CONTEXT STATEMENT
June 8, 2012
Port Metro Vancouver commissioned the Fraser River Tanker Traffic Study in order to
understand the logistical and operational impacts of liquid bulk cargo on the south arm of
the Fraser River. We are sharing the results of the study to ensure that stakeholders and
the wider community are aware of the findings and how they may contribute to our project
evaluation process.
Recently, the Vancouver Airport Fuel Facilities Consortium (VAFFC) put forward a proposal
that would include tankers carrying jet fuel to a new facility in Richmond. Although tankers
have been coming to the Burrard Inlet for nearly 100 years and deep sea vessels regularly
travel the Fraser River, there are currently no liquid bulk tankers on the River. Port Metro
Vancouver needed more information to help determine how we would respond to this
application or other similar proposals we might receive in the future. The findings of the study
will feed into the environmental assessment and project permit review processes. They will
help us understand the types of mitigation that can be put in place to ensure navigational
safety.
In order to truly understand the results of the study, it is important to first be clear on its
scope and limits. The study is but one part of the Port’s comprehensive review process and
does not constitute an approval of any of the scenarios contemplated within it. Some of the
results are based on hypothetical scenarios, traffic patterns, and commodities that do not
necessarily reflect what may actually take place. The study concentrates on logistics and
operations, rather than detailed environmental effects, which would be required as part of
the regular project evaluation. The findings are applicable only for the study area, which is
the south arm of the Fraser River. And finally, the preliminary mitigation options identified in
the study are a starting point and require further analysis of their effectiveness in reducing
risk in different contexts.
Port Metro Vancouver’s mandate is to facilitate trade. Although we do not decide what
commodities Canada trades, we are responsible for the safe and efficient transportation
of goods within our jurisdiction. We will continue to work with our partners to ensure safe
navigation, to protect the environment and to thoroughly evaluate all projects. The results of
this study will contribute to our knowledge of the issues and inform our assessment process.
Although there are no easy answers to the challenges of balancing the interests of trade with
other considerations, Port Metro Vancouver has commissioned this study so we can be more
aware of the implications. We hope that by sharing the results of the study, we contribute to
a better understanding of the potential operational impacts of proposed increases to liquid
cargo on the river, as well as the possible ways of mitigating those risks to acceptable levels.
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Automatic Identification System
Available Depths (Water Depth Forecasting for the Fraser River)
British Columbia
British Columbia Environmental Assessment Act
British Columbia Environmental Assessment Office
Condition Assessment Program
Canadian Hydrographic Service
Calling-In-Points
Canadian Coast Guard
Canadian Environmental Assessment Act
The International Regulations for Preventing Collisions at Sea 1972
Co-operative Vessel Traffic Services
Det Norske Veritas
Dead Weight Tonnage
Dynamic Under Keel Clearance
East
Fraser River Estuary Management Program
George Massey
Global Positioning System
Gross Register Tonnage
Hazard Identification
International Association of Classification Societies
International Maritime Organisation
International Safety Management
Integrated Tug and Barge
International Telecommunications Union
Lloyd’s Maritime Information System
Length OverAll
Marine Accident Risk Calculation System
Maritime Pollution (International Convention for the Prevention of
Pollutions from Ships)
Marine Communications and Traffic Services
Memorandum of Understanding
Movement Restricted Areas
Marine Safety Inspector
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NAVAREA
NOTMAR
NOTSHIP
PAIR
PSCO
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PPA
PPU
PSC
PWGSC
QRA
RACON
RAMN
REF
RFP
RMIC
RO
RRO
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SAR
SMS
SOA
SOLAS
TCM
TEZ
The Port
TMSA
TOTS
TSS
UKC
UKOOA
US
USCG
VTS
VHF
DNV Reg. No.: PP017719-1
Revision No.: 1
Date : 2012-06-06

North
Navigational Area
Notices to Mariners
Notice to Shipping
Pre-Arrival Information Report
Port State Control Officer
Oil Pollution Act of 1990 (United States)
Pacific Pilotage Authority
Portable Pilotage Unit
Port State Control
Public Works & Government Services Canada
Quantitative Risk Assessments
Derived from a combination from RAdar and beaCON - Racon is a radar
transponder commonly used to mark maritime navigational hazards
Radio Aids to Marine Navigation
Reference
Request for Proposal
Regional Marine Information Center
Recognised Organisation
Risk Reduction Option
South
Search And Rescue
Safety Management System
Special Operating Area
Safety Of Life At Sea Convention
Transport Canada Marine
Tanker Exclusion Zone
Port Metro Vancouver
Tanker Management Safety Assessment
Tanker Officer Training Standard
Traffic Separation Scheme
Under Keel Clearance
United Kingdom Offshore Operators Association
United States of America
United States Coast Guard
Vessel Traffic Services
Very High Frequency
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DEFINITIONS
Accident

An event where normal safety margins have been lost and some form
of contact has actually occurred. Any contact between two ships
(collision, striking) or any contact of the ship with the grounding line
(drift or powered grounding) is an accident. Accidents may have zero
tangible consequences.

Automatic Identification
System (AIS)

A communications medium that automatically provides vessel position
and other data to other vessels and shore stations.

Collision

An impact between two or more vessels under way.

Consequence

The outcome that results from an accident. This is either a statistical
summary of the severity of historical accidents or an estimate of how
severe the consequences of an accident might be. Accident
consequence will normally have a unit, so typically will be evaluated in
financial terms for asset damage, numbers of fatalities/ injuries for
human safety, and perhaps amount of oil released into the water for
cargo oil spills. Consequences may vary in severity from little or no
harm in an impact category to an accident resulting in severe harm.

Deadweight

The deadweight of a ship, usually abbreviated dwt or kdwt, is the cargo
carrying capacity of the ship. Thus a 100 kdwt tanker can carry up to
100,000 tons of cargo.

Drift Grounding

To touch bottom. Groundings that occur when the ship is unable to
navigate safely, usually due to mechanical failure and is forced onto the
shoreline by the action of wind, current or waves.

E-Navigation

E-navigation is the harmonised collection, integration, exchange,
presentation and analysis of marine information on board and ashore by
electronic means to enhance berth to berth navigation and related
services for safety and security at sea and protection of the marine
environment.

Flooding

Unintentional filling of a compartment below the waterline with sea or
river water.

Foundering

Loss of a vessel from flooding, which may be due to insufficient
stability or inadequate freeboard or failure to secure the top-side of the
ship.
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Frequency

An accident frequency is a measure of how often an accident either has
happened (historical rates) or is predicted to happen (as estimated by a
risk assessment).

Gross Register Tonnage

A measure of vessel capacity in cubic feet of the spaces within the hull,
and of enclosed spaces above deck available for cargo, stores, fuel,
passengers and crew, with certain exclusions. One hundred cubic feet is
equivalent to one gross ton.

Gross Ton

A unit of measurement calculated in accordance with international
conventions and national requirements; a function of a vessel’s space
within the hull and of enclosed spaces above deck.

Handysize/Handymax

For tankers, a typical size product tanker of about 35,000 to 45,000
tonnes deadweight.

Hazard

A situation with a potential for causing harm to human safety, the
environment, property or business. In this project hazards are defined
as accidental events, but hazards can also be defined in relation to
situations or materials.

Hazard Identification
(HAZID)

The process of identifying hazards, which forms the essential first step
of a risk assessment.

Dredging

An activity or operation to excavate the sediment in shallow waters and
disposing of them at a different location with the purpose of keeping a
waterway at its minimum navigable depth.

Impact

An accident that occurs when a ship approaches the berth (usually) or
leaves the berth and impacts the berth with excessive force sufficient to
damage the ship and/ or the berth.

Incident

An event or condition where normal safety margins have not been fully
maintained.
Often called a “near miss”.

Panamax
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For a tanker, the maximum size with beam restrictions of 32.2 metres,
length restriction of 275 metres, and depth restriction of 12.5 metres in
fresh water that can transit the Panama Canal. The size is limited by the
dimensions of the lock chambers and the depth of the water in the
canal.
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Powered Grounding

Groundings that occur when the ship in under power and has the ability
to navigate safely yet goes aground (e.g. due to human error).

Risk

Risk is the combination of accident frequency and accident
consequence. Risk is normally expressed as average consequence per
time (e.g. spilled quantity per year).

Risk Acceptance Criteria

A definition used to evaluate the significance (acceptability) of risks.

Risk Analysis

The process for the estimation of risks.

Risk Assessment

The review as to acceptability of the identified risks based on
comparison with an identified risk standard or criteria, and the trial of
various risk reduction options.

Risk Management

The process of selecting appropriate risk reduction options and the
strategy for implementing them in the on-going management of the
activity.

Risk Reduction Option

A possible control that might reduce risks.

Squat

Ship squat or squat effect is hydrodynamic phenomenon by which a
vessel moving through shallow water creates an area of lowered
pressure under its bottom that causes the ship to "squat" lower in the
water. This effect in waterways limited in draft could lead to
unexpected bottom contact, groundings or handling difficulties if not
properly managed by vessel navigators.

Striking

A collision between a navigating ship and a ship moored at the berth.
Striking is also known as allision.

Structural Failure /
Damage

Hull damage, such as cracks and fractures, sustained by a vessel
affecting its seaworthiness or rendering the vessel unfit for its purpose.

Under Keel

Normally in reference to Under Keel Clearance (UKC) means the
minimum clearance available between the deepest point of the vessel
and the water bottom.
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1

INTRODUCTION

1.1 Background
Currently, the liquid bulk traffic on the South Arm of the Fraser River consists of tank barges that
provide bunker fuel to deep water vessels calling within river terminals. There are no oil or liquid
bulk terminals on the Fraser River, but there has been increasing interest in building possible liquid
bulk handling facilities on the river downstream of New Westminster. Recently, the Vancouver
Airport Fuel Facilities Corporation (VAFFC) proposed the development of a marine terminal along
the South Arm of the Fraser River to handle shipments of jet fuel delivered by tankers and coastal
barges (Ref. /1/).
In this context of increasing interest, Port Metro Vancouver (the Port) has mandated Det Norske
Veritas Canada Limited (DNV) to assess navigational risks that result from the introduction of liquid
bulk tanker traffic along the South Arm of the Fraser River, from Sand Heads to New Westminster
(also referred to as the study area). Figure 1 is a graphic representation of the study area.

Figure 1 - Study Area: South Arm of the Fraser River from Sand Heads to New Westminster
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1.2 Objectives and Scope
The objectives of the study are to:
1. Estimate the risks associated with introducing liquid bulk shipments in the Fraser River.
2. Evaluate the potential impacts of liquid bulk shipments to human safety, the environment,
port business and property.
3. Identify the possible risk reduction options that can improve safety for shipping operations in
the study area.
Thus this study doesn’t only look at the jet fuel and liquid bulk traffic from the VAFFC proposal but
also considers another hypothetical scenario of other liquid bulk traffic and cargo. The study looks at
potential hazards, risk of vessel accidents and cargo spills, their likely impacts to economic and
environmental resources as well as possible contingency and response preparedness measures to
reduce the consequences of such accidents. Its results will support the Port in its environmental
assessment and permitting processes to evaluate the merits of future proposals for liquid bulk
shipments on the Fraser River.
The scope of the study is limited to the evaluation of waterway management risks on the Fraser
River. Thus liquid bulk loading or unloading spills are not within the scope of this work. Similarly,
large ships with correspondingly large bunker fuel oil tanks already transit the Fraser River and thus
bunker fuel oil spills are not within the scope of this work (no change compared to today). Finally
only conventional navigational risks (collisions, groundings, etc.) are included in the scope of work.

1.3 Summary of the Work Performed
In this study DNV has conducted 3 main work elements:






A review of navigational practices, guidelines, legislation and regulatory requirements applicable
to vessel operations in the Fraser River. This was performed by a combination of a site visit,
hazard identification meeting, review of documents and discussions with key stakeholders.
An assessment of the navigational risks related to future liquid bulk operations, including the
proposed delivery of aviation fuel oil to VAFFC and other hypothetical liquid bulk operation.
The risk assessment was performed using DNV’s Marine Accident Risk Calculation System
(MARCS) model. MARCS was used to assess the risks, with the support and input of practical
knowledge in day-to-day marine operations from a panel of local experts.
An exercise to identify and preliminarily rank Risk Reduction Options (RROs) that could be
applied to reduce risks from proposed and hypothetical future liquid bulk operations by tanker
and tank barges (aviation fuel and other types of liquid bulk) and other shipping in the Fraser
River. This was performed via a facilitated workshop planned and executed by DNV and
attended by professional Fraser River stakeholder organisations.
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A risk assessment is not an end in itself nor does it make decisions. However, it does provide
insights to help inform choices about uncertain future events. It is important to recognise that there
are risks in every action we take and zero risk is often neither a practical nor a realistic option.

1.4 Structure of the Report
This report presents the results of this study. It is divided into six sections.










Section 1 (this section) presents the context and objectives of this study.
Section 2 provides a description of the region, from the marine navigation perspective,
environmental conditions and applicable regulations, requirements, guidelines, practices and
implemented safety measures that are applicable to the study area. This enhances the
understanding of how existing procedures and practices promote safe navigation. It also serves as
a foundation for the risk assessment identifying what hazards and mitigating practices are in
place.
Section 3 describes the available historical accident data for the Fraser River that results under
the existing controls described in Section 2. It also explains why this data is not sufficient to form
the basis of the risk assessment described in Section 4 and the approach used to address this lack
of local accident data.
Section 4 describes the risk methodology followed in this study and presents the results of the
risk assessment. It starts with a description of the approach, the identification of hazards, the
evaluation of risks in terms of frequency and consequence, and finally the assessment of the risk
levels based on acceptance criteria.
Section 5 describes the approach followed to identify potential risk reduction options, and
presents a coarse prioritisation of the options based on their effectiveness, practicality and cost.
Section 6 presents the conclusions and recommendations of the risk assessment and elaborates
their significance for port operations and the understanding of the effect of tanker traffic on the
Fraser River.

Seven appendices support the information provided in this report as summarised in Table 1.
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Table 1 - Appendices
Appendix
1
2
3

4

5

6

7

Title

Content and Purpose

LEGISLATION AND REGULATORY
REQUIREMENTS
TANK VESSEL TYPES
TANKERS AND TANK BARGES
HISTORICAL WORLD AND NORTH
AMERICAN OCCURRENCES EXPERIENCE
SELECTED BULK LIQUID
HYDROCARBONS AND OTHER BULK
LIQUIDS AND FATE ANALYSIS
FRASER RIVER TANKER AND TANK
BARGE EMERGENCY RESPONSE
PREPAREDNESS
DNV MARINE ACCIDENT RISK
CALCULATIONS SYSTEM (MARCS)
MODEL DESCRIPTION
RISK REDUCTION WORKSHOP
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Additional information to support Section 2
General information on liquid bulk ships that
may operate in the Fraser River
Summary of worldwide historical accident
data and in North America
Information on environmental impacts for
certain types of liquid spills
Information on spill response and emergency
preparedness in the Fraser River
Provides additional background information
about MARCS
Provides detailed information on the
assessment of the risk reduction options
identified during the workshop.
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2

OPERATING ENVIRONMENT

2.1 Introduction
This section is an overview of general marine navigational information, geographic and
environmental conditions, and port safety information applicable to the study area. The purpose of
this section is to enhance the understanding of the current operating environment by identifying the
hazards and mitigating practices that are currently in place and serve as a foundation for the risk
assessment.
A variety of area and port regulations as well as operating guidelines established by various agencies
and bodies are relevant to the study area. Appendix 1 outlines key national and international Acts
and Regulations that govern localised regulations and operating guidelines.
Part of the discussion that follows is structured around a port activity map, Figure 2. It indicates three
distinct stages of a vessel calling the port and is used as a model to outline measures and strategies
that apply within the study area environment and operations as set, in accordance with their
mandates, by various agencies and bodies.
Pre-arrival and Approaches refers to the vessel transits in the Strait of Georgia and all relevant
activities and information related to the communications and operations as the vessel approaches the
South Arm of Fraser River. River transit, refers to navigation of vessels in the river channel and
berthing/un-berthing refers to the portion of ship handling that is related to making the vessel fast
alongside. The last activity, operations at berth, refers to safety of operations while the vessel is
alongside, to the extent those operations impact navigation in the river.

Figure 2 - Port Activity Map

The section continues with an overview of organisations, systems and services contributing to safety
of navigation for all vessels at sea and protection of the marine environment from possible adverse
effects of maritime traffic.
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2.2 Pre-Arrival and Approaches
The shipping routes to and from the Fraser River Harbour are well established and regularly used by
deep-sea vessels. All ships moving through the Strait of Georgia to the South Arm of the Fraser
River follow a Traffic Separation Scheme (TSS) as set by the International Maritime Organisation
(IMO) and listed in the Notices to Mariners 1 to 46 Annual editions (Ref. /2/). The TSS is a north to
south standard transit lane measuring approximately 3.15 nautical miles (NM) in width where it
intersects the border crossing (49°N), tapering northwards to a width of 0.9 NM as it joins the TSS
leading into Burrard Inlet and Vancouver Harbour (Ref. /3/).
The international boundary between Canada and the United States of America runs along the west
part of the Juan de Fuca Strait, then north and eastward through Haro Strait and Boundary Pass into
the Strait of Georgia, (Ref. /2/). Sailing Directions – British Columbia Coast (South Portion) Volume
1, Seventeenth Edition, 2004 published by the Canadian Hydrographic Service of Fisheries and
Oceans Canada is the principal guiding document for mariners sailing in the study area. The sailing
directions amplify the information shown on charts and contain comprehensive compilation of
information from various sources including government and Port Authorities. They are updated
monthly through information published in Canadian Notices to Mariners (NOTMAR).

2.2.1 Vessel Reporting Requirements
Extensive reporting is required for all vessels in accordance with international, regional and port
regulations. The main purposes for requiring information in advance of a vessel’s arrival and at
certain reporting points are for waterways management, for assessing maritime safety, and for
maintaining security.
Transport Canada reporting requirements contain comprehensive information of a security and safety
nature including information on the vessel, cargo, destination and a full report on any safety
deficiencies. This allows time for Transport Canada officials to review and to assess potential risks
that a vessel could pose to Canadian waters. There are two types of reports that apply to all vessels
bound for Canadian port - a 96-hour Pre-Arrival Information Report (PAIR) and a VTS 24-hour
Offshore Report:
 Pre-Arrival Information Report (PAIR): Vessels planning to transit through Canadian
territorial waters or inbound to a Canadian port must request clearance 96 hours prior to
entering Canadian waters from seaward, or as soon as practical where the estimated time of
arrival is less than 96 hours since its departure from the last port of call. PAIR is filed in
accordance with the Canadian Marine Transportation Security Regulations. The report is sent
to the Canadian Coast Guard Regional Marine Information Centre (RMIC).
 VTS Offshore Report: The Vessel Traffic Services Zone Regulations require all vessels
greater than 500 GRT to file an Offshore report 24 hours prior to entering a Canadian VTS
Zone from seaward, or as soon as practical where the estimated time of arrival of the ship to a
Canadian VTS Zone is less than 24 hours after the time the ship departed its last port of call.
All vessels must report to Marine Communications and Traffic Services (MCTS), any
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defects, damage and deficiencies, as well as circumstances adversely affecting the vessel’s
normal navigation. Additional required reporting updates are prescribed in the regulations
upon: entering a VTS Zone, arrival at a Calling-In-Point (CIP), arrival at a berth,
commencement and completion of manoeuvres.
The Port Harbour Master requires all tanker traffic to send a Tanker Notice of Arrival to the Port
Operations Center, Vancouver MCTS, and the Pacific Pilotage Authority dispatch, prior to entering
the port’s limits (Ref. /4/). The notification contains vessel arrival notification, cargo description and
Narrows transit requests. The purpose of this notification is to ensure that the appropriate tanker
operation procedures which specify additionally regulated piloting requirements, transit windows
and harbour tug escorting procedures are adhered to.

2.2.2 Vessels with reported deficiencies
When a deficiency report of an inbound/outbound vessel is received from the Marine
Communications and Traffic Services (MCTS), in accordance with VTS Offshore reporting
procedures, the appropriate Transport Canada Marine (TCM) Port State Control Officer (PSCO), or
Marine Safety Inspector (MSI) gives directions to the Master of the vessel through MCTS. Those
directions may include a variety of conditions including tug escort or other safety measures,
depending on the nature and severity of the deficiency. Such safety measures are communicated to
the Port Harbour Master and PPA who may, in addition to Transport Canada’s directions, impose
extra safety precautions based on their own needs and assessment of the situation. The BC Coast
Pilot boarding the vessel will confirm details of any deficiencies with the ship’s captain and assess
the adequacy of the extra safety precautions prior to proceeding and report any concerns that may be
identified at that time.

2.2.3 Pilotage Operations
Pacific Pilotage Authority (PPA) Canada is a federal Crown corporation whose mandate is to
administer pilotage service in Canadian waters off the coast of British Columbia. The Pacific
Pilotage Regulations under the Pilotage Act establish mandatory pilotage areas along Canada’s West
Coast. The area in the Strait of Georgia and Fraser River is a mandatory pilotage area for every ship
over 350 gross tons that is not a pleasure craft and every pleasure craft over 500 gross tons. Piloting
services are provided on behalf of PPA by the British Columbia Coast Pilots and Fraser River Pilots
who have extensive experience and local knowledge of the study area and of the Vancouver Harbour
in general.
There are about 100 pilots in British Columbia, assigned to operate in either one of two designated
districts: along the Coast or on the Fraser River. Compulsory pilotage areas are defined in the Pacific
Pilotage Regulations and piloting services are provided by the BC Coast Pilots (in the Strait of
Georgia and along the BC Coast) and the Fraser River Pilots (for the Fraser River) (Ref. /5/).
Waivers of compulsory pilotage may be granted in respect of a ship under 10,000 gross tons if all
persons in charge of the deck watch meet certain criteria, as prescribed in the Regulations, including
having completed a number of return voyages under a licensed pilot. Typically, such exemptions
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would apply to a limited number of US coastal traffic that regularly calls BC ports, British Columbia
Ferries, Alaska Marine Ferries and large pleasure yachts that take on a Canadian crew prior to
approaching the boarding station (Ref. /6/). It should be noted that some tanker barge operators
voluntarily do not take advantage of this regulation but have established a written policy to always
employ the services of a pilot.
PPA issued industry procedures for loaded oil tankers in excess of 40,000 dwt travelling between the
area of Haro Strait and Boundary Pass that require two pilots on the bridge at all times, plus two
ships officers, and an additional two seamen, and a further two on standby. In addition, the vessel
must have a tethered escort tug, (Ref. /7/).
PPA has designated five pilot boarding stations on the BC coast used by pilots when a vessel is
inbound from sea. These are: (Ref. /5/).
a) at Fairway Buoy, off Brotchie Ledge near Victoria;
b) off Cape Beale, at the entrance to Trevor Channel in Barkley Sound;
c) off Triple Island, near Prince Rupert;
d) off Pine Island, near Port Hardy;
e) off Sand Heads, at the mouth of the Fraser River, for Area 1 pilot transfers; and
f) at any point or place in the region that the Authority considers necessary to ensure a safe and
efficient pilotage service.

Figure 3 - Piloting District, Southern Strait of Georgia and Fraser River
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Figure 3 shows a map of the piloting districts for which the BC Coast Pilots and the Fraser River
Pilots are responsible.
Anchorages are available in the Vancouver Harbour and are assigned by the Port. If all anchorages in
the Vancouver Harbour are occupied, there are a number of charted anchorages off Vancouver Island
that can be used. Anchorage areas are shown in Figure 3. A short term anchorage in Roberts Bank
area has been established by the Port, however a pilot must remain on board at all times due to the
depth of water and prevailing weather conditions (Ref. /4/).

2.2.4 Canada/United States Co-operative Vessel Traffic Management System
(CVTMS)
A Co-operative Vessel Traffic Services (CVTS) Agreement exists between the Canadian Coast
Guard (CCG) and the Unites States Coast Guard in order to provide a mandatory monitoring system
for vessels crossing the waters in the border regions. The CVTMS covers the waters on the southern
coast of British Columbia and the northern coasts of the State of Washington in the waters through
which the international boundary runs, much of which includes sensitive marine areas and narrow
straits.
As part of the Agreement, the United States Coast Guard operates the Puget Sound VTS system,
including Seattle Traffic, out of Seattle, Washington. Tofino Traffic provides VTS for the offshore
approaches to the Juan de Fuca Strait and along the Washington State coastline from 48 degrees
north. Seattle Traffic provides VTS for both the Canadian and US waters of Juan de Fuca Strait and
Victoria Traffic provides VTS for both Canadian and US waters of Haro Strait, Boundary Passage,
and the lower Strait of Georgia. As the vessel passes through the Juan de Fuca Strait, the vessel will
be monitored by both Victoria and Vancouver Traffic Centres as applicable, using five remote
radar/VHF sites (Ref. /8/, /9/).

2.2.5 Rules of the Road
The conduct of all ships, in order to prevent collisions between them, is governed by The
International Regulations for Preventing Collisions at Sea 1972 “COLREG”, as amended. The
COLREGs include a set of 38 internationally agreed rules and four Annexes containing technical
requirements concerning lights and shapes, signalling and distress signals.
Certain areas and waterways may be additionally regulated by the mandated maritime
administrations to further reduce the risk of accidents with respect to vessels. There are no such areas
within the study area itself but two such areas are the Rosario Strait VTS Special Area and the Turn
Point Special Operating Area where special operating requirements apply. The Tanker Exclusion
Zone (TEZ) on Canada's West Coast is outside the study area and does not apply to traffic calling BC
West Coast ports. Specifically, the TEZ applies to tankers moving between Alaska and Washington
State and was established as a risk reduction option for a situation where a disabled loaded tanker
may drift ashore prior to the arrival of salvage tugs in unfavourable weather conditions.
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2.3 Fraser River Transit
The South Arm of the Fraser River (also known as the Main Channel) enters the Strait of Georgia
about 10 nautical miles NW of Point Roberts, south of Sand Heads (49°06’N, 123°18’W). CHS
navigational chart 3490, 3491 & 3492 covers this area. The South Arm is used by deep-sea shipping,
tugs, barges, log booms, fish boats, and pleasure crafts. The distance from the River entrance (Sand
Heads) to New Westminster, where the main deep-sea shipping facilities are, is 35 km. The main
entrance to the South Arm of the Fraser River is between the two lighted buoys west of Sand Heads
Light, which is near the outer end of Steveston Jetty; a shorter jetty is on the south side of the main
entrance (Ref. /10/).
A cautionary advice is given for the area at Steveston Jetty (approximately 49°07’N, 123°12’W)
where there are gaps through which a cross current flows. On ebb tides extremely turbulent water
exists in the vicinity of the submerged rock berm at Steveston Bend (Ref. /2/). Steveston Jetty is
marked by lights and day beacons however the top of the jetty is designed for ¾ tide so can often be
submerged at high water (Ref. /10/).
The North Arm of the Fraser River (49°16’N, 123°16’W) is used mainly by tugs with log booms or
barges, and the Middle Arm (south of Sea Island) used by pleasure craft (Ref. /2/). Both channels are
not included in the study area.

2.3.1 Piloting
The pilot boarding station for traffic entering and departing the South Arm of Fraser River is defined
by the Pacific Pilotage Regulations off Sand Heads, at the mouth of the Fraser River (Ref. /11/) and
is annotated on the navigational chart (Ref. /3/). The Fraser River Pilots, who are employees of PPA,
handle all moves for compulsory sized vessels up and down the Fraser River up to New
Westminster.
Traffic conditions include a mix of ferries, tugs and tows, fishing vessels and pleasure craft that use
the same waterway. Qualified pilots are fully aware of the traffic situation (using VHF Channel 74)
and have up to the minute information on hydrographic and tidal data for the deep sea shipping
channel (Ref. /12/).
There are no designated anchorage areas in the Fraser River. In case of emergency, pilots may
anchor a vessel in a safe area in which case the Harbour Master requires that pilots remain onboard
and adequate tug power remains on standby until the issue is rectified or the vessel is escorted to a
safe berth (Ref. /4/).

2.3.2 Navigational Channel
Deep-draft ships navigate the Fraser River with tidal assist, if necessary, which enhances the
available water depths. The tidal aid diminishes progressively moving upstream from the mouth of
the River, equating to one-fifth of the mean water depth at New Westminster.
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Since 2002, the Fraser River has been marketed as capable of handling ships with a deepest draft of
11.5m within a two-hour transit window, 365 days per year. The current deep-sea shipping channel
in the South Arm of the Fraser River is designed to accommodate vessels with a maximum length of
270m, maximum beam of 32.3m and a maximum draught of 11.5m. This essentially corresponds to
the dimensions of a Panamax class vessel, although most Panamax vessels have fully laden drafts
greater than 11.5m. The channel meets the specifications of a two lane channel.
As a matter of good practice, the Fraser River Pilots avoid passing and overtaking situations in the
narrowest sections of the channel. This is achieved through good traffic management and
communication with Marine Communication and Traffic Services, and with other vessels in the area.
The Port is responsible for dredging the main navigational channel to maintain navigational
accessibility. Dredging activity continues for most of the year but is suspended from April to mid
June approximately. NOTSHIPs advising mariners and pilots about the location of the dredge
equipment are regularly issued and updated.
The process for reviewing proposals for new facilities or expansion projects includes a review of
potential implications for channel design and other dredging requirements such as dredging at berth
and of the turning basin if applicable. In the case of the VAFFC, the riverbed at the location of the
proposed wharf facility is known to be mostly self-scouring and should not require extensive
maintenance dredging for accessing the terminal. Some dredging will be likely required to achieve a
suitable the depth at berth for Panamax size vessels (Ref. /13/) whereas the main channel, as
currently maintained by the Port, meets the requirements for safely accommodating vessels as
intended to call at the proposed VAFFC facility.
Dredging is also carried out throughout the river at private wharves. All dredging applications must
be authorised and coordinated by the Port, in accordance with the necessary environmental and
safety of navigation requirements (Ref. /4/).

2.3.3 Ship Manoeuvrability
The effects of handling a large ship in a constricted waterway such as a river channel are complex.
Such effects include bank suction and squat. Determining a minimum safe under keel clearance
consist of allowances for buoyancy, trim, squat, wave action, currents, random factors, reference
datum and tidal phenomena (Ref. /12/).
The shipping channel design takes in to account a minimum under keel clearance (UKC) requirement
of 1.5m from Sand Heads to Steveston Bend and 0.9m from Steveston Bend to New Westminster.
All ships are vetted by the Fraser River Pilots Committee prior to any ship movement and are then
given transit windows based on these minimum UKC requirements, taking into account present
channel conditions. It is standard practice to add approximately an additional 40cm to the design
UKC when the vessel exceeds 250m in length (Ref. /2/).
On a rising tide, relatively dense salt water is forced upstream along the bottom of the river in the
form of a wedge. Typically, a ship leaving Sand Heads for a transit up-river to New Westminster will
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start its transit in salt water and complete its transit in fresh water, and vice versa. In a fully
developed salt wedge, the salinity generally ranges between 2.5% at Sand Heads and 0.5% at the
upstream limit (Ref. /2/). A salt wedge provides increased buoyancy for vessel, however, the current
practice is to rely on freshwater draft data for vessel clearance, and to ignore the increased buoyancy
due to the salt wedge in favour of a wider safety margin.

