet with its approval. The Company shall undertake to keep this
overall plan up to date to reflect the latest policies and actions of
the Company, the Agency and government.
2. The overall plan shall show in map form the location of all
project facilities related to the pipeline right-of-way, the
Mackenzie River, existing communities and existing or proposed
facilities not related to the project, such as the Mackenzie
Highway, land lines, winter roads, borrow pits and wharves. The
overall plan shall also specify the design standards to be applied,
the general work schedule for each facility and, if requested by
the Agency, the total estimated capital cost and the annual
operation and maintenance cost of each facility.
In addition, the overall plan shall outline the rationale that
was used to determine the design standard and location for each
particular facility and the reasons why the Company has chosen
to build new wharves and stockpile sites or to use existing
facilities; to use temporary or permanent wharves and stockpile
sites; to use gravel roads or snow roads; to build new airports or
heliports or to use existing facilities; to use airstrips or heliports;
and to use new or existing rights-of-way for roads or other linear
facilities.
The overall plan shall list all of the assumptions that the
Company has made regarding the availability of existing
facilities and the approximate volume of project-related
traffic that such facilities will sustain during the construction

4. The Company shall file with the Agency site-specific
applications for the construction and operation of each
compressor station and for other facilities. Each of these
applications shall be integrated into the overall plan. Because the
operations of all facilities at compressor stations are generally
interrelated, site-specific applications shall be submitted on the
basis of a complex of facilities centred on a compressor station,
unless otherwise approved by the Agency. That is to say,
applications for activities at each compressor station site and for
all associated facilities that serve that site and the adjacent
right-of-way shall be filed as a group.
5. Each application shall include a concise summary of all
engineering, socio-economic and environmental information that
was used in site selection; construction drawings and
specifications that comply with the relevant design and
environmental standards of the government and the Agency; the
schedule of construction and the duration of use of all facilities;
the maximum anticipated volumes of traffic and camp
populations for various periods during construction and
operation; and the exact location of the sources of borrow
material and of haul routes, together with the quantities and
quality of this material. Each application shall state whether or
not the facilities will be required during the operations and
maintenance phase of the pipeline. Each application shall include
plans for the abandonment of facilities that are not required after
construction and for the eventual abandonment of all facilities
when the useful life of the project has ended.

Location and Design Considerations
The cumulative level of activities at the facilities complexes and the
period over which these activities will take place have the potential
for the creation of unacceptable environmental disturbance. The
location and design of these complexes is fundamental to a
successful resolution of the environmental concerns that they raise.
For example, in the chapter, The Physical Environment, I describe
the importance of valleys in the northern ecosystem. Valleys are
as important to the local ecosystems that the pipeline will cross as
the facilities complexes are to the pipeline itself, for they are also
nodes of activities – geological, hydrological, biological,
cultural and socio-economic – within an ecosystem. This is

Facilities Complexes and Equipment Operations

why I recommend in the chapter on The Physical Environment
that, wherever possible, facilities (particularly groups of
facilities) should be kept out of valleys.
6. The location and design of facilities complexes shall
conform to the recommendations I have made in Parts One
and Two of this report to protect local people’s activities and
the terrain, waterbodies, wildlife and fish. In general, location
and design shall take into account the specific characteristics
of the local and regional environment, including geotechnical
characteristics, wildlife and fish habitat and migrations, local
land and water use, archaeological resources, and the
aesthetic values of landscapes and waterbodies. In view of the
central importance of valleys to the regional landscapes,
ecosystems and land use patterns of local people, particular
care should be iaken to avoid adverse environmental effects on
valleys.
7. Upon abandonment of a facility, it shall be removed and
the area shall be restored, as directed by the Agency.
Many particular concerns and recommendations related to
facilities complexes are dealt with elsewhere in this report, but a
few issues arose during the course of the Inquiry that warrant
particular mention here.
ROADS, AIRSTRIPS AND HELIPORTS
Biological experts testified that their greatest concern with
respect to roads, airstrips and heliports is that they will increase
access to formerly isolated areas and will pose a serious threat to
the viability of populations of caribou, moose and Dall’s sheep
that have survived mainly because large parts of their habitats are
inaccessible.
8. During construction, the Company shall limit the use of all
roads, airstrips and heliports under its jurisdiction to vehicles
and aircraft that are associated with the pipeline project. Access
to facilities built by the Company for its own use shall be limited
to authorized personnel of the Company, Agency or government.
The Company shall take all reasonable steps to discourage access
by any other persons.
9. After construction and during the operation of the
pipeline, the Company shall limit access to the roads, airstrips
and heliports that will be required for its operation and, using
methods approved by the Agency, shall remove or otherwise
obstruct access to facilities that are not required. Where local
people and government authorities agree that project access
roads to previously inaccessible areas are beneficial, such
roads shall be left intact after pipeline construction is
completed.
Well-travelled roads, steep embankments, and, to a lesser
extent, airstrips act as barriers to migrating caribou. Not only
will such barriers increase exposure of caribou to hunters and
predators, they may cause minor diversions in line of travel,
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long-term changes in migration patterns, and even abandonment
of part or all of a traditional range. Roads can also be barriers to
fish if stream crossings are not properly designed.
10. The Company shall design and maintain roads so that
easy passage of fish and mammals is assured. Culverts shall be
designed so that the passage of fish is not impeded. (See Fish.)
The Company shall not use snow clearing techniques that leave
long, unbroken stretches of snowfence or deep drifts and
snowbanks that could impede the movements of caribou.
Snowfencing shall be removed in spring before the migrating
caribou arrive.
When surface and subsurface drainage is affected, as it may
be by the construction of gravel pads, the result may be erosion
and sedimentation. These, in conjunction with run-off water that
may contain fuels or other toxic substances, could disturb
waterbodies and could pose a hazard to aquatic ecosystems.
11. To protect waterbodies from impacts associated with the
construction and operation of roads, airstrips and heliports, an
undisturbed buffer strip 300 feet wide, or as specified by the
Agency, shall be left between each facility and adjacent waterbody.
12. The construction and operation of roads, airstrips and
heliports shall not adversely affect local drainage patterns. (See
Terrain Considerations: Drainage and Erosion.)
WHARF AND STOCKPILE SITES
The environmental problems associated with wharves and
stockpile sites focus on two items: the disturbance to fish
harvesting, and the disturbance of aquatic resources by siltation or
by spills of fuels.
13. Because stream and river mouths are frequently areas
used by local people for fishing and are often areas of high’
aesthetic, archaeological and recreational value, wharves shall
be located at least 1,500 feet away from the estuaries of streams
and rivers, unless otherwise approved by the Agency.
14. To minimize the problems related to drainage and erosion
and their adverse effects on waterbodies and fish, stockpile sites
shall be located 300 feet from the shoreline, unless otherwise
approved by the Agency.
15. In selecting sites for wharves and stockpile sites, the
Company shall consider the requirements for effective control of
accidental fuel spills. For example, areas of fast water and
limited access, and areas that have important biological or
sociological features susceptible to spills shall be avoided. (See
Management of Fuels and Hazardous Substances.)
16. Unless otherwise approved by the Agency, all storage
areas for bulk fuel and chemicals shall be located at least 1,000
feet from any waterbody. To reduce the risk of a spill entering a
waterbody, storage facilities for fuels and chemicals shall be
located on the part of the site farthest from the water. (See
Management of Fuels and Hazardous Substances.)
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17. To reduce the risk of leaks not being detected and to
facilitate maintenance and repair, all fuel piping systems at
wharves, stockpile sites and camps shall be located above
ground, except at places, such as road crossings, where short
sections of the pipe shall be installed in culverts.

CONSTRUCTION CAMPS
In the socio-economic chapters of this report, I make some
recommendations that pertain to the operation of camps. The
control of alcohol and of access to communities by camp personnel
are examples. On the environmental side, I am most concerned
about locating and operating camps so that their adverse effects on
terrain, waterbodies, mammals and fish are kept to a minimum.
18. To minimize the area disturbed, camps shall, where
possible, be located at stockpile sites, wharves or compressor
station sites. Applications to locate camps elsewhere shall be
supported by documentation explaining why the camp cannot be
located at a preferred site.
19. The camps built or used by the Company shall provide
their own support facilities, such as power and water supply, their
own sewage treatment and disposal, first aid stations, and
recreational facilities.

Compressor and Related Noise
In the chapter on The Physical Environment, I discussed the
adverse effects of noise in general. I now wish to address the
specific problems of high intensity noise produced in the
operation of compressor stations, and to make recommendations
on how these problems can be avoided or reduced.
Not all compressor stations will be the same: all stations will
have compressors, but the horsepower will vary; some stations
will have heat exchangers to chill the gas, but others will not. The
noise will, therefore, vary in pitch, intensity and duration from
station to station. Gas turbine engines produce high frequency,
directional noise at the air intake and low frequency,
non-directional noise at the exhaust. Heat exchanger fans direct
noise upward and pipes emit high frequency, pure-tone noises.
Vent valves when “blown down” produce intense noise levels – at
and beyond the threshold of pain – although the duration is short
and the occurrence is infrequent. Control valves and various
auxiliary pieces of equipment contribute lower intensity noise.
Because there are so many sources of noise at compressor
stations and because the ultimate noise level is so dependent on
final design, I do not propose to specify details of noise control.
Rather, I will highlight noise problems from an environmental (as
opposed to worker safety) perspective and discuss the objectives
of ameliorative measures.
20. To minimize disturbance to wildlife and people and to
maintain the environmental attributes of the region, the best
practicable technology shall be employed for compressor station
noise abatement.

