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Foreword
Ballast water is a major vector for introducing
marine and freshwater bioinvasions. Although
the problem was eloquently identified by Charles
Elton in his 1958 book, The Ecology of Invasions
by Plants and Animals, it gained national and
international importance with the introduction of
the zebra mussel (Dreissena polymorpha) into
the Great Lakes. Several actions were taken to
reduce or prevent ballast water invasions. The
International Maritime Organization (IMO) recommended that vessels have ballast water management plans, and, in 1993, provided guidance
on ballast water management and a reporting
form for monitoring ballast water exchange and
treatment. The current Treaty, adopted by the
IMO in July 2004, strengthens the voluntary
guidelines (see Appendix I). The U.S. Congress
passed the Nonindigenous Aquatic Nuisance
Prevention and Control Act in 1990 and the
National Invasive Species Act of 1996 that
empowered the U.S. Coast Guard to enforce
mandatory reporting and mandatory ballast water
exchange for vessels entering the Great Lakes
and Hudson River. Similarly, in 2001 the
Canadian Ballast Water Guidelines were adopted
to address this issue, following on earlier actions
that were taken to prevent, reduce, or minimize
introductions from ballast water.
Based on best available scientific knowledge
at the time, voluntary guidelines in Canada were
adjusted in 1999 to cover both the East and West
coasts of North America to complement the
mandatory and voluntary guidelines for the Great
Lakes and Canada. The intent of the U.S. and
Canadian laws and guidelines was to coordinate
and complement monitoring and management
activities to minimize introductions from ballast
water released into waters shared by both countries. Policy makers in both countries recognized
that it would be necessary to revisit these recommendations and develop better guidance based
on scientific information. A critical component in
reviewing the issues from a broader perspective
was the inclusion of other stakeholders in the discussion. Stimulated by the success of the Great
viii

Lakes Region where the U.S. and Canada actively
collaborate on managing ballast water, a comparable group was organized for the northeast
Provinces of Canada. The Atlantic Ballast
Working Group (ABWG) was formed in 1999
and has been actively involved in improving the
quality of scientific data.
Based on the ABWG's recommendations,
Transport Canada's Regional Director, William
Scott, approved funding for research and development projects to address several questions
raised by the ABWG. Two areas receiving support were (1) sampling ballast water from ships
arriving at Canadian ports and (2) identifying the
shipping routes and vessel traffic volumes in the
North Atlantic Region. Transport Canada has a
keen sense of urgency about these issues and
need to address this regional problem. In 2001,
the Northeast Aquatic Nuisance Species
(NEANS) Panel was established as a regional
committee (with Canadian members) of the U.S.
Fish and Wildlife Service Aquatic Nuisance
Species Task Force. A NEANS ballast water
committee focuses on U.S. and Canadian maritime
ballast water issues and is active in promoting
reduction or prevention of ballast water introductions.
In September 2002, the first regional ballast
water workshop for the North Atlantic was convened in Boston, Massachusetts, with policy
makers, shipping industry representatives, state
and federal agency representatives, scientists,
and other stakeholders in attendance. Of the several recommendations for future action, the need
to revisit the voluntary guidelines (recommended
in 1999) was a high priority. This workshop, held
in Halifax, Nova Scotia, in October 2003,
evolved from regional concerns about the adequacy of current ballast water management
approaches raised by working groups at the initial
regional workshop. Although several issues were
identified, this workshop focuses on the request
to review and clarify the scientific basis for identifying alternate ballast water exchange zones.
The Steering Committee recognized early on

that we would need the insights of all stakeholders
and their collaboration to reach consensus on the
difficult and challenging issues inherent in making difficult decisions and forwarding policy recommendations jointly to Transport Canada and
the U.S. Coast Guard. The spirit of cooperation
present at the workshop is evident in the consensus statement on potential alternate ballast water
exchange zones. Both Canada and the U.S. are
moving forward with ballast water regulations
(the U.S. Coast Guard finalized rules in July
2004, see Appendix II; the current Canadian
Guidelines and Annex 5 comprise Appendix III).
Although the workshop and its recommendations have no jurisdiction, we view the interest
and efforts of the ABWG, NEANS, the maritime
industry, environmental groups, and participation
by Transport Canada and the U.S. Coast Guard
as supporting the broader activities. The workshop has provided a venue for highlighting differences that are unique to this region. We are
optimistic that the recommendations will be integrated into future policy decisions within the
North Atlantic region.
Mike Balaban, Co-Chair
Judith Pederson, Co-Chair
September 16, 2004
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EXECUTIVE SUMMARY

INTRODUCTION
Loading and discharging of ballast water is
fundamental to safe shipping yet it poses largely
unknown risks and has potentially hazardous
consequences to coastal and marine ecosystems.
Nonindigenous aquatic organism and pathogen
invasions via ballast water discharge are recognized as a serious problem threatening global
biological diversity, including renewable
resources, and human health worldwide. Midocean exchange of ballast water remains the
most accessible and cost effective method to stem
waterborne nonindigenous species introduction.
Treatment of ballast water to eliminate or reduce
risk of invasion is the preferred option and midocean exchange is viewed as an interim and not
very satisfactory solution. While a number of
technologies are being tested onboard ships,
these tests are still preliminary and on a limited
scale. Where mid-ocean exchange is not possible
due to weather and related safety issues, use of
an Alternate Ballast Water Exchange Zone
(ABWEZ) in more sheltered waters is sometimes
available to shipmasters.
Although the legal structure is different in
Canada and the U.S., both countries are striving
to minimize or prevent ballast water introductions. Canada continues to revise guidelines
(referred to as Annex V, Ballast Water
Procedures for Vessels Proceeding to Ports on
the East Coast of Canada, Draft 21) through a
Canadian Marine Advisory Council (CMAC)
with members from government, non-governmental organizations, industry, the scientific
community and where possible, the U.S. Coast
Guard (USCG). Transport Canada, Atlantic
Region is responsible for the development of
Annex V (Appendix III; see also comments by T.
Morris, Appendix IV). The USCG has authority
under the Nonindigenous Aquatic Nuisance
Prevention and Control Act of 1990 and the
reauthorized National Invasive Species Act of