2.3.4 Crossings
There are 15 bridges in total that cross the Fraser River within the Port’s jurisdiction, but the Alex
Fraser Bridge is the only bridge that crosses the deep sea shipping channel within the study area
(Ref. /12/). The Alex Fraser Bridge is a fixed span highway bridge which crosses the main shipping
channel; the vertical clearance is 57m. Flashing red lights are on top of the towers and a fixed white
light is on the centre of the span (Ref. /2/).
Practices for bridge crossings in the Vancouver Harbour area and Fraser River are defined by the
Port Harbour Manual of Practices and Procedures. The Manual outlines required standards and stepby-step operating and communication instructions for port users (Ref. /4/).
Air draft is measured as the lowest point of an overhead crossing (wire, pipeline or bridge) to the
higher high water level at that point in the river. The present air draft on the deep sea shipping
channel is unlimited until Purfleet Point, where overhead power cables have vertical clearance of
54m, at approximately 49°9.5’N, 123°59W (26km up stream) (Ref. /12/).
The George Massey Tunnel (often referred to simply as the Massey Tunnel) is a highway traffic
tunnel located beneath the Fraser River’s deep sea channel approximately 18km upstream. The
clearance (water depth) at the local low water level is 11.9m (Ref. /12/).
Further upstream from Steveston to New Westminster there are several submarine pipelines, cables,
and some overhead cables. The elevation and depth of each crossing were thoroughly considered and
included in the current channel design (Ref. /10/). Table 2 below provides an overview of overhead
and submerged crossings within the study area.
Table 2 - Overview of crossings within the study area (Ref. /2/, /10/)
Number within the
Category
Type of Crossing
Study Area
Overhead Crossings
Bridges (Fixed)
1
Cables
2
Submerged Crossings
Pipelines
8
Cables (Abandoned)
3
Tunnel (Hwy–GM Tunnel)
1

2.3.5 Visibility
The most common occurrence of fog is generated further upstream, at the confluence of the Pitt and
Fraser Rivers and which normally dissipates into the Strait of Georgia (Ref. /11/). However fog can
also be generated within the Strait of Georgia and roll past Steveston to areas further upriver (Ref.
/10/).
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Conduct of Vessels in Restricted Visibility is governed by Rule 19 in the COLREGs. The Fraser
River Pilots use a combination of radar, Portable Pilotage Unit (PPU) and visual cues, such as the
visibility of the opposite bank and other landmarks as tools to assist transit of vessels under restricted
visibility conditions. The PPU is a laptop with GPS, rate of turn indicator and a pilot plug which
connects to the Ship’s Automatic Identification System (AIS) feed. The PPU’s are compatible with
S-57 ENC update functionality allowing the Pilots to receive without delay the most up-to-date
soundings (Ref. /11/).
The incidence of fog may vary significantly over the course of a transit. The evaluation of the
situation and the decision to proceed or wait is made jointly by the master and pilot, after taking into
consideration the prevailing conditions and in accordance with applicable regulations.

2.3.6 Fraser River Fluctuations
The Fraser River is at its lowest discharge stage during January, February and March. In April it
starts to rise from melting of inland snows and throughout May it rises rapidly. The river is at its
highest in June and remains up with small fluctuations until the end of July or middle of August and
then begins to subside. September, October and November are favourable months for river
navigation in terms of lowest river discharge (Ref. /2/). However due to silt build up from the freshet,
dredging still occurs at that time. The best months for river navigation in terms of water depth are
generally February, March and April, before the freshet begins (Ref. /10/).
During freshet sediment build-up intensifies greatly, for example, there can be up to 1 metre of
sediment deposited in the river in a week (Ref. /11/). The required design grade is maintained by
establishing sub-grade reservoirs, meaning the entire deep-sea shipping channel is dredged deeper
than required for navigation. This strategy allows sedimentation to occur without affecting design
grades; thereby maintaining safe navigation throughout the duration of the freshet (Ref. /12/).
A network of training structures such as dikes and training walls are used to increase the flow, reduce
sedimentation and ultimately reduce the need for dredging the navigation channel. Steveston North
Jetty for instance is an 8.8 km long rock mound training dyke that extends to the Sand Heads light
house and assists in maintaining an outflow channel.

2.3.7 Tides
Tide charts for the Steveston, Deas Island and New Westminster area are provided by the Canadian
Hydrographic Services Tide tables, volume 5, and are available in electronic format (Ref. /15/). The
depth of water available to a vessel travelling in the Fraser River between Sand Heads and New
Westminster is strongly dependent on the tide. Vessel transits are often planned to take advantage of
the high tide, known as tidal assist. The tidal assist at the mouth of the river is significantly greater
than that upstream at New Westminster (Ref. /12/). Waiting times for the right tide are short due to
the semi-diurnal cycle of the tides and the use of tidal assist to provide more water depth for vessels
in transit is a commonly used practice on the Fraser River (Ref. /2/).
The tidal currents in the Fraser River are affected by the weather in the Strait of Georgia, including
the amount of water flowing down river due to rain and/or snow melt, and the amount of water
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entering and leaving the river as a result of tidal influence. Normally the current in the Fraser River
varies with the tide from about 0-5 knots. During peak spring run-off (freshet), usually in mid to late
June currents can reach extremes of up to 10 knots in a few specific areas of the river.
In addition to the tidal charts, the Fraser River Pilots are provided with water level and velocity
predictions for the Fraser River South Arm, which includes data taken at nine stations between Sand
Heads and New Westminster. The predictions are in 15 minute intervals and include 5 different
discharge scenarios per month. This program is funded by the Port and the data provided are
generated by a model owned and operated by the Canadian Hydrographic Service (CHS). All ships
subject to pilotage are vetted by the Fraser River Pilots Committee prior to any ship movement, and
are then given transit windows that restrict the vessel to safe, moderate currents as well as
maintaining a minimum UKC.

2.3.8 Water Level
Commercial navigation requires water deep enough for the shipping vessels to pass and dock.
Avadepth (available depth) program is a computerised reporting system developed and operated by
Canadian Coast Guard, which calculates current water depth and forecasts future available depth in
the Fraser River's deep-sea shipping channel. It produces a graphical output using the most recent
hydrographic surveys of the Fraser River deep-sea shipping channel obtained by Public Works &
Government Services Canada, and predicted water levels obtained from the Institute of Ocean
Sciences, Fisheries and Oceans Canada.
The computerised reporting system predicts draft availability and the corresponding "transit window"
for deep water ships to navigate the South Arm Main Channel of the Fraser River between Sand
Heads (kilometre 0) and New Westminster (kilometre36). Avadepth data are prepared and
distributed weekly to river users who have a need to determine draft limitations and permissible
channel transit times, including the River pilots, the Port, and shipping companies. The Fraser River
Pilots use Avadepth in conjunction with navigation charts and other sources of information made
available by the Port, including surveys from the Port’s dredge contractor and surveys from the
Public Works.

2.3.9 Sediment Infill
Dredging is necessary to maintain year round the channel depths for the safe access of the current
range of vessels transiting the river. To achieve its targeted daily minimum of a two-hour transit
window with tidal assist for a vessel with a maximum draft of 11.5m, the Port undertakes selective
dredging operations, particularly following strong river discharge conditions, to manage sediment
accumulation. The Port dredging program runs annually from June 15th of one year to March 1st of
the following year to remove the infill from the most recent freshet and maintain channel design
grades (Ref. /10/).
There are times of the year, particularly during freshet and immediately following freshet where the
annual infill of the river bottom creates challenges in maintaining a two lane channel and in severe
infill situations can even hinder a one lane channel. CCG and PWGSC execute a well-defined and
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communicated hydrographic survey program that provides appropriate sounding coverage clearly
demonstrating on-going channel changes either from deteriorating conditions due to infill or
improving conditions due to dredging.

2.3.10 Other River Operations and Activities
Log Operations
The Fraser River is used for log operations including log loading onto ships at Fraser Surrey Docks.
Much of the log traffic being delivered for loading onto ships arrive using the North Arm, while
ships laden with logs depart using the deep sea channels in the South Arm. The Port requires that a
Notice to Shipping (NOTSHIP) is to be requested through the MCTS forty-eight (48) hours in
advance of the commencement of log loading, (Ref. /4/).
Fishing
Many commercial fishing vessels using gill nets operate, both by day and night, in the Fraser River
and its approaches. The period of operation is approximately from July 1st to November 1st, and
sporadically throughout the year. However, a period of high concentration is usually from late July to
mid-August (a period of about 14 days). Gill nets may be set across the channel and obstruct
navigation.
Department of Fisheries and Oceans (DFO) Fisheries Management Branch provides opening and
closure information to fishers by phone, internet and established VHF channels. Victoria MCTS
advertises Fraser River Salmon fishery information on its continuous marine broadcast service for
safety and marine traffic management purposes. Extra caution is required to be exercised especially
the first two hours of fishery opening and at high water slack (Ref. /16/, Ref. /2/).

2.4 Berth Operations
Berth operations refer to berthing/un-berthing operations and other activities while the vessel is tied
alongside a berth. Generally the assistance of tugs is required to land and depart berths within the
Fraser River ports. The river pilot will determine the number and specification of tugs required based
on vessel size and other factors affecting vessel movement (Ref. /2/).
In leaving or approaching a berth, the Fraser River Pilots and on-board crew work with the tugboat
captain(s) assisting the operation. The linesmen standing by to release (or attach) the ship from (or
to) its berth also need to be in communication with the pilot. The choreography of these movements
ensures that the vessel can be released or brought to a stop precisely where required. The minimum
requirements for shifting along a berth are provided by the Port and any movement must be reported
to the Harbour Master’s office, who may require that tugs and/or pilot be used (Ref. /4/).
Un-berthing for the projected deep-sea traffic will likely mean the vessels will turn around using the
turning basin near the terminal and head out of the river onto their next port of call or shift within the
port in accordance with arrangements and proper approvals as appropriate. The return journey to the
river mouth includes the Fraser River Pilot disembarking at the boarding station as specified near the
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Sand Heads. Usual practice in the river is for a BC Coast Pilot to board the vessel before the vessel
leaves berth with the Fraser River pilot. The Fraser River pilot will disembark, leaving the vessel in
the hands of the BC Coast pilot in line with the pilotage regulations (Ref. /5/).
Loading and offloading operations are carried out by private companies subject to safety legislation
and in accordance with the lease agreements with the Port. Generally, operations at berth, unless they
present implications for navigational safety, are the responsibility of a facility operator and are
beyond the scope of this review. The port regulates activities such as shifting alongside the berth,
vessel repairs, bunkering operations and other types of ship-to-ship transfers. The regulations vary to
take into account site-specific risk profiles. For instance, in the Fraser River, bunkering is only
permitted alongside a berth whereas it is prohibited at Deltaport and Westshore Terminals at Roberts
Bank (Ref. /4/).
The Port bunkering procedures require that the Harbour Master is notified in advance and an oil
transfer check-list and communication protocol is followed. The transfer is subject to a mutual safety
examination by both parties (i.e. the party loading and the party unloading) (Ref. /4/). The Port
Harbour Patrol vessels also monitor and check for compliance. To ensure safe management of
bunkering operations at Fraser Surrey Docks, the Port requires specific procedures including having
a stand-by tug in attendance of oil barges moored at the terminal and temporary suspension of
bunkering operations when another vessel is transiting (Ref. /17/).

2.5 Navigation Services
Canadian Coast Guard Pacific Region operates a number of programs and services that are critical to
the study area in terms of safety of life at sea, protection of the marine environment and safety of
navigation. Such services include Marine Communications and Traffic Services (MCTS), Aids to
Navigation and Waterways Management. Several aspects of these have already been mentioned and
described earlier but in the following paragraphs we take a closer look at services related to marine
traffic management and communication system.

2.5.1 Marine Communications and Traffic Services (MCTS)
The Marine Communications and Traffic Services (MCTS) constitute a core program of CCG’s
Maritime Services in that it is an informational clearing house and an efficient gatherer of
information. The Marine Communications and Traffic Services provide Vessel Traffic Services
(VTS) to vessels operating in Canadian Waters. The regulatory framework is governed by the
Canada Shipping Act, the International Maritime Organisation (IMO) the Safety of Life at Sea
Convention (SOLAS) the IMO SAR Convention (covering search and rescue operations) and the
International Telecommunications Union (ITU) Radio Regulations (Ref. /18/).
Under the Canada Shipping Act, the master of a ship with 500 or more GRT is required to
communicate with the VTS Centre at least 24 hours prior to entering a VTS Zone from seaward to
obtain a VTS clearance, and to maintain communications at the established Calling-In-Points (CIP)
(Ref. /19/). All vessels 20 metres or more in length are required to participate, as well as vessels
towing objects where the total length is 20 metres or more (Ref. /20/). The only exceptions to
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mandatory participation are fishing boats less than 24 metres, and pleasure boats less than 30 metres
(Ref. /6/).
The Canadian Coast Guard, Pacific Region, operates the Vessel Traffic Services Zones for
Vancouver, Tofino and Prince Rupert and requires clients to report in a given manner when entering
and leaving a zone. Movement of ships in adjacent waters between United States and Canada is
managed through a cooperative VTS agreement with the United States Coast Guard.
Marine traffic in the Strait of Georgia and Fraser River including waters from the northern tip of
Vancouver Island, down the inside passage and the Strait of Georgia to Victoria area are monitored
and guided by the MCTS centres handling the Vancouver zone which is divided into four sectors:
 Sector 1 & 2 are the responsibility of Victoria MCTS Centre.
 Sector 3 is handled by Vancouver MCTS Centre.
 Sector 4 is handled by Comox MCTS Centre.
Vessels transiting the Vancouver Zone use nine remote VHF radio sites and vessels in the high
traffic areas in the Gulf Islands and Strait of Georgia are tracked by shore based radar installations
(Ref. /20/). All vessels transiting the Vancouver Harbour with VHF radio capability are advised to
monitor the VHF channel used for MCTS communications in the respective area. This is not limited
to those required to do so by the VTS Zone Regulations. Periodic notices of actions required of
vessels in Port waters are distributed by MCTS as Notices to Shipping or on the continuous marine
broadcast (Ref. /4/).
The Canadian Coast Guard issues Notices to Shipping to inform mariners about hazards to
navigation and to share other important information. The MCTS broadcast alerts for Notices to
Shipping (Ref. /21/).
Victoria MCTS
Victoria MCTS is located on Vancouver Island and provides Coast Guard Radio and Vessel Traffic
coverage to all waters between Juan de Fuca Strait to the south, and Ballenas Island to the north (Ref.
/6/). Victoria MCTS administers the south arm of the Fraser River from east of Sand Heads light
(311) to Shoal point (367). The assigned frequency is 156.725 MHz, Channel 74.
Communication for entering Fraser River South Arm uses the Vancouver Vessels Traffic Services
Zone identifier, Vancouver Sector 2, administered by Victoria MCTS, which is, described as vessels
entering all Canadian waters of the south or main arm of the Fraser River east of the Sand Heads
light to a line running 090° (T) from Shoal Point to the opposite south shore. For this area, the
applicable channel is 74, frequency 156.725 MHz (Ref. /18/).
Both Vancouver and Victoria centres have radar control and track vessels on radar and with the
Automatic Information System (AIS). Smaller vessels are not actively tracked unless there is
possible interference with other traffic. Radar installations function throughout the Strait of Georgia
area and up the Fraser River until the Crown Forest Dock (approx. 49°6.5’N123°7.7W). Farther up
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the Fraser, the river is treated as a non-radar area (Ref. /22/). From a pilotage perspective, the volume
of traffic can be high but the traffic is considered routine for specific groups of vessels (Ref. /11/).
The area of responsibility includes the Strait of Georgia and the approaches to, and upstream on the
Fraser River South Arm, as shown in Figure 4.

Figure 4 - Victoria MCTS Area of Responsibility, (Ref. /20/).

All deep draught vessels inbound and outbound from Vancouver and including all of the tugs with
tows and coastal freighters involved in the Washington and Alaska state trade must pass though
those waters regulated by the Victoria MCTS. Communication sites are located in Annacis Island,
Bowen Island, Mount Parke, Mount Newton, Mount Helmcken, and Gabriola Island (Ref. /18/).
Vancouver MCTS
Vancouver MCTS is a combination of services from Coast Guard Radio and VTS, providing one
traffic position, one safety position and one supervisory position, and is co-located with the RMIC.
Boundaries are described in the Radio Aids to Marine Navigation - Pacific and Western Arctic (Ref.
/18/). The area of responsibility includes the Harbour of Vancouver and the north and middle arms of
the Fraser River, as shown in Figure 5. Communication sites are located in Vancouver and Howe
Sound (Watts Point).
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Figure 5 - Vancouver MCTS Area of Responsibility, (Ref. /20/).

Traffic Management
MCTS uses Calling-In-Points (CIPs) and other technology to obtain a clear picture and manage
traffic both ashore and at sea. The VTS Zone Regulations requires ships to maintain a listening
watch on designated marine VHF radio channels and report at specific positions (CIPs). Ships are
required to give certain information and in turn, are provided with information/advice, pertaining to
other marine traffic, navigational safety and weather.
Calling-In-Points for vessels bound for Fraser River South Arm are: CIP no. 12 – Sand Heads, a
change from Sector one to Sector two and is a line running 000°-180° through Sand Heads light
(Ref. /2/). Additional Calling-In-Points are CIP 12A at Woodward Island (Crown Forest), CIP 12B at
Lafarge Cement Plant, and CIP 12C at Shoal Point (Ref. /3/). Specific details relating to Calling-InPoints are also provided in the Radio Aids to Marine Navigation (RAMN). The Canadian Coast
Guard is currently underway conducting a review to revalidate the CIP network in view of new
technology and evolution of traffic patterns. Figure 6 illustrates MCTS Victoria's CIPs.
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Figure 6 - Victoria Calling-In-Point (source: CCG MCTS)

2.5.2 Regional Marine Information Centre (RMIC)
The Regional Marine Information Centre (RMIC) is a 24/7 government agency with information for
both government and the maritime business community. It acts as the information clearing house for
the Pacific Region handling information that ranges from pollution reports to shipping information to
afterhours call outs for other government agencies and Notices to Shipping.
In relation to oil spills and pollution at sea, the RMIC collects and distributes information which is
usually received via the pollution telephone line no. 1-800-889-8852. Reports are entered into the
pollution database and the RMIC will contact agencies with a mandate in shipping safety, security
and environment protection that have requested to be alerted (Ref. /20/). Those agencies would
typically include various branches of Transport Canada, Department of Fisheries and Oceans,
Environment Canada, Port and Harbour Authorities, Canadian Coast Guard, Transportation Safety
Board, Emergency Management BC.

2.5.3 Radio Aids to Marine Navigation (RAMN)
The main purpose of Radio Aids to Marine Navigation (RAMN) is to present information on radio
communications and radio navigational aids services provided in Canada by the Canadian Coast
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Guard. Radio facilities of other government agencies that contribute to the safety of ships in
Canadian waters are also included.
RAMN is published in two volumes, and includes information on radio communications and radio
navigational aids services provided in Canada by Department of Fisheries and Oceans Canada. It
also includes radio facilities of other government agencies that contribute to the safety of ships in
waters to the Pacific Coast (and others as defined). Amendments to the publication are broadcast by
radio as Notices to Shipping or Notices to Mariners.
Ship Station (Radio) Regulations 1999 require that every ship station fitted on a Canadian ship or on
a non-Canadian ship engaged in the coasting trade of Canada, and all ships in waters under Canadian
Jurisdiction are required to carry the most recent applicable edition of Radio Aids to Marine
Navigation (pursuant to the Charts and Nautical Publications Regulations, 1995) (Ref. /18/). RAMN
is available online or through the CHS authorised dealer.

2.5.4 Notices to Mariners (NOTMAR)
Notices to Mariners (NOTMAR) are prepared jointly by the CHS and the CCG, and are issued by
CCG. NOTMAR informs mariners of important and practical navigational safety matters affecting
Canadian waters, and are used by the master, pilot or person in charge of the navigation of a vessel,
as well as other interested parties. NOTMAR contains information ensuring that nautical charts,
Sailing Directions, List of Lights, Annual Edition of Notices to Mariners and RAMN publications
are current. Through these notices, Mariners are also informed of the enactment of regulations and
the establishment of procedures governing vessel entry into and transit in Canadian waters. The
notices are available at www.notmar.gc.ca.

2.5.5 Notices for Shipping (NOTSHIP)
CCG issues Notices to Shipping (NOTSHIP) and NAVAREA warnings to inform mariners about
hazards to navigation and to share other important information. NOTSHIP alerts are radio
broadcasted by MCTS. NOTSHIPs are issued as written notices when the location of the hazard is
beyond broadcast, or when it remains in effect for an extended period of time (Ref. /21/). Active
NOTSHIP notices are found online (Ref. /23/). Examples of NOTSHIP broadcasts applicable to the
study area are include items such as logs reported adrift, dredging operations underway, light buoys
adrift or burning at reduced intensity.

2.5.6 Canadian Hydrographic Service (CHS)
The Canadian Hydrographic Service (CHS) of Fisheries and Oceans Canada publishes and makes
available nautical charts and a number of navigational products and services critical to the safe
navigation of Canada’s waterways. The Sailing Directions for British Columbia Coast published by
CHS describes all the navigable waters on the south portion of the British Columbia coast from the
entrance of Juan de Fuca Strait to Cape Caution, including the Fraser River to Pitt Lake. Sailing
Directions amplify the information shown on CHS charts providing a written, detailed description of
the coastline. They are updated monthly through information published in Canadian Notices to
Mariners.
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2.6 Ship Safety Compliance Management
The shipping industry is regulated by requirements and regulations, such as those defined by ISM
Code, ISO, SOLAS, TMSA, classification societies, vetting inspections by oil companies, or Port
State Control. Ship safety standards in general and tanker safety in particular have improved greatly
over the years through advancements in new technology and regulation.
The International Maritime Organisation's Annex 1 of MARPOL (Regulation 13F and 13G) refers to
the phasing out of single-hulled tankers which began in 2003 with the final phase out occurring in
2015. Canada has adopted the MARPOL requirements for the phase out of single hulled tankers on
international voyages in waters under Canadian jurisdiction, and will apply US's Oil Pollution Act of
1990 (OPA 90) provisions for Canadian tankers on domestic voyages or trading to the US and for
US tankers trading in waters under Canadian jurisdiction. The Port and Transport Canada indicate
that tanker ships and barges carrying oil as cargo within the study area are all double hull.
Regular and thorough ship inspection regimes are carried out by the many entities including:






Flag State (Transport Canada for Canadian Flag Fleet)
Port State Control (Transport Canada)
Classification Societies
Ship Owner/Operator
Oil Majors

Typically these inspections cover both operational and structural inspections. Several instruments
have been introduced to assess, to measure and improve the safe management and operation of
shipping. Tanker Management Safety Assessment (TMSA) and Tanker Officer Training Standard
(TOTS) are two regimes that provide an improvement cycle for tanker operations. They cover the
human element by analysing near misses, hazardous occurrences, accidents, and other events and
addressing their root causes to improve overall safety. Each of these inspection regimes is key to an
effective corrective action program and a proactive safety culture.

2.6.1 Classification Society Inspections
Classification Societies (such as Lloyd’s Register, the American Bureau of Shipping, Det Norske
Veritas, etc.), are organisations with the expertise and capabilities to inspect, verify and certify that
vessels are built, maintained and operated in accordance with established and recognised rules,
regulations and standards to ensure vessel safety. The purpose of a Classification Society is to
provide classification and statutory services and assistance to the maritime industry and regulatory
bodies as regards to maritime safety and pollution prevention. It leverages the accumulation of
maritime knowledge and technology.
The focus of ship classification is on the structural soundness of the ship and on the reliable
operation of all its systems. Classification Societies aim to achieve this objective through the
development and application of their own published Rules and by verifying compliance with
international and/or national statutory regulations on behalf of flag Administrations. The
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International Association Classification Societies (IACS) is an association of 13 member societies
which strive to provide an assurance of professional integrity and of maintaining high professional
standards (Ref. /24/).

2.6.2 (Oil Major Inspections) Vessel Operational Requirements
Most Oil Majors, as a condition for chartering vessels, require that vetting inspections by
experienced independent inspectors are satisfactorily completed.
For vessels older than 15 years a Condition Assessment Program (CAP) survey must be completed.
This is a rigorous structural (sometimes including machinery) inspection regime. This is independent
and in addition to the class surveys detailed above and are often mandated to be completed by a
Class society other than the one the vessel is classed with. A CAP survey can be extremely in depth,
requiring in some cases a finite element fatigue analysis prior to the inspection. This is intended to
highlight design critical areas for possible fatigue failure. Identified ‘hot spots’ are then required to
be closely inspected and reported and even upgraded if the study indicates a lower fatigue life.
The result of a successful CAP inspection is a CAP rating from CAP-1 (highest) to CAP-4 (lowest).
At this time CAP rating 2 is considered the minimum for chartering a vessel. In practicality, a CAP-1
means a ‘new’ vessel but is attainable by many vessels which have been well maintained in service.

2.6.3 Flag State Requirements
The flag state (the state where the vessel is registered) prescribes requirements applicable to the
proper maintenance, safe operation and compliance with IMO regulations, codes and conventions as
defined by that state. The flag state has the authority and responsibility to enforce regulations for
vessels registered under its flag, including those relating to inspection, certification, and issuance of
safety and pollution prevention documents. Such inspections and compliance is usually delegated to
Recognised Organisations (ROs).

2.6.4 Owners’ Inspections
Owners are under international maritime law obliged to be in compliance with the requirements of
International Safety Management (ISM) Code. The objectives of the ISM Code are to ensure safety
at sea, prevent human injury or loss of life and prevent damage to the environment and property.
The ISM is the only internationally accepted standard for the safe management and operation of
ships and for pollution prevention. The Code requires that owners establish safety and pollution
prevention objectives and that they develop, implement and maintain a safety management system
and a systematic approach to the safe management of ships by those responsible, both ashore and
afloat.
The safety management system and the required auditing in accordance with the ISM Code allows
the owner to measure its performance against parameters set within a documented system and to
identify areas for improvement in safety practice and pollution prevention measures. The system
DNV Reg. No.: PP017719-1
Revision No.: 1
Date: 2012-06-06

Page 29 of 96
Reference to part of this report which may lead to misinterpretation is not permissible

DET NORSKE VERITAS
Fraser River Tanker Traffic Study
Prepared for Port Metro Vancouver

MANAGING RISK
should facilitate better transparency and reporting performance which in turn would assist
Classification Society, Port State Control, Flag State and Port Authorities to respond as appropriate.

2.6.5 Transport Canada – Marine Safety
Transport Canada Flag State Control is responsible for ensuring that Canadian-flag vessels are
inspected in accordance with Canadian regulations and, for vessels operating internationally, the
appropriate international memoranda, conventions and protocols Canada has ratified, adopted or
acceded to. It is responsible for taking all steps necessary to ensure a Canadian ship is fit for service
specifically with regard to the safety of life and protection of the environment. Inspections are made
either by Transport Canada's Marine Safety Inspectors or by ROs who are qualified organisations in
accordance with signed agreements between and Transport Canada.
Canada has adopted the MARPOL requirements for the phase out of single hulled tankers on
international voyages in waters under Canadian jurisdiction, and will apply the US's Oil Pollution
Act of 1990 (OPA 90) provisions for phasing out single-hulled tankers by 2015. This will apply to
Canadian tankers on domestic voyages or trading to the US and for US tankers trading in waters
under Canadian jurisdiction (Ref. /25/).
Port State Control (PSC) is a ship inspection program whereby foreign vessels entering a sovereign
state's waters are boarded and inspected to ensure compliance with various major international
maritime conventions. PSC programs are regional in nature; that is, several countries sharing
common waters working cooperatively under a Memorandum of Understanding (MOU) to ensure
that vessels trading in their area are not substandard. Canada is signatory to two MOUs: the Paris
MOU and the Tokyo MOU.
Ship inspections are carried out at all major ports by ship inspectors of the Marine Safety Branch. An
inspection database and list of detained ships are maintained by the headquarters group, which in
turn feeds into the two MOU databases.

2.7 Fraser River Sustainability
This section covers some joint jurisdictional practices and working groups that have certain
mandates and influence (if not direct regulatory input) applicable to the study area.

2.7.1 Fraser River Estuary Management Program (FREMP)
Established in 1985, Fraser River Estuary Management Program (FREMP) and its partners have
provided a framework to protect and improve environmental quality, to provide economic
development opportunities and to sustain the quality of life in and around the Fraser River Estuary.
FREMP is an intergovernmental partnership made up of federal, provincial and regional government
agencies which have joined together to create and implement “made in the estuary” policies for
environmental stewardship, social responsibility and economic development within the Fraser River
Estuary.
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A key component of FREMP is to coordinate amongst its partners the review of proposals for
shoreline development and other activities in the Fraser River Estuary. FREMP maintains seven key
programs:
 Integration/ Sustainability
 Water and Sediment Quality
 Fish and Wildlife Habitat
 Dredging and Navigation
 Log Management
 Industrial and Urban Development
 Recreation
The Port is one of the partners and is actively involved in FREMP’s project review activities.

2.7.2 Fraser Basin Council (FBC)
The Fraser River has been designated as a Canadian Heritage River, a designation determined by
federal and provincial governments to conserve rivers with outstanding natural, cultural and
recreational heritage (Ref. /26/). Following from this designation, the Fraser Basin Council (FBC)
was established in 1997 to develop a sustainability strategy for the entire river basin involving all
users of the river (Ref. /27/). As stated in their website, the long-term vision of the FBC is to ensure
that the Fraser Basin is a place where social well-being is supported by a vibrant economy and
sustained by a healthy environment – a true reflection of sustainability (Ref. /28/).

2.7.3 Pacific States/British Columbia Oil Spill Task Force
The Pacific States/British Columbia Oil Spill Task Force was authorised by a Memorandum of
Cooperation signed in 1989 by the Governors of Alaska, Washington, Oregon, and California and
the Premier of British Columbia, following the tank barge Nestucca and the T/V Exxon Valdez oil
spill incidents. The Task Force Members are senior executives from the environmental agencies with
oil spill regulatory authority in the states of Alaska, Washington, Oregon, California and Hawaii
(incorporated in 2001) and the Province of British Columbia (Ref. /29/).
The Pacific States/British Columbia Oil Spill Task Force supported the work of a Stakeholder
Workgroup composed of trustees and stakeholders along the Pacific Coast marine borders between
Canada and the United States. The working group has completed a review of oil spill response
planning and preparedness for the trans-boundary areas which puts forward extensive
recommendations on issues related to incident command system functions (Ref. /29/). The Port is
involved with the work of the Pacific States/British Columbia Oil Spill Task Force through its
participation in spill response capability planning and training exercises with federal and provincial
agencies as well as other stakeholders.
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3

HISTORICAL VESSEL ACCIDENTS ANALYSIS

3.1 Purpose and Goals
The review of historical accident statistics is an important task in most risk assessments. Location
specific statistics, such as those quoted in Section 3.2, provide an indication of the safety
performance of the assessed system in the recent past with the currently applied controls. They also
suggest the types of accidents that may be more likely to occur. Regional or worldwide statistics
provide a more statistically significant indication of average safety performance of the sector under
study (ship transportation in this case).
Comparison of location specific statistics with the risk model predictions can also provide assurance
(or validation) that the risk model (data and methods applied) is reasonable. However there are many
problems with making this comparison, as noted in this section, so weak agreement is often
observed. This does not discredit the value of the risk model results for the reasons discussed in
Section 3.3 below.
Note that different organisations attach different definitions to the terms “incident” and “accident” to
those defined and used in this report. These differences are not addressed in this section of the
report.

3.2 Sources of Historical Accident Statistics
This section discusses historical marine casualty information available for the Fraser River. The
information is limited and non-existent for tankers because tankers do not trade in the Fraser River
today. Other sources of historical data are discussed for comparative purposes.