The pipeline companies have undertaken to restrict ambient
noise levels at the compressor station fence line of compressor
stations to 60 dBA. The National Energy Board, while accepting
this, foresees that further noise abatement measures might be
necessary to prevent adverse environmental effects. Industry’s
commitment to restrict sound to a maximum of 60 dBA can be
interpreted as evidence that such attenuation can be achieved.
Evidence brought before me clearly indicates that it is technically
possible to attain even lower levels. Carl Koskimaki, testifying
for Arctic Gas, said that “maximum silencing” techniques could
reduce fence line noise levels from the 59-67 dBA range to
around 50 to 53 dBA (F3937).
It is difficult to judge how much noise abatement will be
necessary to protect birds and wildlife from unacceptable
disturbance. The problem is site-specific and depends both on the
nature of the installation and on the local environmental
sensitivities. The evidence I heard emphasized the sensitivity of
birds, in particular snow geese, to compressor station noise. Dr.
William Gunn, an ornithological consultant to Arctic Gas,
suggested that, at compressor stations adjacent to habitat
frequented by significant numbers of birds, noise levels should
not exceed 50 dBA at a distance of 1,000 feet. Various figures
have been quoted by other specialists. Clearly, there are
circumstances that warrant reducing noise below conventional
abatement standards.
21. Compressor stations located in environmentally sensitive
areas and areas used extensively by local people shall incorporate
special noise abatement designs and operating measures to reduce
the disturbance effects to levels that permit normal use of the
regional environment. The determination of these site-specific
levels shall rest initially with the Company, and prior to
completion of design, all the supporting information leading to the
design levels shall be submitted to the Agency for approval.
CUMULATIVE EFFECTS
As with all other environmental impacts, each source of noise must
be considered in the present and future context of cumulative
impact. Although compressor stations will be major sources of
noise pollution, they will be only one factor in a much broader
setting. Noise will emanate from each part of a facilities complex.
In the future, looping, additional compressor units, an oil pipeline,
a highway, roads and more people may augment the problem. In the
Mackenzie Delta, ongoing petroleum exploration and development
will be a major factor, especially in view of the environmental
sensitivity of the area during certain times of the year.
Station layout and design, equipment specification, and
operating procedures are nearly as important as noise
suppression devices. It is costly and perhaps technically
impossible to make changes after a problem arises; therefore,
careful planning and design are essential. Furthermore, the
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cumulative impact is handled more effectively and economically
by proper initial design of all contributing sources rather than by
overly strict constraints on subsequent additions.
22. Noise abatement plans for pipeline facilities shall
incorporate cumulative considerations of all sources of noise. This
consideration shall encompass all company and private activities
that can be expected to occur in the region of impact throughout
the life of the pipeline project. Particular attention shall be given
to facilities in the Mackenzie Delta as they relate to ongoing
petroleum developments and to the cumulative effect on migratory
birds using the area during nesting, moulting and staging.
MONITORING
Installation of noise attenuation devices and implementation of
abatement procedures will not necessarily ensure compliance
with site-specific environmental constraints. Much of the design
is theoretical and, as I have explained, noise emissions are
complex and difficult to predict. There is a need both to test the
noise levels at each site shortly after start-up and to monitor the
levels on a long-term basis to ensure that acceptable cumulative
levels are not exceeded.
23. The Company shall monitor the noise level of each
compressor station as prescribed by the Agency and shall report
the results to the Agency within six months of start-up of each
station. The Company shall monitor the noise level periodically
throughout the life of the project as required by the Agency and in
any case within six months of any modification that is likely to
alter noise emissions.
BLOWDOWN NOISE
From time to time, the pipeline at compressor stations and meter
stations will be blown down to atmospheric pressure. and meter
stations. These blowdowns occur rather infrequently during normal
maintenance operations, and also under emergency conditions. The
pressure of the gas in the pipeline causes vented gas to escape at
very high – even supersonic – velocity. Noise levels of 140 dBA
(beyond the threshold of pain) are reached and exceeded. For
obvious reasons, unattenuated blowdown noise is totally
unacceptable in sensitive wildlife areas, where native people are
hunting, fishing or trapping, or near settlements and recreation areas.
24. At all compressor stations, the Company shall install the
best practicable noise attenuation equipment to reduce blowdown
noise to levels that will minimize the disturbance to humans and
to wildlife.
25. As part of the final design, the Company shall submit
plans, designs and operating procedures (including expected
frequency of maintenance and emergency false-alarm
blowdowns) for compressor stations, meter stations or other
project facilities where blowdown can be expected during the life
of the pipeline.
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Emissions from Facilities
Changes in air quality that are associated with major construction
projects are generally temporary or localized in nature, and they
are not, therefore, considered to be one of the more serious
environmental issues. But, because the ambient air quality of the
Mackenzie Valley and Western Arctic is still virtually unimpaired,
the next major source of industrial air pollution takes on greater
significance than the magnitude of the emissions alone would
otherwise merit.
COMPRESSOR STATIONS
The Arctic Gas pipeline project would require a 30,000
horsepower compressor station every 50 miles, usually
accompanied by a 17,000 horsepower chilling unit. We can
assume that a future gas pipeline project in the Mackenzie Valley
will be of comparable magnitude. Natural gas, which is among
the cleanest of fuels, would be used to power the pipeline. But
each station would emit nearly 1,000 tons of exhaust gases per
hour for a total of about 400 thousand tons per operating day for
the whole pipeline North of 60. Of this 400 thousand tons, about
two million Imperial gallons is water vapour or steam. The
volumes are impressive. Furthermore, these emissions will
continue and even increase for at least two decades.
Concern about compressor station emissions focuses on the
potential problems of ice fog and concentrations of nitrogen
dioxide.
26. In final design preparations, the Company should include
site-specific analyses to ensure that all its compressor stations
comply with the Clean Air Act: Ambient Air Quality Objectives
(The Canada Gazette, Part II, Vol. 108, No. 11, and Vol. 109, No.
3). (See The Physical Environment.)
The National Energy Board concurs with this
recommendation, but in its report does not state explicitly
whether it is the “maximum desirable level” or the less stringent
“maximum acceptable level” of nitrogen dioxide that it fears may
be exceeded. For reasons stated in the chapter on The Physical
Environment, I believe the “maximum desirable level” is
appropriate in the Mackenzie Valley from a purely environmental
standpoint. I cannot comment on the practicability of achieving
this level because the detailed technical design considerations are
the responsibility of others. But I must note that, if it is not
practicable here, it is probably not applicable anywhere, and in
that case, it should be reassessed.
27. Air quality over the long term should be monitored and,
in particular, the problems associated with ice fog near
communities and at transportation facilities should be assessed.
Relocation of pipeline facilities or other preventive measures that
can be implemented only during the initial design and
construction phases may be the only way to ameliorate
unacceptable conditions.
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OTHER EMISSIONS
The construction phase of the project may also cause air quality
problems, although combustion emissions produced during this
phase will be of smaller volume and of much shorter duration
than during pipeline operation. Incinerators, space heaters,
vehicles, construction equipment and open fires will burn mainly
gasoline, diesel fuel and similar substances. Their use will
produce relatively low velocity and low temperature emissions of
various kinds, which will stay near ground level. Dispersion
above even a shallow inversion layer is unlikely. Such emissions
contribute both the nuclei and the water vapour that are essential
to ice fog formation, and they contribute pollutants that
accumulate as inversion conditions persist, eventually exceeding
established ambient air quality objectives, even though emission
standards for individual pieces of equipment may have been met.
I understand that emission guidelines or standards are being
drafted by the Environmental Protection Service, Department of
the Environment.
28. The Agency should consult with the Company and the
Department of the Environment with respect to requirements for
emission control devices and to the maximum permissible levels
of emission for construction equipment and vehicles.
Emission control devices are adjusted at the factory by the
manufacturers of vehicles and equipment to meet government
requirements. Of course, these devices may be rendered less
effective or useless if tampered with later. In recognition of this
problem, Ontario has enacted legislation to prevent removal or
alteration of the devices so that they fail to comply with regulations
(Ontario, Statutes of Ontario, The Environment Protection Act,
1971, c.86 as amended by c.94, 1973). This law could be used by
the Agency as a model to develop measures to prevent tampering
with approved and specified settings of emission control devices on
construction equipment and vehicles used on the project.

Equipment Operations
The aspects of the pipeline project that I have described – that
is, the aspects relating to physical plant – are only one part of
the environmental impact associated with facilities
complexes. Construction and maintenance of the pipeline
right-of-way and operation of the facilities will depend on the
use of a variety of equipment with attendant environmental
consequences. Construction involves local and long-distance
hauling by truck, barge, aircraft and helicopter. Stations and
bases will be supplied by barge and truck, access to the rightof-way will usually be by truck or helicopter, travel along the
right-of-way will involve off-road vehicles, and most line
patrols will be carried out by light aircraft. The effects of all
these operations will occur during all seasons, they will be

widespread, and each will raise particular environmental
concerns.
The potential risks to waterbodies, terrain, fish, birds and
mammals will be great if the construction and operation activities
associated with these operations are not carefully planned and
controlled. Although the environmental impacts and mitigative
measures related to the operation of equipment tend to be
activity-specific and site-specific, we can gain an overall
perspective by discussing the issue according to the three types of
vehicles involved: road vehicles, off-road vehicles and barges.
Aircraft pose a special problem that I deal with in a separate
chapter, Aircraft Control.
There are two general recommendations that are important in
meeting the environmental concerns that I set out in the chapters
on The Physical Environment, Wildlife, and Fish.
29. The Company shall assess the environmental effects and
limitations of all equipment used for construction and operation
of the pipeline and shall select equipment that is least
disruptive.
30. The Company shall establish clear environmental and
scheduling guidelines for equipment deployment and operation
during all aspects of construction and operation.

