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CHAPTER 1
INTRODUCTION

The purpose of this volume is to assess the possible
physical and biological impacts associated with pro-
posed Beaufort Sea-Mackenzie Deita hydrocarbon
developments described in Volume 2. It describes
potential impacts of proposed development on Can-
adian environments and resources north of 60°N lati-
tude. The socio-economic impacts are addressed
separately in Volume 5, while potential impacts of
accidental spills of oil or other materials are discussed
in Volume 6.

Major emphasis is placed on examining the possible
impacts of developing the first four offshore oil fields
(assumed to be Tarsiut, Koakoak, Issungnak and
Kopanoar) and two onshore oil fields (Adgo and
Atkinson). Depending on the actual time required for
first production to begin, and the rate of subsequent
development, developing these fields alone could
represent the bulk of production-related activity

160° 140°

between 1983 and 1995. However, to estimate the
nature of impacts that may occur over the longer
term, data generated by the Beaufort Planning Model
(described in Volume 2) have also been used. These
data assist in projecting certain impacts which may
occur as a result of a range of production develop-
ment rates extending to the year 2000.

To transport the otl from the region to markets, two
modes of transportation. namely icebreaking tankers
and overland pipelines, are under active considera-
tion. Since both have merit, and eventually both may
actually be employed, the possible impacts of each
are examined.

As suggested in the Environmental Assessment and
Review Panel (EARP) guidelines, this volume dis-
cusses the potential impacts by region (Figure 1-1):
the Offshore Beaufort Sea Production Region (Chap-
ter 2), the Onshore Mackenzie Delta Production
Region (Chapter 3), the Northwest Passage Trans-
portation Region (Chapter 4) and the Mackenzie
Valley Overland Pipeline Region (Chapter 5). The
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Volume 4 discusses possible impacts which may occur within the four regions illustrated on this map.




environmental setting of the tanker and pipeline
transportation corridors is described in Volumes 3B
and 3C, respectively, while the biophysical environ-
ments of onshore and offshore production zones are
described in Volume 3A. Within each of the follow-
ing chapters, a summary of existing and projected
facilities and activities is provided. The environmen-
tal assessments for each region first discuss those
wastes and disturbances which are common to a
number of activities such as sewage disposal, air
emissions and noise. Then other environmental
effects which may be associated with only some
development components such as dredges and off-
shore platforms are examined.

1.1 IMPACT ASSESSMENT
METHODOLOGY

The following describes the overall approach and
mimpact assessment methodology. Within each regional
subsection, the possible impacts of various proposed
development components or activities are assessed.
Summaries and matrices are provided to identify the
most significant possible impacts of the development
on the more important natural resources. Reviewers
interested in an overview of the potential impacts of
the proposed development on one particular resource
(eg. whales or seals) in a region are referred to these
summaries.

Many of the activities and sources of impact antici-
pated from future development in the Beaufort Sea-
Mackenzie Delta region have been investigated not
only in this region but elsewhere in the world. As a
result, there is an extensive data base describing most
activities. This volume is not intended as a compre-
hensive literature review, although certain topics.
which have been perceived as issues or were consi-
dered of importance in the judgement of the propo-
nents, are addressed in greater detail. Since some
technical reviewers may require more comprehensive
information, supporting documents have been pre-
pared and referenced as appropriate.

To assist with this broad-scale evaluation, an assess-
ment methodology was employed which provides a
relatively consistent approach from region to region,
with the aid of standardized criteria to define degrees
of potential impact. The basic assessment methodo-
logy used is illustrated in Figure 1-2.

BIOPHYSICAL DEVELOPMENT
ENVIRONMENT SYSTEMS
DESCRIPTIONS (VOLUME 2)

(VOLUME 34, 3B, 3C)
- -
S —
INTERACTION
MATRICES
SUPPORTING P IDENTIFICATION | MITIGATIVE
DOCUMENTS OF POTENTIAL MEASURES
il IMPACT SOURCES |

A
+ DEFINITIONS FOR
! ASSESSING DEGREE
1 ; OF IMPACT
{NEGUGIBLE, MINOR,
MODERATE, MAJOR,
LOCAL, LONG-TERM, ETC.) |

FINAL EVALUATION OF

POTENTIAL IMPACTS
[RESIDUAL & CUMULATIVE)}

COMMON SPECIFIC
IMPACT IMPACT
SQOURCES SOURCES

FIGURE 1-2 General procedures used to identify and
assess environmental impacts.

1.1.1 INTERACTION MATRICES

The first step in this assessment was to determine
where interactions could occur between various
development activities and selected resources present
in each region (Figure 1-2). Matrices were con-
structed for each development region: the Offshore
Beaufort Sea Production Region, the Onshore Mac-
kenzie Delta Production Region. the Northwest Pas-
sage Transportation Region and the Mackenzie Val-
ley Overland Oil Pipeline Region. These were based
on the description of Development Systems (Volume
2)and Biophysical Environmental Settings (Volumes
3A. 3B and 3C). At this point, possible interactions
were identified, irrespective of the season when they
might occur, their local or regional significance. or
whether possible effects were direct or indirect.

1.1.2 IDENTIFICATION OF POTENTIAL
IMPACT SOURCES

This process identified those development compon-
ents which might affect various biophyvsical resour-
ces. Two supporting documents were prepared 1o
summarize the available information. The Iirst
reviewed existing information on the potential physi-
cal and biological effects associated with offshore




petroleum hydrocarbon exploration and production.
as well as those which may result from the transport
of petroleum by tankers (ESL, 1982). The second
reviewed literature on the possible effects of onshore
hydrocarbon development and the transport of o1l by
pipetines (Esso Resources Canada Limited. 1982).

1.1.3 IMPACT DEFINITIONS

The next step was to determine a method for defining
the degree of the potential impacts given the interac-
tions identified in the matrices and the material pro-
vided in the supporting documents (Figure 1-2).

The definitions used to assist in assessing the degree
of possible biological impact throughout this volume
(excluding terrestrial vegetation sections) were modi-
fied from definitions used by Imperial Oil and
partners in their Davis Strait EIS (Imperial Oil et al..
1978) and are shown in Table 1-1. These definitions
were modified to focus the biological assessment on
regional populations of specific resources, rather
than on local groups of individuals, and to remove
any references to resource use since these impacts are
discussed in the socio-economic impact assessment
(Volume 5).

Possible physical impacts of various development
components, as well as biological impacts on terres-
trial vegetation were assessed according to a separate
series of criteria shown in Table 1-2.

Like all such definitions, the ones used in this EIS
must have the built-in flexibility to allow their use for
a wide range of biophysical resources, as well as
sources and durations of potential impact. As a
result, the definitions are primarily a set of guidelines
rather than a fixed and inflexible mechanism to
determine degree of impact. For the purposes of
establishing a clear and consistent basis for the
impact assessment, it was also important to differen-
tiate between possible local and regional effects. In
view of the large geographic area considered, this
volume primarily addresses regional impacts. Poten-
tial impacts were consistently evaluated on a regional
basis to place the development plans in a broader
perspective. It 1s emphasized. however, that regional
assessments still necessitated examination of the
potential effects of individual development compo-
nents or activities on the local environment prior to
assessing their regional significance.

1.1.4 IMPACT ASSESSMENT

The impact assessment was completed by the propo-
nents with the assistance of the consultants identified
in Table 1-3. Throughout the assessment, it was
assumed that mitigative measures to prevent or min-
imize impacts of various development components
were an integral part of the development and would
be employed to the extent feasible. Consequently.
unless otherwise indicated. all statements of degree of
possible impact refer to residual impact.

The guideline nature of the impact definitions shown
in Tables 1-1 and 1-2 was considered throughout the
assessment. The three principle considerations em-

TABLE 1-1

DEFINITIONS USED FOR DETERMINING THE DEGREE OF IMPACT ON BIOLOGICAL RESOURCES
(EXCLUDING TERRESTRIAL VEGETATION) IN EACH DEVELOPMENT REGION

A MAJOR IMPACT exists when a regional population or species may be affected to a sufficient degree to
cause a decline in abundance and/or a change in distribution beyond which natural recruitment
(reproduction and immigration from unaffected areas) would not likely return that regional population
or species, or any population or species dependent upon it, to its former level within severai generations.

A MODERATE IMPACT exists when a portion of a regional population may be affected to a sufficient
degree to result in a change in abundance and/or distribution over more than one generation of that
portion of the population or any population dependent upon it, butis unlikely to affect the integrity of any
regional popuilation as a whole.

A MINOR IMPACT exists when a specific group of individuals of a population in alocalized area and over
a short time period (one generation) may be affected, but other trophic levels are notlikely to be affected
in a manner which is considered regionally significant, or the integrity of the population itself is not
significantly atfected.

A NEGLIGIBLE IMPACT exists when the degree of the anticipated biological effects are less than minor.

1.3




TABLE 1-2

DEFINITIONS USED FOR DETERMINING DEGREE OF IMPACT ON PHYSICAL RESOURCES
AND VEGETATION IN EACH DEVELOPMENT REGION

A LOCAL IMPACT exists when any physical or chemical changes (or alterations in vegetation patterns)
are only expected to be detectable within 1 km of proposed facilities and/or linear transportation

corridors.

A REGIONAL IMPACT exists when physical or chemical changes (or alterations in vegetation patterns)
are expected to be detectable beyond 1 km of proposed facilities and/or linear transportation corridors.

A SHORT-TERM IMPACT is likely to persist less than 5 years from the onset of the disturbance.
A MEDIUM-TERM IMPACT is likely to persist for 5 to 10 years from the onset of the disturbance.
A LONG-TERM IMPACT is likely to persist more than 10 years from the onset of the disturbance.

TABLE 1-3

PARTICIPANTS IN THE ENVIRONMENTAL IMPACT ASSESSMENTS
FOR VARIOUS DEVELOPMENT COMPONENTS

Development Component/Region

Otfshore Beaufort Sea
Production Region
(Chapter 2)

Onshore Mackenzie Delta
Production Region
(Chapter 3)

Shorebases
(Chapter 3)

Northwest Passage
Transportation Region
(Chapter 4)

Mackenzie Valley Overland
Qil Pipeline Region
(Chapter 5)

Discipline(s)
All

Birds and Mammals

Geology and Soils;
Hydrology and

Water Quality;
Atmospheric Environment;
Vegetation

Fish and Aquatic
Resources

Birds
Mammals

Aquatic/Atmospheric
General

Terrestrial
(Yukon Coast)

All

Geology and Soils;
Hydrology and

Water Quality;
Atmospheric Environment;
Vegetation

Fish and Aquatic
Resources

Birds

Mammals

Firm

ESL Environmental
Sciences Limited
LGL Limited

Hardy Associates
(1978) Ltd.

Aquatic Environments
Limited

LGL Limited
McCourt Management Lid.

ESL Environmental
Sciences Limited

LGL Limited

LGL Limited

Hardy Associates
(1978) Ltd.

Aquatic Environments
Limited

LGL Limited
McCourt Management Lid.
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ployed were the spatial (aerial extent). magnitude
(e.g. proportion of the population) and duration, of
effects. The adequacy of the data base, both in terms
of biophysical information and the effects of various
activities and impact sources on biophysical resour-
ces. was also carefully considered throughout the
environmental assessment. When a lack of data
hampered evaluation of potential impacts, a *worst
case’ approach was followed to assure that such
assessments were conservative. Important data defi-
ciencies were also identified, and are discussed in
Volume 7 (Research and Monitoring).
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CHAPTER 2
OFFSHORE BEAUFORT SEA

The offshore Beaufort Sea region is where most of the
hvdrocarbon resources and particularly oil are
expected to be produced in the Beaufort-Delta
region. consequently the scale of future activities will
be much greater offshore than on the Delta. This
chapter begins with a brief description of past and
current offshore petroleum exploration activities in
the region. This is followed by a brief description of
proposed future offshore components in Section 2.2

The assessments of possible impacts are structured in
two separate ways, First, in Section 2.3. the possible
impacts of common wastes and disturbances are des-
cribed. These are common because most of the pro-
posed activities and facilities will discharge similar
wastes. such as sewage. and will create similar distur-
bances. such as underwater noise. Secondly, in Sec-
tion 2.4 the possible impacts associated with only
certain activities and facilities are examined. Finally,
Section 2.5 summarizes possible impacts on each
biophvsical resource and highlights those of regional
or local significance. Where feasible, cumulative
impacts have also been identified.

138
1

2.1 THE EXPLORATION PHASE

The initial stage of petroleum industry activity in the
Beaufort Sea consisted of the gathering of seismic
data. Throughout the 1970%s. seismic data acquisition
took place offshore. and is presently continuing in
areas where operators anticipate finding major hydro-
carbon accumulations. These data have led to the
discoverv of many subsurface structural anomalies
which warrant further exploration by drilling. In the
offshore area alone. more than 90 potential hydro-
carbon-bearing structures have been identified.

The first well in the Canadian offshore Beaufort Sea
was drilled in 1973 at a shallow water artificial island
site called Immerk (Figure 2.1-1). This island was
constructed in 3 metres of water. Since then island
building technology has evolved, and subsequenit
islands have been built in progressivelv deeper water.
Totheend of 1981, 20 islands have been constructed.
in water up to 22 metres deep. Twentv-four wells have
been drilled from these islands, resulting in oil dis-
coveries at Adgo and Issungnak and gas discoveries
at Netserk. Isserk. Adgo and lssungnak (Figure
2.1-1).

Three of the island wells were delineation wells on the
Adgo discovery, and one was a directional well to
delineate the Issungnak discovery (Plate 2.1-1). Over
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the winter of 1981-82, a successful delineation well to
the original Tarsiut oil discovery (drilled from a dnill-
ship) was completed from the new Tarsiut caisson-
retained island (Plate 2.1-3). Further wells will be
drilled from this platform in 1982.

In 1976, two drillships. specially reinforced to operate
in the ice of the Beaufort Sea, were brought into the
area to commence exploration drilling in deeper
waters (Plate 2.1-2). These were subsequently sup-
plemented by two more drillships. These ships are
capable of operating only 3 to 5 months each vear
because of the thick, moving ice found in the Beau-
fort Sea during the rest of the year. To date. these
ships have drilled 15 wells in water depths ranging
from 23 metres to 70 metres. There have been 4 oil
discoveries: Nektoralik in 1977, Kopanoar in 1979,
Tarsiut in 1980. and Koakoak in 1981: and 2 gas
discoveries: Nektoralik in 1977 (same well as the oil
discovery. but in a different geological zone). and
Ukalerk in 1977 (Figure 2.1-1). Only one of the 15
wells has been abandoned as a dry hole: the others
include two delineation wells, five wells requiring
additional drilling and/or testing, and one well that
had to be abandoned due to mechanical problems.

Based on drilling results both onshore and offshore,
various operators in the area have put forward esti-
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PLATE 2.1-2 Drillships such as the EXPLORER 3, shown
here, have extended otishore drilling into the deeper waters
of the Beaufort Sea.




structure.

mates of ultimate recoverable oil, ranging from 0.9
billion cubic metres (6.3 billion barrels) to 5.1 billion
cubic metres (32 billion barrels). The oil discoveries
made offshore indicate that. unlike the Mackenzie
Delta area. this area is much more prone to oil than

gas.

2.2 THE DEVELOPMENT PHASE

Delineation drilling is presentlv underway at Tarsiut
with the intent of establishing the commercial viabil-
itv of production from this geological structure by the
end of 1982 or early 1983. Assuming this goal is

accomplished. plans are being developed. which if

implemented. could lead to first production of oil
from this location by 1986. Similar drilling programs
are also being developed for other offshore discovery
locations such as Koakoak. Issungnak and Kopa-
noar. Assuming they too will be successful, several
Beaufort Sea fields could be producing oil over the
next 10 to 15 vears.

Volume 2 of the Environmental Impact Statement
provides a thorough review of all aspects of present
and proposed activities in the offshore Beaufort Sea
and should be consulted for details. This section will
brieflv summarize the major components comprising
future activities in the offshore area.

PLATE 2.1-3 The Tarsiut caisson-retained island has been the site of successful delineation drilling on the Tarsiut geological

2.3

2.2.1 FLOATING DRILLING PLATFORMS

Throughout the future development phase. drilling
of exploration. delineation and some production
wells will continue to be conducted from floating
platforms. The platforms will include the four con-
ventional drillships presently in use, supplemented by
a new generation of Round Dirillships and Conical
Drilling Units {Figure 2.2-1). The first of these. oper-
ated by Gulf. is scheduled to join the Beaufort fleet in
1983. Thereafter, depending on various factors,2to 4
more could be drilling in the area by the year 2000.

These drilling units are being designed to withstand
winter ice forces. and with icebreaker support. will be
able 1o drill in the offshore Beaufort for approxi-
matelv & months per vear.

2.2.2 ARTIFICIAL ISLAND DRILLING
PLATFORMS

Most drilling operations will be carried out from one
or more types of artificial islands. Exploration dril-
ling will be conducted from various forms of “tem-
porary” islands such as Issungnak (Plate 2.1-1) and
Tarsiut (Plate 2.1-3). Over the next two years several
other tvpes of exploration islands will be employed
using a variety of caissons such as those illustrated in
Figures 2.2-2 and 2.2-3. The lifespan of exploration




FIGURE 2.2-1 The Conical Drilling Unit is a specialized
drill system that has been developed for the Beaufort Sea
and presents an icebreaking profile, like the bow of an ice-
breaking ship, around its entire periphery so that it can resist
much greater ice forces than a conventional driliship.
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FIGURE 2.2-3 The Caisson Retained Island is another sell
contained mobile drilling system that will be used for drilling
exploratory wells.

islands will varv. depending upon drilling success. but
thev could ¢xist for more than two vears. Upon com-
pletion of the drilling program at a specibic Jocation.
topside facilities would be removed and the sand
berm foundation permitted to erode through natural
processes. For caisson islands. the caissons would be
removed to a new location. leaving the top of the
remaining sand berm at a depth of 5 to I5 mctres
below the sea surface.

Some exploration islands could eventually be maodi-
fied and expanded into production islands. as illus-
trated in Figure 2.2-4. Production islands will gencer-
allv be farger than exploration islands and will be
designed to withstand the forces of the Beaulort Sca
for the life of the production operation. which could

FIGURE 2.2-2 Mobile Arctic Caissons can be towed to a drilling location and ballasted down onto a prepared berm. The
drilling system is moved to a new location when exploratory drilling is completed.
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FIGURE 2.2-4 An exploratory island such as Tarsiut could be expanded into a larger permanent production istand by

additional dredging and the installation of more caissons.

range trom 15 to perhaps 30 vears. A future produc-
tion island in the shallow waters of the Beaufort Sea
(0 to 20 m) would likelv appear very similar to those
being used off the coast of California but without the
decorations (Plate 2.2-1). At this particular location
off Long Beach, they have been decorated to make
them more attractive to the viewing public.

In water depths ranging from 20 to about 60 metres.
caisson-topped production islands (Figure 2.2-4) are
expected to be the main tvpe used for the foreseeable
future. Assuming that oil is transported to market by
icebreaking tankers. one or eventually two Arctic
Production and Loading Atolls(APLA) mav be built
in the region (Figure 2.2-5). The main purpose of
these larger islands would be to provide a protected
harbour for loading icebreaking tankers. However.
they may also be used as platforms for production
drilling. the processing and storage of hyvdrocarbons.
and as an offshore base of operations.

2.2.3 MARINE SUPPORT SYSTEMS
Exploration. construction and production activities

in the Beaufort Sca-Mackenzie Delta region require
an extensive marine support system. A large part of

2.5

this fleet is comprised of supply ships used to trans-
port goods and materials from the main support
bases to offshore locations. This fleet also includes
seismic vessels, dredges used to build artificial islands.
icebreakers to support winter operations, and a var-
iety of barges and other vessels.

Supply boats {Plate 2.2-2) are used to transfer drilling
consumables and other supplies from shorebases to
offshore drillsites. Asextended season drillships such
as Conical Drilling Units come into use, there will be
a requirement for more supply boats with greater
icebreaking capabilities. For example. Gulf 1s cur-
rently building two Class 4 supply vessels which are
scheduled to go into service in 1983 to support their
new drilling systems. Likewise icebreakers will be
required to assist with vear-round marine operations.
The prototype KIGORIAK (Plate 2.2-3) was the first
industry icebreakerto operate in the Beaufort region.
In the future, more powerful ships. ranging from
Class 4 to perhaps Class 10, will be required to assist
with year-round dnlling. production and marine
operations.

Dredges will continue to be required to construct
foundations for artificial islands. to excavate har-
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PLATE 2.2-1 Future production islands in the shallow waters of the Beaufort Sea (0 to 20 m) would appear very similar to
those being used off the coast of California. At this particular location, the topside facilities have been decorated to make them
more attractive to the viewing public.

FIGURE 2.2-5 One or two Arctic Production and Loadin
These islands would provide a

g Atolls, such
protected harbour for the loading of icebreaking tankers.

as the one iflustrated here, may eventually be built.
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PLATE 2.2-2 Supply boats have beeninre

‘ / gular service in the Beaufort Sea and have domonstrated a tremendous capability
to work in first year ice.

PLATE 2.2-3 [cebreakers are required to assist oil industry operations offshore in the Arctic. The KIGORIAK, which started

operations in 1979, was the first icebreaking vesse! to be buiit specifically for the Beaufort Sea. It is used both to support
drillships and for research purposes.

2.7



bours and to dig trenches for submarine pipelines.
Several types of dredges are presently employved in
the Beaufort operations including stationary suction
dredges such as the BEAVER MACKENZIE (Plate
2.2-4). trailing suction hopper dredges such as the
HENDRIK ZANEN (Plate 2.2-5) and the cutter suc-
tion dredge AQUARIUS (Plate 2.2-6). These vessels
will be used in the future and are likely to be supple-
mented by additional dredges as required to meet
approved construction schedules.

To build production islands in the deeper waters of
the Beaufort Sea. where local sand supplies appearto
be scarce. it mav become necessary to use a larger
type of trailing suction hopper dredge. Accordingly.
design work has been carried out on a 25.000 cubic
metre icebreaking dredge referred to as an Arctic
dredge (Figure 2.2-6). If buiit. dredges such as this
would be capable of operating in water depths up to
80 metres through most of the vear.

PLATE 2.2-4 The BEAVER MACKENZIE is a stationary
suction dredge. It was the first large dredge to enter the
Beaufort region and has been used to build many of the
offshore artificial islands.
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PLATE 2.2-5 The HENDRIK ZANEN, a trailing suction
hopper dredge, has self-contained hoppers for carrying
dredged material to distant construction sites. The dredge is
shown here returning empty to the borrow site.

PLATE 2.2-6 The AQUARIUS is a cutter suction dredge
that has been working in the Beaufort Sea since 1979. This
dredge cuts a channel in the sea floor and pumps the
dredged material through a pipeline to an island location or
disposal area.

FIGURE 2.2-6 Dredges will play an imporlant role in the
construction of production islands. A new class of Arctic
dredge which will be able to operate inice and in deep waler
has been fully designed. If built they would he the largest
dredges in the world. Material would be dredged from the
sea floor at appropriate sites where gravel or sarif s presant
and transported to the site where an island is bimng built




2.2.4 HYDROCARBON TRANSPORTATION
SYSTEMS

To transport hydrocarbons from the Beaufort region
to markets, either tankers or pipelines. or a combina-
tion of the two systems may eventually be used.

Assuming tankers are used to transport at least the
carly production from the region. they would be
Class 10 double-hulled vessels (Figure 2.2-7) capable
of operating vear-round in the offshore Beaufort Sea.
The ships would load their cargo at central offshore
platforms such as an APLA and proceed out of the
region through the Northwest Passage.

The number of tankers required would be dependent
upon the production rate achieved over time. On the
basis of the tankers being 200,000 DWT* ships. one
tanker would be required for every 50,000 barrels of
oil produced per day. Projecting this into the future.
the number of tankers could increase from 1 by the
end of 1985 or early 1986 to between 6 and 9 tankers
by 1990 and 16 and 26 tankers by the year 2000.
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If the oil was delivered to market by an overland
pipeline. offshore o1l would be transported by subsea
pipelines from the artificial production islands to a
landfall such as North Point (Figure 2.2-8). A tank
farm and the northernmost pump station of the over-
land pipeline would be located at the landfall.

* a 200,000 Deadweight Ton (DWT) ship is onc
which can carry 200,000 tons of cargo. in this casc
oil.

~ -

FIGURE 2.2-7 Arctic tankers will have many special features not found in conventional tankers. These include a Class 10
icebreaking capability, separate oil and water ballast tanks and a double-bottomed hull to minimize the risk of oil spillage in the

event of an accident.
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FIGURE 2.2-8 Projected oil gathering subsea pipelines for the overland pipeline option.

2.3 IMPACTS OF COMMON
WASTES AND
DISTURBANCES

The following section assesses possible effects of
wastes and disturbances which are common to many
of the existing and proposed activities in the Beaufort
Sea. Common wastes and disturbances discussed
below include those associated with: human pres-
cnce. solid waste disposal. discharge of treated sew-
age, atmospheric emissions, airborne and under-
water noise and artificial illumination,

2.3.1 HUMAN PRESENCE

The development of Beaufort Sea region hvdrocar-
bon resources will result in gradual but relatively
dramatic increases in the numbers of industry per-
sonnel in the region. Assuming the intermediate
development rate (Volume 2. Chapter 3). the on-site
personnel would number about 5.000 by 1990 and
8.500 by the vear 2000. These numbers exclude those
required for construction and operation of a gas
pipeline and assume tanker transportation of oil.
Similar estimates exist for overland pipeline trans-
portation of oil (see Volume 5, Chapter 7). Most
on-site personnel will be on offshore platforms, sup-
port vessels or at base camps situated at Tuktovak-
tuk. McKinlev Bay and possibly ata shorebase on the

Yukon coast such as King Point or Stokes Point.
Permanent administrative personnel will be located
in Inuvik.

The main effects from the increased number of per-
sonnel will be of a socio-economic nature. and are
discussed in Volume 5. The majority of the possible
biophysical effects related to the presence of these
numbers of industry personnel are expected to be
indistinguishable from other disturbances such as
those associated with aircraft, sewage discharge
vehicular traffic. other sources of noise. and the phys-
ical presence of offshore platforms and facilities.

The remaining biophvsical concerns related to the
presence of humans are the on-foot encroachments
into sensitive habitats. such as caribou calving, fox
denning, and geese or swan nesting or staging areas,
which could pre-empt use. and increased recreational
hunting and fishing pressures. Such encroachments
and pressures may be expected to a hmited extent
once industry administrative personnel. their fami-
lies and service company personnel establish per-
manent residences at Inuvik. and after the construc-
tion of roads which mav be associated with Yukon
shorebase development. With the exception of polar
bear monitors. petroleum industry emplovees will be
prohibited from discharging fircarms or having them
in their possession while on shift or at company
facilities. The proponents will cooperate with govern-

2.10



ment agencies in developing guidelines and ensuring
employee adherence to good fish and wildlife man-
agement practices. Impacts on sensitive habitats and
fish and wildlife resources are therefore expected to
be NEGLIGIBLE.

2.3.2 SOLID WASTES

Solid wastes include sludges, packing boxes. metal
garbage and generallv any wastes that cannot be
piped in liquid form or be vented to the atmosphere.
Construction activities will generally produce larger
volumes of solid wastes than will the operation of
facilities. Estimates of solid waste produced by off-
shore and shorebased facilities are provided in Volume
2. Chapter 5. Each offshore platform may produce
900 kg/dayv of solid waste, while dry docks and
marine base facilities may each produce 4,150 kg/day
of solid waste. based on 3.6 kg of waste per man-day.
During the construction of a subsca pipeline system,.
about 770 kg/day of solid wastes would also be gen-
erated from each flowline construction camp. In
addition. oll, gas and water separators, possible natu-
ral gas liquefiers and water treatment systems would
produce sludges consisting of sand and salts. The oil
and gas processing facilities, in total, are expected to
produce about 65 kg of sludge daily, assuming a daily
production rate by the vear 2000 according to the
intermediate development assumption. Fourteen per-
cent of these solids are expected to be incombustible.
Combustible solids produced at both offshore and
onshore facilities will be incinerated. while incom-
bustible solids will be transferred to approved land-
fills. Sludges from hydrocarbon processing and water
treatment facilities will be discharged to the sea in
accordance with regulatory requirements.

Possible impacts resulting from solid wastes will vary
with both the location and method of disposal. It is
unlikely that air emissions from the incineration of
wastes will produce significant impacts (see Section
2.3.4). Also. landfill operations will conform to
applicable regulatory requirements in order to min-
imize effects on water quality. The physical presence
of waste incineration and landfill sites would consti-
tute a LOCAL but LONG-TERM impact of the
proposed development.

Although some species of birds and mammals, par-
ticularlty polar bears. foxes. rodents and gulls (ESL,
1982). may be attracted to solid waste disposal sites,
few individuals in the regional populations of these
species would likely be affected. The degree of possi-
ble impact of solid waste disposal on polar bears in
the Beaufort Sea region could be MINOR, since nui-
sance animals attracted to these sites may have to be
removed from the area or destroved. Impacts on
other mammals and birds are expected to be NEGLI-
GIBLE.

2.11

The disposal of sludges from offshore oil and gas
processing facilities may have local direct and indi-
rect impacts on benthic fauna and some demersal fish
species. These sludges are expected to settle rapidly to
the sea floor and would smother local benthic
infauna. Continuous sludge disposal would also pre-
vent use of the local area by epibenthic invertebrates
and bottom-feeding fish such as flounders. However,
since the benthic habitat lost would be insignificant
compared to available offshore habitat, the degree of
possible regional impact of sludge disposal is consi-
dered to be MINOR.

2.3.3 DISCHARGE OF TREATED SEWAGE

Sources of domestic sewage would be vessels, explor-
atory drilling platforms, oil production and storage
facilities and shorebases. All domestic sewage will be
discharged to the sea after treatment. It will consist of
flush water plus waste water from showers. sinks.
kitchen and laundry facilities. The quantities of sew-
age that could be produced have been estimated at
0.25 m?*/person/day for ships, and from 0.12 to 0.5
m?*/person/day for shorebased facilities (Montreal
Engineering Co., 1979).

Typical reductions in major constituents of raw sew-
age following primary and secondary treatment, are
described in ESL (1982). The following sections
separately describe the quantities and possible impacts
of domestic sewage which could be discharged from
vessels, offshore exploration and production plat-
forms and shorebases.

2.3.3.1 Vessels

Vessels operating year-round in the Beauufort Sea
will include icebreaking tankers and icebreakers,
while those operating during the open water season
will include work boats and supply vessels, Estimated
annual volumes of sewage that may be discharged by
marine vessels by the years 1990 and 2000 are sum-
marized in Table 2.3-1 (Drillships are considered to
be exploration platforms - see Table 2.3-2). These
estimates assume the intermediate development rate
and include both the marine and pipeline cases. By
the year 2000, about 23% more effluent is expected in
the marine case than in the pipeline case. The totals
by the year 2000 - 148,600 m*/year for the marine case
and 121,200 m?/year for the pipeline case - are similar
to the annual sewage discharge from a town with a
population of 1,000. Discharges from vessels, how-
ever. will be widely dispersed and discontinuous.

Ships will be equipped with holding tanks of suffi-
cient size to handle the effluent produced over several
days. Wastes will be retained in these tanks while the
offshore vessels are in harbours or confined waters,
and will only be discharged in open waters. Effluents




TABLE 2,31

ESTIMATED VOLUMES OF DOMESTIC SEWAGE FROM MARINE VESSELS

o )

p marine case

b: Intermeciiste development, pipeline case

1990 2000
Vessel Type Each Vessel No. of Vessels Effiuent/Year* No. of Vessels Etfluent/Year*
Personnel Operating Operating/Year 10°m?/Year Operating/Year 10°m3/Year
On Each Vessel  Days/Year a b a b a b a b

Class 10 icebreakers 34 315 1 0 27 0.0 2 0 5.4 0.0
Class 6 icebreakers 22 338 10 7 18.4 129 10 7 18.4 129
Class 3 icebreakers 20 335 8 & 13.4 10.0 8 3 13.4 10.0
Supply vessels 12 165 19 19 9.4 9.4 29 29 14.4 14.4
Conventional dredges 43 185 7 7 124 124 7 7 124 124
Arctic dredges 54 300 1 0 4.0 0.0 1 1 4.0 4.0
Crane barges 12 165 4 4 2.0 2.0 4 4 2.0 2.0
Pipelaying barges 106 165 1 1 4.4 44 2 2 8.7 B7
Accommodation barges 15 365 5 5 6.8 6.8 10 10 13.7 13.7
Large process barge 16 365 3 3 4.4 4.4 7 7 10.2 10.2
Smali process barge 8 365 4 4 2.9 2.9 8 8 5.8 5.8
Storage barge 12 365 3 o] 3.3 0.0 7 0 7.6 0.0
Floating drydock 60 365 2 2 1.0 11.0 2 2 1.0 11.0
Tankers 30 28" 6 0 13 Q.0 16 0 3.4 0.0
Work boats 10 165 19 18 7.8 7.4 23 22 95 9.1
Tugs 10 165 18 14 7.4 58 21 17 8.7 7.0

Totals 111.6 89.4 148.6 121.2

*Based on 0.25 m*® sewage/person/day {(Montreal Engineering, 1979).
**Operating days in the Beaufort region including 1 day for ioading

from new ships will generally undergo secondary
treatment using an activated sludge sewage treatment
plant, and excess sludge will be stored for incinera-
tion or land disposal.