3.2.1 Transportation Safety Board of Canada for the Fraser River
Under the provisions of the Canadian Transportation Accident Investigation and Safety Board Act,
the Canada Shipping Act, and the Canada Labour Code Part II, The Transportation Safety Board of
Canada has mandatory reporting requirements where a reportable marine accident or incident takes
place, the owner, operator, charterer, master, pilot or any crew member of a ship shall report to the
Board as much information as possible by the quickest means available.
The Transportation Safety Board of Canada defines "reportable marine incident" as:
An incident resulting directly from the operation of a ship, other than a pleasure craft, where:
a. the ship, of one hundred gross tons or more, unintentionally makes contact with the
bottom without going aground,
b. the ship is involved in a risk of collision,
c. the ship sustains a total failure of any machinery,
d. the ship is intentionally grounded or beached to avoid an accident,
e. the ship sustains a shifting of cargo or a loss of cargo overboard,
f. the ship fouls a utility cable or pipe, or an underwater commodity pipeline,
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g. a person falls overboard from the ship,
h. any crew member whose duties are directly related to the safe operation of the ship is
unable to perform the crew member's duties as a result of a physical incapacitation that
poses a threat to the safety of any person, property or the environment, or
i. any dangerous goods are released on board or from the ship (Ref. /30/).
Table 3 presents a summary of the marine incidents and accidents that occurred in the South Arm of
the Fraser River in the last six years, from 2006 to 2011 (till October), and have been reported to the
Transportation Safety Board.
Table 3 - South Arm of Fraser River Accidents and Incidents

0
0
1
2
0
3
0
6

0
1
1
6
0
5
0
13

0
0
2
5
0
3
0
10

Grounding

2009

2008
2
1
0
4
0
5
0
12

0
0
0
12
0
2
1
15

Foundering

0
1
0
1
1
5
1
9

Striking &
Collision

0
0
0
7
0
5
0
12

2011

2
3
4
25
1
26
1
62

Other

Navigational
Accidents

2010

Deep Water Vessel
Cargo Ferry
Dredger
Fishing Vessels
Passenger
Tug, Tug & Barge
Other
Totals

2007

Years

2006

Totals

0
0
2
1
0
9
0
12

0
0
0
2
1
2
0
5

2
3
2
10
0
13
0
30

Only a couple of these accidents have involved deep water vessels. According to the river pilots
there has not been one serious deep water vessel accident leading to significant pollution or loss of
life in the past 10 years, referenced to an average of 1200 deep water ship movements per year.
The overall number of accidents is definitely not large enough to be statistically significant for a
quantitative risk assessment. Consequently this study is using worldwide accident rates instead of
local data as the basis for its risk projection.

3.2.2 North America and Worldwide
For comparison purposes, Appendix 3 provides a summary of historical tanker and tank barge
marine casualty occurrences in the world and North America.

3.2.3 Lloyd’s Maritime Information System of Worldwide Shipping Accident Data
DNV considers that Lloyd’s Maritime Information System (LMIS) is the best source of worldwide
historical accident data for shipping. The key advantage of the LMIS data for risk analysts is that not
only is it reported and categorised reasonably systematically over many years but it also provides
exposure data on a consistent basis. Exposure data refers in this case to the number of ships per year
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trading (at risk). Thus from the accident statistics and the number of exposed ships it is possible to
calculate parameters such as the frequency of collisions per ship-year. This enables meaningful
comparisons between different years for different ship types, accident types and according to other
parameters included with LMIS.
As per LMIS, a serious accident requires ship repairs before the ship can continue to trade.
The risk analysis parameters used in this report are based on DNV’s analysis of worldwide data
sourced mainly from LMIS.

3.3 Linkage of Historical Accident Data to Risk Assessment
3.3.1 Categorisation of Accidents
Different data sources are maintained for different reasons. This is the reason why the data recorded
in different sources are usually different even without the complications mentioned in Section 3.3.2.
There is rarely a simple relationship between the classes of reportable events used by different data
sources and the major shipping accident types evaluated by MARCS. This point is illustrated by the
cross-referencing in Table 4..
Table 4 - Accident Categorisation
MARCS Accident Type
Collision

TSB Categorisation
The ship is involved in a risk of
collision.
The ship, of one hundred gross tons
or more, unintentionally makes
contact with the bottom without
going aground.
The ship fouls a utility cable or
pipe, or an underwater commodity
pipeline.
The ship is intentionally grounded
or beached to avoid an accident.
The ship sustains a total failure of
any machinery.

Powered grounding

Drift grounding

Comment

Probably powered grounding, but
could also happen when drifting.

This is a cause of drift grounding,
not actually a drift grounding.

Fire/explosion
Structural failure/ foundering
Impact
Striking
A person falls overboard from the
ship.
The ship sustains a shifting of
cargo or a loss of cargo overboard.
Any dangerous goods are released
on board or from the ship.
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MARCS Accident Type

TSB Categorisation
Any crew member whose duties
are directly related to the safe
operation of the ship is unable to
perform the crew member's duties
as a result of a physical
incapacitation that poses a threat to
the safety of any person, property
or the environment

Comment
Typically a cause of collision or
powered grounding.

3.3.2 Accuracy and Completeness of Reported Data
An additional problem regarding accident data is the accuracy and completeness of the reported data.
In many cases data can be incomplete, under reported or duplicated. Another problem results from
inconsistent categorisation of reports over the recording period. This may be random (e.g. because
several people categorise the reports) or may vary systematically (e.g. due to changes of policy).
Often the use of a new data source for risk assessment purposes requires a “data review and
cleaning” process, which is time consuming and in the worst case can lead to bias.
Whilst data are important to risk assessments they must always be used with critical evaluation.

3.3.3 Statistical Significance of Historical Accident Data
The number of serious navigational accidents recorded in the Fraser River is low. This is, of course,
a good thing, but it does present challenges to risk assessment work. MARCS uses 7 main accident
types. Ideally there should be at least 2-3 and preferably more than 5 accidents per accident type in
order to get results with reasonable statistical significance. Ideally this number of accidents should be
recorded within 5 to 10 years, otherwise changes in operational procedures or trades may introduce
bias. Clearly there are insufficient navigational accidents in the Fraser River to support a risk
assessment based only on local data.

3.3.4 Justification of use of Worldwide Data for Risk Model
The reasons cited above provide ample justification for the use of worldwide historical accident data
to form the basis of the accident parameters used in the risk model. Furthermore, DNV considers that
the international nature of the shipping business provides further justification of this approach.
It must be noted that the worldwide accident data are used in a very specific way. In general, the risk
model of the Fraser River calculates accident frequencies from:
 The frequency of critical situations: This is calculated from the traffic levels in the Fraser
River taking account of Fraser River specific risk controls and Fraser River specific
environmental data. This is a local calculation.
 The probability of an accident given a critical situation: These probability factors are
calculated from worldwide historical accident data.
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Thus the risk model uses only local data when it can and combines this with data derived from
worldwide historical accidents where there is no reasonable alternative.

3.3.5 Modification Factors for Risk Model Parameters
For the majority of marine risk assessments the use of unmodified accident parameters derived from
worldwide data is sufficient. If this is not considered to be sufficient then it is possible to perform
additional work to modify the accident parameters used in the risk assessment. A range of
approaches are possible, such as:
 Application of expert judgement factors to one or more risk parameters: If there are
identified specific reasons to modify risk parameters this can be done provided this is
documented and justified. In this study, for example, modified collision probability factors
are applied to reflect the presence of pilots on the bridge of most ships and the support
provided by the VTS. These are standard factors previously derived by DNV.
 Use of audit methods: DNV has performed formal audits of shipping companies to provide
an objective assessment of the quality of their safety management systems. We have then
used these results to modify the risk model parameters on a company specific basis.
The use of unmodified marine risk parameters is usually justified because the main value of a risk
assessment is not derived from the absolute risk results, but instead comes from the relative results
(such as which accident type dominates the risk profile). DNV considers that the risk results
presented in this report, derived mostly from unmodified risk parameters, are fully sufficient to
support the conclusions and recommendations of this report.

3.3.6 Conclusions from the Historical Accident Data Analysis
The following conclusions are made:
 The data reviewed for this study indicate that the frequency of serious navigational accidents
in the Fraser River is low.
 The low frequency of serious accidents in the Fraser River justifies the use of risk assessment
parameters derived from worldwide historical accident data in the risk model.
 There are very significant challenges to comparing historical accident data with risk model
predictions. This does not discredit the value of the risk model results.
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4

FRASER RIVER TRAFFIC RISK ASSESSMENT

4.1 Risk Methodology
4.1.1 Key Stages of a Generic Risk Assessment
A formal risk assessment is the best basis to make informed choices about uncertain future events.
Risk is the combination of the likelihood and consequences of an undesirable event. Often, the
objective of this process is to achieve the best balance of risks and benefits between locations and
stakeholders.
The process of assessing risks usually involves the following stages:
 System Description: A clear statement of the system that is subject to the risk analysis. In
this case, the marine traffic going through the study area defined in Section 1.
 Hazard Identification: What might go wrong within the bounds of the system description
and the scope of the risk analysis? The identification of all credible hazards and hazard
causes.
 Frequency Assessment: How often might the hazards occur?
 Consequence Assessment: What might be harmed (people, the environment, property, etc.)
as a result of a hazard occurring and how severe is the harm likely to be?
 Risk Analysis: What is the total risk of the operation from all hazards?
 Risk Management: What can be done to reduce the risk? The identification of risk reduction
options and coarse evaluation of their implementation. The implementation of risk reduction
options and the evaluation of the residual risks after implementing all justified risk reduction
options can be considered elements of risk management. However, these elements of risk
management are outside the scope of this study.
This risk process is shown in Figure 7.
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Figure 7 - Risk Methodology Overview

4.1.2 Key Stages of the Fraser River Risk Assessment
4.1.2.1 Strategic Approach and System Description
Risk assessments can follow a qualitative, semi-quantitative or quantitative approach. In general,
qualitative approaches are easiest to apply because they have the least demand for additional
resources. However, this approach also provides the least degree of insight. Conversely, quantitative
approaches are most demanding on resources and skill sets, but potentially deliver the most detailed
understanding and provide the best basis if significant expenditure is involved. While there is no
single correct method, some approaches are more suitable to some problem than others. Semiquantitative approaches lie in between these extremes.
This study was conducted following a mix of quantitative and semi-quantitative approaches:
 A quantitative frequency assessment
 A semi-quantitative or qualitative consequence assessment for impact on environment,
human safety, port business and property
 A quantitative risk evaluation of accident and liquid bulk cargo spill.
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The system description is presented in Section 4.3 for non-traffic data and Section 4.4 for traffic
data.

4.1.3 Hazard Identification (HAZID)
Collaborative risk assessment is the process of engaging stakeholders, decision makers, and analysts
—typically contractors — in the design and conduct of a risk assessment. Hazard identification is
usually a qualitative exercise based on expert judgment. Most HAZID techniques involve a group of
experts, since few individuals have expertise on all hazards, and some group interactions to stimulate
consideration of hazards that even well-informed individuals might overlook.
DNV conducted a HAZID workshop in Vancouver on August 30, 2011 (Ref. /31/), with
representatives from the following stakeholder groups:











Port Metro Vancouver
BC Coast Pilots
Pacific Pilotage Authority
Fraser River Pilots
Council of Marine Carriers
Canadian Coast Guard
Transport Canada
Chamber of Shipping of British Columbia
Western Canada Marine Response Corporation
International Ship Owners Alliance of Canada Inc.

The main output of the HAZID was the confirmation of the generic navigational hazards normally
considered by DNV, as shown in Table 5.
Table 5 - Main Hazards and Hazard Causes identified at the HAZID Workshop
Hazard
Collision between two navigating ships
Powered grounding
Drift grounding
Impact of berthing ship at the berth
Striking of moored ship by a passing ship
Fire/ explosion while underway
Structural failure/ foundering

DNV Reg. No.: PP017719-1
Revision No.: 1
Date: 2012-06-06

Typical Hazard Causes
Human error
Human error
Mechanical failure
Human error
Severe environmental conditions
Human error
Technical failure
Lack of ship maintenance
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4.1.3.1 Frequency and Consequence Assessment
DNV performed a quantitative frequency and consequence assessment using the MARCS model.
MARCS is described in Section 4.2.
One output from MARCS is the estimation of the frequency of potential accidents for each type of
accident considered. A description of elements affecting the frequency of each accident type is
briefly presented in Appendix 6.
Another output from MARCS is the average accident consequence (spill size) for each accident type.
This study considers the potential impacts of liquid bulk traffic on environment, human safety, port
business, and property. The consequence of any accident can vary widely. However, the study
applies broad generalisations that represent what is most likely to happen.
Consequence to the Environment
Environmental consequences refer to impacts to the quality of the water, air, and ground as well as
impacts to the wildlife and plants, in and around the river. The most major environmental
consequence of tanker accidents comes from the quantity of cargo released and its impact on the
environment. Thus, many factors influence environmental impact such as:






Quantity of material released
Rate at which it is released
Chemical and physical properties of the material released
Toxicological properties of the material released relevant to the receiving environment
Nature of the receiving environment, which might influence how quickly the material is
transported, dispersed, weathered, evaporated or degraded by chemical or biological
processes.

British Columbia’s greatest estuary is that of the Fraser River, the largest river in British Columbia
and the largest estuary on the Pacific Coast of North America (21,703 hectares).
The Fraser River estuary is a globally important center of biodiversity, with intertidal wetlands alone
covering roughly 17,000 hectares. The freshwater flows from the river are so great that, technically,
the entire southern Strait of Georgia is an estuary. It supports the highest concentration of migratory
birds in Canada - up to 1.4 million during peak migration periods. More than 300 species of birds,
300 species of invertebrate animals, and 80 species of fish and shellfish spend at least part of their
lives here. More than two billion juvenile salmon spend months in the estuary before beginning their
ocean migration, making the Fraser River one of the greatest salmon producing rivers on earth. Any
spill in the Fraser River is considered a threat to the lower Fraser River estuary area, with particular
concern for the salmon spawning grounds and other estuarine plant and animal life.
Appendix 4 provides a brief fate analysis description of selected hydrocarbons and other liquids
referred to in this study, while Appendix 5 provides a discussion of local emergency preparedness
and response arrangements, both of which were considered in this risk assessment.
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A representation of the impact from different circumstances may be as follows.
Base event: A tanker accident resulting in the release of liquid bulk into the environment.
Variables:
 Rapid release rate of the material (large hole, full release of material in under an hour, no
containment), spring time (peak of salmon run), section of river with high energy (more
material mixes in the water column) = Extreme (A)
 Moderate release rate of material (mid-size hole, full release of material in 12-24 hours, some
containment), spring time (peak of salmon run), section of river with high energy (more
material mixes in the water column) = Very High (B)
 Moderate release rate of material (mid-size hole, full release of material in 12-24 hours, some
containment), winter time (peak of winter water birds concentration), near mouth of river
(area of water bird concentration) = High (C) to Very High (B)
 Moderate release rate of material (mid-size hole, full release of material in 12-24 hours, some
containment), winter time, = High (C)
 Small release rate of material (small hole, full release of material in longer than 24 hours,
containment), winter time = Medium (D)
Consequence to Human Safety
This study defines human safety as fatalities or injuries to third parties (not employees of the Port or
companies that make their living from the Fraser River). Therefore, the main focus is on pleasure
craft operators on the river, any passengers on the river and people on the shoreline. While all oil
spilling accidents can potentially escalate into fire events that could impact third parties by heat and
smoke, in general it is only spilling or fire/explosion accidents that are likely to have an impact on
third parties.
Consequence to Port Business
Port business, or operational risk, refers to events that could disrupt the use of the Fraser River
waterway for a period of time. The types of accidents that could lead to waterway closure include
significant cargo leakage, high energy collision/impact with infrastructure (e.g. a ship hitting a bridge
pier), and any vessel accident that blocks the navigable channel.
Since powered and drift groundings by definition do not usually occur in the center of the navigable
channel these accidents have low relative severity. At the same time, impacts and strikings are, by
definition, remote from the center of the navigable channel. This leaves collision, structural failure/
foundering and fire/ explosion as the accidents that could have a significant severity. The accident
severity for this metric could be significant in the absence of spill.
Consequence to Property
Property or economic risk refers to the financial risk to the facility owner or operator not covered by
other metrics. The main event that might have a significant severity is impact at a berth, which could
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render the berth unserviceable for a period of time and would require both down time and direct
costs for repairs. Thus only impact has a significant economic severity. The accident severity for this
metric could be significant in the absence of spill.
4.1.3.2 Risk Assessment and Acceptance Criteria
The next step in the risk process is to categorise the risk frequencies and consequences estimated
previously into classes (frequency from Improbable (5) to Highly Probable (1), consequence from
Extreme (A) to Low (E)). Using frequency and consequence, each risk is then mapped against a risk
acceptance criteria matrix to define its level. The level of risks corresponds to the level of attention
the risks shall receive.
The risk acceptance criteria used for this study are based on the Transport Canada Pilotage Risk
Management Methodology (PRMM) with some modifications to cover economic and operational
considerations.
The PRMM provides some guidance on what constitutes a risk scenario but does not provide clear
guidance on how to develop a representative set of scenarios for evaluation. This presents challenges
to using risk matrix methods. For example, the more precisely defined the scenario, the lower will be
its predicted frequency (the frequency of ship collision will be higher than the frequency of collision
in fog due to a faulty radar).
The actual criteria used in this study are presented Table 6.
The colour of each frequency-consequence pair on the matrix indicates the level of risk:
 Green: Risk is tolerable, though low cost risk reduction measures should still be considered
for implementation.
 Yellow: Risk is As Low as Reasonably Possible (ALARP) if all justified risk reduction
measures have been implemented.
 Red: Risk is unacceptable and the proposed operation should be re-considered, or additional
risk mitigating measures introduced to lower the risk consequence or frequency and to bring
the risk down to an acceptable level.
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Table 6 - Risk Acceptance Criteria Matrix
Consequence

Frequency Metric

Consequence Metric

A-Extreme

B-Very High

C-High

D-Medium

E-Low

Environment

Sustained long
term harm (i.e.
damage lasts
longer than a
month)

Sustained
medium term
harm (i.e. damage
lasts up to one
month)

Medium term harm
(i.e. damage lasts
up to two weeks)

Short term harm
(i.e. damage lasts
no longer than a
week)

Minimal harm (i.e.
damage lasts no
longer than a day)

Human Safety

Multiple deaths
and multiple
people with serious
long-term injuries.
Intensive Care

Single death and
multiple people
with serious longterm injuries.
Intensive Care

Some people with
serious long-term
injuries and
multiple minor
injuries.

One person with
serious long-term
injuries.
Some minor
injuries.

Single or multiple
minor injuries
requiring on site
First Aid and\or
off-site treatment.

Port Business
(Operational)

Sustained longterm disruption
(longer than a
month)

Sustained
medium-term
disruption (up to
a month)

Medium-term
disruption (up to
two weeks)

Short-term
disruption (no
longer than a
week)

Minimal disruption
(no longer that a
day)

Property
(Economic)

Damage to
property is such
that it ceases
operations for a
period of time
exceeding one
month or financial
loss exceeds $10
million.

Damage to
facilities is such
that operations
cease for up to
one month or
financial loss of
$5 - $10 million

Damage to
facilities is such
that the operations
cease for up to two
weeks or financial
loss of $1 - $5
million.

Damage to
facilities cause
operations to
cease for up to
one week or
financial impact
of $500,000 - $1
million.

Damage to
facilities cause
operations to cease
for up to 72 hours
or a financial
impact up to
$500,000.

Risk Ranking
1 - Highly
Probable

1A

1B

1C

1D

1E

2 - Probable

2A

2B

2C

2D

2E

3 - Possible

3A

3B

3C

3D

3E

4 - Unlikely

4A

4B

4C

4D

4E

5 - Improbable
Frequency
Definitions
Highly Probable

5A

5B

5C

Definition

5D
5E
Accident Return Period
(interpretation)

Almost certain the event will occur OR at least once over
a period of one year.

Less than or equal to 1 year

Probable

Expected that the event will occur OR at least once over a
period of three years

Between 1 and 3 years

Possible

The event could occur over a period of 10 years

Between 3 and 10 years

Unlikely

It is not expected that the event will occur during a period
of 10 years

Between 10 and 25 years

Improbable

It is not expected that the event will occur during any
defined period.

Assume greater than 25 years (once per
career)
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4.1.3.3 Risk Management
Once the significance of the risks is assessed, the next steps in this risk management process are to:
 Identify potential risk reduction options.
 Prioritise the identified risk reduction options based on various criteria to ensure the better
options are carefully considered.
 Justify the residual risk after all justified risk reduction options have been implemented.
Involvement and contribution from the organisations in charge of the safe marine operation within
the study area is critical for the success of these steps. DNV organised a risk management workshop
with relevant stakeholders to discuss the possible risk reduction options. The objectives of this
workshop were to review the results of the risks assessment, comment on and develop a preliminary
list of possible risk reduction options, and perform a coarse evaluation of each option based on their
effectiveness, practicality, and cost. This coarse evaluation only provides a high level ranking of the
risk reduction options. The actual merit of each option will still need to be evaluated on a project by
project basis.

4.2 Overview of MARCS Model
The Marine Accident Risk Calculation System (MARCS) model has been developed by DNV over
the last 20+ years to support DNV’s navigational risk assessment projects. It meets the requirements
of a risk assessment, as described in Section 4.1.

4.2.1 Description of MARCS
MARCS model has been implemented in two forms. One is more suitable for open water study areas
and one is more suitable for linear systems like rivers. The latter version of MARCS was used in the
report. MARCS includes a set of models to estimate the frequencies of various types of marine
accidents. MARCS also estimates the consequence of each accident type in terms of outflow (spill).
This study evaluated the following accident types:








Collision (with other vessels while in transit)
Powered grounding
Drift grounding
Structural failure/ foundering
Fire or explosion
Impact with the dock or other fixed obstacles
Striking by passing vessels while at berth.

MARCS relies on a wide range of parameters to represent the marine environment and operation of
the study area in order to provide realistic estimates of the risks. These parameters include study
area, marine traffic, marine environment, and marine operations.
The block diagram in Figure 8 shows the data flows through MARCS.
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Figure 8 - MARCS Block Diagram

4.2.2 Data used by MARCS
This section briefly describes the main data used by MARCS.
Study area: characteristics of the waterways, including the study area boundaries, locations of
shallow water and any fixed man-made structures that could be a hazard to navigation.
Marine traffic: While all present and future marine traffic in the study area was specified in
MARCS, this study only evaluated the risks related to the cargo liquid bulk traffic. The marine traffic
parameters include:
 Ship size, type, design and number of ships transiting
 Type and quantity of cargo
 Origin and destination points in the study area.
Marine environment: Marine environment information includes data on:
 Visibility: affects the collision and powered grounding accident models
 Wind speed and direction: affects the drift grounding accident model if a water current is not
applied
 Wave height (sea state): affects the structural failure/foundering accident model.
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 Sea bottom and coastal or river bank characterisation: affects the drift and powered grounding
accident model.
 Open water or river water: affects the impact of the accident consequences for collision,
powered and drift grounding and structural failure/ foundering accidents because such
accidents are less likely to result in severe damage to the ship in a sheltered river location
compared to open water.
 Currents: Typical tidal currents are in the order of 1.5 knots. During freshet season (mid-April
to mid-August), flows are predominantly seaward. (Ref./32/) Velocity however varies
between reaches. The MARCS model was modified to simulate the effect of currents in the
river as discussed later in this report.
Marine operations: Waterways management and navigational aids have an impact on accident risk
estimation. MARCS considered parameters such as:






The presence of a pilot in deep water vessels
The presence of surveillance-based Vessel Traffic Service (VTS), using AIS or primary radar
Speed restrictions
The amount of time it would take for a vessel to run aground following a propulsion casualty
The amount of time it would take to deploy anchors and the number of anchors on deep water
vessels
 The presence of tug assistance
 Surveying and dredging of the study area.

Appendix 6 contains further information on MARCS.

4.3 Fraser River Environmental & Marine Operation Context
This section discusses the various parameters that were entered in MARCS model to represent the
specific context of the study area.

4.3.1 Study Area
Figure 1 defines the study area, from Sand Heads to New Westminster, on the South Arm of the
Fraser River. The coordinates of the study area are defined as





Northwest Corner: 49° 17’ 2.26” N 123° 20’ 54.29” W
Southwest Corner: 49° 0’ 8.25” N 123° 20’ 54.29” W
Northeast Corner: 49° 17’ 2.26” N 122° 53’ 58.74” W
Southeast Corner: 49° 0’ 8.25” N 122° 53’ 58.74” W
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4.3.2 Environmental Data
MARCS uses a set of parameters to represent the environmental characteristics of the study area.
These parameters cover visibility, wind speed and direction, wave height, sea bottom and river bank,
open water or river water, and currents. The parameters and their values were collected from a
number of sources and submitted for validation during a Hazard Identification (HAZID) workshop
conducted in Vancouver on August 30, 2011 with Fraser River regulators and waterway users
representing a variety of government and private organisations (Ref. /31/). Each type of condition is
discussed below.
4.3.2.1 Visibility
On average visibility is reduced to 0.6 nautical miles for approximately 20 days/year in coastal areas
(5.5%). At the Fraser River delta this figure can be as high as 60 days/year (16.4%) (Ref. /33/).
Based on this data an annual average probability of poor visibility (less than 3.2 kilometres) of 10%
was assumed.
4.3.2.2 Wind Speed and Direction
Figure 9 shows a wind rose summary of data of three years of data (Apr 2008 - Apr 2011) from the
weather buoy at Gravesend Reach on Fraser River (Ref. /34/). It shows that southeast, south, and east
winds predominate. The maximum wind speed observed is less than 20 knots.

Figure 9 - Wind Rose Recorded at Fraser River (Main Arm) at Gravesend Reach - Buoy

The MARCS risk model tends to under-predict risks if infrequent high wind speeds are not
represented. During the HAZID (Ref. /31/) it was agreed that winds in the study area can exceed 30
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knots, but such conditions occur for less than 5% of the time. Strong northwest winds at the entrance
of the river particularly segments 2.2 and 1.2, have been acknowledged. On this basis, the follow
assumptions for wind speeds were made:





Calm, up to Beaufort 4, 0 to 20 knots assumed for 90% of the time.
Fresh, Beaufort 5 and 6, 20 to 30 knots assumed for 5% of the time
Gale, Beaufort 7 to 9, 30 to 45 knots assumed for 4.8% of the time.
Storm, Beaufort 10 to 12, greater than 45 knots assumed for 0.2% of the time.

These wind speed parameters were applied throughout the study area. However, the impact of the
wind in the model is overridden by the impact of the currents as described below.
During the HAZID workshop (Ref./31/), Fraser River pilots indicated they are very familiar with
wind conditions in the study area and winds would have no significant effect on piloted vessels as
long as all vessel systems are in working order.
4.3.2.3 Wave Height (Sea State)
The entire study area is well-sheltered and no significant wave heights are included in the risk model.
4.3.2.4 Sea Bottom and Coastal Characteristics
The sea bottom is of importance to the risk assessment because it affects the probability of a hull
plating puncture given a grounding. If a ship grounds on soft material such as mud, silt, or sand then
the probability of a hull plating, and hence a tank, puncturing is very low. Conversely, if a ship
grounds on hard material it might either be punctured directly by the grounding, or possibly
indirectly if the ship becomes stuck and the tide then flows out.
Throughout the entire study area the river bottom and shoreline are predominantly sand, silt and mud
with the exception of the areas where the George Massey tunnel and two groups of pipelines cross
the channel. These exceptions were validated during the HAZID (Ref. /31/). All these crossings have
layers of rocks on top to protect them from scour; however they are deeper than the current design
grade of the deep-sea shipping channel (Ref. /31/). The other submerged pipelines and cables
crossing the waterway (Ref. /35/) have not been identified as relevant for this study during the
HAZID workshop (Ref. /31/).
In addition, although the river banks are primarily sand and mud, in many locations they are covered
by a layer of rock to protect the banks from erosion. However, in most instances, there is shallow
water that would have a vessel run aground before reaching the river bank.
An area of concern for potential grounding is Steveston Jetty at the entrance; a shorter jetty is on the
South side of the main entrance. Steveston Jetty is marked by lights and day beacons however the top
of the jetty is designed for ¾ tide so can often be submerged at high water (Ref. /10/).
As presented, the river banks are primarily sand and mud but many areas are covered by a layer of
rock. It is difficult to assess the probability of a hull plate puncture given a grounding in this type of
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environment. Typically a probability of outer hull puncture of 5% to 10% when grounding on a soft
shore-line is applied. For this study, the probability of puncturing the outer hull on a double hull
tanker given a grounding was assumed to be 10%. The double hulled protection of cargo tanks
reduces the chance of cargo outflow further. This is taken into account through the spill models
described below.
4.3.2.5 Open Water or River Water
In open water the consequence of collision, powered and drift grounding and structural failure/
foundering accidents are more likely to escalate to higher severities. This is because open water
locations have higher wave energies which may further damage, or break open, or capsize, a
damaged ship. In addition, for collision accidents in a river most collisions will not be high energy
transfer side impacts which have the greatest potential to cause severe collision damage.
All routes are river water, except for routes 2.2 and 12.2 which are judged to be open water.
4.3.2.6 Currents
Strong currents can increase the navigation challenge in confined areas such as rivers and as such
increase the potential of collision, powered and drift grounding. This is escalated if vessels are under
the control of mariners not familiar with the waterway, or vessels are underpowered or suffer a
propulsion or steering casualty. In addition strong currents can escalate the potential consequences of
accidents by contributing to further damage or faster and wider spread of pollution if a spilling
accident occurs.
An additional input was introduced into the MARCS model to assist in calculating the potential
effect currents could have on a deep water vessel in case of a loss of propulsion during navigation of
the Fraser River. Upon consultation with the Fraser River Pilots (Ref. /36/), the following variables
were considered:
 All deep water vessels transiting the river are under the direction of a pilot very familiar with
the waterway.
 Most non-deep draft commercial vessel mariners in the river system are familiar with the
waterway.
 All deep water vessels are equipped with two anchors.
 Following a propulsion casualty, a ship, on average, travelling at 10 knots would have 2-3
minutes full steerage followed by a couple of minutes of partial steerage before going adrift
without any vessel controls.
 Deployment of anchors would occur in less than 5 minutes time from when the casualty is
realised.
 The shallowness of the river would render anchors a practical and effective countermeasure to
stop movement in case of a propulsion casualty; however, the vessel may still ground from
swinging of the stern.
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 Tug assistance is, at the most, 1.5 to 2 hours away from any portion of study area, and as
close (stationed) as 30 minutes. However, often tugs conducting routine operations could be
as close as a few minutes. Additionally the pilot boat is often on standby in the Steveston to
Sand Heads area and could provide assistance if needed.
Based on these variables, if a propulsion casualty was to occur in the river system and no mitigating
actions are implemented (no tug assistance, no anchors deployed) it was estimated that it would take,
on average, approximately 10 minutes following a propulsion casualty before the vessel runs
aground (traveling with or against the current) in any navigable portion of the river. It is understood
the time before grounding could vary dependent on whether the vessel is on a straight portion of the
river or bend, whether the vessel is traveling upriver or down river (with or against the current),
whether the vessel is laden or in ballast and depending on the influence, at the time from currents
and/or wind. An absolute average of 10 minutes, a conservative assumption, was therefore arrived to
as a median to represent the potential effect of currents on a vessel having experienced a propulsion
casualty. It is understood that a full steering failure of the vessel will result in a grounding in a
shorter period of time, however it is agreed, from historical events, that steering failures are rare and
a propulsion failure is more likely than a steering failure. This assumption was presented, discussed
and accepted during a validation of marine traffic results workshop conducted with stakeholders in
Vancouver on December 13, 2011 (Ref. /37/)

4.3.3 Waterway Management and Operational Risk Controls
The following waterways management measures and operational risk controls are applied in the
Fraser River as verified by the HAZID (Ref. /31/), and were represented in the MARCS risk model
as far as possible:
 All deep water vessels carry pilots throughout the study area.
 There is no speed restrictions applied in the study area and the river is open for 2-way traffic
at all times. All ships are assumed to transit between 10 and 12 knots over the ground (Ref.
/31/).
 A surveillance-based Vessel Traffic Service (VTS), using AIS or primary radar applies
throughout the study area.
 Tugs are only assigned to the deep water vessels for berthing operations close to the facilities.
Escort tugs are not currently used for the river transit.
 Survey boats conduct weekly sounds at each area known for shoaling. The surveys are based
on a schedule created in consultation between the Fraser River Pilots, CCG, PWGSC, the
Port and the dredger contractor. Fraser River pilots always have latest copy of soundings.
Pilots stated they would not work without the soundings.
 No anchorage or lightering is allowed in the river.
 Ships up to 270 metres LOA that can operate in the river.
During discussions with DNV the Fraser River pilots stated they were very satisfied with the aids to
navigation on the Fraser River (Ref. /31/). The effectiveness of the risk controls in place is supported
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by the low number of accidents involving deep water vessels reported for the Fraser River as shown
in Section 3.2.1.