Road Vehicles
A great many vehicles are required on any pipeline project.
Arctic Gas planned to use 350 tractor-trucks, a corresponding
number of trailer units, and 1,500 trucks during the construction
phase. Local transportation and maintenance activities at each
compressor station site and at the regional headquarters sites will
require road vehicles, such as cars and light trucks, and work
equipment, such as graders and loaders. The operation of these
road vehicles poses various environmental problems. For
instance, in the chapter on Wildlife, I describe how road traffic
can disturb wildlife and act as barriers to migrations of
mammals. There are also indirect problems: vehicles using snow
roads and temporary winter stream crossings can damage terrain
and water resources; and fuels and other hazardous substances
could pose local environmental problems if they were spilled
during transportation. I have dealt with these types of problems
and the mitigative measures throughout this report. The
recommendations that follow are meant to supplement those
specific aspects by providing a general approach to the operation
of road vehicles.
31. Unless otherwise approved by the Agency, road vehicles
shall be operated only on public roads or other suitably prepared
surfaces within designated rights-of-way or on lands covered by
permit.
32. Operation of road vehicles shall be scheduled to avoid
adverse impacts on terrain and wildlife. (See Terrain
Considerations: Snow Roads, and Wildlife.)
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Off-road Vehicles
Off-road or low ground pressure vehicles comprise various
wheeled or tracked vehicles designed for use in muskeg, and over
rock, rough ground and snow-covered terrain. They will be used
to transport equipment and supplies along the pipeline
right-of-way, and for normal and emergency inspection,
maintenance and repair work. Hundreds of pieces of equipment,
such as backhoes, bulldozers, side-booms, graders, earth movers,
loaders and specialized trucks, will be required during
construction and, to a lesser extent, will be used in operation and
maintenance of the pipeline.
The main environmental concern is that the ground surface
vegetation mat may be damaged. This could lead to erosion,
disruption of surface and shallow subsurface drainage,
disruption of thermal regimes in soil and to the deposition of
sediment on land or its discharge into waterbodies. The manner
in which the vehicles cross watercourses, particularly in
summer, also raises concern for fish. In general, these vehicles
have a very high potential for disturbance or harassment of
wildlife. All these concerns relate to the type of vehicles and,
perhaps more importantly, to the way in which they are
operated. There will be a great need to ensure that vehicle
operators are well-advised of the environmental hazards and do,
in fact, operate all off-road vehicles in an environmentally
conscientious manner.
33. Use of off-road vehicles shall comply with plans
developed in conjunction with, and supervised by, the relevant
territorial or federal wildlife, fish and land use agencies, or the
Agency, as appropriate. Such plans shall specify types of vehicles,
frequency of passage, and times and areas of avoidance. A
particular aspect to be addressed is contingency planning for
summer travel along the right-of-way. Such planning shall
consider travel that may be required due to a pipeline rupture or
other technical or environmental situation that requires prompt
corrective action.
34. All off-road vehicles shall be operated with particular
care to avoid damage to the vegetation mat and drainage courses
in both permafrost and non-permafrost areas. Travel along the
pipeline right-of-way shall be confined, as far as practicable, to
the winter months when there is sufficient frost penetration and
snow cover to provide adequate protection of the ground surface.
35. All operators of off-road vehicles shall be familiar with
and follow techniques to minimize disturbance to terrain,
watercourses, wildlife and fish. Anyone harassing wildlife shall
be subject to immediate dismissal.
36. To allow passage of off-road vehicles during routine and
emergency operations, and to keep disturbance from such
vehicles to a minimum, the Company shall construct drainage
and erosion control devices, shoo-fly roads and other devices.
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AIR CUSHION VEHICLES
Air cushion vehicles (hovercraft) may be used for access to the
right-of-way for normal and emergency repairs, particularly in the
Mackenzie Delta. The advantages of using such vehicles in
summer, during floods and during freeze-up and break-up are
obvious, but there could be adverse environmental effects,
principally related to terrain damage and noise.
Terrain damage can be caused by the air cushion itself or by
the vehicle or tractor towing the air cushion vehicle. Several
passes by a machine, the air cushion skirt of which is in contact
with the ground, can damage vegetation and, in permafrost areas,
can cause a slight increase in the depth of thaw of the soil. The
ability of large, heavily laden air cushion vehicles to navigate on
steep slopes is limited and can also lead to terrain damage.
The noise problem is particularly troublesome because
periods when use of air cushion vehicles offers the greatest
advantages frequently coincide with periods of high sensitivity
for birds. These vehicles are extremely noisy to operate. One pass
of a towed air cushion vehicle produces a noise greater than 56
dBA over a swath 3,200 feet wide, with lesser disturbance,
(between 50 and 56 dBA) for a further 1,600 feet on either side,
for a total width of 6,400 feet (Commission Counsel 1976,
“Project Operation: Transportation Requirements, p. 11).
Clearly, air cushion vehicles have distinct environmental
disadvantages that offset their logistic advantages.
37. The use of air cushion vehicles during pipeline
construction and operation shall be subject to special approval by
the Agency. The Company shall submit to the Agency detailed
information on the use and control of such vehicles, including the
type and size of equipment, travel corridors, frequency of passage
and times and areas of avoidance for wildlife reasons.
38. Air cushion vehicles shall avoid critical wildlife and bird
habitat areas when they are occupied. (See Wildlife.) Of
particular concern are the areas in the Mackenzie Delta that are
important for nesting and staging birds, and offshore areas used
by white whales for calving and nursing.

Barges
As I describe in the chapter on Transportation, the barging
requirements of the pipeline and gas plants give rise to concerns
about strains on normal community resupply services. But there
are environmental concerns as well.
In the lower Mackenzie Delta, there are several marine
areas that are critical to wildlife. The western portions of the
Mackenzie River estuary, particularly Mackenzie, Shallow
and Shoalwater bays, are important nursing and rearing areas
for white whales and during summer more than 4,000 occupy
these areas. The warm shallow waters and plentiful food
provide ideal habitat for cows with calves. Similarly, from
July through September, many thousands of waterfowl
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require the shelter of river islands, coastal lagoons, spits and
offshore islands for moulting and staging.
The protection that needs to be accorded wildlife in the area
is, in most instances, site-specific. In Volume One, I discussed the
need for a whale sanctuary in west Mackenzie Bay and in the
chapter on Wildlife in this volume I discuss the site-specific
measures necessary to protect critical bird areas. In spite of these
prohibitions, however, it would appear that wildlife can coexist
with marine transport in most areas if the situation is controlled.
39. Marine traffic shall be limited to specific shipping
corridors through Mackenzie Buy, Shallow Bay, Shoalwater Bay
and the lower Mackenzie Delta. Buoyed channels currently
maintained by Transport Canada through Mackenzie, Shallow
and Shoalwater buys should be reviewed to ascertain whether
they can accommodate the substantially greater volumes of traffic
that would result from a pipeline and related transportation needs
in the Delta area without unduly damaging the natural
environment. If, for wildlife reasons, the channels cannot be

enlarged or extended, they should be relocated as soon as
possible to ensure that the channels are well-known before major
developments get underway.
A second problem related to marine transport in the context
of pipeline construction is spills of petroleum and other toxic
materials. Large spills of fuel into the Mackenzie River, the
Mackenzie Delta, or the Beaufort Sea could mean the
widespread destruction of waterfowl and fish and their habitats.
The performance of river operators to date has been good, but a
surge of traffic will increase risks because greater volumes of
fuels will be handled and experienced labour may be in short
supply. A continuing high standard of transport and unloading
operation will be necessary if environmental damage is to be
avoided.
40. During the construction and operation phases of the
pipeline, Company personnel involved with operating, loading or
unloading barges shall follow procedures recommended in
Management of Fuels and Hazardous Substances.