1996 to promulgate rules if voluntary guidelines
are not being met. Because submission of
required ballast water reporting forms is low,
new rules are proposed to increase compliance
and to require ballast water treatment of coastal
traffic vessels. The final Rule, which became
effective July 28, 2004, requires all vessels operating outside the U.S. Exclusive Economic Zone
(EEZ) to exchange ballast water mid-ocean,
retain ballast water on board, or use a USCGapproved alternative technology. Each vessel
must have a ballast water management plan following the International Maritime Organization
(IMO) guidelines and vessels operating within
the EEZ must follow practices that minimize
introductions (see summary by B. Patnaik,
Appendix V).
Other efforts are also underway to improve
compliance with existing regulations. Both
Transport Canada and the USCG support identification of scientifically defensible and viable
ABWEZ for the Atlantic Region. In Canada, the
CMAC endorsed a research-oriented, precautionary approach. Transport Canada funded a
research program carried out over 1999 to 2003
that focused on four main elements:
• Documenting shipping patterns and ship
calls at Atlantic Canadian ports;
• Sampling and analyzing ballast water of
ships from foreign destinations calling on
ports throughout Atlantic Canada (Appendix
VI);
• Studying dispersion and circulation patterns
of east coast waters (Petrie et al. this volume); and
• Preparing geographic information system
(GIS) maps of ballast water exchange data in
Atlantic Canada (Kelly, this volume and
Appendix VII).
In addition to these studies, other research in the
Northeast Atlantic focuses on understanding the
physical and biological oceanography of the
area, developing models, identifying vectors of
marine introductions, and assessing risks.
Coastwise traffic moves goods primarily to the
south and ballast water to the north, but coastwise traffic is exempt in the regulations. The
Shipping Federation of Canada has adopted a
Code of Best Management Practices for the
1

Great Lakes (Appendix VIII), but coastwise
traffic is not included in the Code.
The focus of this workshop was on identifying alternate ballast water exchange zones that
presented the least risk to coastal ecosystems,
specifically for the coastwise traffic. The
Steering Committee's intent was to integrate scientific information with issues and concerns of
the shipping community, environmental groups,
and other stakeholders in the process of exploring potential alternate regions for ballast water
exchange. Based on vessel traffic within the
North Atlantic, a region from Cape Hatteras to
Atlantic Canada served to define the area of
greatest concern. The workshop brought together
scientists, maritime industry representatives, and
policy makers as presenters of background for
the participants. Working groups were formed to
discuss each general topic and develop a statement reflecting their perspective on suitable
alternate ballast water exchange zones. Each
working group prepared statements (or highlights) that were presented to the participants for
drafting a consensus statement. This joint consensus statement from the larger group discussion was reviewed by all, and revisions incorporated. It serves as a working document for consideration within the respective agencies and
between the two countries. The technical presentations by speakers and a summary of a general
discussion at the end of the first day follow the
consensus statements and individual working
group comments.
BACKGROUND
The North Atlantic region consists of diverse
habitats and covers three biogeographic areas,
the Boreal, Acadian, and Virginian
Biogeographic Provinces, and it is characterized
by rocky coasts in the north and large wetlands
and sandy areas in the south. Coastal traffic is
characterized by ships transporting goods (e.g.,
petroleum products and gypsum) to southern
ports and returning with ballast water, although
there are exceptions. Some voyages are of short
duration and may not have sufficient time for
complete ballast water exchange. General characteristics of the Gulf of Maine and Mid-Atlantic
2

Bight that cover the U.S. portion of the region
were summarized by Beeton, et al. (1998) and
provided background information for the participants. Ballast water exchange in the region was
summarized in a white paper by Pederson and
Fertig (2004; Appendix IX).
PHYSICAL OCEANOGRAPHY OF THE
NORTH ATLANTIC
The physical oceanography of the North
Atlantic is complex in nearshore waters and in
some regions the topography creates unique and
unusual currents. The continental shelf tends to
be broad in the Gulf of Maine and northern
regions with deep channels of 250-300 meters
and tidal ranges of 3 to 6 or more meters. The
Gulf of Maine is a semi-enclosed body of water
and this factor probably contributes to its high
productivity. The waters that enter through the
Northeast Channel may sweep into the Bay of
Fundy before turning south and moving as a
coastal current toward Massachusetts Bay,
Georges Bank and the Great South Channel.
Townsend describes these flows and
describes why currents move around Georges
Bank in a clockwise flow. He stressed that in the
Gulf of Maine, everything is connected to everything else. Townsend used the example of paralytic shellfish poisoning (PSP) to illustrate the
complexity of the area's currents and how these
influence coastal outbreaks of Alexandrium sp.
Currents in the Gulf of Maine reflect variations
in the cold Labrador currents, the position of the
Gulf Stream and warm-core eddies, and fresh
water flows from rivers, as well as the North
Atlantic Oscillation. Data from satellite images
and research cruises highlight the complexity
and the challenges in predicting phytoplankton
blooms, PSP events, and other phenomena in the
Gulf of Maine. There are areas along the Nova
Scotian coast where waters are continually
mixed from depths of 70 m to the surface. One
feature of the coastal current important to PSP
events that has implications for ballast water discharge is the buoyant coastal current nearshore,
which acts as a barrier to particles' reaching
shore. It is possible for particles to reach shore
by submergence (as might occur during vertical

migration of plankton). These features are relevant to the focus of this workshop - namely
identifying low risk areas suitable for alternate
ballast water exchange.
Smith presented studies of his colleagues
that focused on currents in the North Atlantic
and examined specifically the risks associated
with ballast water exchange at various locations
offshore. The studies were motivated by a desire
to examine offshore ABWEZ for Transport
Canada. After summarizing what was known
about currents in the North Atlantic in 2000,
additional drifter studies were conducted supporting the observed southwestward movement
of currents over the shelf and slope, punctuated
by eddies. Smith's colleagues developed circulation models (verified by observations) that illustrated strong annual circulation patterns, but not
horizontal dispersion. Other studies show a
strong offshore kinetic energy gradient implying
horizontal dispersion that would be important in
evaluating risk of ballast water releases.
Similarly they estimated vertical diffusivity and
estimated that it would take 1-2 weeks to mix to
a depth of 50 m. These data were used to assess
risk assuming that a 10-20 day window of potential surface layer transport was of interest. The
offshore region was divided into three or five
sub-zones based on isobath and historic markers.
They estimated both residence times and transit
times to the coast and found that outside the
2500 m isobath the probability of passive particles reaching the shore was virtually zero,
whereas it ranged from 4% to 8% in isobath
depths of 200 m. Thus, they concluded that the
safest area is outside the 2500 m isobath, with
the caveat that transit times and dilution vary
considerably in sub-zones closer to the coast.
O’Donnell highlighted the need to understand
cross-shelf transport south of the Gulf of Maine
as a very important issue for identification of
ABWEZ. He used the example of salinity distribution in Long Island Sound (LIS) to illustrate
how tides and flows are important in explaining
salt concentrations in New York Harbor (NYH)
and western Long Island Sound. In this case the
saltier water flows from LIS to NYH via the
East River and fresh water returns, resulting in
western LIS being fresher than would be predicted. Thus, a ballast water regulation that only