The small quantities of treated wastes discharged
from vessels would undergo rapid dilution and deg-
radation in offshore waters so that zones of increased
organic loading and nutrient enrichment would be
small. As a result. the degree of possible impact of
domestic sewage discharges from marine vessels on
marine flora and fauna of the Beaufort Sea is
expected to be NEGLIGIBLE.

2.3.3.2 Offshore Platforms

In contrast to vessels, drillships and islands will dis-
charge effluent relatively continuously in the vicinity
of the platforms. Exploration islands will operate
vear-round, for about two vears with approximately
100 personnel, Conventional drillships. with approx-
imately 100 people aboard. are expected to operate
for about S months per year. Round drillships. or
conical drilling units, may operate for & to 10 months
per year with about 116 people aboard. Drilling at
production islands will be continuous for a number
of years, and once drilling begins, each production
island will support about 150 people year-round. A
tanker loading terminal with producing facilities is
expected to have up to 200 on-site personnel once
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operating. Table 2.3-2 shows estimates of the quanti-
ties of treated domestic sewage which would be dis-
charged into the Beaufort Sea in the years 1990 and
2000.

Table 2.3-2 indicates that the quantities of effluent
which would be discharged annually would be similar
for either the marine or pipeline transportation case.
The estimated total volume in the vear 2000 of about
336.000 m*/vear is roughly double the volume gener-
ated by vessels (Table 2.3-1).

Domestic sewage from artificial islands will generally
receive secondary treatment. When ice 1s on the sea.
effluent may be discharged either on the ice or below
it. Discharge of the effluent on top of the ice may be
preferable where the water is shallow and does not
circulate well (AES, 1980).

The discharge of treated sewage from exploration
and production platforms and tanker terminals is not
expected to have any significant detrimental effects
since the wastes will be rapidly diluted. Impacts on
water quality will therefore be LOCAL but LONG-
TERM since thev would persist throughout the dura-
tion of the development. Although unlikely at off-
shore locations, an area of organic enrichment. some
oxygen depletion and possibly slight enhancement of
primary production mayv occur in the immediate vic-
inity of a particular discharge location (ESL. 1982).




TABLE 2.3-2
ESTIMATED VOLUMES OF DOMESTIC SEWAGE FROM OFFSHORE PLATFORMS

a: Intermediate development, marine case
b: Intermediate development, pipeline case

Facility Each Facility
Personnel Operating
On Each Days/Year
Conventional drillships 100 150
Round driliships 116 300
Exploration islands 100 365
Shallow production Island 150 365
Deep production island 150 365
Gas production Island 150 365
Tanker terminal 200 365

Totals

“Based on 0.26 m* sewage/person/day (Montreal Engineering, 1979)

1990 2000

No. of Facilities Effluent/Year* No. of Facilities Effluent/Year*

Operating 10°m3/Year Operating 10°m’/Y ear

a b ] b a b a b
4 4 15.0 15.0 4 4 15.0 15.0
5 5 436 43.6 5 5 43.6 436
6 [ 54.8 54.8 [ 6 54.8 548
6 6 82.2 822 7 7 95.9 95.9
1 1 136 1386 5 5 68.0 68.0
1 1 136 13.6 3 3 40.8 40.8
1 0 18.2 0.0 1 0 18.2 0.0
2411 2228 336.3 3181

To avoid this. wherever possible. disposal into quiet
and restricted waters (such as the inside of an APLA)
would be avoided. The impacts on marine flora and
fauna are therefore expected to be localand NEGLI-
GIBLE.

2.3.3.3 Shorebases

Hvdrocarbon production in the Beaufort region will
likely require the continued use of the Tuktoyaktuk
shorebases. expansion of the artificial island base
within McKinley Bayv. and the construction or expan-
sion of a shorebase on the Yukon coast between 1983
and 1990. About 400 on-shift personnel are eventu-
allv expected to work at each major shorebase. The
volumes of sewage produced at each of these shore-
bases would be about 160 m*/dayv or 58.400 m*/year.
Wastes at all bases will be treated in accordance with
regulatory requirements. All sludges produced from
the treatment plants would be either incinerated or
transferred to approved landfills.

The discharge of domestic wastes into coastal marine
waters is an acceptable method of disposal. and long-
term detrimental effects of even very large discharges
to marine svstems have been minimal (ESL, 1982). Of
primary importance is to maximize dilution and dis-
persion in the receiving waters. In confined waters,
waste build-up can create areas of high organic load-
ing. thereby reducing oxvgen levels. while increased
nutrient levels mayv stimulate primary production.

In nitrogen-limited receiving waters such as the Beau-
fort Sea. the effects of nitrogen enrichment from
effluent would only occur in a small area surrounding
the outfall. The greatest effect of nitrogen enrichment
would be a slight increase in the rate of primary
production by phytoplankton. although the impact is
expected to be MINOR. Increased production by
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phytoplanktonis unlikely to significantly increase the
food available for herbivorous zooplankton. since
both phytoplankton and zooplankton would be
rapidly advected out of the zone of increased primary
production. Therefore, the impact of sewage disposal
on the zooplanktonis expected tobe NEGLIGIBLE.

Eighty percent of the solids in the raw sewage will be
removed by the treatment plants, and the remainder
will eventually settle out as the effluent plume moves
away from the outfall. Since the quantities of solids
are expected to be very small - approximately 15
kg/day for a major shorebase - impacts on the
benthic community are expected to be MINOR.
When secondary treatment is employed. after the
removal of most of the solids and aeration of the
effluent, BOD levels will be low, resulting in a slight,
if anv. decrease in the dissolved oxygen content of the
receiving waters.

2.3.4 ATMOSPHERIC EMISSIONS

The following sections assess the characteristics of
atmospheric emissions {rom typical sources asso-
ciated with proposed development. Approximate
emission levels from various sources are provided in
Volume 2.

Air emissions are addressed according to five distinct
sources. regardless of geographic location within the
region, and are discussed individually. These sources
are: liquid fuel combustion, gas flaring. solid waste
incineration, gas turbines and fuel tanks. Emissions
from fuel combustion. for example. include all those
associated with drilling. marine operations, shore-
bases and aircraft operations. Similarly. air emissions
from solid waste incineration include the combined
total from construction activities, offshore platforms.
and the three assumed major marine bases at Tuk-




toyaktuk. McKinley Bay and on the Yukon coast.
Two further sections describe the potential forice fog
formation and the creation of odours. These are fol-
lowed by a summary.

2.3.4.1 Liquid Fuel Combustion

By 1986. about 225,000 tonnes of liquid fuel per year
1s expected to be used by drill rigs. ships, shorebases
and aircraft (Dome, 1982a). As oil production be-
gins, associated gas produced with the oil will begin to
replace liquid fuel for power generation on produc-
tion platforms so that liquid fuel combustion emis-
sions are not expected to increase significantly between
1986 and the year 2000. On the basis of emission
factors available for the combustion of diesel fuel
(Belvea er al., 1966: Work and Warner, 1981), the
total quantity of various emissions has been esti-
mated and is bisted in Table 2.3-3.

The air emissions resulting from the combustion of
diesel fuel would be released to the atmosphere from
a large number of widelv separated sources. Conse-
quently, long-term changes in ambient air quality are
unlikely to result. and anv potential impacts would be
LOCAL. If necessary. dispersion modelling could be
undertaken to predict ground level concentrations of
pollutants resulting from larger single sources to
ensure that air quality guidelines are met.

2.3.4.2 Gas Flaring

Emissions from production islands are expected to
occur when associated gas is flared. Gas is only
expected to be flared during the initial stage of oil
production from each field. The unused associated
gas will later be reinjected or processed and trans-
ported to southern markets. The amount of gas flared
will increase incrementally as each new oil well is

completed. during approximately the first 2 years of

each field development. Maximum flaring is esti-

mated to occur during 1989 when oil production
could range between 22,000 and 27.000 m*/day for
the intermediate development rate. Based on the
assumption that associated gas will be produced at
the rate of 100 m* for each m* of oil extracted, total
daily associated gas production could range between
2.2 and 2.7 million m* per day, and some of this gas
would be flared. Between 0.7 and 0.9 million m*/day
would be used as fuel. Nitrogen oxides are the emis-
sions of concern associated with gas flaring, although
minor quantities of particulates. carbon monoxide
and hydrocarbons are also released. Sulphur emis-
sions are not expected since Beaufort Sea gas ana-
lvzed to date is sweet. Emission factors from the
combustion of natural gas indicate that a maximum
(worst case) of 3.680 kg of nitrogen oxides would be
emitted for each million m? of gas burned. Therefore.
total emissions of nitrogen oxides from all flares are
expected to range between 5,500 to 6,600 kg/day, but
would be released from 2 or 3 production platforms
in the offshore development zone. As a result,
changes in air quality should be limited to SHORT-
TERM and LOCAL effects during unfavourable
meteorological conditions. (Possible biological im-
pacts of gas flares are discussed in Sections 2.3.7 and
24.1.11.)

2.3.4.3 Solid Waste Incineration

The quantity of solid waste produced by all shore-
based facilities will increase as development proceeds
and could reach 1.4 million kg/year by the vear 2000.
To this would be added about 5.3 miilion kg/year of
solid waste from about 80 offshore platforms and
construction activities. As indicated in Section 2.3.3,
86% of these wastes are expected to be combustible
and would be incinerated, while the remaining non-
combustible fraction would be disposed of in approved
landfills. Thus. about 5.8 million kg of solid wastes
would be incinerated annually by the turn of the
century. Based on emission factors for solid waste

TABLE 2.3-3

ESTIMATED EMISSIONS FROM THE COMBUSTION OF
225,000 TONNES/YEAR OF DIESEL FUEL
{Assumed to be combusted in 1986)

Emission Factors*

Approximate Emissions

Pollutant (percent wt. of fuel) tonnes/year tonnes/day
Particulates 1.69 3,800 10.5
Sulphur Oxides 0.69 1,600 44
Nitrogen Oxides 3.38 7,600 20.8
Hydrocarbons 4.92 10,400 28.5
Carbon Monoxide 0.92 2,100 5.8

*Source: Belyea et al. (1966); Work and Warner (1981)
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combustion, the estimated daily quantity of various
emissions resulting from incineration of solid wastes
at that time are provided in Table 2.3-4.

Since these total emissions would be released from
several shorebased and offshore sources. it is expected
that only LOCAL and SHORT-TERM impacts on
air quality would occur. and would usually occur
only during unfavourable meteorological conditions.

2.3.4.4 Gas Turbines

By the year 2000, about 2.7 million m*/day of gas
would be used as fuel, mostly for power generation
using turbines (Dome Petroleum Limited. 1982a).
Electrical power will be generated at each offshore
platform and some shorebases by gas turbine driven
generators. In addition, compressors to produce
LNG would be driven by natural gas turbines. The
sum of exhausts from various power generators
throughout the region are expected to total about 27
million m*/day. Emissions would include carbon
dioxide, excess oxygen. water vapour, nitrogen and
nitrogen oxides. Nitrogen oxides may comprise about
0.07% by weight of flue gases. Therefore, total emis-
sions of nitrogen oxides may be about 24 tonnes/day
by the vear 2000. This quantity of nitrogen oxides is
about the same as that expected in emissions from
liquid fuel combustion (Table 2.3-3). Once engineer-
ing plans have been formulated, dispersion modelling
of major emission sources can be conducted if
necessary.

2.3.4.5 Fuel Tanks

Evaporation of volatile light-ends from liquid fuel
storage tanks may release an estimated 50 tonnes of
hydrocarbons per vear by the year 2000. These vola-
tile hydrocarbons would be rapidly dispersed in the
atmosphere surrounding storage sites. and would not
pose a safety hazard or have adverse impacts on local
biological resources.

2.3.4.6 Ice Fog

Ice fog can form when exhausts containing large
quantities of water vapour are emitted where air
temperatures are less than -30°C. Ice fog will then
persist when there are temperature inversions and
periods of calm. Under these conditions. there will be
a reducuion of visibility at ground level which could
affect air traffic.

Meteorological data required to identify conditions
during which ice fog may accumulate include fre-
quency and duration of periods with sustained
temperatures less than -30°C (Table 2.3-5). occur-
rence of calm wind conditions and mean maximum
afternoon mixing heights (Table 2.3-6) and f{re-
quency of temperature inversions (see Table 2.1-2,
Volume 3A). Although not all these data are availa-
ble for various parts of the Beaufort development
zone, some general statements can be made regarding
the {requency of ice fog formation.

Ice fog is most likely to form from December to
March when temperatures less than -30°C are most
frequent (Table 2.3-5). Also, ice fog is more likely 10
accumulate at inland locations rather than along the
coast where calm conditions are less frequent (Table
2.3-6). In general. mixing heights tend to be low in the
Arctic. and are at a minimum from December
through February at Inuvik (Table 2.3-6). Thisis also
when there are frequent temperature inversions which
would favour the accumulation of ice fog. As new
bases are developed. detailed analysis of emission
characteristics and integration with climate data can
be carried out to accurately predict the frequency and
duration of ice fog at specific sites if necessary.

2.3.4.7 Odours
Odours may persist locally throughout the vear from

the evaporation of chemicals or hydrocarbons, com-
bustion of fuels or wastes and camp cooking exhausts.

TABLE 2.3-4
EMISSIONS FROM THE COMBUSTION OF 5.8 x 10¢ KG/YEAR OF SOLID WASTE

Pollutants (percent wt. of combustible waste) (tonnes/day)
Particulates 0.62 89
Sulphur Oxides 0.12 19
Nitrogen Oxides 0.22 35
Hydrocarbons 0.12 19
Carbon Monoxide 1.49 237

*Source: Belyea et al. (1966); Environment Canada (1978); Work and Warner (1981)

Emission Factors*

Approximate Emissions
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TABLE 2.3-5

NUMBER OF OCCURRENCES OF AIR TEMPERATURES LESS THAN -30°C
WITH VARIOUS DURATIONS IN DAYS

*Source: Environment Canada (1975)
**Source: Portelli (1976)

November December January February March April Max*
Dursation (days) 16 7-12 >12 16 7-12 >12 1-6 7-12 >12 16 7-12 >12 1-6 7-12 D12 1-6 7-12 >12 (days)
Sachs Harbour 9 0 0 30 2 2 35 5 2 36 4 2 38 4 0 4 0 0 20
(1955-1970)
Cape Parry 3 0 0 17 0 2 32 4 2 28 3 2 31 1 1 0 0 0 17
(1957-1970)
Tuktoyaktuk 14 o] 0 23 2 1 34 5 2 24 6 0 21 2 0 o] 0 0 20
(1957-1970)
Shingle Point 3 ¢} [ 10 1 (o} 16 0 0 8 1 0 8 0 0 1 0 0 12
(1957-1967)
Aklavik 28 0 0 77 7 0 76 9 2 61 4 0 13 0 0 0 0 0 16
(1926-1962)
*Longest duration {days) with temperatures below -30°C.
Source: Environment Canada (1975)
TABLE 2.3-6
FREQUENCY OF CALM WIND CONDITIONS
AND MEAN MAXIMUM AFTERNOON MIXING HEIGHTS AT INUVIK AND CAPE PARRY
December January February March

Frequency of Calm* (%)

Inuvik (1860-1972) 29 29 27 16

Cape Parry (1959-1972) 10 11 14 8

Mean Mixing Heights** (m above surface)

Inuvik (1965-1969) 159 119 162 288

However. odours will only be noticed near their sour-
ces so that long-term changes in regional ambient air
quality are unlikely. A possible effect of odours is the
attraction of wildlife. particularly polar bears and
Arctic foxes. This effect ts discussed elsewhere in the
chapter in relation to airborne noise (Section 2.3.5).
human presence (Section 2.3.1). and artificial illumi-
nation (Section 2.3.7).

2.3.4.8 Summary of Possible Impacts of
Atmospheric Emissions

Proposed hydrocarbon development in the Beaufort
region will result in various facilities and processes
emitting a variety of gaseous and particulate emis-
sions. Offshore sources will generally be widely
separated geographically and the wind climate over
the Beaufort Sea will rapidly disperse most emissions.
Any effects will likelybe SHORT-TERM and LOCAL.

Two primary concerns related to atmospheric emis-
sions are: visibility mitations due to ice fog forma-
tion: and possible cumulative effects of multiple
emissions. for example trom production platforms,
tanker loading terminals and shorebases. The ice fog
potential and possible cumulative effects of emissions
can be determined for the largest emission sources
when emission levels become available to ensure
comphiance with ambient air quality guidelines.

The EARP guidelines identified concerns related to
the possible effects of construction and operation
activities on long-term climatic change, and the pos-
sible effects of particulate air emissions on snow and
ice melt characteristics. Based on the foregoing
assessment. neither effect would be expected to occur.
However. monitoring programs can be initiated as
deemed appropriate in order to assess these and other
possible concerns related to atmospheric emissions.
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2.3.5 AIRBORNE NOISE

Airborne noise will be produced during most off-
shore and onshore exploration. construction and
production activities. Offshore. the major mobile
sources of airborne noise will be aircraft. ships and
on-ice vehicular traffic. The main stationary sources
of airborne noise will be artificial island construction
and operation activities, dredges and drillrigs. This
section describes the possible impacts of airborne
noise on the marine resources of the Beaufort Sea.
(The possible impacts of airborne noise from har-
bours. shorebases and onshore oil and gas produc-
tion in the Beaufort Sea coastal zone are described in
Chapter 3.)

2.3.5.1 Air Traffic

As development proceeds. the volume of offshore air
traffic will increase. Table 3.2-1 in Chapter 3summar-
izes the estimated number of aircraft which may be
required in the Beaufort region during the next 20
vears. Of these, helicopters and small STOL aircraft.
such as Twin Otters. will be the most common forms
of aircraft flving offshore.

Helicopters will be needed for transferring emergency
supplies and personnel originating from Inuvik, Tuk-
toyaktuk. McKinley Bay, and possibly from a major
shorebase on the Yukon coast. to offshore island
construction sites, such as Tarsiut. Koakoak. Kopa-
noar, and Issungnak. By the year 2000. assuming the
intermediate development rate (Dome Petroleum
Limited. 1982a). five deep water production islands
and seven shallow water production islands would
need helicopter support. In addition to these facili-
ties. helicopters will continue to support the explora-
tion activities of exploration islands and floating dril-
ling platforms. One to two exploration islands (in
waters 10-30 metres deep) may be constructed every
year and operate for two vears each, while the four
conventional drillships and up to five extended sea-
son drilling vessels (round drillships and conical dril-
ling untts) may be operating by 2000.

STOL aircraft would transport personnel between
the shorebases, and if an overland pipeline is con-
structed, between the pipeline terminal {acilities
(probably at North Point on Richard’s Island) and
the Administrative Centre in Inuvik. They would also
continue to be used for offshore ice reconnaissance
missions.

It is estimated that by 1986, personnel movements
could require approximately 15 return flights perday
from shorebases by Sikorski S-61 helicopters and 10
to 15 flights per day by STOL aircraft. In addition,
there would be reguiar supply and ice reconnaissance
flights as well as numerous unscheduled flights. For
example, Boothroyd and Karasiuk (1981) described
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the frequency of {lights associated with *“*break-out”
from McKinlev Bay and dredging of its mooring
basin in 1980. There were 430 helicopter flights to or
from McKinley Bayv or between locations within the
bay between June 8 and July 2. 279 helicopter flights
in July and 132 in August.

Passengers, food and emergency supplies are cur-
rently delivered on a regular basis to Tuktoyaktuk by
Boeing 737 jet and by Electra turboprop aircraft. On
occasion. Lockheed C130’s are chartered to deliver
supplies to both Tuktoyaktuk and, in the spring,toa
sea ice landing strip in McKinley Bay. Later (Table
3.2-1).largercargo jets such as Boeing 767’s could be
employed 7 days per week between major shorebases
and southern supply points. Numerous flights by
executive jets are also expected. All these aircraft will
normally fly at high altitudes except when landing
and during take-off. Therefore coastal and offshore
disturbances to birds and mammals would occur only
in the vicinity of the airports.

All development-related aircraft operating in the
Beaufort region will comply with altitude (greater
than 305 m asl) and corridor guidelines whenever
possible. Such guidelines are presently in use and new
ones are readily implemented in response to prob-
lems as they arise. For example, in 1981 as a result of
concerns expressed by whale hunters in the Hen-
drickson Island area in Kugmalht Bay. minmimum
aircraft flight altitudes over this area were increased
from 305 m to 450 m. If this altitude was not feasible
because of weather, aircraft followed a route that
went around the area of concern. Due to limited
visibility conditions common in the Beaufort Sea
during summer and early fall (Volume 3A), helicop-
ters and STOL aircraft operating under visual flight
regulations (VFR) would likely fly at relatively low
altitudes for slightly less than 30% of the time. Flying
under these conditions is legal, safe, and a standard
procedure, although flights at these lower altitudes
may increase the possibility of noise-related impacts.
Exclusion of aircraft from flying over certain sensi-
tive areas and the restriction of aircraft to some flight
corridors may be required to reduce or eliminate
possible impacts.

A review of the possible effects of airborne noise from
aircraft on marine mammals and birds in the Beau-
fort region is provided in ESL (1982). This review of
information available from both Arctic and temper-
ate latitudes indicates that the effects of aircraft noise
will depend on a number of factors including species
and life cycle stage, altitude of aircraft, frequency and
route of flights. as well as the type of aircraft and time
of year. In general. birds are more vuinerable to
disturbance from aircraft than are marine mammals.
The following describes the possible impacts of air-
craft noise on regional populations of marine mam-
mals and birds in the Beaufort Sea and along its
shores.




(a) Impacts on Marine Mammals

Marine or marine-associated mammals which may
be affected by airborne noise from aircraft operating
in the Beaufort region are those species that occur on
the sea ice during certain periods of their life cycle.
including ringed seals, bearded seals, polar bears and
Arctic foxes. In general, the degree of possible impact
of air traffic associated with development on these
species is expected to vary from NEGLIGIBLE to
MINOR with the application of appropriate mitiga-
tive measures.

Ringed and bearded seals may be susceptible to air-
craft noise during the breeding period, and when they
are hauled-out on the sea ice. Primary pupping habi-
tat for ringed seals is in the large bays of Amundsen
Gulf and off the west coast of Banks Island (Volume
3A: Section 3.2). Pups are born during late March or
early April in subnivean lairs on the landfast ice
(Smith and Stirling, 1975), and remain in their lairs
for 6 to 8 weeks (McLaren, 1958; Smith, 1973).
Bearded seal pups are born on moving pack ice dur-
ing late April or early May, and lactation lasts for 12
to 18 days (Burns and Frost, 1979). Aircraft over-
flights may disturb breeding seals, particularly ringed
seals due to the longer lactation period, by causing
the tending females to temporarily leave their pups.
The possibility of such a response by ringed seals mav
be very low, as the audibility of aircraft to seals in
snow-covered subnivean lairs would likely be low.
particularly when wind and moving snow will tend to
obscure aircraft sounds. Nevertheless, the numbers of
seals which may be affected would be small compared
to the total regional populations. This is because
primary pupping habitat for ringed seals does not
occur in the proposed offshore production zone, and
because bearded seal pups are widely distributed,
precocious at birth and not tended by the female for
an extended period. The impact of this disturbance on
the regional seal populations is expected to be NEG-
LIGIBLE to MINOR.

Ringed seals in the Canadian Beaufort haul-out in
largest numbers for 2 to 3 weeks in June on the
landfast ice near Cape Parry, along the southwest and
west coasts of Banks Island, and off the Tuktoyaktuk
Peninsula and Yukon coast (Stirling er al., 1981a).
Bearded seals prefer to haul-out on transition zone
ice, and most are found off the east coast of Cape
Parry and off the Tuktoyaktuk Peninsula (Stirling er
al., 1981a). Frequent overflights may cause hauled-
out seals to dive, since this behaviour has been
observed in both species when survey aircraft were
flying at an altitude of 100 m (W.G. Alliston, pers.
comm.). The diving response was more pronounced
during helicopter flights (Hughes 500D). During five
vears of aerial surveys in Cessna 337’s flying at an
altitude of 152 m (91 m in fog) and an air speed of 220
km/hr, Stirling er al. (1981a) found that a small
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proportion of the hauled-out seals always dove when
the aircraft was overhead. The percentage of seals
that dive has not been quantified, but appears to be
dependent on air speed, flight altitude and type of
aircraft (I. Stirling, pers.comm.).

The possible effects of repeated immersions in response
to aircraft are not known, although much of the
haul-out behavior of seals is apparently related to
thermoregulatory adjustments (McLaren, 1958: Smith,
1973; Finley, 1979), and repeated diving may induce
temporary thermoregulatory stress. However, it 1s
also possible that the hauled-out seals will become
habituated to frequent aircraft overflights.

In view of the origin and destination of helicopters
and STOL aircraft operating offshore in the Beaufort
Sea (Figure 2.3-1), a small proportion of the seals
hauled-out on ice may dive in response to STOL
aircraft and helicopter overflights during 2 to 3 weeks
in June. Seals would probably not dive when aircraft
altitudes are maintained above 450 m (1.500 ft) (1.
Stirling, pers.comm.) Flights at 305 m (1,000 ft.) and
lower are expected to cause some seals to dive, prob-
ably well before the aircraft is overhead, however the
impact of this reponse on the regional seal popula-
tions is expected to be NEGLIGIBLE to MINOR.

Polar bears and Arctic foxes foraging on the sea ice
during winter and spring may also be disturbed near
airstrips and by low-flying aircraft operating between
the shorebases and offshore platforms. Polar bears
overflown by survey aircraft at altitudes of 100 m
usually retreat, but will occasionally react aggres-
sively (W.G. Alliston, pers. comm.). Stirling (pers.
comm.) reports that most bears would look up at a
Cessna 337 flying overhead at an altitude of 152 m,
but suggests that they would probably not react to
STOL or helicopter flights at the guideline altitude of
305 m. Arctic foxes may also retreat from aircraft
flying below 100 m altitude, but would probably not
be disturbed by aircraft at altitudes of 305 m or
greater.

Adherence to altitude guidelines of greater than 305
m (1,000 ft.) will eliminate or substantially reduce the
effects of aircraft overflights on polar bears and Arc-
tic foxes, while non-adherence to guideline altitudes
on occasions may cause short-term aggressive or flee-
ing responses. Based on these observations, routine
aircraft operations offshore in the Beaufort Sea are
likely to have a NEGLIGIBLE impact on the
regional polar bear and Arctic fox populations.

(b) Impacts on Birds

Disturbance of birds by helicopters and STOL air-
craft is of some concern in view of the increasing use
of these craft in the future to support Beaufort devel-
opment, and the susceptibility of some species to
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noise (ESL. 1982). Helicopters and STOL aircraft
operating under visual flight regulations (VFR) may
have to fly at low altitudes fairly frequently (esti-
mated at approximately 30% of the time) during
summer and early autumn due to visibility restric-
tions. Airborne noise produced by large passenger
and executive jets is of lesser concern because these
aircraft cruise at high altitudes except during landing
and take-off. and disturbance would be confined
mainly to the area surrounding airstrips (see Volume
2. Chapter 5).

In recognition of the important areas for birds out-
lined in Section 4.3 of Volume 3A, as well as the
documented susceptibility of some species to aircraft
disturbance. the proponents will comply with aircraft
flight guidelines. weather and safety considerations
permitting. to reduce or eliminate disturbances.
Flight guidelines, which will be reviewed and refined
in consultation with appropriate government agen-
cies. will include the following:

- flight altitudes of at least 305 m agl (or as] as
applicable) will be maintained in all areas when
weather conditions permit:

- overflights of certain important concentration
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areas for birds will be avoided or be flown at
altitudes of at least 600 m agl at specific times of
the year (e.g. snow goose spring staging areas
during May, nesting colonies during June and
July.

The reactions of birds to aircraft varies with species,
the stage of the annual life cycle, previous exposure to
aircraft, type of aircraft, and the vertical and horizon-
tal distance of the aircraft from the birds. The mech-
anisms by which disturbance in general may influ-
ence bird populations include: effective loss of habitat
by exclusion of birds from areas where the distur-
bance is too great; increased energy expenditure
which could lead to decreased productivity and pos-
sibly increased mortality of adults and young: and
behavioural reactions that may increase mortality
rates of young such as increased exposure to chilling,
predation or injury. abandonment of nests by adults
or a delay in the onset of nesting.

Species most likely to be affected by aircraft travel-
ling between shorebases and offshore platforms are
birds that nest at traditional nest sites, in colonies or
gather in large concentrations while brood-rearing.
staging or moulting in either offshore or coastal
areas. These groups include several species of water-




fowl and raptors, glaucous gulls. Arctic terns and
thick-billed murres.

Spring Staging Birds: The biological significance of

repeated disturbance of staging birds is subject to
speculation. Geese, in particular. accumulate fat
reserves while staging so that increased energy ex-
penditures caused by disturbances could reduce the
fat accumulated. This, in turn, could reduce their
productivity in spring or fitness for fall migration.
Repeated disturbance of pre-nesting birds could
interfere with their copulatory behaviour. cause loss
of energy reserves and possibly decrease their
productivity.

Concentrations of spring staging snow geese can
occur in the Kittigazuit Bayv area (up to 75.000; T.W.
Barry. pers. comm. cited in CWS,1972).80 to 100 km
inland along the Anderson River (65.000; Barry.
1967). and at the base of the Parry Peninsula in
Darnlev Bay(LGL and ESL. 1982). Birds most likely
to be disturbed by Beaufort region development are
those that stage in the Kittigazuit Bay area. except
that in 1981 and 1982 few snow geese staged in this
area as the result of a naturally caused eastward shift
of spring staging birds to the Kugaluk-Anderson
River areas (T. Barry. pers. comm.). In addition to
snow geese, up to 20.000 white-fronted geese mav
also stage in the same general area of Kittigazuit Bav
(CWS, 1972). Implementation of mitigative measures
described earlier is expected to resultina NEGLIGI-
BLE to MINOR impact on both snow geese and
white-fronted geese during the spring staging period.

Glaucous gulls, common eiders. king eiders and
oldsquaws are species thatfrequently stage in greatest
numbers during spring in leads and along the edge of
the landfastice. Yellow-billed. red-throated and Arc-
tic loons are also present in these habitats, as well as
in river leads and cracks in the ice along shorelines.
The main aircraft disturbance to these birds would be
from helicopters supporting offshore development
and fixed-wing aircraft conducting ice reconnaissance
survevs. A large proportion of these birds would
probably be transients en route to nesting areas to the
north and east. The remainder would likely be birds
that nest in the Mackenzie Delta-Tuktoyaktuk Penin-
sula area. The latter group 1s likely to remain in
staging habitats longer than transients and could
therefore be exposed to more aircraft activity. In
general, the largest concentrations of sea ducks occur
to the east of the development area, and loons and
gulls tend to be widely distributed. Hence with the
altitude guidelines, the possible impacts of aircraft
noise disturbance on spring staging sea ducks, loons
and gulls, including local populations that nest in the
Mackenzie Deita-Tuktoyaktuk Peninsula area are
expected to be NEGLIGIBLE.

Nesting Birds: The effects of aircraft on nesting birds
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will vary with species. Many tundra nesting species
are widely dispersed and are not particularly suscept-
ible to aircraft overflights at altitudes greater than
305 m. Also. a large proportion of some waterfowl.
shorebirds. loons and jaegers are widely dispersed
and occupy coastal and backshore areas that arc less
susceptible to aircraft disturbance from offshore
flights. Consequently. possible impacts on these pop-
ulations are expected to be NEGLIGIBLE. On the
other hand. species that nest in high densities in
relatively confined areas, and/or are known to react
adversely to aircraft overflights, may be more seriously
affected. Possible effects on this group. which includes
two species of geese and several species of raptors are
assessed. Possible impacts on whistling swans, glau-
cous gulls. Arctic terns and Sabine’s gulls during the
nesting period are also assessed.

Geese in the Beaufort region that nest colonially and
are considered to be particularly susceptible to air-
craft notse disturbance include brant and snow geese.
Most snow geese in the region nest on western Banks
Island (99.000 pairs). while relatively small colonies
exist at Kendall Island (500 pairs) and on the Ander-
son River delta (4.200 pairs: R. Kerbes. pers.comm.)
The Kendall Island colony may be most susceptible
to development-related aircraft disturbance due to its
location. Periodic low altitude overflights could
reduce the productivity of this colony, or if distur-
bances become intense and mitigative measures arc
not implemented, the colony could be abandoned.
Gavin (1980. cited in Welling et al., 1981) suggested
that helicopter overflights were responsible for the
abandonment of a snow goose colony in northern
Alaska, although the birds returned to the colonv
during the following vear when there was no distur-
bance. However, the mitigative measures described
earlier will be implemented, and the possible impact
on the regional populations should not exceed
MINOR.

