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1.0 INTRODUCTION

The purpose of this project was to identify various incident scenarios that have occurred in the oil industry
across the globand thenadaptthose scenariogto a technical representatioat the planned expansion of

the Burnaby Tank Farm and WestridgerMa Terminal (WMT). The intent was to determine the effects
beyond the fencdine for community emergency planning purposes. Efforts were made to depielifecal
scenarios in a balanced approach that recognizes the low probability along with theilgg<bisit they could

still occur. The process that was followed involved researching historical tank fire scenarios and develop that
scenario inside the fence line at Burnaby Tank Farm and the WMT followed by a determination of the scale of
escalation otside the fence line. Finally, 3D static and dynamic models were created for the selected
scenarios at the Burnaby and WMT locations to visualize the effects for emergency planning purposes.

The Burnaby location hasultiple exacerbatingisks along withthe potential for extremely large seismic
SoSyidao ¢KS /FalOFRAF YS3IFGKNYzAG FlrdzZ G tASa 2FFack
Victoria Island to CaliforniaThe fault has one of the highest seismic potential in the world, whichsisifidal

as M9. That puts it in the sameategory ashe Tohoku earthquake that resulted in catastrophic damage to
northern Japan in 2011 including the Fukushima nuclear facility. The-lassen effects from the 2011

guake included extensive damage liires at refineries and oil storage facilities across Japan and the extreme
demand and shifting priorities placed on first responders e.g., preventing tank fire escalation versus
community emergency response. Of particular concern with Burnaby isghdikeélihood of a major seismic

event that has been estimated by some at 37% within the next 40 years. For perspective the American

t SGNRESdzy LyadAaiddziSQa o6!'tLO aSAaYAO RSaiAday F2NJ 2A

The Buraby Tank Farm location is uniqgue among tank farms around the world. Gengloor of this report

who has carried out storage facility fire hazard management reviews in more than 80 countries has remarked
that it is probably the highest risk facility ofisttype that he has seaffue tothe unique combination of fuels
stored and the operating environment. The location is in close proximity to residential neighborhoods, a major
university, commercial district, critical infrastructure, and has mountain togolgy with limited access and
egress. If any major incident did happen then there could be regigmaljincial,and possibly national
impacts. Notwithstanding the deficiencies with the proposed new tanks, nothing is planned for upgrading the
existing tanls whichare equally prone to the same incidents. It is recognized that incident probability with
the newer tanks might be reduced but it cannot be discounted.

Finally, the scenario work sheet analysis did not focus on tauki fire scenarios or the nsb severe incidents;

a tank boilover or a vapor cloud explosion, however, they cannot be ignored nor the impact overstated. A
boilover is possible where light hydrocarbons are blended with heavier ones which is the case with diluted
bitumen (Dilbit) thatwould be stored at the Burnaby Tank Farm. Althougbommon the phenomenon can

be catastrophic due to the extreme heat and volume expansion of the burning crude oil which has been
described as a flaming Niagara Falls. The only certain means to awildweibis to prevent a full surface

fire, or, if a smaller fire escalated to a full surface fiie extinguish the fire in a very short timé he stated
required response timénot extinguishmentjor Burnaby is within 4rs which isleemedexcessive given that

good industry practice recommendasfull surface extinguishmemitme within two hours.

Burnaby Risk Assessment
M211446LP, Rev. 0



City of

Burnaby

D N E c ENRgConsultants %ﬁ

2.0 BEXECUTIVBUMMARY

This report describes the work, carried out by international industry specialisteattiuest of the City of
Burnaby, to review potential incident scenarios and their consequences at the Burnaby and Westridge
Terminals. The intention has been to develop a better understanding, based on previous incidents around the
world, of events that an happenand even given their low probability, to assess the consequences and
associated risks beyond the fence line for emergency planning purposes.

The major concernglentified in this studynclude:

Miscalculation 6the code requirements ofire foamneeded and applied

Firewater quantities and flow rates insufficient for major scenarios

Inadequatenumber oftrained fire responderto deal with a tank fire

Reliance on external specialist responders for major accident scenarios to respond in adishéy

to prevent a major escalation to a catastrophic event

Storing diluted bitumen that has the potential for vapour cloud explosion or boilover

1 Any major scenario could lead to public panic in the area jeopardizing access and evacuation routes
andresulting in considerable additional pressure on emergency resources

= =4 -4

E ]

Of note is the reliance on active fire protection systems. Tank fire protection systems have a relatively poor
success rate due to their complexitinfrequent usage,and nature of the gents e.g.,seismic,or initial
explosionthat can render them inoperableThe combination ofhe above listedcconcernsand a seismically

active regiongreates the potential for a catastrophic event e.g., a boilover that would have lasting effects on
the community, region,and the environment.

