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1 Executive Summary 

(1) The proposed expansion of the Kinder Morgan pipeline and tank farms in the Burnaby area create 

increased risk for Simon Fraser University (SFU). In part this is because more product will be flowing 

through the pipelines and stored at the Burnaby Tank Farm, but it is also because previous levels of 

safety will be decreased by densification of the tank farm, tanks being positioned closer to fences and 

roads, and the reduced ability of the Burnaby Fire Department to effectively respond to an accident. 

Pipelines and tank farms have a history of accidents, and though they are rare at any one location they 

occur often enough to require planning. In particular, the largest historical accidents comprise a 

significant proportion of total impacts, and therefore worst case scenario planning is needed in such 

circumstances. The “credible worst case” scenarios used by Trans Mountain in their risk analysis need to 

be carefully scrutinized, to ensure that they adequately inform SFU emergency planning. 

(2) The risks associated with the pipeline and tank farms, as they might impact SFU,  need to be more 

comprehensively analyzed and documented than has thus far been done, and SFU should develop their 

emergency plans to reflect these new risks. This will involve the development of more realistic accident 

scenarios, hazard zone mapping, and detailed meteorological modelling. Local effects can be very 

important, and mesoscale modelling is required to adequately analyze potential impacts on SFU from an 

accident. 

(3) Of particular importance is the proximity of the Burnaby Tank Farm to SFU. Worst case scenarios of fires 

or explosions, and exposure to resulting plumes, have the potential to impact, or even envelop the 

university, and block access to and from SFU, thus making an evacuation difficult or impossible. 

(4) An air quality dispersion modelling approach is generally used to assess compliance of emissions with air 

quality regulations and standards, as has Trans Mountain used the CALPUFF dispersion modelling 

system. The dispersion modelling system is composed of 3 components: CALMET (meteorological 

driver), CALPUFF (chemical dispersion) and CALPOST (post-processing of CALPUFF output). The CALPUFF 

modelling system has gained a regulatory approval by the US Environment Protection Agency (EPA), to 

be used as a tool to meet emission compliance and for assessing air quality from those emissions. The 

CALPUFF system has been used extensively worldwide as one of the better models for a non-steady 

state emission situation. However, it has a number of tuning parameters that need to be adjusted and 

checked for validity. Based on the published reports from the National Energy Board hearing, there is no 

evidence to show that Trans Mountain has been sufficiently diligent in applying the model to address 

the case of a catastrophic release of a toxic buoyant material.  

(5) Embedded in the report are 23 recommendations that represent best practise within the risk 

assessment and modelling community, and will provide SFU with an increased understanding of the risks 

they are exposed to as a result of the Trans Mountain expansion of pipelines and tank farms, and what 

gaps need to be addressed. 
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2 Introduction 

(6) The authors of this report have been retained by Simon Fraser University (SFU) to evaluate: (a) Trans 

Mountain emergency planning, and (b) specific aspects of the risk assessment methodology related to 

air dispersion modelling used by Trans Mountain Pipeline ULC (TM), in support of TM’s application to 

the National Energy Board for a certificate of public convenience and necessity in respect of the Trans 

Mountain Expansion Project (TMEP).  

(7) Trans Mountain has applied to the National Energy Board for authorization to expand the capacity of its 

1,150-km oil pipeline and tank farms running from Edmonton, Alberta to Burnaby, BC.  This would 

increase the capacity of the system to about 890,000 barrels/day from the current 300,000. As part of 

the TMEP, new tanks would be added to the Burnaby Tank Farm and Westridge Terminal, and new 

pipelines would connect the Burnaby and the Westridge Marine Terminals (Figures 2.1a&b), both 

located in Burnaby, BC. Trans Mountain proposes three alternative routes to convey the pipelines1: 

 A 2180 m long horizontal directional drilled installation (HDD) from the Burnaby Storage 

Terminal to the Kask Brothers facility, and a 435 m long HDD connecting the Kask Brothers 

and Westridge Marine Terminal facilities. 

 A 2680 m long tunnel connecting the Burnaby Storage and Westridge Marine terminals. 

 A 3625 m long conventionally trenched pipeline, mainly following existing streets in 

Burnaby. 

