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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 globe and then adapt those scenarios into a technical representation at the planned expansion of 

the Burnaby Tank Farm and Westridge Marine Terminal (WMT).  The intent was to determine the effects 

beyond the fence-line for community emergency planning purposes.  Efforts were made to depict real-life 

scenarios in a balanced approach that recognizes the low probability along with the possibility that 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 outside 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 has multiple exacerbating risks along with the potential for extremely large seismic 

ŜǾŜƴǘǎΦ  ¢ƘŜ /ŀǎŎŀŘƛŀ ƳŜƎŀǘƘǊǳǎǘ Ŧŀǳƭǘ ƭƛŜǎ ƻŦŦǎƘƻǊŜ /ŀƴŀŘŀΩǎ ǿŜǎǘ Ŏƻŀǎǘ ŀƴŘ Ǌǳƴǎ мΣллл ƪƳ ŦǊƻƳ ƴƻǊǘƘŜǊƴ 

Victoria Island to California.  The fault has one of the highest seismic potential in the world, which is classified 

as M9.   That puts it in the same category as the Tohoku earthquake that resulted in catastrophic damage to 

northern Japan in 2011 including the Fukushima nuclear facility.  The lesser-known effects from the 2011 

quake included extensive damage with fires 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 is the high likelihood of a major seismic 

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

tŜǘǊƻƭŜǳƳ LƴǎǘƛǘǳǘŜΩǎ ό!tLύ ǎŜƛǎƳƛŎ ŘŜǎƛƎƴ ŦƻǊ ƻƛƭ ǎǘƻǊŀƎŜ ǘŀƴƪǎ ƛǎ ōŀǎŜŘ ƻƴ ŀ ǇǊƻōŀōƛƭƛǘȅ ƻŦ н҈ ǿƛǘƘƛƴ рл ȅŜŀǊǎΦ 

The Burnaby Tank Farm location is unique among tank farms around the world.  One co-author 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 of this type that he has seen due to the 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 topography with limited access and 

egress. If any major incident did happen then there could be regional, provincial, and possibly national 

impacts.  Notwithstanding the deficiencies with the proposed new tanks, nothing is planned for upgrading the 

existing tanks which are 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 multi-tank fire scenarios or the most 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) that would be stored at the Burnaby Tank Farm.  Although uncommon, 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 avoid a boilover is to prevent a full surface 

fire, or, if a smaller fire escalated to a full surface fire, to extinguish the fire in a very short time.  The stated 

required response time (not extinguishment) for Burnaby is within 4-hrs which is deemed excessive given that 

good industry practice recommends a full surface extinguishment time within two hours.    
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2.0 EXECUTIVE SUMMARY 

This report describes the work, carried out by international industry specialists at the request 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 can happen and even given their low probability, to assess the consequences and 

associated risks beyond the fence line for emergency planning purposes. 

The major concerns identified in this study include: 

¶ Miscalculation of the code requirements of fire foam needed and applied  

¶ Firewater quantities and flow rates insufficient for major scenarios  

¶ Inadequate number of trained fire responders to deal with a tank fire  

¶ Reliance on external specialist responders for major accident scenarios to respond in a timely fashion 

to prevent a major escalation to a catastrophic event 

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

¶ Any major scenario could lead to public panic in the area jeopardizing access and evacuation routes 

and resulting in considerable additional pressure on emergency resources 

Of note is the reliance on active fire protection systems.  Tank fire protection systems have a relatively poor 

success rate due to their complexity, infrequent usage, and nature of the events e.g., seismic, or initial 

explosion that can render them inoperable.  The combination of the above listed concerns and a seismically 

active region, creates 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 risk-based reviews of oil processing and storage facilities have 

been used to describe and quantify the consequences, both on and off site, and the resources and procedures 

required to minimize them. The selected scenarios are based on incidents that have occurred elsewhere 

although not necessarily in the same sequence.  9ŀŎƘ ƛƴŎƛŘŜƴǘ ƛǎ ŘƛŦŦŜǊŜƴǘ ǎƻ ƛǘΩǎ ƴƻǘ ǇƻǎǎƛōƭŜ ǘƻ ǇǊŜŘƛŎǘ ŜȄŀŎǘ 

outcomes but, given the alignment of factors, have resulted in catastrophic events.   