In the Beaufort region., most brant nest along the
Alaskan North Slope (17.000 birds: Bellrose. 1976)
and on western Banks Island (10.000 birds; CWS.
1972). Although these birds would not be subject to
frequent aircraft disturbance. about 4.000 brant that
nest in coastal areas between Demarcation Bay and
Darniey Bay could be subjected to aircraft noise.
Approximately half of these birds (2,000; CWS, 1972)
breed in the vicinity of the Anderson River Delta.
while smaller colonies occur near Paulatuk (500
birds). at the mouth of the Kugaluk River (400 birds).
near Atkinson Point (500 birds). on small islands
(500 birds) and at Denis Lagoon in the outer Mack-
enzie Delta (CWS. 1972 Slaney, 1974a). In view of
the origin and destination of most offshore helicopter
and STOL aircraft overflights. brant nesting at colo-
nies in the Anderson River delta. Kugaluk River and
near Paulatuk will not be exposed to frequent aircraft
overflights. Brant nesting at Atkinson Point. the




Mackenzie Delta, and elsewhere along the coast
adjacent to the production zone may be exposed to
aircraft flights during adverse weather when VFR
aircraft cannot adhere to regulatory flight altitudes.
Although the reactions of nesting and brood-rearing
brant to repeated aircraft noise disturbance have not
been documented. they may react similarly to snow
geese. Implementation of mitigative measures such as
those described earlier, is expected to result in an
impact from aircraft notse on the regional population
of between NEGLIGIBLE and MINOR.

The white-fronted goose is the most abundant species
of goose nesting on the mainland coast of the Beau-
fort Sea (King. 1970: Bellrose, 1976). Post-nesting
population estimates of 90.000 birds. or about one
third of the North American population, may summer
in the Beaufort region. Of these. roughly 50,000 occur
on the North Slope of Alaska (King. 1970) and are
unlikely to be affected by logistics aircraft traffic
n the Canadian Beaufort. Although white-fronted
geese do not nest colonially. relatively large numbers
of nesting. brood-rearing, and moulting birds occur
in favoured coastal habitats. Of the estimated 40,000
{post-nesting) white-fronted geese that occur from
Demarcation Bay to Darnley Bay, about 25,000 to
30.000 are concentrated in the Kugaluk - Anderson
River areas (Barry. pers. comm., cited in Bellrose,
1976). However, most aircraft flights would link
shorebases with offshore platforms (Figure 2.3-1),
and would therefore not fly over the Kugaluk-
Anderson River area. Consequently, the possible
impact on the regional population of white-fronted
geese is expected to be NEGLIGIBLE.

About one third (30,000 birds) of the world popula-
tion of whistling swans nest in Canada. of which two
thirds (20.000) summer between the Mackenzie Delta
and the Anderson River (Bellrose, 1976). Although
swans do not nest colonially, repeated noise from air
traffic over areas with high densities of nesting birds
could affect the regional population. Overt reactions
of nesting and brood-rearing whistling swans to air-
craft disturbance do not appear to be as marked as
those of geese. Consequently, the aircraft altitude and
routing guidelines described earlier are expected to
result in a possible impact from aircraft noise of
between NEGLIGIBLE and MINOR,

Glaucous gulls, Sabine’s gulls and Arctic terns nest
singly and in small colonies at numerous inland loca-
tions and along the Beaufort Sea coast (Salter er al.,
1980: Barry er al., 1981). Repeated low altitude air-
craft overflights of nesting colonies could result in
decreased productivity. However, with the altitude
guidelines the impacts are expected to be NEGLIG-
IBLE.

Although they do not generally nest on the outer
coast, raptors could be subjected to noise from air-
craft flving between shorebases. Pre-nesting and nest-
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ing raptors are known to be sensitive to disturbance
from low-flying aircraft.

Species most likely to be affected by aircraft noise are
the peregrine falcon, gyrfalcon and golden eagle.
some of which occur near areas which may be sub-
jected to development-related aircraft noise. These
species nest on cliffs or along river cutbanks. Nests
typically exist in the British and Richardson moun-
tains. in cutbanks along rivers of the Yukon North
Slope. in cutbanks of rivers east of the Tuktoyaktuk
Peninsula. particularly the Anderson, Horton and
Hornaday rivers. and in the Campbell Hills near
Inuvik. Of these raptor species, most concern is for
the peregrine falcon (Falco peregrinus). in particular
the subspecies F. p. tundrius, which is considered
“threatened” and nests in most of these areas. The
subspecies F. p. anatum 1s considered “‘endangered”
and nests in the Campbell Hills (Volume 3A). The
rough-legged hawk is also a common nesting raptor
on cliffs of the areas identified, while tree-nesting
raptors, including the bald eagle and osprey. are
found in very small numbers in riparian habitats
south of the treeline. Nest sites of all these species
tend to be traditional. and some may be used for
many generations. Consequently, repeated disturb-
ance by low-flying aircraft could result in abandon-
ment of nest sites or decreased productivity of young
in each of these species. However, the reactions of
nesting pairs to airborne noise varies, and some rap-
tors, including peregrine falcons, have been known to
habituate to repeated over-flights.

The greatest concentration of nesting raptors within
the coastal area likely to be overflown by air traffic.
occurs along the North Slope of the Yukon and the
Northwest Territories and in the adjacent British and
Richardson mountains. Air traffic to and from a
Yukon coastal shorebase could affect raptors in this
general region. The possible impacts, mitigative mea-
sures to be adopted, and residual impacts of all sour-
ces of disturbance associated with possible Yukon
coast developments on nesting raptors are reviewed
in Chapter 3. and are discussed in detail in LGL
(1982). Airborne noise from expected aircraft Jogis-
tics traffic over raptor nesting areas in the region west
of the Tuktoyaktuk Peninsula should not result in
impacts on regional populations greater than NEG-
LIGIBLE or MINOR. Nevertheless. to ensure that
raptors, particularly peregrine falcons, are not adver-
sely affected by development-related activity includ-
ing aircraft, potential raptor nesting sites will be iden-
tified beforehand, and aircraft flights restricted accor-
dingly (Volume 7, Chapter 3).

Moulting and Brood-rearing Birds: Geese and swans
moult during the brood-rearing period on or near
their nesting areas, while non-nesting or unsuccessful
nesters may congregate in large numbers in tradi-
tional moulting areas away from nesting habitats.



Repeated aircraft noise could place an energetic stress
on moulting non-breeding waterfowl and, in extreme
cases. lead to abandonment of traditional moulting
areas. With the aircraft altitude and route guidelines.
the potential impacts of aircraft noise on all geese and
swans during the moulting period should range
between NEGLIGIBLE and MINOR.

Moulting areas are generally coastal. and several exist
along the Canadian Beaufort Sea coast between Shal-
low Bay and Franklin Bay. where birds may be
affected by aircraft noise (LGL and ESL, 1982). For
example. a few hundred to 1.000 whistling swans
have been recorded at several coastal locations, while
concentrations of 1.000 to 4,000 moulting white-
fronted geese have been observed in coastal areas
between the Anderson and Kugaluk rivers. Concen-
trations of moulting Canada geese have been observed
in several arcas. although large numbers (25.000)
have only been recorded at the Kugaluk and Smoke
river deltas (Barry. pers. comm., cited in Sterling and
Dzubin. 1967). McKinley Bay. an area affected by

aircraft noise, is where substantial numbers (700) of

moulting, non-breeding brant have been observed
(CWS, 1972).

Moulting sea ducks have not been found to abandon
marine areas disturbed by aircraft (Gollop et al.,
1974a). Observations in McKinlev Bav suggest that
areas subjected to an average of two to six overflights
per day from late July through August, 1980. con-
tinued to be used by moulting ducks (mostly olds-
quaws and scoters; Ward. 1981). In 1981, large
numbers of ducks again used McKinley Bav despite
considerable helicopter activity in the area (Scott-
Brown and Allen. 1981). Moulting and non-breeding
ducks (primarily scaup). have been observed to
abandon small lakes after repeated disturbance by
landing float planes (Salter and Davis, 1974). Although
certain areas are consistently used by moulting ducks
each vear, (Volume 3A. Section 4.3). numbers of
birds using them varies from year to yvear. Based on
these observations and experience to date, the poten-
tial impacts of aircraft noise produced by logistics air
traffic on regional populations of sea ducks during
the moulting period are not expected to exceed
MINOR.

Autumn Staging Geese: From mid August through
late September, large numbers of geese stage in some
areas where there may be repeated logistics over-
flights. For example. during this period most of the
entire western Canadian populations of snow geese,
numbering 200,000 to 500.000 birds, move from their
nesting. brood-rearing and moulting areas to staging
areas. where they feed and accumulate fat reserves in
preparation for autumn migration. Young-of-the-
vearcomplete their summer’s growth at these staging
areas. Snow geese may remain in these areas until late
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September. during which time they are sensitive to
disturbance by aircraft (ESL, 1982). Aircraft noise
may interrupt their feeding and cause the birds to use
energy when thev flush. Repeated disturbance could
possibly cause them to abandon an area, resulting in
a loss of staging habitat.

The primary staging areas for snow geese include the
Yukon and eastern Alaskan North Slope and to a
lesser extent, the Mackenzie Delta. Adults with
voung tend to remain in the Yukon, while birds that
do not nest or are unsuccessful nesters may fly farther
west into Alaska (Koski and Gollop. 1974). How-
ever.insome vears when an early freeze-up precludes
staging on the North Slope. the snow geese remain in
the Mackenzie Delta area (Koski. 1977a. b). White-
fronted geese from the Alaskan and Canadian Beau-
fort populations stage on the Mackenzie Delta
between mid August and late September. By early
September, between 20.000 and 25,000 white-fronted
geese may be on the outer Mackenzie Delta (Volume
3A). In most recent years, the North Slope of the
Yukon and Northwest Territories is used by rela-
tively few white-fronted geese. although Koski (1977b)
estimated that 18,000 white-fronted geese were pres-
ent in upland areas on the North Slope in 1976. With
appropriate altitude and corridor guidelines deve-
loped in consultation with government agencies. the
degree of impact for both of these species is expected
to be MINOR.

2.3.5.2 Other Mobile Noise Sources

Mobile sources of airborne noise other than aircrafi
include ships. dredges and on-ice vehicular traffic.
The general specifications, function and numbers of
marine vessels which may be required for operations
in the Beaufort Sea region are described in Volume 2.
Chapter 5. In addition. a number of vehicles may
travel on winter roads over landfast ice between
shorebases. Vehicular traffic will use a winter road
over the landfast ice between McKinley Bay and
Tuktovaktuk, and the winter road between Inuvik
and Tuktoyaktuk. Traffic may also occur on an all-
weather road which is proposed to link a possible
Yukon coastal shorebase. such as King Point. to the
Dempster Highway at Fort McPherson. and on an
all-weather road proposed between this shorebase
and a rock quarry at Mount Sedgewick. The impacts
of winter and all-weather roads on terrestrial biota
are discussed in Chapter 3.

(a) Impacts on Marine Mammals

Ringed seals. bearded seals. polar bears and Arctic
foxes may only be susceptible to these other sources
of airborne noise when they are on the landfast or
transition zone ice within the development area. The
possible regional impacts of airborne noise on all




marine or marine-associated mammals in the Beau-
fort region are likely to be NEGLIGIBLE.

Ringed and bearded seals may be affected by mobile
sources of airborne noise during the breeding season
or during the annual moulting period when they are
hauled-out on the sea ice. However, airborne noise
produced by icebreakers operating in the landfast ice
zone is not expected to disturb breeding seals or cause
hauled-out ringed seals to dive repeatedly or in large
numbers, because most icebreaking during spring
would be confined to two or three 100 to 150 m wide
channels extending from McKinley Bay and possibly
from a Yukon shorebase to the transition zone (Sec-
tion 2.4.4 and 3.5.2). The disturbance would be local.
and only a small proportion of the regional seal
population could be affected in landfast ice areas.

Airborne noise from mobile dredges is not expected
to significantly affect the ringed seal population
because the dredges will operate mainly in the transi-
tion ice zone where breeding or hauled-out ringed
seals are less common. Breeding and hauled-out
bearded seals in the transition zone may respond to
the noise by diving. However, the numbers affected
would be small because the species is widely distrib-
uted, and icebreaking and dredging would be limited
to offshore platforms, dredge borrow sites and routes
between sites in the development zone.

Ringed and bearded seals may also be disturbed by
airborne noise from vehicular traffic on the landfast
ice, although effects would be local and are expected
to be inconsequential.

Although polar bears are frequently observed in the
transition zone off the Mackenzie Delta and Tuk-
tovaktuk Peninsula (Stirling ez al., 1981b), the largest
proportion of the regional population occurs in
Amundsen Gulf and off the west coast of Banks
Island. Arctic foxes from coastal populations are
believed to be widely distributed on the fast ice during
winter and spring. In general, airborne noise pro-
duced by dredges and icebreakers operating in the
transition zone may affect polar bears, while airborne
noise from icebreakers and on-ice vehicular traffic in
landfast ice areas could affect Arctic foxes. The
physical presence of a vessel and its characteristic
airborne noise may cause a fright-flight response in
both species, or cause an aggressive reaction by polar
bears (ESL. 1982). However. these disturbances
would be temporary and short-term, and the number
of individuals affected would be a small proportion
of the regional population.

(b) Impacts on Birds
Unlike airborne noise produced by aircraft, noise

from on-ice vehicles, dredges and vessels 1s expected
to have NEGLIGIBLE impacts on birds in the Beau-
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fort Sea region. Few or no birds would be present
when vehicles would be travelling on winter ice roads,
but limited disturbance may be caused by icebreak-
ers, dredges and other vessels to some marine species
during their spring migration. Ducks and tfoons par-
ticularly, rely on open water where they rest and feed
during migration. Icebreaking vessels that take ad-
vantage of thin ice and open water areas could dis-
turb these migrants staging in the leads during spring.
Icebreaker tracks generally remain filled with broken
ice, and therefore would not provide extensive open
water habitat for these migrants. However, where
small ‘polynyas,” usable by loons and ducks, are
created by icebreaking, perhaps in late spring, there
may be beneficial primary and secondary produc-
tion.

The few other species of birds that forage in offshore
areas during the summer are widely distributed and
are unlikely to be affected by noise produced by
vessel traffic or operating dredges. Moulting ducks in
coastal areas may be temporarily disturbed by vessels
entering and leaving harbours. However, because
this disturbance would be local and confined to spe-
cific travel corridors, the impacts are expected to be
NEGLIGIBLE.

2.3.5.3 Stationary Sources of Airborne Noise

Industrial machinery will be the major source of
stationary airborne noise during Beaufort region
development. Noise from the construction and oper-
ation of offshore platforms will persist on a 24 hour
basis throughout the year, while noise from station-
ary dredging operations may be continuous or inter-
mittent. Gas flares will also generate noise, although
the flare tips will be designed to minimize noise.

(a) Impacts on Marine Mammals

Noise from stationary offshore sources may affect the
local distribution of polar bears, Arctic foxes, and
breeding and hauled-out ringed and bearded seals
during winter and spring. The effects of stationary
airborne noise may, however, be indistinguishable
from the collective effects of all activities including
the physical presence of platforms. Airborne noise
from stationary sources will be perceptible only in the
vicinity of the sources to those species on the sea, on
the ice orin the air. Beneath the sea-surface, airborne
noise is coupled poorly so that any effects will again
be local. Consequently the possible impacts of fixed
sources of airborne noise on regional populations of
all species of marine and marine-associated mam-
mals are expected to be NEGLIGIBLE.

Stationary sources of airborne noise plus cookhouse
odours, artificial illumination and human presence
may alert and attract polar bears and Arctic foxes to
the sources, or result in avoidance responses. Inuit



are routinely emploved in the Beaufort Sea as polar
bear monitors to alert personnel to the presence of
bears for safety reasons. From November 1, 1981 to
April 1. 1982, there were 23 sightings of polar bears
near the Tarsiut exploration island. although some
observations may have been repeated sightings of the
same individuals (J. Ward, pers. comm.). Assuming
each sighting was a different bear, this represents
about 1.3% of the regional polar bear population.
which was estimated at 1,700 to 1.800 from 1972 to
1974 (Stirling, 1978). Preliminary results of a North-
west Territories study of polar bears and artificial
islands indicate that bears were not more abundant
around Tarsiut than in adjacent control areas (G.
Stenhouse. pers. comm.) The policy of all proponent
companies towards polar bears is that they onlv be
destroved as a last resort to protect human life. The
polar bear monitoring programs carried out by the
proponents serve as a first line alert measure.

During the winter of 1981-82. one polar bear had to
be destroved for safety reasons. In the future, as more
islands are built. there could be more interactions
between bears and man. However, with prudent mit-
1gation measures in place. few polar bears should
have to be destroved and the number of animals
involved would always be insignificant compared to
the total regional population. Similarly, attraction of
Arctic foxes by a combination of noise and other
attractants is not expected to affect more than a few
animals of the regional population.

Stationary sources of airborne noise may lead to a
change in the local distribution of breeding and
hauled-out ringed and bearded seals in the vicinity of
structures in the offshore production zone. However.
the effects would likely be local and the numbers
affected small.

(b) Impacts on Birds

The effects of airborne noise from stationary sources
on birds will be indistinguishable from the combined
effects of noise. human presence. presence of machin-
ery and artficial illumination. The only relevant
information comes from experiments with gas com-
pressor simulators and birds in terrestrial areas (see
ESL. 1982). However, geese and swans do not stage
offshore. and therefore would not be affected by
stationary noise sources at drillships. and offshore
islands. (The possible impacts of shorebases on
marine resources of the Beaufort Sea region are
assessed in Chapter 3.)

Marine birds that could be exposed to airborne noise
from offshore sources are mainly loons. diving ducks
and gulls. However, the effects of noise from these
sources would likely be indistinguishable from effects
of other activities at these sites, particularly move-
ments of boats and aircraft.
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2.3.5.4 Summary of Possible Impacts of Airborne
Noise

The possible impacts of mobiie and stationary sour-
ces of airborne noise on most marine mammals of the
Beaufort Sea are expected to be NEGLIGIBLE in
most instances when aircraft adhere to altitude and
routing guidelines developed to minimize interac-
tions with wildlife. An exception to this may occur if
ringed and bearded scals repeatedly dove in response
to frequent overflights during their 2 to 3 week haul-
out period in June. Although the biological implica-
tions of this response remain unknown. the propor-
tion of the regional population which may be affected
in this manner should be small. and as a result, the
possible degree of impact is expected to be MINOR.
This impact could be reduced or eliminated by
increasing flight altitudes to 458 m (1,500 ft) when-
ever possible during the haul-out period.

Stationary and mobile airborne sources, other than
aircraft, are expected to have NEGLIGIBLE effects
on birds. With appropriate mitigative measures to
reduce the disturbance of birds by aircraft, possible
impacts ol airborne noise on all species are likely to
range between NEGLIGIBLE and MINOR.

2.3.6 UNDERWATER NOISEL

Industrial sources of underwater noise have the
potential to affect marine fauna in the Beaufort Sea.
These sources would include icebreaking tankers.
icebreaking support vessels. ships. barges, tugs. air-
craft. vehicles on ice. dredges. drilling activities, and
oil and gas production and processing facilities.
However, underwater noise would only disturb marine
fauna if the animals can detect the noise produced. It
can be assumed that no disturbance or masking
effects would occur at distances where the noise
attenuates to natural ambicnt noise levels. The dis-
tance at which industrial noise would be detected by a
marine animal depends on several factors including:
noise generating characteristics of the noise source:
how these noises are attenuated between the noise
source and the animal: the natural ambient noise
level where the animal is located: and the hearing
sensitivity of the amimal. These factors will be dis-
cussed in the following sections and are described in
more detail in ESL (1982). Information summarized
in these sections is then used to estimate zones of
influence within which noise may affect marine
fauna. These zones form the basis for assessing the
potential impacts of future industrial noise on marine
mammals and fish in the Beaufort Sea.

In the following sections. underwater noise levels
(pressures or intensities) are given in decibels (dB)
with respect to a reference sound pressure of 1 micro-
Pascal (1 uPa). Also, for broadband noise it is usual
to reduce measurements to an equivalent | Hz band



width in order to define spectrum levels and hence the
shape of a noise spectrum. Thus noise spectrum levels
are quoted in dB re (1 uPa)*/Hz. For a single fre-
quency underwater sound, such as a propeller blade-
rate tone (a spectral line), its sound level is quoted in
dB re (1 uPa)’. A special case is where sounds are
assumed to come from an equivalent point source.
Where the distance from this point source is reduced
to 1 m. the spectrum tevel is termed a source level. Its
units are quoted in dB at I m re (1 uPa)/Hz.

2.3.6.1 Source Noise Levels
(a) Mobile Sources of Underwater Industrial Noise

The major mobile sources of industrial underwater
noise currently in operation or proposed for use in

the Beaufort Sea include icebreaking tankers, local
marine logistics traffic, dredges and aircraft. The
numbers of vessels which may be required during the
proposed development, their seasonal use and esti-
mated underwater sound source levels, where availa-
ble, are summarized in Table 2.3-7. Table 2.3-8 lists
the numbers of aircraft that are projected to be
required, their seasonal use, and estimates, where
available, of underwater noise spectrum levels mea-
sured when the aircraft flew over the hydrophone at
various altitudes.

Class 1Q icebreaking tankers proposed {or the trans-
port of oil to southern markets are projected to
initially follow the eastern route shown in Figure
2.3-2, loading cargo in the Beaufort Sea possibly at
Tarsiut as early as 1986 and later from other fields

TABLE 2.3-7

INDUSTRIAL SOURCES OF MOBILE UNDERWATER NOISE
IN THE BEAUFORT SEA PRODUCTION ZONE

Number Operating

supply vessels

* MV CANMAR KIGORIAK (Class 3)

b: Intermediate development; Arctic tankers.
c: Intermediate development; overland pipeline.

Source Existing 1990 2000
a,b,c a,b,c

Class 10 Ice- 0 9,6,0 26,16,0

Breaking Tanker

Arctic dredges o 21,0 41,1

Conventional 77,7 7.7.7

dredges

Ice-strengthened 9 19,19,19 29,29,29

Class 3 Icebreakers 1" 8,8,6 8,8,6
Class 6 icebreakers 0 13,10,7 13,10, 7
Class 10 Icebreakers 0 1,10 3,20

Tugs 5 28,18,14 22,2117
Misc. work 10 22,22,18 25,23,22
boats

Season of Source Level

Operation dB at 1 m re (1uPa)*/Hz

Year-round Estimated Free Field**
for APP carriers at 100Hz
-165dB. half power in open water
-172dB: full power in heavy ice
(see Figure 4.4-1 for complete
spectra).

Year-round Not available

June-Nov  Not available

June-Nov  Canmar Supplier Vili;
measured as 144 to 167 dB
at 56 Hz Beaufort Sea
(Fraker et al., 1981)

Year-round 158dB at 100 Hz under 16
inches of ice

Year-round Not available

Year-round Not available

June-Nov  Tug and barge; measured as
151 to 164 dB at 200 to
1150 Hz, Beaufort Sea
(Ford, 1977)

June-Nov  Not available

a: Technically achievable development; Arctic tankers.

** Free field source levels assume that the source is in an infinite unbounded water body.
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TABLE 2.3-8

Source

Helicopters

STOL aircraft

Executive jets
737 or 767 jets

Number Operating*

Existing 1990

6 18
3 12
2 8
1

* Intermediate development (tanker or pipeline)

Season of
Operation

Year-round

Year-round

Year-round

Year-round

Underwater Sound Spectrum Level
dB re (1uPa)?/H2

Hughes type 369d at 30 m asl;
60 dB 500 Hz recorded
under 1.2 m of ice

near Barrow (Holliday

et al., 1980)

Britten-Norman Islander
-305 m asl, 94dB at 70Hz
-458 m asl, 92.4dB at 70Hz
(Fraker et al., 1981)

Not available
Not available

HUDSON BAY

80

| &5
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40° 4
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1200 110° 100° I
FIGURE 2.3-2 Class 10 icebreaking tankers proposed for the transport of o1l 10 southcen niarkets are projected to initially
follow an eastern route through the Northwest Passage. Many other ships such as ticighters and tugs with barges will enter

and leave the Beaufort area through the western route around Alaska
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(Figure 2.3-3). Two sources of underwater noise pro-
duced by icebreaking tankers are the sounds of ice-
breaking, and noise from the vessel itself. Ship-
radiated noise is generated by machinery and propel-
lers, however, propeller noise caused by cavitation is
expected to dominate the ship’s source spectrum.
Cavitation noise occurs when numerous small water
cavities or bubbles. which form on the low pressure
side of a propeller under power, collapse randomly.

Icebreaking tankers proposed for use in the Beaufort
Sea have not vet been constructed, so measurements
of underwater sound generated by the physical break-
ing of ice by this class of vessel are not available.
However, noise from icebreaking will likely be insig-
nificant in comparison to noise levels from propeller
cavitation (APP, 1982).

Estimated underwater sound levels* produced by
twin propeller Class 7 icebreaking APP carriers
(75,000 SHP) are shown in Figure 4.4-1 of Chapter 4.
These estimates will be used during the present
assessment in the absence of estimates for Class 10
icebreaking tankers (APP, 1982). Both vessel types
are of similar design and specifications (Volume 2.
Section 6.3). At full power in open water or in ice.
estimated noise levels of the LNG carriers are com-

138°
S

parable to container ships and passenger ships at
comparable speeds. At half power in open water,
estimates are lower than for most merchant ships and
comparable to those of a trawler (APP, 1982).

Figure 4.4-1 shows that the APP carriers are expected
to have a free field source level of 172 dB at 100 Hz
while travelling at a speed of 22 km/h under full
power in heavy ice. The source level of the carriers is
expected to be reduced to about 165 dB at 100 Hz
while travelling at a speed of 31.5 km/h under half
power in open water. At increasing frequencies to 10
kHz. source levels are expected to decline at 6 dB per
octave.

* Free-field source levels, assume that sound pres-
sures are measured 1 m from an equivalent point
source of sound in an infinite waterbody. Effective
source levels, used in estimating noise at a dis-
tance, must take account of the Lloyd mirror
effect which considers the presence of the water
surface boundary. This results in effective source
levels being considerably less than free-field source
levels at low frequencies.

LEGEND
®  PRODUCTION PLATFORMS
(1988)YR. OF FIRST PRODUCTION
© LOADING TERMINAL
@ SHOREBASES

TANKER ROUTE BETWEEN
TARSIUT AND NORTHWEST
PASSAGE

71°1

KOPANOAR

100 m * 1995

70°

S —

140° 13e° 138°

¢ KOAKOAK

1988

134° 132

130°
FIGURE 2.3-3 Location of projected initial production platforms in the Beaufort Sea development zone.
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In addition to broadband cavitation noise, propellers
generate intense single frequency blade-rate tones
which are a function of propeller revolution rate and
the number of blades. For the APP carriers, the
fundamental blade-rate frequency in the full power
icebreaking mode is expected to be 5.33 Hz. with
progressively less intense higher harmonics. Although
it is not vet possible to determine the sound levels for
each harmonic or the number of harmonics which
may occur, the expected maximum free field source
level of the blade-rate tone for an APP carrier operat-
ing inheavyiceis 191 dB(see Chapter 4. Section 4.4),
which reduces to an effective source level of 164 dB
when the Llovd mirror etfect is taken into account.

Assumed locations of offshore producing platforms
and a possible tanker loading facility in the develop-
ment zone to 1990 are indicated on Figure 2.3-3.
Marine vessels. including icebreakers and dredges are
expected to operate along direct routes between off-
shore platform sites, shorebases and proposed dredge
sites. From shorebases, excursions through the land-
fast ice would be confined to single corridors from
McKinley Bay. Tuktoyaktuk and the Yukon coast to
the transition ice zone (see Volume 3A). STOL air-
craft and helicopters would transfer personnel and
supplies between the shorebases and helicopters
would support offshore platforms. As indicated in
Section 2.3.5, aircraft will comply with altitude res-
trictions and corridor guidelines whenever possible to
minimize possible disturbances 1o wildhife.

{b) Stationary Sources of Underwater Industrial
Noise

The major stationary sources of underwater indus-
trial noise currently in operation or proposed for use
in the Beaufort Sea are summarized in Table 2.3-9
and discussed in ESL (1982). Noise levels from island
drilling activities in the Canadian Beaufort have not
been documented. although Malme and Mlawski
(1979} describe some characteristics of underwater
noise from drilling rigs on natural and artifical
islands in the Prudhoe Bay area during an icebound
period. Most recorded noise was at frequencies below
200 Hz. with tonal components predominating below
100 Hz. The broadband noise level was highest when
the rotary table was turning. Diesel engines and other
rotating machinery produced the tonal components.
Source noise levels produced by major industrial
operations in the Beaufort Sea will be the subject of
future study (Volume 7. Section 3.3).

2.3.6.2 Sound Propagation

Numerous factors influence propagation loss of
underwater sound. In the sea, sound is attenuated by
spreading. absorption and scattering. The general
principles of sound propagation in Arctic waters are
discussed in more detail in ESL (1982). In the shallow
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Beaufort Sea. propagation loss due to spreading
probably ranges between spherical spreading loss. at
6 dB per distance doubled. to cvlindrical spreading
loss, at 3 dB per distance doubled depending on
distance and water depth (Fraker eral., 1981). Losses
of sound energy due to absorption are insignificant at
low frequencies. Scattering losses in deep water are
low at low frequencies. and depend on the roughness
of the under-ice or water surface compared to the
wave length of the sound waves. Propagation loss
also varies with water depth. with losses being con-
siderably greater in shallow water than in deep water
for low frequencies. Transmission losses at low fre-
quencies are especiallv marked in shatlow areas over
the continental shelf (less than 200 m deep) where
sand or mud substrates tend to absorb sound energy
{Leggat et al., 1981). This is an important point since
several species of marine mammals are concentrated
in shallow coastal waters where sound at frequencies
which might atfect them would be rapidly attenuated.

Sound propagation in the Beaufort Sea varies with
the seasons. Since lowest temperatures occur at the
surface during periods of solid ice cover. a positive
sound speed gradient (higher speeds at greater depths)
and a resultant upward refraction of sound waves
occurs in winter. In summer. sound velocity speed
gradients become negative because solar heating and
wave mixing form a surface laver with higher sound
speeds (Fraker er al, 1981). Bottom sediments can
absorb sound waves when propagation paths include
bottom reflections. This can occur with negative
sound speed gradients in summer. In some cases, very
low frequencies may propagate well within bottom
sediments and can be detected in the water column at
considerable distances from the source (Frakereral.,
1981).

Rogers (1981) demonstrates the extreme difficultly in
predicting propagation losses in shallow waters with
a negative sound speed gradient since losses can
depend on at least 24 factors including: water depth.
sound speed profile. sediment characteristics. etc..
Figure 2.3-4 illustrates extremes in propagation loss
which can occur with different bottom materials for
water with a negative sound speed gradient. In all
cases shown. propagation losses exceed those which
would occur due to spherical spreading. Bottom sed-
iments in the Beaufort Sca are largely of the “clavev-
silt™ category. thus propagation losses would be
great. Figure 2.3-5 llustrates a case where extreme
losses occurat 200 Hz in 25 m of water with isospeed
properties. Propagation losses would be even greater
in water with a negative sound speed gradient such as
exists in the Beaufort Scain summer (Rogers, 1981).

Greene (198 1) measurced sound transmission charac-
teristics of the shallow. 50 m deep. Chukchi Sea
during winter with 1007 ice cover and during
summer with about 5077 icc cover. During the winter,




TABLE 2.3-9

STATIONARY SOURCES OF UNDERWATER SOUND
IN THE BEAUFORT SEA PRODUCTION ZONE

Source

Conventional
drillship

Round drillship
Large drill barge
Smali drill barge

Stationary
Suction Dredge

Process barge

Accommodation
barge

Storage barge
Crane barge
Floating drydock

Shallow water oil
production islands

Deep water oil
production islands

Gas production islands

APLA’s

Number Operating

Existing

- O O O

o

o = N O

o
]

1990
ab,c

4,4,4

55,5
2,11
0,11
1,11

10,7.7
6,5.5

4,39

5.4,4

2,22
7,5

21,1

2,1,0
1,1,0

2000
a,b,c

4,44

55,5
10,5,5
0.0,0
22,2

22,1515
14,10,10

12,7,0
544
22,2
9,7

10,85

10,8,10
1,10

Season of
Operation

June-Nov

Year-round
Year-round
Year-round

June-Nov

Year-round

Year-round

Year-round
June-Nov
Year-round

Year-round

Year-round

Year-round

Year-round

a: Technically achievable development; Arctic tankers.
b: Intermediate development; Arctic tankers.
c. intermediate development; overland pipeline.

Underwater Sound Spectrum Level

dB re (1uPa)?/Hz

Strongest tone was 97 dB
at 147 Hz at a range of
1.8 km

(Fraker et al., 1981).

Not available
Not available
Not available

Dredge pius attending
equipment and boats:

- Issungnak: 90 to 100 dB
at 1,000 Hz at a range

of 1.2 km (Fraker

et al., 1981)

- Arnak: 164 dB at 1390
Hz atarangeof 1 m

(Ford, 1977)

- Tuft Point: 152 to 157 dB
at 500 to 1,000 Hz at

a range of 1 m (Ford,
1977)

- Alerk: strongest tone was
101 dB at 73 Hz at a range
of 7.4 km (Fraker

et al., 1981)

Not available
Not available

Not available
Not available
Not available

- Niakuk 3 artificial island,

Prudhoe Bay: 64 dB at 80 Hz at

a range of 1.6 km and 34 dB at
3.8 km. (Malme and Mlawski,
1979).

