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ABSTRACT

Boudreau, P .R . (ed .) . 1998 . The Possible Environmental Impacts of Petroleum Exploration Activities on
the Georges Bank Ecosystem . DFO Can . Stock Assess . Sec. Res . Doc . 98/170 .

A Department of Fisheries and Oceans (DFO) Regional Advisory Process (RAP) was carried out to
generate a peer-reviewed summary of the Georges Bank ecosystem and potential impacts from
petroleum exploratory activities . The process included input from Canadian and USA government
scientists, external reviewers and representatives from fishers groups and the petroleum industry . The
review resulted in the following conclusions :
• Georges Bank is an important offshore bank that has a number of features, which, in combination with

its size, make it unique .
• Routine exploratory seismic activity might have a significant but temporary impact on adult fish

behaviour and movement . This might affect fish catch rates and spawning behaviour .
• Routine operational exploratory drilling activity is likely to have only localised impacts on the

ecosystem components reviewed. The actual impacts will be dependent on the location, timing of the
activities, and the properties of discharges . There does exist a small probability that these impacts will
have population and ecosystem level impacts .

• Exploration drilling would lead to a temporary loss of access to some portion of the fishing grounds,
although the area lost would be relatively small . Seismic activity would lead to temporary space
conflicts with fishing activities that would depend on the timing, location and the gear types involved .
This conflict would be greatest during the summer months .

• There is a low probability of a large release of petroleum product from a well blowout . If this were to
occur, it might have population and ecosystem level impacts .

• Routine exploratory seismic activity could have a localised impact on eggs and larvae depending on
the time of year and location .

• Production activities were not reviewed but the impacts are expected to be different, both in scale and
in nature, from those considered for exploratory activities . A review of specific production proposals is
needed before any assessment of these can be carried out .

This research document provides the scientific information and references to support these conclusions .



RÉSUM É

Boudreau, P .R. (ed .) . 1998 . The Possible Environmental Impacts of Petroleum Exploration Activities on
the Georges Bank Ecosystem . DFO Can . Stock Assess . Sec. Res . Doc. 98/170 .

Le ministère des Pêches et des Océans (MPO) a eu recours au Processus consultatif régional (PCR)
pour produire un sommaire, ayant fait l'objet d'un examen par les pairs, des incidences possibles
d'activités d'exploration pétrolière sur l'écosystème du banc Georges . Le processus faisait appel au
concours de scientifiques gouvernementaux du Canada et des États-Unis, à des examinateurs externes
et à des représentants de groupes de pêcheurs et de l'industrie du pétrole . Il a débouché sur les
conclusions suivantes :
• Le banc Georges est un important banc du large, unique de par sa taille et de par la combinaison de

ses diverses caractéristiques .
• Les travaux courants de recherche sismique pourraient avoir une incidence importante, mais

temporaire, sur le comportement et la migration des poissons adultes, ce qui risquerait d'influer sur
les taux de prises et sur la reproduction .

• Les travaux courants de forage exploratoire opérationnel n'auront vraisemblablement que des
incidences localisées sur les éléments de l'écosystème qui ont été examinés . Les incidences réelles
dépendront du lieu et de la période choisis pour ces travaux, ainsi que des propriétés des rejets . Il
existe une faible probabilité d'incidences sur les populations et sur l'écosystème .

• Le forage exploratoire engendrerait une privation temporaire d'accès à une certaine partie,
relativement petite, des lieux de pêche . Les travaux de recherche sismique occasionneraient
temporairement des conflits d'utilisation de l'espace avec les opérations de pêche, qui dépendraient
du lieu et de la période choisis ainsi que des engins de pêche employés . Ces conflits seraient plus
marqués en été .

• Il existe une faible probabilité de déversement majeur de produits pétroliers par suite d'éruption
incontrôlée. Si une telle éruption se produisait, elle risquerait d'avoir des incidences sur les
populations et sur l'écosystème .

• Les travaux courants de recherche sismique pourraient avoir des incidences localisées sur les oeufs
et les larves, selon le lieu et la période .

• On n'a pas étudié les incidences des opérations de production, mais on s'attend à ce qu'elles soient
différentes de celles des activités d'exploration, tant par leur ampleur que par leur nature . Un examen
préalable des scénarios de production proposés est nécessaire à toute évaluation de ces incidences .

Le présent document de recherche contient les renseignements et références scientifiques qui étayent
ces conclusions .
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understanding of this ecosystem concerning possible impacts of petroleum exploration since that
publication .
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and Michael Sinclair .

The Commercial Data Division, Maritimes Region, DFO provided material for Table 5 .

Attendees at the RAP meeting held December 1-4th, 1998, also provided comments, suggestions and
revisions through their participation in the meeting . See the RAP proceedings document for a full list of
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11) INTRODUCTIO N

In the early 1980s, petroleum exploration activities were carried out on the U .S. potion of Georges Bank .
At that time there was interest in carrying out similar exploration on the Canadian portion . A review of the
potential impacts of this activity identified sufficient concerns about potential risks to the Georges Bank
ecosystem and environment to warrant restrictions . In 1988, the ministers of Natural Resources for
Canada and Nova Scotia agreed to place a moratorium on petroleum exploration activities on the
Canadian portion of Georges Bank until January 1, 2000 (see Figure 1 for moratorium lands) . The
legislation that established the moratorium requires a public review of the environmental and socio-
economic impacts of petroleum exploration on Georges Bank . A review panel has been established to
conduct this review and it is required to make a report and recommendations on the results of the public
consultations to the ministers of Natural Resources Canada and Nova Scotia Department of Natural
Resources by July 1, 1999 for their consideration . The present moratorium expires on January 1, 2000,
unless the ministers extend it .

The Department of Fisheries and Oceans (DFO) outlined environmental concerns for petroleum
exploration in a position paper in 1985 . This position paper described Georges Bank as critical habitat for
a number of reasons related to biological production, fishing activities and important species . As a result
and with financial support from the Panel on Energy Research and Development (PERD) and other
agencies, has undertaken extensive research on the Georges Bank ecosystem and the potential impacts
of drilling activities between the late 1980's and the present . In addition there have been a number of
independent studies carried out since the late 1980s that relate to the understanding of the ecosystem and
its components .

The results of this research can now be used to reassess potential impacts of explorato ry activity . This
research document combines the results of the directed PERD research with those from the on-going
DFO studies on biological populations, information from other government agencies and fishers to a ttempt
an updated assessment. This research document forms the basis for the summa ry and conclusions
stated in the DFO Habitat Status Repo rt .
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Figure 1 . Georges Bank moratorium lands shown within the thick black polygon .
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DFO Mandate

The main legislative base of the Department of Fisheries and Oceans (DFO) is the Government
Organisation Act (1979) and the schedule of statutes attached thereto, including the Fisheries Act, the
Fisheries Development Act, the Fish Inspection Act, the Fishing and Recreational Harbours Act, the
Coastal Fisheries Protection Act, the Fisheries and Oceans Research Advisory Council Act, the Territorial
Sea and Fishing Zones Act, the Canada Shipping Act regarding charts and publications, regulations, and
several international treaties and conventions . Under the Government Organisation Act (1979), the duties,
powers and functions of the Minister of Fisheries and Oceans include responsibilities for seacoast and
inland fisheries, fishing and recreational harbours, hydrography and marine sciences, and for the co-
ordination of the policies and programs of the Government of Canada respecting Oceans . Its responsibility
for habitat protection is clearly described in the "Policy for the Management of Fish Habitat" (Anon . 1986)
adopted in 1987 that describes the principle of "No Net Loss ." The department also has a responsibility to
provide advice to other government departments pursuant to the Canada Shipping Act, TERMPOL,
Navigable Waters Protection Act, and the Canada Oil and Gas Conservation and Production Act . The
Department's mandate in sustainable development has been further expanded by the Oceans Act, passed
in 1997 . The details of this responsibility are developed farther in the document "Sustainable Development
- a Framework for Action" (Anon . 1997) .

It is in this legislative context that DFO has a responsibility to provide advice on the possible extension of
the Georges Bank moratorium .

Current Situatio n

The Georges Bank ecosystem supports a productive biological system with complex linkages among its
component species . It exists in a dynamic environment and is subject to numerous physical influences
having different spatial and temporal scales . Natural events include storms, that can quickly move both
water and sediment large distances . Human influences include fishing activity that interact with
populations of both harvested and non-harvested species and the benthic habitat supporting them . It is
located on the important shipping routes between the U .S., Canada and Europe . In the early 1980s, it was
the site of oil and gas exploration activity on the southern flank .

Georges Bank is one of the world's richest fishing banks, characterised by a marine ecosystem of high
diversity. It has been heavily fished for more than a hundred years by many nations, and is of major
economic and social importance to coastal communities in Canada and the United States . Canada and
the U .S. share jurisdiction over the Bank . Both have fisheries management programs aimed at rebuilding
and sustaining the fisheries stocks and the supporting ecosystem .

On the American portion of Georges Bank eight exploratory wells were drilled in the early 1980s . No
commercial reserves of hydrocarbons were discovered . Danenberger (1983) summarises the drilling that
was carried out, equipment used, discharges and some of the physical impacts . Studies of these
exploratory activities were unable to detect any impact on the benthic ecosystem (Phillips et al. 1987 ; Neff
et al. 1989) . However, in 1998 the U.S. president extended the moratorium on drilling on its continental
shelf, including Georges Bank, until 2012 . The strong biological and physical linkages between the
Canadian to the U .S. portion of the Bank is described in this research document .



III) DESCRIPTION OF THE GEORGES BANK ECOSYSTE M

General Overview
Compared to most continental shelf areas, Georges Bank is relatively well studied and there exists a large
body of published information . See Backus and Bourne (1987), and more recently, Wiebe and Beardsley
(1996) for some of this information. This attention has been due to a number of factors which include its
importance to commercial fisheries, the international boundary dispute, the U .S. drilling program (1981-
82) and an abundance of fundamental scientific questions that have long intrigued both Canadian and
American scientists in neighbouring oceanographic research institutes .

There are a number of interesting aspects to the Georges Bank environment that, in combination with its
size, make it unique from other continental shelf areas . These are discussed in more detailed below, but
some generalisations can be made .

Topography

Georges Bank is a broad offshore bank located between Cape Cod and the southwestern tip of Nova
Scotia . Its plateau and sloping sides cover an area of more than 40,000 km2, of which about 7,000 km2 is
under Canadian jurisdiction and is a region known as the Northeast Peak (NEP) . Water depths on the
Bank plateau vary from an area of shoals on the U .S. portion to a gentle slope between 60 and 100 m on
the Northeast Peak . The Bank is bounded on the west by the Great South Channel with a depth of 70 m,
on the north and east by the Gulf of Maine and the Northeast Channel with depths near 300 m, and on the
south by the continental slope . Rugged canyons cut the latter. The sides of the Northeast Peak are steeply
sloped with depth changes of more than 100 m in less than 10 km .

The Canadian moratorium lands cover an area of about 15,000 km2, extending beyond the Bank and
across the Northeast Channel to the southwest edge of Browns Bank (Figure 1) .



Circulation, Hydrographic Structure and Mixing

The movement of water and particles on Georges Bank is primarily driven by tides, differences in water
density and the wind, e .g . Butman et al. 1987; Flagg 1987; Naimie et al. 1994. The movement of water
due to all of these influences is mediated by the topography. Its location at the mouth of the Gulf of Maine-
Bay of Fundy tidal system and its shallow depths give rise to strong tidal currents, with peak speeds
ranging from 0 .2 metres per second (m s-') over its sides to more than 1 .0 m s-' over the crest . During a
single tidal cycle, water moves in an elliptical pattern over distances up to 15 km . Figure 2 shows a
general schematic representation of the hydrographic structure of the Bank .

Figure 2 . Schematic representation of the hydrology of Georges Bank . The upper panel shows the
patterns of tidal currents (arrows) and the extent of the seasonal tidal-mixing front during peak
summer stratification . The lower panel shows the seasonal-mean currents (arrows) and the
extent of the year-round shelf-water/slope-water front (dashed line) .
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Tidal currents are the dominant physical factor on Georges Bank . The strongest currents on the Bank are
associated with the semidiurnal M2 tide with a period of 12 .4 hours, which is near a resonance condition in
the Gulf of Maine and Bay of Fundy (Garrett 1972) . Tidal current speeds range from about 0 .2 m s-' in
deeper water around the Bank's perimeter to over 1 .0 m s-' on its central plateau (Moody et al. 1984) . As
a result of the strong tidal currents, water parcels undergo twice-daily elliptical excursions with major axes
ranging from a few km in deeper water to over 15 km on the Bank's plateau (Figure 3) . Buoyant or
neutrally-buoyant material that is continuously released into the water column from a fixed point on the
Bank will therefore be distributed within hours over an area comparable to that of the tidal ellipses .
Similarly, any material resting on the sea floor will be exposed to a large volume of seawater . The tidal
currents are also a major contributor to vertical mixing, bottom stress (and hence sediment transport), and
the generation of seasonal-mean currents over the Bank .

E
Y

km

Figure 3 . M2 tidal ellipses in the northeastern Georges Bank region based on the depth-averaged tidal
velocity from the 3-D circulation model of Naimie (1996) . The ellipses are drawn to the scale of
the associated water parcel excursions, and the radial lines indicate a common phase . The
solid lines are the 70-, 100-and 200-m isobaths .

As a result of the energetic vertical mixing associated with the strong tidal currents on the Bank's plateau
(Garrett et al. 1978), temperature, salinity and density remain vertically uniform throughout the year inside
approximately the 60-m isobath (Figure 2 - Mixed Zone) . Increased wind mixing and surface cooling
result in the vertically mixed conditions extending to about 100 m in winter (Figure 4) . The hydrographic
properties of the upper 100 m are then similar to those of ambient shelf regions, and their largest
horizontal variation occurs in the persistent shelf-edge front between shelf water, which is cooler and
fresher, and slope water, which is warmer and more saline (Flagg 1987) .
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Figure 4 . Vertical density difference (solid lines in 6, units) between 50 m (or the bottom, if shallower) and
the surface on northeastern Georges Bank for six bimonthly periods . The difference is
computed from density fields in Naimie's (1995) 3-D circulation model initialised with estimates
from historical data (Hannah et a!. 1996) . The dashed lines show the 60, 100 and 200-m
isobaths .
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Beginning in spring, seasonal surface heating results in the development of strong upper-ocean
stratification around the Bank and a seasonal tidal-mixing front (or transition zone between mixed and
stratified waters) over its flanks (Figure 2) . The seasonal progression of this front is shown by the vertical
density difference between 50 m and the surface in six bimonthly periods (Figure 4) which indicates that
the front is most intense in summer when its width varies from 15-20 km over the Bank's northern edge to
40-50 km over the Northeast Peak . Frontal processes are important factors in both the retentive and
dispersive characteristics of the Northeast Peak during much of the year, spring to fall, and have been a
focus of DFO research over the past decade . This research has provided an improved quantitative
description and understanding of hydrographic structure, vertical mixing, internal waves, circulation,
surface convergence and dispersion in the frontal zone (e .g . Loder et al. 1993) . In particular, new field
measurements have revealed the structure and extent of small- and intermediate-scale frontal-zone
features, illustrated schematically in Figure 5 . The Northeast Peak frontal zone can be conceptualised as
a hybrid with characteristics of both tidal-mixing and bank-edge fronts (Loder et al. 1992) . The vertical and
cross-bank structure of the small-scale tidally-generated turbulence responsible for the strong vertical
mixing on the Bank has been determined, providing information on the spatial and temporal variability of
the bottom boundary layer (Horne et al. 1996; Yoshida and Oakey 1996) . Large internal waves generated
at the Bank edge and propagating into the frontal zone have been found to be an additional mid-depth
source for turbulence and vertical mixing and a possible contributor to surface convergence in the frontal
zone (Brickman and Loder 1993 ; Loder et al. 1992) . Surface drifter studies have identified surface
convergence zones in the frontal zone, at the Bank edge and in the mixed central area, which result in the
near-surface horizontal dispersion rates on scales less than 20 km being lower than typical shelf values
(Drinkwater and Loder 1998) .

MIXED FRONT STRATIFIE D

Figure 5 . Schematic representation of the vertical structure of the seasonal frontal system over the
northern edge of the Bank's Northeast Peak . The structure of internal waves, small-scale
turbulence and surface convergence at representative positions are indicated .
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On longer time scales, there is a persistent movement of water in a clockwise gyre around most of the
Bank, at speeds of about 0.1-0.2 m s- ' but 0.2-0.4 m s' along its northern edge . This pa rt ial gyre
intensifies in summer and fall, but is "leaky', with significant exchange with surrounding waters . It can be
temporarily disrupted by episodic events such as storms and Gulf Stream ring intrusions, e .g . Butman and
Beardsley 1987. Key features of the physical regime are illustrated schematically in Figure 2.

The seasonal-mean circulation includes the persistent partial gyre with an intense eastward jet along the
northern edge (e .g . Butman et al. 1987; Naimie et aL 1994 ; Naimie 1996) . At most locations, this flow
component is a major factor in the drift of materials and organisms on northeastern Georges Bank on time
scales longer than the tidal period . The partial gyre intensifies in summer reaching peak speeds near 40
cm s ' ' along the northern edge, and the jet-like flow increasingly spreads across the Northeast Peak
associated with the seasonal on-bank migration of the tidal front (Figure 6) . The gyre has a persistent
year-round component associated primarily with non-linear interactions of the tidal currents over the
Bank's topography, while the seasonal intensification is primarily associated with horizontal density
gradients in the frontal system . The mean flows associated with the gyre are generally strongest in the
upper half of the water column, and decrease substantially towards the seafloor .

Winter Summe r
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Figure 6 . Mean currents at 20 m below the surface (thin vectors) from the Naimie (1995) model solutions
for winter (January-February) and summer (September-October) . Observed seasonal-mean
currents from moored measurements in the 10--50 m vertical interval are included (thick lines),
using July-August as the summer period .
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The combined influences of the tidal and seasonal-mean currents, and the near-surface convergence in
the frontal zone are illustrated by the paths of three near-surface drifters, at 20 m depth, released on the
northern part of Georges Bank on July 27, 1989 (Figure 7) . The drifters came together after release, and
spiralled eastward due to the tidal ellipses and frontal-zone jet . Over two days the drifters travelled well
over 100 km, but were recovered only a net distance of about 20 km from the release points and less than
2 km apart . These trajectories were obtained in the absence of strong weather systems or other short-
term perturbations on the average current patterns .

LONGITUOE

Figure 7 . Trajectories of three drifters released on the northern edge of Georges Bank on July 27'", 1989.

Additional important current components that can generally be thought of as perturbations on the basic
semidiurnal tidal and seasonal-mean flows on Georges Bank include (e .g . Butman and Beardsley 1987) :
• other tidal components which result in daily, fortnightly and monthly modulations of the tidal current

magnitude (due to interactions with diurnal and other semidiurnal constituents), and in changes in the
basic shape of the semidiurnal variation in some areas (due to higher harmonics such as M4) ;

• low-frequency current fluctuations with periods ranging from hours to weeks associated with wind,
eddies and offshore forcing, and which generally are strongest in the upper ocean ; and ,

• high-frequency current fluctuations with periods ranging from seconds to an hour associated with
surface waves, internal waves, and turbulence in the bottom boundary layer or wind-driven surface
layer .

The strong temporal and spatial variability of the currents on Georges Bank results in the net effect of
various dispersive and retentive processes being highly dependent on spatial position, season and the
occurrence of storms and other episodic events . Robust estimates for the residence time of passive
materials on the Bank or parts of the Bank have not been obtained . Drifter and model studies suggest that
the residence time on the whole Bank is typically in the 20-80 day range, with a strong dependence on
horizontal and vertical release position (Flagg et al. 1982; Loder et al. 1987; Page et al. 1998) . Important
factors in these extended residence times are the size of the Bank and the tendency of the seasonal-
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mean flows to move around rather than across the Bank . Highest residence times are expected for initial
positions on the central Bank, in the lower water column in general, and in the frontal zone in summer
when the gyral circulation inside about the 70-m isobath tends to be closed (Limeburner and Beardsley
1996) . Lowest values are expected for initial positions over the bank edges in general, in the near-surface
layer in winter, and over the outer southern flank in summer . Recent model studies (Werner et al. 1993 ;
Hannah et al. 1998a) have provided some support for a two-layer system in winter and spring, with a wind-
driven surface layer of reduced residence time consistent with historical drifter studies . However, the
recent model and drifter studies have also indicated that there can be important deviations from this
paradigm, such as convergence of surface drifters on the central bank during wind events (Drinkwater and
Loder 1998; Hannah et al. 1998a; Limeburner, R ., personal communication) . For the Northeast Peak,
available information indicates that the weakest drift (and hence greatest residence time) occurs at depth
on the Bank plateau in winter and spring when the seasonal-mean flow across the plateau is weakest
(Page et al. 1998; Loder et al. 1998a) .

A separate issue from residence time is the rate at which materials and organisms are dispersed or
diluted while they are on the Bank. This rate depends strongly on their buoyancy and swimming abilities,
the local vertical mixing rates, and the local horizontal dispersion rates (including the effects of
convergence zones) . The Bank's high vertical mixing rates should generally contribute to high dilution
rates for neutrally buoyant materials, but will be less effective in diluting light (e .g. surface oil) or dense
(e .g . drilling cuttings) materials . The strong currents and associated horizontal shears can be expected to
contribute to relatively high rates of horizontal dispersion for neutrally buoyant material distributed over the
water column, through mechanisms such as shear dispersion and chaotic stirring (Csanady and Magnell
1987; Ridderinkhof and Loder 1994) . However, the mounting evidence for frequent and widespread near-
surface convergence zones over the Bank (Loder et al. 1993 ; Drinkwater and Loder 1998 ; Limeburner and
Beardsley 1996; Lough and Manning 1998) suggests that, for buoyant materials, the general tendency for
high dispersion can often be at least partially offset by the concentrating effect of horizontal convergences .
Recent estimates (Drinkwater and Loder 1998) that near-surface horizontal dispersion rates on scales
under 20 km on Georges Bank in summer and fall are often smaller than those in other shelf
environments suggest that northeastern Georges Bank can at times have below-normal horizontal dilution
rates for buoyant materials, in spite of its energetic currents . Similarly, the presence of active bedforms on
parts of the Bank can be interpreted as evidence for at least transient near-bottom convergence
mechanisms for dense materials .

While much is known and understood about its physical regime, the rich complexity of processes and
scales on Georges Bank has made it difficult to obtain robust quantitative measures of many important
quantities relevant to the fates of materials introduced to the Bank . New observational information and
modelling capabilities are presently becoming available through the intensive studies being carried out by
the US GLOBEC program on Georges Bank during the period 1994-2000 . Many of the new findings have
not yet been published but physical oceanographic areas in which new advances are emerging include :
• near-surface drifter patterns and residence-time estimates (Limeburner 1998) ;
• vertical motions associated with non-linear tidal interactions in the frontal zones over the Bank's sides

(Chen and Beardsley 1998) ;
• sediment suspension and vertical motions over the central Bank (Pershing et al. 1998) ;
• cross-overs of Scotian Shelf water onto the Bank (Bisagni et al. 1996) ;
• entrainment of water from the Bank by Gulf Stream rings ; and
• interannual and decadal-scale variability in hydrographic properties and circulation (Smith et al. 1998 ;

Loder et al. 1998b) .

In summary, the physical environment on Georges Bank has both dispersive features, such as the strong
currents and vertical mixing, and retentive features, such as the partial gyre and surface convergence
zones. The net effect of these contrasting influences on the movement and concentration of materials and
organisms depends on the geographic location, vertical position in the water column, time of the year, the
effect of storms and Gulf Stream rings, as well as the space and time scales of interest .
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Surficial Sediments and Sediment Transport
The thin layer of sediment on top of Georges Bank is post-glacial in origin . During the last glacial period,
sea level was about 100 m lower than present so most of Georges Bank was exposed and covered with
coniferous forests inhabited by woolly mammoths and other ice-age fauna . The southern limit of glacial ice
was probably along a line extending from the crest of the Bank westward to Nantucket . Since the last
glacial retreat began about 10,000 years ago, sea level has steadily risen and flooded the Bank .

Tidal currents and waves are intermittently reworking surficial sediments on the Bank, particularly during
winter storms . Both processes can be active to water depths of at least 100 m . As a result of this
abundance of energy, sediments on the crest of the Bank, the shallowest area, are primarily sand and
gravel . The relative abundance of finer sediment particles increases with increasing water depth,
especially along the southern flank suggesting reduced winnowing and possibly deposition in these areas .
A large area of silt and clay found south of Cape Cod, called the Mud Patch, is thought to be composed of
fine sediment winnowed from Georges Bank and transported westward by the residual current . Other
potential sinks for fine material transported off Georges Bank are the Gulf of Maine to the north, canyons
along the southern flank and the continental slope .

The preceding section focused on the movement of water and particles in the water column . A particular
concern identified during the 1988 DFO assessment was the effect of drilling muds on scallops for which
quantitative estimates of the near-bottom movement of dense materials are required (Muschenheim et al.
1995) . To address this issue, another focus of recent DFO research has been the development of
numerical models for the dispersion and transport of suspended sediment (or drilling mud) in the benthic
boundary layer, the bottom of the water column just above the seafloor . These models have been called
benthic boundary layer transport (bblt) models (Hannah et al. 1995 ; 1998b) . The results from their
application to Georges Bank have been used to estimate the impacts of drilling muds from exploratory
drilling on adult scallops (Cranford et al. 1999; see Section VIII) and Appendix), but the models can also
be used to characterise the spatial and seasonal patterns of suspended sediment drift and dispersion on
Georges Bank (Loder et al. 1998a) . In particular, the models provide new quantitative estimates of the
complex process called 'shear dispersion' through which vertical mixing interacts with vertical shear in
horizontal currents to provide horizontal dispersion rates that far exceed those due to turbulence alone .