Best industry practices in line with international Fisksed reviews of oil processing and storage facilities have
been used to describe and quantify the consequences, both on and offisdéhe resources and pcedures
required to minimize themThe selected scenarios are based on incidents that have occurred elsewhere
although notnecessarilyn the same sequenced  OK Ay OARSY (G Aa RATFSNByild az
outcomes butgiven the alignmenof factors have resuktdin catastrophic events

Incident effects are described in threport, but more graphic representations hawdso been developed
showing potential effects specifito Burnaby A unique combination of topography, residential and
commercial development, forestry, educational facilities, road and rail infrastructures and environmental
sensitivity existsvhich meansncident consequences can be catastrophithe intent of the study is not just

to show this but to recognize that if they happen then the need for effective and efficient response measures
is paramount, both on and off sitég minimizethe riskto life safety and the environment.

The experts fortis project have the shared belief that the Burnaby Tank Farm and its unique operating
environment poses an unusually high riplarticularlyfor seismically caused tank fires that could escalate
beyond those identified in this study e.g., mulink fires Therefore, the authors believe that every
precautionmust be taken to mitigate the ossite risk with particular emphasis on fire hazard management
systemsi KIF G F NBYy Qi LINE yBiesd iacludeSirk aystemd thak teqtileed Bater PFASree

foam, and trained fire responders with sufficient resources to address the event quickly and competantly.
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addition, there is the need for the resources to manage the immediate and ldageroffsite consequences
of fires and the associated publicrpe, including loss of infrastructuregsidencesand business activity.

3.0 PrROJECDESCRIPTION

3.1 Background

The Trans Mountain Pipeline (TMP) Expansion invalvgsrt,expanding the existing Burnaby Tank Farm and
rebuilding the Westridge Marine TerminaBoth areas are in relatively close proximity to private property
owners and public infrastructure beyond the TMP fence line. The City of Burnaby (CoB) is interested in
understanding likely scenarios and consequential effects to the paibtiche enviroment beyond the TMP

fence line for emergency response planning purposes.

3.2 Project Objectives

The project identifiedscenarios and their impacts to the community outside the fence liflee starting
assumption is that the TMP will requirehéurs to assemialfirefightingteams,so any fire response scenario
has a 4hour delayed responseThe two areas of interest are the Westridge Marine Terminal and the Burnaby
Tank Farm.During phase 1 both areasere analyzed for risks due to various scenarios and conityu
impacts. The CoBnadea selection for phase 2 whiatevelopedone of those scenaridgivolving a seismic
event that triggered a bund fire that led to a full surface fireikewise, the phase 2 effort involved a seismic
event resulting in a jet fugblnk spill at the Westridge Marine Terminal that escalated into a full surface fire
that led to a fire in the process area leading Bdiling Liquid Expanding Vapor ExplosBInEVof a propane
tank. The analysis involvédentification of required resourcet® address the identified riskt isrecognized
that the oil industry has developed best practices over many yeansinanizeincident probability, buthe
scenarios that were usedere based on reatventsthat havepreviouslyoccurred in some form or another.

3.3 Summary ofProjectScope

Two companies were involved with thigudy: ONECGroup and ENRyConsultants. ENRgConsultants
performed the research and scenario development and provided expert assistance to ONBE 3@
modeling. ENRgConsultantis led by Dr. Niall Ramsden who i thoordinator for theinternationally
recognizedil industry fire protection consortiurknown asLarge Atmospheric Storage TanleRirASTFIRE

Dr. Ramsden is alsd@ngstanding menber ofthe NFPA 11 committee. ONEC provided 3D modeling for all
static and dynamic modeling and project management services.

The scopeof the studyincluded identification otritical scenarios that can have significant impacts to the
community outside he fence lineof the Westridge Marine Terminal and the Burnaby Tank Fafirescope
included avisual representation using higlefinition simulation modeling of various scenarios.

The scope of worlvasstructured intwo major phases:

1 Phase 1Static 3Dmodels and scenario development with risk and resource requirements.

1 Phase 2Simulation modeling (dynamic 3D models) with event timelines, community impacts and
resource requirements.

Burnaby Risk Assessment
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3.4 Project ManagemenProcess

The project relied completely opublidy sourced information regarding the Burnaby Tank Farm and the
Westridge Marine TerminaProject plans provided by Trans Mountain to the publidsatellite imagery was
used to createghe static3D models. It is recognized that since the projedh the construction phase some
information might be outdated and subject to change by the time of completion howan&ffort was made

to capture and comment on the design at its current state of completion.

Eachprojectstage was a layer in the prag® Stage 1 provided the base 3D static model that became the basis
for all subsequent work. Stage 2 was built upon the static models and using advanced computational fluid
dynamic modeling to accurately depict an eveithe smoke and liquid movementtieated as millions of
particles that have different behaviors and are interdependeméaning one particle affects another which
changes the trajectory. Iaddition, there are common factors such as gravity, smoke density and wind
direction that affectall particles that the model incorporates.

The dynamic models were based on actual historic fire events. In most cases multiple historical events were
analyzed to understand and accurately recreate the incident as a dynamic model located in Burnaby.