Aircraft Control
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The adverse effects of aircraft on mammals and birds have been
described strongly and unequivocally by many biologists who
presented evidence to the Inquiry. Their concerns centre on the
critical habitats and life stages that make individuals of rare
species or concentrated populations of other species sensitive to
disturbance. They spoke of harassment by aircraft that swoop or
circle over mammals or birds, but their overriding concern
focused on the effects of low-level flight by helicopters and
fixed-wing aircraft. The elevation, frequency, routing and timing
of such flights and the location of airstrips all have the potential
to cause disturbance.
The use of aircraft at low altitudes and under visual flight
rules (VFR) is an important and integral part of life and
commerce in the North today. The use of aircraft is increasing and
will continue to increase with even greater activity by
government, industry, sportsmen, tourists and others. The heavy
volume of air traffic, and particularly of helicopter flights, that
construction activities can generate along the pipeline route and at
gas gathering facilities can lead to seriously adverse effects on the
birds and mammals of the region.
Disturbance caused by aircraft is one of the basic environmental concerns described in Volume One of my report. I said:
It is often thought that, because of the immense geographic
area of the North, construction of a gas pipeline or
establishment of a corridor could not cause major damage to
the land, the water or the wildlife. But within this vast area are
tracts of land and water of limited size that are vital to the
survival of whole populations of certain species of mammals,
birds and fish at certain times of the year. Disturbance of such
areas by industrial activities can have adverse biological
effects that go far beyond the areas of impact. This concern
with critical habitat and with critical life stages lies at the heart
of my consideration of environmental issues. [p. xi]

Uncontrolled aircraft flights are probably the most serious
form of disturbance to mammals and birds. In a recently
published article, Calef et al. outlined the effects of aircraft on
barren-ground caribou:
Aircraft disturbance is merely one of many results of human
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activity which could have a variety of deleterious effects on
caribou. These effects can be divided into three categories:
1. Those causing immediate physical injury or death.
2. Those resulting in increased expenditures of energy, or
changes in the physiological condition of the animals, which
reduce their rates of survival or reproduction.
3. Those resulting in long-term changes in behaviour,
including, especially, the traditional use of ranges.
Low-level flight or “buzzing” elicits panic responses from
caribou, which may then injure themselves by stumbling or
colliding with one another. Cows just before parturition, and
young calves, are particularly susceptible to such injury.
Sustained running results in an unusual depletion of energy
reserves which could be particularly harmful during periods of
stress such as late winter or when the caribou are being harassed
by insects. Running during cold weather promotes pulmonary
disorders in reindeer ... and therefore presumably in caribou.
These are the obvious and immediately injurious consequences
to caribou of their making sustained escape responses.
The long-term and more subtle effects of aircraft disturbance
cannot be predicted at present. Some species such as wolves can
become completely habituated to aircraft according to G. Haber
who studied wolves in McKinley National Park, Alaska.... On the
other hand, repeated disturbance by aircraft could cause animals
to abandon a range, as automobile and railway traffic apparently
have caused them to in Norway. ... Furthermore, little is known
of the long-term effects of disturbance on the physiology of
ungulates. Geist ... has cited several examples of long-term
deleterious effects on metabolism and hormone balance of
ungulates exposed to disturbance. [Calef et al., 1976, p. 210]

These kinds of concerns about aircraft disturbance also apply
to other wildlife species including Dall’s sheep on their wintering
and lambing ranges, snow geese during spring and fall staging,
waterfowl and falcons while nesting, and ducks, geese and swans
while moulting.
The pipeline companies recognize these concerns to be valid
and serious, and they propose measures to avoid or mitigate
disturbance during the critical life stages of various species.
They emphasize, quite rightly, that most of their construction
activities, including air traffic, will be confined to the winter
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season, and they will therefore avoid the most sensitive times of
the year for most species. They say that aircraft under their
control will maintain minimum altitudes wherever and whenever
there might be disturbance to wildlife, and they outline plans to
limit the impact of patrol flights along the right-of-way during
operation of the pipeline by modifying the mode, pattern and
frequency of flights.
It is uncertain what the total amount of air traffic will be
because, although the requirements of the pipeline for air support
can be defined generally, it is not possible to forecast the amount
of air traffic that other activities will generate. The volume of
traffic associated with continued exploration for oil and gas in the
Mackenzie Delta region is potentially very large, and much of it
could be made up of the repeated point-to-point flights that, at
certain times of year, could have devastating effects on wildlife
populations. The considerably increased use of aircraft in
connection with the pipeline, added to the substantial volume of
other air traffic throughout the Mackenzie Valley, has the
potential for seriously adverse effects on mammal and bird
populations.
Although my discussion concentrates on the environmental
effects of aircraft flights that are related to the pipeline project,
these flights cannot be considered in isolation from all other air
traffic. Controls on project-related flights will help to reduce
adverse impact, but, if other flights should be allowed to operate
without restraint, it is questionable whether or not the impact on
wildlife by aircraft can be reduced to a tolerable level.
1. The government should devise and enforce measures to
protect birds and mammals from aircraft disturbance. To ensure
the ongoing health of wildlife populations, consideration should
be given to applying controls not only to air traffic associated
with construction and operation of the pipeline, but also to other
air traffic in the North.

Restraints on Aircraft Flights
Measures to Limit Disturbance from Project-related
Flights
The sensitivities of various species change with the time of year
and the stages of their annual cycle. Nonetheless, a considerable
degree of protection could be achieved by establishing flight
corridors selected to avoid sensitive wildlife, by adhering to
minimum-altitude restrictions outside the designated corridors,
and by carefully selecting the locations of airfields.
The information that is available on the sensitivity of
various species of wildlife to the noise of aircraft is
inadequate for an objective determination of minimum flight
altitudes that will limit or avoid such disturbance. However, a

guide is necessary and from the evidence before the Inquiry,
1,500 feet seems to be appropriate.
Airfields are centres of low-altitude aircraft movements that
can be particularly disturbing to mammals and birds during
sensitive periods in their annual cycles.
2. All aircraft flights connected with the pipeline project shall
be flown at no less than 1,500 feet above ground level between
take-off and landing except for flights along designated corridors
in which lower minimum heights may be permitted.
3. A number of aircraft corridors, in both time and space,
shall be established so that a certain number of flight paths will
be available at all times without reference to the regulatory
authorities. All such corridors shall have a minimum flight
altitude of 500 feet unless specifically designated otherwise. In
general, a corridor two miles wide and centred on the pipeline
right-of-way should be designated and, as far as possible, it
should avoid areas occupied by sensitive bird or mammal
populations. To the degree that sensitive areas and times cannot
be avoided, the corridor shall be subject to site- and time-specific
routing and altitude flight restraints as designated by the Agency.
4. Airfields related to the pipeline project should be located
to avoid areas in which there are bird or mammal populations
that are sensitive to disturbance by noise and shall be at least
three miles from such areas, unless specifically authorized by the
Agency. Runways should be oriented so that landing and take-off
paths avoid overflight of sensitive areas.
DELIBERATE HARASSMENT
The “buzzing” or chasing by aircraft of individual animals or
groups of birds or mammals can be exceedingly harmful to them.
For example, disturbance of nesting birds can lead to death of the
young and it can cause mammals to abort or to be separated from
their young. The Company should ensure that pilots know that
such actions, including flights at low levels, are prohibited and
subject to disciplinary action.
5. Deliberate harassment of wildlife by aircraft shall not be
permitted within pipeline system lands or in any other areas.
Pilots, in the direct or indirect employ of the Company, who
harass wildlife shall be immediately suspended from any further
flying on the project and they shall be reported to the Agency for
prosecution.
The effect of harassment on wildlife is so severe that this
recommendation should be extended to cover all aircraft in the
region.

Measures to Limit Disturbance to Specific Species
from Project-related Flights
Many specific proposals for the protection of mammals and
birds from disturbance by aircraft were presented to the
Inquiry. In addition to the restrictions on altitude, flight
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frequency and airstrip location, they included recommendations
that aircraft should avoid certain areas at certain periods of time.
The problems will persist into the operation phase of the pipeline
because monitoring flights will be most numerous in the spring
during and immediately following break-up when many bird
species are most sensitive.
In Volume One of my report, I proposed a wilderness park in
the Northern Yukon: it will achieve some of the desired
protection. Similarly, the bird sanctuaries I recommended in the
Mackenzie Delta and Mackenzie Valley will provide the
Canadian Wildlife Service with authority to apply the controls
that are needed there. In this volume, I outline, in the chapter on
Wildlife, measures that are needed to protect birds and mammals
from disturbance in general. I now make recommendations to
protect specific species from aircraft disturbance.
RAPTORS
6. Airstrips and helicopter pads should be located so that all
approaches and take-offs will avoid Raptor Protection Zones (as
defined in Wildlife: Birds).
7. Aircraft should maintain an altitude of at least 3,000 feet
above ground level while over any Raptor Protection Zone during
a sensitive period. Lower level flights shall be routed around the
zone. Pipeline surveillance flights at less than 3,000 feet above
ground level and helicopter landings shall be prohibited within a
Raptor Protection Zone during any sensitive period, except as
specifically authorized by the Agency.
WATERFOWL
8. Air traffic over critical staging and nesting sites shall be
subject to specific altitude and frequency restrictions during
periods of occupancy.
9. During the periods in spring and fall when islands in the
Mackenzie River are used as staging areas by flocks of waterfowl,
aircraft shall avoid areas occupied by birds, and any flights
within 2 miles of such areas shall maintain an altitude of 2,000
feet above ground level.
10. During full staging of flocks of snow geese, aircraft shall
avoid areas occupied by these birds and any emergency flights
within 2 miles of such areas shall maintain altitudes of 5,000 feet.
MAMMALS
11. Aircraft shall maintain a minimum altitude of 2,000 feet
above ground level wherever there are calving caribou or
lambing Dall’s sheep.
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Control, Implementation and Enforcement
The above recommendations are, in effect, operating standards
that should be complied with if disturbance to wildlife is to be
minimized. But the setting of standards is only part of the
solution. We must also assess the effectiveness of those standards
in individual cases, and devise means of enforcing them.
At present, the only attempt to restrain aircraft operation is
within the migratory bird sanctuaries, where the Canadian
Wildlife Service requires that aircraft should fly at a minimum
altitude of 1,500 feet above ground level. Transport Canada has
informed pilots of this limitation in its Notices to Airmen
(NOTAMS), but takes no responsibility for enforcing this
limitation, and the Canadian Wildlife Service has very limited
means of enforcement. In evidence before the Inquiry, Harold
Heacock of Transport Canada emphasized the difficulty of
enforcing minimum flight altitudes and other environmental
controls on aircraft using visual flight rules, particularly while
flying during bad weather conditions.
Thus, despite the alarm with which biologists regard the
effects of disturbance on birds and mammals by aircraft, only
limited and relatively ineffective measures can now be taken to
protect them, even in the geographical areas that are of the
greatest concern.
My objective is to recommend terms and conditions that will
limit the impact of a pipeline and energy corridor along the
Mackenzie Valley. However, as I explained at the beginning of
this chapter, the problems created by the air traffic generated by
the pipeline project cannot be considered in isolation from those
created by all other aircraft in the area.