focused on the Hudson River would not be
appropriate. Circulation along the Atlantic coast
is measured by oxygen isotopes, fresh water
flow from the Connecticut River, and by using
radar to measure surface currents. O’Donnell
also described tracking drifters by satellite as
another way of measuring circulation. He summarized work that looked at all the data available on salinity and temperature across the shelf,
and showed that for both temperature and salinity
there is stratification that carries much of the
shelf break waters during the summer, but it is
less strong in the winter months. To review these
data in the context of ballast water, more information on cross shelf transport is needed. For
that, data from drifters are helpful. These data
support the observation that cross shelf transport
is higher in the summer than in the winter, i.e.,
the stratification makes the water more “slippery”.
Two approaches that are being used to estimate
cross shelf transport including monitoring
radioisotope distributions and releasing dyes and
following dispersion. Both have been done in the
LIS area. Measurements provide an estimate of
spreading and suggest this occurs on the order of
10-20 km, which is small compared to the shelf
width. O’Donnell noted, however, that there are
few measurements for this area and fewer still in
areas near estuaries where transport may occur at
high rates. These data also do not account for the
behavior of organisms that migrate vertically in
the water column.
BALLAST WATER IN THE NORTHEAST
Several papers focused on ballast water
exchange in New England and Canada. They
synthesize data collected from the mandatory
reporting forms (both in the U.S. and Canada)
and models to identify where materials discharged from vessels could reach the coast for
different times of the year. In addition, geographic information system (GIS) maps were
constructed from data that identified locations
where ballast water exchange was initiated and
ended for vessels entering through the EEZ.
Analysis of shipping patterns in New England
(including New York) suggests that about 25%
undergo ballast exchange, with bulk carriers and
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tankers exchanging the most volume. Arriving
vessels are represented nearly equally as being
of domestic or foreign origin. Hines presented a
paper co-authored with colleagues in which they
estimated approximate exchange volumes from
domestic carriers. Domestic discharges are likely
to have higher concentrations of plankton that
through repeated discharges may be more likely
to survive. This work suggests that coastal traffic
should be more carefully monitored and address
these concerns.
De Lafontaine introduced his paper by
reviewing the decision to use ballast water
exchange as an interim treatment for minimizing
and reducing introductions from ballast water.
He noted the risks, to vessels, human safety, and
the ecosystem associated with inefficiencies of
ballast water exchange. He discussed this in the
context of the history of the designation of the
Laurentian Channel as an alternate ballast water
exchange zone, designed initially for ships entering the Great Lakes. Much thought and scientific
review was part of the decision making process.
Nonetheless, concern for increased rates of introduction to the Channel areas continues for vessels with marine ballast that exchange or clean
their tanks in this region. De Lafontaine briefly
reviewed alternative ballast water treatment
methods, and highlighted some of the newer
approaches that may be economical, environmentally sound, and reduce or prevent introductions.
Simard presented the results of a study
where she and her colleagues (Gilbert and
Saucier) assessed the risk of using the
Laurentian Channel as an alternate zone for ballast water exchange. They developed a 3-dimensional model that simulated conditions of 19861987, which has a resolution of 5 km and 73
vertical layers. Some of the data in the model
include currents, temperature, salinity, turbulence, and ice thickness and concentration, as
well as surface meteorological forcing variables.
They ran model simulations for zooplankton and
phytoplankton during periods of April to October
(zooplankton) and April to November (phytoplankton). They also simulated flushing of surface particles in the Cabot Straits. The results
indicated that several islands are at risk from
4

phytoplankton inoculations, but a spring freshet
will wash them downstream. Simulated zooplankton inoculations also indicate entrainment
of organisms. Flushing simulations suggest surface particles could be quickly flushed from the
alternate zone, but it is possible that these organisms could reach the coastal areas outside the
Cabot straits. The recommendation is to not
exchange high salinity ballast in the Laurentian
Channel region as there is less risk of species
surviving in the fresh waters of the Great Lakes.
The study also notes that there is less risk during
exchange in winter months and they recommended a precautionary approach in using this
and other ABWEZ.
Geographic information systems (GIS) have
provided insights not readily gained from data
sheets. Kelly used geo-referenced reporting data
(year 2002) from vessels conducting open water
ballast exchange to map vessel movement tracks.
Using GIS, he plotted the starting and ending
points of ballast exchange based on reports submitted to Transport Canada. Using other ballast
water management information, Kelly’s models
and GIS analysis allowed estimates of volumes
exchanged and identified preferential routes used
by traffic approaching the Canadian Exclusive
Economic Zone. Zones of dispersion could be
estimated to provide insights about regions that
may have ballast water reaching nearshore
coastal areas.
SHIPPING INDUSTRY PERSPECTIVE ON BALLAST
WATER MANAGEMENT
Maritime trade contributes a value of hundreds of billions of dollars in Canada and the
U.S., based on 2002 statistics. Of the 62 million
tons in Canadian maritime shipments, over half
was moved from the Canadian coast to the U.S.
Atlantic coast. Shipping is essential to several
industries and creates jobs throughout the region.
Langevin reviewed the Shipping Federation's
perspectives on ballast water management. She
identified the concerns for coastal traders that
are in partial ballast and will need to top off in
2-3 ports as they continue north. Others discharge remaining unexchanged ballast in East