The Burnaby Tank Farm dynamic model that generated smaliexd onwind rosedatafor Burnaby It shows
the prevailing wind direction and speed which indicates the great majority of the time (&8a} the wind
is from the south and the average speed isaths mph. This became the basis for the smoke direciimh
velocity.
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The scenario worksheets were developed from information available at the time of writing. In the case of th
Burnaby Tank Farnthe Trans MountainFire PrePlan document provided information to compare with
industry best practices. The heat maps were developed ual@HA, developed by the USA Office of
Emergency Management, EBAidelinesand the Emergency Response Division, NOA

In the case of the Westridge Marine Terminal there wagublicly available FirBrePlan document so the
work sheets were developed using industry best practices that could be used at a later date to compare once
such a document is provided’he sameéALOHANodelwasused to create the heat maps.

The heat maps are provided as guidance and should not be considered precise. Large industrial fires and their
radiant heat is affected by numerous factors including prevailing winds, weather, terralevation, height

of fire, type of fuelS G O ® X | 2yaSldsSyiates GKS KSIG YILaA 62N o
guidanceonlyl YR A G Qa NBO23ay Al SR GKIG 20KSN) Y2 RSThéhedty R |
mapsprovide a sensefdhe radiant heat emitted andre subject to local prevailing conditions.
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4.0 HSTORICAHREEVENTS

The sectionnvolves identifying historical tank fire related events with photos to help the reader understand
the types of events that have happened el$mre and that could happen at Burnaby / West Ridge Marine
Terminal given the right circumstanceBhe events are listed in order of escalation from low to high.

4.1 RimSealFres

Ly Fye (el 2F Gly]l] 6KSNB GKSNBE A& I NPRaFCANS o Tt
fire in the small area between the roof and the tank shell. This woulshoiwhallybe considered a serious fire
unless it escalates to sonteghg larger.Below is an example of a rim seal fitarted by a lightning strike

Hengyuan refinerg Malaysia

Burnaby Risk Assessment
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4.2 Dike (or Bund) Fire

With fixed roof tanks such as the Jet tanks at Westridge or floating roof tanks with an outer roof such as those
at Burnaby there are a number of potential fire types, the most serious beigg tike area fires, roof lift off

from an internal explosion leading to a full surface fire and, in the case of crude oil tanks, a boilover if not
extinguished quickly and efficiently.

Dike(or Bund)area fire

The dike also called bunds the area surrounding a tank intended to contain any spillages from the tank or
associated pipework Below are some examples of dike fires and their results.

Izmit, Turkey August 1999

The tank fireabovewas not contained to thaingle tank. Tanks within shared containment can spread the
fire to adjacent tanks.

Infrastructure around the tanks (including fire water / foam piping) can be damaged during a dikefeby
affecting the ability to apply water / foam.

Burnaby Risk Assessment
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4.3 RoofLft Off

2 KSy (i KiSnnialdesvapbr in thepace between the flammable liquid and the fixed outer roof it can
ignite causing an explosion that separates the fixed roof above from the cylindrical shell that forms the tank.
Beloware examples of a roof lift off.

Wynnwood, USA 2007

£
= TankTop

MORE VIDEOS

> 4) 007/ 045 & Youlube §J 3r

The above picture shows iaéd roof separation at the frangible roof / sidewall joititthe moment of ignition
This connection is designed to fail and allow the roof to separate. Without the weak frangibte thea
explosive forces could lift the entire roof connected to the cylindrical shell and failure at the bottom would

allowimmediate andcomplete loss of containment.

Crockett, California 2019

Investigation Underway Into Massive Fire At Fuel Facility In Crockett

In the picture above,amplete roof separation is clearlgen after blowing off the tank moments earlier. Note
that any equipment that was roghounted is gone in secondsAn earthquake the previous day is the
suspected cause of the fire when the internal roof was hung up and then released when the liquid level
changed.

Burnaby Risk Assessment
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4.4 FullQurface Fire

A full surface fire can occur in floating roof karwhen the roof sinks exposing thole surface of the fug
or in the case of a tank with only a fixed roof when the roof is blown off.

@ Israel - Fige rages in fuel storage tank

B % Youlube 57 3F

The picture above is alf surface fire example at a diesel fuel storage tastael 1997

With Burnaby lying in close proximity to a major fdude, the probability of a serious incident increases and
over the year there have been several incidents leadingdtastrophicdamage at oil storage facilities
including:

Hokkaido, Japar?003
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45 Boilover

A boilover occurs when a full surface fire in a crude oil tank develops a hot zone within the burning fuel. This
increases in depth until it reaches any water in the tank (normally at the bottom of the tank). The water turns

to steam creating a massive @tion that forcefully ejects the burning crude into the air. In the past such
SpSyia KI @S 0SSy RSAONAOGSR a a[A1S I CflFYAYy3 bAl:
crude oil tank full surface fire except to extinguish the tank fafoke the hot zone can build upest industry
practicetargets extinguishmenof a full surface firevithin 2 hours.