4.4 Traffic Projections and Risk Results
This section also presents estimates of future vessel transit on the South Arm of the Fraser River,
assumed and hypothetical, needed to conduct this study. It also presents the detailed results of the
risk assessment for each of the 6 traffic cases identified.

4.4.1 Traffic Baseline
This section describes the makeup of vessels operating in the South Arm of the Fraser River and
their traffic patterns. The data analysed were based primarily on Automatic Information System
(AIS) data, supplemented by deep water vessel data provided by the Port, and as necessary additional
data research from public domain source.
The AIS data from July 2010 to June 2011 were analysed to establish a baseline. Though multiple
years of AIS data could have been analysed, it was decided only one year of data was sufficient to
meet the study objectives.
4.4.1.1 Fraser River Vessel Traffic and Traffic Patterns
To conduct the Marine Traffic Risk Analysis, the study area was segmented into routes. Figure 10
shows the study area and describes the routes used. Each route is composed of one or more straight
segments and consists of a start point, an end point, and a direction (traffic flows from start to end
only). These routes were established from the analysis of the Automatic Information System (AIS)
data. All upstream segments include a critical course change (a course change point which, if missed,
will result in a ship grounding within 20 minutes navigation), as do most downstream segments.

Figure 10 - Routes and Facilities
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As noted in Figure 10, five facilities are identified as locations of destination or origin for deep water
vessels of interest. With the exception of the VAFFC facility, these facilities are not currently
involved in the shipment of liquid bulk. Table 7 presents the routes between the open sea and the
facilities considered for this study.
Table 7 - Summary of Routes and Facilities
(Shading Indicates Routes Required to Access the Facility from and to the Open Sea)
Up-River
Down-River
Facility
Facility
Facility
Facility
Facility
Segments
Segments
2.2
12.2
1.1
11.1
B
1.2
11.2
A
(VAFFC)
1.3
11.3
1.4
11.4
C
1.5
11.5
1.6
11.6
1.7
11.7
D
E
1.8
11.8

 The routes to and from the Facilities A and B (proposed VAFFC) are composed of segments
2.2, 1.1 and 1.2 up-river and 11.2, 11.1 and 12.2 for down-river.
 The routes to and from the Facility C are composed of segments 2.2, 1.1, 1.2, 1.3 and 1.4 upriver and 11.4, 11.3, 11.2, 11.1 and 12.2 for down-river.
 The routes to and from the Facilities D and E are composed of segments 2.2, 1.1, 1.2, 1.3, 1.4,
1.5, 1.6 and 1.7 up-river and 11.7, 11.6, 11.5, 11.4, 11.3, 11.2, 11.1 and 12.2 for down-river.
 There are no traffic and facilities of interest along segment 1.8 and 11.8, this segment is
included to cover the river till the end of the study area in to New Westminster.
4.4.1.2 Current Vessel Traffic
Automatic Information System (AIS) data (from July 2010 to June 2011) were analysed to determine
the traffic patterns of ships in the study area. These AIS data included transmissions from AIS
transponders of type A and type B. The integrity (mainly double counting and absent data) of the
AIS data was checked. Then the number of ship types (as reported in AIS data) was counted for each
route segment identified previously. Further adjustments were made to assist with data accuracy and
reduce double counting, including:
 Data in the “Deep Water Vessel” row were provided by the Port to accurately represent the
current deep water vessel traffic in the river.
 Data in the “Cargo Ferry” row were derived from known Seaspan Ferries Corporation
operations as listed in their website (Ref. /39/).
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 Data in the “Tug” row were adjusted to take into account that some of the Seaspan ferries
were categorised as “tugs”. To minimise/eliminate double counting, Seaspan Ferries were
individually identified in the AIS data (by its name and identification number) and all their
data deleted from the AIS data. This adjustment resulted in a reduction of the tug count by
approximately 20%.
 “Passenger" vessel data were slightly adjusted for route 1.2 to better represent BC Ferries
repeated movements in that route (for maintenance).
With the above adjustments considered, Table 8 presents the best estimated current traffic for each
route segment.
Table 8 - Ship Movements from July 2010 to June 2011 by Type and Route
AIS Base Data - Upriver*
Route

2.2

1.1

1.2

1.3

1.4

1.5

1.6

1.7

1.8

Deep Water Vessel

538

538

538

538

431

431

431

431

0

2288

2288

2288

2288

0

0

0

0

0

Dredger

358

349

334

550

220

57

27

31

1

Fishing

67

67

25

14

14

10

9

25

1

Cargo Ferry

Military Ops
Passenger
Pilot Vessel
Pleasure
Sailing Vessel
SAR
Tug
Unspecified
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3

0

0

0

0

0

0

0

0

38

24

24

10

11

10

10

10

4

2

2

1

1

1

0

0

0

0

26

17

51

15

28

9

26

61

20

2

1

2

0

1

0

0

0

0

67

74

65

38

36

23

27

25

12

2604

2638

3023

3712

3443

3040

2988

3205

2370

4

2

2

2

2

2

2

65

1
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AIS Base Data - Downriver*
Route

12.2

11.1

11.2

11.3

11.4

11.5

11.6

11.7

11.8

Deep Water Vessel

538

538

538

538

431

431

431

431

0

Cargo Ferry

2288

2288

2288

2288

0

0

0

0

0

Dredger

358

349

334

550

220

57

27

31

1

Fishing

67

67

25

14

14

10

9

25

1

3

0

0

0

0

0

0

0

0

38

24

24

10

11

10

10

10

4

2

2

1

1

1

0

0

0

0

26

17

51

15

28

9

26

61

20

2

1

2

0

1

0

0

0

0

Military Ops
Passenger
Pilot Vessel
Pleasure
Sailing Vessel
SAR
Tug
Unspecified

67

74

65

38

36

23

27

25

12

2604

2638

3023

3712

3443

3040

2988

3205

2370

4

2

2

2

2

2

2

65

1

The AIS data may not fully account for all the traffic in the river. However vessels that are not
required to transmit AIS are small and do not represent a significant risk of hull penetration to
tankers. With respect to grounding, the margin of manoeuvrability for a deep water ship navigating
in a narrow channel is limited. In such circumstances it is the responsibility of smaller ships to clear
the path of the larger ship. A larger ship will not be able to deviate from its course if a smaller ship is
in its path.
The breakdown of current “Deep Water Vessel” traffic in the segment as provided by the Port, is
presented in Table 9.

Traffic
Auto
Auto
Break Bulk
Container
Dry Bulk

Table 9 - Current Deep Water Vessel Traffic (2011)
Number of
Destination
Vessels
Cargo
(Facility)*
107
175
100
120
36

Cars
Cars
Steel/ lumber
Mixed
Grain

A
D
E
E
E

Trade

Laden inbound & outbound
Laden inbound & outbound
Laden inbound
Laden inbound & outbound
Laden outbound

* Reference Figure 10 - Routes and Facilities for locations on the Fraser River.

4.4.1.3 Future Vessel Traffic Estimation
Future traffic in the Fraser River is characterised into the following groups of vessels:
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 Future liquid bulk “tankers”. The growth of this traffic has been forecasted by the Port from
possible (VAFFC) and hypothetical future bulk liquids projects. These ships are the primary
focus of this study.
 Future deep water vessels (sea going ships, excluding tankers). The growth of this traffic has
been forecasted by the Port. These ships are not the main focus of this project, but are
relevant because they contribute significantly to the collision and striking risks of the tankers
and they are significant “consumers” of the Fraser River capacity.
 Other vessels on the Fraser River. This has been identified by examination of the AIS data,
the Port input and other research. Existing traffic consists of both deep water traffic and other
traffic. This group of vessels is discussed mainly for completeness.
The traffic in the river for future years was estimated based on the following assumptions:












Deep Water Vessel traffic increases as forecasted by the Port
Cargo Ferry traffic is unchanged as verified with ferry operators
Dredger traffic is unchanged.
Fishing traffic is unchanged.
Military Ops traffic is unchanged.
Passenger traffic is unchanged.
Pilot vessel traffic increases are unchanged.
Pleasure traffic increases is unchanged.
Search and Rescue traffic is unchanged.
Tug traffic increases at 3% per year from the base year.
Unspecified traffic is unchanged.

Using these assumptions, the traffic levels shown in Table 8 are in future years increased by the
factors shown in Table 10. As highlighted, of the listed vessel types only tug vessel traffic is
expected to escalate in the forthcoming future.
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Table 10 - Traffic Escalation Factors for Future Years
Annual
Fractional
2011
2016
2021
Change
Deep Water Vessel
1.000
1.000
*
*
Cargo Ferry
1.000
1.000
1.000 1.000
Dredger**
1.000
1.000
1.000 1.000
Fishing
1.000
1.000
1.000 1.000
Military Ops
1.000
1.000
1.000 1.000
Passenger
1.000
1.000
1.000 1.000
Pilot Vessel
1.000
1.000
1.000 1.000
Pleasure
1.000
1.000
1.000 1.000
Sailing Vessel
1.000
1.000
1.000 1.000
SAR
1.000
1.000
1.000 1.000
Tug
1.030
1.000
1.159 1.344
Unspecified
1.000
1.000
1.000 1.000

2026
*
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.558
1.000

* Future traffic for deep water vessels per numbers provided by the Port, no escalation factor applied
** Dredger Traffic is not expected to increase in at least the next 10 years, the navigation channel is assumed to stay at
the current vessel limitations (11.5m draft, 32.3m beam, 270m LOA) (Ref./37/)

The AIS traffic estimated for the appropriate year is combined with the Port’s deep water vessel
traffic forecast, and research on cargo ferry traffic for each case to generate the input traffic dataset
for the risk model calculations applied to Cases 1 to 4 as defined below.
Future Deep Water Vessel Traffic
The Port provided a number of deep water vessel traffic scenarios that address assumed and
hypothetical future traffic within the next 15 years.
4 cases were defined. Figure 11 illustrates the various cases, their main deep water traffic
characteristics, and their relationships.
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Figure 11 - Assumed and Hypothetical Deep Water Vessel Traffic Cases

Case 1 forecast is based on a projection of an annual increase of the current deep water traffic plus
proposed tanker (tanker and tank barge) as presented in the VAFFC proposed terminal documents
(Ref /38/). If the VAFFC proposal is approved, then Case 1 provides a reasonable forecast of what
vessel traffic could be in the South Arm of the Fraser River in year 2016. Cases 2 and 3 are more
hypothetical as they are projections of possible increases of Case 1 vessel traffic in years 2021 and
2026. Case 4 adds additional liquid bulk (canola oil) and has only been included to broaden the scope
of this study.
4.4.1.4 Effect of Ship Type on Collision and Striking
Any ship that passes one of the terminals shown in Figure 10 may strike a ship loading or unloading
at the berth, except that at Facility E the berths are protected from passing traffic in the main channel
by a jetty. Vessels transiting inside the protected slip have been taken in consideration.
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Table 11 shows for the different ship types the potential damage such ships can cause to a tanker hull
in case of a strike or a collision. Only the vessel being struck, not the striking vessel, has the potential
to spill cargo. For collision, the probability of being struck is assumed equal to 50%, though in
practice it is likely to vary with the relative speed of the two ships.
Table 11 - Summary of Vessel Traffic Groups and Potential Impact
Potential from
Ship Type
Collision/
Traffic Type
Striking
Deep Water Vessel
Penetrate
Deep Water
Cargo Ferry
Penetrate
Deep Water
Dredger
Penetrate
Deep Water
Fishing*
No effect
Other
Military Ops
Penetrate
Deep Water
Passenger
Penetrate
Deep Water
Pilot Vessel
No effect
Other
Pleasure
No effect
Other
Sailing Vessel
No effect
Other
SAR
No effect
Other
Tug
Penetrate
Other
Unspecified
No effect
Other
Auto
Penetrate
Deep Water
Break bulk
Penetrate
Deep Water
Cargo/ bulk
Penetrate
Deep Water
Container
Penetrate
Deep Water
Container Barge
Penetrate
Other
Dry Bulk
Penetrate
Deep Water
Jet Fuel Tanker
Penetrate
Deep Water
Jet Fuel Tank Barge
Penetrate
Other
Canola Oil Tanker
Penetrate
Deep Water
Panamax Tanker
Penetrate
Deep Water
* Note that some smaller vessel types are assumed to be unable to penetrate the outer hull plating of a sea going tanker
and hence collisions involving these smaller vessels do not contribute to the cargo spill risk results presented below.
DNV acknowledges that there may be exceptions between these smaller vessel types; however for the purpose of this
study the whole smaller vessel type count is considered a non-threat.

4.4.1.5 Risk Model Results for the Current Traffic
The risk model used the current traffic as presented in Table 8 to help validate the marine risks in the
Fraser River. There is currently no tanker navigating in the Fraser River. The calculated total
accident frequency for all ships in the study area (including pleasure vessels, etc.) is calculated as
13.7 accidents per year. This calculated accident frequency includes many accidents with zero
tangible consequence, such as ships that have gone aground but have re-floated without damage. The
majority of the calculated accidents (94%) are attributed to powered and drift grounding.
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The distribution of accident frequency for all ships navigating the river by accident type is shown in
Figure 12.

Figure 12 - Total Accident Frequency for All Ship Types as a function of Accident Type

This chart focuses on navigation accidents as striking and impact accidents have not been assessed
for the current traffic. The risk of cargo spill has not been evaluated as there is no ship carrying
liquid bulk cargo currently on the Fraser River. As mentioned previously, shipment of bunker is
outside the scope of this study.
As presented in Section 3.2.1, there were 62 accidents and incidents reported to TSB for the South
Arm of the Fraser River in the last 6 years including 32 navigational accidents (5.3 accidents per
year). These navigational accidents directly correspond with the accidents assessed by MARCS
(groundings, collisions, etc.) and their frequency of 5.3 accidents per year can be compared to 13.7
accidents per year predicted by MARCS. DNV considers this represents reasonable agreement for
an absolute comparison of historical accidents and risk model predictions. Between the reporting
processes, the quality of the reported data, and the difference in data categorisation, there are many
reasons why historical accident data might not agree with risk model predictions. In fact, the main
value of a risk assessment is normally found in the relative risk results, not in the absolute values of
predicted risk.
Further evaluation of the 32 reported navigational accidents shows that the most frequent types of
accident are groundings (47%), and strikings and collisions (38%).
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4.4.2 Case 1: Proposed Traffic, Year 2016
4.4.2.1 Traffic Projection
Table 12 shows the assumed deep water vessel traffic forecast for Case 1.

Traffic

Table 12 - Case 1: Deep Water Vessel Traffic
Destination
Number of
Cargo
(Facility)*
Trade
Vessels

Auto

122

Cars

A

Auto

200

Cars

D

Break Bulk

110

Steel/Lumber

E

Container

150

Mixed

E

Dry Bulk

41

Grain

E

Jet Fuel Tanker
Jet Fuel Tank Barge

12
48

60k tons Jet Fuel
4.2k tons Jet Fuel

B (VAFFC)
B (VAFFC)

Laden inbound
& outbound
Laden inbound
& outbound
Laden inbound
Laden inbound
& outbound
Laden
outbound
Laden inbound
Laden inbound

Representative
Ship Size

80k dwt
4.2k dwt

* Reference Figure 10 - Routes and Facilities for locations on the Fraser River

VAFFC proposed terminal documents indicate that vessels visiting the terminal may include towed
tank barges, barge and tug combinations or Integrated Tug and Barge (ITB), Handysize tankers and
Panamax tankers; however, no specific numbers for tanker types are provided. As such, the two
extremes, the towed tank barges and the Panamax tankers have been considered for this risk
assessment. Appendix 2 provides a brief description of Jet Fuel tankers and Jet Fuel tank barges
planned to visit the VAFFC facility.
The above forecasted traffic is combined with the estimated AIS-derived traffic for 2016 to form the
traffic data for Case 1.
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4.4.2.2 Risk Evaluation Results
The distribution of calculated accident frequency for liquid bulk traffic by accident type for Case 1 is
shown in Figure 13.

Figure 13 - Case 1: Tanker Accident Frequency as a function of Accident Type

Table 13 shows the breakdown of calculated tanker accident frequency for the different types of
liquid bulk traffic defined for Case 1 as a function of accident type.
Table 13 - Case 1: Tanker Accident Frequency as a function of Accident Type
Jet Fuel
Accident Type
Tanker &
Tank Barge
Collision
0.0066
Structural Failure/ Foundering
0.00002
Fire/ Explosion
0.00005
Powered Grounding
0.0341
Drift Grounding
0.0156
Impact at VAFFC
0.0222
Impact at Facility E
0
Striking at VAFFC
0.0916
Striking at Facility E
0
Sum
0.170

The total (sum) accident frequency for liquid bulk traffic for Case 1 is estimated at 0.170 per year, or
one accident every 5.9 years. About 54% of these accidents are due to striking at VAFFC. A further
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29% of this frequency is due to grounding accidents, the majority of which will have little or no
consequence. Note that these results include accidents to tankers that are in ballast and hence cannot
spill cargo.
The cargo spill frequency and average spill size results are shown in Table 14.
Table 14 - Case 1: Cargo Spill Frequency and Spill Risk Results
Jet Fuel
Tanker &
Tank Barge
Cargo Spill Frequency (per year)
0.0052
Average Spill Size (tons)
917

The total cargo spill frequency from liquid bulk traffic is estimated at 0.0052 per year, or one spill
every 194 years with an average severity of 917 tons per spill.
4.4.2.3 Risk Assessment Results
Table 15 show the summary of the risk results calculated for Case 1 and assigns a frequency
category from Highly Probable (1) to Improbable (5) to each scenario on the basis of the calculated
accident frequency.
Table 15 - Case 1: Summary of Risk Evaluation Results
Case 1

Results

Sum Tanker Accident Frequency (per year)
Sum Spilling Accident Frequency (per year)
Average Spill Size (tons)
Collision Frequency (per year)
Spilling Collision Frequency (per year)
Collision Spill Size (tons)
Structural Failure/ Foundering Frequency (per year)
Spilling Structural Failure/ Foundering Frequency (per
year)
Structural Failure/ Foundering Spill Size (tons)
Fire/ Explosion Frequency (per year)
Spilling Fire/ Explosion Frequency (per year)
Fire/ Explosion Spill Size (tons)
Powered Grounding Frequency (per year)
Spilling Powered Grounding Frequency (per year)
Powered Grounding Spill Size (tons)
Drift Grounding Frequency (per year)
Spilling Drift Grounding Frequency (per year)
Drift Grounding Spill Size (tons)
Impact at VAFFC Frequency (per year)
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Frequency
Category
Possible (3)
Improbable (5)

0.170
0.0052
917
0.0066
0.00091
1136
0.00002

Improbable (5)

0.00001

Improbable (5)

4628
0.00005
0.00002
4569
0.034
0.0011
1141
0.016
0.0003
1329
0.022

Page 62 of 96
Reference to part of this report which may lead to misinterpretation is not permissible

Improbable (5)
Improbable (5)

Improbable (5)
Improbable (5)
Improbable (5)
Improbable (5)
Improbable (5)
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Case 1

Results

Spilling Impact at VAFFC Frequency (per year)
Impact at VAFFC Spill Size (tons)
Striking at VAFFC Frequency (per year)
Spilling Striking at VAFFC Frequency (per year)
Striking at VAFFC Spill Size (tons)

0.0008
223
0.092
0.0020
842

Frequency
Category
Improbable (5)
Unlikely (4)
Improbable (5)

Consequence to Environment
Aviation fuel is relatively low molecular weight and so is relatively volatile and non-persistent
compare to heavier oils such as crude oil. An aviation fuel spill would float in water and would
spread rapidly into a very thin olefin layer, aviation fuel has a high evaporation rate and would tend
to evaporate almost completely after a few days. At the spill location it would be expected the spill
would encounter significant energy from the river currents which would create some dispersion
within the river environment. Nevertheless any significant size spill discharged into a relatively
closed aquatic environment would have undesired (and possibly highly undesired) impacts. An
extended discussion concerning the expected fate of spilled aviation fuel is found in Appendix 4.
Taken in consideration the discussion above, the consequence category for an aviation fuel spill in
the Fraser River is evaluated as between Extreme (A) and Medium (D), depending on the exact
circumstances of the spill from the factor listed above.
Consequence to Human Safety
Jet fuel has a high flash point (typically above 38º C) and is difficult to ignite under normal
conditions, however, though unlikely, it is possible, a jet fuel fire would result in a pool fire, with no
explosion, and potential harm to personnel near the fire.
While it is possible that the human safety consequence category to third parties could be Extreme
(A), it is most likely to be one of the lower categories (Medium (D) or Low (E)).
Consequence to Port Business
While it is possible that the port business accident consequence could be Extreme (A), it is most
likely to be one of the lower categories (Medium (D) or Low (E) for accidents with spills or Low (E)
for accidents with or without spills).
Consequence to Property
While it is possible that the economic accident consequence could be Extreme (A), it is most likely
to be one of the lower categories (Medium (D) or Low (E) for accidents with spills or Low (E) for
accidents with or without spills).
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4.4.2.4 Assessment of Risks using the Risk Acceptance Matrix
Table 16 shows how the discussion above is translated onto the risk acceptance matrix. It should be
noted that the consequence categories for “Tanker Accident (Total Risk)” are all assigned to be Low
(E). This is because the most likely outcome for these accidents is “no spill”, either because the ships
are in ballast, or because the double hull is not penetrated.
Table 16 - Case 1: Assignment of Risk Results 1 to Risk Categories
Human
Port
Environment
Safety
Business
Tanker Accident (Total Risk)
3E
Spilling Accident (Total Risk)
5A to 5D
5D to 5E
5D to 5E
Collision
5E
Spilling Collision
5A to 5D
5D to 5E
5D to 5E
Structural Failure/ Foundering
5E
Spilling Structural Failure/ Foundering
5A to 5D
5D to 5E
5D to 5E
Fire/ Explosion
5E
Spilling Fire/ Explosion
5A to 5D
5D to 5E
5D to 5E
Powered Grounding
5E
Spilling Powered Grounding
5A to 5D
5D to 5E
5D to 5E
Drift Grounding
5E
Spilling Drift Grounding
5A to 5D
5D to 5E
5D to 5E
Impact at VAFFC
5E
Spilling Impact at VAFFC
5A to 5D
5D to 5E
5D to 5E
Striking at VAFFC
4E
Spilling Striking at VAFFC
5A to 5D
5D to 5E
5D to 5E

Property
3E
5D to 5E
5E
5D to 5E
5E
5D to 5E
5E
5D to 5E
5E
5D to 5E
5E
5D to 5E
5E
5D to 5E
4E
5D to 5E

In Table 16, only the cargo spilling scenarios are assessed for consequence categories environment
and human safety. Our assumption is that if the tanker does not spill cargo then the risk to the
environment and to third party river users is judged to be negligible. Conversely, the accident
scenarios with or without spills are assessed for consequences to port business and property because
these consequence metrics can be impacted irrespective of whether a spill occurs.
Table 16 shows that the tanker accident (total) risk scenario categories are 3E (green). These risks
are deemed acceptable as per the criteria established in Table 6. The consequence for these accidents
is judged to be Low (E) because the majority of these accidents are drift and powered groundings
that do not involve any penetration of the outer hull (e.g. scrapes on the bottom) and / or spill.
Table 16 also shows that most other scenarios have an accident frequency category of Improbable
(5). This means that most scenarios are on the bottom row of the risk matrix in Table 6, so even if the
consequence is Extreme (A), the risk category is only yellow (acceptable with justified mitigations).
As discussed in Section 4.1.3.1, it is more likely that the consequence category will be lower than
Extreme and in this case the risk category is green.
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There is one scenario where the accident frequency is greater than Improbable (5). This is discussed
as follows:
 Strikings at VAFFC and their effect on port business and property (frequency Possible (4)).
The consequence of this scenario was evaluated as Low (E). However in the event of a spill
the worst potential consequence could be Extreme (A), in which case the risk category is
acceptable with justified mitigations (yellow). The VAFFC operator needs to consider if they
have sufficiently controlled the risks from striking accidents. Possible risk reduction options
are discussed in Section 5.

4.4.3 Case 2: Hypothetical Traffic, Year 2021
4.4.3.1 Traffic Projection
Table 17 shows the hypothetical deep water vessel traffic forecast for Case 2.

Traffic
Auto
Auto
Break Bulk
Container
Dry Bulk
Jet Fuel Tanker
Jet Fuel Tank Barge

Table 17 - Case 2: Deep Water Vessel Traffic
Number
Destination
Cargo
Trade
of
(Facility)*
Vessels
Laden inbound &
140
Cars
A
outbound
Laden inbound &
220
Cars
D
outbound
120
Steel/ Lumber
E
Laden inbound
Laden inbound &
180
Mixed
E
outbound
44
Grain
E
Laden outbound
18
60k tons Jet Fuel B (VAFFC) Laden inbound
72
4.2k tons Jet Fuel B (VAFFC) Laden inbound

Representative
Ship Size

80k dwt
4.2k dwt

* Reference Figure 10 - Routes and Facilities for locations on the Fraser River

The above forecasted traffic is combined with the estimated AIS-derived traffic to form the traffic
data for Case 2.
4.4.3.2 Risk Evaluation Results
The distribution of calculated accident frequency for liquid bulk traffic by accident type for Case 2 is
shown in Figure 14.
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Figure 14 - Case 2: Tanker Accident Frequency as a function of Accident Type

Table 18 shows the breakdown of calculated tanker accident frequency for the different types of
liquid bulk traffic defined for Case 2 as a function of accident type.
Table 18 - Case 2: Tanker Accident Frequency as a function of Accident Type
Jet Fuel
Accident Type
Tanker &
Tank Barge
Collision
0.0108
Structural Failure/ Foundering
0.00003
Fire/ Explosion
0.00007
Powered Grounding
0.0511
Drift Grounding
0.0234
Impact at VAFFC
0.0333
Impact at Facility E
0
Striking at VAFFC
0.1499
Striking at Facility E
0
Sum
0.269

The total (sum) accident frequency for liquid bulk traffic for Case 2 is estimated at 0.269 per year, or
one accident every 3.7 years. About 56% of these accidents are due to striking at VAFFC. A further
28% of this frequency is due to grounding accidents, the majority of which will have little or no
consequence. This accident frequency includes accidents to tankers that are in ballast and hence
cannot spill cargo.
DNV Reg. No.: PP017719-1
Revision No.: 1
Date: 2012-06-06

Page 66 of 96
Reference to part of this report which may lead to misinterpretation is not permissible

DET NORSKE VERITAS
Fraser River Tanker Traffic Study
Prepared for Port Metro Vancouver

MANAGING RISK
The cargo spill frequency and average spill size results are shown in Table 19.
Table 19 - Case 2: Cargo Spill Frequency and Spill Risk Results
Jet Fuel
Tanker &
Tank Barge
Cargo Spill Frequency (per year)
0.0081
Average Spill Size (tons)
918

The total cargo spill frequency from liquid bulk traffic is estimated at 0.00813 per year, or one spill
every 123 years with an average severity of 918 tons per spill.
4.4.3.3 Risk Assessment Results
Table 20 show the summary of the risk results calculated in Task 3 and assigns a frequency category
from Highly Probable (1) to Improbable (5) to each scenario on the basis of the calculated accident
frequency.
Table 20 - Case 2: Summary of Risk Evaluation Results
Case 2

Results

Sum Tanker Accident Frequency (per year)
Sum Spilling Accident Frequency (per year)
Average Spill Size (tons)
Collision Frequency (per year)
Spilling Collision Frequency (per year)
Collision Spill Size (tons)
Structural Failure/ Foundering Frequency (per year)
Spilling Structural Failure/ Foundering Frequency (per year)
Structural Failure/ Foundering Spill Size (tons)
Fire/ Explosion Frequency (per year)
Spilling Fire/ Explosion Frequency (per year)
Fire/ Explosion Spill Size (tons)
Powered Grounding Frequency (per year)
Spilling Powered Grounding Frequency (per year)
Powered Grounding Spill Size (tons)
Drift Grounding Frequency (per year)
Spilling Drift Grounding Frequency (per year)
Drift Grounding Spill Size (tons)
Impact at VAFFC Frequency (per year)
Spilling Impact at VAFFC Frequency (per year)
Impact at VAFFC Spill Size (tons)
Striking at VAFFC Frequency (per year)
Spilling Striking at VAFFC Frequency (per year)
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0.269
0.0081
918
0.0108
0.00148
1139
0.00003
0.00001
4628
0.00007
0.00003
4569
0.0511
0.0017
1141
0.0234
0.0005
1329
0.0333
0.0012
223
0.1499
0.0033
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Improbable (5)
Improbable (5)
Improbable (5)
Improbable (5)
Improbable (5)
Improbable (5)
Improbable (5)
Unlikely (4)
Improbable (5)
Improbable (5)
Improbable (5)
Improbable (5)
Improbable (5)
Possible (3)
Improbable (5)
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Case 2

Results

Striking at VAFFC Spill Size (tons)

Frequency
Category

842

Comparing the average spill size for Case 2 (Table 20) with Case 1 (Table 15) shows that the
average spill size for Case 2 is approximately equal to the average spill size for Case 1. The reason
for this is that although in Case 2 the traffic of liquid bulk has increased, the ratio between the larger
tankers and the smaller tank barges is unchanged. The discussion of accident consequences presented
for Case 1 is applicable without modification to Case 2.
4.4.3.4 Assessment of Risks using the Risk Acceptance Matrix
Table 21 shows how the discussion above is translated onto the risk acceptance matrix.
Table 21 - Case 2: Assignment of Risk Results to Risk Categories
Human
Port
Environment
Safety
Business
Tanker Accident (Total Risk)
3E
Spilling Accident (Total Risk)
5A to 5D
5D to 5E
5D to 5E
Collision
5E
Spilling Collision
5A to 5D
5D to 5E
5D to 5E
Structural Failure/ Foundering
5E
Spilling Structural Failure/ Foundering
5A to 5D
5D to 5E
5D to 5E
Fire/ Explosion
5E
Spilling Fire/ Explosion
5A to 5D
5D to 5E
5D to 5E
Powered Grounding
4E
Spilling Powered Grounding
5A to 5D
5D to 5E
5D to 5E
Drift Grounding
5E
Spilling Drift Grounding
5A to 5D
5D to 5E
5D to 5E
Impact at VAFFC
5E
Spilling Impact at VAFFC
5A to 5D
5D to 5E
5D to 5E
Striking at VAFFC
3E
Spilling Striking at VAFFC
5A to 5D
5D to 5E
5D to 5E

Property
3E
5D to 5E
5E
5D to 5E
5E
5D to 5E
5E
5D to 5E
4E
5D to 5E
5E
5D to 5E
5E
5D to 5E
3E
5D to 5E

Table 21 is almost identical to Table 16, thus the discussion of Table 16 above is all relevant to Case
2 and will not be repeated here.
The only differences between Case 1 and Case 2 are that:
 The powered grounding frequency has increased by one category, from Improbable (5) to
Unlikely (4). However because the severity of the consequences are unchanged the
consequence severities remain Low (E). Thus the risks are 4E which continues to be
acceptable (green).
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 The striking frequency at VAFFC has increased one category, from Unlikely (4) to Possible
(3). However because the severity of the consequences are unchanged the consequence
severities remain Low (E). Thus the risks are 3E which continues to be acceptable (green).