Flight Control Group
Because aircraft disturbance poses an immediate threat to
wildlife, and because there is a general lack of regulatory control
in this regard, it is essential that government implement a flight
control program. Flights associated with the pipeline project are
only one small part of the overall problem; the program created
to control flights should, therefore, be broad enough to regulate
all aircraft activity that poses a threat to wildlife in the area. I
recognize that such controls will be unpopular and an
inconvenience during certain times of the year, but we must
understand that the benefits derived from industrial development
in the North carry a price. In a case like this, we must now make
a choice: either we develop some means of regulating
disturbance or we will suffer the loss of a substantial portion of
our greatest northern wildlife resources. No one has seriously
suggested that all aircraft activities be stopped: rather, they must
be controlled so that critical areas and critical life stages of
wildlife are protected. I think that a flight control group is the
means to do this. The following recommendation for setting
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up this group is one of critical importance for the control of
aircraft related to the pipeline project. But its implementation
would be of value in protecting wildlife from any aircraft
disturbance in the North. I have therefore written the
recommendation for general application, whether there is a
pipeline project or not.
12. To control the environmental effects of all air traffic in the
region, including project-related air traffic, a Flight Control
Group should be established immediately. To minimize
inconvenience to pilots, this Group should be the only point of
contact for flight operators. To be effective and comprehensive
this group must coordinate closely with Transport Canada, which
controls flying from a safety point of view.
The Flight Control Group shall be the basic mechanism for
ensuring that environmentally hazardous flying does not occur. In
this regard, it should prepare specific measures to protect birds
and mammals. The Flight Control Group should involve the
federal and territorial governments, and during pipeline
construction the Company and the Agency, in identifying the
locations and in monitoring the movements of wildlife. On the
basis of local observations, field staff of all those involved should
be used to predict when and where conflict with human activities
might occur and to advise the Group that flight plans may have to
be modified to avoid these times or areas.
The Flight Control Group should set up and administer
procedures that will include a daily preview of the flight plans of
all project-related flights and other flights as required to
ascertain whether or not the flights are likely to disturb wildlife
populations unduly. The group shall approve flight plans on a
case-by-case basis taking into account changing environmental
conditions, and the effectiveness of various degrees of
restrictions.
In view of the particular wildlife sensitivities in the
Mackenzie Delta and recognizing that a great deal of oil and gas
activity is concentrated there, the Flight Control Group shall pay
particular attention to that area.

Enforcement
Although the Flight Control Group, as recommended, would
regulate flights to limit disturbance on wildlife, it will face the
same problems of enforcement that exist today. This is a difficult
problem that requires careful consideration by government.
Although no solutions have been advanced before this Inquiry, it
is apparent that measures could be devised. For example,
provisions such as those that exist in Air Navigation Order Series
V, Number 10, which restricts take-off and landing in designated
park areas, may be appropriate.
13. A means of enforcing the regulations and directives
prepared by the Flight Control Group regarding aircraft

movements should be devised. This enforcement mechanism
should be in operation before pipeline construction begins.
14. To ensure comprehensive protection of the environment,
compliance with the directions of the Flight Control Group
should be made a condition of every drilling licence, land use
permit, or similar authorization to carry out work in the area
involving aircraft flights.

Company Plans for the Use of Aircraft
To protect birds and mammals, it is necessary to identify
problems and to ensure timely planning for the regulation of
flights.
15. Before the final design phase, the Company shall submit
for approval by the Agency an overall plan for the use of
project-related aircraft during the period of construction. Final
plans shall be submitted six months in advance of each season’s
construction. Both the overall plan and the final plans shall detail
such items as the routing and frequency of flights, the time of year,
the type of aircraft and their flying heights; the landing areas and
the pattern of aircraft movement into and out of those areas; and
the corridors to be used for low-altitude flights. They shall also
describe the potential disturbance of aircraft flights to sensitive
wildlife populations, and the measures that are proposed to
mitigate this kind of disturbance.
16. Six months before construction is completed, the
Company shall submit for approval by the Agency plans for the
use and control of aircraft during the operating life of the
pipeline.

Pilot Education
The implementation of all the recommendations above should
ensure that use of aircraft in the region is compatible with the
protection of critical habitats and of wildlife during critical life
stages. However, it will always be difficult to protect widely
dispersed wildlife populations. General protection can probably
be accomplished best through the education of pilots.
In evidence presented to the Inquiry on behalf of Transport
Canada, Heacock suggested that one way to reduce possible
adverse effects by aerial activities on wildlife would be to:
Mount an extensive publicity campaign to impress on all
pilots, contractors, etc., the importance of protection of
wildlife in the area and the serious consequences that may
result from any unnecessary disturbance of birds or mammals.
Most pilots flying in the north country realize the importance
of all mammals in relation to native welfare, and that policing
action would be most difficult. Obtaining their full cooperation
would appear to be the most likely means of minimizing
disturbance to wildlife. If such a publicity program is
considered desirable, Transport Canada could provide a
nation-wide coverage through [its] air information
publications. [F21186]

Aircraft Control

17. The Agency shall complement its restraints on low-level
aircraft movements with a comprehensive campaign to educate
all aircraft personnel involved in the project that they may fully
understand and accept the importance of these protective
regulations. As part of such a program, Transport Canada’s
Notices to Airmen should be used to remind aircraft operators of
the importance of the wildlife populations, of their susceptibility
to aircraft disturbance and of the protection they are given by the
Flight Control Group and by legislation, such as the Migratory
Bird Regulations.

Wildlife-Aircraft Impact Research
The level of noise and disturbance generated by aircraft varies
between types and model, and the disturbance created by one
model may differ significantly from that made by another of
similar capabilities. However, there has been little research on the
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comparative levels of disturbance created by the many sorts of
aircraft that are available. Such research is necessary to allow
proper selection of aircraft to reduce the disturbance of wildlife.
In addition, we need to know more about the sensitivity of various
species of wildlife under different conditions and at different
stages in their life cycles so that we can gauge the short-term and
long-term effects of aircraft disturbance.
18. The government should establish research to evaluate the
impact of air traffic disturbance on various species of wildlife.
This research should investigate and classify the degree of
disturbance generated by different models of aircraft used in
northern transportation, and assess the short-term and long-term
impacts of aircraft disturbance on wildlife and the effectiveness of
flight restrictions. The government should review the results of
this research and modify existing regulations where necessary to
provide the best protection possible for wildlife. (See Wildlife:
Wildlife Management and Research.)
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Project Regulation and Review

THE REPORT OF
THE MACKENZIE VALLEY
PIPELINE INQUIRY
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The Nature of Regulation
The pipeline project will be an enormous engineering venture,
and the environmental, social and economic impacts it will give
rise to will be widespread. The necessity for a regulatory Agency
to supervise the project in the national interest is inescapable, as
is the necessity for such an Agency to serve the other, specifically
the northern, interests that the project will inevitably affect. Such
an Agency will be essential, even following a settlement of native
claims and a restructuring of northern government.
It will be, of course, for the Government of Canada to
decide on the form and jurisdiction of the regulatory authority.
I have assumed that there will be a more or less unified
regulatory Agency that brings together the multitude of
widespread governmental responsibilities that exist at the
national and regional levels. The questions whether such an
Agency ought to be the National Energy Board, an existing
government department (such as the Department of Indian
Affairs and Northern Development), or a combination of these,
and whether it should exercise jurisdiction not only in the
Northwest Territories but in the provinces along the route of the
pipeline are matters for the Government of Canada to
determine.
Because a pipeline in the Mackenzie Valley has been
postponed, it will be possible, in devising appropriate
measures to regulate a Mackenzie Valley pipeline, to benefit
from the experience gained in regulating construction of the
Alcan pipeline. But whatever system of regulation is adopted
for the Alcan pipeline, and whatever lessons are learned there,
they will not necessarily lead to easy conclusions about the
kind of regulatory Agency that ought to be established for a
Mackenzie Valley pipeline. I say this because the social and
cultural changes that occur in the Northwest Territories in the
next ten years may be as great as they have been in the past ten
years. The government is committed to a comprehensive
settlement of native claims. The government also expects
changes in the structure of government in the Northwest
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Territories. So the institutional landscape is likely to be
significantly altered in the next decade.
These factors, of course, make it difficult for this Inquiry to
make specific recommendations now for the machinery of
regulation that ought to be established if a pipeline is built in ten
years’ time. Yet in the course of the Inquiry, a number of
considerations emerged that bear on the question of regulation of the
pipeline project, whenever it occurs. There are certain principles that
should govern the regulatory process, and those should be made
plain. The importance of these principles is likely to persist no
matter what changes occur in the North and its institutions.