The Amoco Milford Haven boilover, 1983 Nigeria 2002 Nigeria 2002 — Note crude flowing outside bund

Tacoa, Venezuela December 1982

The above boiloveevent inTacoa, Venezuekilled more than 150 people as the tanks were on a hillside and
burning fuel engulfed lower areas
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4.6 Boiling Liquid Expanding Vapor Explosi@lLEVE

The WMT has neashore facilities including light condensate / propane stora§eBLEVE occurs when a fuel
such as propane or butane, which is normally a gas at ambient temperatures and pressures is stored under
pressure so that it becomes a liquid. If the pressure vessel is subject to fire it can burst, and the fuel is released,

rapidly becoming gaseous as it boils off. When ignited this causes a massive fireball known asx;@BBLlBYE
Liguid, Expanding Vapour Explosion.

It is ashortlivedevent but can have massive consequences through radiant heat and shrapnel damage as the
tank explodes.

The picture above shows id surrounding a rail car of propane. Note the relief valve is releasing propane at
high pressure as a result of the fire around the tank that ignites.

The fank car ruptures releasing propane that flashes Ibmnmediately. Note the uignited propane to the
left that appears as a white fog.

The popane ignites causing rapid air expansion / explosion

Burnaby Risk Assessment
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4.7 Fires at Jetty

The WMT has three berths with multiple loading arms at each berth. Loading ratebutacgn exceed
100,000 Barrels per hour. Loading arms or their piping have failed resulting in fires or oil spills on the water
that can affect shipping and the environment.
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Tanker loading arm fire can spread beyond the tanker itself.
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5.0 BURNABYTANKFARM

5.1 Key Points of ConcernHast Facts

A study has been carried out in accordance with international practices for tank farm hazardous scenario
evaluation. It isecognizedhat the incidents are low probability, but they have all happened eambe
considered more likely at Burnaby as it is in a high frequency earthquake zone.

A balanced technical approach has been taken of events that could occur at Burnaby as examples of
possible incidents. These are not the only potential scenarios, andadeszalation factors would lead
to the same consequences.

The following points have been identified during this assessment:

1 Serious concerns have been identified regarding quantification of firefighting resources on site. They
do not appear to confornwith industry standards (National Fire Protection Association) and basic
errors have been made with respect to foam and water requirements.

o Foam concentrate calculated quantities incorrect by 50%
o Firewater quantities and flow rates insufficient for magmenarios.

9 Based on the site topography and manpower levels, it is doubtful if the necessary resources for large
scenarios could be deployed safely-site even if they were available.
0 Smoke and heat exposure to responders.
o Potential for catastrophic boilver during deployment.

1 Whilst relying on external specialist responders for major accident scenarios it is very doubtful if they
could be deployed within a timeframe to minimise potential for escalation to catastrophic events.
o Numbers and competencied tesponders critical.

9 The fuel type could result in phenomena known as Vapour Cloud Explosions (VCES) or Boilovers, both
of which could result in major catastrophic damage inside and outside the fence.
o Devasting consequences and multiple-site fatalities have occurred with these incident
types elsewhere.

1 Any major scenario on site could lead to public panic in the area jeopardizing access and evacuation
routes and resulting in considerable additional pressure on emergency resources.
o Emergency &vices will require clear access for search and rescue and controlled evacuation
priorities.

1 The short and long term societal, economic, and environmental damage locally and regionally will be
extensive.
0 Real estate value reductions.
0 Long term loss of [l businesses.
o Environmental pollution.

Burnaby Risk Assessment
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There are potential short and long term health effects including to eyes and lungs as a consequence
of the compounds produced by combustion, especially for those with respiratory issues.

o Particulate matterg soot @mposed primarily of elemental carbon.

0o Gases, such as carbon dioxide, carbon monoxide, nitrogen oxides, sulphur oxides.

o Volatile organic hydrocarbons.

The foam currently used on site contains chemicals known as PFAS which are facing increasing
regulatory O2 Yy i NBfa ©2NI RGARSI RdzS {2 -terin KeSvkdiinerdtaF 2 NS &

consequences.
o Potential ground and water contamination.
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Tank sloshing br

eaks frangible roof weld

esultina in spilled crude oil

Seismic generated sloshing causes frangible roof seam failure waghilbilg out of tank. The internal roof is
dzy Rdzf F GAy3 YR &0GNR1S&a GKS SEGSNYIf NR2FQ& dzy RSNZ
friction caused by roof collisions ignites the oil vapors.

A bund (dike) fire is started as well agfin the space between internal and external tank roofs.
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B 135 Metres / 443 Feet
32.0 kW/m>

100% fatality for an exposure
of 30s (outdoor population).

" 286 Metres / 938 Feet
6.3 KW/m?

Escape routes impaired if
radiation exceeds this level.

480 Metres / 1,575 Feet

& 67°F Cloudy ~ & &

Above: The radiant heat from a dike and tank fire can extend beyond the fence line
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Above: An interndire / explosion can cause the roof to lift off

=

2021 06 08c

Full surface fire and dike fire or boilover that could lead to a wildfire in the surrounding treed areas. Note that
multiple tanks in the vicinity are also at risk
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Boilover Radiation Map

B 247 Metres / 810 Feet
32.0 kW/m?

100% fatality for an exposure
of 30s (outdoor population).

| 524 Metres /1,719 Feet
6.3 kKW/m?

Escape routes impaired if
radiation exceeds this level.