Incident effects are described in the report, but more graphic representations have also been developed 

showing potential effects specific to Burnaby. A unique combination of topography, residential and 

commercial development, forestry, educational facilities, road and rail infrastructures and environmental 

sensitivity exists which means incident consequences can be catastrophic.   The 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 site, to minimize the risk to life safety and the environment.  

The experts for this project have the shared belief that the Burnaby Tank Farm and its unique operating 

environment poses an unusually high risk, particularly for seismically caused tank fires that could escalate 

beyond those identified in this study e.g., multi-tank fires.  Therefore, the authors believe that every 

precaution must be taken to mitigate the on-site risk with particular emphasis on fire hazard management 

systems ǘƘŀǘ ŀǊŜƴΩǘ ǇǊƻƴŜ ǘƻ ǎŜƛǎƳƛŎ ŘŀƳŀƎŜ.  These include fire systems that require less water, PFAS-free 

foam, and trained fire responders with sufficient resources to address the event quickly and competently.  In 
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addition, there is the need for the resources to manage the immediate and longer-term offsite consequences 

of fires and the associated public panic, including loss of infrastructure, residences, and business activity.  

3.0 PROJECT DESCRIPTION 

3.1 Background 

The Trans Mountain Pipeline (TMP) Expansion involves, in part, expanding the existing Burnaby Tank Farm and 

rebuilding the Westridge Marine Terminal.  Both 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 public and the environment beyond the TMP 

fence line for emergency response planning purposes. 

3.2 Project Objectives 

The project identified scenarios and their impacts to the community outside the fence line.  The starting 

assumption is that the TMP will require 4-hours to assemble firefighting teams, so any fire response scenario 

has a 4-hour delayed response.  The two areas of interest are the Westridge Marine Terminal and the Burnaby 

Tank Farm.  During phase 1 both areas were analyzed for risks due to various scenarios and community 

impacts.  The CoB made a selection for phase 2 which developed one of those scenarios involving a seismic 

event that triggered a bund fire that led to a full surface fire.   Likewise, the phase 2 effort involved a seismic 

event resulting in a jet fuel tank spill at the Westridge Marine Terminal that escalated into a full surface fire 

that led to a fire in the process area leading to a Boiling Liquid Expanding Vapor Explosion (BLEVE) of a propane 

tank.  The analysis involved identification of required resources to address the identified risk. It is recognized 

that the oil industry has developed best practices over many years to minimize incident probability, but the 

scenarios that were used were based on real events that have previously occurred in some form or another. 

3.3 Summary of Project Scope 

Two companies were involved with this study: ONEC Group and ENRgConsultants.  ENRgConsultants 

performed the research and scenario development and provided expert assistance to ONEC for the 3D 

modeling.  ENRgConsultants is led by Dr. Niall Ramsden who is the coordinator for the internationally 

recognized oil industry fire protection consortium known as Large Atmospheric Storage Tank Fire (LASTFIRE).  

Dr. Ramsden is also a long-standing member of the NFPA 11 committee.  ONEC provided 3D modeling for all 

static and dynamic modeling and project management services. 

The scope of the study included identification of critical scenarios that can have significant impacts to the 

community outside the fence line of the Westridge Marine Terminal and the Burnaby Tank Farm.  The scope 

included a visual representation using high-definition simulation modeling of various scenarios.   

The scope of work was structured in two major phases: 

¶ Phase 1- Static 3D models and scenario development with risk and resource requirements. 

¶ Phase 2- Simulation modeling (dynamic 3D models) with event timelines, community impacts and 

resource requirements. 
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3.4 Project Management Process 

The project relied completely on publicly sourced information regarding the Burnaby Tank Farm and the 

Westridge Marine Terminal.  Project plans provided by Trans Mountain to the public and satellite imagery was 

used to create the static 3D models.  It is recognized that since the project is in the construction phase some 

information might be outdated and subject to change by the time of completion however, an effort was made 

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

Each project stage was a layer in the process.  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 event.  The smoke and liquid movement is treated as millions of 

particles that have different behaviors and are interdependent, meaning one particle affects another which 

changes the trajectory.  In addition, there are common factors such as gravity, smoke density and wind 

direction that affect all 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 smoke relied on wind rose data for Burnaby.  It shows 

the prevailing wind direction and speed which indicates the great majority of the time (about 67%) the wind 

is from the south and the average speed is about 5 mph.  This became the basis for the smoke direction and 

velocity. 