Coast ports when they do not have a return
cargo. The shipping community is looking for
standards and treatment systems that are safe,
efficient, non-hazardous, simple to operate, and
inexpensive. Ballast water exchange requires
extra hours, and depending on the distance can
range from a few to over 40 hours. There are
costs associated with the deviations, approximately $1300 /hour, which translates into
$26,000 for a 20 hour deviation. Requiring a
change in ballast exchange in one route is likely
to result in cargo being transferred to another
route. Langevin recommended that ABWEZ be
within 50 nautical miles or less from shore,
greater than 500 miles long, and apply to vessels
originating south of the Chesapeake.
Metcalf highlighted similar shipping community concerns from the U.S. perspective. She
noted the many factors that influence solutions
to ballast water management and stressed the
importance of a collaborative effort by all stakeholders. Metcalf stressed three areas of active
involvement by her organization (Chamber of
Shipping of America) - with international and
regional groups developing standards, with briefings for legislators, and with the industry highlighting the seriousness of the problem through
education. Metcalf focused on the costs of alternative treatment installation, ongoing operation
and maintenance, and retrofitting. How these
costs weigh against ballast water exchange will
be an ongoing discussion. She suggests implementing incentive programs to encourage compliance with new approaches. One area where
there is concurrence with the shipping industry
and regulators is the need for a universal set of
standards. State by state and country by country
standards will only complicate efforts by vessels
to comply.
RISK ASSESSMENT SYSTEMS
Risk assessment approaches vary considerably
and have an impact on the outcome. Locke
reviewed the science of risk assessment, provided an overview of the approaches that are used
or in development, and used a case study to
illustrate applications and outcomes. Risk assessment combines information, assumptions,

uncertainties, and data into a process to assess
environmental impacts. She identified the
strengths and weaknesses of blanket or broadbased approaches with those using more detailed
data, but requiring frequent analyses for specific
occasions. Regulatory agencies are more likely
to adopt a blanket approach, although in
Australia they have a risk-based management
approach that applies to all ships and requires
details on ballast, species of concern, environmental conditions, frequency of occurrence and
other risk-based factors. Locke compared two
approaches used to evaluate risk associated with
ballast discharge in the Laurentian Channel. The
circulation study (see Gilbert et al., this document) used plankton and assumptions about the
length of time particles would be retained in
locations within the Channel areas and concluded that the Cabot Straits were acceptable lowrisk areas for discharge. The traffic patterns
approach used by RNT Consulting (see
Appendix X) applied a probabilistic risk assessment procedure to a larger area that included the
Cabot Straits. They concluded that the risk to the
Laurentian Channel was low at ~0.5%, but there
were no uncertainty analyses and no confidence
limits included with their assessment. Locke
identifies elements of good risk assessment that
include being quantitative, uncertainty estimates,
identification of invasion success, application of
an iterative process to incorporate new information, and a need to keep it simple for stakeholders. Good risk assessment approaches highlight
assumptions and identify areas of uncertainty as
points of discussion.
GENERAL DISCUSSION
The sessions ended with a general discussion of
the presentations and how the information
applied to identifying feasible ABWEZ. Patnaik
moderated the dialog among the audience and
speakers. There were several points highlighted.
1. It was suggested that organisms are released
throughout the exchange process that Kelly
mapped, and perhaps currents could be
superimposed to give a better sense of seasonal and interannual effects on the
exchange process.
5

2. It was noted that risk assessment requires
much more information than currently is
available. A lively discussion followed with
various issues raised. Even with limited data,
development of predictive models using
physical oceanographic information has
value. The counter argument was that almost
none of the invasive species (e.g. green crab,
zebra mussels) were predicted. Others suggested that we should narrow our focus to
coastal traffic and assume that ships entering
the EEZ have exchanged ballast and minimized that risk. If zero risk is the goal, then
all organisms should be killed or ballast
exchange prevented in nearshore areas.
3. The discussion moved on to address low and
high risk outcomes and how these might
lead to judgments that did not prevent invasions.
4. The discussion of hull fouling and the need
for ballast altogether were also topics of discussion. The number of invasions associated
with hull fouling is poorly documented, but
remains a concern. The banning of tributyltin (TBT) may increase introductions
from this vector. The IMO Treaty calls for
Enhanced Survey Inspections. The IMO has
recently increased the types of vessels that
are required to undergo enhanced survey
inspection as well as dry-docking approximately every five years. This may lessen
hull fouling events.
5. Permanent ballast as dead weight of ships
and the potential to design ballastless vessels
were also raised as opportunities to minimize introductions from ballast water. This
remains a topic for the future and was a
stimulating end to the discussions of the day.
WORKING GROUPS AND A CONSENSUS
STATEMENT
The second day of the workshop, three
working groups were formed to propose alternate ballast water exchange zones. The groups
were divided by general interest areas - maritime
industry, policy and regulatory, and scientific
working groups. The industry group focused on
6

minimizing economic costs and meeting regulatory requirements; the policy group identified the
need for bilateral agreements using best knowledge available; and the scientists working group
focused on minimizing risk of onshore invasions
using currents, cross shelf transport and biology
of organisms. A combined consensus statement
was prepared based on the working group recommendations and discussions with the full
assembly of participants. The areas of strong
agreement and areas omitted from some statements or where there was differing viewpoints
were identified and discussed in the closing session. The goal was to use the collective information of the participants and determine if there are
areas where risks associated with ballast water
discharge are acceptable to endorse an ABWEZ.
The following statements highlight the consensus
reached:
1. Based on available data (e.g., currents and
cross shelf transport of particles), the slope
break was identified as potential alternate
ballast water exchange zones, especially for
coastwise traffic, because currents were like
to carry discharged particles away from shore.
2. Discharge within other regions have a higher
risk for particles reaching shore than those
discharged at the shelf break.
a. Gulf of Maine vessels travel short distances, do not reach the slope break, and
have short travel times. An area within
the Gulf of Maine was identified as a
potential location for discharge based on
where currents are more likely to exit.
b. Use of the Laurentian Channel as an
alternate exchange zone is complicated
by jurisdiction and its current designation as an ABWEZ for the Great Lakes.
A review of its continued use and other
options is recommended.
c. Two areas identified as sensitive to invasions and recommended for no discharge
are Georges Bank, and the Sable Island
and Gully area that has been designated
as a Marine Protected Area.
d. There are restrictions in place around the
Great South, Northeast, and Fundian
Channels that are included in the recommendations.