4.4.4 Case 3: Hypothetical Traffic, Year 2026
4.4.4.1 Traffic Projection
Table 22 shows the hypothetical deep water vessel traffic forecast for Case 3.

Traffic
Auto
Auto
Break Bulk
Container
Dry Bulk
Jet Fuel Tanker
Jet Fuel Tank Barge

Table 22 - Case 3: Deep Water Vessel Traffic
Destination
Number of
Cargo
Trade
Vessels
(Facility)*
Laden inbound
162
Cars
A
& outbound
Laden inbound
255
Cars
D
& outbound
132
Steel/Lumber
E
Laden inbound
Laden inbound
230
Mixed
E
& outbound
Laden
49
Grain
E
outbound
24
60k tons Jet Fuel
B (VAFFC)
Laden inbound
4.2k tons Jet
96
B (VAFFC)
Laden inbound
Fuel

Representativ
e Ship Size

80k dwt
4.2k dwt

* Reference Figure 10 - Routes and Facilities for locations on the Fraser River

The above forecasted traffic is combined with the estimated AIS-derived traffic for 2026 to form the
traffic data for Case 3.
4.4.4.2 Risk Evaluation Results
The distribution of calculated accident frequency for liquid bulk traffic by accident type for Case 3 is
shown in Figure 15.
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Figure 15 - Case 3: Tanker Accident Frequency as a function of Accident Type

Table 23 shows the breakdown of calculated tanker accident frequency for the different types of
liquid bulk traffic defined for Case 3 as a function of accident type.
Table 23 - Case 3: Tanker Accident Frequency as a function of Accident Type
Jet Fuel
Accident Type
Tanker &
Tank Barge
Collision
0.0159
Structural Failure/ Foundering
0.00004
Fire/ Explosion
0.00010
Powered Grounding
0.0682
Drift Grounding
0.0312
Impact at VAFFC
0.0444
Impact at Facility E
0
Striking at VAFFC
0.2198
Striking at Facility E
0
Sum
0.380

The total (sum) accident frequency for liquid bulk traffic for Case 3 is estimated at 0.380 per year, or
one accident every 2.6 years. About 58% of these accidents are due to striking at VAFFC. A further
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26% of this frequency is due to grounding accidents, the majority of which will have little or no
consequence. This accident frequency includes accidents to tankers that are in ballast and hence
cannot spill cargo.
The cargo spill frequency and average spill size results are shown in Table 24.
Table 24 - Case 3: Cargo Spill Frequency and Spill Risk Results
Jet Fuel
Tanker &
Tank Barge
Cargo Spill Frequency (per year)
0.0115
Average Spill Size (tons)
920

The total combined cargo spill frequency for liquid bulk traffic is estimated at 0.0115 per year, or
one spill every 87 years with an average severity of 920 tons per spill.
4.4.4.3 Risk Assessment Results
Table 25 show the summary of the risk results calculated for Case 3 and assigns a frequency
category from Highly Probable (1) to Improbable (5) to each scenario on the basis of the calculated
accident frequency.
Table 25 - Case 3: Summary of Risk Evaluation Results
Case 3

Results

Sum Tanker Accident Frequency (per year)
Sum Spilling Accident Frequency (per year)
Average Spill Size (tons)
Collision Frequency (per year)
Spilling Collision Frequency (per year)
Collision Spill Size (tons)
Structural Failure/ Foundering Frequency (per year)
Spilling Structural Failure/ Foundering Frequency (per
year)
Structural Failure/ Foundering Spill Size (tons)
Fire/ Explosion Frequency (per year)
Spilling Fire/ Explosion Frequency (per year)
Fire/ Explosion Spill Size (tons)
Powered Grounding Frequency (per year)
Spilling Powered Grounding Frequency (per year)
Powered Grounding Spill Size (tons)
Drift Grounding Frequency (per year)
Spilling Drift Grounding Frequency (per year)
Drift Grounding Spill Size (tons)
Impact at VAFFC Frequency (per year)
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Frequency
Category
Probable (2)
Improbable (5)

0.380
0.0115
920
0.0159
0.00218
1142
0.00004

Improbable (5)

0.00002

Improbable (5)

4628
0.00010
0.00004
4569
0.0682
0.0022
1141
0.0312
0.0007
1329
0.0444
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Case 3

Results

Spilling Impact at VAFFC Frequency (per year)
Impact at VAFFC Spill Size (tons)
Striking at VAFFC Frequency (per year)
Spilling Striking at VAFFC Frequency (per year)
Striking at VAFFC Spill Size (tons)

0.0016
223
0.2198
0.0048
842

Frequency
Category
Improbable (5)
Possible (3)
Improbable (5)

Comparing the average spill size for Case 3 (Table 25) with Case 1 (Table 15) shows that the
average spill size for Case 3 is approximately equal to the average spill size for Case 1. This is due to
the same reasons discussed previously for Case 2. The discussion of accident consequences
presented for Case 1 is applicable without modification to Case 3.
4.4.4.4 Assessment of Risks using the Risk Acceptance Matrix
Table 26 shows how the discussion above is translated onto the risk acceptance matrix.
Table 26 - Case 3: Assignment of Risk Results to Risk Categories
Human
Port
Environment
Safety
Business
Tanker Accident (Total Risk)
2E
Spilling Accident (Total Risk)
5A to 5D
5D to 5E
5D to 5E
Collision
5E
Spilling Collision
5A to 5D
5D to 5E
5D to 5E
Structural Failure/ Foundering
5E
Spilling Structural Failure/ Foundering
5A to 5D
5D to 5E
5D to 5E
Fire/ Explosion
5E
Spilling Fire/ Explosion
5A to 5D
5D to 5E
5D to 5E
Powered Grounding
4E
Spilling Powered Grounding
5A to 5D
5D to 5E
5D to 5E
Drift Grounding
5E
Spilling Drift Grounding
5A to 5D
5D to 5E
5D to 5E
Impact at VAFFC
4E
Spilling Impact at VAFFC
5A to 5D
5D to 5E
5D to 5E
Striking at VAFFC
3E
Spilling Striking at VAFFC
5A to 5D
5D to 5E
5D to 5E

Property
2E
5D to 5E
5E
5D to 5E
5E
5D to 5E
5E
5D to 5E
4E
5D to 5E
5E
5D to 5E
4E
5D to 5E
3E
5D to 5E

Table 26 is almost identical to Table 16, thus the discussion of Table 16 above is all relevant to Case
3 and will not be repeated here.

DNV Reg. No.: PP017719-1
Revision No.: 1
Date: 2012-06-06

Page 72 of 96
Reference to part of this report which may lead to misinterpretation is not permissible

DET NORSKE VERITAS
Fraser River Tanker Traffic Study
Prepared for Port Metro Vancouver

MANAGING RISK
The only differences between Case 1 and Case 3 are that:




The total tanker accident frequency has increased by one category, from Possible (3) to Probable
(2). However because the severity of the consequences are unchanged the consequence severities
remain Low (E) Thus the risks are 2E which continues to be acceptable (green).
The impact at VAFFC frequency has increased by one category, from Improbable (5) to Unlikely
(4). However because the severity of the consequences are unchanged, the consequence severities
remain Low (E). Thus the risks are 4E which continues to be acceptable (green).
As with Case 2, the powered grounding frequency has increased by one category, from
Improbable (5) to Unlikely (4) and the striking frequency has increased by one category from
Unlikely (4) to Possible (3). However because the severity of the consequences are unchanged
the consequence severities remain Low (E). Thus the risks are 4E or 3E which both continue to
be acceptable (green).

4.4.5 Case 4: Hypothetical Traffic, Year 2021
4.4.5.1 Traffic Projection
Table 27 shows the hypothetical deep water vessel traffic forecast for Case 4.

Traffic
Auto
Auto
Break Bulk
Container
Dry Bulk
Jet Fuel Tanker
Jet Fuel Tank Barge
Canola Oil Tanker
Cargo Bulk
Cargo Bulk
Cargo Bulk

Table 27 - Case 4: Deep Water Vessel Traffic
Destination
Number of
Cargo
Trade
Vessels
(Facility)*
Laden inbound
140
Cars
A
& outbound
Laden inbound
220
Cars
D
& outbound
120
Steel/ Lumber
E
Laden inbound
Laden inbound
180
Mixed
E
& outbound
Laden
44
Grain
E
outbound
18
60k tons Jet Fuel
B (VAFFC) Laden inbound
72
4.2k tons Jet Fuel B (VAFFC) Laden inbound
25k tons Canola
Laden
24
E
Oil
outbound
840
Aggregate
C
Laden inbound
Laden
84
Cement
C
outbound
8
Cement
C
Laden inbound

Representative
Ship Size

80k dwt
4.2k dwt
25k dwt
Barge
Barge
Handymax

* Reference Figure 10 - Routes and Facilities for locations on the Fraser River

The above forecasted traffic is combined with the estimated AIS-derived traffic for 2021 to form the
traffic data for Case 4.
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4.4.5.2 Risk Evaluation Results
The distribution of calculated accident frequency for liquid bulk traffic by accident type for Case 4 is
shown in Figure 16.

Figure 16 - Case 4: Tanker Accident Frequency as a function of Accident Type

Table 28 shows the breakdown of calculated tanker accident frequency for the different types of
liquid bulk traffic defined for Case 4 as a function of accident type.
Table 28 - Case 4: Tanker Accident Frequency as a function of Traffic Type and Accident Type
Jet Fuel
Canola Oil
Accident Type
Total
Tanker &
Tanker
Tank Barge
Collision
0.0188
0.0129
0.0059
Structural Failure/ Foundering
0.00005
0.00004
0.00002
Fire/ Explosion
0.00010
0.00007
0.00002
Powered Grounding
0.0988
0.0511
0.0477
Drift Grounding
0.0352
0.0234
0.0118
Impact at VAFFC
0.0333
0.0333
0
Impact at E
0.0089
0
0.0089
Striking at VAFFC
0.1677
0.1677
0
Striking at E
0.0008
0
0.0008
Sum
0.364
0.289
0.075
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The total (sum) accident frequency for liquid bulk traffic for Case 4 is estimated at 0.364 per year, or
one accident every 2.8 years. About 46% of these accidents are due to striking at VAFFC. A further
37% of this frequency is due to grounding accidents, the majority of which will have little or no
consequence. This accident frequency includes accidents to tankers that are in ballast and hence
cannot spill cargo.
Note that Table 28 shows impact and striking accidents at Facility E because this case includes the
delivery of liquid bulk to this location (for Cases 1 to 3, liquid bulk was only delivered to VAFFC).
The cargo spill frequency and average spill size results are shown in Table 29.
Table 29 - Case 4: Cargo Spill Frequency and Spill Risk Results
Jet Fuel
Canola Oil
Total
Tanker &
Tanker
Tank Barge
Cargo Spill Frequency (per year)
0.0110
0.0088
0.0022
Average Spill Size (tons)
939
931
968

The total cargo spill frequency from liquid bulk traffic is estimated at 0.0110 per year, or one spill
every 91 years with an average severity of 939 tons per spill.
4.4.5.3 Risk Assessment Results
Table 30 shows the summary of the risk results calculated for Case 4 and assigns a frequency
category from Highly Probable (1) to Improbable (5) to each scenario on the basis of the calculated
accident frequency.
Table 30 - Case 4: Summary of Risk Evaluation Results
Case 4

Results

Sum Tanker Accident Frequency (per year)
Sum Spilling Accident Frequency (per year)
Average Spill Size (tons)
Collision Frequency (per year)
Spilling Collision Frequency (per year)
Collision Spill Size (tons)
Structural Failure/ Foundering Frequency (per year)
Spilling Structural Failure/ Foundering Frequency (per
year)
Structural Failure/ Foundering Spill Size (tons)
Fire/ Explosion Frequency (per year)
Spilling Fire/ Explosion Frequency (per year)
Fire/ Explosion Spill Size (tons)
Powered Grounding Frequency (per year)
Spilling Powered Grounding Frequency (per year)
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Frequency
Category
Probable (2)
Improbable (5)

0.364
0.0110
939
0.0188
0.00257
1309
0.00005

Improbable (5)

0.00002

Improbable (5)

4586
0.00010
0.00004
4896
0.0988
0.0025
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Case 4

Results

Powered Grounding Spill Size (tons)
Drift Grounding Frequency (per year)
Spilling Drift Grounding Frequency (per year)
Drift Grounding Spill Size (tons)
Impact at VAFFC Frequency (per year)
Spilling Impact at VAFFC Frequency (per year)
Impact at VAFFC Spill Size (tons)
Impact at Facility E Frequency (per year)
Spilling Impact at Facility E Frequency (per year)
Impact at Facility E Spill Size (tons)
Striking at VAFFC Frequency (per year)
Spilling Striking at VAFFC Frequency (per year)
Striking at VAFFC Spill Size (tons)
Striking at Facility E Frequency (per year)
Spilling Striking at Facility E Frequency (per year)
Striking at Facility E Spill Size (tons)

925
0.0352
0.0008
1277
0.0333
0.0012
223
0.0089
0.0003
287
0.1677
0.0036
842
0.0008
0.000004
288

Frequency
Category
Improbable (5)
Improbable (5)
Improbable (5)
Improbable (5)
Improbable (5)
Improbable (5)
Possible (3)
Improbable (5)
Improbable (5)
Improbable (5)

Comparing the average spill size for Case 4 (Table 30) with Case 2 (Table 20) shows that they are
approximately equal with only a 2% increase. The additional transits of Canola Oil tankers do not
significantly increase the weighted average of new liquid bulk carried per transit. Furthermore the
average, maximum and minimum (non-zero) spill size are also all within 6% of the corresponding
statistics for Case 2. Hence it is concluded that the discussion of accident consequences presented for
Case 2 is applicable without modification to Case 4.
Consequence to Environment
Case 4 introduces hypothetical shipment of canola oil. In general, spilled canola oil tends to float and
spread on the surface of the water. However, canola oil tends to be even less soluble than mineral
oils and does not undergo dispersion in the water column, nor will it evaporate to any extent.
Depending on the water surface temperature, canola oil may form solid lumps when spilled that will
float on the water surface. Over time and dependent on the prevailing conditions, spilled canola oil
may accumulate sediment and may sink to the sea floor. An extended discussion concerning the
expected fate of spilled canola oil is found in Appendix 4.
Similar to a jet fuel spill, a canola oil spill can have a wide range of consequences, depending on the
location, quality spilled and other variables. Hence, the consequence category for a canola oil spill in
the Fraser River is also evaluated as between Extreme (A) and Medium (D.)
4.4.5.4 Assessment of Risks using the Risk Acceptance Matrix
Table 31 shows how the discussion above is translated onto the risk acceptance matrix.
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Table 31 - Case 4: Assignment of Risk Results to Risk Categories
Human
Port
Environment
Safety
Business
Tanker Accident (Total Risk)
2E
Spilling Accident (Total Risk)
5A to 5D
5D to 5E
5D to 5E
Collision
5E
Spilling Collision
5A to 5D
5D to 5E
5D to 5E
Structural Failure/ Foundering
5E
Spilling Structural Failure/ Foundering
5A to 5D
5D to 5E
5D to 5E
Fire/ Explosion
5E
Spilling Fire/ Explosion
5A to 5D
5D to 5E
5D to 5E
Powered Grounding
4E
Spilling Powered Grounding
5A to 5D
5D to 5E
5D to 5E
Drift Grounding
5E
Spilling Drift Grounding
5A to 5D
5D to 5E
5D to 5E
Impact at VAFFC
5E
Spilling Impact at VAFFC
5A to 5D
5D to 5E
5D to 5E
Impact at Facility E
5E
Spilling Impact at Facility E
5A to 5D
5D to 5E
5D to 5E
Striking at VAFFC
3E
Spilling Striking at VAFFC
5A to 5D
5D to 5E
5D to 5E
Striking at Facility E
5E
Spilling Striking at Facility E
5A to 5D
5D to 5E
5D to 5E

Property
2E
5D to 5E
5E
5D to 5E
5E
5D to 5E
5E
5D to 5E
4E
5D to 5E
5E
5D to 5E
5E
5D to 5E
5E
5D to 5E
3E
5D to 5E
5E
5D to 5E

Comparison of Table 31 to Table 16 shows that Table 31 is almost identical to Table 16, thus the
discussion of Table 16 above is all relevant to Case 4 and will not be repeated here.
The only differences between Case 1 and Case 4 are that:




The total tanker accident frequency has increased by one category, from Possible (3) to Probable
(2). However because the severity of the consequences are unchanged the consequence severities
remain Low (E) Thus the risks are 2E which continues to be acceptable (green).
The powered grounding frequency has increased by one category, from Improbable (5) to
Unlikely (4). However because the severity of the consequences are unchanged the consequence
severities remain Low (E). Thus the risks are 4E which continues to be acceptable (green).
As for Case 2, the striking frequency at VAFFC has increased by one category, from Unlikely (4)
to Possible (3). However because the severity of the consequences are unchanged the
consequence severities remain Low (E).Thus the risks are 3E which continues to be acceptable
(green).
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4.5 Summary of Risk Assessment Results
Section 4.4 presents 4 alternative future traffic projections (Cases) on the Fraser River together with
the assessment of their risk. Case 1 is based on the VAFFC proposal, but Cases 2 to 4 are
hypothetical scenarios. The risk results take into account the risk controls applied today, which are:






The presence of pilots onboard all deep water vessels.
The presence of a surveillance-based VTS system.
The use of double hulled tankers and barges.
The existing river survey and dredging programme which ensures there are no uncharted
shallows in the Fraser River which could endanger a deep draft ship.
The nature of the river bottom and shore line in the study area which is relatively soft and hence
reduces the probability of cargo oil outflow in the event of a grounding.

The accident frequency results showed that the dominant accident types are:


Striking at VAFFC: This arises because almost all sea-going traffic on the Fraser River needs to
navigate past the proposed VAFFC terminal and there is no specific risk reduction measures
currently implemented to control the risk of striking by passing ships.



Powered grounding: This arises because navigation up the Fraser River requires multiple critical
course changes which, if not made correctly and at the correct time, will result in a powered
grounding. The majority of such accidents, should they occur, are unlikely to result in a spill of
liquid cargo because: the river bottom is mostly soft (not rock) and so is unlikely to puncture a
double hulled tanker; powered grounding usually damages the bow of the ship which is normally
remote from cargo tanks; and about 50% of all accidents will happen when the tankers are inballast.



Impact at VAFFC: This arises because of the frequency of berthing operations at VAFFC, the
application of generic worldwide “impact accidents per berthing operation” and the lack of
specific risk controls applied to impact accidents.



Drift grounding: This arises because if a tanker breaks down (loses its propulsion or steering) the
combination of river current and wind is likely to put the tanker onto the grounding line within
only a few minutes. The majority of such accidents, should they occur, are unlikely to result in a
spill of liquid cargo because: the river bottom is mostly soft (not rock) and so is unlikely to
puncture a double hulled tanker; and about 50% of all accidents will happen when the tankers are
in-ballast.

The risk results, calculated in terms of cargo spill risk from liquid bulk traffic, were mapped against
risk acceptance criteria. The results of this assessment showed:
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Spills of liquid bulk could have consequences ranging from Extreme to Medium, depending on
the exact circumstances of the spill.
 The consequences due to other types of accident scenarios (accidents without spill, and accidents
with consequence to third party human safety, port business and property) mostly ranged
between Medium and Low.
 The risks for the majority of accident scenarios were assessed to be acceptable (green) though
low cost risk reduction measures should still be considered for implementation.
 The risks for some accident scenarios (spills to the environment for Cases 1 to 4) were assessed
to be As Low as Reasonably Possible (ALARP) if all justified risk reduction measures have been
implemented (yellow).
 No accident scenario was assessed to be unacceptable (red).
 Comparison of the risk results for Cases 1 to 4 indicates that Cases 3 and 4 have about the same
level of risk, whilst Case 2 is slightly lower than Cases 3 and 4. Finally Case 1 has a slightly
lower risk than Case 2.
The next stage of the risk assessment process is to identify the risk reduction options that could be
applied to further reduce risks in the Fraser River, and to prioritise those options (since not all
options will be equally attractive for implementation). In order to target risk reduction efforts where
they are most needed, these options should be directed towards those accident types with predicted
higher frequencies - such as striking at VAFFC, powered grounding and drift grounding - and higher
consequences - such as spills to the environment. The identification and prioritisation of risk
reduction options are discussed in Section 5.
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5

RECOMMENDED RISK MITIGATION STRATEGIES

Risk assessments commonly have 3 key goals: to assess the significance of the risks, to identify
potential risk reduction options (risk mitigations) and, to prioritise the identified risk reduction
options so that the better ones are carefully considered. The assessment in Section 4 determined that
the accident types that contribute most to the risk for the new tanker traffic are striking at VAFFC
and powered grounding, followed by impact at VAFFC, drift grounding and collision depending on
the risk metric considered.
In this section, potential Risk Reduction Options (RROs) that could be pursued as strategies to
further reduce risk from the new tanker traffic in the Fraser River are identified. In DNV’s
experience, safe operations result when:
 Equipment is reliable with low technical failure rates,
 Procedures are formalised, correct and fit for purpose, e.g. if the conditions are excessively
challenging then an operation should be governed by formal procedure whenever possible
and not left to expert judgement, and,
 There is a safety culture in place and people are correctly selected, well trained and motivated
to deliver good safety performance.
The objective of the RROs is to enhance these three aspects of operations. The methodology used
and the results of this process are described below.

5.1 Risk Reduction Options (RRO) Identification and Evaluation Process
A number of key stakeholder organisations who collectively and individually make a direct
contribution to safe operations on the Fraser River were engaged in RRO discussions by way of a
workshop which was planned and facilitated by DNV. Workshop participation included:









Pacific Pilotage Authority
Fraser River Pilots
Council of Marine Carriers
Canadian Coast Guard
Chamber of Shipping of British Columbia
Western Canada Marine Response Corp
Port Metro Vancouver
DNV (Facilitation Team).

The workshop participants reviewed an initial list of options prepared by DNV and brainstormed
additional potential RROs that would have a mitigating effect on the major accident types identified
by the risk assessment. The options were then coarsely evaluated for their risk reduction
effectiveness, practicality and cost according to the scores given in Table 32.
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Table 32 - Risk Reduction Option Evaluation Scores
Effectiveness (E)
0
1
2

Ineffective
Partly Effective
Effective
Practicality (P)

0
1
2

Impractical
Feasible
Practical
Cost (C)

0
1
2

High cost
Moderate cost
No or low cost

The intent of this process was to provide an initial coarse screening of the identified RROs.
Evaluating the residual risks after the RROs are implemented was not within the scope of this study.
The practicality evaluation was performed with reference to the degree of direct control the Port or
other organisations local to the Fraser River have over the implementation of an RRO. This tended
to rate measures that required shipping lines agreement or international agreement as either feasible
(1) or impractical (0). The cost evaluation was based on an estimated gross order of magnitude and
did not consider who would bear the cost of implementing the option or distinguish between capital
and operating costs.
It should be emphasised that this evaluation of RROs is preliminary in order to discard any clearly
ineffective or unfeasible RROs. Before implementation decisions are made, a more in-depth analysis
of the list of RROs may need to be performed.
The full lists of consolidated coarsely evaluated RROs, DNV initial RROs and the list of ideas from
the workshop brainstorming session are outlined in Appendix 7.

5.2 Main Risk Reduction Options
DNV selected the RROs that were ranked highest (overall score 4 or greater) as the most promising
candidates for implementation. The most promising RROs that should receive additional
consideration by the Port to support the introduction of new liquid bulk traffic in the Fraser River are
discussed in this section.
It should be noted that the list below is not in order of priority and is not intended to be exhaustive.
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1. Enhance waterways management safe practices
This strategy refers to developing additional specific standards for managing movement and
interaction of tankers with other marine traffic such as, for instance, prohibiting overtaking / passing
in defined locations with restricted space. Such practices are successfully used elsewhere within the
Port’s jurisdiction to reduce collision and grounding risks. Specifically, this is the case for tanker
movements in Vancouver Harbour’s narrow channels where tanker vessels are given clear passage
in both First and Second Narrows. Implementing such practices requires careful study and analysis
of the waterway and consultation with stakeholders to ensure that it does not unduly impact other
marine traffic.
The workshop scores for this RRO are as indicated in the table below:
RRO
Enhance waterways
management safe practices

E*

P*

C*

Score

Comments

2

2

2

6

 Would require consultation with stakeholders.

*

) Effectiveness (E), Practicality (P), and Cost (C)

2. Implement movement restrictions
Restricting movement of vessels under certain environmental conditions that are deemed to
contribute to a higher risk such as wind, excessive current, visibility, etc. is another strategy that can
be highly effective. Similarly, this risk reduction strategy has been effectively used in Vancouver
Harbour where the Second Narrows MRA has been in place and amended as needed over the years
since 1981. Developing such practices usually requires extensive simulation and analysis in order to
produce regulations that are effective and efficient.
The workshop scores for this RRO are as indicated in the table below:
RRO
Implement movement
restrictions

E*

P*

C*

Score

2

2

2

6

Comments
 Possibility of delays for tankers

*

) Effectiveness (E), Practicality (P), and Cost (C)

3. Optimisation of navigation channel draft utilisation
Opportunities exist to manage the two-way traffic flow in the main channel so that deep-sea traffic
uses dedicated lanes whenever feasible to do so. This will require the identification of secondary
channel(s) which could be used by shallower draft vessels. Reorganising traffic in this manner may
require a revision of the present location of the buoys that mark the channel and other components
of the navigation system in the river. While this may not be feasible in the entire length of the
channel, it will still have positive impact on reducing grounding and collision risk levels.
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RRO
Optimisation of navigation
channel draft utilisation

E*

P*

C*

Score

2

1

1

4

Comments
 May not be feasible in some areas due to
available width, environmental issues etc.

*

) Effectiveness (E), Practicality (P), and Cost (C)

4. Develop requirements for additional pilot on board
Adding a second pilot on board a laden tanker provides added redundancy and extra eyes on the
bridge. This is effective in reducing risk associated with certain situations, such as emergency,
restricted visibility, and night time conditions. Criteria for adding a second pilot will need to be
based on a formal, bespoke risk-based assessment to determine when a second pilot is necessary,
what the impact on risk reduction would be, and what the second pilot’s duties are.
RRO
Requirements for additional
pilot on board

E*

P*

C*

Score

Comments

2

2

1

5

 The cost of the pilot boat remains unchanged.
 Clarity of the relationship between the two
pilots.

*

) Effectiveness (E), Practicality (P), and Cost (C)

Recommendation
Based on RROs 1-4, DNV provides the following recommendations that aim at enhancing waterway
management practices:
 A more formalised management of the Fraser River waterway should be considered. This
might include the definition of parts of the river where overtaking of deep draft ships is not
allowed, other parts of the river where only one-way traffic is allowed (no passing traffic),
and/ or parts of the river where exclusion zones around ships with hazardous cargo should be
applied. These measures are expected to mainly reduce collision risk.
 Other waterways management measures that could be applied would be to evaluate, by
simulation or otherwise, if there are environmental limits (e.g. wind, current or visibility)
which should be applied to certain operations (e.g. berthing restrictions in severe current or
severe wind conditions).
 Finally, the river could be surveyed and marked so that smaller draft ships can use areas of
the river alongside the main navigation channel, thus moving some traffic out of the deep
water channel. These measures are expected to mainly reduce collision and powered
grounding risks.
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5. Evaluate accurately Dynamic Under Keel Clearance (DUKC)
An evaluation of Dynamic Under Keel Clearances (DUKC) taking account of ship design and local
hydrodynamic conditions in the river would allow pilots to more accurately estimate squat on a shipspecific basis. Accurate hydrographic survey data and the static draft and trim of the ship at rest are
vital for determining safe under keel clearance. However, DUKC of the vessel in transit is
influenced by a number of other factors including ship design, ship speed and local hydrodynamic
conditions in the river. Accurate determination of DUKC for a given transit will have a direct impact
on reducing grounding incidents.
RRO
Evaluate accurately Dynamic
Under Keel Clearance

E*

P*

C*

Score

2

2

2

6

Comments
 Cost effective; covered by other programs

*

) Effectiveness (E), Practicality (P), and Cost (C)

Recommendation
 The behaviour of different ship types in the Fraser River with respect to ship squat should be
evaluated taking account of the actual hydrodynamic conditions in the Fraser River and the
ship design, ship speed and the drafts (loading) of ships in the Fraser River. It is expected that
detailed, location-specific knowledge of under keel clearances will reduce the frequency of
powered grounding accidents which were identified as significant for all cases considered.
6. Continue to develop and implement E-Navigation initiatives
As defined by IMO, “E-Navigation is the harmonised collection, integration, exchange and
presentation of maritime information onboard and ashore by electronic means to enhance berth to
berth navigation and related services, for safety and security at sea and protection of the marine
environment”.
E-Navigation can reduce navigational errors and failures, improve situational awareness and
decision-making. Several E-Navigation initiatives are reported by the pilots and the Port to have
been implemented or to be underway including usage of PPUs, various sensors for measuring
currents and water levels etc. CCG is the lead for the development and implementation of ENavigation.
RRO
E- Navigation

E*

P*

C*

Score

2

2

1

5

Comments
 Requires cooperation within agencies.
 Opportunities for cost sharing.

*

) Effectiveness (E), Practicality (P), and Cost (C)
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Recommendation
 The E-Navigation concept should be further developed. This is a group of measures which
aim to improve and better organise information availability. Thus real-time now-casts and
short term forecasts of current, wind and visibility could be made available via a single
information portal. Current data to be provided from current meters in the river. Information
to be sent to ship systems and pilots’ PPUs. This measure is expected to reduce powered
grounding risks.
7. Warning system when tanker cargo operations at berth are underway.
As part of safe practices for managing traffic interaction with moored tanker vessels, establish a
warning system or protocol for advising passing traffic when tanker operations at berth are
underway. This is a low cost and practical way that may reduce risk of striking or other negative
impact on the moored tanker ships. This could be implemented by VTS communications and/or
some kind of visual warning system.
RRO
Warning system when tanker
cargo operations at berth are
underway

E*

P*

C*

Score

Comments

1

2

2

5

 Effectiveness may vary by location from 1 to 2

*

) Effectiveness (E), Practicality (P), and Cost (C)

Recommendation
 Information systems in the Fraser River should be enhanced so that ships are made aware of
hazardous operations, such as loading/ unloading, berthing, etc., at the side of the river. This
may be by the use of lights near the berths, information provided by VTS, or by other means.
Striking of ships at their berth was identified as a significant risk for all cases considered.
8. Require escort tug(s)
Utilizing harbour tugs to escort laden tanker ships is a very effective strategy for reducing grounding
and collision risk levels. Developing the proper specification, communication protocols and training
requirements will require working with pilots and other marine experts as well as simulation
methods and tools.
RRO
Requirements for escort tugs

E*

P*

C*

Score

Comments

2

2

0

4

 Correct and clear definition of command and
control needed
 Training of emergency response options
assumed.