Principles of Regulation
The principles that ought to be observed derive from the need to
ensure that adequate recognition is given not only to
environmental and technical matters, but also to questions that
are of a social and economic nature. Frost heave, for example,
may well present formidable engineering and environmental
challenges; but no less formidable are the challenges presented
by the social tensions that could result from pipeline
construction. It is to these challenges that the Government of
Canada must address itself in establishing an appropriate
regulatory mechanism.
1. The regulatory mechanism should be defined, and it should
be in operation and widely understood by all those concerned from
the very beginning. By this, I do not mean that it should be in place
at the start of construction or even pre-construction activity; I mean
that it should be operational as soon as the project is approved in
principle. On a project of this size, overall project review and
design review (both of which I deal with below) are necessarily
processes of discussion and negotiation between the pipeline
Company, government, the local communities and various other
interested groups. Certainly, the people who will be responsible for
the regulation of the project should deal with the problems the
project presents from the time they become apparent in preplanning
through to the completion of the project. But more than this, all
parties with interests that may be considerably affected by the
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project must be in a position to develop their priorities and define
their responses in an informal way, and at a stage before the
exigencies of construction have foreclosed many options.
2. The problems that are to be addressed by the Agency, from
the beginning to the end, should not be limited to problems of
engineering and construction. Social, economic and
environmental considerations should be addressed at an early
stage and throughout, with the same intensity and concern as
technical and engineering questions.
This is not to say that the regulatory Agency should have the
exclusive responsibility for everything that happens in the region
during the period of pipeline construction. There is a hierarchy of
responsibilities and concerns that focus on the pipeline, and many
social and environmental issues must, and can best, be dealt with
by existing or emerging institutions. In particular, the
communities along the route will have to cope with many social
problems that the Agency cannot control. The in-migration of
people looking for work, squatters, an increase in alcoholism, and
local inflation are examples of the problems with which local
authorities will have to deal. But within this hierarchy of
governmental responsibilities there are matters, whether they are
of a social, economic or environmental nature, that tend to be
directly assignable to the project, or that occur along the
right-of-way. It is these matters that are of interest to the Agency.
Certainly, terms and conditions applicable to lands used by
the Company are of direct concern to the Agency. However, the
ongoing responsibilities. of federal departments and of territorial,
regional and local governments must not be usurped by the
Agency. A careful definition of responsibility will be necessary,
but at the same time it must be understood that the Agency, in
carrying out its mandate, may frequently have to transgress
traditional boundaries of government departments.
The need to limit the authority of the regulatory Agency
springs from several concerns. There is, for one thing, the
importance of avoiding a bureaucracy that duplicates or
complicates the normal operations of government. Then there is
the relationship of such an Agency to the native claims process
and, ultimately, to the institutions that will represent the native
interest in the Northwest Territories. Furthermore, the Agency
will be established to handle what amounts to an emergency
situation – one that will come and, like the Agency, eventually go.
If the Agency encroaches too severely on the jurisdiction and
operations of government departments, their ability to carry out
their functions both during and after the construction of the
pipeline could be impaired.
Thus, for instance, the numbers of the Delta reindeer herd
might decline for reasons that were indirectly related to
pipeline construction, but that occurred well away from the
right-of-way. In this case, lacking jurisdiction and specific
terms and conditions that could be applied, all that the

Agency could do would be to help the appropriate authorities,
such as the Canadian Wildlife Service and the Government of the
Northwest Territories find solutions to the matter. If, however,
activities of construction personnel, such as harassment or
hunting, were the cause of the decline in the number of reindeer,
then the Agency would be responsible to see that the activities
ceased.
3. The regulatory process should involve all of those interests
in the North that have concerns about the impact of the project,
and their involvement should be understood in the broadest sense.
However, the process must not be put into a position of dominance
with respect to government departments and agencies in the
region, or other regional institutions.
This implies that the regulatory authority will have to be
accessible and responsive to all institutions and groups that have
an interest in the pipeline – departments of government,
communities, public interest groups, and, of course, native
people. This will require the establishment of a comprehensive
review process in which all interested parties can participate, and
by means of which problems can be identified by those most
likely to be able to devise solutions. I propose that an Impact
Assessment Group be established for this purpose. I deal with this
matter later in this chapter.

The Regulatory Agency
The schedule of construction activities for a Mackenzie Valley
gas pipeline North of 60 will require a tremendous range of
decisions and commitments to be made before any construction
begins. Environmental and socio-economic constraints must be
decided upon. The types of equipment, and sites for borrow pits,
compressor stations and wharves must be investigated and
approved. Designs, specifications and contract documents must
be prepared. Employment and manpower schemes and impact
funding must be developed. And most of these pre-construction
activities carry serious implications for the project. The actual
pipelaying on any one construction spread will be preceded by
months of site preparation and construction activity required to
build wharves, camps, road and airstrips. Simultaneously when
installation of the pipe begins, large crews will be at work at
many different locations along the Mackenzie Valley.
Construction of compressor stations, once it begins, will
continue throughout the year. Major river crossings will be
installed in summer, while several other activities such as
depositing fuel and supplies, are going on. In short, once
construction starts, it will continue year-round throughout the
project area for several years.
4. A single regulatory Agency should be established by
legislation to implement all government actions that bear on
the pipeline project and on the pipeline Company. The Agency
must be equipped to deal with the engineering, technical,
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environmental, social and economic matters from the early
conceptual and design phases of the project to its completion.
5. The Agency should be established for this specific project
only. It should therefore be limited to the duration of the construction
phase. It should be clear from the outset that the Agency shall cease
to exist as soon as the commissioning of the facilities is complete and
the pipeline goes from the construction phase to the operating phase.
Authority for ongoing regulation would then be transferred to normal
governmental regulatory bodies.
If the Agency is to meet the challenge of controlling the
pipeline project, it must do a number of things. First, it must
prepare detailed regulatory specifications, well in advance of the
pipeline Company’s schedule and design submissions, so that the
Company can comply with the Agency’s regulations in all matters
pertaining to the project. Second, it must conduct overall project
reviews and final design reviews to ensure that the designs and
plans of the Company are technically, environmentally and
socio-economically acceptable. Third, it must put a team of
trained inspectors in the field to ensure that the Company’s
pre-construction and construction activities conform with terms
and conditions that have been laid down.
These are the principal functions of the Agency. But there is
another function that is equally crucial to the effective regulation
of the project. I refer to an impact monitoring, impact assessment
and public information role, which I shall discuss below. At this
point it is important only to emphasize that the Agency itself must
structure its operations so that it is responsive to and acts quickly
upon the information and advice (including recommendations for
design changes or modifications to regulations) that it receives
from the Impact Assessment Group.
THE SCOPE OF REGULATION
When we examine the need to control a large-scale undertaking
such as a Mackenzie Valley pipeline, we tend to
compartmentalize issues. Technical issues of a design and
engineering nature are relatively clear cut: traditionally, they have
been the focus of any process that has been set up to deal with
project regulation. In recent years, we have come to recognize
that there is a relationship between engineering and
environmental issues; as a consequence, our regulatory processes
have been expanded to consider both.
Social and economic issues have not been regarded in the same
way, because, in the public and political mind, the connections
between a particular project and what happens to people and
communities have been less obvious, and the causes of social and
economic changes have been more open to varieties of
interpretations. Even such phenomena as increased employment and
accelerated local business, which are among the more obvious and
positive spin-offs of industrial projects, are still rarely under the
influence of whatever mechanisms have been established to regulate
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a project. Almost never are the negative spin-offs, such as loss of
community leaders to industrial jobs, disruption and overcrowding
of schools, and loss of tourism due to lack of accommodation,
considered part of the regulatory function. In part, this may reflect
social biases – engineering and environmental matters are viewed
as being within the purview of the “experts” and beyond the realm
of ordinary men. In part, also, it may reflect the fact that society
already has at its disposal a range of governmental institutions
dealing with social and economic matters. But this is not the case
along much of the pipeline right-of-way in the Mackenzie Valley,
where the ability to handle social and economic problems that will
result directly from the pipeline is neither comprehensive nor far
advanced. Along with such institutions as already exist, and those
that emerge, the Agency should have a role with respect to
socio-economic matters, although this should be an unobtrusive
and carefully constrained role.
6. The Agency should be responsible for the monitoring and
enforcement of terms and conditions concerning scientific,
technical, engineering, environmental and socio-economic
aspects of the project, as they relate specifically to day-to-day
actions of the pipeline Company, its contractors and
subcontractors. The Agency should not, however, be responsible
for the enforcement of ongoing programs and policies of
government relating to the management and control of
environmental, social and economic matters in the North. It
should not become a parallel government.
I recognize that the division of responsibility between the
Agency and normal government departments will vary according
to the issue and the nature of the government policies and
programs. For example, the Geotechnical Review Panel that I
discussed in the chapter on Geotechnical Considerations is
obviously project-specific, and it will have to be appointed by the
Agency. Short-term wildlife monitoring – monitoring relating
directly to project activities – is also a function of the Agency but,
as I said in the chapter on Wildlife, long-term monitoring and
wildlife management is an ongoing responsibility of government
and is clearly beyond the scope of the Agency. Control of aircraft
activities related to the project is necessary, but if disturbance is to
be effectively controlled, all aircraft flights will have to be
regulated during critical wildlife periods. That is why I recommend
that the Flight Control Group be associated with – rather than form
part of – the Agency.
I have recommended that employment on the pipeline be
handled through a manpower delivery system established by a
group representative of federal and territorial departments
with responsibilities in the field of employment. The
manpower delivery system would exist for the duration of
pipeline construction; it would obviously have very close
connections with the Agency and with the government
departments that normally look after employment. The