(8) This expansion, including more tanks and pipelines going into the Burnaby Tank Farm and Westridge 

Terminal, would result in changes to hazards that SFU is exposed to from accidents related to pipelines 

and storage tanks. Because SFU is at a higher elevation than the pipeline or tank farms they would not 

be directly affected by the spill of product flowing through the pipes or stored in tanks, which would 

flow downhill and/or be absorbed into the ground. However, accidents have the potential to affect SFU 

because of fire or explosions, or by airborne contaminants that could be carried to SFU within the 

boundary level wind field. 

(9) In order for SFU to properly develop emergency plans they require an accurate assessment of how their 

risks would change as a result of this development. As part of their application TM has provided a risk 

analysis and a description of their emergency planning system. This report will examine their emergency 

planning and air dispersion modelling, as it relates to the needs of SFU. 
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Figure 2.1a: SFU and the proposed pipeline route2 

 

 

Figure 2.1b: SFU and the proposed pipeline route3 
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Figure 2.1c: Proposed Burnaby Terminal Expansion. Note that the proposed tanks (green) are closer to 

roads and also closer to each other than the existing tanks. These two factors increase the threat level, 

and make response by the Burnaby Fire Department much more difficult45. 

 

3 Statement of Work 

(10) SFU has contracted with the authors to provide the following: 

a) A critical analysis of the currently available Trans Mountain emergency planning documents and 

the resulting implications for SFU. 

i. Section 8 of this report will analyze the Trans Mountain emergency planning system, 

primarily through comparison to the National Energy Board Onshore Pipeline 

Regulations - SOR/99-294 and the Emergency Management Regulation (EMR), B.C. Reg. 

204/2013 of the B.C. Oil and Gas Activities Act (OGAA). The former is the primary 

enforcement mechanism for inter-provincial pipeline operations in Canada, and the 

latter governs the Oil and Gas industry in B.C. Together, they outline a minimum 

standard for compliance for activities of the TM project and Kinder Morgan. Additional 

standards will also be utilised to assess the emergency plan documents provided in 

support of the TM expansion project, including the CSA Z1600 (Emergency Management 

and Business Continuity Programs) which is strongly supported by the National Energy 
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Board (NEB), as well as emergency management theory and best practices. Any gaps in 

the aforementioned documents will be flagged and the implications for SFU identified.  

ii. Additionally, the capacity of TM to perform EM functions listed in their planning 

documents will be considered, including any past events that required emergency 

response. It must be noted that complete TM planning documents are not available 

since they are, in part, redacted, and finalized plans will not be available until shortly 

before final construction. 

b) An evaluation of air dispersion modelling within the TM risk analysis. An accident at the Burnaby 

or Westridge tank farms, or the pipeline, could result in a toxic plume affecting SFU. 

i. Section 11 will overview the applicability of the CALPUFF model used by TM for air 

dispersion modelling (both in terms of the model itself, and the conditions under which 

it was run), and the scenarios run by TM in terms of their usefulness to SFU.  

ii. Evaluating the threat from airborne contaminants requires more than just air dispersion 

modelling, and requires the following assessments: (a) the probability of an accident 

resulting in explosion, fire or the release of toxic gaseous compounds from the pipeline 

or tank farms, and (b) estimates of worst case scenarios, including the kind and amount 

of product released, and over what time frames.  It is beyond our scope of work to 

review probability calculations, but we will consider worst case scenarios and model 

suitability. 

4 Context 

 Overview of risks associated with pipelines 4.1

(11) Hazards: There are a variety of hazards that can result in spills or leaks from pipelines as a result of 

cracking, fractures or corrosion (Figure 4.1). In general the causes can be divided into the categories of 

natural, technological, and human caused. Natural causes include earthquakes and landslides, 

technological causes include corrosion and equipment failure, and human causes include incorrect 

operation and construction errors.  