 

Burnaby Wind Rose 
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The scenario worksheets were developed from information available at the time of writing.  In the case of the 

Burnaby Tank Farm, the Trans Mountain Fire Pre-Plan document provided information to compare with 

industry best practices.  The heat maps were developed using ALOHA, developed by the USA Office of 

Emergency Management, EPA guidelines and the Emergency Response Division, NOAA. 

In the case of the Westridge Marine Terminal there was no publicly available Fire Pre-Plan 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.  The same ALOHA model was used 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, terrain or elevation, height 

of fire, type of fuel ŜǘŎΦΧ  /ƻƴǎŜǉǳŜƴǘƭȅΣ ǘƘŜ ƘŜŀǘ ƳŀǇǎ όƻǊ ōǳōōƭŜǎ ǎƘƻǿƴ ƛƴ ǘƘŜ о5 ǎǘŀǘƛŎ ƳƻŘŜƭǎύ ƻŦŦŜǊ 

guidance only ŀƴŘ ƛǘΩǎ ǊŜŎƻƎƴƛȊŜŘ ǘƘŀǘ ƻǘƘŜǊ ƳƻŘŜƭǎ ŀƴŘ ŀŎǘǳŀƭ ŜǾŜƴǘǎ ŎƻǳƭŘ ƘŀǾŜ ŘƛŦŦŜǊŜƴǘ ǊŜǎǳƭǘǎΦ  The heat 

maps provide a sense of the radiant heat emitted and are subject to local prevailing conditions. 
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4.0 HISTORICAL FIRE EVENTS 
The section involves identifying historical tank fire related events with photos to help the reader understand 

the types of events that have happened elsewhere and that could happen at Burnaby / West Ridge Marine 

Terminal given the right circumstances.  The events are listed in order of escalation from low to high. 

4.1 Rim Seal Fires 

Lƴ ŀƴȅ ǘȅǇŜ ƻŦ ǘŀƴƪ ǿƘŜǊŜ ǘƘŜǊŜ ƛǎ ŀ ǊƻƻŦ ǘƘŀǘ Ŧƭƻŀǘǎ ƻƴ ǘƘŜ ŦǳŜƭΣ ǘƘŜǊŜ ƛǎ ŀ Ǉƻǎǎƛōƛƭƛǘȅ ƻŦ ŀ άwƛƳ Seal CƛǊŜ άς a 

fire in the small area between the roof and the tank shell. This would not normally be considered a serious fire 

unless it escalates to something larger.  Below is an example of a rim seal fire started by a lightning strike. 

Hengyuan refinery ς Malaysia 

 

 

  

https://www.bing.com/videos/search?q=port+dickson+tank+fire+drone+video&docid=608030621764436662&mid=40B27913C636C67B17E740B27913C636C67B17E7&view=detail&FORM=VIRE
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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 being large dike 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 bund, is 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 fire above was not contained to the single 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 dike fire thereby 

affecting the ability to apply water / foam. 
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4.3 Roof Lift Off 

²ƘŜƴ ǘƘŜǊŜΩǎ ŀ flammable vapor in the space 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.  

Below are examples of a roof lift off. 

Wynnwood, USA 2007 

 

The above picture shows a fixed roof separation at the frangible roof / sidewall joint at the moment of ignition.  

This connection is designed to fail and allow the roof to separate.  Without the weak frangible seam, the 

explosive forces could lift the entire roof connected to the cylindrical shell and failure at the bottom would 

allow immediate and complete loss of containment.  