884 Metres / 2,900 Feet

& 67°F Cloudy ~ &

Above: The radiant heat from aitover can extend far beyond a fence line

& 67°F Cloudy ~ @ =

Above: The radiant heat can ignite trees in the area
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5.3 Burnaby Tank FarmStatic & Dynamic Models

Burnaby Tank Farm

A static model was created using public information on the Burnaby Tank Farm cdkftpleting the static
model dynamic effects with added to simulate it according to historical events.

. Overhead

. UniverCity

. Forest Grove Elementary

. Bumaby Mountain - Horizons
. Lougheed Hwy @ Lake City

. Gaglardi = Bumaby Mtn Prkwy

Each number represents the view from each respective location and towards the Burnaby Tank Farm
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View #X Overhead. The dynamic model view on right includes the tank and dike fire and the wildfire started
from the radiant heat.

View #3¢ Forrest Grove Elementary School camera view. Static view on the left and dynamic model on the
right.
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View #4¢ Burnaby Mountairwest of tank farm

View #5¢ Lougheed Hwy @ake City Overpass

View #6¢ Gaglardi / Burnaby Mountain Intersection. The wildfire smoke obscures the view of the tank fire.
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Burnaby Tank Farm and full surface fire heat méglow Zone
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6.0 WESTRIDGHIARINETERMINAL

6.1 Key Points of ConcernHast Facts

A study has been carried out in accordance with international practices fofaamkand jetty area hazardous
scenario evaluation. It is recoged that the incidents are low probability, but they have all happened and in
particular can be considered more likely at Westridge Terminal as it is in a high frequency earthquake zone.

Note that the assessments that have been carried out are based on limited information available from the
Terminal itself, including no information on the existing Fire Hazard Management system

A balanced technical approach has been taken of events thatl cmeur at Westridge Terminal as examples
of possible incidents. These are not the only potential scenarios, and several escalation factors would lead to
the same consequences.

The following points have been identified during this assessment:
1 Whilst relying on external specialist responders for major accident scenarios it is very doubtful if they
could be deployed within a timeframe to minimise potential for escalation to catastrophic events.
o0 Numbers and competencies of responders critical.

1 There is &ropane vessel located within the Vapour Recovery Unit, which could result in phenomena
known as Boiling Liquid Expanding Vapour Explosion (BLEVE), which could result in major catastrophic
damage inside and outside the fence.

o Devasting consequences and tiple off-site fatalities have occurred with this incident type
elsewhere.

1 Any major scenario on site could lead to public panic in the area jeopardizing access and evacuation
routes and resulting in considerable additional pressure on emergency resources
o Emergency Services will require clear access for search and rescue and controlled evacuation
priorities.

1 The short and long term societal, economic, and environmental damage locally and regionally will be
extensive for some scenarios.
0 Real estatevalue reductions.
o Long term loss of local businesses.
o Environmental pollution.

1 There are potential short and long term health effects including to eyes and lungs as a consequence
of the compounds produced by combustion, especially for those with respjrégsues.
o Particulate matterg soot composed primarily of elemental carbon.
0 Gases, such as carbon dioxide, carbon monoxide, nitrogen oxides, sulphur oxides.
o Volatile organic hydrocarbons.

Burnaby Risk Assessment
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9 The foam currently used could contain chemicals known as PFA® watdcfacing increasing
NB3dzZA F i2NE O2yiNRfa 662NIRSARST FedeSenviicAmeniak SA N
consequences.

o Potential ground and water contamination.

1 A spill at the jetty, if unignited, could result in a significant incident to therenment, which may
have long lasting impacts to the local wildlife.

0 The emphasis should be placed on identifying and containing the spill.
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In the picture above a seismic event caused the liquiligcture the frangible roof joint leading to a leak
into the dike area that finds an ignition source.

Internal floating roof impacts fixed roof causing the internal

L Type here to search

If the tank is equipped with an internal floating roof, it can be the cause of a fire when it contacts the fixed
roof during large wave sloshing but tteeare other sources of ignition as well.
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& 69°F Cloudy ~ & =

Bund / Dike Fire Radiation Map
B 119 Metres / 390 Feet
32.0 kW/m?

100% fatality for an exposure
of 30s (outdoor population).

l 250 Metres / 820 Feet
6.3 kW/m?

Escape routes impaired if
radiation exceeds this level.

417 Metres / 1,368 Feet

@ 69°F Cloudy ~ & ®

The radiant heat from a tank and dike fire can extend beyond the fence line.
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& 69°F Cloudy ~ @& ®

Above: The roof blows off and lamih the process area causing a leak winjclites,and the heat can cause
pressure vessels e.g., propane to vent

L Type here to search i 2 3 & 69°F Cloudy ~ &

In the above picture a BLEVE of the propane tank occurs.
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Overview of Westridge Marine Terminal
\ v Mountain

@ 69°F Mostly cloudy ~ & &

@), ¢ =

Ll © Type here to search O Hi I | 9

Thepicture above shows a loading arm leak and fire.
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P Type here to search Hi s A = ] @ 69°F Mostly cloudy ~ @ % 7z ¢

In the above picture the fire is between the tanker and the berth.
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6.3 Westridge Marine Terminad Static and Dynamic Mods

A static model was created using public information on the Westridge Marine Terminal. After completing the
static model dynamic effectsereadded to simulate historicalfire event. Both the static and dynamic model
screen shots were taken and placedesby side for comparison.