The predicted patterns of suspended sediment drift and dispersion in summer are shown in Figure 8 for
two different settling velocities of the sediment, a low value (left panels) in which the sediment is
distributed nearly uniformly over the boundary layer and a high value (right panels) in which the sediment
is strongly bottom trapped . In each case, the mean height of the sediment (top panels) increases
proceeding onto the Bank because of the stronger currents and bottom stress in shallower water . The
horizontal drift patterns (middle panels) for the two cases are similar, consistent with the influence of the
spreading jet in the seasonal-mean circulation (Figure 6) . However, the drift magnitudes are reduced for
the sediment that is closer to the bottom .

In addition to the height of sediment suspension and the drift rate, another factor affecting the near-bottom
concentration of suspended sediment is the rate of horizontal spreading or dispersion of patches of
sediment, that is, from initial point sources. At the base of this work are the numerical models, called the
benthic boundary layer (bblt), to study the dispersion and transport of suspended sediment in the benthic
boundary layer on the continental shelf . Hannah et al. (1995) describes formulation and exploratory
applications . Numerous improvements have been made since that publication . The model is now available
in two versions (Loder et al. 1998) . The local version neglects spatial variability in the physical
environment around the discharge site and can be forced by either a measured (time-varying) current
profile or a 3-D time-varying circulation model field . The second, and more complex version, called the
spatially variable bblt, allows spatial structure in the physical environment and is forced by a 3-D time-
varying circulation model field . The specifications of forcings and the choice of model parameters draw
upon the results of other projects in this program .

The bblt model results show that the spatial pattern of the horizontal dispersion rates (lower panels)
depends on the settling velocity (or the sediment height) . In the case of strong bottom trapping, the
dispersion rates increase proceeding toward the central Bank where the tidal currents are strongest . Thi s
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is because the tidal currents are the primary source of vertical shear in the near-bottom region . In
contrast, for the lighter sediment that is suspended further up in the water column, the largest dispersion
rates occur along the northern edge of the Bank because the seasonal-mean current is the primary
contributor to vertical shear at mid-depths . These results show that both tidal and seasonal-mean currents
contribute to elevated rates of suspended sediment dispersion on Georges Bank, but the magnitudes
depend on location. Increased magnitudes and spatial complexity of the drift and dispersion rates can be
expected at times when there are strong perturbations on the basic tidal and seasonal-mean flows due to
other flow components, such as storms, internal waves, etc .
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(lower panels) for suspended sediment on northeastern Georges Bank in summer, for weak
(lighter sediment) and strong (heavier sediment) bottom trapping . The patterns are predicted
using the bblt model with forcing by currents from Naimie's (1996) 3-D circulation model (see
Loder et al. 1998a for details) .
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Biological Productio n

Georges Bank has long been recognised as an area of high biological productivity and provides large
commercial catches of finfish (haddock, cod, etc .) and invertebrates (scallops and lobster) Boudreau and
Dickie (1992) . Comparative studies with other regions have demonstrated that Georges Bank is one of the
most productive fishing banks in the north Atlantic (Table 1) .

Table 1 . Generalised production estimates (kCal m-2 ÿ') for various components of Georges Bank and
comparable continental shelf ecosystems (from Cohen and Grosslein, 1987) .

Georges Bank Gulf of Maine Scotian Shelf No rth Sea

Phytoplankton 3,342 2,566 2,280 2,280
Macrozooplankton 202 207 195 186
M ic rozooplan kton 285 367 216 214
Macrobenthos 98 98 82 100
Meiobenthos 13 - - 25
Fish 52 26 21 24

The most important producers at the base of the food web are the phytoplankton, microscopic green
plants that require sunlight and inorganic nutrients (primarily nitrogen, phosphorus and silicon) to grow .
They have no or limited mobility and so move passively with the water . Data on the detailed spatial and
temporal distribution of phytoplankton biomass and productivity on Georges Bank have been collected as
part of the Marine Resources Monitoring, Assessment and Prediction program (MARMAP) (O'Reilly and
Busch 1984; O'Reilly et al. 1987) . As a general rule, productivity in continental shelf environments is
greatest in tidally mixed and frontal zones where light and nutrient conditions are more favourable than
other regions that have periods of summer stratification . In well-mixed areas, however, nutrients are
usually in ample supply but vertical mixing can transport phytoplankton downward away from the light for
varying periods of time . In stratified areas, phytoplankton are kept within the euphotic zone but nutrients
are in short supply. Fronts, on the other hand, represent a transition zone in which a favourable balance of
light and nutrients is generally found (Loder and Platt 1985) .

Following these basic concepts, it is hypothesised and demonstrated during the MARMAP program that
there are three general production zones on Georges Bank which are defined by physical mechanisms
shown in Figure 2 : mixed, frontal and stratified . The mixed zone is the continually well-mixed area on top
of the Bank where water depths are less than about 60 m . Since the depth is shallow, solar radiation can
reach the bottom and phytoplankton are not severely light-limited except in winter . Due to the proximity to
the bank edge and its characteristic strong currents and water mixing, the mixed zone on the top of the
Bank is suspected to have large inputs of nutrients from deep water that supports the high levels of
phytoplankton production . The frontal zone straddles the seasonal tidal front (Figure 2) . It occurs in the
transition between the shallow well-mixed water and the deeper stratified water on the edge of the Bank .
Available data suggest that high productivity levels also occur in this region because of an abundance of
nitrate that can only be supplied by the inward movement of deep water onto the Bank . In fact, the highest
N03-based "new" productivity occurs in this frontal zone (Horne et al. 1989; Sathyendranath et al. 1991) .
The stratified zone has been shown to have the lowest annual productivity of the three zones . It is the area
of deeper water outside of the frontal zone that is stratified in the summer . Except for the spring and fall
blooms, when nitrate is abundant, the nutrients in this zone are thought to be supplied primarily by
regeneration within the surface mixed layer . High-resolution images of sea surface phytoplankton
abundance derived from ocean colour satellite sensors have supported these results on the importance of
Georges Bank in the regional biological productivity .



The phytoplankton are eaten by zooplankton, a diverse assemblage of small animals . Some forms, such
as some crustaceans, remain in the plankton for their entire existence and are called holoplankton ;
although it is known that some holoplankters can produce resting eggs that lie dormant on the bottom .
The bulk of the macrozooplankton in the summer are made up of the amphipod, Gammarus annulatus,
that reside close to the surface in summer at dusk and close to the bottom at other times of the year .
Meroplankton, on the other hand, are in the plankton for only part of their lives and include some
crustacean, the larvae of bottom invertebrates as well as the early life stages of most fishes . Many
zooplankton swim actively enough to control their depth in the water column but are somewhat at the
mercy of horizontal currents (Davis 1984) . Species follow a seasonal successional cycle similar to that of
phytoplankton (Davis 1987) . The production of zooplankton (both macro and micro forms) on Georges
Bank is not thought to be appreciably higher than found in other comparable regions (Table 1) . There is
evidence that the spatial distribution of zooplankton species in the upper water column on the Bank is
influenced in part by the mean circulation pattern, that is, the age of development stages can be traced in
a clockwise pattern around the Bank .

A large variety of benthic organisms including worms, crab, clams, scallops and lobsters live on and in the
sediment. Some forms, mysids, amphipods, etc ., leave the bottom at night and migrate into the water
column. They feed on phytoplankton, zooplankton and detritus and in turn are preyed upon by fish . Like
zooplankton, the available data suggest that their composite production (both macro and micro forms) on
Georges Bank may be slightly higher than other similar areas (Table 1) . Although macrobenthos
production is similar to other areas, the structure is very different and this would likely effect the validity of
comparisons with other areas . For instance, there is a greater predominance of filter feeders on Georges
Bank compared to other areas where deposit feeders are the major component of the ecosystem. It is
important to note that benthic filter feeders dominate the commercial landings . Some information exists
about the structure of the megabenthic communities and the associations with sediment type and food
availability (Thouzeau et al. 1991) . The feeding dynamics of sea scallops have also been studied (Grant et
al. 1997 )

There are some suggestions that the higher phytoplankton productivity on Georges Bank may not
translate into higher levels of secondary production in the benthos . One reason is that a large portion of
the zooplankton feeding on the Bank may be lost by horizontal exchange with surrounding waters . This is
possible because the average generation time of about two months for holoplankton is on the same order
as the residence time of water on the Bank . Phytoplankton on the other hand are able to maintain high
densities on the Bank despite their immobility because of their short generation time of just a few days . It
is also possible that the deficit in secondary production is not real but reflects errors in measurement of
production processes and the distribution of organisms . A number of recent studies have addressed these
issues (e .g . Perry et aL 1993; Durbin 1996; Franks and Chen 1996 ; Meise and O'Reilly 1996) .

The available data suggest that fish production per unit area on Georges Bank is at least twice that in
other comparable areas (Table 1) . Why it is so much higher when secondary production values appear to
be comparable is not known . It has been suggested that the trophic linkages from the primary production
to the fish are through the benthic populations (Boudreau and Dickie 1992) . Fish could also be obtaining a
large portion of their food during migrations off the Bank . It could also be that current understanding of
food web dynamics is deficient . Despite all the research that has been conducted on Georges Bank, more
is needed to understand the important interactions of this complex ecosystem .

A large propo rt ion of the spring diatom production over Georges Bank is not utilised by zooplankton in
contrast to the summer-fall situation when dinoflagellate production approximates it consumption . There
are no depositiona ry regions on the Bank proper thus detrital material that does not get consumed by
benthic filter feeders must be removed by winter storms to deeper waters surrounding the Bank . It was
calculated from two large-scale studies of shelf exchange processes (SEEP I and II) that between 7 and
15% of the total prima ry production over the shelf in the Middle Atlantic Bight reaches the continental
slope through processes of resuspension and near bo ttom currents . These values are undoubtedly an
underestimate for Georges Bank because of its relatively narrow shape, large water movements and close
proximity to deep waters both in the Gulf of Maine and the continental slope . The deeper waters are where
the offshore lobsters and many demersal fish spend the winter months .
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Biodiversity

Georges Bank is a biogeographical transition area for plankton, benthos and fish associated with
influences from both subpolar and subtropical water . For exampie, the Bank is at the southern limit of the
range for north temperate gr;urndfish species and the northern limit for south temperate species . About

100 groundfish species are regularly taken in trawl surveys from Cape Hatteras to Cape Chidley . Of these
60 have been found in the moratorium area (see Figure 9 and 10 for sample distributions and Mahon et al.
(1997) for detailed discussion) . Thus the biodiversity of Georges Bank is high in relation to the contiguous
shelf areas in the northwest Atlantic Ocean .
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Habitat

The Fish Habitat Management Policy of DFO that was adopted in 1987 includes the principle of "No Net
Loss". Under this principle, the Department is committed to balance unavoidable habitat losses with
habitat replacement on a project-by-project basis so that further reductions to Canada's fisheries
resources due to habitat loss or damage are prevented . Thus far this policy has received limited attention
in offshore areas .

Under the fisheries act, habitat is defined as : "spawning grounds and nursery, rearing, food supply,
migration and any other areas on which fish depend directly or indirectly in order to carry out their life
process . "

For the purposes of this research document, habitat is seen as the living and non-living components of the
ecosystem such as substrate, water quality, prey availability, etc . . These components of the ecosystem
are required to ensure the long-term survival of the living marine resources associated with the area .

The 1985 DFO position paper on Georges Bank used the following criteria to delimit critical habitat : :
"major concentrations of harvestable or ecologically important fish species or spawning and nursery areas ;
year-round use or very high seasonal concentrations of marine mammals for feeding, calving or pupping ;
and other localities of notably high biological production and high fishing effort . "

The importance of habitat has also been used in the management of commercially important fish species .
For example, trawl fishing is prohibited on the Northeast Peak of the Bank during cod and haddock
spawning season. This concept also underlies the US fisheries management system that uses closed
areas and seasons to restrict fishing pressure . Efforts are also underway to delineate essential habitat for
some species on the US portion of the Bank .

While the effect of drilling mud discharges on adult scallops is described in some detail below, little is
known of such activities on the other living and non-living resources on the Bank . Neff et al. (1989) shows
little impact on the benthic populations from exploratory wells drilled on the American portion of Georges
Bank although it is important to note that in the area drilled there were no scallops .

Photos of benthic habitat and benthic resources on Georges Bank potentially at risk are given in Dorsey
and Pederson (1998) .
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IV) COMMERCIALLY IMPORTANT SPECIES

Scallops

The sea scallop, Placopecten magellanicus, is found only in the northwest Atlantic, from Cape Hatteras to
Labrador . Scallops are aggregated in patches and harvestable concentrations are called beds . Major
areas of offshore fishing activity are Georges Bank (Figure 11), the Scotian Shelf and St . Pierre Bank .
Scallops prefer a sandy, gravel bottom and occur in depths from 35 to 120 m . Out of the benthic fauna of
large invertebrates on Georges Bank, bivalves like scallops, rank first in abundance (55%) and biomass
(86%). Scallops, surf clam and ocean quahog make up to 71% of the total biomass overall (Thouzeau et
al. 1991) . On Georges Bank, scallops are found in 3 main aggregations, the Northeast Peak (NEP), the
Great South Channel, and the Southern Part . The Northeast Peak (NEP) on the Canadian portion of
Georges Bank yields the most productive fishery .

Individual scallops have separate sexes . They mature at age 2 . The female gonad is red in colour and the
male gonad is creamy white . The main annual spawning event takes place from late August to October
with minor spring event (May-June) observed most years (DiBacco et al. 1995) . Recruitment is highly
variable in strength . Adult females are highly fecund, producing 50 million eggs per year per individual .
Eggs released by the female are fertilised externally by male sperm. Larvae vertical distribution depends
on the degree of mixing the water column . Larvae are often aggregated near the pycnocline in stratified
waters where their phytoplankton food accumulates . Autumn surveys on the NEP have observed larvae
most abundant in areas where water depths are between 60 and 100 m, corresponding to the areas and
depths where adults are most abundant . After 6 to 8 weeks of planktonic life, larvae settle to the bottom at
a size of about 300 microns. Models linking known aspects of larval biology and settlement numbers with
simulations of particle trajectories and various flow field components suggest significant exchange among
the 3 main aggregations (Tremblay et al. 1994) . Self-seeding is possible for the NEP. The high retention of
particles on Georges Bank would indicate that the Bank is self-sustaining for scallop stock replacement .
Larval distribution surveys have shown that movements of larvae from the NEP to the Scotian Shelf are
minimal for most years .

Juvenile scallops, under age 3, are most abundant on the NEP, associated with gravely substrates and
some sand . They also occur on sandy bottoms that have some shell debris . Juveniles can be highly
aggregated with over 10 scallops per metre square . The distribution of juveniles does not necessarily
match the distribution of adults at any one time. Dense aggregations of juveniles are often found in areas
where the density of adults had been low. Scallops are sedentary once they have settled on the bottom as
spat . They do not undertake migrations . Tagging studies have shown that scallops do not move far but
spend their life within a radius of a few kilometres .

Growth is estimated from the position of annual rings on the shell . The growth rate varies from one area to
another and is influenced by season, depth and temperature . Georges Bank has dynamic environmental
conditions with good exchange of waters for food and oxygen . Growth of young scallops is ve ry fast . While
the shell size of a young age 3 scallop increases by 25% in a year, the weight of the commercially
impo rtant adductor muscle, or meat, will double during that time . Although the shell growth slows down
from age 4 to age 5, the meat weight continues to increase by 50% . Hence, there are advantages to
delaying exploitation and direct fishing on large scallops with be tter meat yield .
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Lobster in the vicinity of Georges Bank

Lobsters inhabit coastal waters from southern Labrador to Maryland with highest population numbers in
the southern Gulf of St Lawrence and the Gulf of Maine area . Lobsters also inhabit the outer shelf and
upper slope between the Gully on the Scotian Shelf and south Carolina, and the deep basins in the Gulf of
Maine . Offshore densities are 10 to 100 times lower then the more productive and densely populated
nearshore waters (Uzmann et al. 1977) and their existence is related to the presence of warm bottom
water along the upper slope and in the deep basins .

The highest number of lobsters in the vicinity of Georges Bank is found in the canyons along the outer
slope and to a lesser extent along its northeastern edge . Lobsters make seasonal migrations between the
shallower waters in summer and the deeper waters in winter . Over most of their range, these movements
range from a few kilometres to 30 km . However in the Gulf of Maine, the outer continental shelf lobsters
undertake long distance migrations of 10s to 100s of km . Tagging studies have also shown that at least
some of these lobster return to the same area each year . On Georges Bank, lobsters undertake annual
migrations between the deeper water (300-700 m) along the continental slope and Georges Basin -
Northeast Channel region, to the shoal waters of the Bank in summer (Uzmann et al. 1977; Pezzack
1987) . During the summer months lobsters moult, mate and hatch their eggs in the shallow waters .

Mark recapture studies indicate that migratory movements are associated with maturity and that immature
lobsters are nonmigratory (Campbell and Stasko 1986) . Not all animals undertake the migration each year
but it appears the majority of mature lobsters do in any given year . The immature lobsters are more
closely tied to shelters in areas of rocks and cobble and compacted sediment in which they can burrow
and are therefore less likely to be seen in traps or trawls . Practically nothing is known about the
distribution, numbers and behaviour of the recently settled early benthic phase (EBP) and juveniles in any
deep-water areas, including Georges Bank .

Fifty percent of the female lobsters are mature at 97-mm carapace length (CL) (Pezzack and Duggan
1989) and produce eggs every second year. The two-year reproductive cycle involves moulting and
mating during the summer of year 1, extruding the following summer and carrying eggs for 10 months with
hatching the following summer. This is followed by moulting and mating (Aiken and Waddy 1980) .
Lobsters larger than 140 mm CL may only produce eggs every 3 years . Laboratory work suggest they may
be capable of producing 2 sets of eggs in a 3 year period (Waddy and Aiken 1986) but this has not yet
been confirmed in the wild .

Offshore surveys of the Canadian portion of the Gulf of Maine from the Bedford Institute of Oceanography
indicate that larval lobsters are hatched and released almost entirely over the banks . The timing of the
summer hatch appears to be temperature dependent, with the first hatching on Georges in June and July,
preceding Browns and German Banks where release occurs in late July and early August . The newly
hatched larvae immediately swim to the surface waters where they remain for four moult stages . Again the
duration of these developmental stages is temperature, and to a lesser extent food, dependent . Lobster
larvae feed on a variety of plankters but predominately on cladocerans, copepods and crab larvae . In the
highly productive mixed waters over Georges Bank, lobster larvae are in the plankton for about a month
before settling and moulting into the fifth stage on the bottom . Larval stages I and II probably undergo
diurnal vertical migrations to 20-30 m depth over Georges Bank, judging from the results of a study over
Browns Bank (Harding et al. 1987) . Stage IV seeks more surface waters, although they can also be
present at various depths in the water column . It is during this stage that the lobsters settle on the bottom .

It is not known what proportion of the larvae over the Bank are retained by the gyre and what portion leave
the Bank . Surveys on the northeast edge of Georges Bank found Stage III and IV stage occurred both
over and off the northern edge of Georges Bank in July and August (Harding et aL 1995) (Figure 12) .
During the surveys, stage IV lobsters were more abundant off the northern edge than over the Bank itself
and judging from their relative lipid stores, appear to have fed better off the Bank .
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It is not clear how the stage IV lobsters observed off the Bank reach the open water of the Gulf of Maine,
but once there they could be widely broadcast in the surface waters (upper 5 m but usually upper 2 m)
throughout the Gulf . Lobster larvae could have originated to the west or they could have left the Bank with
the occasional eddies observed during the summer with satellite imagery . Winds could transport water
and larvae off the Bank as shown from surface drift buoy experiments during the 1988 frontal study .
Furthermore the stage IV may have the ability to escape the retentive hydrography (frontal zone) around
Georges Bank by directed swimming while maintaining a more surface distribution . Once off the northern
face of the Bank, the tidally generated currents would carry larvae towards the east at speeds of up to 15
nautical miles per day .

At this time we are uncertain as to the contribution of Georges Bank lobsters to recruitment throughout the
Gulf relative to other offshore banks and neighbouring coastal regions in the Gulf of Maine . Present
thinking is that the Gulf of Maine lobster population can be viewed as a metapopulation, meaning that there
are a number of subpopulations linked by movements of larvae and adults . The number and distribution of
these subpopulations remains unknown . The contribution Georges Bank may make to other portions of the
Gulf of Maine or the contribution of these areas to Georges Bank is not known .

Adults on Georges Bank tend to remain in the vicinity of the Bank and mix little with other areas (Uzmann
et al. 1977; Pezzack 1987; Pezzack et al. 1992) . A study of lobsters in the Maritimes using random
amplified polymorphic DNA found no significant difference between lobsters collected between the
southern Gulf of St . Lawrence and Georges Bank, although lobsters collected within the Gulf of Maine
were genetically more similar (Harding et al. 1997) . It was concluded that lobsters in the Maritimes were
not genetically isolated and that it would take few migrants to account for this level of differentiation .
Genetic work using microsatellite and mitochondrial markers indicates that Georges Bank lobsters are
somewhat distinct from those on the Maine coast (Tam and Kornfield, in press) although no genetic
markers were identified that could distinguish populations from Newfoundland to Long Island Sound .

Our understanding of the ecology, life cycle and population dynamics of the lobster in deep waters near
offshore banks is far from complete . The location of settlement and nursery grounds remains unknown .

srov erJC srar 65-W 6 -W 60* 37 66-W 65-W

Figure 12. Distribution of larval lobster abundance by stage in July 1987 .
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Groundfish Resources

Groundfish resources on Georges Bank are managed using the North Atlantic Fisheries Organisation
(NAFO) fishing areas . Figure 13 shows the subareas for Georges Bank. Area 5Ze, referred to below,
includes all of the subareas shown in the figure . Much of the scientific information on groundfish stocks is
compiled for these areas . The different stocks occupy different geographic extents and this is reflected in
the stock units and the reference areas .

Figure 13 . NAFO subareas on Georges Bank .

Cod

Georges Bank cod prey heavily on fish, but crustaceans and molluscs are also included in their diet . Cod in
this area have a very fast growth rate, reach 50 cm and begin to spawn for the first time by age 2, and by age
3 almost all are sexually mature (Hunt 1996) . Spawning activity is concentrated on the northeast portion of
Georges Bank during February/March but occurs over the entire 5Ze area from October to May . Page et a!.
(1997) reported that 90% of cod spawning occurs after February 8th and about 50% prior to March 14th,
based on the appearance of stage III eggs . Cod eggs and larvae are pelagic and juveniles settle to the
bottom at a length of about 10 cm. Adult cod appear to move from shallow waters about 100 m to deeper
water off the edge of the bank in response to water temperatures and in pursuit of prey . More widespread
movement within the Gulf of Maine is known to occur including movement from the NEP area towards the
Bay of Fundy and the Scotian Shelf . Results of tagging experiments on Georges Bank and the adjacent
Browns Bank areas are shown in Figure 14 .

In recent years, most of the biomass has been found on the Canadian portion of the Bank (Gavaris et al.
1993) although substantial seasonal movements relative to the boundary occur .



Figure 14 . Distribution of cod tag recaptures from February/March releases in the Georges Bank and Browns
Bank areas from Hunt (1998) . Movement of Atlantic cod tagged in the Gulf of Maine area . Fish .
Bull . (accepted for publication)

Eastern Georges Bank Haddoc k
The haddock, a bottom dwelling species in the cod family, is found on both sides of the north Atlantic . In
the western Atlantic, haddock range from Greenland to Cape Hatteras, with a major concentration on
eastern Georges Bank .

Georges Bank haddock feed primarily on small benthic invertebrates and are most commonly caught at
depths of 45 to 240 meters (25 to 130 fathoms) . Adult haddock appear relatively sedentary but seasonal
movements occur. On Georges Bank, young haddock grow rapidly at first, reaching over 50 cm by age 3,
but grow slowly after, reaching about 75 cm by age 10 . Many haddock mature by age 2 but it is uncertain if
these young fish spawn successfully .

The location of haddock in spawning condition caught during the spring the Canadian Department of
Fisheries and Oceans (DFO) and US National Marine Fisheries Service (NMFS) surveys has not been
explicitly examined recently. However, haddock of ages 3 and older are considered to be mature and their
distribution should serve as an adequate proxy. Gavaris and Van Eeckhaute (1998) examined survey
distributions and concluded that haddock of ages 3 and older were broadly distributed in spring on top of
the Bank from the northeast peak and northern edge up to shallower water in the middle of the Bank
(Figure 15) . This pattern is consistent with past perception of spawning areas .



Figure 15. Distribution of haddock for ages 3 and older from DFO and NMFS spring bottom trawl surveys .
Expanding circles reflect catches from the survey in the most recent year (1998 for DFO and
1997 for NMFS) and shaded squares reflect average catches over the previous 5 years . Larger
circles and darker shading represent greater catches .

Location of spawning may also be inferred from the distribution of eggs . Although cod and haddock eggs
cannot be differentiated at the earliest stages of development, they can be differentiated by stage 3 when
the eggs are approximately 10 days old . Hence, the distribution of early stage eggs gives an indication of
the maximum extent of spawning . The distribution of stage 3 eggs gives a species specific dist ri bution that
has been modified by displacement and mo rtality over the first 10 or so days of life . Distributions of
haddock egg and larvae produced from the MARMAP dataset by compositing over all years (1977-87),'
months and days indicate the broadest distributions . The compositing is described in Page et al. (1997) .
The composite distributions indicate that eggs occur throughout most of NAFO subdivision 5Ze in waters
shallower than 100m (Figure 16) . The eggs appear to be most prevalent on the eastern po rtion of
Georges Bank in unit areas 5Zj and 5Zm. As the larvae develop they become distributed from the
no rtheast peak along the southern flank of the Bank . This ontogentic shift in the distribution is qualitatively
consistent with the pattern of water circulation on Georges Bank .

Page et al. (1997) recently reviewed the timing of spawning . They used abundance and presence of eggs
and larvae to estimate the composite temporal distribution of spawning . They concluded that the median
spawning date occurred in the first week of April and that 60% of spawning occurred between early-mid
March and mid-late April . These results are consistent with historical perception of the timing of spawning .