Crockett, California 2019 

 

In the picture above, complete roof separation is clearly seen after blowing off the tank moments earlier.  Note 

that any equipment that was roof-mounted is gone in seconds.  An 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. 
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4.4 Full Surface Fire 

A full surface fire can occur in floating roof tanks when the roof sinks exposing the whole surface of the fuel ς 

or in the case of a tank with only a fixed roof when the roof is blown off. 

  

The picture above is a full surface fire example at a diesel fuel storage tank. Israel 1997 

 

With Burnaby lying in close proximity to a major fault line, the probability of a serious incident increases and 

over the year there have been several incidents leading to catastrophic damage at oil storage facilities 

including: 

Hokkaido, Japan- 2003 
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4.5 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 eruption that forcefully ejects the burning crude into the air. In the past such 

ŜǾŜƴǘǎ ƘŀǾŜ ōŜŜƴ ŘŜǎŎǊƛōŜŘ ŀǎ ά[ƛƪŜ ŀ CƭŀƳƛƴƎ bƛŀƎŀǊŀέΦ ¢ƘŜǊŜ ƛǎ ƴƻ ǇǊƻǾŜƴ ƳŜǘƘƻŘ ǘƻ ǇǊŜǾŜƴǘ ŀ ōƻƛƭƻǾŜǊ ƛƴ ŀ 

crude oil tank full surface fire except to extinguish the tank fire before the hot zone can build up. Best industry 

practice targets extinguishment of a full surface fire within 2 hours. 

 

  

Tacoa, Venezuela December 1982 

The above boilover event in Tacoa, Venezuela killed 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 Explosion (BLEVE) 

The WMT has near-shore facilities including light condensate / propane storage.  A BLEVE 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 as a BLEVE ς Boiling 

Liquid, Expanding Vapour Explosion.  

It is a short-lived event but can have massive consequences through radiant heat and shrapnel damage as the 

tank explodes. 

 

The picture above shows a fire 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 tank car ruptures releasing propane that flashes / boils immediately.  Note the un-ignited propane to the 

left that appears as a white fog. 

 

The propane ignites causing rapid air expansion / explosion  
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4.7 Fires at Jetty 

The WMT has three berths with multiple loading arms at each berth.  Loading rates vary but can 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. 

  

Pipe break on the tanker at the loading arm- Jet Fuel 

  

Loading arm releasing jet fuel onto the tanker 

  

Tanker loading arm fire can spread beyond the tanker itself. 
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5.0 BURNABY TANK FARM 

5.1 Key Points of Concern / Fast Facts 

A study has been carried out in accordance with international practices for tank farm hazardous scenario 

evaluation.  It is recognized that the incidents are low probability, but they have all happened and can be 

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, and several escalation factors would lead 

to the same consequences. 

 

The following points have been identified during this assessment: 

¶ Serious concerns have been identified regarding quantification of firefighting resources on site.  They 

do not appear to conform with 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 major scenarios. 

 

¶ Based on the site topography and manpower levels, it is doubtful if the necessary resources for large 

scenarios could be deployed safely on-site even if they were available. 

o Smoke and heat exposure to responders. 

o Potential for catastrophic boil over during deployment. 

 

¶ 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 competencies of responders critical. 

 

¶ 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 off-site fatalities have occurred with these incident 

types elsewhere. 

 

¶ 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. 

 

¶ The short and long term societal, economic, and environmental damage locally and regionally will be 

extensive. 

o Real estate value reductions. 

o Long term loss of local businesses. 

o Environmental pollution. 
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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 matter ς soot composed primarily of elemental carbon. 

o 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 ŎƻƴǘǊƻƭǎ ǿƻǊƭŘǿƛŘŜΣ ŘǳŜ ǘƻ ǘƘŜƛǊ άŦƻǊŜǾŜǊέ ƴŀǘǳǊŜ ŀƴŘ ƭƻƴƎ-term environmental 

consequences. 

o Potential ground and water contamination. 
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5.2 Burnaby Tank Farm - Example Event 

 

Seismic generated sloshing causes frangible roof seam failure with oil spilling out of tank.  The internal roof is 

ǳƴŘǳƭŀǘƛƴƎ ŀƴŘ ǎǘǊƛƪŜǎ ǘƘŜ ŜȄǘŜǊƴŀƭ ǊƻƻŦΩǎ ǳƴŘŜǊǎƛŘŜ ŀƴŘ ǇŜǊƛǇƘŜǊȅ ŎŀǳǎƛƴƎ ǘƘŜ ƛƴǘŜǊƴŀƭ ǊƻƻŦ ǘƻ ǎƛƴƪΦ  ¢ƘŜ 

friction caused by roof collisions ignites the oil vapors. 