Not available

Not available

Not available
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FIGURE 2.3-4 Propagation losses versus range fora 100 m
water depth with a -0.2/sec sound speed gradient. Losses
are depth averaged for frequencies of 800 Hz and 200 Hz and
for three different bottom sediment types. For comparison
purposes, cylindrical (3 dB per distance doubled) and
spherical (6 dB per distance doubled) spreading losses are
plotted on a relative dB scale (Source: Rogers, 1981).

low frequencies of 5 to 20 Hz propagated well. and
showed lower losses than that predicted by spherical
spreading. Propagation losses at frequencies of 75 to
500 Hz were less than spherical spreading to ranges of
about 5 to 10 km. beyond which transmission losses
ificreased. In summer, transmission losses at all fre-
quencies between 15 and 400 Hz were less than pre-
dicted by spherical spreading over ranges of less than
15 km. while losses were greater than spherical
spreading at longer ranges. For example. the trans-
mission loss at 250 Hz was 110 dB at a range of 60 km.
14 dB greater than that predicted by spherical spread-
ing. and 62 dB more than cylindrical spreading. For
most frequencies, propagation was better in summer
than winter.

APP (1981) estimates of propagation losses for an
ING carrier travelling over the 2.000 m deep waters
of Baffin Bay are provided in Chapter 4. and will be
used in the present assessment in the absence of
empirical data for the Beaufort Sea. It is emphasized.
however, that the use of these deep water propaga-
tion loss estimates for the shallow continental shelf
waters of the Beaufort Sea will result in underestimat-
ing propagation losses and overestimating distances
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FIGURE 2.3-5 Propagation losses versus range for water
depths of 25,50 and 100 m and for frequencies of 800 Hz and
200 Hz. In each case bottom sediments are fine sand and
losses are depth averaged. For comparison purposes, cylin-
drical (3 dB per distance doubled) and spherical (5 dB per
distance doubled spreading losses are plotted on a relative
scale (Source: Rogers, 1981).

where tanker noise would be detected above natural
ambient noisc. Figures 4.4-2 and 4.4-3 for Baffin Bay
indicate propagation losses less than predicted by
spherical spreading for frequencies between 100 Hz
and 1 kHz. For the shallow water cases shown in
Figures 2.3-4 and 2.3-5.1or 200 and 800 Hz, propaga-
tion losses exceed those predicted by spherical
spreading, as is the case in shallow water for other
propagation losses desceribed previously. The expected
noise levels at distances up to 60 km at frequencies of
100 Hz, 1 kHz and S k17, und {or receiver depths of 3
m and 20 m are shown in Figures 4.4-2 and 4.4-3. At
low frequencies. less than 500 Hz propagation losses
at most ranges would be greater when the receiver
was nearer the surtace. For example. at a receiver
depth of 20 m. noise at 20 km produced by a carrier
operating at hall power i open water would be 78 dB
at 100 Hz. At a recewver depth of 3 m, however, the
noise level would be reduced to 72 dB. Although the
estimated zone of influence of tanker noise discussed
in subsequent sections is based on assuming a
receiver depth of 20 m. lesvels ol low frequency sound,
less than SO0 Mz, vecaived by marine mammals at
shallower depths would generally be lower.




2.3.6.3 Ambient Noise

Ambient noise. both natural and man-caused is one
factor that imits the hearing sensitivity of marine
animals and therefore, the effectiveness of vocaliza-
tions as communication or orientation signals. The
level of natural ambient noise is also a factor in
defining the zones of possible influence of industrial
noise where the artificial roise is above natural
ambient levels. A discussion of ambient noise in the
Beaufort Sea is provided in ESL (1982).

The three main sources of ambient noise in the ocean
are: water motion caused by winds, tides, surf, rain
and hail; ship noise: and soniferous (sound-producing)
marine organisms (Knudsen ez al., 1948; Wenz, 1962:
Myrberg. 1978). During the open water season.
ambient noise is dominated by wind-dependent sea
noises and biological noise. In areas with little indus-
trial activity, ambient noise spectra are relatively flat
from 20 to 500 Hz, and decrease above this frequency
atabout 5dB per octave (Ross, 1976). Increased wind
speed and sea state result in increased noise levels
across the spectral range. Shipping notse in temperate
oceans is also a major component of low-frequency
ambient noise, with its peak energy being below 100
Hz (Wenz, 1962; Ross. 1976). However, shipping
noise in the Beaufort Sea is probably negligible at the
present time (Fraker et al., 1981).

Fraker er al. (198]1) measured ambient noise in
August under calm sea conditions in about 25 m of
water off the Tuktoyaktuk Peninsula (Table 2.3-10).

TABLE 2.3-10

QUIET SUMMER AMBIENT NOISE LEVELS
RECORDED OFF THE TUKTOYAKTUK
PENINSULA

Frequency (Hz) dB re (1uPa)?/Hz

100 52
1,000 40
2,000 36
4,000 32
8,000 24

Source: Fraker et al., 1981

Comparable ambient noise measurements are not
available for the Canadian Beaufort Sea in winter,
although Holliday er al. (1980) made a number of
ambient noise recordings in water depths from 8 to 45
m under 100% ice cover at several locations near
Point Barrow and Prudhoe Bay during May. Spec-
trum levels averaged about 50 dB at 100 Hz and
generally decreased at higher frequencies at a rate of 3
dB per octave. During brief quiet periods, noise levels
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were as low as about 30 dB at 100 Hz. In a small open
water lead, ambient noise spectrum levels increased
to 68 dB at 100 Hz and 50 dB at 1 kHz, while at the
edge of the landfast ice under calm conditions, levels
were about 54 dB and 57 dB at 100 Hz and 1 kHz,
respectively.

2.3.6.4 Vocalizations and Hearing Thresholds

There is concern that industrial underwater noise
could disturb, mask communication, navigation or
echolocatory signals, or damage the hearing mecha-
nisms of some marine mammals and fish in the Beau-
fort region. The vocal and hearing abilities of marine
mammals and fish are factors which will determine
the extent to which they may be affected by under-
water industrial noise in the Beaufort Sea.

Vocalizations of marine mammals are used for
echolocation and for social communication. All
odontocete (toothed) whales are believed to echolo-
cate, probably to aide in feeding and for orientation
when there is poor visibility. Echolocation signals
generally occur at high frequencies, greater than 20
kHz, and have a short detection range mostly less
than 100 m. The white whale is the only species of
odontocete common in the southeastern Beaufort
Sea, and has been reported to echolocate (Ford. 1977
Wood and Evans., 1980). On the other hand, it is
generally agreed that baleen whales such as bowheads.
or pinnipeds such as ringed and bearded seals do not
echolocate.

Vocalizations of odontocetes and pinnipeds used for
social communication occur primarily above 1 kHz,
while baleen whales emit signals at frequencies
mainly below 1 kHz and frequently below 100 Hz.
The latter sounds are propagated well in deep water,
and have the potential for use in communication over
long distances such as 100 km. In addition, all marine
mammals are probably passive listeners to environ-
mental sounds for navigational cues.

The hearing thresholds of several species of marine
mammals have been determined for various frequen-
cies and are the lowest intensities at which the animal
can hear pure tones under quiet experimental condi-
tions. However, ambient noise levels in the ocean are
often greater than the absolute hearing thresholds
determined in the laboratory, and the lower hearing
threshold in the ocean is therefore determined by the
ambient noise. In order for a marine mammal to hear
and discriminate a signal. it must be louder than the
background noise at that frequency. The factor by
which it must be louder is called the “critical ratio™ of
detection. This ratio. expressed in dB, has been
determined for a bottlenosed porpoise (Johnson,
1968). a harp seal (Terhune and Ronald, 1971). two
ringed seals (Terhune and Ronald. 1975a) and humans
(Hawkins and Stevens, 1950) (see Figure 4.4-4, Chap-




ter 4). The results of Terhune and Ronald (1975a)
suggest a critical ratio for ringed scals of 30 to 35dB
in the 4 to 32 kHz range. In other words. at an
ambient level of 90 dB at 32 kHz. a signal at 32 kHz
must havealevel of [20to 125 dB to be detected by a
ringed seal. Terhune (1981) suggests that critical
ratios of phocid seals and odontocetes in the 100 to
2.000 Hz range arc probably similar to that measured
in humans.

Payne and Webb (1971) speculated that the large
brains of baleen whales may have sophisticated signal
processing capabilities which allow them to detect
pure tone calls of conspecifics at eritical ratios of 0 dB
(or at similar intensities as background noise). Al-
though this ability has not been demonstrated exper-
imentally in marine mammals. Payne and Webb
{1971) reviewed studies which indicate that humans
can detect signals at signal-to-noise ratios of 0 dB.

As a result of the ability of the mammalian auditory
system 1o process sounds at different frequencies
independently. vessel-induced underwater noise at
low frequencies theoreticallv will not affect hearing at
higher frequencies. This is known as the ‘critical
band” concept. The reception of a pure tone. tor
example. is primarily atfected by noise at frequencies
equal to or adjacent to the tone (Johnson. 1968:
Terhune and Ronald. 1972: Popper. 1980). Noise
outside this ‘critical band’ would have little or no
masking effect on discrimination of the tone. Ter-
hune and Ronald (1972) estimated that the critical
band of the harp seal was within 10 and 30% of the
test frequencies. However. it should be emphasized
that the concept of critical bands in marine mammal
hearing has not been experimentally confirmed. Crit-
ical bands described to date have been derived from
critical ratio data obtained during experiments using
wide-band (or ‘white’) noise sources. The masking
effect of low-frequency noise on high-~frequency
sound reception (or high-frequency noise on low-
frequency reception) has not been directly investi-
gated with marine mammals.

The vocalizations and hearing sensitivities (where
available) of marine mammals and fish which mav be
affected by underwater industrial noise in the Beau-
fort Sea are described in detail in ESL (1982) and
summarized in Chapter 4. Table 4.4-2.

(a) White (Beluga) Whale

White whales in the Beaufort Sea region produce a
variety of sounds for communication, and emit two
types of echolocation clicks used for general orienta-
tion and for discrimination (Ford. 1977). In the
highly turbid waters of the Mackenzie River estuary.
white whales probably rely extensivelv on under-
water acoustics for orientation as well as communica-
tion over short distances. There is no evidence which
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suggests that long distance communication between
white whales may be important,

The auditory thresholds of two captive white whales
were determined bv White er al. (1978). and are dis-
cussed in ESL (1982). Although hearing sensitivity at
frequencies less than 1 kHz has not been tested in the
white whale. lower frequency thresholds have been
determined for the bottlenose porpoise by Johnson
(1967). He reported a sensitivity of 98 dB (re 1 uPa)at
1 kHz, which diminished steadily to 132 dB at 75 Hz,
the lowest test frequency. Since the audiogram of the
white whale is similar to the bottlenose porpoise at
higher frequencies (White et al., 1978). these figures
are likely representative of white whale sensitivity to
low frequency sound.

{b) Bowhead Whale

The characteristics of sounds produced by bowhead
whales are shown in Table 4.4-2 in Chapter4.and can
be classified as tonal in the 100 to 300 Hz band. and
pulsive in the 50 to 600 Hz band (Johnson and Clark.
in prep.. cited in APP. 1981). Sound intensity levels
for bowhead vocalizations have not been docu-
mented. The hearing sensitivity of the bowhead
whale has not been determined. but itis assumed that
maximum sensitivity occurs in the frequency range of
their vocalizations (i.e. 50 Hz to 600 Hz. Wursig er al.,
1981: Ljungblad er al., 1980).

Bowhead vocalizations are thought to serve primar-
ilv as social or communication signals. There is no
evidence of a well-developed echolocation svstem in
baleen whales. although it has been suggested that the
echos of loud calls may be emploved to orient them-
selves relative to the sea bottom topography or other
large targets (Herman and Tavolga. 1980). These
authors also suggest that mysticetes possess highly
sensitive hearing. and it has been postulated that
these species use environmental sounds such as surf
noise and the vocalizations of other marine animals
as navigational aids (Norris. 1967).

(¢) Pinnipeds

The trequencies of ringed and bearded seal vocaliza-
tions. and the hearing sensitivity of ringed seals are
listed in Table 4.4-2 in Chapter 4. Stirling (1973)
describes four types of communication and social
sounds in ringed seals: high and low pitched barks.
velps and chirps. These vocalizations were produced
at all times of the dav and night. as well as during all
seasons. There 1s no direct evidence of a well deve-
loped echolocatory system in pinnipeds. although
like most marine mammals. they are probably pas-
sive listeners to environmental sounds.

Terhune and Ronald (1975b) measured the hearing
sensitivity of ringed seals at frequencies from 1 to 90




kHz. and found that the maximum sensitivity was at
frequencies between 11 and 15 kHz (see ESL, 1982).
Terhune and Ronald (1976) subsequently found that
the upper frequency hearing limit for ringed seals was
60 kHz. Although the hearing sensitivity of bearded
seals has not been examined, the similarity in the
audiograms of five species of pinnipeds discussed by
Myrberg (1978) suggest that the hearing sensitivity of
bearded seals is probably like that previously des-
cribed for ringed seals.

(d) Fish

The significance of hearing in fish is not well under-
stood. but many fish produce sounds. and intraspe-
cific communication in temperate seas has been doc-
umented in several of the few species investigated
(Myrberg, 1978). In general, hearing in most fish is
thought to be used for sensing and locating approach-
ing animals (e.g. prey or predators) or obstructions.
and maintaining orientation in the water column
(Tavolga, 1971). The sensitivity of fish hearing
depends on a complex relationship between the fre-
quencies and intensities of sounds. Most fish are
sensitive to a range of frequencies, usually up to 2,000
Hz. and a few species (including herring) can distin-
guish sounds beyond 5 kHz (Myrberg, 1978).

2.3.6.5 Impacts on Marine Mammals
(a) Nature of Possible Impacts

The possible effects of industrial underwater noise on
Beaufort Sea marine mammal populations appear to
centre on the following concerns:

- the presence of unfamiliar sounds may disturb
or alarm mammals and cause a startle response
(Fraker, 1977a.b; Ford, 1977),

- noise could interfere with or mask reception of
marine mammal communication or echolocation
signals, or interfere with natural environmental
sounds used by marine mammals for navigation
(Penner and Kadane, 1979; APP. 1981; Terhune,
1981): and,

- intense noise may damage the hearing of marine
mammals or cause other physical or physiological
damage (Norrs, 1981).

Numerous factors influence the possible effects of
underwater industrial noise on marine mammals; for
example. different species use acoustic signalling for
different purposes, and vocalize at various source
levels and frequencies, and some species may be more
vulnerable to noise disturbances during certain life
history stages such as breeding, feeding, moulting
and migration. The duration, frequency and source
level of the sound source are also important in assess-
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ing the possible effects of underwater noise. For
example, loud noise at frequencies less than 500 Hz
may affect the ability of bowheads to communicate,
but not white whales. Also, industrial noise can occur
at different times, in different locations, and can be
cumulative. so that the distribution and abundance
of marine mammals within an ensonified area is of
importance.

Mobile and stationary sources of industrial under-
water noise may affect some species differently
(Fraker er al., 1981). Evidence to date indicates that
mammals do not habituate to intermittent sounds as
readily as they do to continuous sounds (Evans,
1982). Although speculative, it is possible that some
marine mammals may compensate for temporary
increases in ambient noise, such as those which occur
naturally, by increasing the intensity of their vocali-
zations. Also, it is possible that they may shift the
frequency of their vocalizations in order to commun-
icate between high: intensity spectral peaks in the
ambient noise spectrum.

Some marine mammals become habituated to low-
level background noise from ship traffic and offshore
petroleum activities (Geraci and St. Aubin, 1980;
APP. 1982). For example, humpback and gray
whales, harbour and elephant seals, bottlenose por-
poises, walruses and sea lions apparently coexist well
with industrial activities, and most are accustomed to
background noise from ships and industrial activities
(see Geraci and St. Aubin, 1980). Existing industrial
activities in the southeastern Beaufort Sea region.
including marine logistics traffic and the construction
of 20 artificial islands to date, have had no apparent
long-term effects on regional populations of marine
mammals (Fraker and Fraker, 1979, 1981; Fraker er
al., 1981).

(b) Zones of Influence

Underwater noise from icebreakers breaking ice is
expected to be similar to sounds from natural ice
fracturing and cracking. Arctic marine mammals are
likely well adapted to this type of noise. As indicated
earlier, noise levels produced by breaking ice would
be insignificant compared to noise from propeller
cavitation (APP, 1982).

For estimating possible zones of influence of noise
from icebreaking tankers and other marine vessels
operating in the Beaufort Sea. noise level estimates
for APP LNG carriers and estimated propagation
losses in deep water areas of Baffin Bay are used (APP,
1981). These estimates are shown in Figures 4.4-2
and 4.4-3 of Chapter 4. As stated earlier, these levels
are undoubtedly overestimates for the Beaufort Sea.
There would be higher propagation losses in shallow
water and increased losses when sound travels from
deep water to shallow water on coastal shelves (Leg-




gat et al., 1981). Another factor is that ambient noise
levels in the Beaufort Sea may be lower than in Baffin
Bay. As a result, the zone of influence of various
sound sources may remain comparable to those in
Baffin Bay.

By 1990, assuming the intermediate development rate
using tankers (see Table 2.3-7), there may be 6 Arctic
tankers in operation transporting oil from the Beau-
fort Sea, equivalent to about one tanker return trip
every 5 to 6 days. However, the number of tanker
trips could gradually increase until by the year 2000,
16 tankers may be in operation (assuming interme-
diate development). At this time, the frequency of
maximum possible noise disturbance could increase
to once daily based on a stationary receiver, such asa
whale encountering an inbound or outbound tanker.
The important point is that the zone of influence for
tanker underwater noise will be roughly circular and
will move along a route from or to a tanker loading
terminal. The zone will have a radius which will
depend on the hearing sensitivity and critical ratio of
the animal being influenced, natural ambient noise
levels, tanker power, whether or not it is operating in
ice or open water, and the noise frequency of interest.

For reasons discussed in Section 2.3.6.2 (Propaga-
tion) there are uncertainties in prescribing zones of
influence of noise from local marine logistics traffic in
the Beaufort Sea. However, site-specific data col-
lected by Ford (1977) and Fraker ez al. (1981) provide
some approximate distances at which underwater
industrial noise from dredging and island construc-
tion activities reaches ambient levels. Operations at
Tuft Point and Arnak each included a suction dredge
and various combinations of tugs and crew boats (see
ESL, 1982). During late July 1976, industrial noise
reached ambient levels at a distance of 3.6 km from
Tuft Point, and 5 to 6 km from Arnak (Ford, 1977).
Fraker et al. (1981) recorded composite underwater
sounds from Issungnak island construction opera-
tions, which included a dredge, tugs, and barge
camps, that were well above ambient noise levels to a
range of 4.5 km north into deeper water. When the
dredge was operating, sounds received at a distance
of 1.2 km, at frequencies up to 8 kHz, were 20 to 50
dB above quiet ambient levels (Fraker et al., 1981).

Malme and Mlawski (1979) found that low frequency
drilling noises from drilling rigs on an artificial island
and on a natural island in the Beaufort Sea off Prud-
hoe Bay were detectable between 6.4 10 9.6 km away,
under quiet ambient noise levels,and 1 to6kmaway
under noisy ambient conditions. Low frequency (5 to
29 Hz) drilling sounds received at a distance of 8 km
and less in open water were equivalent to ambient
levels resulting from a 22 km/h (12 kt) wind. These
recordings of noise sources at Prudhoe Bay were
made in shallower waters (e.g. 2 to 12 m) than depths
characteristic of the offshore drilling sites in the Can-
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adian Beaufort Sea. Distances at which noise pro-
duced by marine logistics traffic reaches ambient lev-
els in the Beaufort Sea have not been documented,
however depths are generally greater than near Prud-
hoe Bay and sounds would therefore tend to travel
further.

The frequency ranges of marine mammal vocaliza-
tions, their hearing sensitivities (where available) and
some samples of frequencies and intensities of under-
water industrial noise in the region are compared in
Figure 2.3-6. The vocalizations, and therefore assumed
hearing sensitivity, of the bowhead whale corres-
ponds most closely to industrial noise frequencies.
There is also some overlap between the hearing sensi-
tivities of ringed seals (and probably bearded seals)
and white whales and the frequencies of industrial
sound. However, the hearing sensitivities of these
species at frequencies below 1 kHz are still largely
unknown. Although many industrial underwater
sounds are emitted at frequencies which these species
can detect, the significance of any effects would
depend on the sensitivity of the species at that fre-
guency, their critical ratios, and ambient noise levels.

(c) White Whales

White whales of the Mackenzie stock will occur
within the zone of influence of underwater noise
produced by icebreaking tankers, local marine trans-
port, aircraft and stationary sources from mid May
through September (Volume 3A; Section 3.2). The
proposed tanker route intersects known spring mi-
gration corridors and late summer habitat of the
white whale (Figure 2.3-7). At frequencies greater
than the 20 kHz used by this species for echolocation,
maximum tanker noise (e.g. full power in ice) would
be below the absolute hearing threshold for white
whales within 10 km of the tanker. At the lower
frequency of 5 kHz used for social signalling, the
maximum ship noise (full power, thick ice) would
also be below hearing threshold at 10 km, and there-
fore is not expected to have effects at greater distan-
ces. Ata frequency of 1 kHz, the maximum ship noise
at 1 km (92 dB) would be below the absolute hearing
threshold of 103 dB at that frequency. Although the
hearing sensitivity of white whales at frequencies less
than 1 kHz is unknown, the threshold of about 130
dB at 100 Hz determined for the bottlenose porpoise
(Johnson, 1967) is likely representative. At this sensi-
tivity level, maximum tanker noise of 102 dB at 100
Hz would also be below white whale absolute hearing
thresholds at 1 km. During the open water period,
noise from vessels operating at full or half power
would be below the hearing threshold at 4 km at a
frequency of 5 kHz, while noise at 100 Hz and 1 kHz
would be below the hearing threshold at | km. It is
unlikely that white whales would be affected by the
low frequency blade rate tonals produced by the
tankers.
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For full power in thick ice, tanker speed assumed is 22
km/h. so that with one tanker return tripevery 5to0 6
days in the year 2000 (for the intermediate develop-
ment rate). tankers may be separated by about 1,000
km on both inbound and outbound tracks. On aver-
age. the separation would be about 500 km for the
centres of tanker zones of influence. This situation 1s
illustrated in Figure 2.3-7 which shows approximate
zones of influence for two tankers approaching each
other in the Beaufort Sea. Assuming equal tanker
spacings along the route. other tankers would be
located well off the map area shown. For white
whales. zone radii are 10 km for frequencies from 5
kHz to 20 kHz, and 1 km for 100 Hz and 1 kHz.
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In summary, given a “worst case” situation with
maximum (full power) tanker noise such as would be
required in spring, coupled with an unrealistically
low transmission loss (i.e. that calculated for deep
waters in Baffin Bay). white whale signals may be
masked by tanker noise at frequencies between 5 to
20 kHz within a distance of 10 km (Figure 2.3-7). At
frequencies below I kHz, tanker noise would be
below the absolute hearing threshold of white whales
at distances less than 1 km. It is emphasized that
zones of possible influence are expected to be smaller
in the shallow Beaufort Sea waters for the reasons
discussed earlier. Masked hearing thresholds for this
species have not been determined, but may be similar
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to those of ringed seals (Section 2.3.6.4). If this
assumption is correct, the zone of influence would be
substantially smaller than indicated in Figure 2.3-7.

Uncertainties exist in assessing the possible effects on
white whales of underwater noise from local marine
transport, stationary activities and aircraft in the
proposed production zone. This is because noise lev-
els are available for only a few sound sources and
knowledge of sound transmission characteristics is
imprecise for the shallow Beaufort Sea. Masking of
white whale communication signals by underwater
sound from marine logistics traffic may occur at
frequencies less than 5 kHz when natural ambient
levels are low. On the other hand, interference with
echolocatory signals would be unlikely because most
industrial sounds are at frequencies lower than those
used for echolocation (Figure 2.3-6). The zone of
influence of low frequency noise would vary depend-
ing on source levels, ambient noise and water depth,
and may be greater than the zone of influence of
icebreaking tankers when a large number of vessels,
islands, aircraft and other associated activities are
emitting noise within a relatively confined area.
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Ford (1977) calculated the range at which white
whales may find industrial noise audible at 2 kHz
from composite island construction activities and
marine logistics traffic in the southeastern Beaufort
Sea. These ranges from the Arnak and Tuft Point
sites were 2.9 km and 1.8 km, respectively. Ford
(1977) also calculated that tugs pushing full bargesin
the Tuft Point area could have been audible to whales
at distances of between 2.5 to 3.3 km, while a tug
pushing an empty barge, and a crew boat, were
expected to have been audible to white whales within
2.3 km and 1.8 km, respectively.

It is expected that industrial noise will be audible to
some spring migrants enroute toward Amundsen
Gulf during May and June, to some migrants during
their westward migration along the landfast ice edge
off the Tuktoyaktuk Peninsula in late June or July,
and to some during August when they leave concen-
tration areas in the Delta (Volume 3A: Section 3.2).
The proportion of the population which may be
affected along the landfast ice edge would vary with
the level of activity, number of tankers, the timing of
the trips, and the final location of tanker loading




facilities. During peak production. tanker movements
into the Beaufort Sea could occur on a daily basis. At
this time, it is conceivable that a large proportion of
the population could pass within 10 km of tanker
routes and a loading terminal during their residence
in the Beaufort. However, tanker noise would not be
audible to the white whale population during July
when they congregate in the shallow waters of the
Mackenzie estuary where they would be well outside
the 10 km zone of influence (Figure 2.3-7). At the
same time, some of these whales may be disturbed
and have their communications masked by under-
water industrial noise from mobile logistics traffic
and air traffic.

Since icebreaking tankers have not yet been con-
structed. there have been no interactions between
white whales and tankers. In general, white whales
appear tolerant of stationary activities such as dril-
ling and dredging. but avoid concentrations of
marine logistics traffic (Fraker and Fraker, 1981).
Noise generated by drlling operations on artificial
istands has had no obvious effect on white whales to
date (Fraker and Fraker, 1979). In addition. white
whales have frequently approached stationary barge
camps and dredges (Fraker 1977a. 1978). Also. heli-
copters and STOL survey aircraft flying at altitudes
of 457 m (1.500 ft) and higher do not appear to
disturb white whales. Behavioural responses of white
whales to industrial activities and marine logistics
traffic in the Beaufort Sea are reviewed in ESL (1982).

The possible impacts of underwater sound generated
by icebreaking tankers operating in the transition
zone of the southeastern Beaufort Sea on the regional
white whale population would probably be NEG-
LIGIBLE during early production in the Beaufort
Sea. This results from expecting only 1 or 2 tankers
per month to travel through areas which are migra-
tion corridors or summer feeding habitat of this spe-
cies, and from the estimate that tankers under full
power under quiet ambient conditions would not
affect white whales at distances greater than 10 km in
spring and 4 km in summer (Figure 2.3-7). In addi-
tion, the possibility for disturbance or masking would
exist for short time intervals not exceeding 1 hour in
spring and 12 minutes in summer, assuming the
whales remain stationary and that tanker speeds are
22 km/h in spring and 41 km/h in summer. Beyond
the early production phase, the potential impacts of
increasing tanker traffic on white whales could be
between NEGLIGIBLE and MINOR because of the
increased frequency of tanker traffic.

As discussed earlier. whales within several kilometres
of drillships. dredges. marine traffic corridors and
artificial islands in shallow water areas will be able to
detect underwater industrial noise. If, during July.
vessels are prohibited from using western areas of
Kugmallit Bay and excluded from Shallow Bay. and
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aircraft altitude and corridor guidelines are adhered
to as a mitigation measure. impacts on white whales
in this area are expected to be NEGLIGIBLE. July is
when white whales are concentrated in these waters.
Although current industrial activity in the Beaufort
Sea has occasionally resulted in some local tempor-
ary disturbances (ESL, 1982), the overall effects
appear to have been NEGLIGIBLE. Increasing the
spatial and temporal extent of mobile sources of
underwater sound as development proceeds may
enhance masking and disturbance over the long term.
Marine mammals are probably able to tolerate and
become habituated to underwater noise of certain
levels and characteristics, but it is possible that they
may avoid high noise areas once some tolerance limit
is surpassed. Avoidance of high noise areas by white
whales during late June could result in delayed or
altered migration to the Mackenzie estuary. How-
ever, since traffic control measures will continue to be
employed, possible long-term impacts of underwater
sound as a result of future increases in local marine
transport activities and tanker traffic on the regional
white whale population. are expected to be MINOR.
Potential effects of underwater noise on white whales
will be the subject of continuing studies as the pro-
posed development proceeds (Volume 7, Section
331,

(d) Bowhead Whale

As indicated in Figure 2.3-6, there is considerable
overlap between the low frequency vocalizations of
bowheads and underwater noise produced by most
industrial activities. Except in shallow water, low
frequency sounds propagate well and it is assumed
that bowhead hearing sensitivity is within the fre-
quency range of their vocalizations. Therefore, this
species may be disturbed and have its sound trans-
missions and receptions masked by underwater noise
produced by most industrial activities. The biological
significance of such effects are not well understood
and are subject to speculation.

The expected zone of influence on bowheads of low
frequency noise produced by local marine transport,
aircraft and stationary sources of underwater noise in
the production zone would vary depending on source
levels, ambient noise levels and water depth. In
aggregate it could be greater than for tanker traffic.
As described under “zones of influence” earlier, low
frequency noise at less than 2 kHz, produced by
shallow water island construction activities, using
dredges, crew boats. tugs. and bar-es, reached ambient
levels at distances ranging from 3.6 km to 6 km (Ford.
1977). Bowheads in waters shallower than 10 m may
be affected by underwater noise from similar sources
within comparable ranges, depending on level of
activity, natural ambient noise and the factors affect-
ing sound propagation. Noise in deeper water, and




cumulative noise levels from several activities or ves-
sels in close proximity, could extend this zone of
influence considerably.

Responses of bowhead whales to underwater indus-
trial noise in the Beaufort Sea were studied by Fraker
etal (1981). Various anecdotal accounts suggest that
artificial island construction. dredging and drilling
activities have not resulted in obvious disturbances to
bowheads (Section 2.4.2). Bowheads were observed
as close as 800 m to these stationary activities during
August 1980 (Fraker et al, 1981, Figure 2.4-4)).
Likewise, bowheads have only been observed to react
to moving ships when vessels have approached to
within a few hundred metres of the whales. Large
groups of bowheads totalling about 750 animals.
were recorded in the Beaufort Sea during 1980 within
20 to 100 km of 9 supply vessels. 8 tugs, 4 stationary
but operating drillships. 3 dredges and support air-
craft (Renaud and Davis, 1981).

Bowhead whales of the western Arctic population
may be affected by industrial underwater noise: dur-
ing their May to June spring migration enroute to
Amundsen Gulf: during July and August when they
tend to remain in the gulf and later when they move
offshore or occupy waters off the Tuktoyaktuk
Peninsula: and during September when they usually
begin their westward fall migration (Volume 3A: Sec-
tion 3.2). Based on data provided in Fraker and
Fraker (1981) and Fraker er al. (1981) the present
level of industrial activity in the region has probably
had NEGLIGIBLE impacts on bowhead whales to
date. However, the possible effects from increasing
industrial activities. which would generate low fre-
quency noise at sites shown in Figure 2.3-3, remain
unclear because the biological significance of under-
water acoustic masking on bowheads is poorly
understood. Adherence to restricted corridors will
tend to reduce the potential for interactions of local
vessel traffic with bowheads. while stationary activi-
ties are not expected to cause significant disturbance
of this species. Nevertheless, underwater noise gener-
ated by future increases in industrial activities in the
production zone, in aggregate, could increase the
impact rating to MINOR on the regional bowhead
population. This is likely to be a conservative impact
rating based on observations to date that there have
been no significant disturbances to individual bow-
heads of the regional population as a result of normal
industrial operations.

Aircraft flying at altitudes 100 to 150 m asl may cause
a temporary disturbance or avoidance response by
bowheads (diving). However, aircraft will normally
maintain flight altitudes of 305 m (1,000 ft) or more
so that potential impacts of this noise source on
bowheads are expected to be NEGLIGIBLE.

During most of the five months bowheads are in the
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region, there is open water. At this time, tankers will
use one-half power or less. The natural ambient noise
levels will, on average, be greater than underice cover
so that the zone of influence for tankers under half
power and in open water would probably range
between 30 to 60 km at 100 Hz most of the time. The
latter result assumes the low propagation losses exhi-
bited in Figure 4.4-2 for Baffin Bay deep water.
Ambient noises in open water depend mainly on
wind speed (see ambient noise in coastal waters in
Urick,1975)so that a zone of influence at 100 Hz with
a radius of 60 km might be expected for light winds (5
km/h)and a smaller 10 km radius zone for stronger
winds (about 45 km/h). In addition the tankers, tra-
velling at speeds of 32 km/h. would be moving noise
sources separated by about 1,300 km on both
inbound and outbound tracks (for the intermediate
development case). The average separation between
them would be about 650 km so that with light winds
(5 km/h) the noise level along the track of the vessels
could be above ambient about 20% of the time at 100
Hz but with stronger winds (about 45 km/h), only
3% of the time. Further to the side of the track of the
vessels, the duration of noise above ambient would be
progressively shorter in each case.