Seasonal closures of haddock spawning areas were instituted in 1970 by the International Commission for
the Northwest Atlantic Fisheries (ICNAF) as an adjunct to quotas and have been retained by Canada and
the USA (Halliday 1988) . Both the season and the area closed have gone through several modifications .
In recent years, the National Marine Fisheries Service has retained the closed areas for most of areas
5Zj,m year round as an effort regulation measure .

Haddock begin to settle to the bottom by about July and August . They are frequently captured as 0 group
in the NMFS bottom trawl survey conducted in October . Gavaris and Van Eeckhaute (1998) have update d
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the information on distribution of juvenile haddock using recent bo ttom trawl surveys . Haddock appear to
be broadly distributed over the Bank as 0 group and tend to sta rt concentrating on the no rthern edge and
no rtheast peak as they age (Figure 17) . Overholtz ( 1985) examined the distribution of two dominant year
classes 1975 and 1978, and observed that the distribution of age 2 haddock suggested a movement by
summer to deeper water relative to the shallower depths generally occupied in spring . Van Eeckhaute et
al. (in press) concluded that juvenile haddock show a directional migration towards the no rtheast between
ages 0 and 2 . By age 2, they begin to display the seasonal migration associated with spawning, which is
evident for adult haddock . ( Figure 18 )

Adult haddock move up onto the Bank between December and April for spawning and subsequently move
to deeper water on the edge and slopes of the Bank where they reside during summer and fall . Colton
(1955) reported that during spring, the greatest concentrations of larger haddock occurred in shallow
water less than 110 m but that few haddock of any age were found shallower than 165 m during the
July/August surveys undertaken in 1949 and 1950 . Gavaris and Van Eeckhaute (1998) updated the
information on distribution from the fall NMFS surveys and when these results are compared to the spring
distribution (Figure 15) the historical pattern continues to be evident . The analysis of seasonal migration
(Van Eeckhaute et al. in press) supports this interpretation and shows a net southwest migration across
the Canada/USA boundary towards shallower depths during winter and a net northeast migration towards
deeper slopes during the summer (Figure 18) .

Haddock Composite Plots
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Figure 16 . Distributions of haddock eggs and larvae derived from the MARMAP dataset . Left-hand column
shows morphological stages of egg development 1-3 (Page et al. 1997) . Right-hand column
shows larval stages by length intervals of 3-5 mm, 6-8 mm, 9-11 mm and 12-15 mm,
respectively .
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NMFS fall : age 0

Figure 17. Distribution of juvenile haddock from DFO and NMFS research surveys . Expanding circles
reflect catches from the survey in the most recent year (1998 for DFO and 1997 for NMFS) and
shaded squares reflect average catches over the previous 5 years . Larger circles and darker
shading represent greater catches .
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Figure 18 . Net migration rates (expressed as annual rates) across the Canada/USA boundary for 6-month
time periods for Georges Bank haddock . These rates show that during April to September, net
haddock migration is towards the northeast resulting in almost all haddock residing on the
Canadian portion in the fall . From October to March, haddock move toward the southwest, a
migration associated with spawning activities .
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Pollock

Pollock in the western Atlantic range from southern Labrador south to about Cape Hatteras . The main
fishable concentrations, however, occur in the Georges Bank, Gulf of Maine and Scotian Shelf areas .

Young pollock are closely associated with nearshore habitats, recruiting to the offshore populations at around
age 2 . Based on observations by fishermen and acoustic studies, pollock spend the least time on the bottom
of all the cod-like fish . Pollock show strong schooling behaviour . Food of adult pollock include euphausiids
and fish such as herring, sand lance and silver hake .

Pollock are mature at ages 3 to 5 depending on the area . Pollock also show marked differences in growth
rate by area, with fish in the Bay of Fundy area growing faster than those on the eastern Scotian Shelf .

Neilson and Perley (1996) summarised information from all Canadian sources, and found that pollock
eggs were present on the Bank from October through to March . In October, most occurrences of pollock
eggs were along the northern edge . In March, survey coverage was very limited, but eggs were found
throughout the Northeast Peak . The sampling gear used in these surveys was not capable of depth-
stratified sampling, so it is not possible to comment on the vertical distribution of the eggs . Fridgeirsson
(1978) suggested that the time to hatch was about seven days at 7 .2° C .

MARMAP larval distributions indicate that larvae may be found on the Bank from November through to
May.

For the purpose of this presentation, we arbitrarily defined juvenile pollock as those less than 5 years old .
Referring to age-length keys, we selected occurrences of fish 59 cm and less from the survey database .

The contemporaneous distribution of pollock from research surveys (1994 to 1998) is shown in Figure 19 .

Comparatively few pollock were taken during these surveys, but most catches of pollock were made in the
Canadian portion of the Bank . There was no difference in the distribution of juvenile and adult pollock .
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Figure 19 . Distribution of juvenile and adult pollock caught during Canadian spring surveys on Georges
Bank, 1994-1998. The left panel shows the set distribution and top right and bottom right panels
show the distribution of juveniles and adults respectively .
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Yellowtail Flounde r

Yellowtail flounder range from Labrador to Chesapeake Bay and are considered relatively sedentary . A
major concentration of yellowtail occurs on Georges Bank to the east of the Great South Channel . While
tagging work indicates limited movement from Georges Bank to adjacent areas, knowledge of seasonal
movement of yellowtail flounder on Georges Bank is poor . Yellowtail flounder are most commonly caught
at depths between 37 and 73 meters (20 and 40 fathoms) .

On Georges Bank, spawning occurs during the late spring period peaking in May . From the distribution of
both ichthyoplankton and mature adults, it appears that spawning occurs on both sides of the International
Boundary. Yellowtail flounder appear to have variable maturity schedules, with age 2 females considered
40% mature during periods of high stock biomass to 90% mature during periods of low stock biomass .

The eggs of yellowtail flounder are buoyant . Neilson et al. (1986) described the distributions of eggs on the
Northeast Peak of Georges Bank during surveys conducted from February to June of 1983 and February
to May of 1984 . Only late stage eggs of yellowtail flounder were discussed, as the early stage eggs cannot
be positively identified .

Smigielski (1979) has found yellowtail flounder eggs hatch in a week at 10° C . Assuming temperatures of
about 5° C, an incubation time of about 2-3 weeks is implied . Eggs were found in the surveys as early as
April that indicates that spawning was underway as early as late March .

The spatial distributions of yellowtail flounder eggs from this source were poorly resolved, since less than
20 stations were within the area of interest on Georges Bank, and only included Canadian waters .
However, yellowtail flounder eggs were caught at most of the stations occupied .

MARMAP distributions of yellowtail indicate that the larvae occupy the Bank in April through to August .
The largest catches of larvae occurred on the southern half of the Bank, typically in May and June .
However, the coverage of the Canadian portion of the Bank was sometimes incomplete .

Smith et al. ( 1978) studied the diel ve rt ical movements of larval yellowtail flounder near Long Island New
York . They found that the amplitude of the migrations increased with the size of larvae, and recently
hatched larvae remained just below the thermocline .

Recent Canadian spring survey data of the distribution of juvenile and adult flounder are shown below
(Figure 20) . We arbitrarily defined the threshold length to be 35 cm for an adult, corresponding with an age
three individual .

Thus, the centre of the distribution of both juvenile and adult yellowtail flounder is in Canadian waters
close to the International Boundary . We compared the above distributions during the contemporaneous
period with a period of high abundance, as indicated by the long-running USA research vessel survey
occurring each spring on Georges Bank.
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Figure 20 . Distribution of juvenile and adult yellowtail flounder caught during Canadian spring surveys on
Georges Bank, 1994-98 . The left panel shows the set distribution and top right and bottom right
panels show the distribution of juveniles and adults respectively .

Herring

During the winter (November to March) Georges Bank herring were scattered from their southern extreme
to the northeastern tip, with the bulk of the fish in February and March occurring south of Cape Cod
(offshore waters off Long Island, in the Hudson Canyon and further south) . In spring herring move from
over-wintering areas to the southern part of Georges Bank where their numbers increase as summer
approaches (Zinkevich 1967) . Herring remain on the Bank for feeding and spawning until late
October/early November when they disperse and slowly move south to over-wintering areas .

The distribution of adults during the spawning period (September-November) is summarised from the
research survey data. Figure 21 depicts the location of adult herring on Georges Bank for 1966, 1975,
1988 and 1996 and can be generally considered an indication of spawning areas . Data from Canadian fall
surveys (1987-95) indicates a similar trend with adults concentrated on the northern flank of the Bank from
the Great South Channel to the Northeastern Peak (Melvin et al. 1996) .

The geographical distribution of larvae by year (all sizes) collected during the 1987-1995 larval surveys is
presented in Figure 22 . The figure depicts the spread of larvae from primarily the eastern portion of the
Bank during early years of recovery to almost complete coverage for the last two years of surveys (1994-
95). Larval abundance as measured by the mean number of larvae per m 2 also increased throughout the
survey period .



Figure 21 . Fall distribution of adult herring observed on Georges Bank . Sources : US bottom trawl surveys
database.
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Examination of the distribution and abundance of larvae <10 mm (generally considered an indication of
spawning areas) for 1993 - 1995 showed a marked change from most of the earlier surveys . During the
early years of the recovery (1987-91) no small larvae were observed on the Canadian portion of the Bank .
In 1992 two aggregations of larvae were found just east of the International Boundary suggesting that
herring had, for the first time since the collapse, re-occupied their historical spawning grounds on the
eastern portion of the Bank . In 1994 there was an apparent reduction of young larvae in the vicinity of Little
Georges and Cultivator Shoals where most spawning occurred during the early stages of the recovery .
This trend continued into 1995 with an almost complete absence of small larvae in the area where
spawning was first detected . It now appears that the majority of spawning is occurring further eastward in
the historical areas on the northeastern portion of the Bank . In 1994 and 1995 a large concentration of
large and small herring larvae was observed near the southern extreme of the Canadian survey grid,
suggesting spawning may be occurring south of the coverage area . In fact, in 1995 the largest
concentration of larvae in a single set was taken in this area .

Herring eggs are adhesive and attach to the gravel substrate or benthic vegetation for 10-12 days before
hatching . Once hatched, larval herring become pelagic and remain in the water column on Georges Bank
for a period up to 6 months when they metamorphose into juvenile fish . Their movements during the first
year of life are uncertain. It is known that some portion remain on the Bank throughout the year while
others appear to move into the coastal waters of Maine and perhaps New Brunswick .

Anthony and Waring (1980) showed a strong relationship between the predicted recruitment of age 3
herring from Georges Bank and the catch of juvenile fish along the Maine coast . Juvenile herring from
coastal Maine are known to migrate north during the summer to waters of southern New Brunswick and
form a major component of the weir fishery. Sinclair et al. (1981) also noted a shift in the length
characteristics of juvenile herring from the Passamaquoddy Bay, N .B., area coincident with the collapse of
the Georges Bank Stock .

The stock collapsed in 1977 due to over fishing and poor recruitment . Between 1978 and 1984 virtually no
adult or larval herring were detected on the Bank by USA fall research surveys . The first sign of recovery
occurred in 1984 when the Canadian RN Alfred Needler collected more than 200 juvenile (age 1+) herring
in a mid-water trawl (IGYPT) on Georges Bank (Stephenson and Power 1989) . However, it wasn't until
1986 that significant evidence appeared in both Canadian and US research surveys to indicate the stock
was recovering . Canadian bottom trawl by-catches in the fall of 1986 were dominated by three-year olds
from the 1983 year-class . The first observed spawning on historical grounds on the northeastern portion of
the Bank was reported in October of 1992 (Melvin and Fife 1993) .

Since 1986, data collected by Canadian and US larval and bottom trawl surveys indicate the stock has
expanded in numbers and distribution . Canada's last review of this stock in 1996 estimated a 3+ biomass
of 100,000 to 200,000 t . However, recent reports from US surveys show the presence of several strong
year-classes and suggest that abundance may have recovered to a level which exceeds the mid-sixties
(Anon . 1994) .
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Mackerel

Adult mackerel occupy Georges Bank for about a month in the spring and the fall during their annual
spawning migration to the Gulf of St . Lawrence and return to southern waters .

Large Pelagics
The shelf and slope water of Georges Bank provide important foraging habitat for several large pelagic
species (swordfish and tunas, including bluefin, bigeye, yellowfin and albacore) during their seasonal
feeding migrations along the edge of the continental shelf . In addition, immature swordfish and bluefin
tuna are attracted to the Bank during the summer to take advantage of the plentiful prey .

The distribution and relative abundance of large pelagics in the Canadian Fishing Zone is greatly
influenced by oceanographic conditions and food availability and can vary considerably both seasonally
and geographically from one year to the next . However, the shelf and slope waters of Georges Bank
consistently provide an important foraging habit for all large pelagic species . Other features of this region,
including the influence of warm core rings from the Gulf Stream, allow smaller, immature swordfish and
bluefin tuna (which are less tolerant to cold water) to migrate into the region during summer months to
take advantage of the higher levels of productivity and availability of prey. Therefore, the waters seaward
of Georges Bank also provide an important foraging habitat for these pre-recruits to the fishery .

Sharks
Ten species of sharks are regularly found on or around Georges Bank . These include porbeagle, thresher,
basking, shortfin mako, oceanic whitetip, blue, dusky, smooth hammerhead, spiny dogfish and black
dogfish .

Porbeagle sharks are large, fast-swimming, cold-water sharks that feed primarily on fish . Their range
through the summer and fall is largely restricted to the coastal waters of eastern Canada, and is
characterised by a generalised northward migration through the course of the year . However, the return
migration in winter is believed to take them to an overwintering ground near or south of Georges . Pupping
probably occurs around Georges in late winter or early spring, after which the northward migration towards
the Scotian Shelf begins once again . While winter distribution and biological information is still scanty, our
current information suggests that the area around Georges is the key, and perhaps only, pupping ground
for porbeagle sharks in the NW Atlantic .

Spiny dogfish are an occasionally abundant small shark species of the coastal NW Atlantic . While their
commercial value is often low, their relative abundance suggests that they are an important component of
the ecosystem between Newfoundland and North Carolina . Spiny dogfish carry out a well-documented
annual migration that takes them over or near Georges Bank twice each year : in March-April as they move
north, and again in late fall as they move south . Thus Georges Bank lies midway along their migration
route .

Basking sharks are very large, slow-moving, plankton-feeding sharks found in coastal waters of Canada
and the Gulf of Maine in summer . While they are not restricted to Georges Bank during the summer, their
plankton-feeding habits set them apart from most other sharks, and may make them more susceptible to
contaminants accumulated in the lower trophic levels . Basking sharks form mating aggregations each
summer, suggesting that Georges Bank may also serve as one of the mating grounds for this species .

Squid

The U .S. has commercially exploited short-finned and long-finned squid in the Gulf of Maine area . Both
species migrate considerable distances and are in the Gulf of Maine area only in summer and fall . The
abundance of both species in the Gulf of Maine area is highly variable from year to year due to their short
life span and highly migratory nature .
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Seasonal Use of the Bank
The species described above spend some or all of their life stages on the Bank . For many of these
species, the spawning period is a particularly sensitive time when their eggs and subsequently their larvae
are exposed to natural and human-made perturbations . Supported by the high year-round productivity of
the Bank, a high diversity of organisms can coexist by spreading their spawning activities out seasonal
throughout the year (Table 2) .

Table 2 . Approximate peak times when activities or life stages of selected commercial species occur on
Georges Bank .

Month

Species/life stage J F M A M J J A S O N D

Scallop larvae
Lobster larvae
Cod s awnin

larvae
Haddock s awnin

larvae
Yellowtail s awni n

larvae
Herring adult s

s awnin
larvae

V) OTHER SPECIES OF INTEREST
In addition to the species of commercial importance, there are numerous other species that are part of the
ecosystem and interact biologically within the system . Some are essential as prey species, such as sand
lance (Figure 9) . Some are valued for non-commercial reasons, such as right whales, marine turtles and
corals . Marine mammals are discussed below. Due to a lack of expertise, some ecosystem components
were not considered in this review . Of particular note are seabirds that are an important component of the
Georges Bank ecosystem and may be susceptible to the activities under review. There is substantial
knowledge about seabirds in this area and the potential impacts of exploration activity on this important
and sensitive ecosystem component needs to be addressed .

Marine Mammals
The two major orders of marine mammals, the whales and dolphins (Order Cetacea) and the seals (Order
Pinnipedia) are both represented on Georges Bank, in the Gulf of Maine and on the southern Scotian
Shelf that encompass the moratorium lands of Georges Bank . About 23 species of cetaceans and 4
species of seals have been sighted in these areas . In the case of cetaceans, two or more species of
beaked whales, pilot whales and spotted dolphins are likely present but not reported (Kenney et aL 1997) .

Data on the seasonal abundance of cetaceans in the area are taken from Kenney et al. (1997) . For most
species, these abundances are based on surveys conducted between 1979 and 1982 during the
Cetacean and Turtle Assessment Program (CETAP 1982) . More recent data are available for a subset of
cetacean species (e .g ., harbour porpoise, minke whale) based on surveys conducted by NMFS . Few
quantitative data are available on the distribution and abundance of seals in the area .

In this section the preferred habitat, residence time, distribution and diet of the most common species in
the study area are summarised, as well as the significance of the study area for the species . Unless
otherwise indicated the following sources were used : Whitehead et al. (1998); Kenney et al. (1997) ;
Katona et al. (1993) .
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Pinnipeds
Two species are known to frequent the study area : the grey seal (Halichoerus grypus) and the harbour
seal (Phoca vitulina) . However, only the grey seal is likely to be common . Tag returns and recent telemetry
studies indicate that both juveniles and adult grey seals forage in the study area (Stobo et al. 1990, W.D.
Bowen unpubl . data) . Grey seals are likely most abundant in the study area during the summer and fall .
However, these studies do not indicate how many grey seals use this area . Although the diet of grey seals
has not been studied on Georges Bank, data from other areas would suggest the sandlance ; herring and
flatfish may be the most important foods . There are several coastal sites in the Gulf of Maine where small
numbers of pups are born in January . However, the major breeding sites are further north from Sable
Island to the Gulf of St. Lawrence .

Harbour seals inhabit the coastal areas of the Gulf of Maine and Bay of Fundy the year round . Harbour
seals give birth to a single pup in May and June at a number of coastal sites . Little is known of the extent
to which harbour seals use this offshore area but it would likely be on a seasonal basis by small numbers
of individuals .

Cetaceans
Of the 23 or so species of cetaceans, only a subset is abundant seasonally and for none of them does the
study area represent the core distribution of the species . In other words, the range of each of these
species is far broader than the boundaries of the study area . Table 3 summarises estimates of the
seasonal abundance of the more common species on Georges Bank. However, it is important to
emphasise that most of this information is more than a decade old and the current situation may be
somewhat different .

Table 3 . Relative seasonal abundance of the more common cetaceans on Georges Bank (adapted from
Kenney et al. 1997) .

Species
Right whale
Fin whale
Sei whale
Minke whale
Humpback whale

W inter

+
+

Sperm whale +
Bottlenose whale
Beaked whales
Pilot whales
Risso's dolphin

+

Bottlenose dolphin +
White-sided dolphin +
Common dolphin +++
Striped dolphi n
Spotted dolphin

Season
Spring Summer
+ +
++ +
++ +
+++ +
+ +
+
+
+
+++
+
++
++
++
+

Fal l

+
+

Harbour porpoise + +++
+, ++, +++ corresponds to low, medium and high abundanc e

Right whale (Eubalaena glacialis)
This endangered 15-m species appears to use the study area mainly to transit from wintering areas
further south to feeding areas in Canadian waters . One of its major feeding areas is just north of the Great
South Channel . In recent years, the most important feeding area has been in the Bay of Fundy, but
Roseway Basin, on the southwestern Scotian Shelf near Browns Bank, has been an important summer
habitat for this species . Right whales feed mainly on copepods and euphausiids and are thought to be
restricted to high concentrations of prey in order to feed efficiently . Significant threats to this species
include collisions with large vessels and entanglement in fixed fishing gear .
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Fin whale (Balaenoptera physalus)
The fin whale is the second largest of all whales, reaching 24 m in length in the northern hemisphere . Fin
whales are bulk feeders taking schooling fishes, zooplankton and squids . Fin whales are present in the
study area throughout the year, although there is undoubtedly some turnover of the individuals using the
area as the species exhibits seasonal migrations in the western north Atlantic . This species is quite
widespread 'along northeastern United States and on the Scotian Shelf (Kenney et al. 1997) .

Sei whale (Balaenoptera borealis)
The Sei whale reaches 18 m in length in the northern hemisphere and feeds by skimming the surface for
copepods and other zooplankton . Sei whales are present in the study area at all times of the year, but
again there is undoubtedly some turnover of the individuals using the area . This species is widespread in
eastern north Atlantic waters .

Minke whale (Balaenoptera acutorostrata )
The smallest of the baleen whales at about 9 m in length, minke whales are often seen alone and are
widely distributed . They feed primarily on schools of fish and zooplankton . Along the USA northeastern
shelf including Georges Bank, fish are thought to dominate the diet . They are most abundant in the study
area during the spring, but are also seen during the summer .

Humpback whale (Megaptera novaeangliae)
The 14-m humpback whale is a bulk feeder, taking mainly schooling fishes, but also some squids and
euphuasiids. Humpback whales undergo extensive seasonal migrations and thus are absent or rare
during the winter in the study area . The population structure of this wide-ranging species is well
understood both from photographic identifications of individuals (Katona and Beard 1990) and recent
genetic studies . There are a number of quite distinct feeding aggregations, one of which occurs in the
Georges Bank/Gulf of Maine area with a population size of several hundred individuals .

Sperm whale (Physeter macrocephalus)
The sperm whale is the largest of the toothed whales and males (up to 18 m) are much larger than
females (about 10 m) . It is generally a deep-water species where it feeds mainly on mesopelagic and
benthic squids, but fishes are also taken . Females and young are usually found at latitudes less than
about 40°, such that sperm whales on Georges Bank and surrounding area are typically males . Here they
are found mainly near the continental slope . Sperm whales off eastern United States and Canada are
thought to belong to a single north Atlantic population .

Pilot whale (Globicephalus melaena )
The long-finned pilot whale is an abundant, wide-ranging species reaching about 6 m in length . It is a
highly social (common school size up to 80 individuals) and vocal toothed whale which feeds primarily on
squid . As such they tend to occur at the edge of the continental shelf . They are most abundant during the
spring and summer, but are present in the study area throughout the year .

Bottlenose dolphin (Tursiops truncatus)
Likely the most familiar and best-studied of the small toothed whales, the bottlenose dolphin (2-3 m) is a
common, wide-ranging species . They appear to have a broad diet consisting of fish, squids and
invertebrates . An offshore form of this species inhabits the study area throughout the year .

White-sided dolphin (Lagenorhynchus acutus)
Probably the most abundant cetacean in the study area, this 2.5-m species is again wide-ranging . It is a
highly social species with schools of 50 seen often and schools up to 500 are not uncommon . In the study
area, white-sided dolphins feed mainly on fish such as sandlance, herring, silver hake, but squid are also
taken . This species likely move further south in the winter, but is abundant at other times of the year .



Common dolphin (Delphinus delphis )
This is a relatively abundant species most commonly found in waters above 5° C and where the depth is
100-200 m or greater . It consumes a variety of fishes and squids . In the study area it is most abundant in
the winter seaward of Georges Bank .

Striped dolphin (Stenella coeruleoalba)
Like the common dolphin, this species is widely distributed in the warmer offshore waters where it feeds
on fishes and squids . Its biology is poorly known, but it is highly social travelling in large schools . In the
study area, it appears to be most common in the summer and fall .

Harbour porpoise (Phocoema phocoema )
This is a small (1 .5 m), abundant species that undergoes a spring migration through the study area to
reach coastal summer feeding grounds . It is not known where the population over-winters . It feeds mainly
on small fishes such as herring, but a variety of fishes are found in the diet . They are reasonably well
studied and are often entangled in inshore fishing gear.

VI) FISHERIES ACTIVITIE S

Georges Bank is one of the most important fishing areas in the north Atlantic . Fishers from both Canada
and the United States frequent the area . There are a number of fishing methods used on the Bank
including : scallop drags, otter trawls, lobster traps and groundfish long-line and gillnets . The different
gears are used on different parts of the Bank in different times of the year depending on the bottom type,
species of primary interest and fisheries regulations (Table 4) . Mobile operations include trawling for
groundfish and dragging for scallop . Fixed gear includes longline and gillnets for groundfish and traps for
lobster and crab . The fixed gear generally operates on the edge of the Bank to reduce conflicts with the
mobile trawl gear . See Dorsey and Pederson (1998) for more detailed descriptions of these various fishing
methods .

Table 4 . Summary of fisheries activities on Georges Bank.

Gear Type Fish types Area Time of yea r
• Drags Scallops • Northeast Peak • All Months

and Great Sout h
channe l

• Otter trawl Groundfish • All • Restricted to June to
• Driftnets February
• Longlines
• Traps Lobster • Off the Bank • All Months
• Longline Large Pelagics • Edge of Bank • Summer
• Tended line • Northeast Channel
• Reel • Hell Hole

The value of the different landed fish species varies greatly (Table 5) . Scallops are the largest catch and
the most valuable species taken from Georges Bank . Lobster, tuna and swordfish have the highest unit
value .
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Table 5. Comparison of amount of fish caught and landed value of catch for different species groups in
Area 5Ze that corresponds roughly to Georges Bank . Values are averages for years 1992-1997
sorted by annual landed value .

Species Group
Amoun t

(metric tons)
Average Annua l

Value
(dollars)

Value/to n
(dollars)

Scallops 36,772 $44,178,012 $1,20 1
Cod 5,236 $6,699,665 $1,280

Haddock 3,113 $4,708,513 $1,51 3
Swordfish 191 $1,642,106 $8,597

Other
Groundfish

1,665 $1,489,417 $895

Pollock 2,334 $1,427,872 $61 2

Yellowtail 923 $1,280,390 $1,387
Lobster 161 $1,091,817 $6,78 1

Tuna 41 $288,214 $7,030

Herring 478 $90,703 $190

total 50,902 $62,751,34 6

• Dragging for Scallops
The offshore scallop fishery is pursued by scallop vessels ranging from 30 to 46 m length overall, with a
registered tonnage of 120-440 and powered by diesel engines of 400-1800 horsepower . These vessels
may fish 12 months a year and can stay at sea for weeks. The offshore fleet uses a New Bedford scallop
rake or drag, consisting of a metal frame 4 to 4 .9 m wide with a bag of metal rings attached. Two drags
are fished simultaneously, one on each side of the vessel .