These recommendations will be shared with
Transport Canada, the US Coast Guard and the
states and provinces bordering the region.
Although new regulations at the state or
province level are not anticipated, it is recommended that bilateral recommendations emerge
as policies, to be implemented as international
and national regulations are enacted.
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CONSENSUS-BASED PROPOSED
ALTERNATE BALLAST WATER
EXCHANGE ZONES

This two-day workshop was designed to
develop a consensus statement on the feasibility
of alternate ballast water exchange zones in the
North Atlantic. The area of focus was from Cape
Hatteras through the northern ports of the
Maritime Provinces. Coastal traffic is a significant component of vessel movement in this
region with oil, gypsum and other goods frequently carried southward and vessels returning
with ballast northward. Environmental concerns
for the introduction and spread of marine invasive species is growing with the presence of an
aggressive, invasive sea squirt, Didemnum cf.
lahillei, on Georges Bank, the economic costs of
a solitary sea squirt, Styela clava, to aquaculture
in Prince Edward Island, and predatory whelk,
Rapana venosa, in Chesapeake Bay. The goals
of the workshop were to review the physical and
biological oceanographic data, examine traffic
patterns and ballast water management practices,
gain insight into the maritime industry perspective, and review risk assessment and management approaches. Together this information was
used to develop a statement on the feasibility of
alternate ballast water exchange zones.
Major stakeholders were invited to attend
including the marine industry, scientific community, policy makers, regulators, and nongovernment organizations. Three working groups,
Maritime Industry, Policy, and Scientific, were
formed to draft a statement on the feasibility of
alternate ballast water exchange zones from each
Working Group’s perspective. Each Working
Group’s statement is presented after the General
Workshop Consensus Statement.
The General Consensus Statement was drafted
from comments and discussion of the full body
of participants who were reconvened after the
working group sessions. The discrepancies and
omission that exist in the individual working
group statements were discussed fully and consensus reached. Thus, the General Consensus

Statement is presented first because it reflects
the thoughtful comments in an acceptable language of all participants.
Since this consensus statement was prepared,
two other major actions on ballast water
exchange have been initiated by the International
Maritime Organization (IMO) and the U.S.
Coast Guard (USCG). The IMO finalized its
Ballast Water Treaty in 2004 (which will take a
year to ratify and several years to implement)
that includes a depth guideline for ballast water
discharge for vessels entering the EEZ of 200
meters (m) whereas previously it was 2000 m.
The distance also has been modified and compliant exchange should be at least 200 nautical
miles (NM) from shore (or as far from land as
possible and at least 50 NM from shore). The
200 m depth is equivalent to the 100 fathoms
proposed in the policy working group statement.
(see Appendix I for specific language of
Regulation B-4).
The second action taken was the July 2004
finalization of the USCG rule (Appendix II).
This rule defines a compliant exchange as one
which is no less than 200 NM from shore. There
is no depth requirement because there is no consensus internationally (even though the IMO and
Australia have adopted a 200 m depth) and
hence the USCG believes that a distance of 200
NM is feasible and will allow more vessels to
exchange ballast water.
Both the IMO and the USCG recognize that
safety issues and security concerns may prevent
vessels from exchanging in mid-ocean. There is
a no delay clause in the IMO treaty (Article 13
of Regulation B-4). The USCG recommends that
vessels may retain ballast on board, use an alternative, environmentally-sound treatment, or discharge minimal amounts of ballast within the
200 NM for safe operation.
Building on the information presented the
first day of the workshop, our discussions
explored the feasibility of alternate ballast water
exchange zones (ABWEZ) for coastwise traffic.
Our interest was in identifying environmentally
protective solutions that are feasible and practicable for the maritime industry. For many vessels, coastal traffic will result in crossing an
international boundary between the U.S. and
Canada. Regulations are vague on ballast water
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management except to note that there should be
no delay.
Our more stringent recommendations are at
variance with the IMO and USCG regulations
traversing along the coast. However, the IMO
treaty (Article 2(3)) allows more stringent measures to be taken. The USCG did not address
coastal traffic in the July 2004 regulations.
It may be that this workshop was ahead of
its time using best available regional, scientific
information combined with stakeholder perspectives in the identification of ABWEZ. The workshop recommendations do not have regulatory
authority, but, as noted above, several examples
of invasive species introductions elevate our
concern for adequate options. The presence of
Didemnum cf. lahillei, an aggressive, invasive
sea squirt, on Georges Bank, one of the first to
appear in deeper waters in this region adds a new
dimension to the discussionit is no longer a
concern of nearshore waters, but deeper waters as
well.
The Ballast Water Committee of NEANS
and the CMAC are advocates for lowering risk
associated with ballast water introductions. We
are hopeful that an integrative approach will be
taken into account and addressed appropriately
at both the national and international levels.
REVIEW OF CRITERIA FOR IDENTIFICATION OF
ABWEZ
The overarching goal of this workshop was
to use the best science available to identify
potential alternate ballast water exchange zones
that would minimize, reduce, and, if possible,
prevent marine invaders from reaching coastal
areas and integrate this with the perspectives of
the maritime industry, environmental groups, and
policy makers. The consensus statement should
incorporate concerns about sources of highly
invasive species, recognize the limitations and
costs to the maritime industry, and be enforceable.
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WORKSHOP CONSENSUS STATEMENT:
INTEGRATION OF THE MARITIME INDUSTRY,
POLICY, AND SCIENTIFIC WORKING GROUPS BY
THE

PARTICIPANTS

A consensus was reached on proposed alternate ballast water exchange zones for the northeast region of North America based on criteria
that offered the greatest level of protection to
coastal areas. All participants contributed to the
discussion–scientists, shipping industry representatives, agencies, and nongovernment organizations and had an opportunity to review and comment on the statement. This section of the report
is the general consensus statement of the participants and integrates the three working group discussions into a single statement to be proposed
as the working definition of interim alternate
ballast water exchange zones (see later sections
for details on the discussions and recommendations from each working group). The region
from Cape Hatteras to offshore of the Nantucket
Sound/Shoals; the Gulf of Maine; the Laurentian
Channel; and the northern reaches of the
Maritime Provinces was the focus of the oceanographic and industry discussions. Coastal traffic
within this region is annotated in the Marine
Industry Working Group statement. Alternate
ballast water exchange zones were proposed
based on physical (largely currents and dispersion of particles) and biological information and
risk assessments presented in the workshop. In
general, passive particles released along the continental margin (depths greater or within 100
fathoms or 200 m) have a greater probability of
moving offshore than onshore. It was noted that
larval and holoplankton organisms do not behave
as passive particles and many have directed onshore movements. Thus, the estimated risks
underestimate behavior of living organisms. It is
also recognized that there are areas where constraints limit exchange, for example vessel traffic solely within the Gulf of Maine and Bay of
Fundy are not near the shelf break. Thus, these
areas have additional constraints and estimates
of risk are much higher.
The general area of agreement is as follows:
1. Vessels originating from Cape Hatteras,

2.