Figure 2.3-8 illustrates a possible situation for two
tankers approaching each other, one leaving and the
other heading toward a loading terminal. Open water
is assumed. Estimated zones of influence are shown
for light winds (about 5 km/h)and for stronger winds
(about 45 km/h) at a frequency of 100 Hz. Similar
zones of influence are expected over the band of
frequencies expected to be of importance for bow-
heads. (Note that a further hypothetical situation
exists when tankers pass close to each other: then the
zones of influence combine to produce a single zone
with a doubled radius). Most of the time. however,
there will be only one tanker in the Beaufort Sea due
to the 1.300 km separation between them both on
inbound and outbound tracks.

It is emphasized that Figure 2.3-8 illustrates possible
zones of influence that are largely speculative. Wind-
dependent open water noise spectra have not been
measured in the Beaufort Sea and propagation loss is
likely to be greater than assumed. Likewise, tankers
may operate under less than half-power in open water
and ice intrusions in summer may radically modify
the simple assumptions made that open water and
bowheads are contemporary in the Beaufort Sea.

Nevertheless, possible noise influence on bowheads
from tankers is expected to be intermittent and of a
relatively minor nature on a portion of the popula-
tion. In particular, the possible influence will dimin-
ish with wind-driven seas. These factors, to which can
be added the apparent insensitivity of bowheads to
current Beaufort Sea operations. make it likely that
possible impacts on bowhead whales from Beaufort
development to the year 2000 will not exceed MINOR,
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FIGURE 2.3-8 Estimated zones of influence at 100 Hz on bowhead whales. A possible situation is illustrated where one tanker
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(e) Ringed and Bearded Seals because these animals do not appear to be disturbed
by existing marine industrial activities.
The possibility that ringed and bearded seals in the

Beaufort Sea could be affected by underwater noise During winter and spring, however, adult ringed
from tankers and offshore industrial activities in the seals and pups could be affected by icebreakers oper-
region will be examined. This examination is ham- ating in the landfast ice. As described earlier, 1t is
pered by the lack of information on the function of believed that ringed seals are territorial during their
seal communications, however, both ringed and breeding period. and it is possible that those occupy-
bearded seals are widely distributed in the region, so ing territories in the vicinity of an icebreaker’s track
that at any one time only a relatively small propor- may be displaced. Stirling (1973) reported increased
tion of the regional populations might be affected. In ringed seal vocalizations under ice cover, and sug-
addition. there is evidence that these species tolerate gested that these may be necessary for maintaining
marine industrial activities. For example, Ward social order at breathing holes. Therefore, the impor-
(1981) observed ringed seals near an operating dredge tance of possible disturbance or masking may be
in McKinley Bay during July and August 1980, and greater during periods of ice cover, particularly under
industry personnel regularly observe ringed seals the landfast ice where the seals maintain territories.
around operating drillships (R. Hoos, pers. comm.). Also, natural ambient noise levels are lower than in

open water and there are fewer loud transient sounds
During the open water season. and considering off- under landfast ice thanin the tran<ition ice. However,
shore development to the year 2000, possible impacts icebreakers operating in the landfast ice would be
on ringed and bearded seals from underwater noise restricted to specific corridors (Section 2.4.4), so that
produced by local marine transport, aircraft and sta- possible impacts of their underwater noise on ringed

tionary sources are expected to be NEGLIGIBLE. seals would be local and probably MINOR.
This is because the number of individuals possibly
affected would be few in a regional context and Bearded seals and subadult ringed seals may be
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affected by noise from local icebreaking in the same
manner, possibly resulting in short-term disturbance
or masking of communication sounds. However,
thev seldom fequent areas of landfast ice where the
effects of underwater noise from local icebreaking
could be most pronounced. Instead the transition
zone and pack ice, which are naturally noisy, are
common habitats of bearded seals and subadult
ringed seals. Thus. low frequency sounds must be
proportionately louder to elicit a disturbance response
or to increase the masking of underwater communi-
cation. Therefore. the possible impacts of masking
and disturbance of bearded seals and subadult ringed
seals during winter are expected to be NEGLIGIBLE
to MINOR.

Tankers. which may be used to transport crude oil
from the Beaufort region. will operate in waters gen-
erally deeper than 25 m and will be restricted to
specific corridors on the continental shelf. especially
in areas where pingo-like features are prevalent.
Further offshore. they will operate in the transition
ice zone where they will take advantage of leads and
polvnyas in ice seasons. Assuming the intermediate
development rate with tanker transportation, 16
tankers could be in use by the year 2000. With round
trips of 30 to 36 days. depending on the season, a
tanker will only appear in the Beaufort Sea every
second day. However. counting inbound and out-
bound tankers. they could be encountered about
once a day. on average. along their route. Therefore,
noise generated by tankers is expected to reach peak
intensities on average once a dav by the vear 2000.
while possible effects on seals will depend on the zone
of influence of these sounds. For defining zones of
influence from tankers. Baffin Bay deep water prop-
agation of sound is assumed and tanker noise versus
range from Figures 4.4-2 and 4.4-3 were used.

The hearing sensitivity of ringed seals is relatively
uniform between 1 and 45 kHz. with a peak sensiti-
vity of 68 dB at 16 kHz (Section 2.3.6.4). Masked
hearing thresholds are about 30 to 35 dB higher than
ambient for pure tones. During late winter and spring
when tankers would operate at full power through
thick ice. tanker noise levels at 1 kHz are expected to
be lower than the absolute hearing threshold of
ringed seals at a distance of 50 km from a tanker,
however. seals within this distance could have their
hearing masked. At S kHz. tanker noise under ice is
expected to be below the 76 dB absolute hearing
threshold of ringed seals at 4 km. Thus, the size of a
circular zone of influence is based on the ringed seal’s
hearing sensitivity rather than on natural ambient
noise levels.

Expected zones of influence during winter and spring,
for frequencies of 1 kHz and 5 kHz are illustrated in
Figure 2.3-9. A hypothetical case is shown where one
tanker is inbound and another outbound. (Tankers

both inbound and outbound would be separated by
about 1,000 km, on average, assuming a speed of 22
km/h in ice, so that no others would appear in the
Beaufort Sea). When the tankers pass each other, the
zone radii will double, assuming cylindrical spread-
ing of tanker noise.

During the open water season, the 5 kHz zone of
influence would shrink to a range of less than 1 km
where tanker noise is expected to be below the abso-
lute hearing threshold of a ringed seal. Similarly, the 1
kHz zone of influence would have a range of less than
4 km in open water. These zones are illustrated in
Figure 2.3-10 for tankers in the position shown in
Figure 2.3-9. When tankers pass. the zones would
briefly increase in area because of the doubled acous-
tic power generated.

For frequencies less than 1 kHz, the zone of influence
may be larger where the tanker noise level is higher
and sound propagation is improved: however, the
lack of data on the ringed seal’s fow frequency hear-
ing threshold prevents estimation of zones of influ-
ence at frequencies less than 1kHz.

As described in Section 2.3.6.4, masked hearing thresh-
olds between 4 and 32 kHz for the ringed seal are
about 30 to 35dB higher than ambient for pure tones.
This means that a ringed seal would have to be much
closer 1o a tanker than the radius of the zone of
influence in order to hear it even though tanker noise
would be affecting its ability to hear sounds. For
example. a tanker travelling at full power through ice
is expected to produce a noise spectrum levelat | kHz
of 87 dB at 4 km, and 84 dB at 10 km (Chapter 4,
Figure 4.4-1). Assuming an ambient noise level of 57
dB at 1 kHz, and a masked hearing threshold of 30
dB. tanker noise would have to be at least 87 dB (the
sum of 30 dB and 57 dB) to be heard by a seal.
Consequently, seals within 4 km of the vessel would
hear it. while those at 10 km would not.

Although the hearing sensitivities and critical ratios
at various frequencies for bearded seals are assumed
to be the same as for ringed seals. possible impacts of
tanker noise may differ because of their different
habitats during seasons when the sea is ice-covered.
Ringed seals prefer to inhabit the landfast ice. whe-
reas bearded seal habitat is primarily in transition
zone ice and at ice edges. Figure 2.3-9 shows that
noise in winter and spring is not likely to influence
ringed seals in the landfast ice zone: also. in summer
(Figure 2.3-10) the zones of influence are likely to be
small. Consequently. possible impacts from tanker
generated noise on ringed seals are expected to be
NEGLIGIBLE if 16 tankers are operating by the
year 2000.

The population of bearded seals in the Canadian
Beaufort Sea is estimated at approximately 2.000
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animals, compared to an estimate of 50,000 ringed
seals (Volume 3A). However, bearded seals are con-
sidered ubiquitous in transition zone ice and there-
fore, a fraction of their population could be influ-
enced by tanker noise in winter and spring. The
influence would, however, be brief since by the year
2000 those few animals located on the tanker route
could encounter tanker noise for an average of up to
20% of the time. Elsewhere, this time would diminish.
Considering the small fraction of the bearded seal
population that could be affected, and the likely
mobility of the animals that could be disturbed, pos-
sible impacts on bearded seals due to tanker traffic in
the year 2000 are expected to be NEGLIGIBLE.

2.3.6.6 Impacts on Fish

The ecological significance of industrial sound per-
ception by fish is not clear since variable responses
and habituation to underwater sound have been
observed in a number of instances. Olsen (1976) and
other authors have demonstrated that fish may hab-
ituate to noise sources. The presence of fish within
active harbours has been documented, while fish
have been reported near active dredges in the Beau-
fort Sea (Byers and Kashino, 1980). On the other
hand, some authors have suggested that fish avoid
noise from dredging operations and large vessels
(Neproshin, 1978; Konagaya, 1980). In a review of
literature describing the reaction of fish to sound.
Chapman and Hawkins (1969) concluded that inter-
mittent high amplitude sounds at low frequencies
generate avoidance responses. For example, they
indicated that whiting (Merluccius sp.) reacted quickly
by diving after the firing of an airgun, but habituated
to its continuous firing in less than 1 hour. Olsen
(1976) reported that herring will locate and avoid
similar noise sources, but also habituate to noise
relatively rapidly if the signals occur less than several
minutes apart. Popper and Clarke (1976) reported
that goldfish exposed to intense sound (149 dB) for 4
hours experienced a 24 hour hearing loss, while
Chapman (1976) suggested that fish may be generally
tolerant of high intensity sounds (130 to 140 dB)
within their hearing range.

Overall, the available information describing the
effects of noises generated by industrial activities on
fish is ambiguous, and this hampers assessment of the
potential impacts of underwater sound on species
present in the Beaufort Sea. It is likely that fish will
hear noise from drilling, vessels and other sources
over distances of several kilometres, and while some
fish may avoid the immediate areas of chronic inter-
mittent high amplitude sounds, very few individuals
are likely to be affected in a regional context. In
addition, it appears probable that many species will
become habituated to stationary and relatively con-
tinuous noise sources. As a result, the degree of
regional impact of underwater sound on fish in the
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offshore Beaufort Sea is expected to be NEGLIG-
IBLE.

2.3.6.7 Summary of Possible Impacts of Underwater
Sound

At this time, the possible effects of underwater sound
on marine mammals are of biological concern with
respect to development of offshore hydrocarbon
resources in the Beaufort Sea. The assessments of
possible effects were based on available literature
concerning: underwater sound propagation and source
spectrum characteristics; hearing sensitivities; and
behavioural responses of whales and seals to past
hydrocarbon exploration activities. There are a lack
of data on the ecological significance of auditory
masking or disturbance and the functions of vocali-
zations in some species. There is little doubt that all
marine mammals in the Beaufort Sea will be able to
detect underwater noise resulting from a range of
industrial activities depending on their location,
although the extent to which they may become natur-
ally habituated to noise from nearby sources remains
unknown. These data deficiencies have dictated a
conservative approach throughout this assessment.
As indicated by the summary of potential impacts
provided in Table 2.3-11, some MINOR impacts of
underwater sound on some species of marine mam-
mals are considered possible by the year 2000 assum-
ing an intermediate development rate. However, the
impacts of this level of industrial activity could also
be NEGLIGIBLE if seals and whales in the region
habituate to increased background noise levels.
Nevertheless, since this potential area of concern
cannot be fully resolved on the basis of the existing
data, the proponents of this development will con-
tinue to support additional monitoring programs on
the interactions between marine mammals and indus-
try activities in the Beaufort Sea region (Volume 7,
Section 3.2.1).

2.3.7 ARTIFICIAL ILLUMINATION

Offshore and coastal sources of artificial illumina-
tion (lights)are likely to include 2 or 3 gas flares at any
given time in the production zone, and a variety of
lights at shorebases, offshore platforms and cen-
struction camps, as well as on barges, support vessels,
drillships and tankers. The possible impacts of gas
flares on mammals and birds are discussed separately
in Section 2.4.1.11.

Lights may attract some marine-associated mam-
mals to sites of human activity, although the species
affected would vary with the time of year. During the
winter and spring before break-up, polar bears are
often observed in the transition zone off the Macken-
zie Delta and Tuktoyaktuk Peninsula (Stirling et al.,
1981b), although most of the regional population
occurs in Amundsen Gulf and off the west coast of




TABLE 2.3-1

SUMMARY OF POTENTIAL IMPACTS OF UNDERWATER SOUND IN THE BEAUFORT SEA
PRODUCTION ZONE ON REGIONAL MARINE MAMMAL AND FISH POPULATIONS

Tankers Stationary Sources
Early Peak Early Peak

Production Production Production Production
White Whale Negligibie Minor Negligible Minor
(SP*,S,F)
Bowhead Whale Negligible Minor Negligible Minor
(SP,S,F)
Ringed and Negligible Minor Negligible Minor
Bearded Seals
(SP,S,F W)
Fish Negligibie Negligible Negligible Negligible
(SP,S,F,W)

*Season affected:

SP = spring; W = winter; S = summer; F = fall.

Marine Logistics, Alrcraft,

Banks Island. Arctic foxes are widely distributed on
the landfast ice during the winter and spring.

Lights on offshore exploration and production plat-
forms and at some shorebases may attract foraging
bears and foxes . Additional attractants may be
human presence and cookhouse odours. However.
the numbers of bears and foxes which may be
attracted to offshore platforms is likely to be an
insignificant proportion of their regional popula-
tions. For example, 23 polar bears were observed in
the general vicinity of the Tarsiut exploration island
between November 1. 1981 and April 1, 1982 (J.
Ward, pers. comm.).

Although the numbers of bears and foxes attracted
would probably be small, increased industrial activ-
ity in the Beaufort region is expected to increase
encounters with these species, and necessitate expan-
sion of the existing bear monitoring program. The
degree of possible impact of light-related attraction
(or avoidance) responses on the regional Arctic fox
population is expected to be NEGLIGIBLE. Possi-
ble impacts on polar bears as a result of the combined
attraction of odours, artificial illumination, airborne
noise and human presence would likely be MINOR
because nuisance animals would have to be removed.
Although mitigative measures include sedation and
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removal of live bears, some may have to be destroyed
for reasons of human safety.

Some species of birds may also be attracted to lights
and flares at offshore operations and shorebases.
Those most likely to be either attracted to or collide
with lighted offshore structures include loons, king
and common eiders, oldsquaws, glaucous gulls,
thick-billed murres and black guillemots, since these
species migrate offshore at low altitudes and some
are not very manoeuvrable in flight (ESL, 1982).
There are occasional records of waterfowl and sea-
birds being killed after colliding with illuminated
structures (R.D. Jones Jr., cited in Avery et al., 1978:
Dick and Donaldson, 1978).

Since spring migration over the Beaufort Sea occurs
during May and June when daylight is continuous,
attraction of birds to sites with artificial lighting is
unlikely. An exception to this may occur during
times of poor visibility (ESL, 1982). Attraction of
birds to light sources is more likely during the late
summer and autumn when days are shortening,
limited visibility is more common, and many species
of birds begin their fall migration out of the region
(Volume 3A; Section 4.3). Although a few birds may
collide with the superstructure of offshore facilities
during darkness or low visibility, the degree of poten-
tial impact of these losses on regional populations is
expected to be NEGLIGIBLE.




2.3.8 SUMMARY OF POSSIBLE IMPACTS OF
COMMON WASTES AND
DISTURBANCES

2.3.8.1 Air Quality

Gaseous and particulate emissions generated by
ships, shorebases and offshore platforms are expected

to conform to regulatory guidelines. The effects of

these emissions on air quality are likelvtobe LOCAL
and SHORT-TERM. although the cumulative impacts
of multiple emission sources to the vear 2000 cannot
be reasonably predicted at this time. The generation
of ice fog mav be of some concern in areas such as
near airports. However. emission sources will be
widely separated geographically. and the wind ch-
mate over the Beaufort should rapidly disperse emis-
sions under most conditions. As development pro-
ceeds. air gquality momtoring programs and dispersion
modelling. if deemed necessary, can be conducted in
orderto ensure adherence with air quality guidelines.

2.3.8.2 Water Quality

The discharge of treated domestic sewage from ships.
exploration and production islands and shorebases is
not expected to have significant effects on the
regional water quality of the Beautort Sea. The sew-
age which would be discharged trom all shorebases,
vessels and production and exploratory platforms by
the vear 2000 would be equivalent to that discharged
from a town with a population of about 5.000.

Sewage discharges in offshore waters will be rapidly
diluted and degraded, and zones of increased organic
loading and nutrient enrichment will be confined
near outfalls. Possible impacts on water qualhity are
therefore expected to be LOCAL, and SHORT-
TERM {rom vesseis or LONG-TERM from offshore
platforms. Similarly, the effects of treated sewage
discharge from shorebases are expected to be limited
to the area surrounding the outfalls. Possible impacts
of future sewage discharges at shorebases on water
quality would be LOCAL and LONG-TERM.

2.3.8.3 Marine Mammals

There is concern that underwater industrial noisc
may disturb or mask the communicatory or echolo-
catory signals of some species of marine mammals in
the Beaufort Sea. Lack of information on hearing
thresholds and function of vocalizations for some
species hampers assessment of possible eftects. The
possible impacts of most other common wastes and
disturbances from the proposed development on
marine mammals would generally be NEGLIGI-
BLE. either because a particular species 1s not consi-
dered susceptible to the activity, or because the
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number of individuals which may be affected would
be small compared to the size of the regional populi-
tions.

Bowhead whales may be the mammal most suscepti-
ble to disturbance or masking from underwater
noise. because of the low frequencies of their vocali-
zations, and presumably their hearing sensitvity.
These low frequencies correspond most closely with
the low frequency underwater sounds generated by
most industrial machinery. However. studies to date
in the Beaufort Sea indicate that bowheads are not
visibly or obviously disturbed by stationary sources
of underwater noise and it is concluded that the
present level of underwater noise in the region has
probably had NEGLIGIBLE impacts on bowheads.
The potential long-term implications of increasing
levels of marine vessel traffic. tanker activities and
aircraft operations are uncertain. but mav have
impacts ranging from NEGLIGIBLE to MINOR on
this population. The bowhead monitoring program
will be continued by the petroleum industry as indi-
cated in Volume 7. Chapter 3. to evaluate possible
effects as development proceeds.

White whales may also be affected by industrial
sources of underwater noise in the offshore produc-
tion zone. Vessel and aircraft activities will be res-
tricted in the Mackenzie River estuary whenever pos-
sible to avoid interaction with this species where they
concentrate in July. Studies indicate that white
whales are generally undisturbed by existing station-
ary sources of underwater noise in the Beaufort Sea.
but may locally react to mobile logistics traffic in
some instances. The present level of industrial under-
water sound appears to have had NEGLIGIBLE
impacts on white whales to date. although the long-
term impacts associated with increasing industrial
activity could range from NEGLIGIBLE to MINOR.

Bv 1986, when oil production begins, the possible
impacts of underwater industrial noise on ringed and
bearded seals in the Beaufort Sea would probably be
NEGLIGIBLE. since only a small proportion of the
regional population would be affected and seals have
frequently been observed close to operating drillships
and dredges. However. increases in the number of
noise sources by the year 2000 may have NEGLIGI-
BLE to MINOR impacts on seals through masking
or disturbance.

Ringed and bearded seals may dive repeatedly in
response to frequent low overflights during their 2 to
3 week haul-out period in June. The proportion of
the regional population which may be aftected in this
manner would be small and the impacts would likely
be MINOR. This tmpact rating would be reduced to
NEGLIGIBLE by minimizing the number of flights
over haul-out areas and increasing flight altitudes to
458 m (1.500 ft) during the haul-out period.



Polar bears and Arctic foxes may be attracted to sites
of human activity including offshore structures.
shorebases, and landfill sites. Attraction would pro-
bably result from a combination of several factors
including human presence, cookhouse odours, air-
borne noise. and artificial illumination. The bear
monitoring program described in Chapter 3 of
Volume 7 will be continued to reduce direct human
interactions. although some nuisance bears may have
to be destroyed if sedation and live removal proves
ineffective. The current degree of impact on bears
resulting from the removal of nuisance bears from
offshore sites of industrial activity isNEGLIGIBLE.
However. an increase in the frequency of encounters
and the number of bears removed could result in a
MINOR impact on the regional population. The
number of Arctic foxes which may be attracted to
sites of human and industrial activity would be small
in a regional context, and the potential impacts on
this species would likely be NEGLIGIBLE.

2.3.8.4 Birds

Airborne noise produced by helicopters and STOL
aircraft, particularly when flying at altitudes lower
than 305 m asl (or agl), may have adverse effects
on some species of birds in the Beaufort region.
These effects could include habitat loss. increased
energy expenditures. and behavioural reactions that
may increase mortality of adults and young. The
potential impacts of all other common wastes and
disturbances on birds are expected to be NEGLIGIBLE.

During spring. snow geese and white-fronted geese
may be disturbed by aircraft overflights when they are
on their staging grounds in the Kittigazuit Bay area.
while snow geese nesting at Kendall Island and brant
nesting at colonies in the outer Mackenzie Delta and
near Atkinson Point may also be affected by airborne
noise during their breeding period. White-fronted
geese, whistling swans. raptors. common eiders, black
guillemots. glaucous gulls, Sabine’s gulls and Arctic
terns could also be disturbed by aircraft during the
breeding season because they nest colonially and are
susceptible to disturbance by aircraft. Moulting. non-
breeding geese and swans. and moulting and brood-
rearing ducks may be disturbed by aircraft during
summer and late fall, while snow geese and white-
fronted geese staging along the Yukon North Slope
and n the Mackenzie Delta during September may
be disturbed by aircraft flving to and from a Yukon
coast shorebase (Chapter 3).

To reduce or eliminate impacts of airborne noise on
birds, the proponents will adhere to accepted aircraft
flight restrictions when and where possible. These
mitigative measures would include flight altitudes of
at least 305 m agl (or asl as applicable) in all areas
when weather conditions permit; complete avoidance
of overflights of certain important concentration
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areas for birds at specified times of the year, and
maintenance of at least the minimum guideline alti-
tude during overflights of other important areas for
birds; or avoidance of these areas if a minimum alti-
tude of 305 m cannot be maintained. Restricting air-
craft operations in this manner will limit possible
impacts of airborne noise on regional bird popula-
tions to between MINOR and NEGLIGIBLE.

2.3.8.5 Fish and Lower Trophic Levels

The disposal of sewage from offshore oil and gas
processing facilities and the settling of solids at
shorebase sewage outfalls may eliminate some sea
bottom habitats and adversely affect local benthic
invertebrate populations and demersal fish species
for the duration of development. However, the areas
affected would be insignificant in relation to availa-
ble habitat, and the degree of regional impact of these
wastes on fish and benthic fauna is expected to be
MINOR.

Fish would likely detect industrial underwater noise
within several kilometres of drilling platforms, ves-
sels and dredges, and both avoidance and attraction
to these sites of activity are considered possible.
However. since mortality would be unlikely and
areas in which altered behaviour of some fish species
occurs should be limited, the regional impact of
underwater noise on fish would probably range
between NEGLIGIBLE and MINOR. The possible
impacts of all other common wastes and disturban-
ces on the regional fish populations are expected to
be NEGLIGIBLE.

Nitrogen enrichment in the vicinity of sewage outfalls
from shorebases may cause a slight increase in the
rate of primary production by phytoplankton, how-
ever. resultant beneficial effects would probably be
MINOR. and local. All other wastes and disturban-
ces common to most industrial activities in the region
are expected to have NEGLIGIBLE impacts on
members of lower trophic levels.

2.4 IMPACTS OF OFFSHORE
EXPLORATION AND
PRODUCTION ACTIVITIES
AND FACILITIES

This section focuses on the possible impacts of the
proposed development which are expected to be uni-
que to offshore exploration and/ r production facili-
ties and activities, with emphasis, wherever possible,
on the initial four offshore oil fields (Tarsiut, Koa-
koak, Issungnak, and Kopanoar). Possible impacts
of many of the wastes and disturbances which are
common to a number of proposed activities in the
Beaufort region (including those at offshore plat-



forms). such as treated sewage and solid waste dispo-
sal. airborne and underwater noise, and air emissions
were examined in Section 2.3 of this chapter.

2.4.1 OFFSHORE EXPLORATION AND
PRODUCTION PLATFORMS

The following describes the possible impacts of spe-
cific activities associated with offshore exploration
and production platforms including artificial islands.
floating drill rigs (drillships and conical drilling units)
and tanker loading facilities. The projected numbers
of exploration wells and artificial islands, and des-
criptions of the offshore production facilities are
provided in Volume 2 of this Environmental Impact
Statement.

The initial phases of development are reasonably
well defined and are assumed to include the Tarsiut,
Koakoak. Issungnak and Kopanoar fields. A chro-
nological summary of the major activities which are
projected to take place during the development of
these four fields is provided in Table 2.4-1. During
this time. additional exploration islands will be built,
and the first tanker loading facility will be con-
structed. likely at Tarsiut. In the longer term. addi-
tional offshore fields will be developed. but their
locations cannot be clearly defined at present and
will depend on the results of continued exploration
programs.

2.4.1.1 Seismic Programs

Extensive seismic programs have been conducted in
the offshore Beaufort for about ten years to delineate
promising geological structures for exploratory dril-
ling. At present. broad-scale seismic investigations of
the southeastern Beaufort Sea are essentially com-
plete. Future seismic programs will largely focus on
relativelv small areas for the purpose of refining
information in previously surveyed areas or for deli-
neating structures in smaller unsurveved regions. In
addition, seismic programs will be completed in con-
junction with offshore island construction programs
to provide detailed information on the geological
character and bearing capacity of the sea floor below
artificial structures, as well as for defining permafrost
zones, and for locating subsea sources of granular
materials for island construction and other purposes.
Several seismic vessels would continue to operate
during open water periods throughout the period
under review.

Seismic programs will employ air guns. sleeve ex-
ploders or vibrosis units. rather than seismic explo-
sive charges (Volume 2). Both air guns and sleeve
exploders use compressed air expansion to generate
sonic impulses. Air at about 1.380 Pa (200 PSI) is
released from air gun chambers in arrays of from 10
to 20 air guns varying in size from 164 cm* to 1,640
cm? and generating a pulse at frequencies from 15 to

TABLE 2.4-1

CHRONOLOGICAL SUMMARY OF HYDROCARBON PRODUCTION RELATED ACTIVITIES
AT THE FOUR INITIAL OFFSHORE FIELDS
PROJECTED TO BE DEVELOPED IN THE SOUTHEASTERN BEAUFORT SEA

Production
Islands
Assumed Recoverable O}l Date Required & First
Discovery (million cubic metres) Wells Completion Production
Field Date Per istand Per Fleld Drilled Date Date
Tarsiut 1979 20 2in 82 1 (85) 86*
20 1in 83 2 (86) 87
20 1in 85 & 86 3 (87) 88
20 1in 87 4 (88) 89
20 100 1in 88 5 (89) 90
Koakoak 1981 95 1in 83 1 (88) 89
95 1in 85, 86 2 (91) 92
95 285 1in 87, 88 3 (95) 96
Issungnak 1981 32 1in 83, 84 1.(91) 92
32 64 1in 85 2 (92) 93
Kopanoar 1979 80 1in 83, 84 1 (95) 95
80 160 1in 85 1 (97) 97

*Using an early production system.
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80 kHz (Brooks, 1980). A sleeve exploder has a
rubber cylinder that receives a charge of propane and
oxvgen. which is ignited by an electrical spark and
then generates a compressed air wave. Shock waves
produced by air guns and sleeve exploders differ
from those of conventional explosives in that peak
pressures are low, and both the rise time of the shock
pulse and the time-constant of the pressure decay are
comparatively long (Geraci and St. Aubin, 1980).
Although no source level measurements are available
for air gun pulses in the Beaufort Sea, Fraker er a/.
(1981) recorded one seismic signal from a ‘sleeve
exploder’ in August, 1980. Frequencies recorded 13
km {rom the survey vessel ranged from 160 to 500
Hz. although higher frequencies were probably pres-
ent in the received signal but were filtered out by the
recording equipment. The received spectrum level at
300 Hz was between 135 and 146 dB re (1 uPa)*/Hz at
a distance of 13 km.

Almost all of the environmental concerns associated
with seismic exploration in the past were due to the
shock waves from the large explosions used before
development of air gun equipment. Shock waves
produced by these explosions were compressional
and had an almost instantaneous rise to a very high
peak pressure, followed by a rapid decay to ambient
(or below ambient) hydrostatic pressures. ESL (1982)
reviewed the available information regarding the
potential effects of air gun equipment on marine
mammals and fish and concluded that mortality or
long-term physiological stress is unlikely for any spe-
cies. Most of the effects of air guns are similar to the
effects of industrial underwater sound. and may
include temporary behavioural disturbances of some
species as a result of the sudden noise produced (see

Section 2.3.6). As a result, the impacts of the con-
tinued relatively small scale seismic programs on
regional populations of fish and marine mammals
will probably be NEGLIGIBLE.

2.4.1.2 Physical Presence

The continued construction of artificial islands in the
Beaufort Sea for exploration and production activi-
ties will increase the number of relatively long-term
standing structures in the offshore area. The types of
islands required, their general locations and methods
of construction are described in Volume 2.

The artificial islands constructed in the Beautort Sea
have been predominantly sacrificial beach islands in
shallow waters (less than 15 m). and these structures
have been allowed to erode after abandonment.
However, many of the proposed islands will be built
farther offshore in waters up to 65 metres deep. and
all of these will employ caisson type structures placed
on a dredged berm. Although the sizes of islands witl
vary, depending on their specific purpose and on the
water depth, the approximate basal areas of typical
exploration or production islands and tanker loading
facilities are given in Table 2.4-2, along with the
maximum number of structures which could be con-
structed and the total area they would occupy.
Assuming the technically achievable production rate,
approximately 80 platforms could be constructed
between 1982 and the year 2000, and these structures
would occupy a combined area at the waterline of
approximately 50 km°.

The potential effects of the presence of artificial
islands on the physical and biological environments

TABLE 2.4-2

PROJECTED CUMULATIVE NUMBER OF FIXED OFFSHORE PLATFORMS REQUIRED FOR THE
TECHNICALLY ACHIEVABLE PRODUCTION RATE IN THE BEAUFORT SEA'

(1.22 x 10° BOPD) by the year 2000.

Exploration Production Islands? Total
Islands?
Year Shallow Deep APLA's
(<20 m) (>20 m) (20 m only)
No./area (km?) No./area No./area No./area No./area
1985 6/2.5 1/0.5 0 0 7 7/3
1990 15/7.5 7/3.2 3/3 1/2.3 26/16.7
1995 30/15 12/6 12/12 2/4.6 56/37.6
2000 50/25 15/7.5 13/13 2/4.6 80/50

'The Technically achievable production rate assumes maximum production rate of 194,000 m3/day

*Assumes approximately 0.5 km#/shallow island base, 1.0 kmz2/deep island base, 2.3 km?/APLA base.
*Some may be converted to production islands, depending on reserves.
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of the Beaufort Sea region were reviewed in ESL
(1982). Generally, there are few identifiable impacts
strictly associated with the physical presence of arti-
ficial islands. and in some cases, positive effects may
occur. Most of the potential impacts are associated
with various disturbances or activities during con-
struction or operation of these structures. For exam-
ple. the attraction of certain animals to the islands
may. in some cases. expose them to hazardous mate-
rials on the site. All of these various disturbances and
activities associated with offshore structures are dis-
cussed elsewhere in this chapter.

Regionally significant alterations in oceanographic
patterns due to artificial istands are considered
unlikely. although some local changes in existing
currents. sedimentation patterns, and wave action
would occur around the islands. In addition. ice
rubble fields would develop along the up-current face
of many structures, while areas of thin ice and open
water could also occur in the lee of structures. lce
rubble grounded around artificial islands is likely to
remain attached for several davs after local break-up.
but should generally be restricted to within 300 m of
the island (Plate 2.4-1) (Tuk-Industry Task Force.
1982). Consequently. the small areas affected by each
island are not expected to be regionally significant.

but as indicated earlier, these local alterations would
be LONG-TERM due to the projected duration of
hvdrocarbon development in the Beaufort region.