*

) Effectiveness (E), Practicality (P), and Cost (C)
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Recommendation
 Escort tugs should be provided for laden tankers. It is important to note that to be truly
effective, escort tugs and pilots/ navigators need to have a clear plan of how the escorts will
be used and what should happen in the foreseeable emergency situations (including the
possibility of failure on the escort tug). Ideally, these plans will have been tested by simulator
training and optimum configurations of escort(s) (i.e.1 tug or 2, tethered or not, tethered at
bow and/ or stern, etc.) will have been developed. This measure is expected to reduce drift
grounding risks.
9. Spill Response Capability
The introduction of tanker traffic in the Fraser River makes it a functional requirement to be able to
respond quickly and effectively in the event of an accident. The 2001 Canada Shipping Act requires
vessels and oil handling facilities to have emergency plans and arrangements with a Transport
Canada-certified oil spill response organisation before operations begin. In addition to fully meeting
the level of preparedness available to respond to marine oil spills required by regulatory instruments,
other enhancements can be implemented to further reduce the consequences of accidents.
Faster than legislated response times can be achieved by strategically locating inventory of oil spill
response equipment. Regular training and exercising of scenarios involving the river environment,
training and equipping tug crews for fast response, identifying local salvage options are practical
enhancements that need to be considered.
RRO
Spill Response

E*

P*

C*

Score

1

2

1

4

Comments
 Need to document and assess response
capability and resources in the area

*

) Effectiveness (E), Practicality (P), and Cost (C)

Recommendation
 Local and regional emergency response preparedness, to include spill response, firefighting,
salvage options, etc., should be reviewed, assessed, enhanced and formalised to address the
potential release for any liquid bulk materials that might be spilt and the type of tanker
vessels that may operate in the river.
 This may potentially include the strategic siting of appropriate equipment for spill response
operations at or near terminals handling shipping or receiving liquid bulk. The carriage of
spill response equipment by escort tugs (if implemented) and the availability of spill response
equipment to address spills in the Fraser River but not at the terminal(s) should also be
considered. In addition, spill response preparations should be augmented by tried operating
procedures and practical emergency response exercises to complement the emergency
response preparedness stance.
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10. Separate facility from main passing traffic flow
Using physical barriers to separate terminal operations from passing traffic is a very effective means
of preventing and mitigating striking and negative effects from passing traffic.
RRO

E*

P*

C*

Score

Protection from passing traffic

2

0

0

2

Comments
 At design stage more feasible, less costly
 Effective protection from striking
 Feasibility depend on location; may not be
feasible in the case of VAFFC terminal

*

) Effectiveness (E), Practicality (P), and Cost (C)

Recommendation
 The ships unloading at the VAFFC facility should be separated from ships in the main
channel to minimize the probability of striking. A breakwater was considered to be probably
not possible due to lack of space, but energy absorbing fender-like structure would both
provide a visual clue to keep clear and might provide some protection. Striking was
identified as a significant risk for all cases considered.
11. Enhance berthing operations safe practices
Ship handling operations include manoeuvring and controlling the vessel by means of engines,
steering and tug assistance for the purpose of berthing i.e. bringing a vessel to her berth until the
ship is made fast. The ship master and crew, pilots and tug operators are trained and have the
necessary support to conduct these operations safely. However, site specific safe procedures may be
required to take into account local characteristics. Such procedures may be related to various aspects
of operations including coordination of berthing tugs, environmental condition, personnel training
and use of simulation training.
RRO

E*

P*

C*

Score

Enhance berthing operations safe
practices

2

2

2

6

Comments
 Costs are already covered by other programs.

*

) Effectiveness (E), Practicality (P), and Cost (C)

Recommendation
 The safety and efficiency of berthing operations should be enhanced and maintained by
formal assessment processes, including procedure development based on structured expert
judgement and simulations.
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12. Require tanker systems check prior to entrance /departure
Require tankers to conduct pre-arrival tests and inspections on critical systems before entering or
operating in more restrictive waters of the study area. Implementing this practice should not require
significant costs but will require development of reporting protocols and compliance monitoring.
RRO
Require tanker systems check
prior to entrance /departure

E*

P*

C*

Score

2

2

2

6

Comments
 Practical, no significant additional costs.

*

) Effectiveness (E), Practicality (P), and Cost (C)

Recommendation
 International, regional and national requirements for pre-arrival tests should be enforced and
strengthened where necessary.

13. Expanded primary radar coverage
Presently, primary radar coverage does not extend to all the Fraser River portions of the study area.
This RRO suggests enhancing the current AIS reporting by extending the primary radar to cover the
entire study area.
A continuous coverage of tanker vessel movement should provide an enhanced operating picture
and contribute to the enforcement of local regulatory compliance.
RRO
Continuous primary radar
monitoring capabilities.

E*

P*

C*

Score

1

2

1

4

Comments
 Radar sites pre-identified
 Increased confidence

*

) Effectiveness (E), Practicality (P), and Cost (C)

Recommendation
 Extend primary radar coverage of the Fraser River to provide continuous surveillance for
ships carrying hazardous cargos to their berths.

14. Protection of vessels moored at berth from passing vessel traffic
There are ways to reduce the risk of striking of a vessel alongside from passing traffic. How such
strategy is used and implemented will vary by location and channel width and distances. In the case
of VAFFC terminal, an energy absorbing device, like a fender, to protect ships at VAFFC and
terminals could be considered.
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RRO
Protection of vessels at berth
from passing vessel traffic

E*

P*

C*

Score

Comments

1

2

1

4

 Protection of moored ship from lighter vessels
 Visual clues
 Cost may vary depending on the type of
engineering solution/system

*

) Effectiveness (E), Practicality (P), and Cost (C)

Recommendation
 The ships unloading at the VAFFC facility should be separated from ships in the main
channel to minimise the probability of striking. A breakwater was considered to be probably
not possible due to lack of space, but energy absorbing fender-like structure would provide
both a visual clue to keep clear and a potential protection.
The above set of RROs is provided to future specific liquid bulk projects as a starting point to assist
them to develop a coherent and appropriate set of risk controls for their proposed operations.
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6

CONCLUSIONS

The purpose of this study was primarily to inform the Port about the level of risk related to the
possible introduction of liquid bulk shipments on the South Arm of the Fraser River and to identify
options to reduce these risks.
For this study DNV has conducted 3 main work elements:





A review of navigational practices, guidelines, legislation and regulatory requirements applicable
to vessel operations in the Fraser River.
An assessment of the navigational risks related to liquid bulk shipments on the South Arm of the
Fraser River, including the proposed delivery of aviation fuel to VAFFC and another
hypothetical liquid bulk operation.
An exercise to identify and preliminarily rank Risk Reduction Options (RROs) that could be
applied to reduce risks from proposed and other hypothetical future liquid bulk operations and for
other shipping in the Fraser River.

The main conclusions of this work are presented in this section.
DNV performed a review of navigational operational controls in the Fraser River and found that the
river management is well governed by international, national, regional and local regulations, rules
and guidelines. The operational risk controls currently implemented include pilotage requirements,
aids to navigation, vessel traffic services, waterway maintenance operations and practices required
by the Port. The river management and operational controls are sufficient without any concerns
expressed by the waterway users. In addition, historical records show that the level of accidents on
the Fraser River is low. Due to this low level of accidents and consequently its low statistical
significance, this risk assessment used international accident data. Although this approach may have
resulted in conservative (higher) risk estimates, it also provided a more secure basis for the
identification and assessment of possible risk control options.
The assessment produced a profile of operational risks for various liquid bulk cargo and traffic level
scenarios, proposed and hypothetical, that could potentially develop in the Fraser River. This
analysis indicated that striking at the proposed VAFFC facility and powered grounding are the
dominant risks. Further, this assessment concluded that the great majority of the risks identified were
acceptable (green) against the defined risk acceptance criteria. None of the risks were assessed as
unacceptable (red).
The final step of the study was to look at ways to increase the safety margins and reduce the potential
consequences in case of an accident by introducing new or enhancing existing operational risk
controls. Appropriate Risk Reduction Options were identified and ranked by conducting a coarse
evaluation of their effectiveness and potential for implementation. The identified options ranged
from regulatory to non-regulatory (i.e. development and adoption of best practice / voluntary
standards to reduce risk and improve compliance levels) to design stage improvements for risk
reduction. These options are given as starting points for consideration. Their merit will need to be
reassessed in the light of the specific characteristics of each liquid bulk project. This will require a
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more detailed and focused analysis, with sufficient details and data quality to allow more robust
decisions on the selection, design, and implementation of cost-effective risk control measures.
The review of ship navigation and operation safety along the shipping routes within the study area
indicated no concerns or regulatory gaps in terms of compliance to principal ship and port safety
statutes, (i.e. the Canada Shipping Act, Pacific Pilotage Act and the Canada Marine Act), or
compliance to voluntary safety standards relevant to the study area that have been established by
regulatory agencies in cooperation with industry and other stakeholders in marine safety.
The study concludes that the risks due to the introduction of liquid bulk traffic in the South Arm of
the Fraser River are either acceptable or can be made acceptable by the application of justified
additional risk controls. A number of candidate risk reduction options are identified and coarsely
evaluated. These risk reduction options, and possibly others not identified in this report, should
receive more specific and detailed consideration as part of any actual project proposal.
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1. INTRODUCTION
1.1

Legislation and Regulatory Requirements

The structure of this appendix is set out to identify the relevant existing legislation and regulatory
requirements (both national and international) from marine and environmental aspects as they
affect the study area. A short description provides an insight into the nature and purpose of each
requirement and identifies key information resources of relevance to this study.

2. INTERNATIONAL LEGISLATION AND REGULATORY
REQUIREMENTS
2.1

International Maritime Organization (IMO)

The International Maritime Organization (IMO) is the United Nations (UN) specialized agency
with responsibility for the safety and security of shipping and the prevention of marine pollution
by ships. It runs several technical committees and sub-committees, including the Maritime Safety
Committee (MSC) and the Marine Environment Protection Committee (MEPC). The MEPC is
responsible for coordinating the IMO’s activities in the prevention and control of pollution of the
marine environment from ships.
The Facilitation Committee is responsible for IMO’s activities and functions relating to the
facilitation of international maritime traffic. These are aimed at reducing the formalities and
simplifying the documentation required of ships when entering or leaving ports or other terminals.
All the committees of IMO are open to participation by all Member Governments on an equal
basis, (Ref. /1/).
The IMO has adopted several hundred recommendations dealing with a wide range of subjects
which form a variety of codes, guidelines or recommended practices on important matters not
considered suitable for regulation by formal treaty instruments. Although recommendations are
not usually binding on Governments, they provide guidance in framing national regulations and
requirements. The Canada Shipping Act has incorporated 31 IMO conventions, and has enabled
many regulations.

2.2

Safety of Life at Sea Convention (SOLAS)

The International Convention on Safety of Life at Sea (SOLAS) was adopted after the first
conference organized by IMO in 1960. The 1960 SOLAS Convention covered a wide range of
measures designed to improve the safety of shipping and included subdivision and stability;
machinery and electrical installations; fire protection, detection and extinction; life-saving
appliances; radiotelegraphy and radiotelephony; safety of navigation; carriage of grain; carriage
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of dangerous goods; and nuclear ships. The SOLAS Convention has been modified on a number
of occasions, to take account of technical advances and changes in the industry, (Ref. /2/).
Canada is a signatory to the IMO Convention for Safety of Life at Sea (SOLAS) which requires
signatories to make provisions for safety radio communications services, which is incorporated in
the MCTS regulatory framework for distress safety communications coordination and maritime
safety information broadcasts, (Ref. /3/).

2.3 International Regulations for Preventing Collisions at Sea (COLREG)
The Convention on International Regulations for Preventing Collisions at Sea (COLREG), 1972,
include a direction to ensure that the traffic separation schemes (TSS) adopted by IMO were
mandatory, which considerably reduce the number of collisions in many areas.
The COLREGs contain information about the requirements for construction, equipment and
operational requirements pertaining to ship navigation. Some requirements include navigation
requirements in narrow channels, safe speeds and restrictions for passing other vessels, (Ref. /4/).

2.4 International Convention for the Prevention of Pollution from Ships (MARPOL)
In 1973 IMO convened a major conference to address the issue of marine pollution from ships,
which resulted in the adoption of a comprehensive anti-pollution convention, the International
Convention for the Prevention of Pollution from Ships (MARPOL).
The MARPOL Convention deals not only with pollution by oil, but also pollution from chemicals,
other harmful substances, garbage and sewage. It greatly reduces the amount of oil which may be
discharged into the sea by ships, and bans such discharges completely in certain areas. Further
measures were added in 1978 including requirements for certain operational techniques and a
number of modified constructional requirements.
MARPOL Annex I was amended to include requirements for Oil Fuel Tank Protection. Reg.12A
greatly reduces the possibility of a spill by stipulating requirements for size and construction of
bunker (fuel oil) tanks. These requirements are applicable only for vessels delivered on or after 1st
August 2010, (Ref. /5/).

2.5 International Convention on Oil Pollution Preparedness, Response and CoOperation (OPRC)
In 1990 the IMO adopted the International Convention on Oil Pollution Preparedness, Response
and Co-operation (OPRC). The OPRC is designed to improve the ability of nations to cope with
a sudden emergency, entering into force in 1995, (Ref. /6/).
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A related protocol covering hazardous and noxious substances (OPRC-HNS Protocol) was
adopted in 2000, entering into force in 2007, (Ref. /7/).
2.6 International Convention on Liability and Compensation for Damage in Connection
with the Carriage of Hazardous and Noxious Substances by Sea (HNS)
In 1996 IMO adopted the International Convention on Liability and Compensation for Damage in
Connection with the Carriage of Hazardous and Noxious Substances by Sea (HNS), including oils;
other liquid substances defined as noxious or dangerous; liquefied gases; liquid substances with a
flashpoint not exceeding 60°C; dangerous, hazardous and harmful materials and substances
carried in packaged form; and solid bulk materials defined as possessing chemical hazards. The
Convention establishes a two-tier system for providing compensation up to a maximum of
approximately USD$38.5 million for pollution of hazardous and noxious pollutants. It covers not
only pollution aspects but other risks such as fire and explosion and acts as a powerful deterrent
for Ship owners and operators, (Ref. /8/). The HNS was adopted in April 2010 but is not yet in
force.
2.7 International Convention on Standards of Training, Certification and Watchkeeping
for Seafarers (STCW) Convention
In 1978 the IMO convened a conference which adopted the International Convention on
Standards of Training, Certification and Watchkeeping for Seafarers (STCW) which established
for the first time, internationally acceptable minimum standards for crews. It was revised in 1995,
giving IMO the power to audit the administrative, training and certification procedures of Parties
to the Convention. The amendments entered into force in 1997, (Ref. /9/).
2.8 International Code for the Construction and Equipment of Ships Carrying Dangerous
Chemicals in Bulk (IBC Code)
The purpose of the International Code for the Construction and Equipment of Ships carrying
Dangerous Chemicals in Bulk (IBC Code) is to provide an international standard for the safe
carriage by sea in bulk of dangerous and noxious liquid chemicals, by prescribing the design and
construction standards of ships regardless of tonnage involved in such carriage and the equipment
they should carry so as to minimize the risk to the ship, to its crew and to the environment, having
regard to the nature of the products involved, (Ref. /10/).
The IBC Code primarily deals with ship design and equipment, however in order to ensure the
safe transport of the products, the total system must be appraised.
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3. FEDERAL LEGISLATION
3.1 Canada Shipping Act, 2001
On July 1, 2007, the Canada Shipping Act, 2001 (CSA 2001) replaced the Canada Shipping Act
(CSA) as the principal legislation governing safety in marine transportation and recreational
boating, as well as protection of the marine environment. It applies to Canadian vessels operating
in all waters and to all vessels operating in Canadian waters, from canoes and kayaks to cruise
ships and tankers, (Ref. /11/).
It lists the international conventions, protocols and resolutions that Canada has signed that relate
to matters that are within the scope of the CSA 2001 and that the Minister of Transport has
determined should be brought into force, “in whole or in part, in Canada by regulation”. The
aspect ‘in whole or in part’ is notable – this implies that Canadian requirements applicable to
Canadian vessels may or may not fully comply with international regulations applicable to
international vessels coming to these waters. The CSA 2001 includes regulations on Navigational
Safety and collision regulations, Environmental Response Arrangements, Vessel Traffic Services
Zones, and requires that vessels and oil handling facilities have an Oil Pollution Emergency plan.
In December 2003, changes were made to the administration of several sections of the Canada
Shipping Act, 2001. Currently, Transport Canada administers all sections except for Part 5 which
is administered by the Department of Fisheries and Oceans, (Ref. /11/).
One committee with decision making authority with relevance to this study is the Standing
Committee on Navigation and Operations which provides a forum for consultation and
information sharing on such matters as navigation safety and equipment, marine communications,
aids to navigation, marine services and safe carriage of cargoes, (Ref. /12/).
3.2

Canada Marine Act

The Canada Marine Act implemented the Federal Government’s National Marine Policy, which
increased the efficiency of marine management and regulatory systems in the marine
transportation sector. It governs the marine sector in Canada and allows for the establishment of
things such as the Canada Port Authorities (CPA). The Canada Marine Act has improved the
effectiveness of major ports by creating a National Ports System composed of independently
managed port authorities for ports that are vital to Canada's international and domestic trade. It
also provides Canada's major ports with the necessary tools to operate commercially and
efficiently, (Ref. /13/).
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3.3

Transportation of Dangerous Goods Act, 1992

The Transportation of Dangerous Goods Act, 1992 allows for transportation of dangerous goods
in specific circumstances, ensuring that a suitable emergency response plan, security measures,
containment and financial responsibility are in place. The Transportation of Dangerous Goods
Act, 1992 is administered by Transport Canada, (Ref. /14/).
Dangerous Goods Emergency Response is managed by the Canadian Transport Emergency
Centre (CANUTEC) which provides information to emergency personnel responding to
transportation accidents involving dangerous goods, (Ref. /15/).
3.4

The Fisheries Act

The Fisheries Act was established to manage and protect Canada's fisheries resources and guides
the Department of Fisheries and Oceans (DFO). It applies to all fishing zones, territorial seas and
inland waters of Canada and is binding to federal, provincial and territorial governments. As
federal legislation, the Fisheries Act supersedes provincial legislation when the two conflict.
Consequently, approval under provincial legislation may not necessarily mean approval under the
Fisheries Act. One of the key aims of the Fisheries Act is to regulate fish protection and fish
habitat conservation in Canada, (Ref. /16/).
Key sections of the Act which have consequences for any shipping or related marine activities in
Canadian waters (including activities such as dredging) is section 35 which declares that “no
person shall carry on any work or undertaking that results in the harmful alteration, disruption or
destruction of fish habitat” and section 36 which prohibits throwing overboard of certain
substances including “ballast, coal ashes, stones or other prejudicial or deleterious substances in
any river, harbour or roadstead, or in any water where fishing is carried on.” (Ref. /17/).
3.5

The Species at Risk Act

The Minister of the DFO and Minister of Environment have agreed to an annex to the Species at
Risk Act, subsection 28(1), a protection order for the Critical Habitats of the Northeast Pacific
Northern and Southern Resident Populations of the Orca which aims to protect the Orca’s food
source (salmon), and aims to protect it from environmental contamination and physical and
acoustic disturbance, (Ref. /18/). This has distinct implications for vessel operating in coastal
waters.
3.6

Canadian Environmental Protection Act, 1999

The Canadian Environmental Protection Act, 1999 ensures sustainable development through
enactment of pollution prevention measures and the protection of the environment and human
health and allows the Federal Government to take preventative and remedial actions to protect,
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enhance and restore the environment accordingly, (Ref. /19/). This Act enables the management
of land-based sources of marine pollution, and prohibits the disposal of certain substances at sea
such as dredged material, and fisheries waste, (Ref. /20/).
3.7

Canada Wildlife Act

The Canada Wildlife Act defines requirements for geographic areas to be designated as National
Wildlife Area for the Canadian Wildlife Service, a division of Environment Canada. The purpose
of the Wildlife areas is to preserve habitats that are critical to migratory birds and other wildlife,
particularly those at risk. It prohibits activities which may be harmful to a protected species or its
habitat. The Canada Wildlife act need to be considered if any land use changes are made to
registered wildlife sanctuaries and a permit must be issued indicating the permitted activity, (Ref.
/21/).
3.8 Migratory Birds Convention Act, 1994
The Migratory Birds Convention Act is a Federal legislation which contains regulations to protect
Migratory birds from hunting, trafficking and commercialization. A geographical area may be
designated as a Migratory Bird refuge under this act, but does not protect the land or water
features. Habitat protection is covered by the Canada Wildlife Act, (Ref. 21/).
The study area includes three separate bird and wildlife habitats located at the mouth of the Fraser
River South Arm. The George C. Reifel Refuge – an area of 648 hectares on the south entrance
of the Fraser River South Arm was created under the Migratory Birds Convention Act, (Ref. /23/).
The remaining two areas are covered under the BC Wildlife Act as discussed below.

4 FEDERAL AUTHORITIES
4.1

Transport Canada

Transport Canada is authorized through the Canada Marine Act, and has jurisdiction in areas of
marine transportation including Ports (Port Programs and National Service Standards, etc.),
vessels operating in Canadian water, (including commercial vessels, fishing vessels and pleasure
craft), Marine safety (including Marine Safety Advisory Council, marine personnel standards and
pilotage, regulatory services, etc.), Marine Security, Personnel training and certification, and
emergencies and the environment (including dangerous goods reporting, and environmental
response systems), (Ref. /24/).
The Cargoes and Ship-Port Interface division supports Transport Canada, Marine Safety
responsibilities related to the operational aspects of safe loading, unloading and marine
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transportation of liquid cargoes in bulk, including dangerous chemicals in bulk and liquefied
gases in bulk.
Western Canada Marine Response Corporation (WCMRC) (previously named Burrard Clean) is
the only Transport Canada certified response organization for spill response for the entire
Canadian Pacific Coast, (Ref. /25/).
Detailed information on Transport Canada and its application to this study are detailed in Section
4 below.
4.2

Department of Fisheries and Oceans (DFO)

The Department of Fisheries and Oceans (DFO) and its Special Operating Agency, the Canadian
Coast Guard (CCG), deliver programs and services that support sustainable use and development
of Canada’s waterways and aquatic resources, (Ref. /26/).
On behalf of the Government of Canada, the DFO is responsible for developing and
implementing policies and programs in support of Canada’s scientific, ecological, social and
economic interests in oceans and fresh waters. The Department’s guiding legislation includes the
Oceans Act, which charges the Minister with leading oceans management and providing coast
guard and hydrographic services on behalf of the Government of Canada, and the Fisheries Act,
which confers responsibility to the Minister for the management of fisheries, habitat and
aquaculture. The Department is also one of the three responsible authorities under the Species at
Risk Act, (Ref. /26/).
The DFO publish Sailing Directions, applicable to the Southern Portion of coastal British
Columbia. These sailing directions are used extensively throughout this document, (Ref. /27/).
4.3

Environment Canada

Environment Canada exists to protect the environment, to conserve Canada’s natural heritage and
provide weather and meteorological information. It provides the science and technology
information needed in order to make informed decisions about the environment, and helps to
protect and conserve Canada’s air, water, wildlife and spaces.
Environment Canada maintains a meteorological research and development capacity that provides
the department with the research necessary to improve weather and environmental prediction.
Because Canada has such a significant share of the earth's natural ecosystems, it plays an
important role as environmental steward.
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Environment Canada's Enforcement Branch is responsible for Canada's environmental and
wildlife legislation. The Branch also participates in the development and administration of several
other acts, as well as advises various federal agencies on other pieces of legislation.
Our enforcement activities relate to areas including the import and export of hazardous wastes
and materials, migratory birds, endangered species, and the protection of domestic water and
water shared internationally. Our enforcement officers work with industries, such as the
Department of Fisheries and Oceans Canada and the U.S. Environmental Protection Agency, (Ref.
/27/).
4.4

Canadian Coast Guard (CCG)

As a Special Operating Agency of the DFO, the Canadian Coast Guard (CCG) helps the DFO
meet its responsibility to ensure safe and accessible waterways. The CCG are mandated by the
Canada Shipping Act and the Oceans Act. CCG provides numerous marine programs and
services including but not limited to search and rescue, boating safety, environmental response,
icebreaking, marine navigation services, marine communications and traffic services, and
navigable waters protection.
The CCG has jurisdiction of the Victoria and Vancouver MCTS Regulatory Framework, and VTS
activities (Ref. /28/), and issues and controls the Radio Aids to Marine Navigation (RAMN), (Ref.
/29/). It also has a mandate for an Environmental Response Plan (Oil Spill), (Ref. /30/).
The CCG also issues the Maritime Services Marine Notices in conjunction with the Canadian
Hydrographic Services (CHS), (Ref. /31/).
4.5

Pacific Pilotage Authority (PPA)

The Pacific Pilotage Authority (PPA) is provided authority under the Pilotage Act of Canada
through the mandate of Transport Canada, and provides a liaising and coordinating role between
the four Canadian Pilotage Authorities. The Pacific Pilotage Authority is governed by the Canada
Shipping Act, The Pilotage Act, Pacific Pilotage Regulations, General Pilotage regulations and
the Authority by-laws, (Ref. /32/).
The PPA guides and participates in the development and approval of policies, regulations and
standards pertaining to the marine pilotage services provided by each of the Authorities, taking
into account the impact of such services on their international and domestic clientele, (Ref. /24/).
The Pacific Pilotage Authority provides regulatory control, including dispatch and
communication for the two Pilotages operating on the BC Coast: the BC Coast Pilots and the
Fraser River Pilots.
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4.6

Transportation Safety Board of Canada (TSB)

The Transportation Safety Board of Canada (TSB) is an independent agency created by an Act of
Federal Parliament to advance transportation safety through the investigation of occurrences in all
transport sectors, including Marine, (Ref. /33/).
The TSB is given authority through the Canadian Transportation Accident Investigation and
Safety Board Act, (Ref. /34/), and the Canada Shipping Act. Under the regulation, any reportable
Marine accident or incident is to be reported to the TSB by the responsible person (i.e. the owner,
operator, charterer, master, pilot or any crew member of a ship). A reportable marine accident or
incident is defined in the regulations.
4.7

The Water Office / Canada Water Survey

The Water Survey of Canada (WSC) is the national authority responsible for the collection,
interpretation and dissemination of standardized water resource data and information in Canada.
The Water Office of Canada provides public access to real-time hydrometric data collected at
many locations across Canada. These data are collected under Canada’s National Hydrometric
Program jointly administered under federal-provincial and federal-territorial cost-sharing
agreements, (Ref. /35/).
For the purposes of this study, the Water Office provide accurate real time data of water level and
streamflow for the Fraser river, which is used extensively by the Fraser River pilots in assessing
current precautions and dangers to avoid.
4.8

Canadian Hydrographic Services (CHS)

Canadian Hydrographic Services (CHS) is part of the Science branch of the Department of
Fisheries and Oceans. Having access to Canadian Coast Guard Ships, CHS conducts field
surveys constantly to take hydrographic and oceanographic measurements in all waters within
Canada’s boundaries, (Ref. /36/). CHS is mentioned here for their input in issuing navigational
charts, sailing directions (through the DFO), tide and current charts and the Notices to Mariners
(NOTMAR) in conjunction with the CCG.

5 PROVINCIAL LEGISLATION (BRITISH COLUMBIA)
5.1

BC Wildlife Act

The BC Wildlife Act is the provincial law for protecting wildlife, endangered species and wildlife
habitat, and is administered by the BC Ministry of Environment. One of the main undertakings of
the BC Wildlife Act is to manage habitat areas, which allows the Ministry to establish Wildlife
Management Areas, Wildlife Sanctuaries, and Critical Wildlife Areas.
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There are two Wildlife Management Areas within the study area (entrance to Fraser River) that
come under the jurisdiction of the BC Wildlife Act and the BC Ministry of Environment, as
follows:


Sturgeon Bank Wildlife Management Area - located on the Northern estuary area of the
Fraser River Entrance, and reaching between the South Arm and Middle Arm of the Fraser
River, (Ref. /37/).



South Arm Marshes Wildlife Management Area – located on the Southern marshlands
from the Fraser River South Arm down to Roberts Bank and Boundary Bay, (Ref. /38/).

The BC Wildlife Act deems it an offence to alter, destroy or damage wildlife habitat or deposit on
land or water any substance in a manner that is harmful to wildlife or wildlife habitat, in a WMA,
unless with written permission of a regional manager or as permitted by the regulations or a
permit. Any land and resources within the WMA areas needs a permit prior to being used, (Ref.
/39/).

6

PROVINCIAL AUTHORITIES (BRITISH COLUMBIA)

6.1

BC Ministry of Environment

The BC Ministry of Environment is responsible for ensuring sustainable development of the
province's land, water, and resources while protecting environmental values through stewardship.
Environmental assessments of proposed major projects in British Columbia are co-ordinated
through the Environmental Assessment Office (BCEAO).
Under the Environmental Management Act, the BC Ministry of Environment is responsible for
provincial preparedness and response management for spills of oil and hazardous materials. The
Provincial Government has developed a comprehensive Provincial-level Oil Spill Preparedness
and Response Strategy as well as Spill Response Plans, (Ref. /40/). The primary focus of these
spill response plans and operational guidelines are at the site (Incident Command Post) and field
(tactical) levels of emergency response to "high-risk" spills of provincial, national or international
significance, (Ref. /40/). For the Fraser River area, the concern is for sensitive wildlife protected
areas and salmon runs.
The BC Ministry of Environment also operates a River Forecast Centre (RFC) which collects and
interprets information relating to snow, meteorological and stream flow data to provide warnings
and forecasts of stream and lake runoff conditions, which would be applicable to the Fraser River,
(Ref. /41/).
The below is a qualified description of existing industry standards and codes of best practice
intended to ensure safe and accident free operations at terminals.
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(http://www.imo.org/about/conventions/listofconventions/pages/international-convention-on-oilpollution-preparedness,-response-and-co-operation-(oprc).aspx)
/7/
IMO Website for OPRC-HNS Protocol:
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http://www.tc.gc.ca/eng/marinesafety/rsqa-csa2001-menu-1395.htm
/12/ Information on the Standing Committee on Navigation and Operations found on Transport
Canada Website: http://www.tc.gc.ca/eng/marinesafety/rsqa-cmac-scwg-menu-511.htm
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http://www.tc.gc.ca/eng/policy/acf-cma-menu-697.htm
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emergency response: (http://www.tc.gc.ca/eng/tdg/emergencies-canutec-365.htm)
/16/ Information on the Fisheries Act found on the Department of Fisheries and Oceans
website: (http://www.dfo-mpo.gc.ca/habitat/role/141/1415/14151-eng.htm)
/17/

The Fisheries Act web: http://laws-lois.justice.gc.ca/eng/acts/F-14/page-7.html#h-10

/18/ Species at Risk Protection order: http://laws-lois.justice.gc.ca/eng/regulations/SOR-200968/page-1.html
/19/ Federal Legislation - Canadian Environmental Protection Act, 1999 (http://lawslois.justice.gc.ca/eng/acts/C-15.31/page-1.html#h-2)
/20/ Environment Canada Website: (http://www.ec.gc.ca/lcpecepa/default.asp?lang=En&n=E00B5BD8-1&offset=8&toc=show)
/21/

Canada Wildlife Act website: http://laws-lois.justice.gc.ca/eng/acts/W-9/

/22/

The Migratory Birds Act website: http://laws-lois.justice.gc.ca/eng/acts/M-7.01/

/23/ Information on the George C. Reifel Wildlife Refuge
http://www.reifelbirdsanctuary.com/fraser.html
/24/

Transport Canada Website: (http://www.tc.gc.ca/eng/marine-lmenu.htm)

/25/ Western Canada Marine Response Corporation (WCMRC) (previously named Burrard
Clean) website: http://www.burrardclean.com
/26/ Department of Fisheries and Oceans Website: (http://www.dfo-mpo.gc.ca/about-notresujet-eng.htm).
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/27/ Sailing Directions British Columbia Coast (South Portion) BC Vol. 1., (Seventeenth ed.)
published by Canadian Hydrographic Society in conjunction with the Department of Fisheries and
Oceans.
/28/ Information on the MCTS found on the Canadian Coast Guard Website: http://www.ccggcc.gc.ca/e0003905
/29/ Information on Radio Aids to Navigation on CCG Website: (http://www.ccggcc.gc.ca/eng/CCG/MCTS_Radio_Aids).
/30/ Canadian Coast Guard Environmental Response Plan (Oil Spill) http://www.ccggcc.gc.ca/eng/Ccg/er_National_Response_Plan
/31/ Marine Notices (NOTMAR) issued by Canadian Coast Guard, available on the web:
http://www.notmar.gc.ca/eng/services/list/pacific-coast/pfronte2010.pdf
/32/

Pacific Pilotage Authority Website: http://www.ppa.gc.ca/text/index-e.html

/33/ Canadian Hydrographic Services (CHS) website: http://www.charts.gc.ca/aboutapropos/index-eng.asp
/34/

Transportation Safety Board Website: http://www.tsb.gc.ca/eng/index.asp

/35/ Regulation for Transportation Safety Board http://laws-lois.justice.gc.ca/eng/acts/C23.4/index.html
/36/

The Water Office website: http://www.wateroffice.ec.gc.ca/index_e.html

/37/ Sturgeon Bank Wildlife Management Area website:
http://www.env.gov.bc.ca/bcparks/explore/wma/sturgeon_bank/
/38/ South Arm Marshes Wildlife Management Area website:
http://www.env.gov.bc.ca/wld/documents/wldviewing/wvsoutharm.pdf
/39/ The BC Wildlife Act website:
http://www.bclaws.ca/EPLibraries/bclaws_new/document/ID/freeside/00_96488_01#section7
/40/ BC Ministry of Environment Provincial-level Oil Spill Preparedness and Response
Strategy as well as Spill Response Plans found at this website:
http://www.env.gov.bc.ca/eemp/resources/response/
/41/

The River Forecast Centre (RFC) website: http://bcrfc.env.gov.bc.ca/
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1 TANKER TYPES
The Fraser River Tanker Traffic Study has considered a number of tanker vessels. The VAFCC is
proposing to employ vessels ranging in size from barges up to Panamax-class. The barges are
expected to be similar to those currently delivering fuel into Burrard Inlet, and Handysize and
Panamax-class tankers from offshore sources.
Table 1 presents tanker information as provided in the VAFCC application vessels expected to
service the marine terminal.
Table 1 VAFCC expected visiting vessels design and characteristics

Vessel Type

Cargo Capacity
(barrels)

Deadweight
(tons)

Length Overall
(metres)

Beam
(metres)

Laden Draft
(metres)

Towed barge

35,000

5,000

78.0

20.1

4.5

Integrated Barge
and Tug
Handysize
Panamax

140,000

20,000

184.4

24

8.4

300,000
400,000

46,000
60,000

193
228

32.3
32.3

11.4
11.5

This appendix provides a brief description of the different tankers vessels that could be used on the Fraser
River.

