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EXECUTIVE SUMMARY

This document is a Technical Study prepared as background information for the environmental impact
assessment (EI A) for Project Eider Rock (fAthe
terminal in Saint John, New Brunswick.

The Project, proposed by Il rving Oil Company, Li
new petroleum refinery, marine terminal, and associated land-based and marine-based infrastructure in
the Red Head area, near east Saint John, New Brunswick. The new refinery and associated
land-based and marine-based infrastructure will process up to 40,000 m®d (250,000 barrels per day,
nominal) of crude oil into finished products for supplying export markets in North America and
elsewhere.

The technical study addresses the probability of oil spills that might occur over the life of the project, the
spill response planning to minimize the threat of spills and reduce environmental effects and the fate
and trajectory modelling completed to illustrate the behaviour of potential spills for environmental
effects assessment and mitigation planning.

Tanker oil spills in the 1 to 49 barrel size range are predicted to occur about once every year, spills in
the 50 to 999 barrel category every three years, and spills in the greater than 1,000 barrel category
every 25 years. These predictions do not reflect the most recent worldwide spill history and are
therefore conservative. Spills in larger size ranges are unlikely events, and increasingly unlikely as the
size range increases.

The predicted spill rates are a direct reflection of the volume of crude oil to be handled at the Eider
Rock facility, and on the historical spillage rates in the international shipping industry. The spill
frequencies calculated in this study were based on the assumption that the tankers used in conjunction
with the Eider Rock facility would be as safe, but no safer, than the average tankers that have been
used internationally over the past 20 years. The recent spill statistics produced by the International
Tanker Owners Pollution Federation (ITOPF) indicate that tanker operations in recent years are much
safer, and spill rates in the 2000s are about half the rates in the late 1980s and 1990s, the years used
to calculate historical frequencies for this study. In addition, the size of recent spills is much smaller (an
order of magnitude smaller) than in previous years.

The development of a detailed contingency plan is not required at this stage of the proposed Eider
Rock refinery. An oil spill response plan (OSRP) will be prepared for the project following receipt of
appropriate environmental approvals in compliance with existing regulations. Section 3 of this report
provides a guide for the future development of a contingency plan, and presents the key aspects
considered in developing the plan.

The objective of the oil spill modelling provided in this report is to illustrate the behaviour and trajectory
of oil spills that might occur during the marine shipping activities proposed for the Eider Rock Refinery
and Terminal Project. The spills of concern are vessel-based batch spills of heavy crude oil shipped
into the refinery and diesel fuel shipped out of the terminal. The modelling results presented assume
that no spill countermeasures have been implemented.

Based on shipping activity and hydrographic considerations, the following five potential risk areas have
be identified:
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1) The turning point in the shipping lanesnearBri er | sl and (4%U 306N 66U 21
2) TheBrierlslandShoal s (44U 20.56N 66U 24.506 W) ;
3) Theanchorage | ocation (450 96 N 66U 406 W) just of
4) The Canaportmonobuoy( 45U 11. 86 N;a®d5U 59. 36 W)
5) The shipping lane approach to the Saint JohnHarbour (45U 30N 66U 806 W).

Locations 1 and 2 are very close to each other, as are locations 3, 4 and 5. Therefore, detailed
modelling for large tanker spills was completed only at the higher risk areas 1 and 3. Small transfer
spills are consideredonlyatth e Ter mi nal l ocation (450 12.506N 66U 5

The modelling assumes that a maximum spill of the diesel fuel or heavy crude due to collision and/or
grounding event would be most of one full compartment or about 10,000 m* of oil. It also has been
assumed that the tanker accidental discharges will occur over a 2-hour period and the fate of 4 discrete
parcels of 2,500 m® of diesel have been modelled for the assessment of spills and the development of
mitigation.

At the port facility, 500 m* diesel fuel and 1000 m*® heavy crude oil spills have been modelled as the
maximum credible spills from loading and off-loading operations at this Level 4 oil handling facility. The
oil is assumed to spill instantaneously in a single batch.

From the standpoint of environmental effects assessment and mitigation there is not a significant
difference in the behaviour of the spills in the different seasons. Diesel fuel spills in summer will lose
about 10% more of the oil through evaporation due to the higher temperatures (40% evaporative loss in
summer vs. 30% loss in winter). The higher winter winds and colder temperatures result in more rapid
dispersion and reduced evaporation. A 2,500 m? fspilletd of diesel that does not travel to shore will
disperse or evaporate from the surface within about 150 to 200 hours. A 500 m? spill of diesel from a
terminal transfer operation would last on the surface for 110 to 140 hours. The distance that these
slicks will travel will be a function of the prevailing water currents, wind velocity, and the spill location.

The peak diesel concentration in the upper 30 m is estimated to be 0.6 to 1.6 ppm for the 2,500 m®
spillets and 0.4 to 1.1 ppm for the 500 m® release. Within 204 to 224 hours, the oil clouds from the
2,500 m* spillets will grow to a width of 24 to 27 km and diffuse to 0.1 ppm oil concentration (assuming
a conservative 30 m mixing depth). The dispersed oil clouds from the 500 m? spills will diffuse to
0.1 ppm within 60 to 110 hours and reach a diameter of 6 to 12 km. The viscosity of the diesel oil will
not exceed 5,000 cP prior to final loss of the surface oil.

A larger quantity of heavy crude oil will evaporate during the warmer seasons, approximately 25 to 27%
evaporative loss in warm seasons versus 21 to 23% in colder months. In all cases, crude oil and crude
oil emulsion is very viscous and persistent and will remain on the water surface, in some form, for an
extended time until it contacts shore. The dispersion of the oil or emulsion into the water column is
negligible resulting in less than 0.1 ppm oil-in-water concentrations. The viscosity of the emulsion will
reach 10,000 cP within 7 or 8 hours and 100,000 cP within 26 to 72 hours, depending on the spill size
and season.

The movement of the diesel and crude oil spills will depend on the water currents, tides and winds at
the time and location of the spill. The figures in Appendix A provide the trajectories of spilled oil from
the scenarios studied.
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1.0 INTRODUCTION

This document is a Technical Study that was prepared as background information for the environmental

i mpact assessment (EI A) for Project Ealedne refineR/ aaiedk

marine terminal in Saint John, New Brunswick.

The Project, proposed by Il rving Oil Company, Li

new petroleum refinery, marine terminal, and associated land-based and marine-based infrastructure in
the Red Head area, near east Saint John, New Brunswick. The new refinery and associated
land-based and marine-based infrastructure will process up to 40,000 m®d (250,000 barrels per day,
nominal) of crude oil into finished products for supplying export markets in North America and
elsewhere.

1.1  Purpose of this Technical Study

The study addresses:
e The probability of oil spills that might occur over the life of the Project;

e The spill response planning that will be undertaken to minimize the threat of spills and reduce
the environmental effects of spills; and

e Fate and trajectory modelling to illustrate the behaviour of potential spills should they occur.

1.2  Organization of this Technical Study

This Technical Study is presented in four major sections, as follows:

e Section 1.0 provides a brief introduction and background information about the Project and the
Technical Study.

e Section 2.0 assesses the probability of crude oil tanker spills from the Project.
e Section 3.0 outlines the spill response planning requirements for the Project.

e Section 4.0 presents the results of tanker spill fate and trajectory modelling completed for the
Project to support oil spill response planning and environmental effects assessment.

References consulted as part of the work are provided in Section 5.0, and spill trajectory figures are
provided in Appendix A.
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2.0 PROBABILITY OF OIL SPILLS ASSOCIATED WITH CRUDE OIL
IMPORTS TO THE PROPOSED EIDER ROCK FACILITY

2.1 Introduction

Irving Oil has proposed the development of the Eider Rock refinery in Saint John, New Brunswick.
Detailed information on project components is provided elsewhere. Of relevance to the analysis
provided in this report are the following:

e The refinery facility will have a throughput of up to 300,000 barrels per day (bbl/d),
corresponding to an annual throughput of up to 1.1 x 108 barrels.

¢ The marine terminal can handle tankers up to 150,000 dead-weight tonnes (dwt).

e Crude will be obtained from a variety of domestic sources (i.e., Atlantic Canada) and
international sources (e.g., the Middle East).

2.2 Objective

The objective of this section of the study is to estimate the probability of spills related to the oil handling
and transportation aspects of the Eider Rock marine terminal. This will include spills related to tanker
transits, and tanker loading and unloading at the facility.

2.3  Tanker-Related Spills

2.3.1 Study Approach

Canada has been fortunate to not have experienced many large marine oil spills, so for spill prediction
purposes one must look elsewhere for a good database on large spills. The database on large tanker
spills that have taken place in the world is good and useful as a basis for estimating Canadian
large-spill frequencies. Because worldwide statistics are used in the analysis, the assumption is that
tanker safety and navigational risks associated with the Eider Rock facility are no better (or no worse)
than those in the rest of the world. This is likely a conservative assumption. Current generation
tankers will likely have far more safety and spill-control features than conventional crude oil tankers of
the past. However, because there are very few such tankers in the world, and because these have
been in service for only a limited number of years, there is an insufficient database on spills from such
ships. Therefore, spill statistics from worldwide conventional tanker operations will be used to predict
spill frequencies for the Eider Rock facility-related tankers.

For relatively small spills, the situation is reversed: whereas worldwide small-spill statistics are
unreliable, the Canadian government maintains a database on small spills, and it is used in this study.

The approach used assumes that there is a direct correlation between spill frequency and the amount
of oil moved by vessel. This means, for example, that a system that has twice the oil traffic as another
system would expect to have twice as many spills.