Concern has been raised by residents of the Macken-
zie Delta and adjacent coastal areas that artificial
islands built bevond the outer edge of the landfastice
may cause an extension of the landfast zone and a
delayed break-up. However, reviews of satellite pho-
tographs have indicated that marked natural fluctua-
tions in the extent of the landfast zone occur (e.g. up
to 25 km variation among vears) in the region (Plate
2.4-2). Likewise, satellite photographs of existing
islands near the landfast zone (Issungnak. Tarsiut)
have not demonstrated any extension of landfast ice
or delav in general break-up in comparison with
historical data (Tuk-Industry Task Force, 1982).
However, at Tarsiut in the spring of 1982, it appeared
that the landfast ice in the vicinity of this location
may have been held up by the physical presence of
the island. To ensure that break-up in this area would
not be unduly delaved. the KIGORIAK was used to
loosen the ice around the island. This measure
proved to be successful. and can be emploved in the
future as required at other island sites. On this basis.
it1s believed that the physical presence of islands will
have only LOCALIZED impacts on the ice regime

PLATE 2.4.1 Artificial islands in the offshre Beaufort Sea will cause local effects on the ice regime but ar
cause significant problems. g are not expected to
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PLATE 2.4-2 Extent of landfast ice along the Mackenzie
Delta in 1982. The winter of 1981-82 was colder than many
previous winters, therefore the landfast ice extended quite
far out and well beyond the location of the Tarsiut artificial
island.

and that possible impacts such as delaved break-up
can be mitigated by the judicious use of icebreakers.

A potentially greater threat to the natural break-up
cvcle of the landfast ice may be posed by proposed
dams on the Liard River of the Mackenzie System.
Although it is not the purpose of this Environmental
Impact Statement to assess the impacts of other unre-
lated developments. damming of the Liard River
would likelv affect the flow of the Mackenzie River
itself. According to Environment Canada (1981),
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damming of the Liard will result in greater winter
flows. resulting in thicker ice in the Mackenzie River
during winter. and lower flows in spring during
freshet. due to the fact that water will be collected
behind dams during this time. Since the Mackenzie
River has such a great influence on break-up of the
landfast ice in the area around the Delta (Volume
3A). the aforementioned effects. if they were to
occur, would likely contribute to delaved break-up of
the landfast ice. This, in turn. could delay the arrival
of beluga whales into the estuary. with unknown. but
possibly negative side-effects.

Upon completion of drilling. many of the explora-
tion islands would be abandoned. At islands where
caisson construction is emploved. the caissons would
be removed. leaving only a subsea berm well below
the sea surface. The remaining berms would be indis-
tinguishable in the long-term from many pingo-like
features which already exist on the Beaufort Sea floor
(Volume 3A: Section 1.4). Abandoned sacrificial
beach islands may remain as surface features for
longer periods. but will undergo gradual erosion
from ice and wave action. All island sites are consi-
dered as potential hazards to shipping. and as such
are marked on nautical charts as required by the
Navigable Waters Protection Act.

In general. the presence of artificial islands in off-
shore waters of the Beaufort Sea will not have greater
than NEGLIGIBLE impacts on regional marine
benthic invertebrate and fish populations, and may
result in some localized positive effects. Shelter pro-
duced by some production platforms such as tanker
loading facilities. and hard surfaces associated with
protective material such as rock, may promote ben-
thic colonization and attract fish. and therefore may
increase benthic invertebrate and fish diversity at
these sites. For example, videotape records (by Can-
Dive Ltd.) of a BOP stack (Orvilruk) in the Beaufort
Sea which had been abandoned for approximately
one year, indicated the presence of a colonizing epi-
benthic community that was considerably more
diverse than that observed in adjacent soft substrate
areas.

Most of the effects of the physical presence of off-
shore artificial islands on mammals and birds would
be indistinguishable from the impacts of other activi-
ties and disturbances at the sites. A discussion of
these impacts can be found in Section 2.3. Impacts on
birds and mammals solely attributable to the physi-
cal presence of islands are generally expected to be
NEGLIGIBLE. For example, artificial islands pres-
ent in the Beaufort Sea to date have not been found
to have any obvious or visible effects on whales (ESL,
1982). Some birds may collide with the superstruc-
tures of islands during periods of poor visibility, but
even these effects would be MINOR on a regional
basis.
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2.4.1.3 Water/Glycol BOP Control Fluid Discharge

Drilling regulations require that blowout preventers
(BOP stacks) be tested approximately every 2 weeks.
Each test results in the release of approximately 0.45
m?* of BOP control fluid per discharge per wellhead
while exploratory drilling is in progress. Although
released BOP fluid can be recovered and stored on
bottom-founded drilling platforms such as artificial
islands. there is no practical means of recovering the
fluid from subsea wellheads below floating drilling
units, and it is therefore released directly into the
water column. Assuming the technically achievable
production rate. during the period from 1982 to the
year 2000, approximately 3 wells will be drilled per
year by the four conventional drillships (which oper-
ate for only 3 to 4 months), while a total of 10 to 15
wells would be drilled per year by up to 5 conical
drilling units. operating for & to 10 months of the year
with icebreaker support. These units are projected to
be brought into operation in 1983, 1985, 1988, 1989
and 1991. On this basis, approximately 0.4 to 0.6 m*
(2.6 to 3.6 bbls) of BOP fluid could be released per
day from all vessels during periods of open water (4
months). and a maximum of 0.3100.5 m* (2.0 t0 3.0
bbls) per day by 1991 during winter periods when the
full complement of conical drillships may be operat-
ing. The annual input of BOP controt fluid to the
offshore Beaufort would depend on the actual opera-
tional period of each type of floating drill rig, but
would not exceed 130 to 190 m* (800 to 1.200 bbls)
when the entire fleet is operating.

Studies on the potential effects of BOP control fluid
on flora and fauna of the Beaufort Sea were reviewed
by ESL (1982). The primary constituent is ethylene
glycol which is only moderately toxic to most orga-
nisms and is degraded by a wide variety of micro-
organisms. The most significant biological concerns
would probably be associated with localized accumu-
lations of the fluid in the glory hole surrounding each
BOP stack and depressed oxygen levels where the
fluid is slowly biodegraded. On the basis of a 0.45 m?
discharge of fluid per function-test and approximate
glory hole water volumes of 50,000 m*, it is unlikely
that concentrated glycol would spread beyond the
glory hole. Both microbial degradation and dilution
in surrounding waters would tend to prevent its
accumulation elsewhere. As a result, the routine dis-
charge of BOP control fluid on water quality is
expected to be LOCAL and SHORT-TERM. Glory
holes are disturbed habitats where localized dredging
would have removed all benthic infauna, most epi-
fauna and possibly some demersal fish (Section
2.4.2), although some benthic recolonization and use
of the area by fish would be expected, even while
exploratory drilling is in progress. Consequently, the
relatively small discharges of BOP fluid may have a
MINOR impact on benthic fauna and fish in the
glory hole. but these impacts would not be regionally

significant. Since marine mammals are not likely to
occur within glory holes and plankton species are
ubiquitous, the impacts of BOP control fluid on these
resources will likely be NEGLIGIBLE.

Once each exploration well is completed and the
discharge of BOP control fluid ceases. more rapid
recolonization by benthic invertebrate species and
fish may be expected in the localized areas surround-
ing the BOP stacks. Fish could also be attracted to
these habitats and benefit from increased food avail-
ability, although from a regional perspective. this
effect would probably be insignificant.

2.4.1.4 Drilling Fluids and Formation Cuttings

During both exploratory and production drilling for
oil and natural gas. drilling fluids (commonly referred
to as ‘drilling mud’) play a very important role. It not
only flushes the broken rock awav and lubricates the
bit, but the weight of the drilling mud column pro-
vides the pressure that prevents the fluids in the rock
formation from flowing into the hole. Since the dril-
ling mud is a continuous column from the bottom of
the hole to surface. it exerts pressure at the bottom of
the hole and throughout its length.

Because the drilling fluid serves a number of func-
tions. and because large volumes are pumped consid-
erable distances down the drill pipe and up the out-
side, the properties must be carefully controlled. The
critical properties of drilling fluid are density, viscos-
ity, resistance to shear, and the tendency to cause the
rock face to deteriorate.

Drilling mud is usually a complex mixture of water.
thickening agents. corrosion inhibitors, lubricating
components, thinners, freeze dispersants and clay
inhibitors. Because of these additives the fluid is
always heavier than water. Additional weight is
created by adding an inert dense solid called barite
(barium sulphate). When properly mixed with the
other mud materials, it is possible to increase the
density of drilling mud to twice that of water, and
under special circumstances even higher. In addition
to barite, chemical additives consist primarily of clay.
potassium chloride, sodium bicarbonate, and small
quantities of organic materials.

The drilling fluid. which is usually water-based, is
transported from a surface reservoir by mud pumps
and forced down the centre of the steel drill pipe as
the drilling progresses. It enters the bore hole
through nozzles in the bit, picking up the formation
cuttings. and returns to the surface between the drill
pipe and the walls of the bore hole and/or the casing.
When this material reaches the surface, it is diverted
through a shale shaker screen to remove the larger
formation cuttings which may reach a diameter of 4
mm. These cuttings are spraved with water as they
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move down and fall off the slanted, vibrating shale
shaker, and are then released to the surrounding
water. The larger drill cuttings typically settle close to
the point of discharge (Zingula, 1975). These accum-
ulations may be resuspended and dispersed over
time, particularly in shallow high wave energy envir-
onments (Meek and Ray, 1980). Drilled solids which
are too fine to be separated from the drilling fluid by
screening are generally removed by gravity segrega-
tion and centrifugation, and then discharged with
solids removed on the shale shaker. When oil-based
drilling muds are required for a specific drilling pro-
gram (e.g. when formation temperatures are very
high or when damage to the formation must be min-
imized). other equipment such as a cuttings washer is
used to remove hydrocarbons from the cuttings prior
to their disposal. Free hydrocarbons are usually
gravity separated and then returned to the mud
system.

After separation and disposal of the cuttings. the
drilling mud is returned to the reservoirs (‘mud
tanks’) for recirculation down the bore hole. Rela-
tively small volumes of drilling mud are continuously
lost through disposal with the cuttings, while larger
amounts are discharged when water or additional
solids are added to adjust the properties of the mud
as the drilling program progresses. When a com-
pletely different mud system is needed. such as after
installation of casings. or when the properties of the
mud must be completely changed for deeper forma-
tions. the old drilling fluid is discharged to the sea. in
the case of offshore operations. and into a sump on
land. The water based drilling mud is also typically
discarded at the conclusion of a dnilling program.

The volume of fluids used during the drilling of
exploratory and production wells will vary from well
to well. depending on factors such as the depth of the
hvdrocarbon formations and the need to change the
formulation of the mud system as drilling progresses
through different geological strata. Based on drilling
experience to date. approximately 1,500 m? of water-
based drilling mud are used and discharged during
the drilling of a typical 4.000 m well in the Beaufort
Sea. This figure will be used in the following discus-
sion to estimate the quantities of drilling fluids which
may be released to the environment over time. How-
ever. it is a conservative figure since many wells will
not be drilled that deep (for example. the primary
hvdrocarbon bearing zones at Tarsiut and lssung-
nak are located at 1.500 m.): once development
drilling proceeds more of the drill mud can be re-
used: and where oil-based drill muds are used. the
fluids will be almost completely recycled.

Assuming the intermediate development rate. approxi-
mately 50 wells could be drilled by 1985. 275 by 1990,
570 by 1995 and 725 by the vear 2000 (Volume 2). By
comparison, in the Gulf of Mexico. between 1954
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and 1980 more than 17,000 wells had been drilled
{Guice and Hendricks, 1980). If one then assumes
that 1,500 m? of drill mud was discharged per well,
the cumulative quantities of drill mud involved
would amount to 75,000 m® in 1985, 412,500 m® in
1990. 850.000 m? in 1995, and 1,100,000 m’ by the
year 2000. On an annual basis this would work out to
approximately 18.000 m?*/year between 1982 and
1985 and 65.000 m*/vear between 1990 and the year
2000.

The bulk of the drill muds would be released to the
environment at production islands, where between
30 and 80 wells may be drilled per island. depending
on various factors. Therefore, at the Tarsiut field for
example, assuming there will eventually be five
islands. and further assuming that 50 wells are drilled
per island, then 250 wells, or approximately 375,000
m? of drill muds could be released to the sea in this
area.

In addition to the drilling mud. approximately 400
m? of formation cuttings are estimated to be released
per well. Assuming an average of 40 wells per year
over the next 18 vears, and a maximum of 80 wells in
1990. approximately 16,000 m* of cuttings could be
generated on an average annual basis. and 32,000 m?
during the peak year of 1990. On this basis, the
cumulative total of cuttings released by the year 2000
could amount to 290.000 m?. When combined with
the projected quantities of drilling fluids to be used,
the total amount of both drilling fluids and forma-
tion cuttings which could be released to the environ-
ment by the year 2000 would approach 1.4 million
cubic metres. By comparison, the volume of tailings
discharged from metal producing mines to the sea in
British Columbia may exceed 20 million m?* per year
(Goyette and Nelson, 1977).

The main environmental concerns associated with
the disposal of drilling fluids and formation cuttings
are the potential toxicity of certain chemical addi-
tives such as volatile organics, increased turbidity in
the water column, smothering of benthic infauna,
and the possible accumulation of trace metals in
sediments and food chains. These concerns have
been the subject of considerable research by both
government and industry, and were reviewed in
detail in ESL (1982).

While the major constituents of drilling fluids used in
the Canadian north and virtually all drill cuttings are
mert and relatively non-toxic, some minor additives
to mud systems such as metal chlorides. lignosul-
phonates. biocides. rust inhibitors and defoamers
may be toxic to some species. Nevertheless. labora-
tory bioassays of whole muds used in Arctic drilling
programs indicate relatively low toxicity values (96-h
LCs* values from 0.4 1o 13%) with many marine
invertebrates and fish(McLeay, 1975). It should also




be recognized. however, that several studies have
indicated that larval forms are more susceptible to
toxic effects of many chemicals than are the adults,
which tend to be most commonly used in bioassays.
Drilling wastes are normally diluted rapidly in receiv-
ing waters, further reducing potential toxic effects,
except in shallow waters (less than 5m) or when ice
cover limits effective water depth and/or restricts
adequate dispersal of wastes. Dilutions of several
thousand times the discharge concentrations usually
occur within 100 m of drill mud disposal sites
(Hammer, 1982). Therefore. any impacts of toxic
chemical additives to drilling fluids on water quality
of the Beaufort Sea would be LOCAL and SHORT-
TERM. There is also general consensus in the litera-
ture that significant acute toxic effects of drill fluids
and cuttings on marine organisms are not likely to
occur in the areas of drilling waste disposal.

The discharge of particulates contained in drilling
wastes will alter bottom sediment composition, bury
some benthic organisms, and create localized areas
of high turbidity and suspended solid concentration.
However. most of these effects would be relatively
insignificant in relation to similar effects associated
with dredging, which would occur over a much wider
regional scale (Section 2.4.2). For example, approx-
imately 1.5 million m* of drilling muds and forma-
tion cuttings may be discharged during the entire
development to the year 2000, while between 500 and
700 million m’ of bottom materials may be dredged
during the same period.

The results of numerous studies on drilling fluid
disposal in various parts of the world suggest that
most solids from the drilling wastes settle relatively
quickly, and are largely confined to a radius of
approximately 25 to 200 m surrounding the discharge
site (Zingula, 1975: Hammer. 1982). Usually about 5
to 7% of the solids remain suspended in the liquid
phase and become part of the turbidity plume after
drilling wastes are released to the marine environ-
ment (Osborne. 1982). The size of the plume and
concentrations of suspended solids may vary with
water depth. currents, wave action and the particle
size composition of the muds and cuttings. However,
Hammer (1982) indicates that under normal dis-
charge conditions in temperature and northern envir-
onments, background suspended solid levels appear
to be reached within 100 to 500 m of the outfall.
depending on discharge rates. Nearshore areas which
are affected by the discharge of the Mackenzie River
are normally characterized bv wide fluctuations in
suspended sediments. and are less likely to be signifi-

*96-h LCs is the concentration of a chemical
which will kill half of the organisms in a bioassay
test in a period of 96 hours.
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cantly affected by suspended solids from drilling
waste disposal. As a result. changes in water quality
associated with drilling waste-related turbidity in-
creases would be LOCAL and SHORT-TERM.
Within these localized areas. adverse effects on
marine flora and fauna would be similar to those
described in the following section dealing with impacts
of dredging (Section 2.4.2). although confined to
smaller areas.

The discharge of formation cuttings and waste drl-
ling fluids from exploration and production plat-
forms would result in localized burial of benthic
organisms. Data collected in the Beaufort Sea and
elsewhere suggest that the area affected by larger
solids present in drill muds and the drill cuttings
released from shale shakers is generally less than 200
m from the discharge site (ESL. 1982). Within this or
a smaller radius, benthic infauna and sessile epifauna
would either be directly buried by solids which settle
through the water column. or experience a change in
the substrate in which they are living, resulting from
a decrease in the sediment particle size composition
(ESL, 1982). The latter effects would tend to occur
outside the immediate area where the formation cut-
tings rapidly settle to the sea floor. since clays present
in the drilling muds and fines not removed by the
shale shakers would be transported greater distances
from disposal sites before they eventually settle.
Demersal fish and mobile epibenthic invertebrates
would probably be able to avoid burial by drilling
wastes, and therefore would not be affected to the
same extent as benthic infauna and sessile epifauna.

The concentrations of trace metals in formation cut-
tings and in drilling fluids used in the Beaufort Sea
region were discussed in ESL. (1982). and in a recent
report by the Offshore Drilling Fluid Disposal
Industry/ Government Steering Committee (1982).
In areas of low current velocity. cuttings and their
associated metals would accumulate on the sea floor
close to the exploration or production platforms. Although
trace metal content varies with the geological forma-
tion being drilled. all metals are bound within the
mineral lattice structure and are not readily available
for biological uptake. However, they may become
soluble under certain conditions. producing increased
concentrations of biologically available metals in the
bottom waters (ESL. 1982). Trace metal concentra-
tions in the upper portions of the water column are
unlikely to be affected by formation cutting disposal.

Trace metals are also present in most drilling fluid
constituents. but the majority are associated with
barite (2 weighting agent) and are not readily availa-
ble for biological uptake. Metals may be incorpo-
rated into the barite structure or they may form
insoluble sulphide minerals. On the other hand. some
constituents of drilling fluids such as ferro-chrome
lignosulphonate. may contribute dissolved trace metals




PR T T

- e

LR N S NN VT W S N

-

L S e TR d T S S R e e i B VI P AR

P T TS 3

L O e R

o

R e e e

Ly

to the marine environment: these metals are found
within the interstitial water of drilling fluids. Thomas
(1978a) measured dissolved trace metal concentra-
tions in the interstitial waters of a drilling fluid used
in the Beaufort Sea and compared these levels with
those reported for seawater in the Beaufort Sea and
world coastal oceans. as well as recommended levels
for environmental protection. Only the concentra-
tion of mercury in drilling fluid interstitial water
exceeded the range for unpolluted seawater, although
it did not surpass the level considered hazardous by
the Environmental Studies Board (1972). Concentra-
tions of cadmium. iron and nickel exceeded min-
imum risk levels. but did not surpass levels consi-
dered a hazard. and were within the observed ranges
for either the Beaufort Sea or world coastal oceans.
Consequently, the degree of concern regarding the
effects of trace metals from drilling fluids, even in
undiluted form, appears to be minimal.

In a study comparing total trace metal concentra-
tions in a drilling mud with background sediment
levels in the Beaufort Sea. Crippen ef al. (1980)
reported that concentrations of mercury, lead. zinc,
cadmium and arsenic in the drilling mud exceeded
background sediment levels by factors of 185.35.15.
9 and 2.4. respectivelv. A potential for metal accumu-
lation in sediments surrounding drilling operations is
suggested by these results. and is supported by stu-
dies completed at Tingmiark K-91 in the Beaufort
Sca (Thomas. 1978b). The latter author reported that
total mercury, lead. zinc, cadmium and chromium.
as well as copper concentrations decreased with
increasing distance from the wellhead.

The possible bioaccumulation of these metals in ben-
thic fauna. and subsequent effects related to the
ingestion of contaminated benthic organisms by
higher members of the food chain. have been the
subjects of intensive investigation over the last decade.
The potential effects of trace metals from drilling
wastes on various classes of marine biota are dis-
cussed in detail in ESL (1982). In general, no consist-
ent increases in the concentrations of trace metals in
benthic organisms have been documented surround-
ing drilling waste disposal sites in the Beaufort Sea or
in other marine areas {Volume 3A. Section 1.5: ESL.,
1982). although elevated metal levels have been fre-
quently reported in marine sediments. A number of
laboratory studies have shown that drilling fluids can
cause a range of sublethal effects, and in some cases.
mortality of test organisms. However. concentra-
tions and exposure times required to produce acute
lethal effects are normally well bevond those which
could be achieved in marine environments.

In a recent review of the potential concern regarding
inputs of mercury. lead. copper and zinc from dril-
ling wastes to the Beaufort Sea. Macdonald (1982)
compared the concentrations in background sedi-
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ments and other natural sources and concluded that,
in general, the chemical nature of the mercury. lead
and zinc in drilling fluids suggests that they are not
particularly mobile and will remain largely incorpo-
rated in the sediments near disposal sites. For exam-
ple. although mercury occurs in relatively high con-
centrations in drilling muds. it appears to be adsorbed
to particulates in the mud (particularly bentonite) in
an insoluble inorganic form. Methylation. a process
which converts this mercury to an organic and bio-
logically active form. does not appear likely under
most circumstances (Kramer er a/., 1980: Macdo-
nald. 1982). A number of other studies have also
suggested that trace metals in drilling wastes have a
low solubility and biological availability under nor-
mal conditions (ESL. 1982). Limited uptake of zinc,
lead and copper by benthic invertebrates is possible
in the immediate vicinity of drilling waste discharge
sites, although the affected habitats would be rela-
tively localized and regionally insignificant.

In summary. the degree of impact of drilling waste
disposal on benthic invertebrates and possibly some
demersal fish species at most offshore exploration
and production platforms would probably be MINOR.
The most likelv effects could include localized mor-
talitv of benthos in the vicinity of waste discharges
due to direct burial. altered substrate characteristics
affecting its suitability as habitat for some species.
and possibly sublethal effects of some toxic additives
on both invertebrates and fish. However, none of
these potential effects would be considered regionally
significant because of the small amount of offshore
habitat affected by drilling waste discharges. The
impacts of long-term disposal of drill muds and for-
mation cuttings on trace metal levels in the marine
environment and other biological resources, includ-
ing planktonic organisms. birds and marine mam-
mals are expected to be NEGLIGIBLE. These pre-
dictions support the experiences reported in other
parts of the world, such as the Guif of Mexico (Guice
and Hendricks. 1980) and the Forties Field in the
North Sea (G. Larminie. pers. comm.), where no
significant long-term impacts of the discharge of
normal oil drilling wastes into the sea on the aquatic
resources have been found to date.

2.4.1.5 Completion and Maintenance Fluids

Completion fluids are the dense, clear fluids used to
replace the drilling fluids when completing a well and
preparing it for future use as a producer. The fluids
serve to keep the geological formation clean so that
production can be facilitated wlen it begins.

During offshore well completion operations, com-
pletion fluids will be used to place gravel packing into
each well. Compounds which may be used in comple-
tion fluids include zine bromide, calcium bromide
and calcium chloride. When being used. this fluid is



circulated in the same manner as drilling fluid. except
that there is no release of solution to the marine

environment during placement. In addition. an acid-
izing process is carried out to clean the formation.
Both completion fluids and acidizing fluids, includ-
ing hydrochloric, hydrofluoric and hydrobromic
acid. contain low concentrations of a number of
additives such as surfactants and viscostfiers.

Most of the acids and some completion fluids are lost
through migration into the subterranean geological
structures. However, approximately 80 m* (500 bbls)
of acidic fluid containing elevated levels of dissolved
zinc and bromide may be drawn back out of the
formation when the well is re-entered for testing or
production purposes. and may be released following
dilution into the marine environment. It is estimated
that releases of this kind may occur two to three times
during the life of a well. Acidic fluids are also released
bv the fracking process during well workovers. when
acids containing various additives are pumped into a
producing well to stimulate or maintain a clean flow
of oil. This discharge of acidic solutions may occur
once or twice in the life of a well. Since these events
will be specific to each well and dependent upon
several factors. such as the reservoir characteristics.
productivity of the well and the rate of petroleum
production in the region, it is not possible to estimate
the total quantities of completion or maintenance
fluids which could be released during the early and
long-term production phases of the development.

Hydrocarbon levels in the material drawn from the
well would be reduced to 50 ppm prior to discharge
of the flmd to the marine environment. Conse-
quently, the principal environmental concerns would
be associated with the potential toxicity of certain
chemical additives and the possible localized accum-
ulation of trace metals by some flora and fauna. Due
to its relatively high density, the acidic fluid would
sink and be rapidly buffered and neutralized by the
sea. The dissolved zinc (if zinc bromide is used)
would tend to chelate with the organic matter and
anions normally present in seawater and precipitate
out of solution. However. due to the periodic nature
of the release. and the relatively limited quantities of
solution which would be involved. no significant
accumulation of zinc would be expected to occur
solely from the release of completion fluid. although
there may be some shght addition to levels produced
through the release of other drilling wastes. Since
these fluids would be diluted prior to release. and
rapidly buffered. impacts on water quality and bio-
logical resources would probably be LOCAL/
SHORT-TERM and NEGLIGIBLE. respectively.

2.4.1.6 Tritiated Water Discharge

To differentiate between formation water and dril-

ling mud filtrate in drill stem tests conducted in the
Beaufort Sea. drilling muds used in exploration wells
may occasionally be injected with low concentrations
of tritiated water as a radioactive tracer. When used.
the concentrations of tritiated water in the mud sys-
tems average approximately 0.001 uCi/m] drill mud
or the equivalent of 3.000 DPM.

The use of tritiated waters in hydrocarbon explora-
tion has been endorsed subject to prescribed guide-
lines. by the Atomic Energy Board of Canada and
the Radiation Protection Division of the Department
of National Health and Welfare. Only trained per-
sonnel handle the tracer on drilling platforms. Dril-
ling muds would have a tritium concentration of
0.001 uCi/ml prior to discharge into the marine
environment. and will be below the maximum per-
missible discharge level of 0.003 uCi/ml (6,600
DPM). It is anticipated that the impacts of occa-
sional tritiated water discharge on the marine biota
of the Beaufort Sea region will be NEGLIGIBLE as
long as the present and proposed low concentrations
are released to the marine environment.

2.4.1.7 Formation Water (Produced Water)

Formation water is water that is brought up (pro-
duced) from the hydrocarbon reservoir, along with
the oil and/or gas. Once at the surface. it is separated
from the hydrocarbons and then either reinjected
into the reservoir or treated prior to discharge. usu-
ally to the sea. Although this discussion will address
formation water specifically produced by the oil
industry. it should be noted that in some parts of the
world, formation water is released naturally into the
sea through vents in the sea floor (Ballard and Gras-
sle. 1979). and some information on their findings
will be presented where appropriate.

Early in the life of an oil field, there will be very little
water produced with the oil. Eventually, however,
water will be produced and toward the latter half of
the life of the field, it will likely be produced in large
quantities. In a field that is 20 years old., it is not
unusual for a stream produced from the wellbore to
contain more than 80% water.

In offshore operations, the methods selected for dis-
posal of formation water will depend on the configu-
ration of the production process and the characteris-
tics of the oil well fluid. At Cook Inlet, Alaska, free
water is separated offshore and the remaining water,
which is difficult to separate, is transported to shore
along with the oil through a subsea pipeline system.
The additional water is removed onshore. Since it
was deemed impractical to send the water back to the
platforms for reinjection, largely because this would
have required another pipeline. the water is treated

and disposed of into the ocean in accordance with

environmental regulations.
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At Cook Inlet. as in most offshore operations. the
source of water for water injection schemes is sea-
water since it is available in copious quantities and
usually requires little treatment. It is. therefore, more
economical to use seawater for all water require-
ments than it is to process and reinject produced
water. In the Beaufort, where practical and feasible.
formation water from offshore fields will be rein-
jected back into the reservoir. This practice will not
be feasible in situations where seawater may adver-
sely affect well producibility.

However, since produced water can only be rein-
jected into the reservoir when injection wells have
been drilled. 2 to 3 years after production has begun.
the water generated during these years will be treated
with oil-water separators to reduce oil concentra-
tions to less than 50 ppm, as required by the Cana-
dian Oil and Gas Production Regulations, prior to
discharge to the sea. Asinjection wells are completed.
most of the produced water will be returned to the
reservoir, except in those cases where doing so may
cause problems to the reservoir. in which case it will
also be released to the sea following adequate
treatment.

At present, it is not possible to predict the propor-
tions of formation water that would be reinjected or
discharged. However. for this assessment it is assumed
that the quantity of water produced could range from
81.000 m*/day when the oil production rate reaches
81.000 m?*/day (500.000 barrels/dav) to 200.000
m?*/day when the oil production rate reaches 206.000
m'/day (1.2 x 10° bbls of 0il). Nevertheless. formation
water would only be discharged to the marine envir-
onment following treatment with oil-water separators.

The chemical characteristics of formation water are
expected to be relatively constant. It is usually
shghtly saline with high bicarbonate ion concentra-
tions. low in oxygen (anoxic), and is expected to have
a temperature range of 10° to 55°C (Montreal Engi-
neering Co.. 1979). Since 1ts average temperature at
the point of release may be 20°C, formation water in
excess of enhanced recovery requirements would be a
potential source of heated water for below-ice dis-
charge in ice management programs, which could be
conducted from October to May.

Assuming that formation water is discharged to the
sea. the most significant concerns are related to the
trace metal and oil content of these discharges. and
the potential areas of open water created by ice man-
agement programs. which may have some effects on
biota during the winter months. The potential impacts
of combined thermal discharges from production
platforms are discussed in Section 2.4.1.9.

Investigations of formation water flows in the Beau-
fort Sea (Thomas. 1978b. ¢) indicate that trace metals
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which may be present at concentrations exceeding
those normally found in the Beaufort Sea or other
coastal waters include chromium, lead. zinc. nickel.
copper, cadmium, and mercury. although some of
the metal concentrations reported by this author may
have been affected by the presence of other drilling
wastes. The potential impacts of other sources of
trace metal contamination from production plat-
forms (i.e. formation cuttings and drilling fluids)
were previously discussed in Section 2.4.1.3. but it
should be emphasized that metals tn formation water
are generally present in a biologically available
(ionic) form. On the basis of formation water sampled
during flows from Kaglulik A-75 (Thomas, 1978c¢),
daily inputs of dissolved nickel. zinc. copper, cad-
mium, chromium, lead and mercury during the peak
technically achievable production tevel (200.000
m®/day) could approach 17.2. 11.4, 7.0. 0.62. 0.20.
0.03 and 0.01 kg. respectively. These trace metals.
however, would enter the marine environment at
geographically separated production platforms rather
than at a single location, and would be rapidly che-
lated and diluted in the surrounding waters. Even
with these conservative assumptions, impacts on
water quality would be LOCAL. but depending on
the duration of produced water release from specific
fields could range from SHORT-TERM to LONG-
TERM. These predictions would be similar. in some
respects, to the findings of Ballard and Grassle
(1979). while examining natural formation water dis-
charges into the Pacific Ocean near the Galapagos
islands. At this location, excessively hot (350°C),
mineral and sulphide-laden water was being dis-
charged to the ocean through vents in the sea floor.
Under these extreme conditions. the minerals precip-
itated out to form “‘chimnevs™ (Plate 2.4-3) and
blanketed the area to a distance of approximatety 25
metres around.

Any hydrocarbons present in formation water fol-
lowing treatment with oil-water separators would be
ina weathered. emulsified form and would be rapidly
diluted in receiving waters. although the continuous
or intermittent discharge of formation water would
represent a localized chronic source of hydrocarbon
input to the offshore waters of the Beaufort Sea. In
the unlikely event that all produced water was
released to the marine environment and contained 50
ppm of oil. the maximum allowed by the Canadian
Oil and Gas Production Regulations. the quantities
of oil entering the Beaufort Sea could approach 3.6
m*/day when offshore fields are producing oil at a
rate of 81.000 m*/day. and 8.3 m*/dayv when fields
are producing oil at a rate of 200,700 m*/dayv. As with
the trace metals. these hydrocarbons would enter the
marine environment in widely separated areas. The
anticipated development of more efficient oil-water
separators, particularly for the removal of emulsified
oil. would also likely decrease the quantities of oil, if
itis assumed to be released to the marine environment.




PLATE 2.4-3 WNaturally produced formation waters are
released into the sea in various parts of the world. These
photos, taken at a depth of 2.5 km in the Pacific Ocean near
the Galapagos islands, show very hot (350° C) mineral and
sulphide-laden water being released to the ocean through
“chimneys” which are formed by the precipitation of miner-
als. (Courtesy: Woods Hole Oceanographic Institution).

Before discussing the projected impacts of formation
water on the marine biota of the Beaufort Sea. it
would again be interesting to briefly examine some of
the findings of the Ballard and Grassle (1979) work

on natural formation water discharges. Given the
extremelyv hot. contaminated nature of these releases.
one might have assumed that no life could live within
this zone of influence. However. on the contrary. the
“contaminated™ areas were found to be “‘living
oases™ of giant tube-worms (Plate 2.4-4). galatheid
crabs. clams and an entire ecosystem which probably
evolved over thousands of vears to occupy this uni-
que tvpe of subsea habitat. Although exotic species
such as these would not be expected to grow in the
some small Arctic ammals such as worms, clams and
crustacea would likelv be attracted to the warmer.
nutrient-rich discharge points.