Each number represents the view from each respective location and towards the Westridge Marine
Terminal
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View #X Overview of Westridge Marine TerminaDynamic model on right shows fire evemntthe WMT
waterfront.

View #2 Water view of WMTwaterfront. Dynamic model on right shows after propane tank BLEVE
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View #3¢ View from tanker. Note that theiew was adjusted in the dynamic model to view the leak / fire

View #4 View from aposition between the berth and tankeDynamic model on right shows oil leak onto
water with fire.
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View #5 Alternate overview

View #6 View from an area above Bayview and Inlet View Drive
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& 69°F Cloudy ~ @& ®

View #8 View from an area near N. Cliff Ave

@ 70°F Mostly cloudy ~ & =

View #9 Street level view near Bayview and Inlet Drive
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Ll © Type here to search =l L 4 J @ 69°F Mostly clouc

View #10 View near Barnet Hwy
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6.4 Westridge Marine TerminaHeat Map¢ 3D Bubble

Three scenarios shown with heat map bubbles showing approx. radiant heat intensity at istauses.

East tank dike and full surface fire heat mRed Zone
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Executive Summary

This document has been prepared to reviemwamber of potential hazardous scenarios at the Burnaby
Terminal site (Rim Seal Fire, Full Surface Fire, Bund (dike) Fire and Vapour Cloud EXphesier§cenario
Worksheets (SW) have been completed in accordance with the recommendations in the HEsétgiel
Model Code of Safe Practice PartciBire Precautions at Petroleum Refineries and Bulk Storage Installations.
When used as part of ask-basedFire Hazard Management development process in accordance with this
internationally recognised guidancéhey would form the basis for Scenario Specific Emergency Response
Plans.

The assessments and worksheets contained within this document represent a balanced technical opinion of
events that could occur at the Burnaby tank farm. All of the scenarioastied within this document have
occurred somewhere within industry and there is limited scope to reduce the magnitude of these events if
they occurred. It is recognised that the likelihood of these events is low and there are measures that can be
taken o reduce that likelihood further, but they still all remain credible events. It should be noted that in the
case of Burnaby the probability would be higher than the global average because of the earthquake
frequency in the area.

Within this document, snarios have been reviewed that could escalate given a set of circumstances.
However, given the correctly designed, inspected, maintained, and tested procedures and equipment with
competent and trained personnel, the probability of escalation can be mdlubut not eliminated
completely.

Where possible, information has principally been taken ftbenTrans Mountain Tank Farm Tactical Analysis
document, dated 01 May 2015 or the Burnaby Terminal FirePRae dated 12/20 However, it is recognised
that some of this information may not be accurate or up to date given potential infrastructure changes due
to the expansion project at the facility.

These worksheets are intended to provide examples of potential scenarios at the Burnaby Tank Farm with
associated consequences and proposed firefighting strategies. There are other scenarios and sets of
circumstances that could lead to the same escalation result.

Burnaby Risk Assessment
M211446LP, Rev. 0



ONEC

City of (=] [=]
J ENR ltant L
Burnaby glenzyliants E%

Contents

1 EXECULIVE SUMMAIY......uuiiiieieeeeieiiiiiiieeeestiin s s e e e e eeeeesnnnn s smessnnnn e eeeeseessnsnnnneee e 41
2 Notes on Scenario WOrkSheets..........coouiii i e 43
3 Potential Escalation MeChaniSMS..........ccovuiiiiiiiiii e e e e e 45
4 Concerns to be AdAreSSEA.........iiiii i e e e e e aane 47
LIRS | = T 48
U | IS 0T = ol N =P 61
Partial BUNd (DIKE) Fir€........ouuiiiiiii et me et e e e e e e 78
L =TT o T = PP 93
Vapour Cloud EXPIOSION.......ccuuuiiii et e e e e e e e ar e 108
Hydrocarbon Material at BUrNaby...........cccooiiiiiiiiiiiiie e 118

Burnaby Risk Assessment
M211446LP, Rev. 0



Notes on Scenario Worksheets

ENRgConsultants gﬁ
(=]

The following notes are intended to clarify their purpose:

T

It is recognised that the scenarios have a relatively low probability, but similar incibemts
occurred within the industry in all cases, including at facilities designed and operated in accordance
with best industry practices

The consequences have been modelled for a specific scenario at one location at the facility. Of
course, a similar scenario could occur at many locations within the terminal with similar
consequences but possibly different timelines and probabilities. kamele, if a full surface tank

fire occurred in a tank nearer the boundary fence, then escalation to facilities and vegetation outside
the fence would be more rapid.

The assessmeshave beencarried outbased on Dilbit material. It was chosen as it has the potential
to form a VCE when released and could result in an escalatibailmver. Other material is stored
at the tank farm, which could have similar consequendgsfer to Appendix 5 of this daoent.