The approach adopted is directly from a method developed by the U.S. Minerals Management Service
(MMS) for analyzing large, crude oil tanker spills. Since 1983, MMS has analyzed worldwide tanker
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spills of crude oil in depth to determine the best risk exposure to use in normalizing spill data. After
analyzing spill frequencies in terms of voyage length, ship size, oil volumes transported, spill
location, etc., it was concluded that a simple exposure of oil volumes transported (e.g., billions of
barrels) is an acceptable predictive risk method. The most recent detailed report from MMS on the
subject is by Anderson and LaBelle (2000). Oil spill statistics of the MMS have been extensively peer-
reviewed and updated regularly, and used as the primary source for this analysis of large spills.

Of specific interest here, Anderson and LaBelle (2000) compared spill frequency data from the period
1985 to 1999 to data from 1974 to 1992, and proved that there is a significant trend toward lower tanker
spill frequencies. We recognize this trend in this report, and consider the period of 1985 to 1999 for
calculation purposes in estimating spill probability. In the same report, statistics are given for
U.S. coastal waters, and for the tanker movements related to the movement of Alaskan North Slope oil.
These latter statistics are shown to compare spill rates for what might be thought of as a more
comparable situation in terms of both a relatively modern tanker fleet and regulatory scrutiny.

Reference is made to more recent spill statistics available from the International Tanker Owners
Pollution Federation (ITOPF). These also show a significant downward trend in spill rates in recent
years, particularly in the larger spill size ranges.

2.3.2 Spill Size Classification

Initially, only major spills in three spill size categories are considered. The first category is for
Afextremely | argeodo spi lilsslargeraharb100,060@& bbl (L3y300daries).n &hdd
second and third categories are for Avery | a
Management Service as spills larger than 10,000 barrels (1330 tonnes) and 1,000 barrels (133 tonnes)
respectively. In summary, the spill size classifications used in this study are:

Extremely Large spills: >100,000 bbl (13,300 tonnes)
Very Large spills: >10,000 bbl (1330 tonnes)
Large spills: >1,000 bbl (133 tonnes)

The large-spill category includes all spills greater than 1,000 barrels, including those greater than
10,000 bbl and 100,000 bbl (the very large and extremely large categories, respectively). Similarly, the
very large category includes spills in the extremely large spills category.

Spill frequencies are expressed in terms of a risk exposure factor, such as billions of barrels of crude oll
transported. It is known that about 239.7 billion barrels of crude oil were transported on a worldwide
basis from 1974 to 1999, as shown in Table 2.1. Table 2.1 also shows the number of extremely large
(>100,000 bbl), very large (>10,000 bbl) and large crude oil spills (>1,000 bbl) that have occurred
during this26-y ear peri od, both Ain porto, meaning in
from ports either in restricted waters or in open water. Note in Table 2.1 the dramatic decrease in spill
frequency when comparing spills in the 1970s to spills in the 1980s and beyond.

Using the statistics in Table 2.1 and other statistics, Anderson and LaBelle (2000) calculated oil spills
frequencies for the three different spill categories, and these are shown in Table 2.2 for the worldwide
situation. Note that both fAaverageo and fmedi
The average size spill is derived by simply dividing the total volume spilled by the total number of spills.
The median spill size in a given category means that 50% of the spills were smaller than the median
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size and 50% were larger. The average size is much larger than the median size because the former
number is heavily skewed by the small number of historical supertanker spills that have resulted in a
total loss of cargo, say in the range of 100,000 tonnes (720,000 barrels) and more.

In the late 1970s and early 1980s MMS used to break the fAat sead st at
spills in HArestricted waterso, defined by MMS as
93kil ometres) and spills i n t huicalfindep ef tandsle these eartieh a t i
studies, it was shown that spills in the open sea represented about 10% of the total number of large

spills. This low percentage can be attributed to tanker spills that occur during loading and unloading
operations in port, or as a result of collision and grounding accidents, which most likely take place in

harbours and restricted waters. Large tanker spills in the open sea are most likely to result from hull

failures during poor weather, or fires and explosions. The data in Table 2.5 show that spills resulting

from such accidents represent about 9% of total spills, similar to the MMS-calculated statistic.

It can be seen in Table 2.2 that 136 #dAlarged spill
during the timeframe of 1974 to 1992. In Anderson and Lear (1994) spill locations are noted for all
spills in the database. The breakdown between fAres

years 1993 to 1999, so the percentage breakdown in the years 1974 to 1992 will be assumed to apply

through the entirerecord. The data show that 26 of -stehaed 1s3p6i édl psi)l |os
in the open sea, beyond 50 nautical miles of land. Assuming the same percentage for the more recent

record of 1985 to 1999, an estimated 12 of tslkeem 06 S piidad s occurred in
41 occurred in restricted waters. Table 2.6 summarizes the reworked version of Table 2.2 including an
estimated breakdown of HArestricted wat er gallloeatiod
categories. Wi t h t he avail able data, the analysis 1is
than 1,000 barrels. It does not seem reasonable to extend the assumed breakdown between
Arestrictedo and afge dpil sategores equse these categorieshinvolvé a different
distribution of failure modes.

o =
S5 O
— 0
<« O
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Table 2.1 Number of Worldwide Crude Oil Spills Greater than or Equal to 1,000 bbl from
Tankers, and Crude Oil Movements, 1974 to 1999

1,000- 10,000- | 100,000 100,000 Mcr”de oil Spills
ovements Per
9,999 [eleRelele] bbl or bbl or (109 bbl) 10° bbl
bbl bbl greater greater

1974 21 7 2 1 6 3 2 10.17 2.07
1975 21 2 2 2 6 6 3 9.33 2.25
1976 19 6 2 1 2 2 6 10.51 1.81
1977 16 2 2 1 3 3 5 10.69 1.50
1978 17 3 2 1 3 4 4 10.48 1.62
1979 23 4 2 3 4 5 5 10.96 2.10
1980 11 1 1 1 3 2 3 9.66 1.14
1981 8 3 1 0 4 0 0 8.54 0.94
1982 8 3 1 1 3 0 0 7.32 1.09
1983 13 4 1 0 1 4 3 6.86 1.90
1984 8 2 3 0 1 2 0 6.84 1.17
1985 6 1 2 0 0 2 1 6.35 0.95
1986 6 2 0 0 1 3 0 7.19 0.83
1987 15 5 1 0 5 4 0 6.76 2.22
1988 9 3 3 0 2 0 1 7.41 1.22
1989 13 2 1 0 1 6 3 8.04 1.62
1990 11 5 0 0 2 4 0 8.71 1.26
1991 9 3 0 1 2 1 2 9.18 0.98
1992 7 3 0 1 1 2 0 9.30 0.75
1993 6 0 1 0 2 1 2 9.87 0.61
1994 6 1 1 1 1 0 2 10.08 0.60
1995 6 3 0 0 3 0 0 10.29 0.58
1996 7 3 0 1 3 0 0 10.62 0.66
1997 6 1 0 1 2 2 0 11.32 0.53
1998 3 3 0 0 0 0 0 11.62 0.26
1999 3 1 0 0 1 1 0 11.57 0.26
Total 278" 74 28 16 62 57 42 239.67 1.16

T

278 spills totalling 26,091,500 bbl spilled; excludes inland spills.

Largest tanker spill 1,869,000 bbl

Sources: BP Amoco (2000); BP (1998); MMS (2000)

(Note: 28 spills were added to 1974 to 1992 data since Anderson and LaBelle 1994)
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Table 2.2 Worldwide Tanker Spill Rates
Old Rate, 1974 to 1992" Updated Rate, 1974 to 1999 Last 15 Year Rate, 1985 to 1999

Spill Source Volume Number Volume Number Volume Number

10°bbl) | ofspilts | SPITRa® | qa9ppny | of spils | SPIRAE | 10y | of spills | SPiIlRate

Spills Greater Than or Equal to 1,000 bbl

All Spills 164.40 213 1.30 239.67 278 1.16 138.31 113 0.82
In Port 77 0.47 117 0.49 50 0.36
At Sea 136 0.83 161 0.67 63 0.46
Spills Greater Than or Equal to 10,000 bbl

All Spills 164.40 119 0.72 239.67 143 0.59 138.31 51 0.37
In Port 31 0.19 44 0.18 14 0.10
At Sea 88 0.53 99 0.41 37 0.27
Spills Greater Than or Equal to 100,000 bbl

All Spills 164.40 52 0.31 239.67 58 0.24 138.31 16 0.12
In Port 12 0.07 16 0.07 5 0.04
At Sea 40 0.24 42 0.17 11 0.08

Spill Rate = Spills per 10° bbl handled

Crude oil spills only, excludes barges and inland spills
'Anderson and LaBelle (1994)

Sources: BP Amoco (2000); BP (1998); MMS (2000)
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Table 2.3 Worldwide Tanker Spill Sizes, Spills Greater than 1,000 bbl, 1985 to 1999

Number Average Median

TP

Tanker spills of spills spill size (bbl) spill size (bbl)
In Port 117 56,300 3,600
Al Sea 161 81,000 14.300
Al Spills 278 70.100 7.900

#  Crude oil spills only, excludes barge and inland spills
(1 bbl = 0.159 m?).
Source: Anderson and LaBelle (2000)

Table 2.4 Worldwide Tanker Spill Sizes, Spills Greater than 10,000 bbl, 1985 to 1999
Number Average Median

. a
Tanker spills of spills spill size (bbl) spill size (bbl)
In Port 14 192,300 43,000
At Sea 37 135.000 60,000
Al Spills 51 150,800 56,900

% Crude oil spills only, excludes barge and inland spills
(1 bbl = 0.159 m?).
Source: Anderson and LaBelle (2000)

Table 2.5 Incidence of Tanker Spills® by Cause, 1974 to 2007

<50 bbl 50 to 5,000 bbl >5,000 bbl
(<7 tonnes) (7 to 700 tonnes) (>700 tonnes)
Operations
Loading/discharging 2,823 333 30 3,186
Bunkering 548 26 0 574
Other operations 1,178 56 1 1,235
Accidents
Collisions 175 300 98 573
Groundings 235 226 119 580
Hull failures 576 90 43 709
Fires and explosions 88 15 30 133
Other/Unknown” 2,186 150 25 2,361
Total 7,809 1,196 346 9,351
a. Database includes crude oil spills and product oil spills.
b. fAOthero ,infcflaurdewhisph Itilse rel evant information is not avail al

93% of the spills in this category are less than 50 barrels.
Source: International Tanker Owners Pollution Federation Ltd. (2008).