3.

4.

5.

Chesapeake Bay, and Delaware Bay are
advised to exchange ballast at or deeper than
the 100 fathom or 200 m depth contour from
Cape Hatteras to the Eastern most point of
Georges Bank (approximately, latitude 35o
30’ N to 41o 20’ N; longitude 75o W to 66o
W). It is also recommended that exchange
not occur until vessels reach the 100 fathom
region or beyond (Figure 1).
Based on the physical oceanographic currents, ballast water exchange along the
northern flank of Georges Bank meets criteria of moving water away from the coast and
thus could be considered as a reasonable ballast water exchange zone. However, the
presence of an invasive sea squirt,
Didemnum cf. lahillei, on the northern flank
of Georges Bank argues against this recommendation and therefore this is an area to
avoid.
Vessels traveling northward towards the
Laurentian Channel and/or ports exchange
ballast in waters deeper than 2000 m in the
zone extending from 60o W to 65o W as currents are not likely to enter the Northeast
Channel of the Gulf of Maine and because
the Gully area near Sable Island is designated as a Marine Protected Area (MPA).
(Figure 2, 3).
Vessels traveling from Boston and Portland
to ports within the Bay of Fundy are advised
to exchange within the area enclosed by the
following corner positions: 42o 50’ N to 43o
10’ N on 70o W and 43o 50’ N to 44o 15’ N on
67o W. The currents in this region are most
likely to transport passive material and
organisms out of the Gulf of Maine and
through the Great South and/or Northeast
Channels. It is anticipated that ballast discharges will be diluted and minimally
entrained in the coastal current along the
Maine, New Hampshire and Massachusetts
coasts. This zone also offers protection to
the Bay of Fundy, based on prevailing currents (Figure 4).
The Laurentian Channel continues to be
complicated by its designation as an alternate ballast water exchange zone for vessels
entering the Great Lakes. Based on the

current understanding of the region,
exchange during the summer months puts
the coastal regions at risk; there is less risk
during the winter months. Based on available data, the area is not generally used as a
ballast water exchange zone. The joint recommendation is to use the southwestern area
of the Laurentian Channel from around 46o
N, 57o 30’ W to around 44o N, 58o 00’ W on
the Scotian shelf break. The inshore side of
this zone would be delimited by the 100
fathom (or 200 m) isobath, while the offshore boundary would be the midline (or
axis) of the Channel. In this area, the surface
water generally moves offshore away from
the coastal region of concern (Figure 2, see
Figure 1 in Gilbert et al., this volume).
6. No recommendation was made regarding
vessels traveling around to the Northern
region of Newfoundland. The use of the
southern slope water zone at depths greater
than 2000 m is recommended for vessels
traveling around the Northern region of
Newfoundland.
It is proposed that alternate ballast water
exchange areas, where there is consensus, be
adopted as a working policy statement by both
the U.S. and Canada for coastal vessel traffic
until alternative treatment technologies are available. Areas that have greater uncertainty with
regard to risk will require further discussion to
resolve the complex set of constraints and issues,
some of which are mutually exclusive. Because
the “no action” alternative is considered potentially more deleterious than the proposed recommendations, we urge an adaptive management
approach to adopting policy for the northeast
region.
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Figure 1. Proposed alternate ballast water exchange zone for coastwise traffic originating from Cape Hatteras, Chesapeake Bay, and Delaware Bay to ports
north should initiate exchange when the 100 fathom or 200 m isobath is reached and follow it to a point to the east of Georges Bank (solid green line).
Georges Bank is to be avoided as is the Northeast Channel.
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Figure 2. Proposed alternate ballast water exchange zone for the area from Georges Bank to the Laurentian Channel was proposed by Transport Canada (see
Figure 3). The solid green line indicates an area that may be used for coastwise traffic vessels entering the St. Lawrence Channel.
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Figure 3. Proposed alternate ballast water exchange zone for the area from Georges Bank, the Northeast Channel and past Sable Island and the Gully. This
map was provided by Transport Canada Marine Safety and recommends discharge in depths of 2000 m or greater.
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Figure 4. Proposed alternate ballast water exchange zone within the Gulf of Maine for traffic from Boston and Portland to ports in the Bay of Fundy. The
region identified as an area where currents are more likely to carry particles out to sea rather than retain them in the Gulf or move them shoreward (see
recommendations for criteria). Note that the blue arrows indicate within the top 75 m and the red arrows indicate currents at depths greater than 150 m.

RECOMMENDATIONS FROM THE MARITIME
INDUSTRY WORKING GROUP
The following zones are recommended by
the Maritime Industry Working Group.
1. Ships originating from south of Cape May,
(Baltimore, Maryland and the Chesapeake
Bay, Delaware River, and Philadelphia) en
route to the St. Lawrence Seaway would
exchange ballast water when 50 NM or more
from shore. Two zones would be exempted –
Georges Bank and Sable Island and Gully
region.
2. Vessels en route from New York City and
Boston, Massachusetts heading for
Newfoundland have a normal route that will
eventually take them offshore passing south
about 40 NM of Sable Island including the
Gully, which has been designated a Marine
Protected Area. These vessels would
exchange in depths greater than 1000 m
(approximately 500 fathoms).
3. The Bay of Fundy area is more complex.
The recommendation is to have a depth
exemption in the Gulf of Maine and allow
discharge of ballast of vessels originating in
Boston and traveling to ports in the Bay of
Fundy. These depths are approximately 50
fathoms (100 m) and a distance of approximately 40 NM offshore with exchanges
occurring at a region before Grand Manan
Island (before entering the traffic separation
scheme).
4. The proposed recommendation for the Gulf
of Saint Lawrence was to keep the
Laurentian Channel exchange zone, primarily as a safety backup zone. This is an area
where freshwater can be exchanged with
saltwater, thus minimizing risk to the
ecosystem. The main users of this area are
the iron ore trade from the East Coast (North
Shore of the St. Lawrence River), which is a
winter trade. They may use this area in the
winter. Thus, locally there is very little use,
but a few ships might need it for a safety
zone.
5. The area from Halifax through to the
Laurentian Channel as a potential ballast
water disposal area is still not defined and
16