 

A bund (dike) fire is started as well as fire in the space between internal and external tank roofs. 
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Above: A dike and full surface fire that if not extinguished could lead to a boilover. 

 

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

 

 

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

 
Above:  The radiant heat can ignite trees in the area. 
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5.3 Burnaby Tank Farm - Static & Dynamic Models 

Burnaby Tank Farm 

A static model was created using public information on the Burnaby Tank Farm.  After completing the static 

model dynamic effects with added to simulate it according to historical events. 

 

Each number represents the view from each respective location and towards the Burnaby Tank Farm.  
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Burnaby Tank Farm - Static and Dynamic Models (Side by Side) 

  

View #1- Overhead.  The dynamic model view on right includes the tank and dike fire and the wildfire started 

from the radiant heat. 

 

 

  

View #2 ς Univer-City.  The dynamic model view on the right is taken above the tank fire smoke plume. 

 

  

View #3 ς Forrest Grove Elementary School camera view.  Static view on the left and dynamic model on the 

right. 
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View #4 ς Burnaby Mountain west of tank farm. 

 

  

View #5 ς Lougheed Hwy @ Lake City Overpass. 

 

 

  

View #6 ς Gaglardi / Burnaby Mountain Intersection.  The wildfire smoke obscures the view of the tank fire. 
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5.4 Burnaby Tank Farm Heat Map- 3D Bubble 

 
Burnaby Tank Farm and full surface fire heat map- Red Zone. 

 
Burnaby Tank Farm and full surface fire heat map- Orange Zone. 

 
Burnaby Tank Farm and full surface fire heat map- Yellow Zone. 
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6.0 WESTRIDGE MARINE TERMINAL 

6.1 Key Points of Concern / Fast Facts 

A study has been carried out in accordance with international practices for tank farm and jetty area hazardous 

scenario evaluation.  It is recognized 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 that could occur 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: 

¶ 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 competencies of responders critical. 

 

¶ There is a Propane 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 multiple off-site fatalities have occurred with this incident type 

elsewhere. 

 

¶ 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. 

 

¶ The short and long term societal, economic, and environmental damage locally and regionally will be 

extensive for some scenarios. 

o Real estate value reductions. 

o Long term loss of local businesses. 

o Environmental pollution. 

 

¶ 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 matter ς soot composed primarily of elemental carbon. 

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

o Volatile organic hydrocarbons. 
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¶ The foam currently used could contain chemicals known as PFAS which are facing increasing 

ǊŜƎǳƭŀǘƻǊȅ ŎƻƴǘǊƻƭǎ ǿƻǊƭŘǿƛŘŜΣ ŘǳŜ ǘƻ ǘƘŜƛǊ άŦƻǊŜǾŜǊέ ƴŀǘǳǊŜ ŀƴŘ ƭƻƴƎ-term environmental 

consequences. 

o Potential ground and water contamination. 

 

¶ A spill at the jetty, if unignited, could result in a significant incident to the environment, which may 

have long lasting impacts to the local wildlife. 

o The emphasis should be placed on identifying and containing the spill. 
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6.2 Westridge Marine Terminal ς Example Event 

  

In the picture above a seismic event caused the liquid to fracture the frangible roof joint leading to a leak 

into the dike area that finds an ignition source. 

 

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 there are other sources of ignition as well. 
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Above:  The fixed roof can lift off if the vapors beneath it ignite and cause an explosion. 

 

 

The radiant heat from a tank and dike fire can extend beyond the fence line. 
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Above:  The roof blows off and lands in the process area causing a leak which ignites, and the heat can cause 

pressure vessels e.g., propane to vent. 

 

 

In the above picture a BLEVE of the propane tank occurs. 
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An aerial view of the fire of the Westridge Marine Terminal waterfront. 