Table 2.6 Worldwide Tanker Spill Rates for Large Spills (>1000 bbl) in Port, Restricted
Waters (<50 nautical miles) and Open Sea (>50 nautical miles), 1985 to 1999
‘ Spill rate

Location ‘ Number of spills (spills per 10° bbl)
In Port 50 0.36
Restricted Waters 51 0.37
Open Sea 12 0.088
All Locations 113 0.82*

* based on number of spills divided by total volume of oil transported in the period
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2.3.3 Tanker Size and Distance Traveled

The MMS spill rate statistics can be used to calculate expected spill frequencies for a given industrial
situation only if (a) the tanker sizes in the situation are about the same as the worldwide average, and
(b) the average voyage length is about the same. From data on worldwide shipments of oil (Smyth and
Purdon 1991), the average crude oil tanker size in the world (or more exactly, the average oil delivery
per voyage) is 110,114 tonnes or about 826,000 bbl (based on traffic from 1974 to 1989). The tankers
that will be used to transport crude oil to the Eider Rock terminal are within the range provided in the
MMS spill statistics database.

It has been calculated (Bercha et al. 1983) that the average voyage length of a crude oil tanker
operating worldwide is about 8,000 kilometres. This is similar to the transit distances for crude oil when
shipped from Middle East sources.

Spill Rates for U.S. Coastal Waters and the Alaskan North Slope Trade

A comparison of the spill rates from the U.S. trade and Alaska in terms of the tanker fleet, navigation
risks, and regulatory scrutiny presented in Tables 2.7 and 2.8 to illustrate the same breakdown of years
and reduced frequency of spills in the last 15 years. The data show, in recent years, comparable spill
rates, as summarized in Table 2.9. When compared with worldwide data, spills greater than 1,000 bbl
have occurred slightly less frequently in U.S. waters as a whole, and slightly more frequently in the
movements of Alaskan oil. Spills of greater than 10,000 bbl have occurred at a significantly lower rate
in U.S. waters as a whole, but at an almost identical rate for the Alaskan trade. Based on this,
worldwide date will be used for Eider Rock calculations given the much broader database and exposure
factor.

JIR
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Table 2.7

Spill Source

Volume
(10° bbl)

Number of

Spills

. Volume
Spill Rate (109 bbl)

Spill Rates for Tankers in U.S. Coastal and Offshore Waters
Old Rate, 1974 i 1992"

Updated Rate, 1974 -1999

Number of . Volume
spills | SPllRate | g0y

FINAL REPORT

Last 15-Year Rate, 1985-1999

Number of

Spills

Spill Rate

Spills Greater Than or Equal to 1,000 bbl

Tankers U.S. Waters 31.24 38 1.21 44.50 46 1.03 27.57 20 0.72
In Port 22 0.70 30 0.67 12 0.43
At Sea 16 0.51 16 0.36 8 0.29
Spills Greater Than or Equal to 10,000 bbl

Tankers U.S. Waters 31.24 18 0.58 44.50 19 0.43 27.57 7 0.25
In Port 8 0.26 9 0.20 2 0.07
At Sea 10 0.32 10 0.23 5 0.18

Spill Rate = Spills per 10° bbl handled

Crude oil spills only, excludes barges and inland spills

!Anderson and LaBelle (1994)

Sources: COE (2000); MMS Worldwide Tanker Spill Database (October 2000)

Table 2.8

Spill Source

Alaska North Slope Crude Oil Tanker Spill Rates
Old Rate, 1977 i 1992"

Updated Rate, 1977 -1999

Last 15-Year Rate, 1985-1999

Spill Rate

SL Ross Environmental Research Limited

Report No.JW1013263.04-017

October 28, 2008

Spills Greater Than or Equal to 1,000 bbl
Alaska North Slope Oil 9.08 10 1.10 12.60 11 0.88 8.72 8 0.92
Tankers
In Port 3 0.33 4 0.32 4 0.46
At Sea 7 0.77 7 0.56 4 0.46
Spills Greater Than or Equal to 10,000 bbl
Alaska North Slope Ol 9.08 3 0.33 12.60 3 0.23 8.72 3 0.34
Tankers
In Port 0 -.- 0 -.- 0
At Sea 3 0.33 3 0.23 3 0.34
Spill Rate = Spills per 10° bbl handled
*Anderson and LaBelle (1994)
Dash (-.-) indicates zero spills observed; spill rate not calculated
Sources: DOC (2000); MMS Worldwide Tanker Spill Database (October 2000)
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Table 2.9 Comparison of Spill Rates, 1985 to 1999

| Spill Rates (Spills per 10° bbl)

Worldwide U.S. Coastal Waters Alaskan Trade
Spills > 1,000 bbl 0.82 0.72 0.92
Spills > 10,000 bbl 0.37 0.25 0.34

2.3.4 Recent Trends

An update of the MMS database has not been published since 2000; however, it is possible to compare
recent trends as gathered from other vessel spill databases. The International Tanker Owners Pollution
Federation (ITOPF) publishes a summary of their spill statistics. The presentation is somewhat
different from the MMS data, and the raw data is not publicly available. Although a direct comparison
cannot be made, the data demonstrates the same general decline in the rate of tanker spills over the
past three decades.

ITOPF provides two spill-size classifications, greater than 7 tonnes (approximately 50 barrels) and
greater than 700 tonnes (approximately 5,000 bbl).

Table 2.10  Spill Volume by Decade

Average spill quantity

Decade Spill Quantity (tonnes) per year (tonnes/a)
1970s 3,142,000 314,200
1980s 1,176,000 117,600
1990s 1,138,000 113,800
2000 to 2006 192,000 24,000

Source: ITOPF 2008

It is notable that a very few large spills are responsible for a high percentage of the totals. For
example, in 2002, the Prestige spill of 63,000 tonnes accounts for 33% of the total spilled in the years
2000 to 2007. (The Prestige incident occurred off the coast of Spain, and was a spill of heavy fuel oll
from a product tanker.) The significant reduction in annual spill volume over the period displayed is
mainly a result of a near-elimination of extremely large and very large spills resulting from total or near-
total losses. The decline in annual spill volume is even more notable when compared with the increase
in the exposure variable, the annual volume of oil shipped by tanker. This has increased from an
average of 9.2x10° bbl/a to 16.9x10° bbl/a for the period 2000 to 2006 (UN 2006).

The frequency of spills in the ITOPF size ranges depicted below in Figure 2.1 and Table 2.11 support
the dramatic decline in spill frequency from the 1970s to the 1980s, and the continued decline through
the two more recent decades.

The data are not available in sufficient detail to make a direct comparison using the same spill size
ranges as the MMS database. Therefore, the spill rates provided by MMS cannot be modified
downwards, although it appears that current rates are less than half the rates evident in the mid 1980s
and 1990s.

SL ROSS SL Ross Environmental Research Limited Report No.JW1013263.04-017  October 28, 2008 10
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(Source: ITOPF 2008)
Figure 2.1 Frequency of Tanker Spills

Table 2.11  Frequency of Spills by Decade

Number of spills per year

7 to 700 tonnes > 700 tonnes
1970s 54 25
1980s 36 9
1990s 28 8
2000s 15 4

Source: ITOPF (2008)

2.3.5 Small and Medium Spills

Smaller spills occur much more frequently than spills larger than 1,000 barrels. Often referred to as
Aoperational o spill s, these events aoken pipels er hoasess ul t s
during transfer operations, leaking fittings, ill-timed opening of valves, and overfilled tanks. Spill
frequencies for small and medium size oil spills can be calculated by considering Canadian spill
statistics, which are available from the National Environmental Emergency System (NEES, formerly
NATES, the National Analysis of Trends in Emergencies System), maintained by the Environmental
Emergency Program Division, Management and Emergencies Branch, Environment Canada, Ottawa.
Complete reports of NEES data are published approximately every ten years, with the most recent
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publication covering the eleven-year period to 1996. Data from that and the other most recent report,
covering a total of 24 years, are shown in Table 2.12.

Table 2.12  Medium and Small Crude Oil Spills from Tankers in Canadian Waters
(1973 to 1996)

I Number of Average Spill
Spill Size Range (bbl) Spills Sizeg(bblg
1to 49 31 104
50 to 999 6 233

The statistics in Table 2.12 are transformed into spill frequencies in terms of spills per billion barrels
transported by considering the oil volumes transported in Canada. The volume of crude oil traffic in
Canada over the stipulated period was about 22 million tonnes per year or about 0.165 billion barrels
per year. This crude oil was generally imported to (the East Coast) or exported from (the West Coast)
Canada by tanker; there were virtually no crude oil tanker shipments from a Canadian port to another
Canadian port. The spill frequency results are shown in Table 2.13.