208 THE PROJECT - Mackenzie Valley Pipeline Inquiry - Vol. 2

Agency should have the major responsibility for ensuring
compliance with terms and conditions that apply once people are
on the job, for example, conditions of work. The location of
camps is another matter in which the Agency has an obvious
interest. The Agency should have direct control with respect to
the pipeline Company’s accommodation. It should not be allowed
to infringe on the jurisdiction of other government departments,
such as the Northwest Territories Housing Corporation, but it
should be in a position to provide advice that could prevent the
Company’s housing plans from aggravating local problems.
7. Before the government grants a right-of-way permit for the
pipeline, it should be in a position to ensure that it can respond
effectively, through existing institutions, to immediate and
long-term impacts that are not the direct and assigned
responsibility of the Agency.
ENFORCEMENT
Effective means of enforcement often form the backbone of
regulation. The Agency will have to develop approaches that might
be taken in situations where by accident, neglect or wilful acts, the
Company, its contractors or any of its subcontractors violate the
terms and conditions attached to the right-of-way, or any of the
Acts, Regulations or Ordinances pertaining to the pipeline project.
On any construction project, inspection personnel have to
develop effective means of ensuring compliance with technical
specifications. This is a complicated and difficult task when
special terms and conditions are introduced that deal with the
natural and social environments – terms and conditions that the
construction Company’s officers, supervisors, foremen and
employees may see as “getting in the way” of job “progress.”
On-site personnel who are faced with the daily problems of
production quite naturally and understandably gauge success by
the amount of pipe laid or the number of welds completed. With
regard to the pipeline project, a system of incentives should,
where possible, be incorporated into the compliance scheme so
that there are real and perceived losses for those who violate or
disregard terms and conditions. This must be done at the time
initial contracts are let, if the Company is to have any effective
control over its contractors and subcontractors.
Most inspectors have, in one form or another, the power to
shut down a job on which terms and conditions are being violated,
but that power is rarely used. Often, particularly on large,
capital-intensive, tightly scheduled, and seasonally dependent
projects, it causes more problems than it solves. To stop a project
is an extreme measure that should be used in emergency
situations only. That is why terms and conditions should be
enforced at the planning stage.
8. The Agency may call upon the Company at any time to
furnish data concerning pre-construction, design, construction
and commissioning activities related to the project.

9. The Agency shall inspect the activities of the Company on
site and shall have access to the project at all times.
10. The Agency may require the Company at any time and
without liability or expense to the Agency or the government, to
make such modification of the pipeline system as it deems
necessary to protect or maintain the integrity of the pipeline, the
physical, living or human environment, and the public interest.
11. Where there is dispute regarding the possible impact of a
proposed activity on the physical, living or human environment,
the onus shall always be on the Company to prove to the
satisfaction of the Agency that its proposed activity is not
unacceptably detrimental.
12. The government and the Agency should develop
noncompliance and penalty mechanisms that respond to
accidents and wilful non-compliance. These mechanisms should
mitigate the situation by immediately removing the cause and by
initiating procedures that will remedy the damage done; assign to
the Company immediate penalties for violation; and require the
Company to have in its contracts with its contractors, suppliers
and transportation companies clauses that will allow the
penalties to be passed on to the violator. Penalties should be in
proportion to the violation and they should escalate in severity
with continued violations or with consistent non-compliance.

The Company
It is not enough, in my opinion, merely to write technical,
environmental and socio-economic stipulations into the terms of
right-of-way agreements, land use permits, and water licences. If
government and the Agency assume that their responsibility stops
at prescribing such stipulations, they will have to rely on the
Company to determine the degree to which there will be full
compliance with the terms and conditions. The exigencies of
pipeline construction in adverse conditions and within a
compressed schedule make corrective measures difficult and
expensive. Technical, environmental and socioeconomic
stipulations will, in my opinion, be implemented effectively only
if they are viewed from the beginning as an integral part of
pipeline construction and operation rather than as something
imposed from outside.
To ensure that such stipulations become an integral part
of the construction process, they must be consolidated and
incorporated into all advance planning; and they must be
written into all contract documents so that each contractor,
subcontractor, and operator in the field knows in advance
what is required of him and has the opportunity to plan to
meet the stipulations and to cover their cost. Only if
stipulations are written into contracts in express terms, and
allowed for in the costs of the contracts, is there a reasonable
chance that they will be complied with routinely and
conscientiously. Even then, there will have to be competent
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and effective inspection to take care of unanticipated situations
and attempts to cut corners. In my view, the onus to ensure that
terms and conditions apply to all aspects of the pipeline project,
to all levels of contract and subcontract, and to collective
agreements with unions, must rest with the Company. It is up to
the Agency to ensure that the Company recognizes this
responsibility, and carries it out. To do so, the Company must
submit the details of its plans in sufficient time for the Agency to
study them and give approval or request further information.
13. In all its contracts and agreements with contractors,
subcontractors and unions, the Company shall legally bind them
to the terms and conditions laid down with respect to the project.
The Company shall be responsible for inspecting the work of all
subcontractors to ensure that it conforms with the technical,
environmental and socio-economic terms and conditions
established by the Agency.
Traditionally, on any large-scale engineering project, there
are Company managers, foremen and inspectors to ensure the
adequacy, economics and progress of the work being done by the
Company’s staff and its contractors and suppliers. However, on
the Mackenzie Valley pipeline project, the traditional structure
must be revised to incorporate environmental and socio-economic
personnel into management. There must be staff capable to
supervise and inspect matters ranging from design preparation to
routine activities.
14. The Company’s environmental and socio-economic staff
should be responsible to senior project management through the
same resident manager to whom the engineering inspectors will
be responsible. The resident manager must therefore understand
and appreciate the environmental and socio-economic aspects of
the project just as he must understand and appreciate its
engineering and economic aspects. To do this, he will need the
assistance of environmental and socio-economic specialists, both
in the field and the office, just as he will need the assistance of
engineers in the field and the office.
All three groups in the project management team – the
engineering, the environmental and the socio-economic
supervisory personnel – will have to work together to make
responsible decisions regarding the consequences of their
actions, if the project is to be completed in an acceptable way.
The Company’s senior management must, therefore, accept
the responsibility for environmental protection and for social and
economic matters specified by the Agency to the same degree as
it accepts the responsibility for safety and integrity of the pipeline.
The Company must be made aware that penalties will be imposed
if it should neglect its responsibility to enforce protection
measures.
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Review Processes
Once the design of a project as massive as the Mackenzie Valley
pipeline has progressed beyond the preliminary or conceptual
stage, a chain of events is set in motion that cannot be arrested.
The major input on the part of northern governmental institutions
and interest groups will, therefore, have to be channelled through
a review process that takes place during the early design and
engineering stages.
To avoid unnecessary delays and to minimize adverse
impacts once construction has begun, there is a need for a
methodical and sequential review process that covers all aspects
of the project as it evolves from its conceptual stage through to
final design. In many respects, the Inquiry and the hearings of the
National Energy Board can be regarded as part of this process.
Review, feedback and refinement of the project must continue
right through the planning and construction stages.
15. The Agency and the Company should establish project
review plans, procedures and schedules that will be binding
throughout the project. Emphasis should be placed on a
systematic and extended review of criteria and preliminary design
concepts including the justification of construction modes,
trade-off studies and risk and impact analyses. All of the
Company’s submissions for approval by the Agency should be
planned and scheduled to ensure that they are reasonable in
scope, and filed in reasonable time, insofar as the workload
imposed on Agency is concerned.
16. The Company shall submit to the Agency for approval a
schedule for project control, using a scheduling system
acceptable to the Agency. This schedule shall govern all of the
Company’s activities. In addition to the basic construction
schedule, it should include such things as schedules for
regulatory reviews and approvals, for the issuing of construction
plans and specifications, and for the issuing of major supply
contracts. The schedule should also include construction
contractors’ schedules for logistics and activities. The schedule
shall clearly show environmental and socio-economic constraints
set forth in the applicable stipulations.
The submission shall include procedures for periodic
updating of the schedule and for re-scheduling if disruptions
occur during execution of the project.
Although the review process must be a coordinated and
continuous activity, I think that two aspects – overall project
review and detailed design review – assume prominence and shift
in importance as the project evolves.