Radiant heat calculations have been carried out using recognised software (ALOHA, developed by
the USA Office of Emergency Management, EPA and the Emergency Response Division, NOAA), but
it must be realised that all such models have fairly high riehecalculation tolerances. Equally,
although radiant heat levels causing certain effects such as escalation to adjacent facilities are based
on published figures, the actual radiation levels will depend very much on specific conditions such as
tank contents, ambient conditions etc. during the event.

In the event of a major incident resulting in flames and smoke, this will be visible to the general
public, which could cause panic within the community. This is likely to generate a large amount of
media irterest and telephone calls, which could impact communication. This should be recognised
and will need to be managed.

Initial panic caused by a major incident could lead to an uncontrolled evacuation froarehbdy
the general public. This could seribubamper any relief efforts or evacuations.

It must be recognised that with such varying potential conditions, precise strategies, and tactics to
be deployed might vary considerably. Tank firefighting should not be seen as an exact science but
rather ore relying on the availability of specialist experienced and competent personnel to make
decisions based on the unique set of circumstances for that specific event.

Boilovers are mentioned as a potential escalation route. Extensive work carried out bpa81d-IRE

Group has shown that there are no proven or validated methods of preventing a boilover during a

full surface crude oil tank fire except fast extinguishment. A published response time of 2 hours is
recommended for any fuel with boilover potentiay khis international group of oil companies.

The number and location of monitors is not based on specific application rate calculations but based
experience of similar incidents and the fact that application by monitors is typically dependent on tl
camacity and range of monitors rather than the actual minimum quantity of water required.
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1 This document concentrates on the relatively immediate incident consequences. Such incidents
elsewhere have resulted in massive long term consequential impact on the surrounding area,
including contamination of drinking water sources, business loss, rEgatleaccommodation
property value losses arldngterm environmental damage.
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Potential Escalation Mechanisms

Whilst certain escalation routes have been discussisdmportantto note thatsome of theescalation stages
could be the initiaincident in their own right. For example, a full surface tank fire could be the initial incident
rather than a rim seal fire leading to one.

These are not considered to be the only escalation routes for the final scenarios but examples of potential
ones aly.

Example escalation route a)

1 Earthquake or mechanical damage to the rim seal

1 Leads to a loss of containment of hydrocarbon above the rim seal

9 If there is an ignition source this could lead to a fire in the rim.seal

1 Arim seal fire should be suppsesi by the existing semi fixed foam system installed on each of the
rim seals.

1 A rim seal fire is unlikely to escalate to a full surface fire in well maintained tanks although it has
happened rapidly in cases where there is vapour in roof pontoons.

Exampé escalation route b)

1 Earthquake or maloperation leading to product on the tank roof. (Note: incidents have occurred
where the earthquake results in loss of tank contents from the tank by sloshing and breaking of the
tank roof/shell joint, which is delibately a weak joint.)

Potential for the roof to sink

If there is an ignition source this could lead to a full surface fire

If rapid extinguishment is not possible, then the radiant heat from the full surface fire sealdn

escalation to adjacent strugtes by radiant heatThe radiant heat could result in failure of flanges

in and around the tank, or further escalation to other tanks, which could lead to further rim seal fires

or full tank surface fires or bund (dike) pool fires.

9 If the full surface is not extinguished within 2 hours, there is a risk of boilover which may occur
anytime- it is effectively an unpredictable event as there are so many variables involved.

1 The impacts of a boilover will be realised not only within the tank farmhalso outside the fence

and, in particular, the vegetation around the site and potentially communities. Given the topography

of the site, there is a risk to the local community to the South of the site, which is at a lower elevation.
1 Without ignition, there is likely to be minimal safety and health impacts but there could be a business

interruption and there will be a requirement to clean the material up.

= =4 =

Example escalation route c)
1 Maloperation or mechanical failure of instrumentation leading too&erfill of the tank
1 Potential for a vapour cloud to form in the tank farm and with the congestion in and around the tank
farm, there is a risk that a delayed source of ignition could result in a flash fire back to the tank or a
vapour cloud explosion.

1 Ths vapour cloud explosion and damage from overpressure could lead to other tank fires or multiple
tank fires and therefore the escalation scenarios identified for a full surface tank fire are possible.
The flammable liquid accumulating in the bund couhdl fa source of ignition leading to a bund fire
If rapid extinguishment is not possible, then the radiant heat from the bund fire could impact the
tank in the bund and other tanks located within 2 tank Diameters (dependent on wind conditions

=a =4
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and the impacs of differing elevations). This could lead to potentially additional bund (dike) fires if
there is flammable material in the bund

There is significant vegetation located around the tank farm and either through direct flame
impingement or radiant heatere is a high risk of vegetation igniting, leading to forest fires that
could impact the whole areand evacuation from itincluding surrounding schools and residential
property (includinghe university campus).