Table 2.13  Frequencies (per 10° bbl transported) of Medium and Small Crude Oil Spills from
Tankers in Canadian Waters (1973 to 1996)
Spills/10° bbl

Spill Size Range (bbl) Transported
1to 49 15

50 to 999 3.0

2.4 Actual Spill History for the Existing Terminal

Spill history for the existing Irving Oil operation in Saint John harbour is presented in Table 2.14.
Twenty-three incidents were reported between 1989 and 2007, with details as follows:

e Fiteenwer e reported as Aunknowndo volume of oil spi
size range (and this may be conservative as some may be smaller than 1 barrel);

e Eighteen spills were in the 1 to 49 bbl range;
e Two spills were in the 50 to 999 bbl range; and
¢ No spills were reported to be larger than 999 bbl.

The volume of oil handled by the operation during this period is approximately 2 billion barrels, so the
spill frequency for the terminal is somewhat better than the frequencies listed in Table 2.13:

 Nine spills per 10° barrels transported in the 1 to 49 bbl size range, and
e One spill per 10° barrels transported in the 50 to 999 bbl size range.

Of particular note is that there has been only one spill since 1999, and none greater than 1 barrel, so
the current spill rates are even better than those listed above.

Table 2.14  Recorded Ship Sourced Spills, Saint John Harbour, 1989-2007

VesselName | Date | Location | Product | Volume Spilled | Comments

Camargue Jun 1989 Canaport SBM IFO 40 bbl Spill during fueling

Ensor Dec 1989 Anchorage Crude unknown Ship arrived with crack in hull
Barbo Nov 1990 unknown unknown unknown None

Glenville Dec 1990 unknown unknown unknown None

Torm Jan 1992 Pier 1 west unknown unknown None

Shark VII Mar 1992 Pier 13 west unknown unknown Crack in hull, clean up effected

JIR
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Table 2.14  Recorded Ship Sourced Spills, Saint John Harbour, 1989-2007
Vessel N\ame | Date | Location | Product | Volume Spilled | Comments
Camargue Jun 1989 Canaport SBM IFO 40 bbl Spill during fueling
Titio Tapas Jan 1994 unknown Bunker 900 bbl fuel spill (reported as 120 t)
Irving Arctic Jan 1994 East S_alnt J_ohn, unknown unknown None

Irving Oil
Nunki Oct 1994 East Salnt Jphn, unknown unknown Crack in hull

Irving Oil
Katana Nov 1994 East S_alnt J_ohn, MTBE unknown None

Irving Oil
Argus May 1995 East S_alnt J_ohn, unknown 4 bbl clean up effected

Irving Oil

Ship internal settling tank
Boree Sep 1995 Canaport SBM Bunker 230 bbl overflowed, clean up effected
(reported as 31 1)

(unknown) Feb 1996 East S_alnt J_ohn, MTBE 15 to 20 bbl None

Irving Oil
Wellington Kent Feb 1996 East Salnt Jphn, unknown unknown None

Irving Oil
Farandale Apr 1997 East S_amt J_ohn, Bunker unknown None

Irving Oil
Irving Timber Jul 1997 Pier 1 west unknown unknown None
Sea Spirit Sep 1997 unknown Bunker unknown None
Irving Eskimo Apr 1999 Easltrsianlgto\]i?hn, Gasoline unknown no clean up required
Concord May 1998 East Saint J_ohn, Hydraullc unknown none

Irving Oil Oil
Polls Roberson Jul 1998 East Samt Jphn, unknown unknown None

Irving Oil
Thelasa East Saint John,
Desgagnes Jul 1999 Irving Oil Bunker less than 50 gal. | clean up effected
Atlantic Beech Oct 1999 East Saint J_ohn, Diesel 19 gal. None

Irving Oil
Ocean Echo I Sep 2007 | Container Terminal Diesel 2t03gal. Ilr:‘;rf_%%” Canada required no

Source: D. Case, personal communication, April 2008.

2.5

Spill Frequency Predictions for Project Eider Rock

The above frequencies derived from worldwide and Canadian statistics are now used to predict the
probability of spills from the handling and transportation of crude oil at the Eider Rock facility. The
predicted spill rates (Table 2.15) are based on the appropriate historical spill frequency per size
category, and multiplying with the estimated annual throughput of the Project, namely of up to
300,000 barrels per day (1.1x10° bbl/year) of crude oil. The predicted frequency for each size range

and [
occur i n
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Predicted Frequency of Tanker-Related Crude Oil Spllls for Project Eider Rock

1to0 49 15 10.4 1.7 0.61
50 to 999 -- 3.0 233 - 0.33 3.0
All 0.82 70,100 7,900 0.090 11

> 1,000 Port 0.36 56,300 3,600 0.040 25
Restricted 0.37 -- -- 0.041 25

All 0.37 150,800 56,900 0.041 25

> 10,000 Port 0.10 192,300 43,000 0.011 91
At Sea 0.27 -- -- 0.030 34

>100,000 All 0.12 - - 0.015 76

2.6 Discussion

Spills in the smallest size category are predicted to occur one to two times every year, and spills in the
50 to 999 barrel category every three years, and spills in the greater than a 1,000 barrel category are
predicted to occur every 25 years. Spills in larger size ranges are unlikely events, and increasingly
unlikely as the size range increases.

The predicted spill rates are a direct reflection of the volume of crude oil proposed at the Eider Rock
facility, and on the historical spillage rates in the international shipping industry. In fact, the record in
Canada has been relatively good with regard to large tanker spills: only two large (>1,000 barrels)
crude oil spills have ever occurred in Canadian waters:

e The Imperial Sarnia tanker spill off Brockville, Ontario in 1974, which involved 2,100 barrels of
oil, and

¢ The Czantoria tanker spill in the port of Quebec in 1988 involving about 3,300 barrels.

The Athenian Venture tanker spill (200,000 barrels or 27,000 tonnes) of crude oil spilled in the
northwest Atlantic far off Canada in late 1988 occurred during an inbound journey to Come by Chance,
and thus might be considered a fACanadianodo spi
three large crude oil spills (larger than 1,000 barrels) in the past 25 years.

Implicit in the approach used in this analysis is that there is no consideration given to the particular
navigational risks or regulatory regime of one part of the world versus another. This assumption may
be debatable. However, over the period of 1985 to 1999, the spill rates for two smaller data sets
(U.S. coastal waters and the Alaskan trade) were similar to those in the larger worldwide database,
which gives some credence to the applicability of the worldwide statistics to other specific areas.

Finally, it should be reiterated that the spill frequencies calculated in this study were based on the
assumption that the tankers used in conjunction with the Project Eider Rock facility would be as safe,
but no safer, than the average tankers that have been used internationally over the past 20 years. The
recent spill statistics produced by ITOPF indicate that tanker operations in recent years are much safer,
and spill rates in the 2000s are about half the rates in the late 1980s and 1990s, the most recent years
used to calculate historical frequencies for this study.

JR
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3.0 OIL SPILL RESPONSE PLANNING

3.1 Introduction

Given the Proponentds extensive history of sudccess
the presence of fully equipped, trained and available spill response capability on land (through internal

and external resources) and in the marine environment (through ALERT Inc.), the development of a

detailed Oil Pollution Emergency Plan is not required or feasible at this stage of the Project. Upon
approval of the Project, if and as required, an AO
be prepared in accordance with the requirements established in the Canada Shipping Act, 2001.

The Oil Handling Facility Oil Pollution Emergency Plan for the Project will be developed to meet the
requirements of Section 168 of the Canada Shipping Act, 2001, and as prescribed by regulation. The
manual will address issues such as resources, mobilization, health and safety, training and exercises,
and response strategies. The plan is compliant with the Canada Shipping Act, 2001 and is reviewed by
Transport Canada at each recertification application.

ALERT Inc., based in Saint John NB, is the Transport Canada approved Response Organization for the
Bay of Fundy. ALERT provides on-water oil spill response management services through dedicated
staff, trained in house responders and trained contractors. ALERT provides training on an ongoing
basis to all direct and contracted personnel. ALERT conducts drills and exercises as required by the
Canada Shipping Act, 2001 with both ALERT and Irving Oil/Canaport personnel. The marine terminal
for the Project will be required to enter into an agreement with ALERT Inc. and a similar service will be
provided.

3.2  Overall Response Strategies

For spills in port, there will be an immediate and active on-water spill response capability. The type of
response will be dictated by the nature of the incident and the weather and sea conditions at the time of
the spill. Containment and recovery equipment to deal with small and modest-sized spills will be
pre-staged in the area of the marine terminal and at ALERT Inc. such that it can be quickly deployed in
the event of a spill. The most effective means of responding to a hydrocarbon spill on water is to
contain it rapidly then recover the spilled product. The response strategy will likely include:

e Monitoring of activities related to vessel movements and cargo transfer such that an immediate
response can be implemented in the event of a spill;

e Pre-staging containment equipment at the marine terminal to facilitate rapid response;

e Executing a strategy based on the actual wind and sea conditions being experienced at the
time;

¢ Inthe event of a spill, rapidly deploying containment boom to surround the spill and implement a
recovery plan; and

e For oil that escapes containment, slick movements would be monitored and modelled to
develop an appropriate response strategy, containment, and eventual recovery. Such recovery
would be either on water or on the shoreline, or both.