Enterprise allocations, a size limit and other restrictions manage the Georges Bank offshore scallop
fishery. From 1992 to 1997, annual landings ranged from 2,000 to 6,200 metric tons (t) of meats with an
average of 4,085 t . A long-term average of 6,000 t had been established from 1970-1980's data prior to
the introduction of quotas and the resolution of the international boundary between Canadian and
American zones for fishing access . There is also the possibility that environmental conditions on Georges
Bank were different during that period compared to the 1990's .

Figure 23 shows catches from scallop draggers on Georges Bank . For a full description of the Georges
Bank scallop stock, refer to DFO 1998a and Robert et al. 1998 .
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Figure 23. Distributions of commercial catch of scallops from drags by month and aggregated by 10-
minute squares for 1993-1997 from log data .
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• Groundfish trawlin g
As seen in Table 5, the bulk of the groundfish catch from Georges is made up of cod, haddock, pollock
and yellowtail flounder . Figure 24 shows the spatial and temporal distribution of commercial landings from
the trawl fisheries between 1992 and 1997 . Trawling is not allowed during the primary spawning months of
March through May. When fishing activity is allowed it appears to occur at various locations across the
Bank depending on the month . June has high landings on the top of the Bank while the fisheries in the
later months of the year produce higher landings from the edge of the Bank .

For a full description of the trends in the cod, haddock and yellowtail flounder stocks, consult the stock
status reports - DFO 1998b-d .

The cod fishery on Georges Bank has been in operation since the late 1700s . Since 1977, only Canada
and the USA have had directed fisheries and, with the establishment of the international boundary in 1985
(Figure 13), each country has been limited to their respective sides . Canadian catches of cod are taken
primarily between June and October. Management of the Canadian fishery has been by seasonal closures
and by individual transferable quotas (ITQ) for boats <65 ft using mobile gear since June 1992, Enterprise
Allocations for offshore boats since 1984 and by competitive quota for fixed gear. The USA fishery has
been greatly constrained by establishment of a closed area between January and June in 1994 and by
expansion of the area and year-round closure in 1995 (Table 6) .

Table 6 . Recent landings (t) of cod by year from the NAFO 5Zj,m management area .

1992 1993 1994 1995 1996 1997

Canada 11 .7 8.5 5.3 1 .1 1 .9 2 . 9

USA 5.1 4.0 1 .2 0 .7 0.8 0 . 6

Total 16.8 12.5 6.5 1 .8 2.7 3 .5

The long term sustainable yield for the 5Zj,m cod stock, from yield per recruit (YPR) analysis, is about 9 .0
t . For the total 5Z+6 stock, the long term yield is about 21,000 t . Recent below average recruitment has
resulted in much lower yields of less than 5 t at the F0.1 reference level .

For full analysis of haddock fishery trends, refer to Gavaris and Van Eeckhaute (1998) . The haddock on
Georges Bank have supported an intensive commercial fishery since the early 1920s (Clark et al. 1982) .
Catches from eastern Georges Bank during the 1930s to 1950s ranged between 15,000 t and 40,000 t,
averaging about 25,000 t . Catches probably attained record high levels of about 60,000 t during the early
1960s but since the early 1970s catches have been lower . Higher landings in the late 1970s and early
1980s, ranging up to 23,189 t in 1980, were associated with good recruitment . Catches subsequently
declined and fluctuated at about 5,000 t during the mid to late 1980s . Under restrictive management
measures, catches declined from 6,377 t in 1991 to a low of 2,111 t in 1995, but increased again to 3,720 t
and 2,850 t in 1996 and 1997 respectively .

In recent years the Canadian fishery has been conducted by vessels using otter trawls, longlines,
handlines and gillnets . Otter trawlers caught most haddock less than 65 ft and longliners less than 65 ft .
Both Canada and the USA impose minimum fish size and mesh size regulations . Additionally, Canada
establishes quotas with a target exploitation rate of roughly 20% of the harvestable population . Both
countries have restrictions on fishing during certain periods of the year . Fishing on the eastern portion of
Georges is prohibited during March to May to protect the spawning populations . Fishing on the US portion
is presently prohibited for the entire year to allow rebuilding of the stocks .

With recent rebuilding, there is the expectation that past recruitment levels may be attainable, and
sustainable yields of 30,000 t could be realised in future . This is 10 times the landings averaged between
1992-97 shown in Table 3 .
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Recent landings (000s t) of pollock by Canada are summarised in the table below, along with the total
allowable catch (TAC) for the management unit :

Table 7. Recent Canadian landings of pollock ( 000s t) by year . Also shown is the TAC .

1992 1993 1994 1995 1996 1997 1998

TAC 43.0 21 .0 24.0 14.5 10.0 15.0 20 . 0

Canada 3 .0 4.2 3.3 1 .0 1 .2 1 .2 1 . 0

The potential yield that could be ascribed to the Georges Bank portion of the management unit is not
known at present . However, from 1974 to 1998, average annual Canadian landings of pollock from
Georges Bank were 2932 t, and comprised 10 .6% of landings from the entire management unit . USA
removals during the recent period that could be specifically ascribed to Georges Bank are not known .

Recent landings of yellowtail by Canada and the USA are summarised in Table 8 below, along with the
total allowable catch (TAC) :

Table 8 . Recent Canadian landings of yellowtail (000s t) by time period and year . Also shown is the TAC .

70-79 80-89 90-93 1994 1995 1996 1997
Average Average Average

TAC' - - - - 0 .4 0.4 0 . 8

Canada2 - - 0.2 2 .1 0 .5 0.5 0. 8

USA3 12.0 5.2 2.4 1 .73 0.33 0 .83 1 .03

' Canadian TAC only.
2 Canadian yellowtail landings, plus prorated unspecified flounder
3 Estimated values, provided by US NMFS, include discard s

An estimate of the potential yield in a rebuilt stock is available from surplus production models, and is 13,700
t (Neilson and Cadrin 1998) .
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Figure 24 . Trawl fisheries catch of cod, haddock, pollock and yellowtail flounder aggregated by 10-minute
squares for 1992-1997 from log data .
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• Gillnet for Groundfish and herrin g
Figure 25 shows that much of the gillnet fisheries takes place on the edge of the Bank where there is less
interference from the mobile gear such as trawlers and draggers . Catches are low during October to April .

4X,5Ze Cod Haddock Pollock Yellowtail Catch (t) by Gillnet from commercial landings 1992-97 .
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• Longline for Groundfish and Large Pelagic s
Figure 26 shows the landings of groundfish by longline . Again, most of this activity is on the northern edge
of the Bank .

4X,5Ze Cod Haddock Pollock Yellowtail Catch (t) by Longline from commercial landings 1992-9 7
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• Lobster trap fisherie s
Historically Americans have fished lobster with traps and trawls, with the use of trawls in recent years
being greatly reduced . USA landings for Georges Bank have averaged around 510 t while Canadian
landings averaged 150 t

Georges Bank lobster fishery is concentrated along the outer shelf edge and upper slope . The canyons
along the outer slope are particularly important to the fishery with higher catch rates than the open slope
regions. Lobsters are found down to 700 m but the fishery is generally between 220-400 m in the winter
and 170-270 m in the late spring and early summer . The highest catches are in the fall and spring when
the fishery targets the migrating lobsters .

The Canadian offshore lobster fishe ry began in 1972 and licences have been frozen at 8 since 1976
(Pezzack and Duggan 1995) . Other grounds include the Scotian Shelf and slope east of Browns Bank and
the Georges-Crowell Basin area west of Browns Bank just to the no rth of the moratorium lands . Georges
Bank represented 30-40% of the Canadian offshore landings in the 1970s and early 1980s but declined to
15-18 % in the mid 1990s as vessels targeted the smaller more valuable and easier fished lobsters west
of Browns Bank .

The size structure of lobsters on Georges Bank follows a trend from west to east with the smallest mean
size in the American canyons near the Great South Channel and the largest in Corsair Canyon . Early work
in the American offshore fishery suggests that part of the size difference is related to historic fishing effort
(Skud 1969) . The mean size in Corsair canyon is 120 mm carapace length (CL) or about 1 .4kg ,

Figure 27 shows catches from lobster traps on Georges Bank . For more information on the status of the
offshore lobster stocks refer to DFO (1997) .
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• Longline for Swordfish and Tuna
The Canadian swordfish longline fishe ry operates from Georges Bank to the eastern edge of the Grand
Banks when swordfish migrate into Canadian waters during summer and fall . Although few fish are taken
on the Bank, more than 25% of Canadian annual landings occur within the moratorium lands . Fishing
effo rt generally progresses from southwest to no rtheast and back again along the edge of the continental
shelf, following swordfish movements associated with seasonal warming of su rface water temperature .
There is also a seasonal progression of effo rt from offshore to inshore, with longline sets occurring south
of the Scotian Shelf in May and June, shifting to the edge of the continental shelf (Georges Bank, Scotian
Shelf, Grand Banks) from July through September . As quotas for swordfish have declined in recent years
there has been a tendency for the longline fleet to redirect fishing for other tuna species, such as bigeye,
yellowfin and albacore .

Monthly swordfish catches off Georges Bank for combined 1994-97 fishing seasons show an increasing
trend from July through September, declining in October and November when the main distribution shifts
to the Scotian Shelf region (Figure 28) . Generally, catches are highest during August and September
when swordfish concentrate along the eastern edge of the Bank . Catches in July are usually low because
swordfish longline trips west of 65° 30' W are generally limited to only test fisheries until mid-August . This
prevents catching small swordfish and bluefin tuna . After mid-August the entire area is opened to the fleet .
This also applies to yellowfin, bigeye and albacore tuna as well . Catch per unit effort data (CPUE)
indicates that swordfish were more abundant along the edge of Georges Bank in 1995 and 1997
compared to 1994 and 1996 . Canadian fishermen generally attribute higher abundance/catchability to
favourable environmental conditions : low winds and development of a thermocline off the Bank along the
slope in August . During the 1994-97 fishing seasons, commercial landings for swordfish longline within
NAFO Areas 4X+5Z have ranged from 108-502 t .

In general, the seasonal/geographic distribution of catches for other tuna species follows a pa ttern similar
to that of swordfish . Over the past four years, yellowfin tuna have been captured along the edge of
Georges Bank from June through October, with both catches and nominal biomass CPUE being highest in
August and September . Annual trends in nominal biomass CPUE indicate that relative abundance off
Georges Bank was higher during the 1994 and 1995 fishing seasons compared to 1996 and 1997 . For
1994 through 1997, yellowfin landings from pelagic longline for 4X+5Z have ranged from 50-148 t .

Bigeye tuna are the most abundant tuna species captured in the longline fishery and are caught along the
edge of Georges Bank from June through September . Relative abundance, based on nominal biomass
catch per unit effort appears to be highest in July and August . Annual trends in nominal biomass CPUE
indicate higher relative abundance along the outer edge of Georges and Browns Banks during the 1995
and 1997 fishing seasons . Landings of bigeye tuna from 1994-97 for 4X+5Y ranged from 108-150 t .

Albacore are the smallest tuna species captured in the longline fishery, therefore nominal biomass CPUE
is always lower than for yellowfin and bigeye tuna . Off Georges Bank, albacore are present in catches
from June through September, with relative abundance along the edge of the Bank being highest in July .
As in the case of yellowfin and bigeye, annual variability in nominal biomass CPUE is apparent ; relative
abundance off Georges Bank was higher during the 1994 and 1997 fishing seasons . Commercial landings
of albacore are generally quite low, ranging from 7-10 t for NAFO Areas 4X+5Z from 1994 to 1997 .
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Figure 28 . Swordfish catch (t) by month from Canadian large pelagics longline, aggregated by 20-minute
squares for 1994-1997 .

• Tended Line/Rod and Reel Fishing for Large Pelagics
Canadian bluefin tuna fisheries currently operate in several geographic areas off the Atlantic coast from
July to November when bluefin migrate into Canadian waters . The main commercial fisheries in the
Georges Bank area occur off the Bank in the No rtheast Channel between Browns Bank and Georges
Bank. This area is referred to as the Hell Hole and is primarily fished using tended line gear . Over the past
decade, bluefin tuna catches from the Hell Hole have greatly declined and have become more spatially
dispersed .

Bluefin tuna form distinct aggregations in Canadian waters that can va ry from one year to the next. The
Hell Hole aggregation has suppo rted a significant commercial fishe ry since its inception in 1988 . Over the
past four years, monthly catches in the Hell Hole have shown an increasing trend from July through
September, with the highest catches occurring in August and September ( Figure 29) . Annual trends in
nominal biomass CPUE show a general decline in abundance from 1995 to 1997, although this trend will
likely not continue into 1998, since fishermen have been repo rt ing good catches this year (>150 t landed
to date) . Bluefin tuna landings from the Hell Hole area for 1994-97 range from 91-392 t, and over the past
four years have represented from 18% to 44% of the total annual catch .
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Figure 29 . Bluefin tuna catch (t) by month from the Canadian tended line fishery, aggregated by 20-minute
squares for 1994-1997 fishing seasons . The largest circles show the higher catches associated
with the Hell Hole .

• Harpoon Fishe ry for Swordfis h
Although a swordfish harpoon fishe ry occurs on Georges Bank from Corsair Canyon to the No rtheast
Peak during July and August and can account for up to 12% of the annual landings (1-13% from 1994-97),
log record information from this fishe ry is not available in computerised format for analysis of swordfish
catch distribution .

• Purse Seiners for herrin g
Georges Bank once supported the largest herring fishery on the western Atlantic . During the late 1960's
and early 1970's, reported annual commercial landings from the Bank exceeded 200,000 t . The fishery
peaked in 1968 with reported landings in the 374,000 t range (NEFSC 1996), however, actual landings are
suspected to have been substantially higher .

The commercial fishery on Georges Bank began in 1961 when the former USSR landed 68,000 t of
herring . Between 1961 and 1965 the USSR dominated the herring fishery with annual catches ranging
from 38,000 to 151,000 t . The fishery expanded rapidly from 1967 when Poland and the German
Democratic Republic entered the fishery . Over the next 9 years, vessels from 12 countries harvested
herring from the Bank, including Canada and the US which by reported landings were minor players
(Anthony and Waring 1980) . No directed fishery for herring occurred on the Bank between 1978 and 1993 .

The Canadian fishery on Georges Bank reopened with 5,000-t allocation in 1994 with a herring catch of
228 t on the northern edge just east of the International Boundary . The USA catch, which occurred in the
vicinity of the Great South Channel, was estimated at 350 t for 1994 . No Canadian or US landings were
reported for Georges Bank in 1995. During 1996 2,560 t were removed from the Canadian portion of th e
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Bank - 226 t in August, 232 t in September and 2,102 t in October. US catch from Georges Bank for 1996
was estimated to be 1619 t . In 1997 101 t of herring were landed by Canadian seiners and 2,838 t by US
vessels . US preliminary landings for 1998 are 13,000 t . No Canadian landings have been reported to date .

Recent landings of herring from Georges Bank proper are insignificant when compared to those of other
areas in the Gulf of Maine and southward . However, it is important to note that the Southern New England
herring landings have increased from less than 2,000 t annually prior to 1995 to in excess of 20,000 t in
1997 and 1998 . This represents a major increase in effort south of Cape Cod where Georges Bank and
other Gulf of Maine herring stocks are known to over-winter.

SUMMARY of FISHERIES ACTIVITIES

Georges Bank is one of the most important fishing areas in the north Atlantic . It supports a very diversified
fishery with landings of scallops, lobster, groundfish and large and small pelagics . Recent landings for
Canada and the United States exceed $100 million annually . Fishing activity by foreign and domestic
fleets intensified in the years following World War II, leaving many stocks near collapse . Recently, both
Canada and the U.S ., following declaration of their 200-mile economic zones and the settlement of an
international boundary dispute, instituted management programs to rebuild the stocks . While some stocks
remain in a low or rebuilding state, scallops and lobsters are performing well (Table 9) . However, in
general, groundfish stocks remain in a depleted, fragile state . The fishery is being conducted with low
quotas, closed seasons and spawning season closures in order to facilitate the rebuilding of the biomass
of these species .

Overall fishery yields are considerably less than those that might be expected if stocks rebuild . Examples
are provided below for some of the more highly valued fishery resources . The methods of estimating the
potential yield and the uncertainty associated with the estimate vary depending upon the species .

Table 9 . Table of current and potential yield (t) from the major Georges Bank fisheries .

Resource Potential Yield (t) Current Yield (t )

Scal lops' 6,000 4,100

(meats )

Lobster2 800 1,300

Cod2 20,000 3,500

Haddock2 45,000 2,900

Yellowtail 13,700 1,800

FloundW

Herring2 100,000 2,900

1 - Canadian landing s
2 - Canadian and U .S. landings



VII) UNIQUENESS OF GEORGES BAN K

The Georges Bank ecosystem is biologically highly diverse with many distinct physical oceanographic and
biological features . In combination, these features make Georges Bank a unique marine ecosystem with :

• strong and persistent tidal currents, resulting in high mixing rates, nutrient supply and overall
dispersion ;

• a partial gyre that typically provides a mechanism for recirculation and extended residence of a portion
of the Bank's water during part of the year ;

• a seasonal frontal system with enhanced around-bank drift, elevated phytoplankton production and
near-surface convergence zones that may concentrate organisms ;

• high productivity of phytoplankton, and fish ;
• a relatively large number of commercially important fisheries on the Northeast Peak with benthic

invertebrates including scallops and lobster, dominating the landed value ;
• the co-occurrence on the Northeast Peak of spawning and nursery areas for many fish species ; and ,
• a broad and shallow plateau influenced by subpolar and subtropical water masses and organisms,

resulting in high biodiversity of species .

There is a sound knowledge and description of most of these features, but their inter-relations, and the
overall dynamics and basis for the resiliency of the ecosystem are not fully understood . While the unique
features of Georges Bank provide a basis for special concern regarding impacts of petroleum activities, it
is not clear whether overall they make the ecosystem more or less sensitive to such impacts .

For the purposes of this research document it is important to make use of scientific knowledge on the
impacts of petroleum exploration and development from other parts of the world . In the sections that
follow, attempts are made to make appropriate comparisons where possible . In many circumstances,
comparisons between Georges Bank and other areas where petroleum is extracted are not valid . This
section will briefly characterise the other comparable petroleum extracting areas of the world pointing out
particular cautions for making some comparisons .

Regulatory Restrictions - No OBMs to be discharged off Nova Scotia
As will be seen in later sections, one of the most obvious impacts of exploratory drilling on the
environment have been those associated with drilling muds . All petroleum extraction employs drilling
muds . Although somewhat dated, the GESAMP (1993) Report provides a good general introduction into
the composition of drilling muds and their impacts . Drilling muds are circulated around the drill bit to
increase penetration rate, reduce jamming, increase the lifetime of drill bits and reduce formation
washout . There are three classes of muds : water-based (WBM), diesel oil-based (OBM), and alternative-
based muds (ABM) that includes both mineral oil and synthetics .

It is important to point out that, although petroleum extraction activities in many areas of the world,
including Canada, have used oil-based drilling muds (OBMs), discharges with hydrocarbon contents of
greater than 1% will not be allowed after January 1s`, 1999 . This is regulated by Canadian/Nova Scotian
Offshore Petroleum Board (CNSOPB) . It is essential that this distinction be kept in mind when carrying out
any comparison of potential impacts with other areas .

The general experience in the North Sea, where high toxicity oil-based muds have been used in drilling
multiple wells, is that the spatial extent of biological effects from the use of oil-based muds is greater than
that of water-based muds . Generally, major impacts, such as organism mortality, are restricted to within
500 m of rigs but subtle effects in benthic organism diversity and community structure can be observed as
far away as several kilometres (Olsgard and Gray 1995 ; Daan et al. 1990 ; Kingston 1992) . The shape and
extent of impact zones varies with current regime and scale of drilling operation . Although North Sea
operations have switched from diesel oil to mineral oil, experience has shown that this change has not
reduced the benthic impact zones around the drilling rigs .
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Comparison with Northwestern Atlanti c

To the northeast of the Georges Bank there is a broad continental shelf that includes the Grand Banks
and the Scotian Shelf that extends up to 200 miles from the coast . These areas have both similarities to,
and significant differences from, the Georges Bank environment. Some of the recent research that has
been carried out, such as Muschenheim et al. (1995) and Muschenheim and Milligan (1996), may be
applicable to Georges Bank . There are areas now under petroleum development on the east side of the
Grand Banks and the area surrounding Sable Island off of Nova Scotia .

Table 10 summarises the areas that are presently undergoing development and production efforts .

Table 10. Summary of petroleum activities in the northwest Atlantic .

Site Latitude Longitude Primary
Petroleum

Produc t
GRAN D
BANKS

Hibernia 460 45 N 48 47 W Oi l
Terra Nova 46 N 48° W Oi l

SCOTIAN
SHELF

CoPan 43°50' N 60 30'W Oi l
SOEP 440 00' N 59° 30'W Gas

The Scotian Shelf is a broad continental shelf off Nova Scotia . It has sand, gravel and cobble bottom on
the top of the Banks with gravel and finer sediments in the deeper waters . Much of the fisheries yield is
directed toward demersal fish stocks . Commercial scallop stocks are found on the Scotian Shelf and
these are recognised as major valued ecosystem components in the Scotian Offshore Energy Program
(SOEP) Environmental Effects Monitoring Program (EEM) . Information from the SOEP EEM may be
useful in future assessments of possible activities on Georges Bank .

The Grand Banks is a large bank system off eastern Newfoundland . Much of the biological production is
demersal fish species . Although there are some Icelandic scallops, there are no significant scallop or
lobster fisheries in the vicinity of the petroleum development sites . Recognising differences between the
areas, research and monitoring that is presently being carried out in association with these developments
may be useful in carrying out more future, more detailed, evaluation of potential impacts for possible
Georges Bank exploration .



Comparison with North Se a

In contrast to Georges Bank, the North Sea is a relatively contained shallow sea between latitudes 50-60°
N . It has a lower tidal energy and average lower physical forcing but with frequent strong storms . The
lower tidal forcing gives rise to a large area where the water is stratified for much of the growing period .
The weaker currents make this a generally less dispersive environment than Georges Bank . Discharges
from drilling platforms accumulate close to the rig site (Olsgard and Gray 1995 ; Daan et al. 1990 ; Kingston
1992) and thus are expected to be more severe locally than on Georges Bank .

Oil based drilling mud have been used extensively in the development drilling in the North Sea . The higher
toxicity of these muds relative to those expected for use on Georges Bank suggests that the impacts
observed in the North Sea will probably be higher than similar volume discharges from possible Georges
Bank activities . That is, impacts from development are not comparable to those expected from possible
exploration activities .

In the North Sea much more of the fisheries yield results from demersal fish stocks in contrast to the
higher yield from adult populations of benthic invertebrate species, such as scallops and lobsters, on
Georges Bank . Although not as limited in their movements as scallops, it would be expected that lobsters
on Georges would be more at risk than fish in the North Sea where the fisheries are almost entirely mobile
fish stocks .

Much of the petroleum activity is concentrated in the southern North Sea and takes place within 150 km to
land (Figure 30) . This places the potential impacts much closer to the human population that lives around
the North Sea. The population in the drainage basin of the North Sea is on the order of 150 Million people .
This larger population, shorter distances and weaker circulation system results in higher background
levels of pollution that is seen on the more pristine Georges Bank area .
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Figure 30 . Map of production platforms and pipelines on the whole of North Sea in 1991 . This map gives
only an overall impression of locations . Note for this discussion that the size of the dots
corresponds to approximately 10 km . (Source Anon . 1992) .



Comparison with Gulf of Mexico

The Gulf of Mexico at latitudes between 20-30° N includes both tropical and temperate climate regimes
with some coral reefs. It provides habitat for a large suite of tropical species of fish, warmer water
invertebrates and marine turtles . The sea turtles have associated nesting beaches in the Gulf . There are
fewer large whales although offshore in deeper waters there is a resident population of sperm whales .

The Gulf of Mexico is much warmer than the Georges Bank with summer sea surface temperatures of
around 28-30° C while in winter there is an offshore gradient with nearshore waters at 18-20° C and
offshore waters near 23-24° C .

The tidal range in the Gulf is around 0 .3 m with semi-diurnal tides in the east and diurnal in the west .

Circulation in the Gulf of Mexico is dominated by the Loop Current, which enters through the Yucatan
Strait, bends eastward and southward, and exits through the Straits of Florida . The Loop Current is known
to extend far to the north and occasionally intrude on the continental shelf of the north-central Gulf, with
speeds of 1 .27 to 1 .77 m s-' . Large, clock-wise rotating eddies of the Loop Current that occasionally break
off the main current . These eddies spin westward toward the Texas coast, carrying vast amounts of water
and marine life into the western Gulf. (Source :

hftp ://www.qomr .mms .qov/homepq/requlate/environ/env-pqe2 .html) .

The Gulf is very much influenced by the outflow from the Mississippi River that carries large amounts of
fresh water, sediments and nutrients to the Gulf . The large input of nutrients is rapidly utilised and creates
excessive plankton production that often results in death and export of plankton cells into the bottom water
layers . This is believed to be the principal reason for extensive low oxygen or "dead" zone off Louisiana in
the summer .

There are a large number of petroleum production structures in the Gulf of Mexico (Table 11) .

Table 11 . Number of wells in the Gulf of Mexico by water depths .
(Source . www.gomr.mms.gov/homepg/fastfacts/WaterDepth/WaterDepth .html )

These statistics reflect data for May 199 8
and will be updated as Production data becom es available.

Water Depth
in Meter s

0 to 200
201 to 400

Wells Wells
Being Producing
Drilled

48 ~ 4,114

13 1,985
-

5 273

0 46. . _
8 218

401 to 800
801 to 1000

1000 and above

Total
--
74 1 6,636

A recent issue of the Canadian Journal of Fisheries and Aquatic Sciences provides a number of papers
summarising studies on the impacts of petroleum exploration and development in the Gulf of Mexico .
Mahlon et al. (1997) provides an overview of the work .