was not fully discussed during this workshop
October 29, 2003.
These Maritime Industry recommendations were
based on the Working Group comments and are
presented as annotated discussion points. These
comments reflect the maritime industry’s perspective as well as scientists, policy makers, and
other stakeholders. Coastal vessel traffic to the
Little Narrows (Bras d’Or Lakes, Nova Scotia)
region involves three vessels, all from U.S ports
on the Eastern Seaboard, as follows:
• Two 20,000 ton ships calling at Boston,
Massachusetts; Stony Point, New York;
Norfolk, Virginia, Baltimore, Maryland; and
Jacksonville, Florida
• One 40,000 ton ship calling at Jacksonville,
Florida and Baltimore, Maryland.
• Charters require ballast water exchange
(BWE) in accordance with International
Maritime Organization (IMO) Guidelines,
namely exchange in waters deeper than
2,000 m.
• Typical exchange times run between 24 to
36 h; hence this would require them to deviate 22 NM and reduce speed by 3-4 knots.
• In the winter, the 20,000 t ships cannot go so
far offshore due to poor weather conditions.
Ships coming from Boston, Massachusetts
and New York would need a greater deviation to conduct BWE. This would apply to
all ships going to Little Narrows and
Hantsport in the summer and to ships going
to Hantsport in the winter.
• Vessels going to Placentia Bay are primarily
tanker traffic; the area is ice free year
around.
• Canadian Maritime Agency Ltd. represents
three product tankers per week following a
route that at the time of the workshop was
approximately 60 h from Boston or New
York. BWE requires approximately 33 h.
• In order to conduct BWE in depths of 2,000
m would require a deviation of 40 NM
adding 3-4 h to the voyage. This would
bring the total time for the voyage to 64 h.
• Conducting BWE in waters outside the EEZ
(200 NM limit); it would be necessary to
extend the voyage an additional (approximately) 249 NM, adding 17 h to the voyage.

•

•

•

•

•
•

•

Whiffen Head receives approx 200 crude oil
shuttle tankers per year coming from
Portland, Maine; Bayway, New Jersey;
Norfolk, Virginia; and Beaumont, North
Carolina.
Come By Chance receives smaller clean
product tankers (40 – 60,000 DWT) from
Portland, Maine; Boston, Massachusetts; and
New York. This would total approximately
120 voyages per year.
Simard provided input on vessels, especially
tramp vessels (V/Ls) coming from Europe to
the North American east coast and the Saint
Lawrence River. Tramp V/Ls coming from
South America to east coast North America,
then up the St. Lawrence River and into the
Great Lakes. The Great Lakes are the end
point of voyages.
Any vessels with ballast must exchange BW.
However, most are not coming in ballast;
perhaps as few as three in last few years.
Exchange takes 6-8 h because it is partial
ballast.
When vessels have cargo, ballast is also used
for trim. For example, in the winter time
some vessels visit Baltimore, Maryland
where they discharge some cargo and take
on ballast for trim. These vessels do not
move if they do not have cargo. Ballast from
Baltimore and ballast used for trim that was
loaded in Baltimore or coastal waters is considered as having to be exchanged if there
was ballast or sediment in tanks. This business is highly competitive. These vessels do
not go anywhere when there in nothing to
pick-up - likened to a taxi.
Vessels in Little Narrows now picking up
coal in U.S. and thus reducing the amount of
ballast and cutting the cost of voyage.
Statia terminal trade originates as follows.
Vessels that travel from Point Tupper, Nova
Scotia to New York are smaller tankers of
about 30,000 DWT.
Iron ore trade is a replacement trade in the
winter months to move ore to southeastern
U.S. from Sept Isles and Port Cartier on St
Lawrence River. In summer, ships are trading through the Great Lakes and St.
Lawrence River to Europe in vessels of
60,000 DWT.

•

Vessel owners are looking at alternate routes
from New York and/or Cape May, New
Jersey to Nova Scotia and Newfoundland.
RECOMMENDATIONS FROM THE SCIENTISTS
WORKING GROUP