Overall Project Review
Overall project review, the first part of the review process,
begins when the project is still in a conceptual form. The 1970
and 1972 Pipeline Guidelines, the evidence brought before this
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Inquiry, and the hearings held on the project by the National
Energy Board have already provided the perspective for a
consideration of such matters as routing, scheduling, overall
impact, feasibility and mitigative measures. It is at this stage that
the project is most amenable to change and can best be influenced
by the institutions of northern government and the various interest
groups that will be affected. It is at this stage that the form of the
venture becomes defined and the nature of the necessary controls
becomes known.
However, the approval of a project and the granting of the
necessary permits are only part of a systematic process that leads
to effective implementation. The clearer the direction given to the
pipeline Company from the outset, the easier it will be to make
the project conform to the spirit as well as to the letter of the terms
and conditions under which approval would be given.
To be effective, such direction must come during the
formulative stages of the project, and must be informed by the
interests of all parties directly affected. Furthermore, a regulatory
structure must go beyond the interests that such a mechanism is
normally designed to serve – it must serve the native interest as
well. This new structure must be in operation to give direction to
the pipeline Company long before the final design stage is reached.
PROJECT CODE AND GUIDELINES
Both the Agency and the Company have responsibilities to
implement and control the project – responsibilities that are
extensions of the conventional regulatory and project
management functions of government and industry. The
right-of-way permit will have several terms and conditions
attached to it, many of which will be general principles to guide
the Company. A great many of the recommendations I have made
in this volume can be adopted for this purpose.
17. As one of its first tasks, the Agency should develop a
project code and guidelines that provide direction to the
Company on important engineering, technical, environmental,
social and economic matters related to the pipeline project. The
code and guidelines should be drafted and circulated to all
interested parties for comment before they are adopted. Together
with the stipulations in the certificate of public convenience and
necessity and the right-of-way permit, the code and guidelines
should provide the basis for project design and review.
18. The code and the guidelines and stipulations attached to
permits for the project should be flexible enough to allow the
Agency to require modifications whenever design, construction or
on-site conditions indicate the need for such changes. There
should, however, be specific limits to this authority. The Agency
must, as a matter of regular procedure, publish information
relating to all of its decisions.
It is important to distinguish between a code on the one
hand and plans and specifications on the other. A code

outlines the performance that is expected; it comes before design
and is enacted by regulatory bodies. Plans and specifications spell
out the work to be undertaken; they are generally initiated by the
Company as part of design, and submitted to the regulatory
process for approval.
The basis for a code and guidelines has already been
established. The 1970 and 1972 Pipeline Guidelines were a
beginning; they were followed by the report of the Pipeline
Application Assessment Group in 1974, the report, Towards an
Environmental Code, of the Environment Protection Board, and
Recommended Environmental Standards for the Design and
Construction of a Mackenzie Valley Gas Pipeline, prepared in
1976 by the Environmental Protection Service of the Department
of the Environment. The Inquiry itself sought to bring together all
the engineering, technical, environmental, social and economic
considerations as they were perceived by the participants in the
Inquiry and by the people of the North. Volume One of my report
highlighted the major issues. The report of the National Energy
Board, Reasons for Decision: Northern Pipelines, looked at a
variety of issues from a national perspective. And, in this volume,
I have put forward a set of recommendations that I consider ought
to form the basis of a code for use by the Agency and the
Company. But the recommendations set out in this report do not
provide the detailed code requirements that are necessary to
ensure the desired degree of environmental, social and economic
protection. They do not obviate the need for highly skilled
judgment, and the need for close coordination between the many
disciplines involved and the people of the region, throughout the
planning, execution, and commissioning process.
In all of this, we must remember two facts: the native people
will not cease to regard the North as their homeland; and most
southern Canadians will continue to consider the North as a
frontier, albeit a frontier to which they have a particular and
national responsibility in the long as well as the short term. We
must accept that the native interest is of a special character. It is
different in kind, as well as in degree, from the interests of any
other third party. This special character must be recognized both
explicitly and implicitly in the design and function of the
regulatory mechanisms, if the project is to be regulated properly,
efficiently, and in accordance with the priorities for the North to
which the government is committed.
OVERALL PLANS
The pipeline Company’s conceptual plan, and the code and
guidelines developed for the project, lead to broadly based
decisions on the project. As these decisions are reached, the
relationship between the project and the northern environmental
and socio-economic milieu will acquire a sharper definition. This
overall project review stage is critical because, as the project
becomes more precisely defined, it becomes technically more
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difficult to make changes to it. The broad problems must be
satisfactorily addressed and resolved at this stage. Involvement by
local people becomes crucial, for it is at this stage that priorities
and criteria for monitoring, assessment and design review must be
established.
Throughout this volume I have recommended that, before final
design, the Company prepare overall plans that show in a general
way the activity proposed and the relationship of that activity to
other aspects of the project. I have suggested that these plans be
prepared in cartographic form insofar as this is possible, so that
they may be easily understood by the many disciplines involved in
the design and review process and by the public at large.
19. Before final design, the Company shall prepare for
approval by the Agency overall plans such as those specified in
Location, Construction Plan and Scheduling, Terrain
Considerations, Water Withdrawals, Waste Management,
Management of Fuels and Hazardous Substances, Pipe Testing,
and Facilities Complexes and Equipment Operations, and as
requested by the Agency.

Design Review
The intent of design review is to ensure that the project complies
with applicable statutes, codes, guidelines and other requirements
established through the overall project review process. This must
be done without causing undue delay to the Company during final
design and construction of the pipeline. Design review is a
function of the Agency operating within the parameters of the
above requirements, and within the constraints imposed by the
project. A great deal was learned about this process in Alaska in
connection with the construction of the trans-Alaska pipeline. The
experience gained on the Alaska Highway pipeline will, no doubt,
lead to further refinement of project review mechanisms. There
are, however, two points that have become evident over the
course of the Inquiry that are important to consider in formulating
a design review process.
20. In order to exercise proper regulatory control and to
ensure that plans for the project are sufficient in terms of all the
engineering, technical, environmental and socio-economic
requirements, the Agency must be the governing authority on all
specific aspects of the project, not just those that are incorporated
into the permanent facilities.
The Company shall not start any construction activities until
it has the written permission of the Agency. Such permission
should authorize specific support activities and construction of
defined segments of the pipeline system to begin. The Company
shall submit applications for each of the construction activities
according to an agreed schedule and the Agency shall have a
predetermined time to review them.
The second point relates to ensuring that the Company
contractors are clearly informed of specific technical, en-
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vironmental and socio-economic requirements. If all contracts
specify comprehensively the conditions and administrative
solutions that will be imposed, the contractors, the Company and
the Agency will be in a much better position to ensure
compliance.
21. Before inviting tenders for major supply and construction
contracts, the Company shall submit to the Agency for approval the
respective contracts and specifications, special conditions, plans
and schedules. These should form an integral part of the supply and
construction contracts. In particular, the contracts should include
special conditions, such as the timing and procedures for the
protection of the terrain and wildlife of the region, as well as
procedures to ensure compliance with the socio-economic terms
and conditions by which the Company is bound.

Impact Assessment Group
I have concentrated throughout this chapter on some of the
principles of the regulation that should guide the planning and
building of a Mackenzie Valley pipeline. Important as these
principles are, we must not lose sight of the balance and nature of
interests involved. Perhaps this Inquiry itself has been an example
of the need and value of a balance of all views. I discuss this in
Appendix 1, The Inquiry Process, but it is appropriate to address
some of these considerations here.
From the beginning, all interests – governmental,
institutional and private – should have access to, and participate
in the work of the Agency. The presence of these outside interests
is essential because the Agency has, in some respects, a built-in
conflict of interest. In the national interest, it will be responsible
for getting the pipeline built quickly and economically. At the
same time, it will be responsible for ensuring that engineering
specifications, environmental standards and socio-economic
requirements are observed. All parties that may be affected by the
pipeline should, therefore, have access to the Agency. For
instance, those responsible for fish and game management, those
organs of local and regional government responsible for the social
conditions in towns and settlements along the route, the territorial
government, and and public interest groups, such as those
concerned with environmental protection – all these groups
should have access to the Agency at all levels.
As collective and cultural interests, the native groups in
the North stand to lose much by the kind of massive intrusion
that the project will represent. Their interests are of a distinct
character, so the native groups must have a direct involvement
in the Agency. This involvement is difficult to define now
because, by the time the pipeline is built, native claims will
have been settled and new structures of local and regional
government will be in place. Nevertheless, there will continue
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to be a special native interest in the impact of the pipeline – an
interest extending beyond that represented by northern
government and other institutions as they may exist ten years
from now. Direct native involvement in the Agency will
depend on the extent to which northern government and
northern institutions are perceived a decade hence by native
people as truly reflective of their interests.
All interests should have their standing formalized, and the
procedures governing access to the operations and decisions of
the Agency should be clearly established.
22. An Impact Assessment Group should be established and
should exist for the entire planning, pre-construction and
construction period. This group should consist of representatives
of local, regional and territorial governments, public interest
groups, and native organizations.

The Impact Assessment Group should exercise an
ombudsman function in relation to the Agency. The group should
have the right to question officials and employees of the Agency,
and to examine the Agency’s documents. Although they would not
in any sense be an appellate tribunal, since they would have no
power to reverse the Agency’s actions, they should have the right
to make their findings public.
The Impact Assessment Group should have the power to
require review of designs. To assist the Agency in its revision of
project or design matters, the Impact Assessment Group should
make recommendations for changes pertaining to such design, or
to the adequacy of regulatory instruments to enforce stipulations
incorporated in those designs. The group would deal with the
general impact and administration of the project, as well as
specific problems of impact and specific complaints about the
administration by the Agency.