The possible effects of formation water on marine
flora and fauna of the Beaufort Sea would likelv vary
at different times of the vear. but during all scasons.
the areas affected by these discharges should be local-
ized due to the rapid dissipation of heat and the
dilution, dispersion and chelation of contaminants.
During the open water season. shghtly higher water
temperatures may locally increase the metabolic rate

of planktonic organisms and attract some species of

fish and perhaps seals to production platforms. Since
planktonic organisms would be continuously trans-
ported into and out of waters adjacent to production
platforms. possible increases in metabolic rate would
be temporary. although the simultaneous presence of
trace metals and hydrocarbons could result in some
local acute toxic and sublethal effects (including trace
metal and hydrocarbon uptake). On the other hand.
fish or seals attracted to production platforms could
be exposed to contaminants present in formation
water for longer periods. and may experience a var-
iety of effects associated with hydrocarbon and trace
metal exposure (ESL. 1982). In addition. some spe-
cies of birds which are attracted to physical structures
and sites of human activity (e.g. gulls, jaegers and
terns) may be exposed to hvdrocarbons. or may
ingest prey contaminated with trace metals. It is
unlikely that whales would approach production
platforms close enough to be affected by the slightly
warmer water. trace metals. or hvdrocarbons. although
they may ingest some plankton or fish which may
have been exposed to the formation water. Even in
the case of those resources which may be exposed to
formation water discharged from platforms. poten-
tial effects would be relativelvlocalized and involve a
relatively small proportion of the regional popula-
tions of affected species. Consequently, the potential
degree of impact of formation water discharges dur-
ing the open water season will likely vary from
NEGLIGIBLE (planktonic communities, whales) to
MINOR (fish. birds. seals).

During the winter when biological productivity is
generally at its lowest level. the possible regional
impacts of formation water discharge would also be
considered NEGLIGIBLE to MINOR. Some species
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PLATE 2.4-4 Unique ecosystems, probably evolved over thousands of years, occupy this unusual type of subsea habitat near

natural formation water vents on the sea floor. Larger life forms found in the area include giant tube-worms, galatheid crabs
and clams. (Courtesy: Woods Hole Oceanographic Institution).

of fish mayv continue to be exposed to slightly warmer
water and contaminants during this period. while a
localized impact on epontic flora in early spring and
on fauna near production platforms 1s also antici-
pated. Depending on the specific gravity and tempera-
ture of the formation water, it could have a tendency
to accumulate below the ice cover. particularly near
shallow water production platforms in the {andfast
ice zone. Under these circumstances. localized mor-
tality and sublethal responses of epontic organisms
may result from the individual or svnergistic effects
of increased temperatures. trace metals and petro-
leum hvdrocarbons. Localized indirect impacts on
fish species which prev on contaminated epontic
fauna could also occur during this period.

During the spring. offshore migrant birds (e.g. old-
squaws. eiders. loons and gulls) and some seals mav be
attracted to the open water areas created by the
discharge of warm formation water at production
platforms. and these species may then be exposed to
trace metals and hydrocarbons. The potential impacts
of these contaminants on regional populations of
birds and seals would depend on the dilution capac-
ity of the receiving waters, the spatial extent of the
open water areas, the species and numbers of indi-
viduals that may be attracted. the duration of their
presence within these areas and the activities of the
attracted individuals (e.g. feeding. preening). How-
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ever, since most production platforms would be
located within the transition ice zone, the areas of
open water created by the discharge of warm forma-
tion water would likely be insignificant in compari-
son to the extent of open water which is normally
characteristic of offshore waters during this period.
The airborne noise associated with production plat-
forms (Section 2.3.5) may also cause most species of
birds to use other open water areas available in the
region. Consequently, the impact of contaminants in
formation water on migrant birds is expected to be
NEGLIGIBLE to MINOR. Ringed and bearded
seals could be attracted to open water areas around
production platforms in the landfast and transition
ice zones, respectively. However, since both of the
species are widely distributed throughout the region
(Volume 3A). few individuals are likely to be attracted
to these open water areas. and the effect of formation
water contaminants on the regional populations of
these species should range from NEGLIGIBLE to
MINOR. If most of the formation water is eventually
reinjected into the reservoirs. then the impacts in all
instances will naturally be further reduced.

2.4.1.8 Oily Waste-Water

During normal operations, waters containing oil
may be discharged to the marine environment through
wash-water, precipitation run-off and ship bilge




water. Wash-waters containing small quantities of
oily waste, drilling fluid additives, grease and deter-
gents will be generated on offshore drilling rigs (drill-
ships, exploration islands, production platforms)
and on ships because of the need to keep working
areas clean for reasons of occupational safety. Pre-
cipitation run-off from rigs and ships will also con-
tain traces of the substances listed above.

Oily waste-water resulting from deck washings and
precipitation run-off (approximately 100 m*/weil)
and from bilges will be channeled to treatment plants
where waste materials will be separated and reco-
vered. Since emulsified oil is not effectively removed
by oil-water separators. oil will be discharged in
relatively small amounts into the sea. Oil concentra-
tions in the discharged waste-water will be less than
50 ppm as required by the Canadian Oil and Gas
Production Regulations. Given that the volumes of
oil involved will be small, no regionally significant
residual environmental impacts associated with the
normal discharge of treated oily waste-water are
anticipated. The small volumes of deck washings
occasionally discharged from rigs and ships would be
rapidly diluted by the receiving waters. Since bilge
water, if discharged at all, would only be released
while ships are underway. the limited volumes of
effluent released would be well mixed in the receiving
waters by the ship’s turbulence. Back-up oil-water
separators and/or adequate storage will generally be
provided to handle bilge water should the primary
unit fail. In many cases. and particularly with the
newer ships and rigs, the oils will be separated and
incinerated. The potential impacts on water quality
should therefore be restricted to the immediate vicin-
ity of the discharge. and would be considered LOCAL
and SHORT-TERM.

Since marine-associated birds such as glaucous gulls
and jaegers, which may be attracted to the rigs and
ships. spend much of their time in the air. it is antici-
pated that any potential exposures to oily wastes
which may occasionally occur on the water surface
would be infrequent. short-term and highly localized.
However, due to the exceptional vulnerability of
birds to petroleum hydrocarbons, the potential region-
al impact could approach MINOR. The potential
impacts on marine mammals moving through the
discharge zones would probably be NEGLIGIBLE
since mortality is unlikely, and sublethal effects
resulting from the short-term exposure to oily wastes,
if they occurred, would likely be reversible (ESL,
1982). Some fish may be adversely affected by the
short-term. localized discharge of treated oily waste-
water. but the impact on regional fish populations
should not exceed MINOR. The potential impacts of
these wastes on the planktonic community would
also be MINOR since the individuals which may be
affected would be rapidly replaced by others trans-
ported from nearby uncontaminated waters. It is
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unlikely that benthic communities would be affected
by treated oily waste-water discharges because oil
concentrations would probably be diluted to levels
below the toxic threshold in the surface layers of the
water column.

2.4.1.9 Heated Cooling Water

The major sources of heated water which would be
discharged to the Beaufort Sea are cooling water
from drill rig machinery and ship engines. excess or
all formation (produced) water from offshore pro-
duction platforms, bilge water and sewage from off-
shore facilities and vessels. and brine from small
desalination plants on offshore platforms. Table 2.4-
3 summarizes some of the sources and estimated
quantities of heated water projected to be discharged
to the offshore Beaufort Sea.

Prior to discharge, heated water, some of which may
be contaminated with hydrocarbons (e.g. formation
water, bilge water). would be passed through oil-
water separators to reduce oil concentrations to 50
ppm or less. When desirable and appropriate, heated
water would be used for ice management purposes
such as at a tanker loading terminal. Where not
required for this purpose, if deemed necessary, it
could be discharged at an appropriate depth in the
water column to ensure dissipation of the heat at the
surface.

No regionally significant impacts related directly to
heated discharges would be expected. Heated water
released from a moving ship would be rapidly
dispersed by the turbulence in the wake. Therefore,
potential effects on marine flora and fauna would be
SHORT-TERM and LOCALIZED. The discharge
plume of warm waste-water from stationary offshore
structures would generally be confined to the surface
layer of the water column, although this water could
be discharged at depths from 0 to 60 m depending on
the type of facility and its location. The horizontal
area affected by heated cooling water would also be
imited. For example, it has been estimated that,
depending upon the rate of discharge, the area influ-
enced by the daily release of approximately 16,000 m*
of formation water at 20°C will be roughly equival-
ent to solar radiation on an area of water approxi-
mately 200 to 400 m in diameter (Montreal Engineer-
ing Co., 1979). During the winter, the zone of
influence of the heated water would be even less since
the heat energy would be rapidly consumed in the
melting of the surrounding ice. Release of heat-
containing wastes during the summer would proba-
bly affect a slightly larger area, but the potential
impacts of temperature increases on the physical
oceanographic regime would still be LOCAL and
SHORT-TERM.

Direct impacts of thermal discharges on birds and
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TABLE 2.4-3
SOURCES AND ESTIMATED QUANTITIES OF HEATED WATER DISCHARGE
TO THE OFFSHORE BEAUFORT REGION

Approximate Average/Range

Heat Energy Temperature at
Facility Source Discharge Point of Release

(x10¢ Btu/hr) (°C)
Production Platform Excess formation water ns 20/10-40

(16,000 m3/day")
Heated cooling water ns ns/10-40
(10,000 m3/day)

Accommodation Barge Heated cooling water 19 15/ns
(120 personnel)
Pile-driving barge Heated cooling water 19 15/ns
Dredge Heated cooling water 57 15/ns
Barge tug Heated cooling water 16 15/ns
Workboat Heated cooling water 12 15/ns
lcebreaker
(Class 3) Heated cooling water 27 15/ns
(Class 10) Heated cooling water 41 158/ns
Tankers Heated cooling water ns ns/ns
ns = not specified
'Assuming remainder is reinjected for recovery enhancement.
Source: Montreal Engineering Co., 1979

mammals are expected to be NEGLIGIBLE, although
the possible attraction of some species to thermally-
produced open water areas may increase exposure to
other facility-associated disturbances and wastes.
The potential impact of heated cooling water on
regional fish populations would also be NEGLIGI-
BLE, particularly since most species will be able to
avoid waters characterized by abnormally high temp-
eratures (ESL, 1982). Localized effects on plankionic
and epontic biota are also possible. although these
impacts would not be regionally significant.

2.4.1.10 Cement Slurry, Contaminated Cements and
Barites

Cement is used during drilling operations to grout
the upper casing to the sea floor at wells drilled from
conventional drillships and, in the future. conical
drilling units, and to fix the upper casing to the
surface of artificial islands used for exploratory or
production wells. On islands. no cement would be
released to the marine environment. but with floating
drill rigs, excess cement slurry may be pumped down
the marine riser and released through valves located
at the sea floor. An estimated 10 to 30 m’ of cement
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slurry could be released during the drilling of each
exploration well from a drillship or conical drilling
unit (Montreal Engineering Co., 1979), and this
slurry would harden into a mass which may extend 5
to 8 mfrom the riser and cover an area ranging from
80 to 200 m?. This cement would likely mix with
seafloor materials and be diluted with seawater dur-
ing the hardening process. Hardened cement would
probably be covered with siit in a short period of
time. In addition, cement which is water-damaged
during transport to offshore facilities or barite which
has become contaminated with cement is sometimes
discharged directly into the water column. It is esti-
mated that up to 150 m* of cement may be released to
the marine environment for every 200 production or
exploration wells drilled to the year 2000 (Montreal
Engineering Co., 1979). Since roughly 725 explora-
tion, delineation and production wells may be drilled
during this period. the quantity of additional cement
released to the Beaufort Sea could reach 540 m?.
Unlike cement slurry released during the grouting of
casings, powdered cement would be dispersed over
larger areas. Most of the contaminated cements and
barites will probably settle within a radius of 100 to
200 m from the disposal site, although finer particles




may be carried by local currents to a radial distance
of perhaps 1.200 metres.

The physical impact of cement slurry and powdered
cement discharges on the seafloor character would be
LOCAL, but depending on the rate of sediment
deposition in offshore waters, would likely range
from SHORT-TERM to MEDIUM-TERM. It is
anticipated that the only significant biological impact
associated with the release of cement would be the
mortality of sessile benthic fauna within areas directly
covered by cement slurry or extensively inundated
with cement powder. However, these areas would be
insignificant in relation to available offshore habitat
in the region, and would provide a desirable sub-
strate for various epifauna once the cement har-
dened. Pelagic organisms and the benthos located in
the area between 200 to 1.200 m of contaminated
cement disposal sites may be temporarily affected by
increased turbidity and pH in the water column as
the cement particles settle to the sea floor (ESL,
1982). The potential impact of cement release on all
marine resources of the Beaufort Sea is expected to
be NEGLIGIBLE.

2.4.1.11 Gas Flares

All produced gas is assumed to be flared for at least
the first two years of oil production from a given
field, with the quantity of gas flared during this
period increasing as more wells within a field are
brought into production. Subsea pipelines would be
used to move produced hydrocarbons to a single
production platform within a field, where a process-
ing facility would separate and then flare the gas.
Given the projected schedule of production platform
construction and production drilling (Table 2.4-1). a
maximum of 2 or 3 flares would likely be in operation
at any one time. Gas may be reinjected to enhance
recovery from the reservoir after each field has been
in production for two years. used as fuel for island
and vessel operations in the region. and eventually
collected for shipment to commercial markets. Dur-
ing the early phase of project development (1o 1990)
when most of the associated gas will be flared,
approximately 3 million m* of gas/day may be flared
(Section 2.3.4.2).

Gas flares would be designed to promote complete.
continuous combustion, minimize radiant heat reach-
ing the ground and reduce noise levels. Conse-
quently, only small quantities of particulate. smoke
or hydrocarbons emissions are expected. Flares on
production platforms will be located to prevent any
significant melting of ice. heat damage at the plat-
form surface, and hazards to personnel during all
production and atmospheric conditions.

All Beaufort Sea gas tested to date has been sweet.
contaiming no hydrogen sulphide. As a result, sul-
phur dioxide emissions are not expected to be asso-
ciated with flaring of this gas.

The only potential biological impacts associated with
gas flares would be the possible attraction of birds to
the light of the flare or other illumination on the
platform. although most birds would probably avoid
the heat sphere associated with the flare if thev
approached the production platform. Mortality of
birds, including at least one species of seabird. has
been reported as a result of incineration in gas flares
in the North Sea (Sage. 1979). but most of the birds
killed were passerines, that were probably disor-
iented and likely to have died. regardless of the pres-
ence of flares (Bourne. 1979). Numbers of birds
(mostly passerines) killed at North Sea rigs have
likely been less than a few hundred per platform per
year (Bourne, 1979).

In the Beaufort Sea, gas flares are least likely to affect
birds during the winter (November to April) since
there are generally few in the area at this time of year.
They are also unlikely to attract birds during spring
since most migrants travel during periods of virtually
continuous daylight. Attraction to flares may occur
during late summer and autumn. although the routes
and numbers of birds which migrate offshore during
fall over the Beaufort Sea are not well documented.
Some mortality of birds is considered possible, par-
ticularly in species which migrate offshore in large
numbers during late fall (e.g. eiders). In addition.
some mortality of certain seabirds that soar in
updrafts(e.g. gulls) is possible if birds attempt to soar
in the warm rising air above gas flares. However. the
overall potential impact of gas flares on birds in the
Beaufort Sea region is expected to be NEGLIGI-
BLE, or at most MINOR, since only a few flares
would be operational at any one time and the
number of birds attracted to these sites would likely
be small.

Gas flares will also provide a source of artificial
illumination, heat and light during winter. The
potential impacts of artificial illumination were dis-

- cussed in Section 2.3.7. and could include the attrac-

tion of polar bears and Arctic foxes to the general
area of these light sources. The numbers of bears and
foxes which may be attracted to offshore gas flares is
unknown, although they would likely be an insignifi-
cant proportion of the regional populations. There-
fore the impact of gas flares on these species would be
considered NEGLIGIBLE.

2.4.1.12 Summary of Possible Impacts Associated
with Offshore Platforms

The possible release of treated formation waters
from offshore producing platforms is the only *new™
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type of effluent which may be discharged into the
Beaufort Sea in the future. If formation waters are
continuously discharged from all wells, rather than
being reinjected into the geological strata. rela-
tively large quantities of weathered. emulsified hvdro-
carbons and soluble trace metals will enter local
marine waters. Available information for formation
water flows in this region indicates that concentra-
tions of several trace metals are likely to be higherin
produced water than in the receiving environment. If
discharged, these elevated concentrations may result
in a variety of localized sublethal effects. possibly
bioaccumulation of various metals, and perhaps
some localized mortality of marine flora and fauna.
The concentrations of oil in formation water will be
reduced by oil-water separators. but these devices are
presently not very efficient in the removal of emulsi-
fied oil, and a considerable, cumulative input of
hvdrocarbons to the marine environment could
occur due to the relativelv large quantities of forma-
tion waters discharged over the period of develop-
ment. However, on the basis of available information
regarding possible volumes of produced water and
experience in other parts of the world, such as Cook
Inlet. the North Sea. and the Gulf of Mexico, where
formation water is discharged to the ocean. the mag-
nitude of potential regional impacts of these dis-
charges are expected to range from NEGLIGIBLE
(plankton, whales) to MINOR (fish. birds. seals). As
development proceeds. and assuming that substan-
tial quantities of formation waters are discharged to
the sea. environmental quality monitoring programs
will be carried out to ensure that impacts. if they
occur. are maintained within acceptable limits. It
should also be noted that this impact may be further
reduced. if in fact most of the produced water is
retnjected into the geological structures.

Most of the other activities and disturbances asso-
ciated with offshore platforms are not expected to
cause regionally significant impacts, and would be
considered NEGLIGIBLE for most biological re-
sources. Any acute toxic or sublethal effects resulting
from other discharges and activities should be con-
fined to extremely localized areas surrounding the
wellhead or platform site. MINOR localized impacts
on some benthic invertebrates and fish populations
are considered possible. particularly due to the dis-
charge of drilling fluids and cuttings. The presence of
oftshore structures will likely attract some fish.
mammals. or birds. and could result in subsequent
exposure to disturbances and wastes which may lead
to some MINOR regional impacts. The physical
presence of offshore platforms will also have LONG-
TERM but LOCAL effects on the offshore ice
regime. If particular islands appear to be influencing
important physical processes. such as the break-up of
the landfast ice in a specific area. icebreakers can be
emploved to ensure that break-up proceeds in the
normal manner.
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2.4.2 DREDGING

This section describes the possible impacts of dredg-
ing activities proposed in conjunction with develop-
ment of the Beaufort Sea hvdrocarbon resources on
the physical environment and biological resources of
the region. A detailed review of the biological effects
of dredging in both temperate and Arctic environ-
ments. including studies and monitoring programs
conducted during dredging activities and artificial
island construction in the Beaufort Sea. is provided
in ESL (1982).

Most of the dredging activities associated with artifi-
cial island construction, and the excavation for sub-
sea pipelines will occur in offshore areas of the Beau-
fort Sea. The amounts of bottom materials required
for island construction have been estimated. and will
be obtained, as necessary, from a number of different
borrow sites located in the region (Figure 2.4-1). The
total quantity of bottom materials which may be
removed for all offshore facilities in the Beaufort Sea
development plan to the year 2000 has been esti-
mated to range from approximately 500 to 700 mil-
lion cubic metres.

On this basis. a maximum of approximately 50 to 70
km?® of sea floor could be directly disturbed over the
entire development (1982 to 2000) if dredging was
limited to 10 m deep excavations. In fact, some of the
dredging is expected to occur to depths of down to 20
m below the sea floor (Figure 2.4-2), and the actual
areas of sea floor directly disturbed in these offshore
locations would be substantially less. In a regional
context. therefore. the majority of dredging opera-
tions will affect only a small fraction of the Beaufort
Sea floor. Most of these offshore dredging activities
will occur during the open water season. although the
dredging season for island construction may extend
from break-up to January. assuming that larger Arc-
tic dredges are employed at some time in the future.

More limited but perhaps more biologically impor-
tant dredging will occur in localized habitats closer to
shore. to provide material for shallow water island
construction and to complete excavations for the
shore approaches of subsea pipelines, as well as
mooring basins and dock facilities. Some of these
activities may occur during periods of ice cover, par-
ticularly nearshore dredging for subsea pipelines.
The potential impacts of dredging at specific coastal
shorebases are described in Chapter 3 of this volume.

2.4.2.1 Water Quality

In the offshore waters of the Beaufort Sea where
most dredging activities will occur, alterations of
water quality as a result of dredging will probably not
be significant due to the small and localized areas
where the disturbance will occur. Several investiga-
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tions regarding dredging activities in both Arcticand
temperate environments (for review see ESL. 1982)
indicate that the most significant changes in water
quality will probably be localized increases in con-
centrations of suspended sediments and increased
turbidity levels. Although reduced concentrations of
oxvgen. increased nutrient levels. and changes in the
vertical salinity and temperature profiles may occur
during dredging, only minor effects on these parame-
ters are anticipated in offshore areas. since large
dilution factors, low background nutrient levels in
sediments, and relatively homogeneous temperature
and salinity profiles exist in these waters. More signif-
icant changes in these parameters are possible in
specific nearshore locations where relativelv con-
fined waters and nutrient-rich sediments may occur
(ESL. 1982).

Investigations of suspended sediment plumes caused
bv dredging in the Beaufort Sea (Slaney. 1974b.1977a:
Envirocon. 1977; Thomas. 1979) have indicated that
the size and character of the plumes are affected by
the type and volume of materials being removed. the
existing background water quality and current regime.
local weather conditions and the type of dredge
involved in the operation. Turbidity plumes are likely
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to be most evident when background turbidity is low,
water circulation is restricted, and dredged materials
are fine, particularly during operations which involve
uncontained fill or deposition (Plate 2.4-5). Past stu-
dies suggest that under these circumstances, a turbid-
ity plume may be evident over a radius of approxi-
mately 5 km from the dredge or spoil release site
(Slaney, 1977a: Thomas. 1979). On the other hand,
when background turbidities are high. such as within
areas affected by the Mackenzie River plume, turbid-
ity increases resulting from dredging have been
detectable for less than 2 km from dredge outfalls
(Slanev. 1977a: Erickson and Pett. 1981). Studies of
the vertical distribution of turbidity plumes also indi-
cate that in some cases the entire water column may
be affected. while in other areas the plume may only
be detectable in surface. mid-depth or bottom waters
(ESL. 1982).

Although the turbidity plume may be visible for
several kilometres from dredging sites. concentra-
tions of suspended solids are relatively high only in
the immediate vicinity of the activity, and generally
decrease rapidly with distance. For example. studies
by Slaney (1977a). Envirocon (1977) and Thomas
(1979) indicated that during various dredging pro-
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grams in the Beaufort Sea. suspended solids in the
vicinity of the dredge ranged from approximately 200
to 600 mg/L. but were reduced to levels in the range
of 14 to 100 mg/L within 500 m of the operation.
These latter values were often within the range of
naturally occurring suspended sediment concentra-
tions in arcas affected by the Mackenzie River turbid-
ity plume,

The duration of the physical and chemical effects
associated with dredge-created turbidity plumes is an
important factor affecting subsequent impacts on
aquatic organisms. Dredge monitoring programs in
the Beaufort Sea have clearly documented the spatial
extent of the turbidity plumes, but few studies have
described the attenuation of turbidity plumes with
time. Nevertheless. investigators that have examined
dredging in this region agree that turbidity plumes
are “short-term.” “temporary™ (Slaney. 1977a) or

“*short-lived” (Thomas. 1979). For example. post-
dredging sampling in Tuktovaktuk Harbour indi-
cated that suspended sediment concentrations de-
creased to pre-dredging levels 10 hours after the
PLATE 2.4-5 Dredg//'ng and the resu;gant s;:spension of termination of the dredging operation (Erickson and
e e S oL cause ocalea horterm 4, Pett 1981). Turbidity plumes have been monitored
stationary suction dredge is pumping sand to a site where an following the cessation of dredging in southern lati-
island is being built. tudes. and have been reported to last for 1 10 2 hours
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(Chesapeake Biological Laboratory, 1970; cited in
Morton, 1977) and as little as 30 minutes (Wright,
1978). The attenuation of turbidity plumes following
the termination of dredging activity is more rapid
when coarse bottom materials are involved (in the
order of hours), but when fine-grained sediments
(e.g. clays and silts) are suspended in quiescent
waters, longer periods may be required before turbid-
ities return to normal levels (Slaney. 1975).

The impact of dredging-related turbidity increases
on the water quality of the Beaufort Sea would vary
with location and season of the activity. The Mack-
enzie River contributes approximately 15 million
tonnes of sediment annually to the Beaufort Sea. and
during the period of high discharge, areas affected by
the Mackenzie River plume are naturally character-
ized bv a wide range of turbidity. Normal back-
ground ranges for turbidity and suspended sediments
in nearshore areas may be as large as 5 to 690 mg/L
and 20 to 967 mg/L, respectively (Slaney, 1977b).
However. during the winter when the Mackenzie
River flow is reduced and under ice, water turbidity is
relatively low. During these periods. increased sus-
pended sediments and turbidity from dredging may
cause more significant local effects on water quality.

In summary, the most significant impacts of dredg-
ing on water quality will be increases in turbidity and
suspended solids. However, the available informa-
tion suggests that these changes are usually very
localized and disappear relatively quickly following
dredging activities. Accordingly. the impacts of
dredging on water quality in the Beaufort Sea would
be considered LOCAL and SHORT-TERM. In
addition, the magnitude of suspended sediment and
turbidity increases will be reduced in some areas
when the dredge spoil is deposited by direct place-
ment on the sea bottom during artificial island con-
struction. For example. it is anticipated that suction
dredges or work barges equipped with floating or
submerged pipelines will deposit spoil directly on the
bottom during the construction of most deeper
island berms, such as those proposed at Tarsiut.
Koakoak and Kopanoar.

Nearshore dredging activities other than those required
at shorebases (Chapter 3), will be limited to the Tuft
Point area for borrow materials necessary for con-
struction of artificial islands in shallow waters and
the North Point area where subsea pipeline(s) may be
installed and buried. Dredging in the North Point
area could occur under ice. but will be relatively
localized since the operation would only remove the
amount of material necessary for burial of the pipe-
line. Increases in suspended solids and turbidity dur-
ing winter dredging should be localized to the area
where excavation of the trench and burial of pipe
occur, and will not likely affect the relatively produc-
tive and biologically sensitive embayments on Richards
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Island. such as Mason Bay or Mallik Bay (ESL,
1982). At Tuft Point. where dredging has already
occurred. natural fluctuations in turbidity and sus-
pended solids are common. and increases in turbidity
above background levels have been either slight or
were only observed for brief periods following dredg-
ing (Aquatic Environments Ltd.. 1977:Slaney, 1977a).

In addition to increases in suspended sediment con-
centrations and turbidity, other impacts of dredging
on water quality have been associated with the re-
suspension of contaminated sediments. However.
monitoring programs completed to date in the Beau-
fort Sea have not demonstrated any changes in trace
metal concentrations. pH or other indicators of sed-
iment contamination during dredging operations
(Slaney. 1977a.b: Thomas, 1979, Thomas et al.,
1982). The greatest potential for release of toxic
compounds or elements to the water column would
occur around artificial island sites which may require
periodic maintenance dredging. and are also sites of
sewage. drilling waste. or other effluent disposal.

2.4.2.2 Seabed Contours and Sediment Composition

Other potential impacts of dredging on the physical
environment of the Beaufort Sea include: changes in
seabed contours and. depending on water depth.
subsequent changes in wave patterns leading to
shoreline erosion: and changes in sediment particle
size distribution. This section describes these general
potential impacts in relation to proposed dredging
requirements. while potential site-specific impacts of
dredging at shorebases and harbours are discussed in
Chapter 3.

(a) Altered Bottom Contours

Dredging changes bottom contours and can result in
troughs and deep holes at borrow locations, as well
as decreased water depths at artificial island or spoil
disposal sites. Changes to the sea bottom in deeper
offshore areas, where most dredging will be concen-
trated. are unlikely to affect either circulation or
wave patterns. In addition, ice scouring is common at
depths from 25 m to 50 m in the Beaufort Sea, and
can naturally cause trenches up to 7 m deep. tens of
metres wide and hundreds of metres long (Volume
3A: Section 1.4). Studies of ice scours in this region
have indicated that some existing scours are very old,
suggesting that the energy levels at these depths are
low. Consequently. dredge-created trenches and dis-
posal sites are likely to remain distinct bottom fea-
tures for extended periods. although thev would
likely be difficult to distinguish from natural ice
scours or areas of bottom slumping. A natural fea-
ture of the seabed in the Beaufort Sea is the **pingo-
like feature™ (Volume 3A: Section 1.4), which would
be similar in physical appearance to artificially




created subsea berms. Thus, while offshore dredging
may locally change sea bottom contours, natural
processes are also altering the configuration of the
bottom on an extensive scale. Impacts of dredging on
seafloor configuration would therefore be considered
LOCAL and LONG-TERM. The impacts of dredg-
ing on the physical shape of the seabed are of greater
importance to the biological communities it sup-
ports, and these potential impacts are discussed
further in Sections 2.4.2.8 and 2.4.2.9.

(b) Altered Sediment Composition

Dredging involves the removal of surface and/or
subsurface (depending on the type of dredge) sedi-
ment from one location, possibly exposing a different
particle size substrate, and subsequent deposition in
another area, potentially creating a different bottom
type than previously existed. For example. recent
investigations by the petroleum industry have con-
firmed sand deposits overlain with 1 to5mofclay in
many parts of the Beaufort Sea. In these areas.
dredges would have to remove the clay overburden
to gain access to the sand. This is a potential area of
localized concern where benthic habitat is lost and
recreated in both borrow and disposal areas (see
Sections 2.4.2.5 and 2.4.2.9). although the areas
involved would be extremely small in comparison to
available undisturbed habitats.

Sedimentation of suspended solids from turbidity
plumes may also cause changes in sediment size dis-
tributions in areas adjacent to dredging sites. For
example, increased proportions of sediments corres-
ponding to the size of the dredged material have been
documented in areas **downstream’™ of artificial
islands (Envirocon. 1977: Beak, 1978). However.
changes in sediment size composition per se are not a
significant concern. since bottom substrates of the
Beaufort Sea range from soft to firm clays and silts to
medium-grained sand (Volume 3A: Section 1 4). and
the active processes of ice scouring. erosion, slump-
ing and sediment transport should cause dredged
substrates to resemble adjacent sediments within a
relatively short time frame. The potential impacts of
these LOCAL and SHORT-TERM changes in sub-
strate composition on benthic fish and invertebrates
in the Beaufort Sea are discussed in Sections 2.4.2.5
and 2.4.2.9. respectively.

2.4.2.3 Marine Mammals>

The potential effects of dredging activities on marine
mammals have been documented and may include:
avoidance as a result of the combined influences of
underwater noise and other activities associated with
dredging: localized reduction in food sources due to
removal or burial of benthic organisms: and. reduced
foraging capabilities or prey detectibility within the
dredge plume. However, the documented localized
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effects of dredging, the small areas which would be
affected. and the concentration of dredging activities
in offshore waters suggest that this type of activity
will not result in regionally significant impacts on
marine mammals.

(a) Avoidance

The combined activities associated with dredging
which may cause avoidance responses by marine
mammals include underwater noise, vessel move-
ments and other human activities. as well as the
direct bottom disturbances at the dredge intake or
outfall. The potential impacts of underwater noise,
vessel traffic and human presence on marine mam-
mals are discussed in greater detail in Section 2.3.

Observations at stationary dredge sites have sug-
gested that bowhead and white whales may tolerate
dredging activities in some instances, but may avoid
those operations with more frequent vessel traffic.
For example, Fraker (1977a.b; 1978) reported that
white whales occasionally avoided dredging opera-
tions at distances of up to 4 km. but in other situa-
tions approached to within 400 m of active dredges
(Figure 2.4-3). These studies indicated that moving
vessels may have visible effects on white whales,
whereas stationary operations have less noticeable
effects. Large numbers of bowhead whales have also
been occasionally observed in the vicinity of active
dredges during artificial island construction (Fraker
et al., 1981). For example. between August 6 and 10,
1981, industry personnel reported at least 9 sightings
of from 1 to 6 bowheads approaching, passing or
circling the dredge BEAVER MACKENZIE during
operations at Issungnak (Figure 2.4-4). These whales
were observed as close as 500 m from the dredge on
one occasion. Fraker et al. (1981) also reported a
total of 20 bowheads within 5 km of Issungnak dur-
ing surveys conducted from August 5 to 22, 1980,
and suggested that the bowheads were apparently
not visibly disturbed by the construction activities.

The potential major sources of borrow materials
indicated on Figure 2.4-1 are all located outside of
the nearshore areas where white whales typically
concentrate during July (Volume 3A; Section 3.2),
suggesting that few potential interactions between
offshore dredging and white whales will occur during
this period. However. small numbers of white whales
may occur in the vicinity of dredge sites during spring
migration or during August when they leave the
Mackenzie estuary, since some individuals probably
move offshore and eastward to waters off the Tuk-
toyaktuk Peninsula. Therefore. avoidance-related
impacts on white whales, as a result of activities and
underwater noise from these operations, are unlikely
to exceed the MINOR rating.