VIII) EXPLORATORY ACTIVITIES AND THEIR POTENTIAL IMPACT S

Seismic Survey
A class assessment document (Davis et al. 1998) has just been completed that reviews the present
knowledge on the impacts of seismic exploration in the marine environment. Although directed primarily to
the Scotian Shelf situation, this class-screening document is also appropriate for considering potential
impacts in the Georges Bank area .

Seismic exploration would be required on Georges to update information collected on earlier surveys . New
surveys would provide more detailed information that is necessary for planning any future steps in
exploration . The general operation is for a vessel to sail along straight line transects towing a sound
source at a predetermined water depth, and a string of hydrophones that record sound reflected from the
different geological interfaces . From this information, analytical techniques can generate images of the
geological strata and identify those with probable oil and or gas .

A major known impact arising from these activities is the scaring of fish from their usual habitat . This
might have a number of impacts including increased stress on fish from having been deterred from their
usual feeding grounds and decreased fishing catches for the fishers because the fish have moved to
unknown areas and possible interference with spawning behaviour that would prevent successful
spawning . These impacts are likely to be on the order of a couple of weeks as the highly mobile stocks
should be able to repopulate the area once the seismic activities have stopped . Nevertheless, this may be
sufficient to reduce fisheries yield and or reduce the number of recruits produced .

A secondary concern is the potential mortality of fish and fish eggs and larvae . The sound source
generates a compression and decompression wave in the water that is sufficient to kill certain life stages .
Most of the observed mortalities occur close to the sound source, within metres . Due to three dimensional
dispersion and spreading, the impacts decrease quickly with distance from the sound source . Seismic
operations in the vicinity of a frontal system or convergent zone that would at certain times of the year
have higher densities of eggs and larvae may have the potential to significantly reduce year class size .

Another potential impact would be on marine mammals . Many marine mammals use the Georges Bank
area on their migratory routes and as a feeding ground because of the high densities of prey . It is unlikely
that seismic activities would come in direct contact with the large marine mammals that frequent Georges
Bank. The standard practice of having trained observers on the vessels at the time of surveys should
minimise direct contact .

There is also the potential for space conflicts between the seismic boats and fishing boats in the area . As
stated above the Bank is heavily used throughout the year when spawning is not occurring .

In summary, seismic exploration has been known to give rise to a number of impacts such as :
• a decreased catch rates due to scaring of fish ;
• interference with fish spawning ;
• space conflicts with existing fishing activities ;
• mortalities in a number of species and a number of life stages ; and,
• possibly change marine mammal movements .

There are a number of steps that can be taken to minimise impacts such as :
• Soft starts to warn mammals to vacate the area;
• Maximising data and information generation based on new analytical techniques to minimise the need

for seismic surveys ;
• Avoidance of seasons with high density of vulnerable species or life stages ;
• Avoidance of seasons and areas with fishing activities ; and ,
• Avoidance of seasons and areas with marine mammals .
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Exploratory Drilling

Exploratory drilling is conducted to determine whether commercial accumulations of gas and/or oil are
present in the most promising geological structures detected by seismic surveys . Drilling methodology on
Georges Bank will be essentially the same as used previously on the eastern Canadian continental shelf .
A rig is typically on location at each site for about 3-4 months and would be serviced approximately every
other day by both helicopter and supply boat . Potential impacts from routine drilling operations may result
from :
• Infrastructure - ship movements, anchors, cables, debris, domestic discharges, light and sounds ;
• Loss of access - fisheries interruptions; and ,
• Operational discharges - mortality, sublethal effects and tainting .

Infrastructur e

Service traffic, both vessel and aircraft, should not cause any problems as long as operators respect
fishing operations and stay clear of working vessels and unattended fishing gear, such as lobster pots and
gill nets primarily on the edge of the Bank .

There are three classes of debris generated from drilling operations : solid domestic waste, liquid domestic
waste and solid operation waste .

Based on the "Offshore Waste Treatment Guidelines" and the Nova Scotia Petroleum Drilling Regulations
no solid waste is allowed to be dumped at sea. Liquid wastes, such as sewage and food wastes, are
macerated, treated to some degree before any possible and disposal at sea .

The discharge of liquid domestic wastes, sewage, should not pose significant impacts as long as the
treatment technologies recommended by the Department of the Environment (DOE) are followed .

Solid operational debris from offshore activities has been a problem in the North Sea and the Gulf of
Mexico. This material comprises anchors, chains, etc . that are placed on the sea floor. Canadian drilling
regulations require that the sea floor be cleared of any material that could interfere with other commercial
uses of the area when the well is abandoned . The well casing itself must be sealed at least 1 m below the
sea floor to prevent damage to fishing gear . Within a year of the cessation of the US exploration activities
on Georges Bank, only four large items remained unrecovered in the are . None exhibited sufficient relief
to interfere with commercial fishing activities (Danenberger 1983) .

The drilling rig, and its associated supply vessels, generates significant amounts of light and sound in their
routine operations . These may have positive and negative impacts . Marine mammals may be scared from
the vicinity of the rig due to the unusual and or increased noise levels . Marine birds may be attracted to
the lights of the rig . Some pelagic species, such as squid, are attracted to the lights and may be subject to
higher predation due to this increased aggregation . There are directed studies underway in the SOEP
Environmental Effects Monitoring program to study the levels of noise and potential impacts that may be
appropriate for application to evaluating potential impacts to the Georges Bank ecosystem .



Loss of Acces s

A direct and quantifiable impact on fishing activities from drilling is the exclusion of the fishing activities
from the areas around drilling sites .

While on location, a drilling rig is surrounded by a safety zone that more than covers all underwater
equipment, i .e . anchors and cables, and is off-limits to all vessels except supply boats . The size of the
zone depends upon the type of rig and depth of water . The radius usually ranges from 500 - 1,000 m . All
fishing activity is excluded from this zone (and perhaps from a larger area depending upon type of fishery,
fishery methods, topographic constraints, etc .) for the drilling periods usually 3-4 months .

A rig with a 1 .5 km safety zone radius would exclude approximately 7 km2 from fishing activity which is
about 0.2% of the total Canadian area of Georges Bank having a water depth less than 100 m (4500 km2) .
The potential impact on the fishing industry, however, could be greater than this percentage suggests
because the Bank is not uniformly fished . For example, scallop distribution is patchy (Figure 11) and
fishing effort is focused on areas of greatest concentration. Any proposal for drilling activities would have
to consider the exact location of the rig in reference to the known distributions of commercial stocks and
the timing of such fisheries .

Impacts resulting from loss of access will depend upon the time of the year and the species concerned
because of the seasonal nature of most fishing activity . Experience shows that fishing activity should be
able to resume as soon as the rig leaves the drill site .

Operational Discharges
Hydrocarbon exploration and development drilling on Georges Bank will result in the routine release-of
different kinds of drilling muds and formation cuttings . At the time of the previous DFO assessment on the
possible environmental effects of exploratory drilling on Georges Bank (Gordon 1988), there was limited
information on the potential impacts of these particulate wastes on benthic organisms . It was felt that
measurable impacts might be expected under some conditions . Research recommendations at that time
included developing better numerical models to understand discharges dispersion and improving our
understanding of the effects of drilling discharges on benthic organisms, in particular the sea scallop
(Placopecten magellanicus) which is the most valuable commercial species on Georges Bank . DFO
subsequently developed a focused and well-integrated research program, which has been funded by the
federal Panel on Energy Research and Development (PERD), to address these recommendations .
Because of the nature of the questions being asked, this program has covered a wide range of scientific
disciplines including physical oceanography, sedimentology, engineering and ecology . By coupling the
biological results to waste dispersion models, the spatial and temporal extent of potential impact zones
around a drill site could be predicted. DFO scientists are currently completing the modelling project and
are applying the new models and understanding to predict impact zones around specific hypothetical
drilling sites on Georges Bank . Much of this work is summarised in this section and additional detail is
provided in Appendix .

Before considering environmental impacts of operational discharges, it is important to understand some of
the details of drilling procedures, especially the drilling mud circulation system (Figure 31) . Drilling mud is
a suspension of solids and dissolved material in a carrier fluid of either seawater or oil . It circulates from
the rig, down the drill string and up back to the rig . Muds serve several functions including transporting
cuttings to the surface, balancing of subsurface and formation pressure to prevent blow-out, and cooling,
lubricating and partly supporting the drill bit and drill pipe . They also stabilise the borehole wall and prevent
fluid exchanges with the rock formation . The major components are barite (barium sulphate), clay
(bentonite), lignosulfonate, lignite (soft coal), sodium hydroxide and carrier fluid, either water or oil . There
are also numerous additives in trace amounts . Mud composition is continually changed during drilling to
adjust to the specific down-hole conditions encountered .
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Figure 31 . Diagram of standard drilling mud circulation system used on exploratory rigs . Source is U .S .
National Research Council .

Through the drilling process pieces of the rock, cuttings, produced by the drilling are moved with the mud
up to the rig platform . Cuttings of the rock formation being drilled are mechanically separated from drilling
mud on the rig and discharged continuously overboard, either directly into surface water or at some depth
through a pipe. Discharge is on the order of 1-10 barrels per hour while drilling is in progress or 3,000-
6,000 barrels in total for the average well . In some instances, such as open circuit drilling at the start of a
well, waste can be discharged directly at the sea floor . Two types of discharges generally occur over time :
• Daily discharges consist of cuttings, associated muds and some fine particles from the formation ; and,
• bulk dumps at the completion of the well or well sections .

Discharges are usually contaminated to some degree with hydrocarbons . These discharges may have oil
included, either through their addition to the muds or from any crude petroleum in the rock formations .
Water-based mud cuttings can contain low levels of hydrocarbons from the formations being drilled as
well as those absorbed from any oil added to the mud . _

It should be pointed out that crude petroleum, in contrast to synthetic pollutants such as chlorinated
hydrocarbons and refined petroleum products, is a naturally occurring substance that is derived from
organic matter . Hydrocarbons have been added to the ocean continuously over long periods of geological
time by natural seeps without known deleterious effects . Routine shipping and land-based activities also
input hydrocarbons into the oceans. The chemical composition of the refined hydrocarbons can also be
somewhat different from those released from natural seeps .

Thus operational drilling discharges have two major components ; muds and cuttings . Muds tend to be
finer, less dense material while cuttings are generally coarser and heavier pieces of rock about the size of
sand grains . Once discharged there are a number of different processes that act on them and that
determine their fate and potential impacts on the environment .

Field observations made around active drilling platforms indicate that roughly 10% of the discharged
wastes is neutrally buoyant and forms a surface plume (NRC 1983). Using industry standard models,
simulations have been carried out to determine the depth of descent of the waste discharge plume under
different discharge conditions, densities and environmental conditions . The factors which significantly
affect the depth of descent were found to be mud density, depth of release, initial downward volume flux of
the discharge, current strength and water column stratification (Andrade and Loder 1997) . These data can
be used to estimate the portion of drilling wastes released at or near the sea surface that can be expected
to reach the seafloor under different scenarios .
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In many cases, the finer components of the discharge may flocculate to form larger particles with higher
settling velocities than the original material . Observations by DFO using different kinds of oceanographic
instrumentation around the PanCanadian CoPan oil field on Sable Island Bank (34 m) have confirmed that
discharged drilling wastes flocculate, settle rapidly and concentrate in the benthic boundary layer
(Muschenheim and Milligan 1996) . On certain occasions during developmental drilling, fine particulates
from drilling wastes were present up to 8 km from the platform . Field observations on Georges Bank
indicate the presence of elevated levels of natural suspended matter in the benthic boundary layer but the
absence of fine particulates (Muschenheim et al. 1995) .

Laboratory experiments carried out with whole WBM, particulate-drilling wastes and two major mud
constituents (barite and bentonite) have provided accurate estimates of flocculation and settling rates .
Flocculation increases effective particle size and therefore increases settling velocity . These experiments
indicated that the settling rates of flocculated drilling wastes under laboratory conditions could be as high
as 1 .5 cm s' . However, these flocs were densely packed and did not look like the "fluffy" drilling waste
flocs observed at CoPan (Muschenheim and Milligan 1996) . On the basis of these results, the
observations of drilling waste concentration gradients in the benthic boundary layer at CoPan, and
literature values, it was decided that a reasonable range of effective settling velocities for flocculated
drilling wastes under natural conditions in tidally-energetic environments is 0 .1-0.5 cm s-' (assuming a
50/50 mixture of bentonite and barite). Although there is some uncertainty about the degree of net
flocculation in the highly energetic Georges Bank environment .

The balance of the wastes ( on the order of 90%), along with the resultant floc, is denser than seawater
and, if released at or near the sea su rface, forms a plume that descends through the water column until it
either reaches the seafloor or becomes neutrally buoyant . In shallow water, a large fraction of the
discharge will reach the seafloor close to the platform . The resuspension, dispersion, drift and final
deposition site of this material will depend upon such physical variables as water depth, currents ( tidal and
residual), waves and storms . Most of this lateral transpo rt takes place in the benthic bounda ry layer and
has been modelled using the bblt.

The starting point for the modelling effort to link the bblt model with biological impacts is a realistic drilling
discharge scenario developed for an exploration well with the assistance of Texaco Canada Petroleum
Inc. It provides information on the daily discharge of mud and cuttings from a typical exploration well, that
is the volume, density and weight of the discharge . The hypothetical well is drilled to the depth of 4600 m
below the seafloor in five distinct sections over a period of 93 days, with wastes released on 59 of these
days . Wastes are discharged at the seafloor during the first two sections (12 days) and at 10 m below the
sea surface for the remaining sections . During the entire scenario, a total of 468 t of drilling mud and 2569
t of cuttings are released to the marine environment . If exploratory drilling was allowed on the Canadian
portion of Georges Bank, the actual discharges could be different due to stratigraphic conditions which is
not yet known and potential improvements in drilling technology .

Using the drilling waste release scenario described above, local bblt has been used to run 22 applications,
each at two effective settling velocities (0 .1 and 0.5 cm s') for a number of sites on Georges Bank (Figure
32). The bblt model provides predictions of drilling waste concentrations in the benthic boundary layer as a
function of space and time around the release point . Standard model output is time series of bulk
properties, snapshots of the horizontal distribution of near-bottom concentrations at regular time intervals,
and time series of near-bottom concentrations at specific locations . For these applications, drilling waste
concentrations were averaged for the bottom 10 cm of the water column. Detailed results and
interpretation are provided in the Appendix below .
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Figure 32 . Location of physical oceanographic zones and bblt application sites on Georges Bank .

The drilling waste concentrations predicted in these applications are presented in Loder et al. (1998) . The
main findings are summarised as follows :
• The spatial patterns and near-bottom concentrations predicted by observed and modelled currents are

remarkably similar in most cases . This demonstrates the oceanic realism of the 3-D circulation model
that has been used to force bblt for those sites at which suitable current meter data are not available .
However, additional model applications using bulk discharges (Loder et al. 1998) indicate significant
differences in some cases (e .g . NEP site in winter) which appear to reflect limitations of both the 3-D
model and observational current data .

• The predicted near-bottom concentrations are very sensitive to the effective settling velocities of drilling
wastes . Those at the higher velocity (0 .5 cm s-') are about an order of magnitude greater than those at
the lower velocity (0 .1 cm s') .

• In general, predicted near-bottom concentrations decrease rapidly over distances of 2-10 km from the
release point . In some applications, substantial waste concentrations are carried as far as 20-50 km
from the release point at the higher settling velocity . These more distant concentrations must be
interpreted with caution because the assumptions in local bb/t (i .e . uniform physical environment over
the entire model domain) break down with increasing distance from the release point .

• The predicted near-bottom concentrations are very dependent upon geographic location . The highest
concentrations occur on the side of the Bank (water depth greater than 100 m) . Due to higher bottom
stress and stronger dispersion, predicted near-bottom concentrations are much lower on the top of the
Bank (less than 65 m) . Near-bottom concentrations are also lower in the frontal area (65-100 m) due to
higher bottom stress, stronger dispersion and stronger drift . This is illustrated according to
oceanographic zone in Table 12 that summarises near-bottom waste concentrations at the high settling
velocity (0 .5 cm s-') at a distance of 20 km along the primary drift line .

• Both the observed and model current applications indicate that the predicted mean drift of the near-
bottom drilling waste plume is generally along depth contours except over the Bank's side where more
variability in drift direction is found . This pattern is consistent with the residual circulation . Results at
Growler indicate that drift from the side of the Bank up into the frontal zone is possible under some
conditions .

• Applications forced by the 3-D model at GBFS1 and GBFS2 indicate that waste concentrations in
winter are lower than in summer . The reduced winter concentrations at the GBFS2 site (also expected
for other frontal sites) reflect the increased boundary thickness associate with reduced stratification
and increased vertical mixing in winter . The reduced winter concentrations at the GBFS1 site are
associated with stronger model tidal currents in winter, the reliability of which is unclear . On the other
hand, waste concentrations at NEP, where bblt was forced by observed currents, were higher in winter
than summer.
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• Near-bottom waste concentrations can be higher by up to a factor of two for neap tides because of
reduced height of bottom-trapped sediment (i .e . in the benthic boundary layer) and reduced dispersion
in the water column .

Table 12 . Average number of hours that the near-bottom waste concentrations exceeded 1 mg f' along
the primary drift line (out to 20 km) at the nine geographic locations grouped by oceanographic
zone . Both observation and model forcings combined . High settling velocity only (0.5 cm s-') .
First 62 days . Summarised from Loder et a!. (1998) .

The basis for the biological interpretation of the drilling waste concentrations predicted by bblt are the
results of laboratory toxicity experiments reported by Cranford et al. (1999) . These experiments exposed
sea scallops to different concentrations of various drilling wastes in raceway tanks and determined the
lethal and sublethal effects, including tissue growth, of intermittent exposure . The wastes tested were
bentonite, barite and used WBM cuttings and used OBM . The results are summarised in Figure 33 . The
most toxic waste was the used OBM while the least was the used WBM cuttings .

Zone Location (Node) Hours Conc .>1 mg 1 Mean for Zon e
Mixed (<70 m) GBFS4 0, 2 1
Frontal (70-100 m) GBFS2 (1127) 22,30,38 1 8

GBFS6 (927) 2
NEP (344) 7, 0
ENEP (735) 0
SNEP (315) 42

Stratified (>100 m) GBFS1 (2029) 152, 138,178 177
Growler (1537) 342
Hunk Do 1081 76

Bentonite

Barite

0 .1 1 .0 10

Concentration (mg 1-')

❑ Growth
Impaired

USED WBM Cut tings Zero Growth
0 Mortalies

USED OBM

■ 100% Mortality
in 1 l Day s

10 0

Figure 33 . Summary of results from laboratory studies on the lethal and sublethal effects on sea scallop of
intermittant exposure (12 h each day for up to 68 days) to bentonite, barite, used WBM and
OBM. Adapted from Cranford et al. (1999) .
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Using the drilling waste concentrations predicted by bblt , and the biological effect from the laboratory
studies, the effects on scallops are estimated for each model application by calculating the number of
potential growth days lost over the exposure time . Waste concentrations predicted by bblt were assumed
to be half barite and half bentonite . Although the drilling waste scenario used here indicates some change
in the proportion of each component with time, this change was not large and the use of a variable
proportion of waste constituents would require separate bblt runs for each component and hence a
doubling of computational demand .

These calculations assume that there are no decomposition processes operating that would change
toxicity with time and thereby alter individual effects threshold values . Microbial activity may alter the
chemical speciation of trace metal impurities in barite to more bioavailable and toxic forms . The physical
effects of both bentonite and barite should not change with time . Floculative processes may operate on
the particles that would affect the settling rates and potential impacts .

Using the liked modelled and observed results, the potential lethal and sub-lethal impacts on adult
scallops can be approximated .

Mortality
Operational discharge of drilling muds can accumulate in low energy systems to smother benthic
organisms near the rig and result in the smothering . Assuming that a well has a total operational discharge
of 20,000 barrels and that 90% of the material reaches the sea floor, the average net accumulation on the
bo ttom, if all discharged material was contained within an area 100 m2 would be 0 .29 m, or 0 .29 cm if
evenly distributed over 1 km2. In actuality, it is expected that sedimented material in the high energy
environment of Georges Bank will be quickly spread over a much larger area because of the ve ry high
levels of tidal and storm energy. Due to the high se tt ling velocity of the cuttings there is reason to believe
that smothering might kill significant numbers of slow-moving or sessile organisms living in a small area
directly under a drill rig .

The results of the American Georges Bank Monitoring Program have indicated that bottom currents on the
Bank are sufficiently strong to disperse settling materials rapidly from drill sites (Phillips et al. 1987; Neff et
al. 1989) . Sea floor photographs showed no evident accumulations of drilling mud or cuttings . Chemical
analyses of sediment collected at drill sites showed that the only element that increased in concentration
during drilling was barium, a major constituent of drilling mud . After drilling was completed, however, it
dispersed rapidly. Elevated levels of hydrocarbons were found in near-rig sediments but are reported to
have disappeared within one month after drilling terminated . In contrast, there is evidence that
hydrocarbons may persist for several years at drill sites on the Scotian Shelf and Grand Banks due to the
past use of OBMs and the lower energy environment .

Even if physical smothering of benthic organisms does not take place, mortality may result from direct
toxicity of the materials discharged (Cranford and Gordon 1991) . Over 70 different water-based drilling
mud formulations have been tested in laboratory experiments for their lethal toxicity to a variety of species .
Most acute toxicity thresholds for muds and their components are much higher than concentrations
expected under field conditions . The observed acute toxicity is due primarily to special purpose additives
such as diesel oil and various biocides . Because of rapid dispersion rates on Georges Bank, the zone of
potentially lethal toxicity around drilling rigs using water-based drilling muds should be within a few
hundred meters of the discharge pipe .

Prolonged exposure, on the order of a month, to high concentrations of bentonite and barite can cause
mortality to scallops (Cranford and Gordon 1992, Cranford et al. 1999) . However, analysis of the number
of hours that concentrations exceed 10 mg 11 at various distances along the primary drift line indicates that
the waste concentrations predicted in these applications are not likely to cause scallop mortality, even at
the release point . The bblt model simulations provide estimates of the duration of high near-bottom
concentrations of drilling mud around release sites in different regions of Georges Bank . The longest
durations of concentrations exceeding 10 mg 1-' occur in the Stratified region, with values peaking at 9
days at the release site and falling off to 3 days at 5 km downstream for the higher settling velocity . In the
Frontal region, peak durations are about 1 day at the release site . These durations are much lower tha n
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the 30-day period required for scallop mortalities with bentonite concentrations of 10 mg 1-' in laboratory
experiments, indicating that significant mortality of scallop populations for an exploratory well on Georges
Bank is unlikely .

In summary, the toxicity of operational discharges depends primarily upon the type of drilling mud
employed and the rock formations penetrated . By using a less toxic WBMs, effects from isolated
exploratory wells in an energetic environment such as Georges Bank would be limited in space and time
to the area under and adjacent to the rig . Resulting mortalities are not expected to have a significant
impact on the key resource species . The importance of such mortalities on the population level is difficult
to estimate but is expected to be lower than the sublethal impacts discussed in the next section .

Sublethal effects on growt h

The drilling waste concentration fields predicted by the bblt modelling can be used to estimate potential
sublethal effects on adult scallops over different distances from, and areas around, a drilling rig in the
scenario presented above .

From the laboratory studies, two kinds of sublethal effects thresholds were estimated for exposure to
bentonite and barite . The first is the zero growth concentration (Co) . There is no scallop tissue growth at or
above this threshold . The second is the no effects concentration (Cl ) . There is no significant effect on
scallop growth at or below this threshold . For bentonite, zero growth was observed at 10 mg f' and no
effects were detected below 2 mg I " (Figure 33) . The effects thresholds had to be estimated for barite, as
laboratory experiments observed zero growth at the lowest concentration tested (0 .5 mg 1-') . Other
biological effects indices indicated that growth would occur at barite concentrations below 0 .5 mg 1-'
(Cranford et al. 1999), and this value was used as the zero growth concentration . The no effects
concentration for barite was estimated at 0 .1 mg f' by assuming the ratio C1 /Co was the same as
observed for bentonite . The thresholds are substantially lower for barite than for bentonite, indicating its
greater effect on scallop growth. Observed sublethal effects from both wastes resulted from the negative
influence of fine inorganic particles on scallop feeding processes, but chemical toxicity may also be a
factor with barite . Suspended WBM cuttings (30-60 pm diameter) did not affect feeding behaviour and
growth (Figure 33) and are not included in model simulations .

These data have been applied to the time series concentration data provided by bblt models . Growth
reduction factors (between 0 and 1) were calculated for each component at 30-min time steps assuming a
linear relationship between waste concentration and growth as observed by Cranford et aL (1999) . These
indices were subsequently added together and integrated over the entire exposure period . The percentage
of total growth lost over the exposure period was also calculated . Full details of the methods and predicted
effects on scallop growth are presented in the Appendix .

As expected, the number of potential growth days lost is greatest at the release point and decreases with
increasing distance along the primary drift line . In general, concentrations at the three locations on the
side of the Bank (GBFS1, Growler and Hunky Dory) drop less with increasing distance from the release
site than application sites in the frontal zone or on top of the Bank . The modelling results suggest that
growth days lost can exceed 10 at distances up to 40 km on the side of the Bank in the stratified water
during the summer .

When averaged along the primary drift line, the potential scallop growth loss is predicted to be greatest on
the side of the Bank . The average value calculated over a distance of 20-50 km along the primary drift line
at the two settling velocities ranged from 1 .0 to 10 .9 days for the first 62 days and from 0.7 to 5 .0 days for
the second 50 days . The potential scallop growth loss along the primary drift line is substantially less in the
frontal zone, ranging from <0 .1 to 2 .1 days for the first 62 days and from <0 .1 to 2 .0 days for the second
50 days . The potential growth loss on the top of Bank is negligible, ranging from 0 .0 to 0 .4 days . Adding
the two time periods, the range of potential scallop growth loss for the full drilling waste release scenario
ranges from 2 to 40 days for the stratified zone and from <0 .1 to 15 days in the frontal zone .
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The interpretation of the results from these bblt applications on Georges Bank depends upon several
factors which include the location of the release site, the distribution of scallop stocks and the time of year
at which the wastes are released .