 

 

The picture above shows a loading arm leak and fire. 
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In the above picture the fire is between the tanker and the berth. 

 



    
 
 
 

 

 

Burnaby Risk Assessment 
M211446LP, Rev. 0  Page 33 of 193 
 

6.3 Westridge Marine Terminal ς Static and Dynamic Models 

A static model was created using public information on the Westridge Marine Terminal.  After completing the 

static model dynamic effects were added to simulate a historical fire event.  Both the static and dynamic model 

screen shots were taken and placed side by side for comparison. 

 

Each number represents the view from each respective location and towards the Westridge Marine 

Terminal. 
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View #1- Overview of Westridge Marine Terminal.  Dynamic model on right shows fire event on the WMT 

waterfront. 

 

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

 

 

  

View #4- View from a position between the berth and tanker.  Dynamic 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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View #8- View from an area near N. Cliff Ave. 

 

View #9- Street level view near Bayview and Inlet Drive.  
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View #10- View near Barnet Hwy. 
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6.4 Westridge Marine Terminal Heat Map ς 3D Bubble 

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

 

East tank dike and full surface fire heat map- Yellow Zone. 

 

East tank dike and full surface fire heat map- Orange Zone. 

 

East tank dike and full surface fire heat map- Red Zone. 
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Executive Summary 

 

This document has been prepared to review a number of potential hazardous scenarios at the Burnaby 

Terminal site (Rim Seal Fire, Full Surface Fire, Bund (dike) Fire and Vapour Cloud Explosion).  These Scenario 

Worksheets (SW) have been completed in accordance with the recommendations in the Energy Institute 

Model Code of Safe Practice Part 19 ς Fire Precautions at Petroleum Refineries and Bulk Storage Installations. 

When used as part of a risk-based Fire Hazard Management development process in accordance with this 

internationally recognised guidance, they 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 scenarios discussed 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 to 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, scenarios 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 reduced, but not eliminated 

completely. 

  

Where possible, information has principally been taken from the Trans Mountain Tank Farm Tactical Analysis 

document, dated 01 May 2015 or the Burnaby Terminal Fire Pre-Plan 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. 
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Notes on Scenario Worksheets 

 

The following notes are intended to clarify their purpose:  

 

¶ It is recognised that the scenarios have a relatively low probability, but similar incidents have 
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. For example, 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 assessments have been carried out 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.  Refer to Appendix 5 of this document. 
 

¶ 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 inherent calculation 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 interest 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 from the area by 
the general public. This could seriously hamper 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 one 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 by the LASTFIRE 
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 potential by this international group of oil companies. 

¶ The number and location of monitors is not based on specific application rate calculations but based on 
experience of similar incidents and the fact that application by monitors is typically dependent on the 
capacity and range of monitors rather than the actual minimum quantity of water required. 
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¶ 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, residential accommodation 
property value losses and long-term environmental damage.  
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Potential Escalation Mechanisms 

 

Whilst certain escalation routes have been discussed it is important to note that some of the escalation stages 

could be the initial incident 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 only. 

 

Example escalation route a) 

¶ Earthquake or mechanical damage to the rim seal. 

¶ Leads to a loss of containment of hydrocarbon above the rim seal. 

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

¶ A rim seal fire should be suppressed by the existing semi fixed foam system installed on each of the 
rim seals. 

¶ 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. 

 

Example escalation route b) 

¶ 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 deliberately 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 could see an 
escalation to adjacent structures by radiant heat.  The 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. 

¶ 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. 

¶ The impacts of a boilover will be realised not only within the tank farm, but also 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. 

¶ 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. 
 

Example escalation route c) 

¶ Maloperation or mechanical failure of instrumentation leading to an overfill of the tank. 

¶ 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. 

¶ This 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 could find a 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 
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and the impacts 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 heat, there is a high risk of vegetation igniting, leading to forest fires that 
could impact the whole area and evacuation from it, including surrounding schools and residential 
property (including the university campus). 