For larger spills at the marine terminal, or for those that may result from a tanker incident away from the
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marine terminal, the response will require the activation of additional resources, as prescribed in the
planning standards outlined in the Canada Shipping Act, 2001, Sections 168 and 169. These
standards mandate a tiered response capability through a Transport Canada certified Response
Organization. The volume of oil handled at the refinery will lead to the location being classified as a
Primary Area of Response, so the response time standards will be:

e 150 t response capability: within 6 h, equipment to be deployed on-site;

e 1,000 t capability: within 12 h;

e 2,500 t response capability: within 18 h; and

e 10,000 t response capability: within 72 h.

3.3  Spill Response Equipment Requirements

Under the Canada Shipping Act, 2001, the marine terminal will be designated as an Oil Handling
Facility, which commits an operator to several planning requirements. First, the operator must have a
contingency plan. The guidelines for Oil Handling Facilities also specify that an inventory of equipment
be maintained that is commensurate with the size of the facility. Based on the maximum transfer rate
of 9,200 m*h (58,000 bbl/h), the Project will likely be classed as a Level 4 facility, and will therefore be
required to consider a 50 m? spill for planning purposes.

The spill behaviour modelling for this size of spill indicates an initial slick width (of thick oil) of 31 m.
Based on this, and the planning standards for this size of spill, a reasonable amount of boom for initial
spill containment would be 500 m of 61 cm boom. A basic inventory of equipment for the facility should
include:

¢ 500 m of protected water containment boom;
e Small workboats for deploying and positioning the boom;
e Skimmer suitable for recovering fresh and weathered oll;

e Temporary storage, and a pump and hose to transfer the recovered product to on-land storage;
and

e Sorbent boom and pads for recovering sheen and lesser concentrations of oil.

3.3.1 Spill Management Simulations

Spill management simulations are used to exercise the important management aspects of spill
response. Participants in such exercises should include the terminal management and staff, response
organization spill manager and command centre staff (planning, operation, logistics, and finance), the
field supervisors, and responders. The key areas to be covered in the simulation include spill
assessment, resource mobilization, and operation.

Spill management simulations are designed in association with the response organization. The goals
of the exercises and training are to ensure that a high level of preparedness is maintained by staff and
contract personnel, and equipment is deployed to demonstrate use.

JIR
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3.3.2 Operational Response Dirills

Operational Response Dirills are used to practice countermeasures, strategies, and techniques, and will
be held on a regular basis with all operational staff. Topics to be covered include:

e Initial at-source actions;

e Communications;

e Spill tracking exercises;

e Near shore containment and recovery; and

e Shoreline protection and containment.

JIR
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4.0 MARINE OIL SPILL FATE AND BEHAVIOUR

4.1 Introduction

The objective of this modelling is to assess the behaviour and trajectory of oil spills that might occur
during the marine shipping activities proposed for the Project Eider Rock refinery and marine terminal.
The spills of concern are vessel-based batch spills of heavy crude oil shipped into the refinery and
diesel fuel shipped out of the terminal. The approach is to select a number of hypothetical oil spills that
cover the main concerns and to describe their behaviour and trajectory in detail. These spill scenarios,
involving various spill types and sizes, serve subsequently as the basis for impact assessment and
countermeasures analyses.

The modelling results presented assume that no spill countermeasures have been implemented. The
implementation of spill countermeasures in the event of a spill may significantly alter the ultimate fate of
the spilled oil.

For spills in port, there will be an immediate and active on-water spill response capability. The type of
response will be dictated by the nature of the incident and the weather and sea conditions at the time of
the spill. Containment and recovery equipment to deal with small and modest-sized spills will be
pre-staged in the area of the marine terminal and at ALERT Inc. such that it can be quickly deployed in
the event of a spill.

For larger spills at the marine terminal, or for those that may result from a tanker incident away from the
marine terminal, the response will require the activation of additional resources, as prescribed in the
planning standards outlined in the Canada Shipping Act, 2001, Sections 168 and 169. These
standards mandate a tiered response capability through a Transport Canada certified Response
Organization. The volume of oil handled at the refinery will lead to the location being classified as a
Primary Area of Response, so the response time standards will be:

e 150 t response capability: within 6 h, equipment to be deployed on-site;
e 1,000 t capability: within 12 h;

e 2,500t response capability: within 18 h; and

e 10,000 t response capability: within 72 h.

4.2  Marine Oil Spill Behaviour and Modelling

4.2.1 General QOil Spill Behaviour

All of the oil spills modelled are surface releases due to hypothetical tanker accidents or fuel transfer
incidents. As such, the oil is assumed to be released directly onto the water surface over a short time
period and then be influenced by the prevailing environmental conditions. When oil is spilled at sea, it
is subject to several weathering processes. The processes of importance to spill impact assessment
and spill countermeasures assessment are drifting (advection), spreading, evaporation, natural
dispersion of oil in water, and water-in-oil emulsification.

JIR
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4211 Drifting

Drifting or advection is the process of surface slicks moving away from the site of a spill by water
currents and winds. The vector combination of water currents and winds determines the final slick drift.
If the surface oil is not dispersed, it will be influenced by wind as well as water current forces, and thus
can be driven ashore by onshore winds. On the other hand, if the oil is dispersed, the water current
alone will influence the movement of the oil droplets in the water. Hence, the trajectory of surface oil
can be different from the trajectory of dispersed oil.

42.1.2 Slick Spreading

Numerous models are available for predicting oil spreading behaviour and its dependence on oil
properties and environmental conditions. All models relate the properties of the oil (density, viscosity
and interfacial tension) to its spreading on calm water. Marine spills do not spread uniformly but are
composed of thick patches (usually thicker than 1 mm) that contain about 90% of the spill's volume that
are surrounded by sheens (about 1 to 10 um or 0.001 to 0.01 mm thick). The thick patches spread and
thin over time and feed oil into the surrounding sheen.

42.1.3 Evaporation

Evaporation is one of the most important processes that affect oil properties and therefore the
behaviour of spilled oil. Fortunately, it is also one of the better-understood and modelled oil fate
processes. Most evaporation models use the approach of determining an overall mass transfer
coefficient as a function of environmental conditions. The volume or mass fraction of oil evaporated is
related to an exposure coefficient (combining time, oil volume and area, and the mass transfer
coefficient to the atmosphere) and to the pressure-concentration behaviour of the oil. The unique
aspect of this approach is that it permits the results from a variety of laboratory evaporation
experiments to be extrapolated to actual environmental conditions.

42.1.4 Natural Dispersion

The dispersion of oil into the water by natural forces is an important process controlling the long-term
fate of oil slicks at sea. In conjunction with evaporation, this process reduces the volume of oil on the
water surface, thereby influencing the potential extent of surface and shoreline contamination. In slick
dispersion, oil droplets are dispersed from the slick into the water by oceanic mixing. The larger of
these droplets, which are buoyant, resurface quickly and rejoin the slick. The smaller droplets remain
in suspension in the water column. Lighter, more water soluble hydrocarbons partition from these
droplets into the water phase. Clouds of the entrained dissolved and particulate oils then spread
horizontally and vertically by diffusion and other long-range transport processes.

Although natural dispersion is a poorly understood process, it is known that oil/water interfacial tension,
oil viscosity, oil buoyancy and slick thickness each inversely affect the ability of specific oil to disperse
naturally. Sea state is also an important factor controlling the rate and amount of dispersion. Even
light, non-viscous oils do not rapidly disperse under calm conditions. On the other hand, even the
heaviest, emulsified oils can disperse over time in heavy seas with frequent breaking waves. The net
dispersion rate of oil from a slick into the water will vary greatly depending on the properties of the
spilled oil and mixing energy.
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4215 Emulsification

When spilled at sea, most crude oils tend to form water-in-oil emulsions. Emulsification occurs in the
presence of mixing energy such as that provided by wave action. During emulsification, seawater is
incorporated into the oil in the form of microscopic droplets. This water intake results in several
undesirable changes to the oil. First, there is a significant increase in the bulk volume of the oil (usually
up to a four- or five-fold increase), greatly increasing the amount of oily material that can contaminate
shorelines and biological resources. Secondly, there is a marked increase in fluid viscosity. The much
higher viscosities greatly inhibit the chemical or natural dispersion of oil.

Most experts believe that precipitates of asphaltenes and resins in the oil act as surface-active agents
to stabilize the water droplets in the forming emulsion. Without such stabilizing agents, the small water
droplets in the oil layer would tend to coalesce into larger droplets that would sink through and leave
the oil phase. Spills of some crude oils start to form emulsion within a few minutes of environmental
exposure, and will form a highly viscous and stable emulsion within hours. This has been recorded
many times during actual and experimental spills. On the other hand, a few crude oils and most refined
petroleum products do not easily emulsify at all.

Diesel fuel is unlikely to form water-in-oil emulsions when spilled at sea. Diesel fuels do not contain
sufficient surface-active agents to permit stable emulsion formation so these oils will not emulsify when
spilled. Most heavy crude oils do contain sufficient quantities of asphaltenes and resins to allow the
rapid formation of water-in-oil emulsions shortly after spillage.

4.2.2 Spill Fate Modelling

The fate of the oil in the spill scenarios considered in this study has been modelled using the SL Ross
Oil Spill Model (SLROSM). This model has undergone continuous development and use at SL Ross
since the early 1980s, and has been used in spill scenario modelling for clients worldwide. The
following is a brief description of the sources of the main spill process algorithms used in SLROSM.
The spreading model relies on the work of Fay (1971) and Mackay et al. (1980a) but includes
modifications to account for oil viscosity changes and the development of a yield stress in the oil
(i.e., pour point). Longer term spreading takes into account oceanic diffusion processes according to
relationships developed by Okubo (1971). Evaporation models use the work of Stiver and Mackay
(1983) with modifications developed by SL Ross and Mackay (1988). Natural dispersion is modelled

using either Audunsonés (1980) natur al di spersion |
interfacial tension and pour point or Methisvprogat,e 6 s (

Audunsonods al gorithms wer e selected for t he
relationship developed by Mackay and Zagorski (1982), with modifications by Bobra (1991) and
SL Ross and Mackay (1988).