Most scallop growth on Georges Bank generally takes place between April and October when conditions
are most favourable . Therefore, the potential effects of drilling wastes illustrated in these applications have
a higher probability of being attained during this period . Wastes released between November and March
would probably have a lesser effect because the scallops are not growing as much . However, energy
reserves would be depleted faster. Increased wind and wave influences should further reduce the waste
concentrations in the winter (as shown in the model sensitivity studies) . Much of the scallop growth in the
April to July period goes into the development of gonads . Spawning usually occurs between August and
October. The laboratory experiments with drilling wastes (Cranford and Gordon 1992, Cranford et al.
1999) indicated that much of the observed growth loss was due to retarded gonad development and not
adductor muscle . Therefore, it is likely that drilling wastes would have more effect on spawning potential
(an impact not apparent in the fishery until reduced recruitment in future years) than on muscle size .

The location of the nine application sites in relation to the scallop populations on Georges Bank is shown
in Figure 34. The distribution of scallops is patchy and varies somewhat from year to year but, in general,
the greatest densities of scallops are found in the frontal zone . The sites with the fewest scallops are
GBFS1 (stratified), GBFS4 (mixed), and NEP (frontal zone) . The Growler (stratified), Hunky Dory
(stratified) and SNEP (frontal) sites have moderate scallop populations . The sites with the greatest scallop
densities are GBFS2 (frontal zone), GBFS6 (frontal zone) and ENEP (frontal zone) .

T-

67° 66°

Figure 34 . Location of bblt application sites on Georges Bank in relation to historical scallop populations .
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The potential impacts of the discharges predicted by the linked modelling are summarised as follows
according to the summer physical oceanographic zones on Georges Bank : Mixed, Front and Stratified .

Mixed - Top of the Bank (<70 m )
Due to high energy levels, predicted near-bottom waste concentrations at GBFS4 are very low and the
potential growth loss, averaged along the primary drift line, is less than one day, even at the high settling
velocity. This zone has lowest scallop density and thus impacts are expected to be low .

Frontal Zone - Edge of the Bank (70-100 m )
The near-bottom waste concentrations predicted by bblt for the complete waste release scenario would
reduce potential scallop growth, averaged along the primary drift line, in the frontal zone on the order of
<0.1 to 15 days depending on settling velocity and the area over which the data are averaged . With the
exception of NEP, all sites in this zone are in or near high scallop densities . However, it is not likely the
loss of several days growth would be detected in scallop populations .

The maximum effect in this zone would be losing about 16 potential growth days over the area covered by
the near-bottom discharge plume . This area can be considerable because potential growth days lost can
be on the order of 10 or greater at distances as far as 40 km from the release point . As stated above, the
results of laboratory experiments suggest that gonadal growth would be effected more than somatic tissue
growth so that the net effect might be reproductive loss which could affect the strength of future year
classes. Due to the conservative nature of the parameters used in this modelling, it is expected that
impacts would be lower than these predicted

Stratified - Side of the Bank (>100 m )
The three sites on the side of the Bank produced the greatest concentrations and potential scallop growth
loss . Total growth days lost ranged between 2 and 40 for the full waste release scenario depending on
settling velocity and the area over which the data are averaged . The GBFS1 site is in an area of low
scallop abundance and the net drift of near-bottom discharge plume is predicted to be generally away
from the scallop beds . Therefore, even though concentrations are predicted to be high, discharge at this
location is unlikely to have a measurable effect on scallops . On the other hand, both Growler and Hunky
Dory are located in areas of moderate scallop density. The net drift at Growler is predicted to be up on the
Bank toward the scallop beds while that at Hunky Dory is to the north towards higher scallop densities .

In summary, the different oceanographic regions of the Bank are expected to experience different levels
of impacts depending on the movement of water and materials and the expected densities of scallops .
Table 13 shows the days of lost growth for the different regions, different settling velocities and different
distances from the point of discharge . The greatest sublethal impacts are expected in the stratified zone
and close to the point of discharge . Due to a number of factors associated with the conservative nature of
the modelling, it is expected that the real values would be lower than those presented in Table 13 .

Table 13. Estimates of days of lost growth for scallops . Estimates are given for two different settling
velocities averaged within circular areas with three different radii around the discharge point .
The relative densities of scallops in the regions are also indicated .

Settling
Velocity Region

Radius (km) (cm s") Mixed Front Stratified
0 . 5

2 .0

10.0

0.1 0 0 5
0.5 2 15 40
0.1 0 0 3
0.5 1 6 19
0.1 0 0 2
0.5 0 3 11

Relative density of Low Medium to High Low to High
scallops
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Tainting

GESAMP (1993) provides an excellent summary of reported tainting from petroleum products . It is
possible that certain metals and organic compounds contained in water-based drilling muds or released
with cuttings may be concentrated in various tissues of organisms exposed to them, even at relatively low
concentrations . Sublethal effects may or may not result . Other important concerns are whether these
contaminants might be passed along the food web and influence predators or whether they might cause
tainting .

Tainting might result from the use of water-based muds because of the possible oil additives . If tainting
was detected under field conditions by a monitoring program, the area around a rig may have to be closed
to fishing for a period of time after drilling ceases .

Canadian laboratory experiments have also indicated that scallops have the potential to concentrate in
their digestive tract both barium and chromium, as well as clay particles, from water-based drilling muds
but again it is difficult to apply these results to natural conditions . In regards to scallops this should not
affect their marketability as only the muscle is eaten .

Measurements made during the US Georges Bank Monitoring Program could not detect any uptake or
accumulation of trace metals or hydrocarbons by the ocean quahog in the wild but did could not consider
the scallop as they are not present in the study area (Phillips et al. 1987) .

Summary of Operational Discharge s
In summary, operational discharges would cause some biological effects over relatively short time periods
and small distances from the discharge point . Smothering of benthic organisms by deposited mud and
cuttings would not be anticipated outside about 0.5 km radius from the rig . The use of lower toxicity water-
based drilling muds should minimise the direct mortality on organisms, as would the use of low toxicity oil
for lubrication and a spotting fluid . The zone of impact around a rig would vary with location time and
quantity of discharge . Impacts would disappear rapidly once drilling ceases . It is anticipated that the
dispersed muds, cuttings and associated hydrocarbons would cause localised sublethal effects for some
bottom dwelling organisms . Because of the large degree of spatial and temporal variability in natural
populations and the limitations of current sampling methods, it is expected that it would be very difficult to
detect the net result of any impact at the population level . There is little evidence to suggest concern over
possible tainting of either finfish or invertebrate resources due to discharges . As with sublethal effects,
potential impacts of tainting can be expected to be less with isolated exploratory wells than with a
production field. Tainting should not be an issue in these WBM scenarios .

Potential Distant Impacts

Using a realistic scenario of exploration activities, one drilling rig operating at a time with 3-4 wells being
competed over the exploration phase, it appears that impacts from routine seismic surveys and
operational exploratory drilling activity is likely to have only localised impacts on the ecosystem
components reviewed . The actual impacts will be dependent on the location, timing of the activities, and
the properties of discharges . As a result of the low expected levels of impact on a local scale, such activity
is not expected to have significant distant impacts . Distant impacts are estimated to be small . These
include the potential seeding of species, such as lobsters and herring, from the Georges Bank to the Gulf
of Maine and possible impacts on migratory species such as marine mammals and birds that use the
Bank as one part of their overall habitat . There does exist a small probability that these impacts will have
population and ecosystem level impacts .



Potential Cumulative Impacts

Multiple Exploratory Well s
Based on the high cost of drilling exploratory wells, it is expected that there will be only 3-4 wells drilled
during exploratory activities on Georges Bank . If exploration identifies favourable quantities and the
petroleum product is developed, the number of wells being drilled at any one time can be expected to
increase in the production phase . As the number increases, so does the chance of detecting effects at the
fisheries resource level since a greater area of the Bank would be affected and the rate of discharges
would be proportionally higher .

The Bank has dispersive tidal currents in most locations that would tend to distribute discharges over a
large area in a matter of days . In a single well situation, this would be helpful in diluting the discharge, and
their impacts, over a large area and thus possibly reducing the impact . The critical issue would be whether
threshold levels of discharge and toxins were reached at important areas of the Bank . The linked
modelling of currents, benthic boundary layer transport and scallop growth impacts as described in this
document would be useful in evaluating future proposals for drilling sites .

Development and Production Phase s

This review and assessment was limited to petroleum exploration activities . A review of production
activities that are unknown at present and their potential impacts was not conducted . However it is
important to note that there are many aspects of production activity that have potential impacts on the
marine ecosystem . Some of these activities are the same as for the exploration phase but are greater in
scale. Other activities are unique to the development and production phases . Relative to the exploration
phase, these include :

• additional infrastructure, such as more or different platforms in place for a long time ;
• new infrastructure, such as pipelines ;
• different formulations of drilling muds ;
• additional discharges, such as sewage and biocides ;
• fishing community loss of access for the duration of the project ;
• potential release of produced water ; and ,
• gas flaring .

Of particular note for production and development would be an increased potential for chronic impacts that
might result from exposure to lower concentrations of materials over a longer period of time .

IX) EXCEPTIONAL EVENTS/CIRCUMSTANCE S

In addition to the possible impacts from routine exploration activities, there are a number of events that,
although having a low probability of occurrence, have a much greater risk to the Georges Bank
ecosystem.

Oilspills and Blowout s

With any petroleum development there is always the chance of a major release of either oil or gas into the
environment from an oil spill associated with the storage and movement of the product after extraction or
a blowout during drilling . Well blowouts and major spills, however, have the potential of releasing
hydrocarbons at a rate faster than natural ecosystems can accommodate them and of affecting organisms
not previously exposed to oil derived hydrocarbons in concentrations greater than trace amounts . In
exploration there is usually no bulk storage or transfer of oil or gas, thus the risks and impacts of an oil
spill are no more than that usually associated with marine shipping already occurring in the area of the
Bank .
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Of greater interest to the potential impacts from exploration are the risks and potential impacts of a
blowout where large quantities of oil or gas are released from well . A blowout occurs when operators of a
drilling rig are unable to control the flow of petroleum product from the well and it is released into the
environment . This might occur anywhere in the water column from the sea floor up through the water
column to the rig itself . Not all blowouts lead to significant loss of hydrocarbons because often they seal
naturally and cease flowing within a matter of hours or days . Regulations require that all feasible steps be
taken to minimise the probability of a blowout while drilling wells . For example, blowout preventers are
routinely installed on all wells at the seafloor that stop or slow the flow of petroleum product in unusual
circumstances . However, there is always a chance that a blowout could occur as the result of human error
or equipment failure .

Oil exploration and development has been underway in the Gulf of Mexico over the past 50 years . The
regulatory and operational situation is somewhat comparable to that expected for Georges Bank . From
January 1979 through December 1998 there were 19,821 wells drilled in the Gulf of Mexico which resulted
in 118 uncontrolled flows or blowouts indicating a 0 .6% occurrence rate . The vast majority of these events
were the diversion of shallow gas and in only one event was there a release of any liquid hydrocarbons (87
barrels of condensate) . There were no detectable environmental consequences . (W. Lang, MMS,
personal communication) .

If a blowout occurs it usually results in the release of a mixture of gas, gas condensate and or oil . These
three products behave differently in the water column and have different potential impacts .

The high volatility of the gas usually allows much of it to evaporate into the atmosphere and the bulk of
material dissipates rapidly through the action of the wind . This is often true of the lighter components of
the condensate and oil . In the first hours and days after release the lighter fractions evaporate . The
impacts of such products in the atmosphere, including effects due to long distance transport, are not well
known .

Gas condensate is made of up of chemicals, associated with the gas, that become liquid at standard
temperature and pressure . Much of this material is highly soluble in water . Many of the hydrocarbons
found in gas condensate are highly toxic . For example, condensate from the Venture well on the Scotian
shelf contains greater than 10% benzenes and naphthalenes, which are two of the most toxic groups of
petroleum hydrocarbons . The high volatility of the material would result in much of it quickly evaporating at
the sea surface. Release of large quantities of condensate at the seafloor would dissolve and may cause
local mortalities because of its toxicity . It is expected that the impacts would be short-lived following the
stoppage of flow, although depending on the duration, timing and location there could be significant
mortalities .

Observations made during the Uniacke G-72 gas blowout are useful for evaluating a potential scenario for
the gas and condensate release in the Georges Bank situation (Martec 1984) . During the Uniacke G-72
blowout condensate was lost from the platform above the sea surface . This blowout, which occurred at the
end of February 1984, was relatively short-lived and dispersion of its condensate was assisted by several
winter storms . It is estimated that 75% of the condensate was lost by evaporation during the first 24 hours
after release . The remainder either formed a temporary surface slick or became entrained in the water
column. The surface slick of this light condensate persisted for several days and was observed up to 10
km from the rig. Condensate entrained in the water presumably persisted longer and travelled further
because of the absence of evaporation . Measured hydrocarbon concentrations, detected to depths of at
least 21 m, were usually under 100 parts per billion (ppb) compared with background levels of about 1
ppb . Biological effects were not observed or evaluated .

Released oil may form a surface slick, be mixed into the water column and or become incorporated into
sediments. The relative amounts entering each pathway and subsequent behaviour will depend upon the
type of event (i .e . platform blowout, seafloor blowout, sea surface oil spill, etc .), composition and physical-
chemical characteristics of the oil, environmental conditions (wind, temperature, etc .) and oceanographic
features .

-69-



The environmental impacts of oil in the sea have been studied around the world for almost three decades .
The GESAMP (1993) recently published a major review . DFO scientists have played a major and
important role in studying the fate of oil spills and their impacts . The GESAMP report includes case
studies of blowouts and major oil spills under different environmental conditions, that summarises the
general understanding of the behaviour, fate and effects of oil released into the sea . Much recent research
provides a good understanding of the specific impacts that can be expected for Georges Bank .

It is expected that the bulk of any oil released on Georges Bank would initially concentrate at the sea
surface to form a slick, even in the case of a subsurface blowout. The slick would immediately be
subjected to evaporation . It has been estimated that evaporation removed 40-50% of the Bunker C oil spill
on Nantucket Shoals from the Argo Merchant in just 24 hours (Hoffman and Quinn 1979; Hoffman et al.
1979) and that about 23% of spilled Hibernia crude oil would evaporate in the first five or six hours after a
hypothetical spill . Since the portion of oil lost by evaporation consists largely of the lighter fractions, the
composition of oil remaining in the surface slick after several days would be different from the original .
Other processes that would play a major role in breaking up surface slicks just after a spill are dispersion
and dissolution into the water column . Photo-oxidation (near the surface) and biodegradation would
become increasingly important after a few days . Under most conditions, surface slicks of unrefined oil
should disappear after one to two weeks .

The presence of an oil slick on the surface will have the most serious biological impacts on birds, and
marine mammals in the area . Greater shearwaters and razorbills spend considerable time sitting on the
water and therefore have a high potential for coming into contact with oil . Oil can kill seabirds directly by
removing their thermal protection, as well as interfere with their reproductive potential and induce sublethal
physiological and behavioural effects . The federal Department of Environment has a role to play in
providing data and information on these potential impacts . Impacts of oil slicks on marine mammals are
not well understood and are species specific . Marine mammals as described above are known to frequent
Georges Bank.

The amount of spilled oil that enters the water by dispersion and dissolution varies considerably with
composition and environmental conditions but is generally on the order of 5-15% . Dissolution is
considerably less than dispersion because of the low solubility of most oil components . Oil in the water
may have a higher potential toxicity than surface slicks due to the reduced potential for evaporation of the
lighter toxic components .

Oil products enter the water column primarily through downward mixing . Short-term concentrations that
can be expected in the water column under blowout or spill conditions on Georges Bank are on the order
of 10 to 200 ppb with an upper maximum of about 300 ppb . The depth to which oil penetrates will depend
upon wind, mixing, currents and water column structure. High rates of vertical mixing observed on
Georges Bank would probably increase the amount of petroleum product entrained in the water compared
to other areas . This tends to reduce the amount of petroleum components lost to the atmosphere through
evaporation . A thicker mixed layer on the other hand should reduce concentrations by increased
downward mixing . Entrainment in the water could also be greater if a blowout occurred beneath the sea
surface or under storm conditions . In the well-mixed central portion of the Bank, such concentrations
could extend uniformly all the way to the bottom . For example, oil spilled from the Argo Merchant was
detected as deep as 20 m and probably penetrated deeper. Similar observations were made in
Chedabucto Bay and along the eastern shore of Nova Scotia following the Arrow spill . In stratified regions
around the perimeter of the Bank, concentrations in deeper water should be substantially lower . Any high
concentrations shoûld be short-lived and return to background levels within a week or two .

Once in the water column there are a number of ecosystem components potentially at risk .

Biological impacts on selected organisms and life stages in the water column have been demonstrated at
oil concentrations that can occur under field conditions . Oil concentrations on the order of 100 ppb or less
have been demonstrated to cause both lethal and sublethal effects on planktonic organisms . However,
despite many studies, it is difficult to demonstrate that either major spills or chronic oil input have any
irreversible impacts on the marine planktonic communities . In most instances impacts at the ecosyste m
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level may be low for several reasons . The volume of water contaminated with high oil concentrations is
limited in both space and time because of rapid dispersion and weathering . Secondly, planktonic
organisms generally have rapid rates of regeneration on the order of days to months and can therefore
quickly compensate for any loss . And thirdly, replacement phyto-and zooplankton can be readily mixed in
from surrounding waters .

It remains ve ry difficult to show the impacts of oil-induced mortality on early life stages of finfish and
inve rtebrate resources because of large and variable natural mo rtality . Existing juvenile and pre-recruit

survey methods are characterised by large variabili ty that makes it almost impossible to detect mortality
from oil unless it is major and extends over a large area . An idea of the potential effects of oil-induced
mortality on early life stages can be obtained using ecosystem computer models that evaluate
quantitatively the impacts of different spill conditions . American modelling studies have demonstrated the
types of impacts that various spill scenarios on Georges Bank could have on cod, haddock and herring
stocks . Some scenarios predict cumulative losses in excess of 20% for both cod and herring ( Reed et al.
1984; Spaulding et al. 1985) .

There is, however, reason for continued concern about potential damage to the Georges Bank
meroplankton which includes the early life stages of finfish as well as invertebrate larvae . Spawning
events are generally restricted in space and time . If they coincide spatially and temporally with a spill, a
significant portion of a year class could be affected . Laboratory studies have shown that eggs, larvae and
juveniles of various species can demonstrate both lethal and sublethal effects when exposed to oil .
Abnormal development has also been observed in the field under spill conditions . If convergence zones
are sufficiently strong and persistent through time, they could tend to concentrate both oil and early life
stages together in near surface waters thereby magnifying deleterious effects even further . All major
commercial species on Georges Bank have pelagic eggs and/or larvae and therefore are potentially
vulnerable .

The potential impact on fishery resources on Georges Bank will depend very much upon the timing and
geographic location of a hydrocarbon release . Each species spawns during a limited time period . For
example, scallops spawn in September-October, lobster in June-August, cod in January-June, haddock in
January-May, herring in September-November, etc . Impact 'windows' can be defined which extend from
the first day of spawning until such time that larvae or juveniles have sufficient mobility to avoid
contaminated areas . Each species would therefore be more vulnerable at certain times of the year than
others . A spill during October, for example, should not influence cod or haddock since the oil should
disperse before winter spawning begins but summer spawning resources (e .g. scallops, lobster and
herring) might be affected. The impact "window" for lobster may be substantially longer than other species
because females carry their eggs for about nine months . Herring eggs are deposed on the bottom and
remain attached for a couple of weeks. Since at least two species are spawning every month of the year,
any hydrocarbon release has the potential to affect fishery resources .

The effects of oil on adult fish in the field are difficult to study and therefore knowledge is incomplete .
Nevertheless, fish do have the potential to avoid contaminated areas if the areas are small enough and
they are able to detect them. Even though estimates of adult stocks are more precise than those of the
young, mortalities as high as 25% could go undetected . While it is possible that long-term impacts are in
fact minor, it is also possible that significant impacts on aquatic populations do occur but may not be
detected with present methodology . High levels of variability in resource levels result from both natural and
human factors and stocks, such as some groundfish resources and some marine mammals, which are
already under pressure, may be particularly sensitive to the impacts of low levels of oil .

Oil in the water column can result in the fouling of fishing gear or the closure of areas of the Bank due to
suspected presence of oil . This loss of access to the Bank by the fishing industry could result in lower
yields, depending on the duration and location of the blowout .

The amount of oil reaching bottom sediments depends upon numerous factors that include the volume of
the blowout, type of blowout (platform or seafloor), hydrocarbon composition, depth of water and degree of
water column mixing . Transport mechanisms include adherence to particles, incorporation into
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zooplankton faecal pellets, direct sedimentation of weathered oil particles and vertical mixing . The
greatest amount of oil should reach the bottom on Georges Bank in the shallow well-mixed central area
and in possible convergence areas . Because of the strong tidal mixing, it is expected that more oil should
reach the bottom of Georges Bank than other continental shelf environments of comparable depth .

Concentrations of hydrocarbons in sediment in the range of 10 to 100 parts per million (ppm) could be
expected from a blowout or spill . These should not persist on the Bank longer than a few months because
of the strong currents that continually transport fine sediment particles out to deeper water . Any mortality
of benthic species induced by a single event would probably be limited in both extent and time . The same
is expected of sublethal effects although the extent and duration of impacts could be greater . Widely
distributed species such as scallops should be subjected to little risk except in localised areas of high oil
concentrations . However, species that utilise a limited portion of the Bank, such as herring at spawning,
could be at higher risk if an oil release coincided with the location and timing of spawning (herring eggs
adhere to the bottom for about 10 days before hatching) .

Oil in the water will be transported through the influence of tides, surface currents and wind . While
suspended in the water column, oil will be transported horizontally by tidal currents, eddies, residual flow
other currents . During the winter months, oil slicks are predicted to move off the Bank in a southeasterly
direction away from the coast . This is the pattern followed by the oil spilled from the Argo Merchant in
December 1976. Oil spill trajectory modelling for summer conditions on the northeast peak suggest that
they would most likely travel in one of two principal directions . If winds are light, trajectories should be
influenced primarily by the residual current and slicks would move generally to the south and southeast .
Under storm conditions, surface water movement would be driven by the winds .

There is a slight probability that, if strong southerly winds occurred, such as may be associated with
hurricanes, some portion of the oil could move northwards towards the coast of Nova Scotia . The distance
from the Georges Bank moratorium lands to the shore and the residual current, greatly reduce the
probability of encountering the shoreline . A large portion of the crude oil in a slick should evaporate and
disperse during transit so the probability of fouling the shoreline is thought to be low. Any oil that does
reach the Nova Scotian coast from a release site on Georges Bank would be highly weathered and
therefore less of an ecological threat than fresh oil .

It should be noted that trajectory calculations should be interpreted with caution . They are based upon
long-term averages of oceanographic and meteorological conditions . Short-lived and unpredictable
events, such as storms or hurricanes, can move slicks several hundred kilometres in unexpected
directions relatively quickly. These same conditions, however, will accelerate the evaporation of oil and
dispersion into the water column .

In general, scientists have been unable to detect effects of offshore oil blowouts on the abundance or
wholesomeness of fisheries resources, including the Uniacke blowout near Sable Island . However, this
does not mean that effects do not occur . Furthermore, there are unique physical and biological features
about Georges Bank that suggest the potential impacts could be greater than in other offshore regions
may be detectable at the resource and ecosystem level . A gas or oil blowout could cause both lethal and
sublethal biological impacts on individual organisms that would vary in severity according to hydrocarbon
composition, type and blowout duration, location, time of year and environmental conditions .

Meteorological/Hydrological events
STORMS AND HURRICANE S
The Georges Bank area is subject to strong storms that can affect the circulation of water year round .
These winds typically blow across the shelf and can move large volumes of water off the Bank. Similarly,
in the event of a blow out, the surface layers of water could move towards the southern portion of the
Scotian Shelf or into the Gulf of Maine . Whereas the general circulation pattern would not predict this
direct movement, it is reasonable to expect such movements within a number of days . Although this is a
low probability and such strong winds would tend to disperse and weather the oil, this type of circulation
could put some coastal resources at risk .
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GULF STREAM RINGS
The Gulf Stream is a persistent oceanographic current that carries warm tropical water from the Gulf of
Mexico north and eastward across the Atlantic . The location of this current is not fixed but in general it
passes about 200 km southeast of Georges Bank . As this current meanders east, rings of warm water
often become separated from the general current and can move towards the Bank . Due to the shallow
water depths on the Bank, this warm water is often stopped at the slope but in some cases this warm
tropical water can flood the southern flank of the Bank and give rise to significant cross-bank exchange of
water . This is a natural phenomenon that has been suspected of impacting certain populations . As with
storms and hurricanes, the movement of Gulf Stream rings may give rise to circulation patterns that are
not characteristic of the average circulation .

X) UNCERTAINTIES

As with any complex assessment, there are uncertainties associated with various aspects of this review.
However, Georges Bank has been, and continues to be, one of the most extensively studied regions of
the world's oceans . Its physical oceanography in particular is generally well described and understood, to
the point that numerical circulation and dispersion models are now available that provide realistic
quantitative descriptions of the effects of the predominant tidal and seasonal-mean currents, and the
unique features identified above . Its biological resources are also generally well described and many of
their linkages to the physical environment and other trophic levels have been identified .

However, there remain many areas of incomplete understanding, such as the role of episodic
perturbations on the physical regime, some predator-prey relationships, and the overall dynamics and
resiliency of the ecosystem .