2 PANAMAX TANKERS
Panamax tankers get their name from the restrictions imposed by the dimensions of the Panama
Canal's lock chambers. The maximum dimensions allowed for Panamax tankers are:
•

Length Overall: 275 metres

•

Beam: 32.2 metres

•

Draft: 12 metres (Tropical Fresh Water)

•

Air Draft 57.9 metres

(Reference Panama Canal MR Notice to Shipping No. N-1-205)
The typical Panamax Oil Tanker specifications are up to 80,000 deadweight Tons, 230 metres in
length and average capacity to transport 500,000 barrels of cargo.
Figure 1 shows a typical oil tanker configuration as found in the Vancouver Airport Fuel Delivery
(VAFD) Project Environmental Assessment Certificate Application.
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Figure 1 – Typical Oil Tanker Configuration (Reference VAFD Project Environmental Assessment Certificate
Application)
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3 HANDYSIZE TANKERS
Handysize vessels are small bulk or oil tanker vessels without an official definition in terms of exact
tonnages. Handysize most usually refers to a dry bulk vessel or product tanker. Handysize oil tankers
specifications are up to 50,000 deadweight tons, 205 metres in length and average capacity of
300,000 barrels of cargo.
Handysize vessels are more manoeuvrable and have shallower draft than larger vessels and therefore
make up the majority of the world's ocean-going cargo fleet. In recent years the size of these ships
has been increasing and the term “handymax” has been applied to larger bulk carriers, however, this
new term has no specified upper limit.

4 INTEGRATED TUG AND BARGE
Integrated tug and barge, or "ITB," consists of specially designed tug and barge vessels that lock
together in such a rigid and strong method as to be considered, as an integrated unit, to be ships and
not as tugs or barges. ITBs once integrated are legally recognized, operate and meet established
requirements as if they were a tanker. ITBs can be of various sizes, the VAFD application identifies
a Barge and Tug (assumption is that it is an Integrated Tug and Barge) of 20,000 deadweight tons
with a capacity of 140,000 barrels.
Vancouver’s Island Tug and Barge Ltd. Operates a number of oil ITBs, ITB 38 as an example, is
described as a modern and sophisticated oil tank barge having an aggregate capacity of 38,000
barrels carried in 16 separate tanks. Figure2 is a depiction of the ITB 38 (Ref.
http://www.islandtug.com/ITB_38_Barge_06.html).
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Figure 2 Vancouver’s Island Tug and Barge ITB 38

Figure 3 shows a typical Integrated Tug and barge Configuration as found in the Vancouver Airport
Fuel Delivery (VAFD) Project Environmental Assessment Certificate Application.

Figure 3 Typical Integrated Tug and Barge configuration (Reference VAFD Project Environmental Assessment
Certificate Application)
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5 TOWED TANK BARGE
Tank Barges are not self-propelled and rely on a tugboat to push them or a towboat to pull them.
Tank Barges come in a variety and sizes, it is expected that the tank barges to service the VAFCC
terminal will be pulled as indicated in VAFD Project Environmental Assessment Certificate
Application. The introduction of pulled tank barges in the Fraser River is not new as currently, on
occasions, tank barges are pulled to the existing terminals for bunkering operations.
Tank Barges usually have 8-12 cargo tanks and their capacity varies greatly depending on their size.
The VAFD application presents a typical towed barge as 5,000 deadweight tons with a capacity of
35,000 barrels.
Vancouver’s Marine Petrobulk Tank Barge PB 32, is a typical towed Tank Barge, it is described as a
double hull Transport Canada Class B Oil barge, 83 metres in length,. 18 metres wide vessel with
4,960 m3 (31,200 barrels) capacity in 10 cargo tanks. Figure 4 is a depiction of Tank Barge PB 32
(Reference. http://extranet.bmt.org/vessels/datasheet.aspx?v=32 )

Figure 4 Vancouver’s Marine Petrobulk Tank Barge PB 32
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1 INTRODUCTION
This Appendix summarizes world and North American experience with marine occurrences
involving tankers and tank barges.
Worldwide data for tank barges is not well maintained and it is not included in this summary. North
American experience with tank barges is limited to U.S. data as it is the only reliable data source
analyzed.
Caution is required when reviewing the data as the different organisations listed may have different
definitions of the terms “incident”, “accident” and “casualty". Furthermore the definitions used by
other organisations may differ from those defined in this work.

2 WORLDWIDE OCCURRENCES FOR TANKER SHIPS
Incidents in this chapter are divided into three categories:
Not Serious Incidents (Minor damage) - any event reported to Lloyd’s Register Fairplay (LRFP)
and included in the database, not being categorized as major damage or total loss (defined below).
The extent of reporting of such incidents is incomplete and variable.
Serious Incidents (Major damage) - breakdown resulting in the ship being towed or requiring
assistance from ashore; flooding of any compartment; or structural, mechanical or electrical damage
requiring repairs before the ship can continue trading. In this context, major damage does not result
in total loss.
Total loss - where the ship sinks after an incident, either due to the ship being irrecoverable (actual
total loss) or due to it being subsequently broken up (constructive total loss). The latter occurs when
the cost of repair would exceed the insured value of the ship.
The total incident frequency for an oil tanker based on statistics for the period 1990 – 2011 is 0.023
per ship year (3,382 incident reported in 146,686 ship years), or 23 incidents per 1000 vessels
operating one year, or an expected incident every 43 years per operational oil tanker (see Figure 1).
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Figure 1 Global incident frequencies for selected tankers over the period 1990-2011 (Source: LRFP 2011)

The most significant consequence from a tanker marine casualty is probably an oil spill. The
International Tanker Owners Pollution Federation Ltd (ITOPF) maintains a database of reported oil
spills from tankers. ITOPF started recording such data in the early 1970s. Figure 2 shows the
number of reported oil spill from tankers from 1970 to 2009. ITOPF classifies spills as minor up to 7
tonnes medium spills between 7 tonnes and 700 tonnes, while spills exceeding 700 tonnes are
classified as large.
Annual number of accidental oil spills, 1970 - 2009
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Figure 2 Annual number of accidental oil spills worldwide over the period 1970 to 2009 (Source: ITOPF 2011)
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3 CANADIAN WATERS OCCURRENCES FOR TANKER SHIPS
The following chapter reviews incidents that have occurred in Canadian waters. The information and
data presented is based on Reportable Marine Incidents statistics obtained from the Transportation
Safety Board of Canada (TSB) (Source: TSB Marine Statistics 2010).
The Transportation Safety Board of Canada defines "reportable marine incident" as:
An incident resulting directly from the operation of a ship, other than a pleasure craft, where
a. a person falls overboard from the ship,
b. the ship, of one hundred gross tons or more, unintentionally makes contact with the bottom
without going aground,
c. the ship fouls a utility cable or pipe, or an underwater commodity pipeline,
d. the ship is involved in a risk of collision,
e. the ship sustains a total failure of any machinery,
f. the ship sustains a shifting of cargo or a loss of cargo overboard,
g. the ship is intentionally grounded or beached to avoid an accident,
h. any crew member whose duties are directly related to the safe operation of the ship is unable to
perform the crew member's duties as a result of a physical incapacitation that poses a threat to the
safety of any person, property or the environment, or
i. any dangerous goods are released on board or from the ship. (Ref./66/)

3.1 Canadian Waters Overall numbers of shipping incidents
The incident data for Canadian waters from the TSB is categorized by region (Western, Central,
Laurentian, Maritimes, Newfoundland, Arctic and Foreign). For each incident the following
information is provided:




Causes and consequences
Vessels affected (type, size)
Geographical location

No sortable data bases were accessible.
Figure 3 below illustrates the numbers of shipping incidents (all vessel types) in Canadian waters
since 1994.
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Shipping incidents in Canadian waters, 1994-2010
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Figure 3 Annual number of shipping incidents in Canadian waters over the period 1994 to 2010 (Source: TSB
Marine Statistics - 2010)

3.2 Canadian Waters Shipping incidents in by incident type
Figure 4 below illustrates the numbers of incidents by incident types in Canadian waters, the most
frequent types of shipping incidents in 2010 were groundings (34%) and fire/explosion (18%).
Collisions totalled 10 in 2010. The majority of collisions involved fishing vessels colliding with
other fishing vessels, but as discussed below, fishing vessels represents almost ¾ of registered
vessels (excluding pleasure crafts).
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Shipping incidents by accident type, 2003-2010
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Figure 4 Number of shipping incidents in Canadian waters categorized by incident type for the period 2003 to
2010 (Source: TSB Marine Statistics - 2010)

3.3 Canadian Waters Shipping Incidents in by Vessel Type
Figure 5 below illustrates the numbers of incidents by vessel types in Canadian waters for period
2005 through 2010. There was an average of 11 tankers incidents between 2005 and 2009 compared
to 12 in 2010, and there was an average of 63 tug/barge incidents between 2005 and 2009 compared
to 39 in 2010.
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Shipping Incidents by Vessel Type, 2005-2010
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Figure 5 Number of shipping incidents in Canadian waters categorized by vessel type for the period 2005 - 2010
(Source: TSB Marine Statistics - 2010)

3.4 Canadian Waters Shipping Incidents by Regions
In 2010, 71% of shipping incidents occurred in three of the seven geographical regions (Figure 6):
the Western region (30%), the Maritimes region (23%) and the Laurentian region (18%). Figure 7
illustrate the geographical distribution of shipping incidents.
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Figure 6 Canadian regions as defined by TSB (Source: TSB Marine Statistics - 2010)
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Figure 7 Number of shipping incidents in Canadian waters categorized by TSB region for the period of 2005 to
2010 (Source: TSB Marine Statistics - 2010)

3.4.1 Canadian Waters Shipping Incidents in the Western Region
Figure 8 applies to the Western Region of the Canadian waters. The majority of incidents in the
region involve fishing vessels, which account for 46% of the incidents in the last 10 year period. The
second largest contributor is tug/barges trading in the area.
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Incidents in Western region 2001-2010
800

Number of incidents

600

400

200

0
Cargo/ Bulk
Carrier/
OBO/ Tanker

Ferry/Passenger

Tug/Barge

Fishing

Other

Figure 8 Number of incidents in the TSB western region of Canada for the period of 2001-2010 (Source: TSB
Marine Statistics - 2010)

In must be stated that the TSB Marine Statistics does not differentiates tank barges from dry cargo
barges, the definitions provided by TSB Marine Statistics are:
Tanker - Propelled ships designed and constructed for the bulk carriage of liquids.
Barge - Vessels designed as non-propelled units for the carriage of cargo in holds or in tanks or
weather deck cargo space only for the carriage of non-perishable cargo, or specially outfitted for
specific operations.

4 U.S. RIVERS TANKER SHIPS AND TANK BARGES OCCURRENCES
The U.S. Coast Guard maintains comprehensive shipping accident data that depicts historical
shipping accidents. This data was reviewed and tankers and tank barges reportable incidents isolated
for years 2005 through 2010, this data was further isolated to include only accidents in U.S. rivers.
In general, the U.S. Coast Guard defines a “reportable marine casualty” when a vessel is involved in
a marine casualty consisting in:
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1. An unintended grounding, or an unintended strike of (allision with) a bridge.
2. An intended grounding, or an intended strike of a bridge, that creates a hazard to navigation,
the environment or the safety of a vessel.
3. A loss of main propulsion, primary steering, or any associated component or control system
that reduces the manoeuvrability of the vessel.
4. An occurrence materially and adversely affecting the vessel’s seaworthiness or fitness for
service or route, including but not limited to fire, flooding, or failure of or damage to fixed
fire extinguishing systems, lifesaving equipment, auxiliary power– generating equipment, or
bilge–pumping systems.
5. Loss of Life.
6. An Injury that requires professional medical treatment (treatment beyond first aid), and if the
person is engaged or employed on board a vessel in commercial service, that renders them
individual unfit to perform his or her routine duties.
7. Occurrence causing property damage in excess of $25,000 (USD), this damage including the
cost of the labour and material to restore the property to its condition before the occurrence,
but not including the cost of cleaning, gas freeing, dry-docking , or demurrage.
8. An occurrence involving significant harm to the environment as defined in U.S. federal
regulations.
The following extracted data illustrates the reportable marine casualties reported to the U.S. Coast
Guard and involving Tankers and Tank barges in U.S. rivers. It must be stated that the U.S. has more
than 25,000 miles of inland navigable waterways, almost all of which are in the eastern half of the
country. The most navigated of these is the Mississippi River, which is the fourth longest among the
world’s rivers.
Figure 9 illustrates the number of reportable tank barge casualties in U.S. rivers. Figure 10, illustrates
number of reportable tankers casualties in U.S. rivers. Figure 11 illustrates the number of reportable
tank barges and tankers casualties in U.S. rivers combined. Figure 12 illustrates both the number of
reportable tank barges and tankers casualties side by side. All figures are for years 2005 through
2010.
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Tank Barge Casualties Along U.S. Rivers,
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Figure 9 Reportable Tank Barge casualties in U.S. rivers years 2005-2010

Tanker Ship Casualties Along U.S. Rivers,
2005‐2010
60
50
40
30
20
10
0
2005
Date: 2012-06-06

2006

2007

2008

2009

Appendix 3-11
Reference to part of this report which may lead to misinterpretation is not permissible

2010
Revision 1

DET NORSKE VERITAS
Fraser River Tanker Traffic Study
Prepared for Port Metro Vancouver

MANAGING RISK
Figure 10 Reportable Tanker casualties in U.S. rivers years 2005-2010
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Figure 11 Reportable Tanker and Tank barges casualties combined in U.S. rivers years 2005-2010
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Figure 12 Reportable Tanker and Tank barges casualties side by side in U.S. Rivers years 2005-2010
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Figure 13 illustrates the number of reportable tank barge casualties in U.S. rivers by casualty type.
Figure 14 illustrates number of reportable tankers casualties in U.S. rivers by casualty type. Figure
15 illustrates the number of reportable tank barges and tankers casualties in U.S. rivers by casualty
type and side by side. All figures are for years 2005-2010. All figures show the number of casualties
for 2010 and the average number of accidents for years 2005 through 2009.

Tank Barge Casualties by Casualty Type Along
U.S. Rivers in 2010 and Average 2005‐2009
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Figure 13 Reportable Tank barges casualties for 2010 and Average 2005-2009 in U.S. Rivers.

Tanker Ship Casualties by Casualty Type
Along U.S. Rivers in 2010 and Average 2005‐
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Figure 14 Reportable Tanker casualties for 2010 and Average 2005-2009 in U.S. rivers.
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Tanker Ship and Tank Barge Casualties by
Casualty Type Along U.S. Rivers in 2010 and
Average 2005‐2009
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Figure 15 Reportable Tank barges and tanker casualties combined for 2010 and Average 2005-2009 in U.S. rivers.
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APPENDIX
4
SELECTED BULK LIQUID HYDROCARBONS AND OTHER BULK
LIQUIDS AND FATE ANALYSIS
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1

INTRODUCTION

For the Tanker Traffic in Fraser River Study, a number of expected and hypothetical liquid cargoes
in bulk were identified to conduct the Risk assessment. The products identified were:
Expected
Jet Fuel
Hypothetical
Canola Oil
The dominant consequence of marine tanker accidents to the environment is the quantity of cargo
released and its impact on the environment. The environmental impact is influenced by many factors
including:
•
•
•
•
•

The quantity of material released.
The rate at which it is released.
The chemical and physical properties of the material released.
The toxicological properties of the material released relevant to the receiving environmental.
The nature of the receiving environment, which might influence how quickly the material is
transported, dispersed weathered, evaporated or degraded (by chemical or biological
processes).

This section primarily discusses the chemical and physical properties of the identified materials with
focus on its fate in water if spilled into Fraser River. As this is not a quantification and modeling of
the spreading of the substances in the river, but a description of the properties and fate of the
substances, it is not diversified between a small, medium and large spill. The fate of the substances
and their mechanisms will be the same independent of the size of a spill, but the concentrations in the
water, volumes at the water surface and at the shoreline will of course be affected by the size of a
spill. This is however not covered under this description.
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2

JET FUEL (KEROSENE) (CAS REGISTRY NUMBER 120962-03-0)

Aviation fuel, like many other distillates such as gasoline and diesel, is a refined product created by
boiling a crude oil and then condensing the various components. The final product characteristics
vary slightly depending on the source of the crude oil and the refining conditions. As a result, the
physical properties of aviation fuel can vary slightly but must fall within a certain range to qualify as
the commercial grade of Jet A or Jet A-1
In general, aviation fuel:
•
•
•
•
•

Is a straw-colored liquid, less dense than water and with negligible solubility in water. As such,
under normal conditions it typically floats on the water surface and spreads rapidly to a very
thin olefin layer;
Has a relatively high evaporation rate compared with heavier products such as oils and heavy
diesels, which is a key process influencing its relatively low persistence in the environment;
Has a relatively low viscosity and low surface tension. As such, it typically remains very fluid,
even at temperatures below 0° C;
Has a high flash point (typically above 38º C) and is difficult to ignite under normal conditions.
This is in contrast to gasoline, for example, which has a significantly lower flash point
(normally -43º C) and, therefore, readily ignites across a much wider temperature range; and
Contains low concentrations of aromatic constituents including benzene, toluene and xylene.

Aviation fuel has a higher viscosity than gasoline but a much lower viscosity than crude oil or
bunker oil. As a result, aviation fuel has a tendency to spread very rapidly, reaching thicknesses in
the order of 0.05 to 0.1 micrometers (by comparison, human hair is approximately 20 to 180
micrometers). Such a spill thickness is approximately equivalent to one tenth of a cubic meter of fuel
spread out over one square kilometer of sea surface or a teacup of aviation fuel (i.e., 0.2 liters) spread
over a football field (i.e., 100 x 50 meters). As spills thin below 0.05 micrometers, they are no longer
visible (NOAA 1996).
Lighter components of spilled fuel evaporate to the atmosphere first. Aviation fuel typically contains
a large percentage of light and volatile compounds that evaporate more readily than the heavier
components contained in crude oils or bunker oils. For example, gasoline, kerosene and diesel oils,
all light products, tend to evaporate almost completely after a few days, while little evaporation
typically occurs from a heavy fuel oil within the same time period.
The rate of dispersion for an aviation fuel spill would be strongly related to the amount of mixing
energy provided by waves and currents. Within the Fraser River, wave heights are comparatively
smaller than in the Strait, a result of restricted fetches over which they can be generated.
Consequently, dispersion by wind waves is generally less of a factor in the Fraser River than it is in
the Strait. However, river currents are typically strong and turbulent and, in the event of a fuel spill,
would likely create some dispersion within the river environs.
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Given that aviation fuel contains only trace amounts of these light aromatic hydrocarbons, the effect
of dissolution as weathering process is likely limited.
Because aviation fuel consists entirely of fractions lighter than waxes and asphaltenes, it generally
does not generate water in oil emulsification.
Diesel, a refined fuel with a composition similar to aviation fuel, “is readily and completely
degraded by naturally occurring microbes, under time frames of one to two months” (NOAA 1996).
As noted for photo-oxidation, because the typical time scale for evaporation of aviation fuel is two
days, much faster than the biodegradation time scale, biodegradation is generally not relevant for
these spills.

3

CANOLA OIL (CAS REGISTRY NUMBER 120962-03-0)

Canola oil has very low water solubility and log octanol/water partition coefficient is very high. The
specific gravity is 0.91
In general, canola oil will behave similarly to mineral oils in the initial stage of a spill. To this extent,
it will tend to float and spread on the surface of the water. However, canola oil tends to be even less
soluble in water than mineral oils; it does not undergo dispersion in the water column nor will it
evaporate to any extent.
Depending on the sea surface temperature, canola oil may form solid lumps when spilled that will
float on the water surface. These discrete lumps have little tendency to coalesce as a surface slick.
Over time and dependent on the prevailing conditions the product may accumulate sediment and may
sink to the sea floor.
The bioavailable fractions of the canola oil are readily biodegradable (Pablo et al 2008). Canola oil
comprises primarily of triacylglycerols, or fatty acids, which, in their fresh state, may be broken
down by marine bacteria. This decomposition contributes to the rancid odours typical of vegetable
oil spills.
Canola oil will not readily form water-in-oil emulsions but may undergo a process of polymerisation
to form rubbery strings and clumps. These deposits are highly impermeable curtailing oxygen
diffusion and replenishment, dramatically slowing the degradation process and forming an anoxic
layer.
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1

INTRODUCTION

There are a number of different Tanker and tank barge emergency services that could be needed in
case of a significant incident. The type of services can vary significantly depending on the type of
emergency and the potential impact to life, property, the environment, business and reputation. This
section briefly addresses only the primary emergency services that may need to be immediately
mobilized in response to a significant tanker or tank barge incident. These services are:




2

Marine Salvage and Wreck Removal
Marine Firefighting
Spill Response

MARINE SALVAGE AND WRECK REMOVAL

Marine salvage pertains to actions needed in response to a marine casualty to stabilize the situation,
render assistance to prevent further damage to a vessel or prevent it from sinking, or recovering a
vessel, its cargo, or other property after a marine casualty to minimize the impact to the environment,
life, property or business.
The International Maritime Organization in its International Convention on Salvage, IMO 1989
defines salvage operation as: “any act or activity undertaken to assist a vessel or any other property
in danger in navigable waters or in any other waters whatsoever.”
Wreckage removal is an element of salvage that pertains to the recovery and relocation of a damaged
or sunken vessel.
In 2007 the International Maritime Organization adopted the Nairobi International Convention on
the Removal of Wrecks, in this convention “Wreck”, following upon a maritime casualty, is defined
as:
(a) a sunken or stranded ship; or
(b) any part of a sunken or stranded ship, including any object that is or has been on board such a
ship; or
(c) any object that is lost at sea from a ship and that is stranded, sunken or adrift at
sea; or
(d) a ship that is about, or may reasonably be expected, to sink or to strand, where effective
measures to assist the ship or any property in danger are not already being taken.
Salvage operations can include a myriad of activities including, vessel recovery, towing, lightering
and removal of fuel oils, underwater welding, remote vehicle operations, cutting, lifting, patching
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and repairing and potentially other activities. Some salvors insist that marine firefighting is also a
marine salvage activity.
There are a number of companies in the Vancouver area that offer salvage and wreck removal
services, from Diving operations, Remote Operated Vehicles, heavy lifting, welding, etc. Most of
these services are available 24 hours a day and with the availability of equipment in the area.
The BCEAO application for the proposed VAFFC terminal does not address salvage or wreck
removal operations in case of a casualty involving a servicing tanker or tank barge.
DNV was not able to identify evidence of a consolidated regional effort to understand the marine
salvage and wreck removal capabilities, available equipment and potential needs in the area or
evidence of emergency planning to address salvage and wreck removal. It is not envisioned that
marine salvage or wreck removal equipment will be required to support the introduction of tanker
and tank barges operation in the Fraser River. Regional capabilities when identified and understood
should be sufficient to address salvage or wreck removal needs.

3

MARINE FIREFIGHTING

Marine firefighting pertains to any actions taken to assist a vessel with a potential or actual on board
fire, to prevent impact to, damage or destruction of the vessel, or impact to the environment.
Though seagoing vessels are equipped with marine firefighting capabilities and crews are trained to
respond to shipboard fires, this section only addresses marine firefighting capabilities from shore
side.
Marine firefighting is a complex operation that requires that responder have some knowledge of ship
construction, ship nomenclature, ship access and egress, shipboard fire appliances and fixed
firefighting systems, amongst other shipboard general knowledge. Marine Firefighting generally
requires specialized training to potentially prevent deteriorating a situation.
The Vancouver area has a small number of fireboats which are part of a Fireboat Consortium from
an agreement between the city of Vancouver and Fireboat Consortium and Vancouver Fire & Rescue
Services. However these appear to be small vessels not capable to efficiently respond to an ocean
going tanker fire.
In 2011, SEASPAN acquires four tugs for the Port of Vancouver. These tugs are intended for shipassist and escort work, however they are equipped with full FiFi-1 firefighting capability. FiFi-1 1 is
the lowest category, of three FiFi (Fire Fighting) vessel classes. FiFi-1 classed vessels such as the
SEASPAN tugs are equipped with a minimum two monitors, one to two fire pumps and water
pumping capacity of over 10,000 gallons per minute. The SEASPAN Tugs could be capable to
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respond to an ocean going tanker fire if available and with a competent crew trained in marine
firefighting.
The application for the proposed VAFFC terminal does address marine firefighting capabilities but
in general terms. Terminal firefighting capabilities and emergency planning “are expected to meet
all requirements once implemented.” Vessel firefighting capabilities are addressed from the
perspective that all tankers using the proposed VAFFC marine Terminal “are expected to have the
following fixed fire-fighting equipment: water based fire-fighting systems for cooling, and one or
more different smothering systems and carbon dioxide, foam, water fog/curtain, inert gas system. In
addition, all vessels are expected to have portable fire-fighting equipment consistent with fire
extinguishers as stated by ISGOTT and Transport Canada (TP11960E).” The VAFFC application
limits the discussion on external assistance for onboard fires to “local firefighting capability includes
3 dedicated fire boats in the harbour (1 in Vancouver, 1 in North Vancouver and 1 in Burnaby),
which are city resources. The Port also has a list of contract capabilities such as SEASPAN
International Ltd., a prominent marine transporter in the area.” However, as stated before, there is no
clear indication of onboard firefighting training or coordination for any marine fire response
operations.
DNV was not able to identify evidence of a consolidated regional effort to understand the local
marine firefighting capabilities, trained personnel, marine firefighting vessel availability, and
potential needs in the area or evidence of emergency planning to address marine firefighting. It is
not envisioned that new marine firefighting capabilities will be required to support the introduction
of tanker and tank barges operation in the Fraser River. Regional capabilities when identified and
understood should suffice to address marine firefighting needs.

4

SPILL RESPONSE

Ships that transit Canadian waters are required to have a shipboard oil pollution emergency plan and
evidence they have contracted a certified Response Organization to respond to a spill resulting from
the ship’s operations.
The Canada Shipping Act of 2001 and the Response Organizations Standards (1995) - TP 12401
outline the procedures, equipment and resources of Response Organizations, and outline the
parameters within which these organizations must respond.
The Western Canada Marine Response Corporation (WCMRC) is the only Certified Response
Organization approved by Transport Canada along the entire BC Coast. WCMRC has dedicated
response capabilities (equipment and personnel) in the area, capable to respond to an oil spill in the
Fraser River in a timely and efficient manner.
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British Columbia has a Marine Oil Spill Response Plan, (January 2007), prepared by the Ministry of
Environment. It applies the Incident Command System (ICS) as a response organization. ICS is the
same methodology used by WCMRC.
However, the requirements placed by the Canada Shipping Act and addressed by the BC Oil Spill
Response Plan, is for vessels carrying “oil” (hydrocarbons) and which respond to oil spills. The
Fraser River Tanker Trafficstudies addresses transportation of liquid in bulk by tankers and tank
barges, and this may include cargoes (and potential spills) of liquid bulk other than oil. Though
WCMRC could respond to a spill event other than oil, their response expertise revolves around
responding to oil spills. Responding to spills other than oil may require response techniques different
from those used to respond to oil spills. It is important that spill response plans and capabilities
adapt to any future changes in liquid bulk cargoes transported in the Fraser River.
The proposed VAFFC application discusses at length expected spill response preparedness that will
be in place. Preparations are expected to include a Spill Prevention, Preparedness and Emergency
Response Plan, training of personnel on spill response, portable spill response kits, spill response
trailer, vacuum truck and a waste fuel storage tank among other capabilities, with the primary
purpose to respond and contain spills within the facility. The application also identifies local
resources and the potential for establishing mutual aid agreements. For vessel spills that may affect
the river, the application presents that “All vessels calling on the proposed marine terminal will be
required, under the Canada Shipping Act, to have a formal arrangement in place with WCMRC
which is the certified “Response Organization” under the Canada Shipping Act for emergency spill
response in the coastal waters of B.C. VAFFC will also have a formal arrangement with WCMRC
for its marine terminal operations.” The application goes on to present that the marine facility “will
contain a wide range of spill response equipment, including a boat launch facility, pre-positioned
booms and fast current skimmers, some of which will be pre-deployed as contingency measures to
minimize the spread of spills and to initiate the recovery of spilled product as soon as possible.” The
proposed capabilities should be sufficient to address most oil spills in the vicinity of the terminal,
and similar arrangements would be expected of any other proposed terminals. Though only
proposed, the listed arrangements are expected to be implemented. It must be stated that spill
response personnel, training and equipment are just partial elements of an effective spill response,
with adequate communications, coordination and command and control serving as equally important
elements. These latter elements, not addressed in the VAFFC application.
Current regional (WCMRC) capabilities are sufficient to address oil spill, however may not be
sufficient to address a spill other than oil without further analysis. Therefore, the level of emergency
response capability required for liquid bulk other than oil shall be assessed in the specific context of
each project.
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1

INTRODUCTION

DNV developed the Marine Accident Risk Calculation System (MARCS) to support its marine risk
consultancy business. MARCS was developed through an extensive collaboration with European
maritime industry experts through two joint industry projects called SAFECO (Safety of Shipping in
Coastal Waters) sponsored by the European Union. The SAFECO projects were led by DNV and
involved more than 30 expert partner organizations. The objective of SAFECO was to develop and
validate marine risk parameters to support marine risk assessments. MARCS is a computer model
that calculates marine risk based on these parameters.
The MARCS model has been implemented in two forms. One is more suitable for open water study
areas and one is more suitable for linear systems like rivers. The latter version of MARCS was used
in this report and is described in this Appendix.
The linear system version of MARCS is implemented as a spreadsheet model. This spreadsheet uses
the same validated input parameters that were developed under SAFECO, but the calculations are
more basic though better suited to the one dimensional character of a river system.
MARCS includes a set of models to estimate the frequencies of various types of marine accidents.
MARCS also estimates the consequence of each accident type in terms of outflow (spill size). This
study evaluated the following accident types:








2

Collision (with other vessels while in transit)
Powered grounding
Drift grounding
Structural failure/ foundering
Fire or explosion
Impact with the dock or other fixed obstacles
Striking by passing vessels while at berth (allision).