SLROSM estimates the movement of slicks through the vector addition of the local surface water
current and 3% of the prevailing wind speed. Wind forecasts are entered by the user for each spill
scenario of interest based on the best available data. Surface water currents are provided, in map
form, to identify the spatial variation in the water velocities.
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4.2.3 Spill Scenarios

4.2.3.1 Spill Types

Two basic spill types have been considered in this modelling: 1) large tanker spills of either incoming
heavy crude oil or out-going diesel fuel due to tanker collision or grounding, and 2) smaller spills of
either heavy crude or diesel fuel as a result of accidental spillage during off-loading or loading at the
marine terminal.

4.2.3.2 Spill Locations

The highest risk areas within the study area for the larger tanker spills based on shipping activity and
hydrographic considerations are located (Captain Donovan Case, personal communication,
March 11, 2008):

1) A the turning point in the shipping | anes
Shoals (44U 20;56N 66U 24.506 W)
2) The anchorage |l ocation (45U 96 N 66U 406 W)

location,

3) The Canaportmonobuoy( 45U 11. 86N a®6U 59. 36 W) ;

4) The shipping |l ane approach to thég Saint John

These locations are shown in Figure 4.1. Because of the close proximity of the turning point and Brier
Island Shoals and the anchorage, monobuoy and Saint John Harbour approaches respectively, detailed
modelling for large tanker spills has only been completed at two locations that are considered the
highest risk in the two areas (the shipping lanes near Brier Island and the anchorage location). Limited
spill trajectory modelling has been completed at the other locations to show the similarity in spill
movement from spill sites in close proximity. Small transfer spills are considered only at the marine
terminal | ocation (450 12.56N 66U 59.706 W).
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Figure 4.1 High Oil Spill Risk Locations

4.2.3.3 Oil Properties

The two oil types modelled for this project are the heavy crude oil being shipped into the refinery and
the diesel fuel being shipped out of the marine terminal. The proposed refinery will import heavy crude
oils and the physical-chemical properties of a moderately heavy crude oil have been selected for
modelling purposes. The fate of diesel fuel was modelled, as this product will be a high volume export
and poses a potential environmental risk. Properties for the heavy crude oil and diesel fuel were

obtained from Environment Canadads online oil propert
(http://www.etc-cte.ec.qc.ca/databases/OilProperties/oil_prop e.html). The fresh and weathered
properties of these oils have been processed to pr

spill model to predict oil evaporation, dispersion, emulsification and property change as a function of
spill size and environmental conditions. Some of the basic physical properties of the oils selected for
use in the modelling are provided in Table 4.1

Table 4.1 Diesel Fuel and Heavy Crude Qil Physical Properties

Diesel 831 9 -36
Heavy Crude 893 47 -33

4.2.3.4 Discharge Volumes

The tankers that will be used in this operation typically have individual storage compartments between
9,000 to 14,000 m?in size. It has been assumed that maximum credible spills of the diesel fuel and
heavy crude due to collision or grounding events would be most of one full vessel compartment or
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about 10,000 m® of oil. It also has been assumed that the tanker accidental discharges will occur over
a 2-hour period and the fate of 4 discrete parcels of 2,500 m® of diesel has been modelled for spill
impact and countermeasures assessments.

At the port facility, 500 m® diesel fuel and 1000 m® heavy crude oil spills have been modelled as the
maximum credible spills from loading and off-loading operations at this Level 4 oil handling facility. The
oil is assumed spilled instantaneously in a single batch.

4.2.3.5 Water Currents

NATECH Environmental Services have modelled the tidal currents in the Bay of Fundy for use in
contaminant outfall modelling from the proposed refinery near Mispec Point. The spring and neap tide

data generated in this modelling effort were provided by NATECH and converted to a format compatible

with SLROSM. The tidal current data was then used in the trajectory modelling for spills in the vicinity

of Mispec Point. Unfortunately, the spatial extent of this modelling does not extend far enough to the

south and west to be used for the hypothetical spill scenarios being considered near Brier Island. The
Canadian Department of Fisheries and Oceans maint ai
that has been used to identify the trajectory of oil from spills at this location.

(http://www.mar.dfo-mpo.gc.ca/science/ocean/coastal _hydrodynamics/WebDrogue/webdrogue.html - METHOD)

4.2.3.6 Air and Water Temperatures

The monthly average air and water temperatures in the study area are shown in Table 4.2. Average
seasonal air temperatures were obtained from Envir
(http://www.climate .weatheroffice.ec.gc.ca/climate _normals/index_e.html) for the period 1971 to 2000.

Surface water temperatures were determined from the Canadian Department of Fisheries and Oceans

(DFO) data located at the following two web sites:

http://www.mar.dfo-mpo.gc.ca/science/ocean/scotia/ssmap.html, and

http://www.mar.dfo-mpo.gc.ca/science/ocean/coastal temperature/coastal temperature.html.

The average water temperatures recorded throughout the region and over the months of concern have
a narrow range (3 to 11 °C). Average air temperatures have a greater range (-7 to 16°C).

Table 4.2 Seasonal Air and Water Temperatures Used in Spill Modelling
Average Temperatures (°C)
Winter
Air Water Air Water Air Water
-7 3 7 5 16 11 3 10
Sources:

Canadian Climate Normals Saint John Airport, 1971-2000
2 DFO Scotian Shelf / Gulf of Maine Climatology

4.2.3.7 Winds

The likely fate of the diesel and heavy crude oil (property change, dispersion, evaporation, etc.) in the
various spill scenarios considered has been determined using average wind data from the Saint John
airport weather station. Table 4.3 shows the average monthly wind speeds and directions determined
from this weather station for the period 2000 to 2005. The oil spill fate and trajectory modelling has
been completed using the wind data for the winter and summer seasons. The spring and fall average
directions and magnitudes are not different enough to make a significant impact on the modelling
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outcomes. The wind roses in Figure 4.2 show the directional frequency and magnitudes of winds in the
winter and summer seasons. It is clear from these wind roses that winds can come from virtually any
direction and that the average wind speed and predominate directions used in the modelling do not
reflect this normal variability. Average wind data have been used in the modelling to provide an
indication of the most likely trends in the fate and movement of oil spills. The trajectories resulting from
the use of average wind directions do not reflect what will happen in an actual spill where the wind
direction and speed can change dramatically over the length of the spill simulation and cause the oll
slick to move in a more circuitous path than that predicted using average wind data. The use of
average wind speeds and predominate directs in trajectory modelling generally results in the prediction
of shor-toshodéeiomesti mates and is therefore conserval
The actual winds on any given day could move the oil in virtually any direction from the spill location but
more often will move the oil in the direction of the most prominent wind direction as identified in the
wind roses of Figures 4.2. For this reason, the use of average wind speeds and predominate directions
in spill trajectory modelling is useful for both illustrative and planning purposes.

Table 4.3 Average Wind Speeds and Directions: Saint John Airport

Average Wind Speeds (m/s) and Direction®

Winter

Direction Direction Direction Direction
5.01 NW 4,71 SSW 3.65 SSW 4.74 SSW/NW

! Source: Jacques Whitford (2008)
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Figure 4.2  Wind Roses for Saint John Airport 2000 to 2005

Historical hourly wind records available online from the weather office of Environment Canada
(http://climate.weatheroffice.ec.gc.ca/climateData/canada e.html) have also been wused in spill
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trajectory modelling to illustrate more realistic slick movements. Historical records from Saint John
Airport were used for this purpose. The wind data from July 11 to 31, 2007 and February 8 to 28, 2007,
were randomly selected as example summer and winter wind conditions that have been experienced in
the past. The spill trajectories predicted using average winds and the example historical wind data sets
have been placed on the same page in Appendix A to permit a quick assessment of the similarities and
differences in the results.

4.3  Modelling Results: Oil Fate

4.3.1 Diesel Spills

Two diesel fuel spill volumes have been considered: 10,000 m?® discharged in four, 2,500 m? spilletso
released over a 2-hour period and a 500 m® instantaneous fuel transfer spill at the terminal. Table 4.4

shows the fate of these batch spills for summer and winter environmental conditions (Tables 4.2

and 4.3) to demonstrate the influence of temperature and wind conditions on the likely fate of the oil.

The results in Table 4.4 assume that the oil is not stranded on shore in the time periods indicated. Slick

it itonehoreodo values ar e d i s cFuom stlee dstandpoint 8fespilt impant and .
countermeasures assessment there is not a significant difference in the behaviour of the spills in the

different seasons. Spills in summer lose about 10% more product through evaporation due to higher

seasonal temperatures (40% evaporative loss in summer versus 30% loss in winter). The higher winter

winds and colder temperatures result in more rapid dispersion and reduced evaporation. A 2,500 m®

spillet of diesel that does not travel to shore will disperse or evaporate from the surface within about

150 to 200 hours. A 500 m® spill of diesel from a marine terminal transfer operation would last on the

surface for 110 to 140 hours. The distance that these slicks will travel will be a function of the

prevailing water currents, wind velocity, and the spill location.