During August in some vears, a large proportion of
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the regional bowhead population feeds offshore of

the Tuktoyaktuk Peninsula. and at these times some
effects of dredging on this species may occur. How-
ever, as indicated earlier, bowheads have been fre-
quently observed near dredging operations in the
Beaufort Sea (Fraker er al, 1981). Although the
areas actually affected by dredging will be small in
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relation to the available offshore habitat, low fre-
quency underwater noise generated by dredges may
disturb bowheads for several kilometres (Section
2.3.6). Consequently. avoidance-related impacts of
offshore dredging on bowhead whales may be MINOR
during years when a large proportion of the regional
population summers in the production zone.

Ward (1981) reported that dredging activities in
McKinley Bay had no detectable effect on the use of
the area by seals. Ringed seals were regularly observed
in the vicinity of the dredge, with some as close as 50
m. The largest group of ringed seals observed near
the dredging operation was a group of 5 who were
present in the area for several hours on August 26.
1980. while industry personnel reported 12 seals near
the dredge on August 21. Relatively large numbers of
ringed seals (1-21/km?®) were also observed by indus-
try personnel during late August in the vicinity of the
dredged channel in McKinley Bay. Bearded seals are
not abundant in this area, although Ward (1981)
observed a single bearded seal on several occasions
near the barge campin McKinleyv Bay, while another
was observed by industry personnel in the dredged
channel on August 24. These observations are con-
sistent with other reports of seals near industrial
activities such as operating drillships (R. Hoos. pers.
comm.). Although a few ringed and bearded seals
would probably be present in the vicinity of the
proposed dredging sites, the numbers of individuals
affected would be relatively small because these spe-
cies are widely distributed in the region during the
open water season when the majority of the dredging
would occur. The effects of dredging activities on
seals will likely be NEGLIGIBLE.

(b) Decreased Food Abundance

The removal of benthic fauna in dredged areas or
smothering of fauna in adjacent areas by settling of
suspended solids may cause a localized reduction in
food availability for bearded seals. which feed on
benthic and epibenthic fauna within the 100 m iso-
bath (Stirling er al, 1977). Bowhead whales also
obtain an unknown portion of their diet from benthic
habitats (Wilirsig er al., 1981).

In the southeastern Beaufort Sea, all potential bor-
row sites (Figure 2.4-1). are located within the prob-
able feeding range of these two species of marine
mammals. However, the potential impacts of food
source depletion on bearded seals would be NEG-
LIGIBLE because this species is widely distributed
throughout the region. In addition. extensive alterna-
tive benthic feeding areas will be available. Waters
off the Tuktoyaktuk Peninsula provide a major
summer feeding area for the western Arctic popula-
tion of bowheads during August of some years
(Frakerezal., 1981: Renaud and Davis, 1981). There-
fore, a temporary local reduction in pelagic and ben-




thic food organisms, coupled with a possible reduc-
tion in prey availability within the areas affected by
the dredge plume could result in a temporary impact
on the regional population of bowhead whales at
these times. However, due to the extremely localized
areas which would be affected by a plume, disturban-
ces to bowhead feeding would also be NEGLIGIBLE.

(c) Turbidity Effects

Marine mammals that feed on pelagic fish and/or
invertebrates may be affected by the localized increase
in water turbidity and reduction in prey detectability
and/or availability within dredge-created plumes.
Marine mammals that may be susceptible to a tem-
porary interference in foraging include ringed seals,
white whales and bowhead whales (Stirling er al.,
1977; Fraker er al., 1981; Wiirsig et al., 1981). In
addition, bearded seals may be temporarily affected
by turbidity plumes since they are also known to feed
on pelagic spectes in some areas (Vibe. 1950; Kosygin,
1971).

Interference with the feeding capabilities of marine
mammals as a result of dredge plumes has not been
documented in the Beaufort Sea or elsewhere. White
whales are likely to be the least susceptible marine
mammal species in the region to temporary interfer-
ence of this type since they have a well-developed
capacity for echolocation (Ford, 1977). and are also
known to frequent areas of naturally high turbidity
within the Mackenzie estuary (Fraker, 1977a, 1978;
Fraker and Fraker, 1979, 1981). Bowhead whales
have also been observed actively feeding in highly
turbid waters about 2 to 3 km from a turbid/clear
water interface east of Issungnak in August 1981
(Wiirsig et al., 1981) The potential impacts of dredge
plumes on all marine mammals would probably be
NEGLIGIBLE due to the small localized areas
which would be affected.

2.4.2.4 Birds

The potential impacts of dredging on birds may
result from their contact with resuspended wastes or
toxic compounds, disturbance from dredging-related
vessel activities, and/or a reduction in foraging suc-
cess due to the turbidity plume and the removal or
smothering of benthic organisms. As mentioned in
Section 2.4.2.1, the resuspension of toxic compounds
from bottom sediments is not expected to occur
throughout most of the Beaufort Sea, since no histor-
ical contamination exists in the region. However.
there is a potential for future contamination in the
vicinity of some routine waste discharges such as
drilling muds. BOP control fluids, and formation
cuttings which could be resuspended by dredging in
areas where they are deposited. The extremely local-
ized nature of these waste deposits. however, suggests
that in a regional context, very few birds could be

affected in offshore habitats. As a result, the degree
of_lmpacl of re-suspension of toxic materials on birds
will likely be NEGLIGIBLE.

Birds may also be affected by the combined distur-
bances associated with dredging including marine
vessel activities. airborne noise and human presence.
although the potential regional impacts are consi-
dered NEGLIGIBLE due to the small numbers of
birds that may be affected. For example. Wéfd
(1981) concluded that dredging activities in McKin-
ley Bay during 1980 did not affect the abundance of
birds using the area. The numbers of diving ducks
recorded were as high or greater than numbers
observed in years prior to dredging. and geese
migrating across McKinley Bay in late August did
not react adversely to the operating dredge. Some
gulls and shorebirds were attracted to the artificial
island. presumably due to increased accessibility Of_
invertebrates, but overall the potential impacts of
dredging activities on local bird abundance and
behaviour within McKinley Bay were Considered
minor (Ward, 1981).

Birds in the Beaufort region that dive for food are the
most likely species to be affected by the loss of food
organisms or turbidity plumes and include thick-
billed murres, loons and diving ducks. Murres nest at
only one colony (about 800 birds) in the Beaufort Sea
region (Cape Parry). and this site 1s well removed
from all of the proposed borrow areas. Since only
small numbers of murres occur at sites distant from
the colony and within the areas where dredging may
occur (Searing et al., 1975). the impacts of dredging
on the regional murre population are expected to be
NEGLIGIBLE.

During spring and summer, loons and diving ducks
occur mainly in coastal areas, with the exception of
early June. when large numbers of king and common
eiders and oldsquaws, and moderate numbers of
loons stage in offshore leads and at the landfast ice
edge (Searing er al., 1975; Barry et al., 1981). Dredg-
ing activities at most of the proposed marine borrow
sites, and for subsea pipelines and gathering systems,
would primarily occur several kilometres offshore
and therefore would only potentially affect offshore
concentrations of birds during the June staging
period. Dredging at borrow sites closer to shore (e.g.
Tuft Point. and in the southeast portion of the south
Tarsiut area) may also affect local populations
throughout the open water period since these areas
provide summer moulting habitat for diving ducks
(Scott-Brown and Allen, 1981; Barry ez al., 1981).

Although relatively large numbers of diving birds
may be present in some offshore and coastal areas
where dredging would occur, only NEGLIGIBLE
impacts on most regional populations are expected
as a result of reduced food availability, because
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dredging activities will be localized. intermittent in
most cases. and the local loss of benthic organisms
would probably not significantly alter their food
supply (Section 2.4.2.9). In fact. a positive impact on
surface feeding birds may result from the transport of
benthic organisms to the surface by dredges. Thay-
er’s and glaucous gulls have been observed feeding
{probably on infaunal and epibenthic invertebrates)
at the edge of the surface plume caused by dredging
in McKinley Bay (Thomas, 1980) (see Plate 3.5-1.
Chapter 3). and Harrison (1979) reported feeding by
seabirds in the muddy water brought to the surface
by bottom-feeding gray whales in the Bering and
Chukchi seas. Nevertheless. the degree of positive
impact is also expected to be NEGLIGIBLE in view
of the localized and relatively short term nature of
the increased food availability.

2.4.2.5 Fish

The possible impacts of dredging on fish in the Beau-
fort Sea include: (1) entrainment of fish in dredge
intakes: (2) alteration of nearshore habitats through
changes in bottom profiles, water circulation. or sed-
iment transport; (3) direct adverse effects of increased
levels of suspended sediments; (4) decreased abun-
dance of food organisms in dredged or spoil deposi-
tion areas and lowered fish feeding efficiency within
dredge plumes. and (5) interference with migration

(ESL. 1982). In general. the proposed location of

most large scale dredging operations in offshore
areas and the localized effects of dredging suggest
that no regionally significant impacts on fish are
likely.

(a) Entrainment

Entrainment by a suction dredge can result in mortal-
ity of fish by direct physical trauma or by burial in
discharged spoil (ESL. 1982). Recent investigations
to determine the number of fish entrained by dredg-
ing i Tuktovaktuk Harbour and McKinlev Bay
were unable to relate the number of fish collected in a
subsample of the dredge spoil to the total number
entrained. or to determine the significance of entrain-
ment on the local fish population (Pelletier and Wil-
son. 1981). Nevertheless. it was established that in
McKinley Bay. cod (thought to be saffron cod) 7 to
10 cm in length, and fourhorn sculpins 3 to 4 ¢m in
length were entrained by the 90 cm suction dredge.
while in Tuktoyaktuk Harbour. least ciscos (5 to 24
cm). Arctic ciscos (6 1020 ¢cm). inconnu (7 to 24 cm).
fourhorn sculpins {5 to 10 cm), lake whitefish (11 to
16 ¢cm). and one saffron cod 34 cm in length were
entrained. These results suggest that in some near-
shore areas of the Beaufort Sea. a broad range of
sizes of several species. including some important in
domestic fisheries, may be entrained by suction
dredging equipment. The impact on local fish popu-
lations would probably be NEGLIGIBLE when only
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occasional individuals from a dispersed population
were entrained, but could be MINOR to MODER-
ATE if dredging operations were located in areas
where fish concentrate for migration. spawning.
feeding or overwintering such as channels of the
Mackenzie River or in some small embavments near
the Delta.

The proposed locations of dredging in offshore habi-
tats and in the shallow water environments off Tuft
Point and North Point suggest that the impact of
entrainment on regional fish populations would
probably be NEGLIGIBLE to MINOR, since fish
are more widely dispersed in these habitats and the
areas affected by dredging will be smallin relation to
available habitats elsewhere. For example, observa-
tions at Tuft Point during dredging activities in shal-
low water indicated little or no effect on fish, since
dredging occurred outside of entrances to or within
the coastal embayments where fish were concen-
trated (Aquatic Environments Ltd.. 1977).

(b) Habitat Alteration

The loss of fish habitat through borrow removal and
deposition or siltation will occur to some degree
during all dredging operations in the Beaufort Sea.
The potential effects would be more significant with
demersal species and others which spawn. have incu-
bating eggs. or rear in nearshore benthic environ-
ments. However. the magnitude of such impacts
would obviously depend upon the location of the
dredge, the size of the disturbed area. and the time of
vear. Forexample. the nearshore “edge™ habitats on
the lee side of barrier islands and along the mainland
shores of the Beaufort Sea such as Tuft Point and
probably North Point are used extensivelv by anad-
romous and marine species (including juveniles) dur-
ing the summer (Olmsted. 1977a). On this basis,
Poulin (1975) predicted that large scale dredging
operations in these areas (e.g. removal of barrier
spits) could alter habitat characteristics sufficiently
to reduce fish presence for several years. Similarly,
during periods of ice cover. some species such as
sculpins, herring. flounders. or cod may spawn or
have incubating eggs in coastal habitats which are
sensitive to material removal or excessive siltation.
However, the Tuft Point area has already been used
as a borrow site by Esso. and studies of this area
during dredging have indicated that there was little
or no effect on fish populations (Aquatic Environ-
ments Ltd.. 1977). Consequently, only NEGLIGI-
BLE or MINOR impacts to fish in the Tuft Point or
North Point site would be expected during open
water dredging activities if immediate nearshore hab-
itats and small coastal embayments are unaffected
{Aquatic Environments Ltd., 1977).

In offshore waters, where most of the materials
required for artificial island construction will be



obtained. the impacts of habitat alteration on fish
would probably be NEGLIGIBLE because of the
relatively small areas affected. One potential borrow
site has been identified near Herschel Island (Figure
2.4-1). and dredging operations in this area may
impinge on the narrow nearshore corridor utilized by
anadromous species. Large scale continuous dredg-
ing may have a MINOR impact on the use of these
habatats by fish.

(¢) Suspended Sediment

Investigations of the effect of dredging in the Beau-
fort Sea indicate that suspended sediment levels usu-
ally do not exceed 200 to 600 mg/L within a few
hundred metres of the dredge outfall, although a
turbidity plume may extend several kilometres from
the site. These observed concentrations are below the
range where any acute lethal effects of suspended
sediments have been reported with fish (Miles er al.,
1979). Although adverse sublethal effects or mortal-
ity might be expected after exposure of fish to these
levels for ten days or more (Miles et al., 1979). it is
more likely that fish would avoid the relatively small
arcas where elevated levels of suspended sediments
occur during the dredging operations. As a result.
impacts of increased levels of suspended solids on
fish are expected to be NEGLIGIBLE in offshore
environments or in coastal areas where dredging is
proposed.

The release of toxic materials such as heavy metals or
hydrocarbons through suspension of contaminated
sediments during dredging has been a concern in
more industrialized areas (Section2.4.2.1). However,
potential adverse effects of these contaminants on
fishin the Beaufort Sea are not expected to represent
a signficant area of regional concern since dredging
in areas where the discharge of drilling wastes. oily
wastes. or sewage had occurred would not normally
be undertaken.

(d) Turbidity

Increased water turbidity in the dredge plume may
cause reduced feeding efficiency of visual feeders
which are the most common species in the Beaufort
Sea . since increased turbidity decreases the reaction
distance of fish to all prev sizes (Vinvard and
O’Brian. 1976: O’Brian. 1977). Therefore. in the
immediate areas where dredging or spoil deposition
occur, increased turbidity may limit feeding effi-
ciency. However. in habitats where wide fluctuations
in turbidity are normal. such as coastal areas includ-
ing the Tuft Point and North Point sites. these effects
would presumably be less important. since normally
occurring turbidity often reaches the level which has
been observed following dredging (Slaney. 1975).
Even in offshore waters where turbidity is normatly
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low. the relatively small areas affected by the dredge
plume and the short-term nature of the disturbance
suggest that impacts of turbidity increases on fish
would be NEGLIGIBLE.

(e} Food Source Depletion

The indirect effects of food source depletion resulting
from dredging will probably not have a significant
impact on fish. Although the abundance of inverte-
brate food sources for fish in the Beaufort Sea coastal
environments (particularly epibenthic crustaceans)
would decrease in areas of borrow removal or spoil
deposition (Section 2.4.2.9). the relatively small geo-
graphic areas affected. and the observed abundance
of prey in most coastal waters (Volume 3A: Section
3.4) suggest that impacts associated with reduced
prey availability due to dredging operations in the
Beaufort Sea would be NEGLIGIBLE. In some par-
ticularly productive nearshore areas along the coast.
such as Mason Bay and Mallik Bay, dredging could
temporarily reduce the food availability for relatively
large numbers of fish concentrated in these habitats
during the summer. However. the past dredging
activities at Tuft Point and those proposed for North
Point occur outside of these habitats, and the infor-
mation available from studies conducted at Tuft
Point (Aquatic Environments Limited. 1977) sug-
gests that no regionally significant effects of dredging
on fish are likely in either of these habitats.

(f) Migratory or Behavioural Effects

The potential that increased suspended solids levels
and turbidity, as well as other disturbances (e.g.
underwater noise) associated with dredging mayv
alter migratory patterns of fish (particularly anad-
romous species in the Beaufort Sea) has not been
directly examined in any field investigations. How-
ever. there is some indirect information which sug-
gests that dredging does not seriously interfere with
normal behaviour patterns. For example. the capture
of fish by fishermen and scientists in the immediate
vicinity of dredge sites in the Beaufort Sea and else-
where. suggest that fish did not avoid the entire area
of disturbance (Hirsch er al, 1978. Poulin. 1975;
Byers and Kashino. 1980: Morton, 1977). In addi-
tion. as indicated earlier. the levels of suspended
solids and turbidity near dredge sites are often within
the normal range of background concentrations in
habitats affected by the Mackenzie River plume
(Poulin. 1975: Thomas. 1979: Hirsch er a/. 1978).
Consequently, it seems likely that dredging would
have NEGLIGIBLE impacts on fish migrations unless
equipment or spoil deposits in shallow waters pre-
vent or delay fish passage. There is no information
which suggests that such obstructions have occurred
during dredging activities.




2.4.2.6 Phytoplankton

The potential impacts of dredging on phytoplankton
communities of the Beaufort Sea were reviewed in
ESL (1982). They may include increases or decreases
in photosynthesis and/or changes in species compo-
sition as a result of changes in light intensity and
spectral composition within turbidity plumes; redis-
tribution of nutrients from the sediments: and mixing
of various layers of the water column. However, past
studies suggest that the dominant effects of dredging
on phytoplankton would be related to turbidity
plumes which are common to all dredging operations
and are considered unavoidable. Nevertheless, any
changes in the species composition and decreases in
productivity of phytoplankton communities as a
result of turbidity plumes would be extremely local-
ized and virtually insignificant tn relation to regional
phytoplankton populations and primary productiv-
ity of the Beaufort Sea, including the coastal areas of
Tuft Point and North Point, where nearshore dredg-
ing is proposed. The effect of dredging on phyto-
plankton would tend to vary with the timing, loca-
tion and duration of these activities. but would
probably be NEGLIGIBLE in the offshore envir-
onments where most dredging is expected to occur,
since the affected areas will be small in relation to the
wide-spread distribution of phytoplankton. In the
nearshore environments near Tuft Point and North
Point, the influence of the Mackenzie River turbidity
plume would tend to minimize any incremental
effects of dredging during open water periods. and
the impacts of dredging on phytoplankton at these
locations would probably also be NEGLIGIBLE.
Potential adverse effects associated with resuspension
of contaminated sediments do not appear likely in
the Beaufort Sea when areas where drilling muds,
sewage. or other contaminated discharges are
avoided.

2.4.2.7 Zooplankton

The potential impacts of dredging on zooplankton
were reviewed in ESL (1982), and may include suble-
thal effects and some localized mortalitv as a result of
entrainment and increased concentrations of sus-
pended sediments. as well as possible changes in the
distribution or species composition in affected areas.
Most of the concerns identified in that review were
associated with continuous and long-term dredging
in specific highly productive nearshore embavments
outside of the Mackenzie River turbidity plume,
where high standing stocks of zooplankton occur
during the summer and where other higher trophic
levels (e.g. fish) dependant on zooplankton may also
be affected. Other potential concerns were related to
dredging in contaminated areas where re-suspension
of metals, sewage or other materials could occur and
directly or indirectly affect zooplankton.
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The proposed dredging activities in both offshore
and nearshore environments are expected to have a
minimal effect on zooplankton. The relatively small
areas affected by dredging. the fact that zooplankton
do not appear to be seriously affected by high turbid-
ities, as well as the usually short-term nature of
dredging effects on the water column (Section2.4.2.1),
suggest that the impacts of dredging on regional
zooplankton populations will be NEGLIGIBLE.
This is consistent with at least one study of dredging
activities at Tuft Point where Aquatic Environments
Limited (1977) reported that the turbidity increases
associated with active dredging were unlikely to sig-
nificantly affect plankton populations in that area.
As with phytoplankton, effects of suspension of con-
taminated sediments on zooplankton do not appear
likely in the Beaufort Sea as long as the immediate
areas of drilling wastes. sewage. and other contami-
nated discharges are avoided.

2.4.2.8 Micro-Organisms

The effects of dredging on micro-organisms have not
been investigated during previous studies in the
Beaufort Sea. and have only been the subject of
limited investigation elsewhere. Significant increases
in the number and variety of bacteria in the water
column, and a subsequent decrease in dissolved oxy-
gen levels due to biochemical oxygen demand and
photo-oxidation of reduced sediments, have been
reported at dredge sites in temperate latitudes (Mor-
ton, 1977). These effects have usually been associated
with the suspension of sediments with high organic
content and/or sewage and waste-contaminated sed-
iments. particularly at dredge sites with poor water
circulation. There was some indirect evidence of
potentially increased numbers of bacteria in turbidity
plumes at dredging sites in McKinley Bay and Tuft
Point. where minor reductions in dissolved oxygen
concentrations were reported (Thomas, 1979; Sla-
ney. 1977a). However, during other dredging and
artificial island construction operations in this region.
dissolved oxygen concentrations have not been
affected. suggesting that an increased BOD due to
elevated microbial activity did not occur. In addition,
Beaufort Sea sediments do not have a high organic
content and are relatively free of contaminants, As a
result, the potential degree of impact of dredging on
the numbers and activity of marine bacteria in the
region is expected to be NEGLIGIBLE.

2.4.2.9 Benthic Communities

The possible impacts of dredging on benthic com-
munities in the Beaufort Sea may include: mortality
or physiological stress from physical disruption of
the sea bottom, including removal or burial of ben-
thos, resuspension of sediments, or other changes in
water quality: and altered rates of recolonization in
disturbed areas. or changes in community structure



as a result of habitat alterations such as long-term
local changes in sedimentation patterns. particle size
distributions, bottom topography. water flow regimes
and salinities (ESL. 1982). In general. major pro-
posed dredging sites will disturb relatively small
areas of the Beaufort Sea bottom and no major
regional impacts on benthic communities are antici-
pated. Site-specific assessments of potential impacts
of dredging at each of the proposed coastal shore-
bases are discussed separately in Chapter 3 of this
volume.

(a) Physical Disruption of the Sea Bottom

The immediate physical disruption of the sea bottom
during excavation and deposition of spoil materials
causes the most significant impacts on benthic orga-
nisms. Mortality of benthic fauna may occur at var-
ious stages of the dredging operation, including
entrainment and physical damage during excavation
or overburden stripping. suffocation during trans-
port with dredge spoil. and burial beneath the depos-
ited material. The magnitude of the impact of bottom
excavations on benthic communities will vary with
the sizes of areas affected. the type of dredge used.
and the species abundance and diversity of benthic
communities in each area. The causes of mortality
and the adaptations of various species to the stress
associated with burial are reviewed in ESL (1982).
Generally. in the zone of dredge spoil removal and
deposition. benthic flora and fauna will be destroyed.
particularly infaunal organisms (Morton. 1977).

Most of the proposed offshore islands and borrow
sites in the Beaufort Sea occur in waters 15 to 40 m
deep. coinciding largely with benthic communities
which experience frequent scouring by ice keels
(Wacasey. 1975: Heath er al., 1982). These areas are
not particularly rich in infaunal benthic organisms
and the bottom is comprised of many areas in various
stages of benthic recovery following natural scouring
(Wacasey. 1975: Heath ez al., 1982). Although little is
known regarding the distribution or abundance of
epifaunal organisms (e.g. amphipods. mysids) in
these offshore areas. the areas of offshore spoil depo-
sition and removal will not affect a significant por-
tion of the regional benthic habitat. The degree of
potential impact. however. would be considered
MINOR to MODERATE on a local basis, depend-
ing on the recovery time in these habitats. since reco-
lonization over many vears will affect more than one
generation of most species. Since the sizes of the
areas affected are smallin a regional sense. no signifi-
cant impacts on other trophic levels would be antici-
pated. In most nearshore habitats which are directly
influenced by the Mackenzie River. infaunal benthic
communities are also relatively impoverished because
of low salinities and annual ice scouring, and benthic
invertebrates in these areas appear adapted to a
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heterogeneous environment (Wacasey. 1975: Heath
et al., 1982).

Recent observations following dredging in Macken-
zie Bay near Herschel Island indicated that distur-
bances from suction hopper dredges were restricted
to the immediate area of the dredging trench and
recolonization in dredged areas was relatively rapid.
suggesting recovery of benthic populations in approxi-
mately 2 vears (Heath er g/, 1982). On the basis of
this study. dredging in areas such as Tuft Point and
North Point are likely to result in only MINOR
impacts on the benthic community.

(b} Water Quality Changes

Turbidity plumes and relatively high suspended sed-
iment levels are characteristic of dredging programs,
although turbidity levels created during dredging in
nearshore areas(Tuft Point and North Point) may be
within the range of natural background variability.
In addition, benthic organisms normaily associated
with mud or silt substrates. such as those present in
the Beaufort Sea, are highly tolerant of most sus-
pended sediment conditions created in the water
column by dredging and construction activities
(Hirsch ez al., 1978). Consequently. direct mortality
from suspended sediments is uncommon, although
reduced feeding efficiency of filter-feeding inverte-
brates and mortality of mollusc larvae have been
documented elsewhere (ESL. 1982). During winter.
when the background turbidity is normally low.
dredge-created turbidity plumes may increase the
localized effect of suspended sediments on benthic
flora and fauna. In addition. during periods of open
water. high turbidity levels in shallow waters, where
light normally reaches the bottom could also cause
some short-term reductions in the rate of primary
production by benthic microalgae.

Although the effects of high turbidity and suspended
sediment concentrations on benthic flora and fauna
of the Beaufort Sea have not been directly investi-
gated. the available information suggests that no
regionally significant effects are likely. The magni-
tude of the documented impacts on water quality
discussed earlier (Section 2.4.2.1), also suggest that
changes in suspended sediment concentrations and
turbidity would be very localized and relatively
short-term. Consequently. increased suspended sed-
iment levels and turbidity associated with dredging
would probably result in NEGLIGIBLE impacts on
regional benthic communities.

Undisturbed marine sediments are typically charac-
terized by a vertical gradient from oxidized surface
deposits down to increasingly reduced sediments in
deeper layers. The latter can create a chemical oxy-
gen demand when these sediments are exposed to the
overlying water body and undergo oxidation during
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dredging operations. In addition. a biological oxygen
demand may be created if the resuspended sediment
contains high concentrations of nutrients which
stimulate active bacterial metabolism. Hydrogen sul-
fide. usually present in deeper layers of marine sedi-
ments or in buried peat. can also create an oxygen
demand when introduced to the watér column and
can be toxic to various marine invertebrates (Theede
et al., 1969). '

In general. offshore surface sediments of the Beau-
fort Sea are highly oxidized and usually contain less

organic matter than sediments at similar depths
elsewhere in tropic and temperate zones (Carsola,
1954, Naidu and Mowatt, 1974), suggesting that
these materials will have relatively low biological and
chemical oxygen demands. This is consistent with
past studies of dredging operations in the Beaufort
Sea which have shown that any oxygen depletions
associated with dredging are usually minor and of
relatively short duration (Section 2.4.2.1). Since
many benthic invertebrates tolerate relatively low
levels of dissolved oxygen. the tmpacts of oxygen
reductions associated with dredging in both the off-
shore and nearshore zones of the Beaufort Sea would
probably be NEGLIGIBLE.

The release of toxic materials such as trace metals
during dredging is probably not a significant concern
at present in the Beaufort Sea region. Sediments here
do not contain the magnitude or diversity of contam-
inants found in sediments adjacent to large industrial
and population centres. The only potential area of
significant concern would be the release of any toxic
materials from areas where drilling muds, o1ly wastes,
or untreated sewage are deposited. and as indicated
earlier, these areas will be avoided when possible
during proposed dredging programs. In fact, these
areas are more likely to be buried. as islands undergo
repair or are enlarged during the production phase.

{c) Benthic Habitat Alterations

Alterations in bottom contours, particle size compo-
sition of exposed sediments, food availability and
possibly temperature and salinity regimes mayv occur
in both excavated and spoil deposition areas. These
habitat changes can subsequently alter rates of ben-
thic recolonization, survival and reproduction, and
may lead to changes in the structure of the benthic
community. Post-dredging studies completed in temp-
erate marine waters have indicated that numbers and
species of organisms in dredged and spoil deposit
areas are frequently different from those in undis-
turbed surrounding areas (Morton, 1977). Recolon-
ized dredged areas may also contain different domi-
nant species than spoil deposition areas.

In the Beaufort Sea. there have been several studies
of benthic communities following dredging opera-
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tions. Thomas et al. (1982) sampled the sea floor
around the Tarsiut artificial island and the South
Tarsiut borrow area in September, 1981 in order to
determine the distribution and community associa-
tions of benthic invertebrates. At the time of sam-
pling. dredging for sand had been completed at
South Tarsiut and construction of the island had
proceeded to the installation of the cement caissons.
The average levels of benthic biomass and popula-
tion density were found to be higher in borrow site
samples than in those from the island vicinity. Bio-
mass and population densities were generally greater
at stations located 500 m and 3.000 m from the
artificial island than at the stations located 50 m from
the island.

Compared to other studied sites in the Beaufort Sea,
the East Tarsiut site has sparse populations of ben-
thos with low diversity. A qualitative analysis by the
Zurich-Montpellier method distinguished three ben-
thic associations with differing affinities for the two
station clusters, one comprising the island site sta-
tions and the other the borrow area stations. One
group of species was commonly found at the island
site but occurred only rarely at the borrow site sta-
tions. A second group was rare at the island site but
common at the borrow site. A third group comprised
species found frequently in samples from both sta-
tion clusters. Early recolonization of the subsurface
plateau of sand around the caissons was evident from
the presence of certain species of bivalve molluscs
and polychaete worms. The area was resampled in
July, 1982 but the results of this work will not be
available until later this year.

Beak Consultants Ltd. (1981) described the distribu-
tion of benthic invertebrates adjacent to Issungnak
artificial island, and concluded that post-dredging
alterations in sediment particle size were primarily
limited to the area encompassed by the 0.53 km?
island base and the two borrow pits. Sand sediments
located at the outer edge of the island base 300 m
away from the shoreline formed a transition zone
with some mixture of sand and silt-clay components,
while areas 900 to 1,800 m from the site had natural
silt-clay substrates. Biological effects of the construc-
tion of Issungnak did not extend far beyond the
underwater slopes of the island base or the principal
borrow pit. and recolonization of the construction
zone began immediately. Species colonizing this con-
struction zone included some species from the back-
ground zone. as well as three polychaete worm spe-
cies found only in the construction zone, which
probably colonized the area through dispersal of
planktonic larvae (Beak Consuttants Ltd., 1981).

The Isserk F-27 artificial istand was built in 12.8 m of
water. and a baseline study was conducted during its
construction by Envirocon Ltd. (1977). They reported
that sand from either the dredged or barged material



was distributed adjacent to the island base. while
natural sediments elsewhere in that area were primar-
ily silt and clay. Benthic species diversity and biomass
data did not show any statistically significant trends
related to island construction. Olmsted (1977b) re-
ported that sediment dispersal associated with the
construction of another island (Arnak L-30) in 7 m of
water, did not significantly alter either infaunal bio-
mass or abundance at two stations 400 and 500 m
from the site, when compared with a control station.
Limited sampling during this study also suggested
that the physical presence of artificial islands. and
perhaps borrow pits. may provide additional habi-
tats for some epibenthic species, particularly mysids
and amphipods (Olmsted. 1977b).

In the offshore Beaufort Sea region, excavation of
subsea glory holes and borrow pits would create
localized depressions or basins in the sea floor (Fig-
ure 2.4-4). These deep depressions would expose
sand sediments completely devoid of organisms. and
are therefore less likely to be quickly colonized. In
shallow waters. excavated basins may also have
higher salinities, colder temperatures and reduced
current velocities, and these factors may similarly
reduce rates of colonization. However, sediment
deposition from bottom-scouring currents during
storms would tend to fill in those basins in waters less
than 15 m deep. Dredged basins in deeper waters
would likely accumulate these fine materials more
slowly and remain as seafloor depressions for pro-
longed periods. However. bottom ice scouring 1s
common in most of the areas where offshore dredg-
ing would occur. and while offshore dredging may
create some local deep depressions and change bot-
tom contours. natural processes are also continually
altering the sea bottom on a regionally more exten-
sive scale.

Since most offshore dredging and island construc-
tion activities in the Beaufort Sea are proposed
within a zone characterized by frequent ice scouring.
it is likely that benthic communities in these areas
contain species adapted to colonizing recently dis-
turbed substrates. This hypothesis is supported by
recent studies following suction hopper dredging in
Mackenzie Bay (Heath er al, 1982). where onlv
short-term and localized changes in benthic com-
munities were documented in dredged areas. Gener-
ally. dredged areas were indistinguishable from natu-
rally ice scoured zones and recovery of benthic fauna
in trenches was considered likely within approxi-
mately 2 years of this dredging operation. Recoloni-
zation in offshore borrow pits may require a period
of several vears where exposed uninhabited sand
slowly accumulates fine particles suitable for coloni-
zation by benthic communities. However. these bor-
row pits will represent an extremely small proportion
of the sea floor of the Beaufort Sea.

Over-all, the geographic areas to be affected will be
relatively small but the impact of proposed dredging
activities on benthic organisms in the Beaufort Sea
will likely be locally MODERATE. since the period
required for recove