Recent studies of drilling mud properties, dispersion and impacts on scallops in laboratory experiments,
combined with our understanding of the physical environment and description of the scallop resource on
Georges Bank, provide a substantial knowledge base for estimating potential impacts on scallop
populations . The strong tidal mixing and coarse natural sediments on the Canadian portion of the Bank
provide strong support for the dispersion model's prediction of relatively rapid dilution of drilling wastes in
the benthic boundary layer . Most of the approximations in the model presented are conservative, in the
sense of underestimating dispersion, and hence overestimating drilling mud concentrations and potential
impacts, so that there is a moderate-to-high level of overall confidence in the predictions of drift,
dispersion and mud concentrations . Confidence is highest for the shallower Mixed and Frontal zones
where dispersion and suspension are highest, and where the highest density scallop beds occur, that is
the Frontal zone . There is less confidence in the prediction for the Stratified zone that borders the densest
scallop beds and where dispersion and suspension are lower .

The dispersion of drilling mud in the ocean is a complex phenomenon which is not fully understood and for
which there are not adequate observations to validate a dispersion model in any rigorous sense . Thus,
there is a small chance that drilling mud concentrations could be higher than predicted by the present
dispersion model, but this is considered to be unlikely except for deeper areas away from the scallop
beds .

There is uncertainty about the full range and nature of the impacts of drilling discharges on the ecosystem .
Extensive studies have been conducted on the acute and sublethal toxicity of drilling muds to adult
scallops and limited testing has been done with early life stages of sea scallop, lobster and haddock .
These species and life stages are expected to be the most sensitive . However potential lethal and sub-
lethal impacts of operational discharges on other marine resources, and the overall ecosystem structure
and function, on Georges Bank have not been investigated .

Much of this review deals with average conditions of physical oceanography, biological populations and
weather . In reality, there can be significant deviations from the mean that would affect the assessment of
potential impacts .
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XI) CONCLUSION S

As described in Section VII) above, Georges Bank has a number of distinct features which, in
combination, result in a unique marine ecosystem . Routine exploratory seismic activity might have a
significant impact on adult fish behaviour that might potentially affect spawning behaviour and fish catch
rates . It could also have a very localised impact on fish larvae, depending on the time of year and location .
Routine operational exploratory drilling activity is likely to have only localised impacts on the ecosystem
components reviewed . Actual impacts will be dependent on the location, timing of the activities, and the
properties of discharges . There is a small probability that these impacts will have population and
ecosystem level impacts .

There will be some temporary loss of access to fishing grounds during both the seismic surveys and
exploration drilling . The total area that would be lost as a result of drilling activity is relatively small . The
loss of access due to the seismic surveys will depend on the timing and location of the surveys and the
types of fishing gear that are being used . The greatest potential for conflict is in the summer time when
fishing activity is high and weather conditions for seismic surveys are optimal .

As with any petroleum exploration or production activity, there is a low probability of a large release of
petroleum product from a well blowout that might have an effect on the ecosystem or populations . Current
technology helps to reduce this probability but most blowouts are the result of human error, a factor that is
difficult to regulate other than through the training requirements specified by Canadian regulations .

Potential impacts from production activities were not included in this assessment but the impacts are
expected to be different than those considered for exploratory activities . There is a wide range of
production scenarios depending upon many factors, such as the product being produced, the market,
available technology and best practices at the time of development . The potential impacts will be
dependent, to a large degree, upon the actual production scenario .
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XIII) APPENDIX - Drilling Waste Dispersion Modelling and Potential
Effects on Scallop s

Introduction
Hydrocarbon exploration and development drilling in the Atlantic Canada offshore includes the routine
release (with some restrictions) of different kinds of drilling muds (which vary widely in composition and
properties) and formation cuttings to the marine environment . At the time of the previous DFO
assessment on the possible environmental effects of exploratory drilling on Georges Bank (Gordon 1988),
there was limited information on the potential impacts of these particulate wastes on benthic organisms . It
was felt that measurable impacts might be expected under some conditions. Research recommeniclations
included developing better numerical models to understand waste dispersion and improving our
understanding of the effects of drilling wastes on benthic organisms, in particular the sea scallop
(Placopecten magellanicus) which is the most valuable commercial species on Georges Bank . By
coupling the biological results to waste dispersion models, the spatial and temporal extent of potential
impact zones around a drill site could be predicted .

DFO subsequently developed a focused and well-integrated research program, which has been funded by
the federal Panel on Energy Research and Development (PERD), to address these recommendations .
Because of the nature of the questions being asked, this program has covered a wide range of scientific
disciplines including physical oceanography, sedimentology, engineering and ecology . Specific research
projects have included physical oceanographic field programs on Georges Bank, sedimentological field
studies on Georges Bank, Sable Island Bank and the Grand Banks (the latter two around active drilling
sites), laboratory studies on the flocculation of drilling muds and on the effects of various drilling wastes on
adult sea scallops, the development of new instrumentation for measuring drilling wastes in the offshore
environment, and the development of numerical circulation and dispersion models .

The results of these projects have greatly increased the understanding of the behaviour, transport and
effects of particulate drilling wastes in continental shelf environments . Numerous publications have been
completed or are in progress . The modelling project is currently being completed and the new models are
applied here to the hypothetical drilling scenario for sites on Georges Bank . Two technical reports are in
preparation . This report is a brief overview of the results and current interpretation .

Background Information

Drilling wastes
Operational drilling discharges have two major components ; muds and cuttings . Muds are specially-
formulated mixtures of clay and numerous other materials suspended in a carrier fluid which is either
water (WBM), oil (OBM) or a synthetic organic mixture (e .g . esters, ethers, polyalphaolefins, synthetic oil,
etc .) . The latter mud types can be classified as WBM or OBM, but are generally referred to by industry as
alternative-based muds (ABM) . Muds serve several functions including transporting cuttings to the
surface, balancing of subsurface and formation pressure to prevent blow-out, and cooling, lubricating and
partly supporting the drill bit and drill pipe . They also stabilise the borehole wall and prevent fluid
exchanges with the rock formation . Mud composition is continually changed during drilling to adjust to the
specific down-hole conditions encountered . Cuttings are particles of formation rock produced by the action
of the drill bit which are carried to the surface with drilling mud .

Mud and cuttings are typically discharged through a pipe at a depth on the order of 5-10 m below the sea
surface. However, in some instances, such as open circuit drilling at the start of a well, waste can be
discharged directly at the sea floor. Two types of discharges generally occur . Daily discharges consist of
cuttings, associated muds and some fine particles from the formation . In addition, bulk dumps of WBM
occur at the completion of the well or well sections .
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Existing Canadian offshore waste treatment guidelines (NEB 1996) allow the discharge of WBM from
drilling platforms without treatment . However, OBM and ABM must be recovered and recycled or
transferred to shore . Cutt ings produced using WBM and ABM can be discharged without treatment .
Current guidelines stipulate that OBM cu tt ings can not be discharged until treatment has reduced the oit
content to 15% by weight or less. However, the Canada-Nova Scotia Offshore Petroleum Board
(CNSOPB) has recently stipulated that beginning on 1 January 2000 the oil content on discharged OBM
cu tt ings must not exceed 1% by weight .

Exploration wells are usually drilled with WBM over a period of several months . Development wells have
typically been drilled with a combination of WBM and OBM, but ABM is increasing in popularity given the
tougher regulations on the discharge of OBM cuttings . Total waste release during development drilling is
generally much greater since multiple wells are usually drilled at the same location . This modelling project
has focused on WBM as regulatory policy indicates it would be used for exploration drilling on Georges
Bank .

Field Obse rvations
Field observations made around active drilling platforms indicate that roughly 10% of the discharged
wastes is neutrally buoyant and forms a surface plume (NRC 1983) . The balance of the wastes (on the
order of 90%) is denser than seawater and, if released at or near the sea surface, forms a plume that
descends through the water column until it either reaches the seafloor or becomes neutrally buoyant .
Therefore, in shallow water, a large fraction of the discharge will reach the seafloor close to the platform .
The resuspension, dispersion, drift and final deposition site of this material will depend upon such physical
variables as water depth, currents (tidal and residual), waves and storms . Most of this lateral transport
takes place in the benthic boundary layer (the bottom of the water column just above the seafloor) where
sea scallops obtain their particulate food resources .

Observations by DFO using different kinds of oceanographic instrumentation around the PanCanadian
CoPan oil field on Sable Island Bank (34 m water depth) have confirmed that discharged drilling wastes
flocculate, sediment rapidly and concentrate in the benthic boundary layer (Muschenheim and Milligan
1996) . On certain occasions during developmental drilling, fine particulates from drilling wastes were
present in the benthic boundary layer up to 8 km from the platform . Field observations at several locations
on Georges Bank not affected by drilling indicate the presence of elevated levels of natural suspended
matter in the benthic boundary layer but the absence of fine particulates (Muschenheim et al . 1995) .

Flocculation and effective sett ling velocity of drilling waste s
Laboratory experiments carried out with whole WBM, particulate-drilling wastes and two major mud
constituents (barite and bentonite) have provided estimates of flocculation and settling rates . Flocculation
increases effective particle size and therefore increases settling velocity . These experiments indicated that
the settling rates of flocculated drilling wastes under laboratory conditions could be as high as 1 .5 cm s-' .
However, these flocs were densely packed and did not look like the "fluffy" drilling waste flocs observed at
CoPan (Muschenheim and Milligan 1996) . On the basis of these results, measurable drilling waste
concentration gradients in the benthic boundary layer at CoPan, and literature values, the expected range
of effective settling velocities for flocculated drilling wastes under natural conditions in tidally-energetic
environments is estimated to be 0 .1-0.5 cm s' .

Plume dispersion modelling
Using industry standard models, simulations were carried out to determine the depth of descent of the
waste discharge plume under different discharge conditions, densities and environmental conditions . The
factors which significantly affect the depth of descent were found to be mud density, depth of release,
initial downward volume flux of the discharge, current strength and water column stratification (Andrade
and Loder 1997). These data can be used to estimate the portion of drilling wastes released at or near the
sea surface that can be expected to reach the seafloor under different scenarios .



bbl t
A new model called bblt (benthic boundary layer transport) has been developed to study the dispersion
and transport of suspended sediment in the benthic boundary layer on the continental shelf . Hannah et al.
(1995) describes formulation and exploratory applications . Numerous improvements have been made
(Loder et al. 1998) . The model is now available in two versions. Local bblt neglects spatial variability in
the physical environment around the discharge site and can be forced by either a measured (time-varying)
current profile or a 3-D time-varying circulation model field . A second and more complex version, called
spatially-variable bblt, allows for spatial structure in the physical environment and is forced by a 3-D time-
varying circulation model field . The specifications of forcings and the choice of model parameters draw
upon the results of other projects in this program .

Drilling waste release scenario
A hypothetical drilling waste release scenario was developed for an exploration well with the assistance of
Texaco Canada Petroleum Inc . It provides information (volume, density and weight) on the daily discharge
of mud and cuttings from a typical exploration well . The hypothetical well is drilled to the depth of 4600 m
below the seafloor in five distinct sections over a period of 93 days, with wastes released on 59 of these
days . Wastes are discharged at the seafloor during the first two sections (12 days) and at 10 m below the
sea surface for the remaining sections . During the entire scenario, a total of 468 t of drilling mud and 2569
t of cuttings are released to the marine environment . If exploratory drilling was ever realised on Georges
Bank, the actual discharges could be different due to stratigraphic conditions (not yet known) and potential
improvements in drilling technology.

Calculation of potential effects on scallop growt h
The potential biological effects of the drilling waste concentrations predicted by bblt are assessed using
the results of laboratory toxicity experiments reported by Cranford and Gordon (1992) and Cranford et al .
(1999) . These experiments exposed sea scallops to different concentrations of various drilling wastes in
raceway tanks and determined the lethal and sublethal effects, including somatic and reproductive tissue
growth and physiological responses, of intermittent exposure . The wastes tested were bentonite, barite,
and used WBM cuttings and used OBM. The results are summarised in Figure 33 . The most toxic waste
was the used OBM while the least was the used WBM cuttings . Only the bentonite and barite results are
used in this report . They are the major particulate components of WBM .

Two kinds of effects thresholds were estimated from the bentonite and barite exposure results . The first is
the zero growth concentration (CO) . There is no scallop tissue growth at or above this threshold . The
second is the no effects concentration (Cl ) . There is no significant effect on scallop growth at or below
this threshold . For bentonite, zero growth was observed at 10 mg I" and no effects were detected below 2
mg f' (Figure 33) . The effects thresholds had to be estimated for barite, as laboratory experiments
observed zero growth at the lowest concentration tested (0 .5 mg 1" ) . Other biological effects indices
indicated that growth would occur at barite concentrations below 0 .5 mg I-' (Cranford et al. 1999), and this
value was used as the zero growth concentration . The no effects concentration for barite was estimated at
0.1 mg 1-' by assuming the ratio C 1 /Co was the same as observed for bentonite . The thresholds are
substantially lower for barite than for bentonite, indicating its greater effect on scallop growth . Observed
sublethal effects from both wastes resulted from the negative influence of fine inorganic particles on
scallop feeding processes, but chemical toxicity may also be a factor with barite . Suspended W BM
cuttings (30-60 pm diameter) did not affect feeding behaviour and growth (Figure 33) and are not included
in model simulations .

The effects on scallops of the drilling waste concentrations predicted by bblt are estimated for each model
application by calculating the number of potential growth days lost over the exposure time . Waste
concentrations predicted by bblt were assumed to be half barite and half bentonite . Although the drilling
waste scenario indicates some change in the proportion of each component with time, this change was
not large and the use of a variable proportion of waste constituents would require separate bblt runs for
each component and hence a doubling of computational demand . Growth reduction factors (between 0
and 1) were calculated for each component at 30 min . time steps assuming a linear relationship between
waste concentration and growth as observed by Cranford et al. (1999) . These indices were subsequently
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added together and integrated over the entire exposure period . The percentage of total growth lost over
the exposure period was also calculated .

These calculations assume that there are no decomposition processes operating that would change
toxicity with time and thereby alter individual effects threshold values . The physical effects of both
bentonite and barite should not change with time . However, microbial activity may alter the chemical
speciation of trace metal impurities in barite to more bioavailable and toxic forms .

Review Process
During this program, the Georges Bank Steering Committee was created to provide advice on the general
direction of the research and to serve as a means of informally communicating the results to clients . In
addition to DFO, membership included Natural Resources Canada, Environment Canada, the National
Energy Board, the Canada-Nova Scotian Offshore Petroleum Board, provincial agencies and
representatives of the fishing and hydrocarbon industries . Progress of this modelling project was reported
twice a year . In addition, special review sessions were held on several occasions at critical stages of the
project .

Summa ry of bb/t Applications Run on Georges Ban k
Using the drilling waste release scenario described above, local bblt has been used to run twenty-two
applications on Georges Bank, each at two effective settling velocities (0 .1 and 0.5 cm s-'). The
applications are summarised in Table 14 (forced by observed currents) and Table 15 (forced by currents
predicted by 3-D model) . They were run at nine different locations (Figure 32) . The results of the water
column plume dispersion modelling (Andrade and Loder 1997) were used to estimate the fraction of waste
released at 10 m below the sea surface in Sections 3-5 that would reach the seafloor (f in Table 14 and
Table 15) . One application site is on the top of the Bank (less than 65 m), five are in the frontal zone (65-
100 m) and three are located on the side of the Bank (greater than 100 m) . These applications were
selected to determine the influence of physical forcing (observed versus modelled currents), spring/neap
tidal cycle, season, effective settling velocity, and geographic location on waste concentrations in the
benthic boundary layer .

Table 14 . Summary of local bblt applications results from observed currents and the realistic waste
discharge scenario for two time periods . Each was run at two effective settling velocities (0 .1
and 0 .5 cm s') . f represents the fraction of wastes released at 10 m below the sea surface in
the later sections of drilling (3-5) predicted to reach the seafloor .

Period Site Wate r
De th (m)

Season Start Day
of the year

f Drift (°T)

Days 1-62 GBFS4 63 Summer 189 1 .0 180
217 1 .0 180

GBFS2 67 Summer 189 0.4 140
217 0 .4 160

NEP 73 Summer 208 0 .8 225
W i nte r 8 1 .0 200

GBFS1 155 Summer 189 0.2 60
217 0.2 50

Days 63-112 GBFS2 67 Summer 189 0.8 140
NEP 73 Summer 208 1 .0 225

W inter 8 1 .0 200
GBFS1 155 Summer 189 0.2 50



Table 15. Summary of local bblt applications results from currents predicted by 3-D model using the
realistic waste discharge scenario for summer and winter seasons . Each was run at two
effective settling velocities (0 .1 and 0 .5 cm s-') . f represents the fraction of wastes released at
10 m below the sea surface in the later sections of drilling (3-5) predicted to reach the seafloor .

Season Node Water
De th m

Site f Drift (°T )

Summer 344 72 NEP 0.8 200
1127 74 GBFS2 0.4 145
927 80 GBFS6 0.6 16 1
735 91 ENEP 0.2 148
315 91 SNEP 0.2 253
1081 107 Hunk Do 0.2 5
2029 126 GBFS1 0.2 65
1537 147 Growler 0 .2 190

F77
1127 74 GBFS2 1 .0 90
2029 126 GBFS1 0 .4 6060

42°00 '

41 °30 '

p Observed Currents + Model Cur rent s

Figure 32 (reprinted) . Location of physical oceanographic zones and bb/t application sites on Georges
Bank.
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Results

Drilling waste concentration s
The bbl t model provides predictions of drilling waste concentrations in the benthic boundary layer as a
function of space and time around the release point . Standard model output is time series of bulk
properties, snapshots of the horizontal distribution of near-bottom concentrations at regular time intervals,
and time series of near-bottom concentrations at specific locations . For these applications, drilling waste
concentrations were averaged for the bottom 10 cm of the water column .

The drilling waste concentrations predicted in these applications are presented by Loder et al. 1998) . The
main findings are summarised as follows :
• The spatial pa tterns and near-bo ttom concentrations predicted by obse rved and modelled currents are

remarkably similar in most cases . This demonstrates the oceanic realism of the 3-D circulation model
that has been used to force bblt for those sites at which suitable current meter data are not available .
However, additional model applications using bulk discharges ( Loder et al. 1998) indicate significant
differences in some cases (e.g . NEP site in winter) which appear to reflect limitations of both the 3-D
model and observational current data .

• The predicted near-bo ttom concentrations are ve ry sensitive to the effective se tt ling velocities of drilling
wastes. Those at the higher velocity ( 0.5 cm s') are about an order of magnitude greater than those at
the lower velocity ( 0 .1 cm s-') .

• In general, predicted near-bo ttom concentrations decrease rapidly over distances of 2-10 km from the
release point . In some applications, substantial waste concentrations are carried as far as 20-50 km
from the release point at the higher se tt ling velocity. These more distant concentrations must be
interpreted with caution because the assumptions in local bbl t (i .e . uniform physical environment over
the entire model domain) break down with increasing distance from the release point .

• The predicted near-bo ttom concentrations are ve ry dependent upon geographic location. The highest
concentrations occur on the side of the Bank ( water depth greater than 100 m) . Due to higher bottom
stress and stronger dispersion, predicted near-bottom concentrations are much lower on the top of the
Bank ( less than 65 m) . Near-bo ttom concentrations are also lower in the frontal area (65-100 m) due to
higher bo ttom stress, stronger dispersion and stronger drift . This is illustrated according to
oceanographic zone in Table 12 that summarises near-bo ttom waste concentrations at the high se tt ling
velocity ( 0.5 cm s') at a distance of 20 km along the prima ry drift line .

• Both the observed and model current applications indicate that the predicted mean drift of the near-
bo ttom drilling waste plume is generally along depth contours except over the Bank's side where more
variability in drift direction is found . This pattern is consistent with the residual circulation . Results at
Growler indicate that drift from the side of the Bank up into the frontal zone is possible under some
conditions .

• Applications forced by the 3-D model at GBFS1 and GBFS2 indicate that waste concentrations in
winter are lower than in summer . The reduced winter concentrations at the GBFS2 site (also expected
for other frontal sites) reflect the increased bounda ry thickness associate with reduced stratification
and increased vertical mixing in winter . The reduced winter concentrations at the GBFS1 site are
associated with stronger model tidal currents in winter, the reliability of which is unclear . On the other
hand, waste concentrations at NEP, where bblt was forced by obse rved currents, were higher in winter
than summer.

• Near-bottom waste concentrations can be higher by up to a factor of two for neap tides because of
reduced height of bo ttom-trapped sediment ( i .e . in the benthic boundary layer) and reduced dispersion
in the water column .

The scale of the drift and dispersion of the near-bottom waste plume is illustrated by the snapshots at
different time intervals at three locations : GBFS1 (Figure 35) and Growler (Figure 36) on the side of the
Bank and NEP (Figure 37) in the frontal zone .



Table 12 (reprinted) . Average number of hours that the near-bottom waste concentrations exceeded 1 mg
I-' at a distance of 20 km from the release point along the primary drift line at the nine
geographic locations grouped by oceanographic zone . Multiple values indicate different cases
with observational or 3-D model forcing. High settling velocity only (0 .5 cm s-') . First 62 days of
the drilling waste release scenario . Data from Figure 66 in Loder et al. 1998 .
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Zone Location (Node) Hours Conc .>1 mg 1- Mean for Zone
Mixed (<65 m) GBFS4 0, 2 1
Frontal (65-100 m) GBFS2 (1127) 22,30,38

GBFS6 (927) 2
NEP (344) 7, 0, 18 1 8
ENEP (735) 0
SNEP (315) 42

Stratified (>100 m) GBFS1 (2029) 152, 138,17 8
Growler (1537) 342 177
Hunky Do 1081 76

30

20

10

0

-1 0

-20

30

20

10

0

-1 0

-20

ime (day)
192r0 0 i i i i

-20 Time (day) ime (day)
2099 213 0

-20 -10 0 10 20 30 -20 -10 0 10 20 30
km km

Time (day)
207 0

Figure 35 . Snapshots of near-bottom waste concentrations (log10 mg 1- 1 ) at GBFS1 . First 62 days of the
discharge scenario, effective settling velocity of 0 .5 cm s-', and observed summer currents
starting at day 189 .
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Figure 36 . Snapshots of near-bottom waste concentrations (log10 mg I " ) at Growler. First 62 days of the
discharge scenario, effective settling velocity of 0 .5 cm s", and 3-D model summer currents .
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discharge scenario, effective settling velocity of 0 .5 cm s", and observed winter currents
starting at day 008 .
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Effects on scallop growth
The drilling waste concentration fields predicted by bblt can be used to estimate potential biological effects
if the necessary exposure-response data are available . These data are available for the adult sea scallop
(Cranford and Gordon 1992 ; Cranford et al. 1999) and have been applied to the time series concentration
data provided by bblt for all applications using the methods summarised above . Full details of the methods
and predicted effects on scallop growth will be presented in Cranford et al. (technical report in
preparation) .

Examples of the calculations and data presentation done for all applications are given in Figures 38 to 41 .
Figure 38 shows the results for GBFS1 (side of the Bank) at the high settling velocity (0 .5 cm s") which
produced the greatest reduction in scallop growth of all applications . Figure 39 shows the results for
GBSF2 (frontal zone), also at the high settling velocity. Days of potential scallop growth lost are calculated
at approximately 20 locations around the release point, including along the primary drift line. In addition,
mean concentrations are calculated within different radii from the release point (2, 5 and 10 km) and along
the primary drift line (which is 20-50 km long) . These summary figures also contain plots of the sampling
locations relative to the release point and potential growth days lost along the primary drift line and an
adjacent line .

As can be seen in the examples provided in Figures 38 to 41, there is considerable spatial variability in the
predicted biological impacts of each application . As expected, the number of potential growth days lost is
greatest at the release point and decreases with increasing distance . In general, concentrations at the
three locations on the side of the Bank (GBFS1, Growler and Hunky Dory) drop less with increasing
distance from the release site along the primary drift line than at the application sites in the frontal zone or
on top of the Bank . The modelling results suggest that growth lost can exceed 10 days at distances up to
40 km for release sites on the side of the Bank during the summer (first 62 days only) .
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Figure 38 . Summary data and plots of potential scallop growth days lost at GBFS1 . First 62 days of the
discharge scenario, effective settling velocity of 0 .5 cm s-1, and observed summer currents
starting at day 189 .
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Site
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distance Loss Days

x km y km (km) (%) Lost

1 0.00 0.00
2 1.29 -1 .53
3 1.53 1 .29
4 -1.29 1 .53
5 -1.53 -1 .29
6 3.21 -3.83
7 3.83 3.21
8 -3.21 3.83
9 -3.83 -3.2 1
10 6.43 -7.66
11 7.66 6.43
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13 -7.66 -6.43
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19 8.66 -5.00
20 17.32 -10.00
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Figure 39 . Summary data and plots of potential scallop growth days lost at GBFS2 . First 62 days of the
discharge scenario, effective settling velocity of 0 .5 cm s", and observed summer currents
starting at day 189 .
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Figure 40 . Potential growth days lost of sea scallops at various distances along the primary drift line,
during the first 62 (left) and last 50 (right) days of the Georges Bank discharge scenario . Results are from
the local bb/t model with observed current forcing and an effective settling velocity of 0 .5 cm s -' .

-96-



S -UVIlVIER

3 0

20

t o

o a

30

20

to

2029(G8FS1)

0

3 0

2 0

t o

30 1537

2 0

t o

0
-10 0 1 0

Distance from source (km)

t o

WINTER

30

20

to

-10

30

(Cxcw(er )

2 0

t o

3 0

2 0

t o

30

20

1

30

20

1081 (Hunky Dory )

735(E NEP )

.-~-

Distance from source (km )

a ' - -
20 30 40 -10 0 10 20 30 40

20
Distance from source ()Tn)

30

30

20

315 (S NEP)

a• •
-to

127 (G8F

• . • ♦ •
10 20 30 40

Distance from source (kat)
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The biological impacts of all applications are summarised by averaging the number of potential growth
days lost over different areas relative to the release point (Tables 16-23) . These calculations combine the
results of different forcings, tidal stages and seasons since these factors had a relatively minor effect on
near-bottom waste concentrations .