The peak diesel concentration in the upper 30 m is estimated to be 0.6 to 1.6 ppm for the 2,500 m®
spillets and 0.4 to 1.1 ppm for the 500 m® release. Higher concentrations will occur in the winter due to
higher winds and more rapid dispersion and because less oil evaporates. Within 204 to 224 hours, the
oil clouds from the 2,500 m? spillets will grow to a width of 24 to 27 km and diffuse to 0.1 ppm oil
concentration (assuming a conservative 30 m mixing depth). The concentration of 0.1 ppm of total
petroleum hydrocarbon is the exposure concentration below which no significant biological
environmental effects are expected. The dispersed oil clouds from the 500 m* spills will diffuse to 0.1
ppm within 60 to 110 hours and reach a diameter of 6 to 12 km. The viscosity of the diesel oil will reach
about 1,500 cP in the winter and 5,000 cP in the summer just prior to final loss of the surface oil. The
higher summer viscosity is due to the increased evaporation of the oil in the warmer temperatures.

Table 4.4 Diesel Spill Characteristics (30 m Mixing Depth)

\VEVE Peak | Time

Air | Water In|_t|al Slick | Thick [ Total | Total | Disp. to Time C_:Ioud Max Oil Time to
Season |Temp| Temp. Sl.'Ck Survival| Slick | Evap | Disp o] Peak to 0.1} Width at Viscosity |, ,. Max_
Width | = : ppm | 0.1 ppm Viscosity
(°C) | (°C) (m) Time (h)| Width | (%) (%) | Conc. [Conc. ) (km) (cP) )
() (ppm) | (h)
Tanker accident: 10,000 m~ diesel spill (four 2,500 m™ spillets)
Summer | 16 11 400 198 1,035 | 41 59 0.6 8 204 25 4,986 198
\Winter -7 3 400 154 1,090 | 29 71 1.6 11 224 27 1,420 154
Marine terminal transfer spill: 500 m® diesel spill
Summer 16 11 180 142 550 41 59 0.4 7 61 6 4,900 142
\Winter -7 3 180 109 590 29 71 1.1 7 109 12 1,380 109
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4.3.2 Heavy Crude Oil Spills

Two heavy crude oil spill volumes have been considered: 10,000 m*® discharged in four 2,500 m®
spillets released over a 2-hour period as a result of a collision or grounding event and a 1,000 m®
instantaneous crude oil transfer spill at the terminal. Table 4.5 shows the fate of these batch spills for
summer and winter conditions (as per Tables 4.2 and 4.3) to demonstrate the influence of temperature
and wind conditions on the likely fate of the crude oil. The results in Table 4.5 assume that the oil is not

stranded on shore in the timeoshoereododsal ndbscatreed.d

Section 4. There will be very little difference in the behaviour of these crude oil spills over the range of
seasonal average temperatures and wind conditions expected. A larger quantity of oil will evaporate in
the warmer seasons (25 to 27% evaporative loss in warm seasons vs. 21 to 23% in colder months). In
all cases, the crude oil and crude oil emulsion is viscous, persistent and will remain on the water
surface for an extended time until it contacts shore. There will be very little dispersion of the oil or
emulsion into the water column resulting in negligible (< 0.1 ppm) oil-in-water concentrations. The
viscosity of the emulsion will reach 10,000 cP within 7 or 8 hours and 100,000 cP within 26 to 72 hours,
depending on the spill size and season.

Table 4.5 Heavy Crude Oil Spill Characteristics

- Max. :
Air | Water Initial Slick Thick | Total | Total Peak [Time lo Cloud

. : . Time to|,, Time to | Time to
Season [Temp| Temp V?/:Ic;:tltm Survival| Slick | Evap | Disp Dggr'wo” gc?r’?lc( 0.1 ppm Wwidth at 10,000 | 100,000
(°C) (°C) (m) Time (h)| Width | (%) (%) (ppmj ) ' cP (h) [ cP(h)

(m)

Tanker accident: 10,000 m~ heavy crude spill (four 2,500 m~ spillets)

Summer 16 11 400 >480 600 25 <1 0.04 3 na na 7 55
\Winter -7 3 400 >480 600 21 <1 0.04 3 na na 8 72
Transfer Heavy Crude Spill at Marine Terminal: 1,000 m°®

Summer 16 11 250 >480 430 27 <1 0.03 2 na na 8 26
\Winter -7 3 250 >480 450 23 <1 0.04 2 na na 7 45

4.4  Modelling Results: Spill Trajectories

4.4.1 Introduction

Once spilled oil will move by currents and wind until it evaporates, disperses into the water, or contacts
land. As noted in the previous sections, spills of heavy crude oil will tend to be highly persistent and, in
the relatively narrow confines of the Bay of Fundy, the heavy oil that does not evaporate will eventually
come to shore. Diesel oil will evaporate and disperse more quickly and surface oil slicks will likely
persist for about four days under average environmental conditions if they do not reach shore before
this time.

SLROSM estimates the losses of oil from the water surface through evaporation, dispersion and
shoreline retention. The shoreli ne -Mapa pmduat g
(http://www.e-map.gc.cal) was used to assess approximate shoreline smearing extents. The shoreline
type and approximate extents from this source were transcribed into SLROSM. When oil comes to
shore in the model the shoreline type, being oiled, can be identified and oil retention is calculated. The
shore classification presented on the maps reproduced from the SLROSM modelling should not be
used for precise shore type identification for other uses. The original product should be consulted for
accurate shoreline data. Permission to use the shoreline classification data from this online database
was granted by the data owners Eastern Canada Response Corporation (ECRC).
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The shore types in the Bay of Fundy and the oil retention values used for each (m? oil per m of beach)
included: bedrock (0.02 dark blue shore on maps), man-made solid (0.02 light blue), boulder beach
(0.25 bright green), pebble-cobble beach (1.2 pink), mixed sand and gravel beach (2.0 tan), sand
beach (3.0 yellow), sand tidal flat (0.25 orange), mud tidal flat (0.25 orange), and salt marsh (0.6 red).
The most common shore types found in the Bay of Fundy are sand-gravel and pebble-cobble mix
beaches. The oil retention values are based on the work of Gundlach (1987). His estimates for oil
retention, based on a 4 m tidal range, were doubled for use in this modelling exercise to account for the
wider tidal range of the Bay of Fundy. When an oil slick contacts land a portion (or all) of the oil is
retained on shore based on the slick width and shoreline retention value. If more oil is present in the
slick than can be retained by the shore, the slick is moved back offshore and allowed to move under the
influence of the wind and water currents until it dissipates or moves back to shore.

Water currents developed by NATECH Environmental Services (Section 4.2.3.5) were used in most of

the trajectories. The results for the spring tidal currents used in the trajectories are shown in black; and

neap tide results are shown in red. The primary difference in trajectories with the different tidal currents

is a slight Awideningo of the swath of the oil as
results are shown for visual clarity, as these are the more conservative results. Slick movements as
predicted by the Canadian Department of Fisheries and Oceans WebDrogue software are provided for

the Brier Island area as the NATECH dataset does not extend this far to the south and west.

Two different sets of wind data were used in the trajectory assessments. Seasonal average summer

wind speeds and predominant directions (Table 4.3) were used in the modelling to show likely trends in

the movement of spills. Randomly selected, historical, hourly wind records from Saint John Airport

were also used in spill trajectory modelli ng t o il lustrate the more reald.
movement when actual wind patterns are used in the trajectory rather than seasonal average values.

The wind data from July 11 to 31, 2007 and February 8 to 28, 2007, were randomly selected as

example summer and winter wind conditions that have been experienced in the past. The trajectory

results using the two different wind data sets have been presented on the same page to permit a quick
assessment of the similarities and differences in the results.

The figures showing the spill trajectory results were placed in Appendix A at the end of the report to
improve the report readability.

4.4.2 Slick Trajectories

4421 Marine Terminal

Qil slick trajectories were modelled for hypothetical spills of both diesel fuel and heavy crude oil from
the proposed marine terminal at Mispec Point. The time to shore or time to loss of surface slick, length
of shoreline oiled and type of shore oiled when seasonal average speeds and predominate directions
are used in the simulations are provided in Table 4.6.

Under average seasonal summer winds, spills of either diesel or heavy crude oil from the marine
terminal will move to shore within less than 2 hours and oil a minimum of about 2 km of the shore zone
near the terminal (Figures A.1 and A.5). With average winter winds, slicks from the marine terminal will
travel to the south-east. The heavy crude oil slicks will reach the northern shore of Nova Scotia and
initially oil a minimum of about 15 kilometres of the shore (Figure A.7). The diesel spills modelled will
follow the same trajectory, but are expected to disperse just prior to reaching Nova Scotia (Figure A.3).
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The oil trajectories predicted using the historical hourly wind records are shown in Figures A.2, A.4, A.6
and A.8. The July historical wind results (Figures A.2 and A.6) are quite different from the summer
average results (Figures A.1 and A.5) as the oil does not go quickly to shore but travels to the south-
east more like a winter trajectory. This is not surprising since the second most prominent wind direction
in the summer is from the NW, as seen in the wind rose of Figure 4.2. The winter, historical wind,
trajectories are quite similar to the average wind trajectories (see Figures A.3 and A.4 and A.7 and A.8).
Winter winds are very prominent from the NW quadrant so it is also not surprising that the historical
wind trajectory and the average wind trajectory are similar. The historical wind trajectory has the more
variable movement, as would be expected.

Table 4.6 Trajectory and Shoreline Qiling for Terminal Spills: Seasonal Average Winds

Time to

Shore or Volume Estimated
Spill Location s Loss Of. Deposited Shore Typesl Length Trajectory
e urface Slick . of Shoreline .
Description () On Sf;ore Oiled Oiled Figure #
i “
tide tide
500 m” Diesel
Summer 1.5 1.75 475 5 <1 S, PC, Bed 2 Figure A.1
Winter 109 109 0 29 71 na na Figure A.3
1,000 m® Heavy Crude
Summer 1.64 1.5 940 6 <1 S, PC, Bed 2 Figure A.5
Winter 116 118 800 19 <1 PC 15 Figure A. 7

' Bed- Bedrock, B-boulder, M-man made, S-sand, PC- pebble cobble, SG-sand gravel, TF-tidal flat, M-marsh.