The group recognized that ballast water
exchange will never totally eliminate the risk of
introductions. However, it is a better alternative
than no ballast water management. In order to
reduce the risk of nonindigenous species introductions to our waters, this group investigated
options for ballast water exchange or release that
would result in transport of released ballast away
from the coast. Currently, the consequences of
invasions are considered to cause the most
impact to the highly productive inshore waters,
where most anthropogenic activities and their
effects are presently concentrated. Wild fisheries,
aquaculture and tourism are among the economic
activities that could be affected in this zone.
There are also many conservation issues.
The highest risk of invasion was judged to occur
when estuary/port waters are introduced to similar habitats, such as another estuary or port.
Shelf waters were considered to constitute a
somewhat lower risk of invasion to estuary/port
habitats, with a further reduction in risk from
offshore waters. The oceanography suggests that
surface slope waters tend to disperse passive particles away from the continental shelf and
coastal ecosystems, retaining them in the offshore (slope and oceanic) waters. Therefore, the
mandate of this group was to identify specific
areas that would minimize the risk of ballast
water introductions to the inshore. At the same
time, this group recognized that the selected
areas needed to correspond as closely as possible
to established shipping routes so as to minimize
the costs to the industry. General criteria for
ABWEZ:
1. Water movements in the ABWEZ should
consistently transport away from shore and
dilute the released ballast waters in both the
horizontal and vertical directions.
2. Sensitive areas should be avoided. These
constitute
(a) areas where release is inadvisable for
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reasons of the pristine or invasion susceptible nature of the environment, and
(b) areas where uptake is inadvisable
because of high levels of established
invasive and potentially harmful species.
3. It was assumed that inshore species would
pose minimal risk if inoculated offshore, and
that offshore species would pose minimal
risk if inoculated inshore.
4. Risk in winter is less than that in summer.
The winter risk is not zero due to the persistence of some species, although usually in
lower concentration than in summer.
5. Sensitive ecosystems or aquaculture areas
should be avoided.
6. Ships whose route takes them near to or
outside the shelf break should exchange ballast water in the identified zones at or outside the shelf break.
7. Ships traveling north-south inside the region
should also exchange ballast water.
This is to minimize the movement of species
which are not currently observed throughout the
entire region. Ideally, these ships should
exchange outside the shelf break, but this is not
always economically feasible. Alternative
arrangements for these ships were discussed;
these ABWEZ will reduce risk relative to carrying port water to similar ports, but risk will be
higher than if these ships could complete an offshore exchange.
SPECIFIC RECOMMENDATIONS FOR ABWEZ
1. Area offshore of the shelf break, i.e., approximately 100 fathoms or the 200 m isobath
extending from Cape Hatteras to east of
New York City, thence following around the
offshore edge of Georges Bank and terminating around 66o W south of the Northeast
(Fundian) Channel. In terms of physical
oceanography, this shelf break will tend to
carry organisms along isobaths to the southwest and/or offshore.
2. An area along the northern edge of Georges
Bank may be considered. A narrow zone
between the 100 and 200 m isobaths will
tend to carry particles out to the shelf edge,
where it will be transported to the southwest.
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3.

4.

5.

6.

The Northeast Channel should be avoided.
The political implications of an ABWEZ
located adjacent to Georges Bank need to be
investigated, and is not recommended given
the presence of the sea squirt Didemnum cf.
lahillei as a threat to the productive scallop
and ground fish in the region.
Based on the work of Petrie and
Soukhovtsev (2002), the area deeper than
2000 m off Nova Scotia, starting southeast
of Cape Sable and continuing northeastward
would be most suitable for BWE. This track
should provide a wide berth to Sable Island
and the Gully, and historical surface drift
measurements suggests that the risk of passive particles in the surface water advecting
onto the shelf is low (order 5%).
A zone southeast of Cabot Strait (in the
vicinity of 45o 10’ N and 59o W) was identified as an ABWEZ for safety discharges
only. This zone is located offshore of the
southwesterly Nova Scotia Current (which
would carry particles in close proximity to
the coastline of Nova Scotia) and on the
continental shelf. Exchanges in this zone
present another economically sound alternative for vessels bound for the Gulf of St.
Lawrence. The scientific group advised that
the presently accepted ABWEZ in the
Laurentian Channel may pose an unacceptable risk of introductions to the Atlantic
Coast.
Concern was expressed about the potential
for identifying an acceptable ABWEZ in or
on the approaches to the Bay of Fundy. This
area does not meet the criteria discussed.
The only suggestion was to conduct ballast
water exchange offshore from the Maine
coastal current prior to entry to the Bay of
Fundy (the current is expected to provide a
buffer, protecting the coastal regions). It was
recommended that this ABWEZ, further
defined in the General Consensus Section
(see above) extend no further east than 67o
W. This suggestion requires further scientific
validation prior to use.
Winter traffic apparently may use a shore
route in weather conditions when it is unsafe
to follow the normal traffic routes. For these

vessels only, ballast water exchange may be
conducted in the coastal zone. The risk of
introductions is considered to be lower in
winter because of lower cell concentrations
and taxa in the ambient waters. Ships should
remain offshore of the Maine coastal current
within the buffer zone described in #5 above
and in The General Consensus Statement
(above). The details of this recommendation
should be validated using surface drifters.
RECOMMENDATIONS OF THE POLICY
WORKING GROUP
The policy workgroup believes the optimal
approach to managing coastwise ballast
exchange should include the following:
1. Short term and long term goals;
2. Need public/stakeholders input;
3. Recognize U.S./Canadian regulations to
address coastwise traffic; regulations should
be consistent with each other and IMO;
4. Ensure compliance mechanisms are put in
place;
5. Risk assessment should be conducted prior
to establishing an ABWEZ;
6. Need to identify Alternate Ballast Water
Exchange Zones within U.S and Canada and
identify areas where BWE should not occur;
7. Best management practices could be established by the shipping industry;
8. Measures should be taken to ensure performance of BWE concerning reduction of the
numbers of nonindigenous species;
9. Regulations should be simple and straightforward for the shipping industry/personnel.
The working group believes that the distance
offshore where BWE should take place should
not have any negative impacts to the coastal
ecosystem. BWE should occur as far offshore as
possible. Maps of physical oceanography, larval
dispersion, and shipping routes and fishing
grounds should be overlaid to determine
ABWEZ. Foreign vessels entering
U.S./Canadian waters that cannot conduct BWE
200 NM from shore due to safety exemptions
should not be permitted to use the ABWEZ designated for domestic coastwise traffic between

U.S and Canada. Closed or confined water systems are areas that BWE should not occur.
Vessels should not uptake BW in infested areas.
Areas of retention and/or dispersal of organisms
should be identified in regulations as well as
other documents easily made available to
mariners (e.g. Notice to Mariners). In identifying
ABWEZ, seasonality, temperature, salinity, and
any other characteristics should be considered.
Icy conditions may be a consideration as well.
Proposed IMO regulations as well as U.S regulations recommend that ships should not deviate
from their planned voyage to conduct BWE.
Economic costs to the shipping industry should
be balanced with the impacts of the environments and local communities. Risk needs to be
defined. For example, is the risk of introduction
of one species too high? Risk assessment should
be conducted prior to establishing an ABWEZ.
Enforcement should include reporting, inspections, and BW sampling to determine compliance. Short distance should be defined. History
of invasions by exotic organisms seems to be
more relevant than distance. Sampling includes
biological analyses of species, as well as to
determine BWE has been conducted (i.e. salinity
test). The Policy Working Group believes bilateral national/regional agreements should occur.
Consultations between governments in drafting
consistent regulations should be pursued.
Stakeholders must be included in the development
of any regulation.
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