• At the release point (radius of 0 .5 km )
On average, on the side of the Bank, the growth days lost at the release point range at the two settling
velocities from 3 .3 to 21 .2 days for the first 62 days of the waste release scenario (Table 16) and from 1 .7
to 18.4 days for the second 50 days (Table 17) . The potential scallop growth loss is substantially less in
the frontal zone, ranging from <0 .1 to 7.6 days for the first 62 days and from <0 .1 to 7.6 days for the
second 50 days . The potential growth loss on the top of Bank is negligible, ranging from 0 .0 to 2 .0 days
(first 62 days) . Adding the two time periods, the range of potential scallop growth loss for the full drilling
waste release scenario ranges from 5 .0 to 39 .6 days for the side of the Bank and from <0 .1 to 15 .2 days
in the frontal zone when averaged at the release point .

Table 16. Average number of potential growth days lost at the release point (radius of 0 .5 km). Multiple
values are for cases with different seasons and observational or model forcing . First 62 days of
the drilling waste release scenario .

Zone Settling Velocity
(cm s'

Location (Node) Potential Scallo p
Growth Lost Da s

Mean Loss for Zone
Da s

Mixed 0.1 GBFS4 0.0, 0 .0 0 . 0
(<65 m) 0.5 GBFS4 0.8, 3 .1 2 . 0
Frontal 0 .1 GBFS6 (927) 0.0 <0 . 1

NEP (344) 0.0, 0 .0, 0 . 0
(65-100 m) ENEP (735) 0 . 0

SNEP (315) 0.0
GBFS2 (1127) 0.1, 0 .5, 0 .0, 0 .0

0.5 ENEP (735) 4.5 7. 6
GBFS6 (927) 6. 1
GBFS2 (1127) 3.9, 8 .6, 8 .8, 9 .5
NEP (344) 3.1, 4 .6, 15 .7

Stratified 0.1 Hunky Dory 1081 0.0 3.3
(>100 m) Growler (1537) 3 .0

GBFS1 (2029) 1 .3, 1 .5, 6 .3, 7 . 6
0 .5 SNEP (315) 11 .5 21 . 2

Hunky Dory (1081) 18 . 5
Growler (1537) 22 . 1
GBFS1 (2029) 10.8, 18 .5, 27 .3, 29 . 8

Table 17 . Average number of potential growth days lost within a radius of 10 km from the release point (n
= 13 for each application) . Multiple values are for cases with different seasons and
observational or model forcing . Second 50 days of the drilling waste release scenario .

Zone Settlinp Velocity
(cm s

Location (Node) Potential Scallo p
Growth Lost Da s

Mean Loss
for Zone Da s

Frontal 0 .1 NEP (344) 0.0, 0 .0 <0 . 1
(65-100 m) GBFS2 1127 0. 1

0.5 GBFS2 (1127) 6.4 7 . 6
NEP 344 3.6, 12 .9

Stratified 0.1 GBFS1 (2029) 1 .7 1 . 7
>100 m) 1 0.5 GBFS1 (2029) 18 .4 18 . 4
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• Radius of 2 km from release point
Potential growth loss is less when averaged over a radius of 2 km from the release point (n = 5) . On
average, on the side of the Bank, it ranges at the two settling velocities from 1 .5 to 10 .4 days for the first
62 days (Table 18) and from 1 .0 to 8.5 days for the second 50 days (Table 19) . Again, the potential
scallop growth loss is substantially less in the frontal zone, ranging from <0 .1 to 2 .9 days for the first 62
days and from <0 .1 to 2 .9 days for the second 50 days . The potential growth loss on the top of Bank is
negligible, ranging from 0 .0 to 0.7 days (first 62 days only) . Adding the two time periods, the range of
potential scallop growth loss for the full drilling waste release scenario ranges from 2 .5 to 18 .9 days for the
side of the Bank and from <0 .1 to 5 .8 days in the frontal zone when averaged over a radius of 2 km from
the release point .

Table 18 . Average number of potential growth days lost within a radius of 2 km from the release point (n =
5 for each application) . Multiple values are for cases with different seasons and observational or
model forcing . First 62 days of the drilling waste release scenario.

Zone Settling Velocity
(cm s'

Location (Node) Potential Scallo p
Growth Lost Da s

Mean Loss
for Zone Da s

Mixed 0.1 GBFS4 0.0, 0 .0 0 . 0
<65 m 0.5 GBFS4 0.2, 1 .2 0 . 7

Frontal 0 .1 GBFS6 (927) 0.0 <0 . 1
(65-100 m) NEP (344) 0.0, 0 .0, 0 .0

ENEP (735) 0 . 0
SNEP (315) 0 . 0
GBFS2 (1127) 0.0, 0 .2, 0 .0, 0 . 0
GBFS1 (2029) 0.3, 0 .3, 3 .0, 4 . 2

0.5 ENEP (735) 1 .6 2 . 9
GBFS6 (927) 2 . 0
GBFS2 (1127) 0.9, 2 .8, 3 .2, 3 . 2
SNEP (315) 6 . 4
NEP (344) 0.8, 1 .3, 7 . 1

Stratified 0 .1 Hunky Dory (1081) 0.0 1 . 5
(>100 m) Growler (1537) 1 . 2

0.5 Hunky Do 1081 8.0 10. 4
Growler (1537) 12 . 6
GBFS1 (2029) 2.9, 8 .0, 13.2, 17 . 9

Table 19 . Average number of potential growth days lost within a radius of 2 km from the release point (n =
5 for each application) . Multiple values are for cases with different seasons and observational or
model forcing . Second 50 days of the drilling waste release scenario .

Zone Settling Velocity
(cm s ' '

Location (Node) Potential Scallo p
Growth Lost Da s

Mean Loss
for Zone Da s

Frontal 0 .1 GBFS2 (1127) 0.0 <0 . 1
(65-100 m) NEP (344) 0.0, 0 . 0

0.5 GBFS2 (1127) 2.0 2 . 9
NEP (344) 0.9, 5 . 8

Stratified 0.1 GBFS1 (2029) 1 .0 1 . 0
>100 m 0.5 GBFS1 (2029) 8.5 8 . 5
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• Radius of 10 km from release poin t
Potential growth loss is reduced further when averaged over a radius of 10 km from the release point (n =
13) . On average, on the side of the Bank, it ranges at the two settling velocities from 0 .9 to 6 .6 days for
the first 62 days (Table 20) and from 0 .6 to 4.5 days for the second 50 days (Table 21) . Again, the
potential scallop growth loss is substantially less in the frontal zone, ranging from <0 .1 to 1 .6 days for the
first 62 days and from <0 .1 to 1 .5 days for the second 50 days . The potential growth loss on the top of
Bank is negligible, ranging from 0 .0 to 0 .4 days (first 62 days only) . Adding the two time periods, the range
of potential scallop growth loss for the full drilling waste release scenario ranges from 1 .5 to 11 .1 days for
the side of the Bank and from <0 .1 to 3 .1 days in the frontal zone when averaged over a radius of 10 km
from the release point .

Table 20 . Average number of potential growth days lost within a radius of 10 km from the release point (n
= 13 for each application). Multiple values are for cases with different seasons and
observational or model forcing . First 62 days of the drilling waste release scenario .

Zone Se tt ling Velocity
(cm s-'

Location (Node) Potential Scallo p
Growth Lost Da s

Mean Los s
for Zone Da s

Mixed 0.1 GBFS4 0.0, 0 .0 0 . 0
<65 m 0.5 GBFS4 0.1, 0 .7 0 . 4

Frontal 0 .1 GBFS6 (927) 0, 0 <0 . 1
(65-100 m) NEP (344) 0.0, 0,0, 0 .0

ENEP (735) 0.0
SNEP (315) 0.0
GBFS2 (1127) 0.0, 0 .1, 0 .0, 0 .0

0.5 ENEP (735) 0.9 1 . 6
GBFS6 (927) 1 . 1
GBFS2 (1127) 0.4, 1 .4, 1 .7, 1 .8
SNEP (315) 3.6
NEP (344) 0.4, 0.7, 4 . 1

Stratified 0.1 Hunky Dory (1081) 0.0 0 . 9
(>100 m) Growler (1537) 0.6

GBFS1 (2029) 0.1, 0.2, 1 .6, 2 .6
0.5 Hunky Dory (1081) 4.9 6 . 6

Growler (1537) 9 .0
GBFS1 (2029) 1 .5, 4 .9, 7.7, 11 .4

Table 21 . Average number of potential growth days lost within a radius of 10 km from the release point (n
= 13 for each application) . Multiple values are for cases with different seasons and
observational or model forcing . Second 50 days of the drilling waste release scenario .

Zone Settling Velocit y
(cm s-'

Location (Node) Potential Scallo p
Growth Lost Da s

Mean Loss
for Zone Da s

Frontal 0 .1 GBFS2 (1127) 0.0 <0 . 1
(65-100 m) NEP (344) 0.0, 0 .0

0.5 GBFS2 (1127) 0.9 1 . 5
NEP (344) 0.4, 3 . 1

Stratified 0.1 GBFS1 (2029) 0.6 0 . 6
(>100 m) 0.5 GBFS1 (2029) 4.5 4 . 5
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• Along the prima ry drift line
The potential scallop growth loss is somewhat higher when averaged along the primary drift line . On
average, on the side of the Bank, it ranges at the two settling velocities from 1 .0 to 10 .9 days for the first
62 days (Table 22) and from 0 .7 to 5.1 days for the second 50 days (Table 23) . Again, the potential
scallop growth loss is substantially less in the frontal zone, ranging from <0 .1 to 2.1 days for the first 62
days and from <0.1 to 2.0 days for the second 50 days . The potential growth loss on the top of Bank is
negligible, ranging from 0 .0 to 0 .4 days (first 62 days only) . Adding the two time periods, the range of
potential scallop growth loss for the full drilling waste release scenario ranges from 1 .7 to 16 .0 days for the
side of the Bank and from <0 .1 to 4 .1 days in the frontal zone when concentrations are averaged along the
primary drift line .

Table 22 . Average number of potential growth days lost along the primary drift path (20-50 long) . Multiple
values are for cases with different seasons and observational or model forcing . First 62 days of
the drilling waste release scenario .

Zone Settling Velocity
(cm s'

Location (Node) Potential Scallo p
Growth Lost Da s

Mean Loss
for Zone Da s

Mixed 0.1 GBFS4 0.0, 0 .0 0.0
<65 m 0.5 GBFS4 0.1, 0.6 0 . 4

Frontal 0 .1 GBFS6 (927) 0.0 <0 . 1
(65-100 m) NEP (344) 0.0, 0 .0, 0.0

ENEP (735) 0.0
SNEP (315) 0 . 0
GBFS2 (1127) 0.0, 0 .1, 0 .0, 0 . 0

0 .5 ENEP (735) 1 .4 2 . 1
GBFS6 (927) 1 . 7
NEP (344) 0.5, 1 .0, 1 . 7
GBFS2 (1127) 0 .6, 2 .3, 2 .6, 3 . 5
SNEP (315) 5 . 2

Stratified 0 .1 Hunky Dory (1081) 0.0 1 . 0
(>100 m) Growler (1537) 0 . 8

GBFS1 (2029) 0.2, 0 .3, 1 .9, 2 . 8
0.5 Hunky Dory (1081) 10.8 10 . 9

GBFS1 (2029) 2.6, 10 .8, 10 .8, 12 . 5
Growler (1537) 18 . 1

Table 23 . Average number of potential growth days lost along the primary drift path (20-50 long) . Multiple
values are for cases with different seasons and observational or model forcing . Second 50 days
of the drilling waste release scenario .

Zone Settling Velocity
(cm s-'

Location (Node) Potential Scallo p
Growth Lost Da s

Mean Loss
for Zone Da s

Frontal 0 .1 GBFS2 (1127) 0.0 <0 . 1
(65-100 m) NEP (344) 0.0, 0 . 0

0.5 GBFS2 (1127) 1 .1 2 . 0
NEP (344) 0.6, 4 .2

Stratified 0.1 GBFS1 (2029) 0.7 0 . 7
>100 m) 0.5 GBFS1 (2029) 5.1 5 . 1
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Mortality
Prolonged exposure, on the order of a month, to high concentrations of bentonite and barite can cause
mortality to scallops (Cranford and Gordon 1992 ; Cranford et al. 1999) . However, analysis of the number
of hours that concentrations exceed 10 mg 1-' at various distances along the primary drift line indicates
that the waste concentrations predicted in these applications are not likely to cause scallop mortality, even
at the release point .

Interpretation of Result s
The interpretation of the results from these bbl t applications on Georges Bank depends upon several
factors which include the location of the release site, the distribution of scallop stocks and the time of year
at which the wastes are released .

The location of the nine application sites in relation to the scallop populations on Georges Bank is shown
in Figure 34. The distribution of scallops is patchy and varies somewhat from year to year . In general, the
greatest densities of scallops are found in the frontal zone . The application sites with the greatest scallop
densities are GBFS2 (frontal zone), GBFS6 (frontal zone) and ENEP (frontal zone) . The sites with the
fewest scallops are GBFS1 (stratified), GBFS4 (mixed), and NEP (frontal zone) . The Growler (stratified),
Hunky Dory (stratified) and SNEP (frontal) sites have moderate scallop populations . Maximum densities of
juvenile scallops are recorded in the northern area of the frontal zone near GBFS2 and GBFS6 (Thouzeau
et al. 1991) . Release points that are closest to high scallop densities will tend to have a greater chance for
impacts, but the impacts will also depend on waste concentrations and net drift direction .

Interpretation of the predicted growth impacts at the population level requires knowledge of growth trends
and the life history of sea scallops on Georges Bank . The growth rate of scallops depends on seasonal
cycles of food availability, water temperature and gametogenesis (development of gametes for spawning) .
Scallops on Georges Bank display a semi-annual reproductive cycle, with spawning occurring in May-June
and September-October. The autumn spawn is larger then the spring spawn and, while only mature
gametes are released during the spring, the scallops are reproductively spent after the fall spawn .
Gametogenesis is immediately reinitiated after spawning in the fall . Somatic weight tends to decrease
during gametogenesis as accumulated energy reserves are utilised to support gonad growth, but
increases outside the reproductive period and when food is abundant . Sea scallops appear to invest
mainly surplus energy into the production of gametes such that reproductive effort (fecundity) increases
only when conditions are favourable . As a result of this conservative strategy of controlled growth and
opportunistic reproduction, interannual variations in environmental conditions greatly alter the timing
(semi-annual or annual) and nature (synchronised or protracted) of spawning events on Georges Bank
(DiBacco et al. 1995) .

Nutrient stress during gametogenesis, resulting from the presence of drilling wastes in the diet, can result
in reduced gonad growth rates (Cranford and Gordon 1992) that results in the production of fewer
gametes and/or smaller ova having a reduced energy content . More severe nutrient or chemical stress
resulting from barite exposure can result in the resorption of gametes ( Cranford et a/. 1999) . Considering
that gametogenesis is near continuous on Georges Bank, exposure to drilling wastes would have some
impact on fecundity and egg viabili ty regardless of the time of drilling . However, the spring and summer
are of greatest concern as the majority of annual gonad production occurs between March and August .
The loss of 10 consecutive days of growth during this period could reduce fecundi ty by 5 to 10% . Because
of the large variabili ty in natural mo rtalities of early life stages, it is unlikely that a 10% reduction in
fecundity would be detectable in future stocks unless it occurred over a ve ry large area in a region of
abundant scallop stocks. Considering the naturally erratic nature of spring spawning, any impacts on
reproductive growth between March and June could limit spawning to the fall . Presently, li ttle is known of
the relative impo rtance of spring and fall spawns to future year class strength .

Any reductions in somatic tissue growth caused by drilling muds could also affect reproductive success as
the accumulation of carbohydrate and lipid energy reserves in the mussel and digestive gland is believed
essential for the initiation of gametogenesis and the later maturation of gonad (Robinson et al. 1981) .
Although much of the observed growth loss resulting from bentonite and barite exposure was due to
retarded gonad development, both wastes were shown to be capable of reducing somatic tissue growt h
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(Cranford and Gordon 1992; Cranford et al. 1999) . However, it is likely that drilling wastes would have
more effect on the scallop fishery through changes in fecundity (an impact not apparent in the fishery until
reduced recruitment in future years) than on muscle size .

The viability of eggs in adults exposed to drilling wastes may be of greater concern than impacts on
fecundity as the potential consequences to la rval survival could have a large impact on future year class
strength . It is unlikely, however, that the scallops would release non-viable eggs, but would resorb and
utilise the high nutritive content of some gametes to allow others to reach the critical size for spawning
(DiBacco et al. 1995) . Scallop populations from regions characterised by nutritive stress were observed to
produce viable gametes even though reproductive effo rt was low ( MacDonald and Thompson 1986) .

Large spatial differences in the reproductive condition and growth of scallop stocks have been observed
on Georges Bank (DiBacco et al. 1997; Thouzeau et al. 1991) . Scallops are distributed primarily in water
depths less than 85 m owing to reduced food availability in deeper waters . The lower condition of scallops
in deeper waters along the edge of the bank may increase their susceptibility to the lethal and sublethal
effects of drilling wastes owing to enhanced nutritive stress . Any additional stress on populations
experiencing marginal food supplies can reduce energy reserves to a point where successful spawning is
prevented .

The potential impacts of the near-bottom drilling waste concentrations predicted by the bblt applications
are summarised as follows according to physical oceanographic zone on Georges Bank .

Mixed Zone (<65 m )
Due to high energy levels, predicted near-bottom waste concentrations at GBFS4 are very low and the
potential growth loss is less than one day, even at the high settling velocity . This zone does not have many
scallops, presumably due to unfavourable habitat (i .e . active bedforms) . Even if scallops were present, it is
highly unlikely that the drilling waste release scenario used in these applications would have any
measurable effects on scallop growth in this zone because of rapid dispersion .

Frontal Zone (65-100 m)
The near-bottom waste concentrations predicted by bblt for the complete waste release scenario would
reduce potential scallop growth in the frontal zone on the order of <0 .1 to 15 .2 days depending on settling
velocity and the area over which data are averaged . With the exception of NEP, all sites in this zone are in
or near high scallop densities and therefore the potential of drilling wastes to come into contact with
scallop stocks is high . However, it is not likely that the predicted growth loss could be detected in scallop
populations, except perhaps at the release point where waste concentrations are highest .

Stratified Zone (>100 m)
The three application sites on the side of the Bank have the highest drilling waste concentrations and
potential scallop growth losses . Average growth days lost range between 1 .5 and 39.6 for the full waste
release scenario depending on settling velocity and the area over which data are averaged . The GBFS1
site is in an area of low scallop abundance and the net drift of the near-bottom discharge plume is
predicted to be northeast, generally away from the scallop beds . Therefore, even though the waste
concentrations are predicted to be high, the model results suggest that discharge at this location is
unlikely to have a measurable effect on scallops . On the other hand, both Growler and Hunky Dory are
located in areas of moderate scallop density . The net drift at Growler is predicted to be to the south up on
the Bank toward the scallop beds while that at Hunky Dory is predicted to be to the north towards higher
scallop densities .

As stated above, the results of laboratory experiments suggest that gonadal growth would be affected
more than somatic tissue growth so that the net effect might be reproductive loss which could affect the
strength of future year classes .



Confidence in Results
There is a moderate to high degree of confidence in reliability of bblfs representation of the important
physical processes that control sediment dispersion and transportation . Fundamental assumptions and
structure have been widely reviewed . Model output appears to be reasonable and consistent with
empirical observations . Laboratory experiments indicate that drilling wastes flocculate rapidly in seawater
and therefore have high effective settling velocities . Observations at the CoPan production site on Sable
Island Bank (34 m) indicate that drilling waste flocs are bottom-trapped and can be seen as far as 8 km
from the release site (Muschenheim and Milligan 1996) . The expected range of settling velocities was
estimated using measured drilling waste concentration profiles around the CoPan site, but it appears that
these did not fully resolve the dense mats seen in video images . Thus, higher effective settling velocities
and hence near-bottom concentrations are possible but considered unlikely to occur under the tidally-
energetic conditions on George Bank . If they were to occur on the Bank, near-bottom concentrations and
scallop growth loss could be increased by several fold above the present model predictions .

The present applications use the local version of bblt in which the physical conditions are uniform over the
entire model domain which can be on the order of 50 km . Physical conditions on Georges Bank can
change markedly over distances of just a few kilometres . Therefore, confidence in model output drops
with increasing distance from the release point . Initial evaluation using the spatially-varying version of bblt
indicates that local bblt will tend to underestimate dispersion and hence overestimate waste
concentrations in the side of bank region where the highest concentrations are predicted, but that in
general the additional influences of spatial variability can result in reduced or increased concentrations
depending on site . But this effect is generally small compared to those from geographic location and
settling velocity. Small scale variations in bottom topography can create local dispersive or depositional
niches where the actual waste concentrations will differ from those calculated by bblt .

Observation data sets for forcing bblt on Georges Bank are limited . Therefore, many of the applications
had to be forced using the 3-D finite element model . Where comparisons were made, there was excellent
agreement between the results of the two forcings with the exception of winter at NEP where observed
currents from 14 m above bottom were used .

The models do not include all of the physical processes that influence the resûspension and vertical
mixing of fine sediments in the benthic boundary layer . This means that the concentrations predicted in
these applications are probably slightly higher than would occur in the natural environment . On the other
hand, there may be transient local near-bottom convergence zones (e .g. sand waves) not represented in
the present flow fields .

The results are very dependent on settling velocity . Therefore a range of effective settling velocities was
used (0.1-0 .5 cm s') which are thought to bracket those expected to occur in the natural environment .
However, uncertainties in the vertical distribution of drilling mud in different oceanographic environments
remain, and higher effective settling velocities (and hence greater near-bottom waste concentrations){
while not considered likely, can not be ruled out . Model applications for settling velocities above 0 .5 cm s'
indicate very strong sensitivity . The size of drilling mud flocs is very dependent on turbulence levels
(Milligan and Hill 1998) . Floc break-up under tidally induced shear could reduce settling velocity by an
order of magnitude (Milligan and Hill 1998) .

The drilling waste release scenario, while hypothetical, is considered to be realistic . It was developed with
the assistance of Texaco and reviewed by the Georges Bank Steering Committee . The amounts of waste
released are similar to those reported for the exploration wells drilled on the U .S. portion of George Bank
in the early 1980's (Neff et al. 1987) .

The biological effects are estimated using the results of extensive laboratory experiments conducted with
adult scallops . The zero growth threshold for barite had to be estimated but should be reasonable .
However, there is some uncertainty whether flocculation, which was limited in the laboratory experiments,
influences the toxicity of drilling wastes . Considering that the larger WBM cuttings had a much lower
impact on scallops than bentonite and barite, natural aggregation processes may mitigate the effects of
fine particulate wastes on scallop feeding behaviour . This is suggested by observations that sea scallop s
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exposed to aggregated bentonite in the laboratory did not reduce feeding rate (White 1997) as was
observed for scallops feeding on disaggregated bentonite (Cranford and Gordon 1992) . However, field
observations of sea scallops feeding on flocculated suspensions (Cranford et al. 1998) showed that
natural flocs are fragile and are easily disrupted by the animal's feeding processes . Once disaggregated,
the scallop would be exposed to a similar size spectrum of particles as was presented in the laboratory
experiments, and similar results are anticipated .

The biological effects predicted in these applications apply only to adult scallops (4-5 years old) . The
sensitivity of early life-stages of scallops to WBM is currently being studied as part of a project funded by
the Georges Bank Review Panel . Contaminated sediments might interfere with the settlement of larvae on
the seabed .

• Possible Effects on Other Species
The near-bottom waste concentrations predicted by bblt can be used to explore the potential effects on
other benthic species if exposure-response data were available . Prime candidates would be filter-feeding
molluscs (primarily surf clams and ocean quahogs) that dominate the benthic megafauna on Georges
Bank (Thouzeau et al. 1991), herring (eggs), lobster and groundfish . Data on the effects of WBM on
haddock and lobster larvae will be available soon as part of the Georges Bank Review Panel-funded
study.

• Possible Effects of Cutt ings
These bblt applications consider only the fate and effects of discharged WBM . The drilling waste
discharge scenario also includes the release of 2569 t of cuttings that could cause scallop mortality at the
release site through burial .



Conclusion s

• bblt is a valuable quantitative tool for investigating the drift and dispersion of particulate drilling wastes
in the benthic boundary layer of continental shelf environments . Model output can be used to estimate
potential biological effects where exposure-response data are available. The availability of an
extensive database on the effects of drilling wastes on scallops allows the results of bblt simulations to
be used to evaluate their potential effects on scallop populations .

• Near-bottom waste concentrations predicted by bblt are very sensitive to the settling velocity of drilling
wastes . This is difficult to determine with certainty because of flocculation processes, the changing
dynamics of the benthic boundary layer, and sampling difficulties .

• Biological effects of a single exploration well utilising WBM under current regulations depend very
much upon location on George's Bank .

• The greatest potential effects of near-bottom drilling waste concentrations are at the
application sites on the side of Bank (>100 m) . The predicted effect would be a loss of 1 .5 to
39.6 growth days depending upon settling velocity and the area over which data are averaged .
Generally speaking, this zone has low to moderate scallop densities but high scallop densities
are nearby and could be influenced by the waste plume as it drifts away from the release point .
Under some conditions, appears possible to see effects at the population level . This is
expected to be seen more as a loss of reproductive potential rather than reduced somatic
tissue (i .e . muscle) or a reduction in egg viability .

• Potential effects at the application sites in the frontal zone are lower . The predicted effect
would be a loss of <0 .1 to 15 .2 growth days depending upon settling velocity and the area over
which data are averaged . This zone contains the highest concentrations of scallops but it is
unlikely that the predicted growth losses could be detected at the population level, except
perhaps at or close to the release point .

• Potential effects on top of the Bank appear to be negligible .

• Potential effects on scallop growth could be mitigated by modifying (or eliminating) the discharge of
WBM, reducing the amount of mud discharged at the seafloor, reducing the amount of barite used in
the drilling mud, and by drilling during the November-February period when scallop growth is low .

• The bblt models, coupled with biological effects data, provide a valuable quantitative predictive tool for
environmental assessment studies, designing environmental effects monitoring programs and
exploring the effectiveness of different mitigation options .