4.42.2  Anchorage, Shipping Lane Approach to Saint John, and Canaport Monobuoy

Preliminary modelling of oil slick trajectories was completed from three spill locations just offshore the
proposed marine terminal location: at the shipping lane approach to Saint John Harbour, at the
anchorage location off Saint John, and at the Canaport monobuoy (see Section 4.2.3.2 for spill
coordinates). The preliminary work identified that the general trajectories of spills from these three sites
are not very different. The three sites are relatively close to each other and, due to the direction of the
predominant winds, spills from the three sites generally move to similar shore locations and were not
considered for further modelling.

Spill trajectories from the Anchorage site were selected for detailed discussions. These results are
generally applicable to spills from all three sites. Summer spills from the Canaport monobuoy site will
reach the New Brunswick shore sooner than releases from the anchorage site whereas spills from the
shipping lane approach to Saint John will take longer to reach shore. In all cases, similar shore areas
will be impacted from spills from these sites. Figure A.9 shows the predicted trajectories from the three
sites using summer average winds and spring tides. The shipping lane approach site may oil more
shore to the west of Saint John Harbour, but spills from all three of these sites will threaten the shores
from Barbours Point to Mispec Point. The trajectories for the winter average winds all travel to the
south east and hit land along a similar stretch of the Nova Scotia shore, as represented by the
Anchorage trajectory results discussed below.

Only 10,000 m? spills of heavy crude oil were considered from the Anchorage location. The likelihood
of large diesel spills is very low in this vicinity due to the short time that the outgoing tankers will be in
the area and their proposed transit route.

Seasonal average summer and winter wind speeds and predominant direction were used in the
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modelling shown in Figure A.10 and Figure A.12 to illustrate the general trends in the movement of
these spills. The time to shore or time to loss of surface slick, length of shoreline oiled and type of
shore oiled using average wind conditions are provided in Table 4.7.

Under average seasonal summer winds, the spills from the anchorage location will move northeast to
the New Brunswick shore within 33 to 46 hours and oil a minimum of about 25 km of the shore zone in
Saint John harbour and its surroundings (Figure A.10). With average winter winds, slicks from the
anchorage will travel to the southeast (Figure A.12). The heavy crude oil slicks will reach the northern
shore of Nova Scotia within about 105 hours and initially oil a minimum of about 20 km of the shore.

The trajectories predicted using the historical hourly wind records are shown in Figures A.11 and A.13.
As noted in the marine terminal trajectories, the July results (Figure A.11) are quite different from the
summer average results (Figure A.10) as the oil does not go quickly to shore but travels to the
southeast more like a winter trajectory. The winter average and historical wind trajectories
(Figures A.12 and A.13) result in similar landfall locations, but the variability of the historical wind
direction is evident when comparing the two trajectories. In the historical wind case, oil comes close to
shore and then with a dramatic wind shift moves back offshore and eventually grounds somewhat
further to the north.

Table 4.7 Trajectory and Shoreline Oiling for Anchorage Spills: Seasonal Average Winds

Time to

Shore or Volume Estimated
Loss of . 1 Length
Surface Slick | Deposited | % | % | Shore Types™ | (o eline
Oiled
(km)

Trajectory
Figure #

Spill Location

Description On ngore Evap | Disp Oiled

10,000 m” Heavy Crude

Summer 46 33 8,000 20 <1 M, B, SG, PC 25 Figure A.10
Winter 105 107 8,400 16 <1l PC 21 Figure A.12
! Bed- Bedrock, B-boulder, M-man made, S-sand, PC- pebble cobble, SG-sand gravel, TF-tidal flat, M-marsh.

4423 Brier Island Vicinity

Preliminary modelling of oil slick trajectories was completed from two spill locations just offshore of
Digby Neck, Nova Scotia: at the centre of the shipping lane convergence in these waters, and at the
shoals near Brier Island (see Section 4.2.3.2 for spill coordinates). The preliminary work identified that
the general trajectories of spills from these two sites are not very different. The two sites are very close
to each other and, due to the direction of the predominant winds, spills from the sites generally move to
similar shore locations in both summer and winter. In the winter, the winds from the northwest will
quickly move spills to nearby Digby Neck. Spills from the Brier Island Shoal release point will ground on
Brier Island or the western extremity of Digby Neck. Winter spills from the shipping lane site will ground
about 20 km west of Brier Island on Digby Neck near the break in the peninsula. The western extent of
the peninsula is vulnerable to spills from these two locations. The SSW summer winds will move slicks
NE across the Bay of Fundy and finally contact the New Brunswick shore near the proposed refinery
and marine terminal. As a result, detailed modelling was not completed at both sites. Spill trajectories
from the shipping lane convergence site have been selected for detailed discussions and the results
generally apply to both locations.

The western extent of the tidal water current data set developed by NATECH stops very close to the
shipping lane spill location and the accuracy of the modelled currents at the extreme extent of the
vector field are somewhat suspect. Because of
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spill trajectories from this spill site to validate the results from SLROSM (Figures A.15 and A.19).

Large spills (10,000 m®) of both diesel fuel and heavy crude oil were considered from this location.
Seasonal average summer and winter wind speeds and predominant direction were used in the
modelling shown in Figure A.14 to illustrate the likely typical movement of these spills. Figure A.15
shows spill trajectories as predicted by DFOOGs
of surface slick, percent of oil evaporated and dispersed, length of shoreline oiled and type of shore
oiled are provided in Table 4.8. The trajectories of the diesel and heavy crude oil spills will be identical
in this case as both oil types survive until they reach shore. The WebDrogue results show a much
smaller tidal influence at the mouth of the Bay of Fundy and this is likely the reason for the longer
transit time to shore for this prediction (285 hours versus 206 hours for SLROSM and the NATECH tidal
currents). The WebDrogue result may be more accurate as the NATECH tidal currents are suspect at
the outer extent of their domain. Both methods have the oil stranding on shore in the same general
location near the proposed refinery and marine terminal.

Under average seasonal summer winds, the spills from the anchorage location will move northeast to
the New Brunswick shore within about 206 hours and oil a minimum of about 40 km of the shore zone
from Black Point in the west to past Spencer Point in the east. With average winter winds, slicks from
this spill location will travel to the southeast and reach Digby Neck within about 28 hours after release.
The oil from these spills will likely oil the bedrock shores to the west down to Brier Island and about
10 km of the pebble-cobble beach to the east. Significant quantities of oil will likely pass through the
opening in Digby Neck and reach the backside of the Neck and the Nova Scotia mainland shore
although this is not shown on the modelled trajectories. Figure A.17 shows the trajectory results for
these winter spills using SLROSM. These trajectories do not account for tidal current effects because
the NATECH data set does not extend to this area. Figure A.18 shows spill trajectories from this site

We b I
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results except the influence of the tidal currents is evident in Figure A.18. T he WebDrogue application
has the oil reaching land within 23 hours and SLROSM has it arriving within 29 hours.

The trajectories predicted using the summer and winter historical hourly wind records are shown in
Figures A.16 and A.19, respectively. The July results (Figure A.16) are quite different from the summer
average results (Figures A.14 and A.15), as the oil does not travel northeast through the Bay of Fundy
but travels to the south-east more like a winter trajectory and grounds on Digby Neck.

Table 4.8 Trajectory and Shoreline Oiling for Brier Island Vicinity Spills: Seasonal Average
Winds

Time to
Shore or Volume
Spill Location Loss of Surface Slick| Deposited % % Shore Types'

Estimated
Length_ Trajectory

e ; . of Shoreline -

Description On Sr;ore Evap | Disp Oiled Oiled Figure #

(km)

10,000 m™ Diesel Spill

Summer 206 285 2,200 40 38 SG, Bed, B, S 40 Figure A.14
Winter 29 23 7,000 17 13 Bed, PC 30 to 40 Figure A.17
10,000 m® Heavy Crude Spill

Summer 206 285 7,700 23 <1 SG, Bed, B, S 40 Figure A.14
Winter 29 23 8,900 11 <1 Bed, PC 30 to 40 Figure A.17

! Bed- Bedrock, B-boulder, M-man made, S-sand, PC- pebble cobble, SG-sand gravel, TF-tidal flat, M-marsh.
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Appendix A
Spill Trajectory Figures
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Figure A.1 500 m?® Spill of Diesel at Marine Terminal: Summer Average Winds

Figure A.2 500 m> Spill of Diesel at Marine Terminal: July, 2007 Historical Winds
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Figure A.3 500 m® Spill of Diesel at Marine Terminal: Winter Average Winds
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Figure A.4 500 m*® Spill of Diesel at Marine Terminal: February 2007 Historical Winds
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Figure A.5 1,000 m® Spill of Heavy Crude at Marine Terminal: Summer Average Winds

Figure A.6 1,000 m” Spill of Heavy Crude at Marine Terminal: July 2007 Historical Winds
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neap tide results in red.-
spring tide results in black

Figure A.7 1,000 m Spill of Heavy Crude at Marine Terminal: Winter Average Winds

Figure A.8

1,000 m*” Spill of Heavy Crude at Marine Terminal: February 2007 Historical Winds
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Figure A.9 10,000 m® Spill of Heavy Crude at Three Sites Offshore Proposed Marine Terminal:
Summer Average Winds and Spring Tides
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