¶ Without ignition, there is likely to be minimal safety and health impacts, although the Dilbit crude 
does contain Hydrogen Sulphide (H2S) and Sulphur Dioxide (SO2) which the emergency response 
personnel need to be aware of and wear suitable Personal Protective Equipment (PPE), but there is 
likely to be a major business interruption and clean-up operation required.  It should also be noted 
that suitable PPE may include breathing apparatus, which will make working conditions difficult, 
particularly if the event goes on for some time. 
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Concerns to be Addressed 

 

Whilst resources have been quantified for specific situations, no comparison with actual equipment on site 

have been made. However, sight of some documentation has given concern if sufficient resources are 

available and if they conform to industry recognised standards.  Even if sufficient resources are available, it 

is unclear whether they can be safely deployed in an appropriate time. 

 

For example: The foam requirement calculations provided in the Burnaby Fire Pre-Plan suggest that they 

have not been carried out in accordance with the recognised standard - NFPA11. No allowance, as required 

by this standard for losses due to wind and thermal updraught have been included. This is a very serious 

omission ς 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. Mention is made 

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. 

 

Lǘ ƛǎ ǳƴŘŜǊǎǘƻƻŘ ǘƘŀǘ ŀ άwƻǳƴŘ ǘƘŜ tǳƳǇέ ǇǊƻǇƻǊǘƛƻƴŜǊ type is used for foam concentrate injection. Based 

on considerable experience worldwide, these are notoriously inaccurate at providing correct proportioning 

rate over any significant flow range ς and in any case can cause long delays in the correct rate reaching 

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 and on the actual 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 a risk due to 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 check: the minimum required water quantities, rates, pressures, etc. against availability on 

site, given the upgrades being made. 

 

The capacities on site for foam/water containment are not known ς this 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 as PFAS. Per- 

and polyfluoroalkyl substances (PFAS) are a group of man-made chemicals that includes PFOA, and PFOS. 

Both chemicals are very persistent in the environment and in the human body ς meaning that they do not 

break down and they can accumulate over time.  PFAS, which is known as a forever chemical, will also leave 

a long-term environmental impact.  There is a drive to non-fluorinated foams globally and this should be 

considered by the facility.  
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Rim Seal Fire 
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SCENARIO WORKSHEET 

 

TANK 95 - SCENARIO RIM SEAL FIRE 

 
 AREA BURNABY TANK FARM 

 

FACILITY Storage tank 951 

 

FUNCTION Dilbit (Bitumen plus condensate) Storage Tank 

 

SCENARIO A rim seal fire occurs where the seal between 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 factor in this. 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 a well-maintained 

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. 

 

MATERIAL The material stored within the tank(s) is Dilbit2.  Dilbit is a product resulting from 

ǘƘŜ ƳƛȄǘǳǊŜ ƻŦ ƘƛƎƘ ǾƛǎŎƻǎƛǘȅ ōƛǘǳƳŜƴ ǿƛǘƘ ŀ ƭƻǿ ǾƛǎŎƻǎƛǘȅ άŎƻƴŘŜƴǎŀǘŜέ ǘƘŀǘ 

facilitates the flow of bitumen through pipelines. 

 

In the case of a Dilbit spill, the condensate would evaporate, leaving the heavy 

bitumen behind.  The publicised consequences of exposure to condensate after 

a spill or accident are as follows: 

 

¶ Condensate is a colourless to straw-coloured liquid, with hydrocarbon 
odour, which readily vaporizes at atmospheric pressure, and it is extremely 
flammable. 

¶ Its vapours are heavier than air. 
¶ Short term health hazards from exposure to vapours include eye and skin 

damage, nausea and dizziness, and breathing difficulties. 
¶ Chronic or long-term effects can include cancer risk, effects on the nervous 

and/or cardiovascular system, seizures, and death. 
¶ Sparking conditions must be avoided and being downwind during a fire 

greatly heightens associated risks. 
¶ In the case of ignition, special firefighting techniques like the use of foam, 

CO2, or dry chemicals are required. 

 
1 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. 
2 The 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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¶ First responders must use chemical-resistant clothing, positive pressure 
breathing apparatuses, and eye protection. 
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LOCATION FOR SCENARIO 

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




























































































































































































































































