Without ignition, there is likely to be mimal safety and health impacts, although the Dilbit crude
does contain Hydrogen Sulphidd2S and Sulphur Dioxide§0O2 which the emergency response
personnel need to be aware of and wear suitaBkrsonal Protective EquipmerRRE, but there is
likelyto be a major business interruption and cleap operation required. It should also be noted
that suitable PPE may include breathing apparatus, which will make working conditions difficult,
particularly if the evehgoes on for some time.
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Concerndo be Addressed

Whilst resources have been guantified for specific situations, no comparison with aquigiment on site
have been madeHowever, sight of some documentation has given concern if sufficient resources are
available and if they conform todinistry recognised standards. Even if sufficient resources are available, it
is unclear whether they can be safely deployed in an appropriate time.

For exampleThe foam requirement calculations provided in the Burnaby FirePRre suggest that they

have not been carried out in accordance with the recognised standdFPA11. No allowance, as required

by this standard for losses due to wind and thermal updraugive been included. This is a very serious
omissiong especially if it has been continued through to the upgrade phase. It results in insufficient foam,
application equipment and waterflow to meet standard demands available of the facility. Mentiondis ma

of increasing application rates if losses are occurring, but this does not appear top have been considered in
the calculations deriving the quantities of foam concentrate and foam solution required.

LG Aa dzyRSNERG22R GKI G I typé is Aser/fdr foamkecBneentan¥ InjéctionJBRsed2 NJi A
on considerable experience worldwide, these are notoriously inaccurate at providing correct proportioning
rate over any significant flow rangeand in any case can cause long delays in the correct eaehing
application equipment when any flow change occurs for whatever reason.

Whilst monitor locations have been identified as typical possibilities, they should be taken as examples only
as actual locations will depend on wind direction and speed antheractual radiation levels impacting
access for emergency response personnel.

Based on limited site knowledge, there would be concerns regarding the safety of deploying equipment to
the required locations because of boilover potential. There is adtiskto smoke obscuration and radiant

heat and availability of sufficient manpower to be able to position all necessary equipment within a
reasonable time frame. The consequences of a boilover would be significant at any site, but at the Burnaby
site, there is the added risk resulting from the topography of the site resulting in burning product flowing
downhill.

It is necessary to checthe minimum required water quantities, rates, pressures, afgainst availability on
site, given the upgrades being d&

The capacities on site for foam/water containment are not knaythis is an important part of minimising
environmental consequences of any incident along with necessary detailed preplanning for such events.

It is understood that the foam being used at the facility is a fluorinated foam, commonly known afBFAS.
and polyfluoroalkyl substances (PFAS) are a group ofmaate chemicals that includes PF@Ad PFOS
Both chemicals are very persistent in theveonment and in the human body meaningthat they donot
break down and they can accumulate over tim=AS, which is known as a forever chemical, will also leave
a longterm environmental impact. There is a drive to Atuorinated foams globally anthis should be
considered by the facility.
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Rim-Seal Fire
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SCENARIO WORKSHEET

TANK 95 SCENARIRIM SEAL FIRE
BURNABY TANK FARM
Storage tank 95
Dilbit (Bitumen plus condensat&forage Tank

A rim seal fire occurs where the sdmtween the tank shell and roof has lost
integrity and there is ignited vapour in the seal area. The amount of seal
involved in the fire can vary from a small, localised area up to the full
circumference of the tank. Seal construction is a major faatothis. The
flammable vapour can occur in various parts of the seal depending on the seal
type. A rim seal fire should not escalate to a full surface fire in amaghtained

tank. However, if there is vapour in the pontoons then they can explode due to
the fire thus creating roof instability and so lead to a full surface fire. A full
surface fire is discussed within the full surface fire scenario worksheet.

The material stored within the tank(s) is DitbiDilbit is a product resulting from
GKS YAEGdNB 2F KAIK @Gradzarie oAaddzySy
facilitates the flow of bitumen through pipelines.

In the case of a Dilbit spithe condensate would evaporate, leaving the heavy
bitumen behind. The publicised consequencésxposure to condensate after
a spill or accident are as follows:

 Condensate is a colourless to strasoured liquid, with hydrocarbon
odour, which readily vaporizes at atmosphegsiessure and it is extremely
flammable

1 lts vapours are heavier tharra

1 Short term health hazards from exposure to vaminclude eye and skin
damage, nausea and dizziness, and breathing difficulties

1 Chronic or longerm effects can include cancer risk, effects on the nervous
and/or cardiovascular system, seizures, aedith.

1 Sparking conditions must be avoided and being downwind during a fire
greatly heightens associated risks

1 In the case of ignition, special firefighting techniques like the use of foam,
CO2, or dry chemicals are required

! This assessment has been based on Tank 95, but a similar event could have been considered for any of the storage
tanks. The consequences will essentially be the same, but tanks nearer the fence line or nearer buildings could have a

different impact.

2The assessment has been based on Dilbit material. It was chosen as it has the potential to form a VCE when released
and could result in an escalation to Boilover. Other material is stored at the tank farm, which could have similar

consequences.
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1 First responders must use chéamatresistant clothing, positive pressure
breathing apparatuses, and eye protection
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LOCATION FOR SCENARIO

Figure 1: Partial plan of the site indicating thecation of tank 95
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