DATA AND FLOWS

MARCS relies on a wide range of parameters to represent the marine environment and operation of
the study area in order to provide realistic and appropriate estimates of the risks. These parameters
include study area, marine traffic, marine environment and marine operations as described in this
appendix.
Figure 1 below provides a high level description of the data flows through MARCS. To summarise,
location specific data for the Fraser River (the study area, traffic and environment data) flows in
from the left hand side of the diagram. Accident probability and spill data derived from worldwide
accident data enters from the top of the diagram. Accident frequencies, consequences and risks flow
out of the bottom of the diagram.
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Figure 1 Block Diagram showing the Data Flows through MARCS
This section briefly describes the main data types used by MARCS.
Study area: characteristics of the waterways, including the study area boundaries, locations of
shallow water and any fixed man-made structures that could be a hazard to navigation.
Marine traffic: While all present and future marine traffic in the study area was specified in
MARCS, this study only looked at the cargo spill risks from cargo liquid bulk traffic. The marine
traffic parameters include:


Ship size, type, design and number of ships transiting



Type and quantity of cargo



Origin and destination points in the study area.

The key data concepts used in the model are:


The (uni-directional) route link. This consists of a straight line between two geographical
points. Ships travel from the first point to the second point, hence uni-directional.



The lane. A lane consists of a route link plus additional data, such as the ship type, its size,
its loading condition (laden, part-laden or in-ballast), frequency of movements per year and
other items.
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Marine environment: Marine environment information includes data on:








Visibility: affects the collision and powered grounding accident models.
Wind speed and direction: affects the drift grounding accident model if a water current is not
applied.
Wave height (sea state): affects the structural failure/foundering accident model.
Sea bottom and coastal or river bank characterization: affects the drift and powered
grounding accident model.
Open water or river water: affects the accident consequences for collision, powered and drift
grounding and structural failure/ foundering accidents because such accidents are less likely
to result in severe damage to the ship in a sheltered river location compared to open water.
Currents: Typical tidal currents are in the order of 1.5 knots. During freshet season (midApril to mid-August), flows are predominantly seaward. Velocity however varies between
reaches. The MARCS model was modified to simulate the effect of currents in the river as
discussed in the main report.

Marine operations: Waterways management and navigational aids have an impact on accident risk
estimation. MARCS considered parameters such as








The presence of a pilot in deep water vessels
The presence of surveillance-based Vessel Traffic Service (VTS), using AIS or primary radar
Speed restrictions
The amount of time it would take for a vessel to run aground following a propulsion casualty
The amount of time it would take to deploy anchors and the number of anchors on deep water
vessels
The presence of tug assistance
Surveying and dredging of the study area

Each accident model calculates the risks from these main data types.

3

ACCIDENT FREQUENCY MODELS

3.1 Collision Model
The collision model evaluates each lane to all other lanes to determine if:




The lanes cross and make an angle greater than 10o and less than 170o. This interaction is
called crossing.
The lanes cross and make an angle of less than 10o or are separated by less than 2 miles. This
interaction is called co-flow.
The lanes cross and make an angle of greater than 170o or are separated by less than 2 miles.
This interaction is called counter-flow.

Date : 2012-06-06

Appendix 6-4
Reference to part of this report which may lead to misinterpretation is not permissible

Revision 1

DET NORSKE VERITAS
Fraser River Tanker Traffic Study
Prepared for Port Metro Vancouver

MANAGING RISK
In all other situations there is no interaction.
The frequency of encounters per year is calculated by the number of ships on each lane, the speeds of
the ships on each lane and the length of the lane overlap. The collision frequency is then calculated
as the frequency of encounter multiplied by the probability of collision given an encounter. This
probability depends on visibility, the presence of a pilot and the presence and type of VTS. Each
collision is counted only once, thus for 50% of each collision ships on the first lane are struck and for
50% of each collision ships on the second lane are struck. It is assumed that the striking ship is
undamaged (no cargo or bunker oil outflow is possible).

3.2 Powered Grounding Model
In the powered grounding model each route (and hence for each lane) is evaluated manually to
determine if it has a dangerous course (defined as a course change point that if not made correctly
would result in the ship grounding within 20 minutes navigation time). The powered grounding
frequency for the lane is calculated as number of ships on the lane multiplied by the number of
dangerous courses (0 or 1), multiplied by the probability of powered grounding given a dangerous
course. This probability depends on visibility, the presence of a pilot and the presence and type of
VTS.

3.3 Drift Grounding Model
In the drift grounding model each lane is evaluated manually to determine the average distance to the
shore line for the lane and the probability that the wind will blow towards the shoreline. The drift
grounding frequency is calculated from the breakdown frequency, and the probability that the ship is
not saved before it drifts to the shore line. Alternatively if water current controls the time taken for a
drifting ship to reach the grounding line (as in this study) this time is defined directly for the lane.
The frequency of ship breakdowns is calculated from the length of the lane and the frequency of ship
movements on the lane multiplied by the breakdown frequency. The time available to save the
drifting ship from grounding is the time to drift to the shore line calculated as the distance to shore
divided by the drift speed for the wind speed conditions. The drift grounding frequency (FD) is then
calculated as
FD = [(L1/V1)*(FBD)*(PDS)]*[ (PWS1*(1-PSR(TD1))*(1-PTS(WS1))*(1-PAS(WS1))) +
(PWS2*(1-PSR(TD2))*(1-PTS(WS2))*(1-PAS(WS2))) +
(PWS3*(1-PSR(TD3))*(1-PTS(WS3))*(1-PAS(WS3))) +
(PWS4*(1-PSR(TD4))*(1-PTS(WS4))*(1-PAS(WS4)))]
Where:





L1 is the length of the transit leg;
V1 is the speed of the vessel on that transit leg;
FBD is the frequency of mechanical breakdown;
PDS is the probability that the vessel will drift towards a shoreline which is “in range”;
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PWSi is the probability that the wind will blow in a given wind speed range i;
PSR(TDi) is the probability of self-repair given the drift time of the vessel to the shoreline (TDi
= LD/VDi; where LD is the average length of the vessels’ drift to shore and VDi is the velocity
at which it is drifting for the wind speed range);
PTS(WSi) is the probability of a successful tug save as a function of the wind speed;
PAS(WSi) is the probability of a successful anchor save as a function of the wind speed.

At present only the self-repair and anchoring mechanism of saving a drifting ship is implemented in
the Fraser River risk model. That is, the presence of tugs is currently neglected. This is a
conservative assumption.

3.4 Structural Failure/ Foundering whilst underway Model
In the structural failure/ foundering whilst underway model the frequency of accidents is calculated
as the number of ship hours per year associated with each lane (which equals the number of ships per
year multiplied by the lane length and divided by the ship speed) multiplied by the accident
frequency per hour as a function of sea state probability.

3.5 Fire/ Explosion whilst underway Model
In the fire/ explosion whilst underway model the frequency of accidents is calculated as the number
of ship hours per year associated with each lane (which equals the number of ships per year
multiplied by the lane length and divided by the ship speed) multiplied by the accident frequency per
hour.

3.6 Striking at the berth
Striking at the berth can occur due to a passing ship colliding with the ship whilst it is at the berth
(sometimes called an allision). This frequency is calculated from the time per year spent at the berth
(36 hours per loading/ unloading operation assumed), the frequency of passing traffic and the
probability of striking accidents taking account of waterway management procedures. The river
width alongside each facility is judged to be “narrow” (other choices: “wide river”, wide estuary” or
“open sea port”).
On the Fraser River all berths are modelled as open to the river with the exception of FSD. Where
the berth is open to the river, all passing traffic contributes to the passing frequency. For FSD, the
berths are inside a slip. The total ship movements in this slip are assumed to be equal to the number
of berthing operations divided by 2 (since not all ships will pass a berthed ship in the slip). In
addition, since all ships in the slip are approaching a berth, none will be navigating at river speed,
thus the striking consequence parameters are replaced with the lower severity impact consequence
parameters.

3.7 Impact with the berth
Impact with the berth can occur during the docking operation if the berthing ship hits the berth with
excessive speed. The frequency is calculated from a basic event frequency obtained from historical
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data combined with the number of berthing operations. Since ships should normally approach the
berth at slow speeds the probability of outflow and the magnitude of outflow for impact accidents are
low.

4

OUTFLOW CONSEQUENCE MODEL

All consequence models are represented by normalized cumulative probability functions such as that
represented in Figure 1.
1.2
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Figure 1 Example Normalized Cumulative Probability Outflow Function
In Figure 1, the fractional spill size is related to the actual spill size by the total cargo carrying
capacity of the tanker (its deadweight).

5

VALIDATION OF MARCS

DNV considers the MARCS model to be mature and validated. The key evidence to support this
position is briefly described below.

5.1 Research and Development
In the late 1990s DNV co-ordinated two European research projects under the titles SAFECO I and
SAFECO II, where SAFECO stands for “Safety of Shipping in Coastal Waters”. The objective of
these projects was to develop validated marine risk parameters for use in marine risk assessments.
The project partners were drawn from government, industry and academic institutions within Europe
with expertise in all aspects of navigation and shipping. MARCS was at the core of SAFECO and
greatly benefited from the SAFECO research results.
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In addition, DNV update their understanding of worldwide historical accident frequency and
historical spill size data as part of our internal research projects. This analysis is used by MARCS to
ensure that the risk parameters remain up to date.

5.2 Project Applications
MARCS was first developed by DNV from a previous model of ship-platform collision risk
(CRASH) in the early 1990s. It has been used to support project work for spill response and
navigational safety agencies in the UK, Australia and Norway. It has supported shipping company
projects in the US, Europe, Australia, the Middle east and the Far East.

5.3 Academic Peer Review
In addition to the client review of the MARCS methods and results during the many project
applications, MARCS has been subjected to third party peer review by US academics on two
occasions.
At the end of the Prince William Sound risk assessment (1995-1997), the project results, including
results produced by MARCS, were submitted to peer review in Washington DC by the Marine Board
of the US National Academy of Sciences.
During the Aleutian Islands Risk Assessment (Phase A, 2009-2011) MARCS was subjected to
further review from a panel appointed by the US National Academy of Science.
These peer reviews were thorough and independent. In both cases the results from the projects went
forward to full publication without change.
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1

INTRODUCTION

Risk assessments commonly have 3 key goals:
•
•
•

To assess the significance of the risks, and
To identify potential risk reduction options (risk mitigations), and
To prioritize the identified risk reduction options such that the better ones are carefully
considered.

This appendix describes the approach used to identify a full list of potential RROs that could be
considered for application to the Fraser River, and a coarse evaluation process to rank the RROs by
risk reduction effectiveness, practicality and cost.
The majority of risks identified in this study were assessed as acceptable (green) and a smaller
number were identified as acceptable if justified Risk Reduction Options (RROs) have been
implemented (yellow). Examination of the risk results shows that the following accident scenarios
are the main risk contributors (though the balance of the risk contribution varies with the exact case
definition):
•
•
•
•
•

Striking at VAFFC.
Powered grounding.
Impact at VAFFC and Facility E.
Drift grounding.
Collision.

Furthermore, liquid bulk cargo spills are evaluated as having up to “Extreme” consequence to the
environment. It is, therefore, concluded that RROs directed at reducing the frequency of the above
accident scenarios and/ or at reducing the impacts of all spilling accidents to the environment should
be targeted by risk reduction effort.

2

DESCRIPTION OF RRO IDENTIFICATION AND COARSE
EVALUATION PROCESS

Stakeholder organisations who collectively contribute to safe operations on the Fraser River were
engaged in RRO discussions by way of a workshop which was planned and facilitated by DNV.
Stakeholder participation included:
• Pacific Pilotage Authority
• Fraser River Pilots
• Council of Marine Carriers
• Canadian Coast Guard
• Chamber of Shipping of British Columbia
• Western Canada Marine Response Corp
• Port Metro Vancouver
• DNV (Facilitation Team)
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Prior to the workshop, DNV prepared an initial list of potential RROs to be considered on the basis
of previous similar projects. This list was pre-circulated to the workshop participants.
At the workshop, the workshop participants were asked to brainstorm potential RROs, bearing in
mind that the major accident types identified by the risk assessment were as stated in the
Introduction above. This list of ideas was then combined with the initial list of RROs . After the
elimination of duplicates, each RRO from the full list was discussed by the participants and coarsely
evaluated for risk reduction effectiveness, practicality and cost according to the scores given in
Table 1.
Table 1 - RRO Evaluation Scores
Effectiveness (E)
0

Ineffective

1

Partly Effective

2

Effective
Practicality (P)

0

Impractical

1

Feasible

2

Practical
Cost (C)

0

High cost

1

Moderate cost

2

No or low cost

It should be noted that because this process was intended to provide an initial coarse screen of the
identified RROs, no attempt was made to link specific RROs to the accident type, or types, nor to
assess the residual risks after the RROs would be implemented. The Practicality evaluation was
mostly performed with reference to the Port or other organizations local to the Fraser River having a
direct control or not over the introduction of the RRO. This tended to rate any measure that required
shipping company or international agreement as either feasible (1) or impractical (0). For the Cost
evaluation, no distinction between capital and operating costs, and who bears the cost, was made.
Comments raised during the evaluation process were recorded to document the workshop thought
processes.
After the workshop, DNV edited both the brainstormed list of RROs and the evaluation table to
ensure clarity, and then ranked the evaluated list assuming equal weights for risk reduction
effectiveness, practicality and cost.
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3

WORKSHOP RESULTS

The initial list of RROs is given in Table 2, and the list of RROs identified by the workshop
participants is given in Table 3. Finally the evaluated, consolidated and ranked list of RROs is given
in Table 4.
The relationship between the RROs presented in Table 2, 3 and 4 is as follows:
•

The RROs in Table 2 were identified prior to the workshop.

•

The RROs in Table 3 were identified by the workshop participants during the workshop.

•

During the workshop a number of the better RROs (selected by group expert judgement
during the workshop) were analysed by the group to assign scores for effectiveness,
practicality and cost according to Table 1. Some duplicate RROs were eliminated by this
process, as were some RROs that were considered ineffective or impractical (but not too
expensive). After the workshop the RROs were sorted according to their overall score and
the results are given in Table 4 (the most promising RROs are at the top of the table).

DNV emphasize that the evaluation of RROs shown in section 4 is coarse and this list should only be
used as a means for discarding any clearly ineffective or impractical or very expensive RROs. DNV
recommend that a more in-depth consideration of the list of RROs should be performed before
implementation decisions are made.

Date : 2012-06-06

Appendix 7-4
Reference to part of this report which may lead to misinterpretation is not permissible

Revision 1

DET NORSKE VERITAS
Report for Port Metro Vancouver
Fraser River Tanker Traffic Study

MANAGING RISK
Table 2 – Initial List of RROs identified prior to the Workshop
RRO

RRO Description

Discussion

Reduction In

Risk Reduction Options Mainly for Reducing Powered Grounding Frequency
1

Enhanced Vessel Traffic Service

Could existing VTS provide more effective support to prevent
powered grounding, collision and striking accidents?

Frequency of collision, powered grounding
and striking

2

Require Second Pilot on Board

May not be a cost efficient option, and reduction in risk may be
minimal

Frequency of collision, powered grounding,
impact and striking

Or extend/ enhance pilotage in other
ways (to be decided)
3

Expanded Radar Coverage

The Fraser River is partially covered by Radar, and fully covered
by AIS. AIS provides a good picture of AIS-equipped traffic, but
that picture may not be 100% complete or accurate. Smaller
vessels are not required to have AIS. Radar coverage would
provide a better picture of traffic in the River enhancing vessel
movement control (include most smaller vessels)

Frequency of collision and striking, some
benefit to powered grounding

4

Daylight Operations

Daylight Operations for tanker operations (laden) would allow
increased visibility and could prevent an occurrence

Frequency of collision and powered
grounding

5

Enhance waterways management
restrictions during tanker arrival /
departures

Currently the River the river is open for 2-way traffic at all times.
Imposing one way traffic restrictions during tanker operations
would reduce the potential interaction with other vessels. Three
levels could be considered:

Frequency of powered grounding and
collision

•

No overtaking of large ships in river channel.

•

No passing of large ships in the river channel (this means
one-way traffic in alternate time intervals).

•

Traffic exclusion zones around large ships or large ships
laden with hazardous cargo.

Restrictions could be applied to large ships and/ or to laden large
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RRO

RRO Description

Discussion

Reduction In

ships.
6

Enhanced Navigational Aids

The Fraser River pilots have indicated they are satisfied with the
current aids to navigation (channel buoys, lights and markers)
however, the navigational aids system could be surveyed and
explore potential enhancements made.

Frequency of collision, powered grounding,
impact and striking

7

Implement Port Movement
restrictions (weather, sea state,
visibility, speed)

Currently there are no speed, visibility or weather restrictions. The
decision for transiting is left to the Pilot.

Frequency of collision and striking.

An investigation into the potential effects of different conditions
and establishment of guidelines or restrictions may bolster safer
movements

Consequences of all accidents (spill
response is easier in good conditions)

Risk Reduction Options Mainly for Reducing Drift Grounding Frequency
8

Requiring Escort Tug

8a

One Escort Tug (not tethered) from
Sand Heads to Terminal Or Terminal
to Sand Heads

The study did not assume transit of tankers with escort tugs. The
VAFFC application states escorts will be required but that
assumption cannot be made until actual operations begin.
Tug escorts could pick up laden tankers at Sand Heads if inbound
or at the facility if outbound.

One Escort Tug (not tethered) from
Sand Heads to Terminal Or Terminal
to Sand Heads

Three options for escort tugs are presented, each representing
potentially an incremental reduction of risk: A tug escort alongside
the tanker, a tug escort tethered to the tanker and two escort tugs
one tethered and one alongside.

8c

Two Escort Tug (only one tethered)
from Sand Heads to Terminal Or
Terminal to Sand Heads

To maximise the value of the escort tug, it is assumed that any
escort tug would have some spill response capability.

9

Dedicated Tug on Stand By during
tanker transit

Currently, Tug assistance is, at the most, 1.5 to 2 hours away from
any portion of study area, and as close (stationed) as 30 minutes.
However, often times tug conducting routine operations could be
as close as a few minutes.

8b
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RRO

RRO Description

Discussion

Reduction In

As an alternative to escort tugs, a tug can be place on stand- by at a
strategic location (Fraser Wharves or VAFFC) for immediate
response if needed.

•

Environment

•

Port Business

•

Property

To maximise the value of the escort tug, it is assumed that any
escort tug would have some spill response capability.
Risk Reduction Options Mainly for Reducing Collision Frequency
Note many RROs for powered grounding also provide frequency reduction benefits for collision.
10

Traffic separation scheme

Spatially separating traffic in the river, if feasible, could reduce
collision frequency

Frequency of collision

Risk Reduction Options Mainly for Reducing Impact Frequency
11

Maintaining and enhancing good
practice during berthing operations.

Sufficient numbers and capabilities of berthing tugs. Clear
command and control of berthing operations. Appropriate and
well maintained fendering systems.

Frequency of impact

Good awareness of position relative to berth at all times.
Risk Reduction Options Mainly for Reducing Striking Frequency at VAFFC
12

Separate VAFFC facility from main
passing traffic flow in Fraser River

Physical separation of berthed traffic from passing traffic is the
most effective RRO for striking

Frequency of striking

13

Enhanced management control of
passing traffic

Alarms that indicate if passing traffic is out of the normal position
relative to occupied berths. Attention devices, such as flares, horns
or emergency contact from VTS.

Frequency of striking

Risk Reduction Options that Act on Multiple Accident Modes
14

Require tanker systems check prior to
entrance into the river

Date : 2012-06-06

Currently vessels entering the river are not required to conduct
systems checks (communications, navigation equipment) prior to
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RRO

RRO Description

Discussion

Reduction In

entering the river. Systems check could detect potential equipment
failure.

(depending on equipment checked)

Risk Reduction Options that Mainly Reduce Accident Consequence
15

16

17

Increase Spill Response Capability

Increase Salvage & Marine
Firefighting Capabilities

Bolster Spill Contingency Plans

Western Canada Marine Response Corporation has response
capabilities in the Vancouver Area, as no tanker operations are
ongoing in Fraser, the placement of equipment could be examined
to expedite response capabilities in the Fraser River, additionally,
the focus of WCMRC is oil spill response, response capabilities to
other bulk liquids could be examined

Consequence to

The HAZID revealed there are no marine firefighting capabilities
in the area and Smit and Seaspan have some salvage and limited
firefighting capabilities. There is no training in response to marine
fires.

Consequence to

•

Environment

•

Port Business

•

Safety

•

Environment

Increasing Salvage and Marine Firefighting capabilities should be
examined.

•

Port Business

Spill Contingency Plans provide a expedite response capabilities in
case of a spill by identifying resources at risk, response strategies,
required equipment, available response resources deployment
locations, command and control, organization, etc.

Consequence to
•

Environment

•

Port Business

Establishing well prepared and tested and exercise spill
contingency plan should be examined
18

Schedule regular Fraser River
Command and Control (table Top)
Spill and Firefighting / Salvage
Exercises

Date : 2012-06-06

An important part of increasing salvage and marine firefighting
capabilities and bolstering spill contingency plans bolstering, is
exercising those plans by conducted well run and realistic
Command and Control and Field deployment exercises.
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RRO

RRO Description

19

Schedule regular Fraser River Field
(Equipment Deployment) Spill and
Firefighting / salvage Exercises

Discussion

Reduction In
•

Environment

•

Port Business

Table 3 List of RROs identified by the Workshop Participants
Risk Reduction Options Mainly for Reducing Navigational Accidents – Collision, Powered Grounding, Striking, Impact
Traffic management, introducing no overtaking zones, no passing zones and safe zones (for anchorage or loitering).
Real time availability of environment information (tide, current, wind, etc.).
Improved training.
Training for tugs and pilot(s) to operate as a team (especially for tethered escort tugs).
Simulations of terminal operations to support training and to develop performance standards (for example, what operations can safely be performed in
what conditions).
6
Development of e-navigation concept, including wider coverage and better quality of AIS information, availability of latest or real time information
about conditions in the river (latest survey of channel depths, tides and currents, visibility, wind) to Portable Pilotage Unit (PPU). Use of PPU to be
made compulsory (widely used today, but not mandatory).
7
Vessel transit simulation (ship track prediction based on latest or real time data) available on enhanced PPU.
8
Maintain river survey and dredging program.
9
Design to prevent/ minimize striking of tankers at VAFFC and other terminals.
10
Energy absorbing device, like a fender, to protect ships at VAFFC and other liquid bulk terminals.
11
Forward looking sonar. Discarded as impractical, expensive and duplicating the benefits of the dredging and survey program.
12
Enhanced real time information provision of operations to improve situational awareness of navigating ships (e.g. presence of moored vessels, loading or
discharge operations, etc.).
13
Improve quality of AIS data and increase proportion of ships transmitting AIS.
14
Review verbal communications needs shore (VTS) to ship compared to information available by AIS (reduce verbal communication workload).
15
Identify secondary channel(s) which could be used by lower draft ships. Optimize distribution of variable draft ships across river.
16
Warning system/ protocol for arriving vessels, waterway management in the vicinity of a moored tanker (loading/offloading)
17
Evaluate dynamic under keel clearances taking account of ship design and local hydrodynamic conditions in the river to more accurately estimate squat
on a ship-specific basis.
Risk Reduction Options Mainly for Reducing Drift Grounding
18
Escort tug(s) (tethered or untethered) for ships laden with hazardous cargoes.
19
Redundancy in ship’s main propulsion and steering systems.
20
Fit stream (centre of stern) anchors to reduce frequency of drift grounding.
21
Correct specification of escort tug capabilities.
General Risk Reduction Options
RRO
1
2
3
4
5

Date : 2012-06-06
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22
23
24

Emphasis safety culture within all organizations that operate in the river.
Ship safety checks before entry into the river. Safety checks (vetting) for ships chartered for trade into the river.
Evaluation of acceptable environmental conditions for critical operations, such as berthing, in the river (e.g. winds, currents, visibility). Evaluation of
correct response strategies for foreseeable malfunctions (e.g. ship breakdowns, tug breakdowns).
25
Modify the “constrained by draft guidance”. Tighten by-law so vessels that are constrained by draft always display the appropriate lights and are
handled accordingly.
26
Review pilotage waiver rules so that only mariners with acceptable knowledge of the river have waivers.
27
Enhance knowledge and experience management within the organizations that operate in the river so that experience is not lost.
28
Single information portal for all information relevant to navigation in the river.
29
Ship vetting process by the port prior to ship entry or charter.
30
Protocol to control bunkering operations at VAFFC and other terminals.
31
Investigation of incidents and near miss reports, plus dissemination of lessons learned. There are requirements to report near misses but up to Transport
Canada to investigate.
32
Ship vetting procedures. Utilize vessels that have a clean Port State report (company, class, etc.)
33
Observe and report (hazard report) scheme on the river. Formalization of incident or near miss reporting, plus dissemination of information.
34
More effective control fishing openings (e.g. escorting vessels clearing or alerting fishing vessels ahead of transiting ship).
35
Enhance strategic planning and management of river.
Risk Reduction Options Mainly for Reducing Consequence (Emergency Response)
36
Enhance ship emergency response capability. Identify response and salvor capabilities (similar to new salvage firefighting regulations in US).
37
Spill response equipment available on site for quick deployment at any liquid bulk terminal.
38
Dedicated emergency services available at liquid bulk terminal. Develop emergency response plan specific to terminal and cargoes handled.
39
Equip escort tugs with spill response equipment.
40
Availability of equipment for quick deployment (e.g. boom/barriers) to protect sensitive areas not at the terminal(s).

Date : 2012-06-06
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RRO Name
Enhance waterways
management
restrictions during
tanker arrival /
departures
Implement movement
restrictions

Evaluate dynamic
under keel clearances
taking account of ship
design and local
hydrodynamic
conditions in the river
to more accurately
estimate squat on a
ship-specific basis.
Maintaining and
enhancing good
practice during
berthing operations.

Date : 2012-06-06

Table 4 Consolidated list of RROs Evaluated and Ranked by their Coarse Priority (highest priority first)
Additional
Overall
E
Comment
P
Comment
C
Comment
Description
Score
For example, no
2
2
Would require
2
6
overtaking or no
consultation with
passing in defined
stakeholders.
locations with
restricted space.
Implement
2
2
2
Possibility of
6
operational limits
delays
(e.g. currents,
environmental
conditions) following
simulation.
Better understanding
2
2
2
6
of how UKC is
affected by ship type,
speed, environment,
etc.

Coordination of
berthing tugs,
consideration of
environmental
condition, personnel
training, simulation
training.

2

2

2

Costs are already
covered by other
programs.
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RRO Name
Require tanker
systems check prior
to entrance /departure

Require second pilot
on board. Or extend/
enhance pilotage in
other ways (to be
decided)

Require second pilot
on board
E- Navigation
concept

Warning system/
protocol for arriving
vessels, waterway
management in the
vicinity of a moored
tanker.

Date : 2012-06-06

Additional
Description
Navigation and
communication
systems checks,
anchors, redundancy.
Engines checks
(similar to USCG
requirements)
Perhaps only
necessary to manage
an emergency with
tethered escorts.
Laden only.

E

Comment

2

2

Second pilot only
required in restricted
visibility.
PPUs, real time tidal,
current, wind
information, etc.

2

Possibly implemented
by VTS, to provide
information of tanker
operations at berth.
Or lights system to
warn.

1

2

P

Comment

2

Very effective
if an
emergency
was to occur.
Clear chain of
command
assumed.

2

2

Comment

2

Pilots are available,
falls under pilotage
authority.

2

PPUs is
independent
from vessel,
provides a
back up to
ship's systems.
1 or 2

C

1

Pilot boat not
duplicated, thus
price not
doubled.

1

Requires cooperation
within agencies.

2

1

Overall
Score
6

Comment

5

5

Moderate cost
shared

2

Appendix 7-12
Reference to part of this report which may lead to misinterpretation is not permissible

5

5

Revision 1

DET NORSKE VERITAS
Report for Port Metro Vancouver
Fraser River Tanker Traffic Study

MANAGING RISK
RRO Name
Expanded primary
radar coverage

Identify secondary
channel(s) which
could be used by
lower draft ships.
Optimize distribution
of variable draft ships
across river.
Require escort tug(s)

Energy absorbing
device, like a fender,
to protect ships at
VAFFC and terminals

Date : 2012-06-06

Additional
Description
To provide
continuous coverage
of tanker transit.

E

Comment

P

1

Provides back
up of AIS and
enhances
surveillance as
all ships have
AIS. Provides
assurance to
stakeholders.
If done
correctly

2

Radar site(s)
identified and
available.

1

High for CCG
under current
climate.
Moderate if not
covered by the
CCG (not
expected).

1

Maybe be feasible in
some areas but very
difficult in the full
length of the river.
Possible
environmental issues
(fish habitat).

1

0 or 1

Correct and
clear
definition of
command and
control plus
training of
emergency
response
options
assumed.

2

0

2

1

2

Simulation will
determine if one, or
multiple escorts, if
tethered or not.

2

Visual clue, and
protection of moored
ship from lighter
vessels.

1

Comment

C

Comment

Overall
Score
4

4

Comment

Worthy of further
consideration,
considerable work
needed.

4

Depending on
the system it
could be high
cost.
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RRO Name
Spill Response
Capability

Fit stream (centre of
stern) anchors to
reduce frequency of
drift grounding
Redundancy in ship’s
main propulsion and
steering systems
Separate VAFFC
facility from main
passing traffic flow in
Fraser River

Date : 2012-06-06

Additional
Description
Appropriate
equipment
strategically located
and training.

E

Comment

P

1

1 or 2
depending on
environmental
conditions,
etc.
1 or 0

2

1

2

Physical barrier
(breakwater) to
protect moored
tankers

2

1

Comment

0

Comment

1

1 or 0

0

Effective for
reduced
striking.

C

1

Retrofit high
cost, new build
moderate.

0

Impractical for
VAFFC due to
location. Should be
considered for other
facilities.

0

Overall
Score
4

3

2

May not be so
expensive if new
terminal is built
and design
builds it in.
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Det Norske Veritas:
DNV is a global provider of knowledge for managing risk. Today, safe and responsible business conduct is
both a license to operate and a competitive advantage. Our core competence is to identify, assess, and
advise on risk management, and so turn risks into rewards for our customers. From our leading position in
certification, classification, verification, and training, we develop and apply standards and best practices.
This helps our customers to safely and responsibly improve their business performance.

Our technology expertise, industry knowledge, and risk management approach, has been used to
successfully manage numerous high-profile projects around the world.

DNV is an independent organisation with dedicated risk professionals in more than 100 countries. Our
purpose is to safeguard life, property and the environment. DNV serves a range of industries, with a
special focus on the maritime and energy sectors. Since 1864, DNV has balanced the needs of business
and society based on our independence and integrity. Today, we have a global presence with a network of
300 offices in 100 countries, with headquarters in Oslo, Norway.

Global impact for a safe and sustainable future:

Learn more on www.dnv.com