(12) Data collected over the past decades can be used to generate the probability of incidents. The following 

baseline incident frequencies (Table 4.1) were generated from the U.S. Department of Transportation, 

Pipeline and Hazardous Materials Safety Administration (PHMSA) incident database and are expressed 

as per mile of pipeline per year6 (i.e., /mile-year).  
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Table 4.1: Frequencies of Technological Accidents7 

Table A-2 Baseline Incident Frequencies Threat 
Name  

Incident Frequency/mile-yr   Occurrence Interval (years)  

Corrosion  2.90E-04  3,400  

Excavation damage  1.22E-04  8,200  

Materials and Construction  3.00E-04  3,300  

Hydraulic Event  1.47E-04  6,800  

Ground movement  1.23E-05  81,500  

Washout and flooding  1.14E-05  87,800  

 

Figure 4.1: Technological Causes of Pipeline spills8 

 

(13) Factors Affecting Failure: A number of factors affect the probability of a pipeline failure as shown in 

Figures 4.2, (Source: European Gas Pipeline Incident Data Group9). Beyond a pipeline age of about 20 

years, failures increase rapidly. Other factors of importance are the diameter and wall thickness of the 

pipeline, pressure and temperature, product type, standard operating procedures and personnel 

training. 

a) Age of Pipeline: Failures increase with age after about 20 years.  

b) Pipeline Diameter: Failures decrease as diameter increases. Diameters over 43 cm are much 

safer. 

c) Wall Thickness: Failures decrease as wall thickness increases. Thicknesses over 1.0 cm are 

significantly safer. 

d) Pressure & Temperature: Failures increase as pressure10 and temperature11 increase. 

e) Product Type: Hazardous liquid transportation has the highest probability of failure. 
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Figure 4.2a: Effect of Age on Failure12 

 

 

Figure 4.2b: Effect of Pipe Diameter on Failure13 
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Figure 4.2c: Effect of Pipe Wall Thickness on Failure14 

 

 

Figure 4.2d: Relationships between failure probability (Pf) and fluid pressure (Pa) 

for varying exposure periods (T) 15 
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Figure 4.2e: Bar chart of % weight loss against exposure time at various temperatures. Higher 

temperatures result in greater rates of external corrosion1617. 

 

Figure 4.2f: Probability of Failure According to Product18 
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 History of pipeline accidents 4.2

(14) U.S. Data: The U.S. Department of Transportation, Pipeline and Hazardous Materials Safety 

Administration19 (PHMSA) keep a database of all pipeline incidents reported in the U.S. beyond a certain 

threshold. Significant incidents need to satisfy one or more of the following criteria: 

a) a fatality or injury requiring in-patient hospitalization; 

b) $50,000 or more in total costs, measured in 1984 dollars; 

c) highly volatile liquid releases of 5 barrels or more, or other liquid releases of 50 barrels or more; 

d) liquid releases resulting in an unintentional fire or explosion. 

(15) PHMSA data from 1993-2012, of both onshore and offshore pipelines carrying hazardous liquids 

(primarily crude oil and refined petroleum products) include 5,727 reported incidents, 2,079 of which 

met the PHMSA definition of “significant incidents,” which accounted for 99.4% of the total volume 

spilled20. Data for onshore spills of all products are shown in Figures 4.3a&b. The trend of annual volume 

of spills (Figure 4.3b) is downward, though there is a lot of variance in the data. During the years 2010-

2014 for non-gas related accidents, TMEP credible worst case scenarios were exceeded in 3 of the 5 

years (Figure 4.3c). 

Figure 4.3a: Number of U.S. Spills Reported on an Annual Basis. The increase in 2002 is likely because of 

a change in reporting procedure that accounts for smaller spills. 
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Figure 4.3b: Annual Volume of U.S. product spilled. 

 

 

Figure 4.3c: Probability of Spill by Volume (PHMSA data, gas excluded), 2010-2014. TMEP credible worst 

case scenarios depicted by the vertical dashed lines were exceeded in 2010, 2011 and 2013. 
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(16) Most of the spills in the U.S. data are oil, followed by liquid natural gas and gasoline (Figure 4.4).  A non-

trivial number of spills result in ignition (up to 4.5%) or explosion (up to over 1%) (Figure 4.5). 

Figure 4.4: Volume of U.S. Product Spilled by Type 

 

 

Figure 4.5: Probability of an accident due to ignition or explosion 
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(17) The distribution of causes of these failures is shown in Figure 4.621. These causes are averaged over long 

periods of time and large geographies, and may not represent cause-probabilities at specific projects 

and locations, such as SFU. 

Figure 4.6: Causes of U.S. Pipeline Incidents. The most frequent cause is equipment failure, followed by 

corrosion. (Source: U.S. DOT-PHMSA) 

 

(18) Canadian National Energy Board Data: The National Energy Board (NEB) also keeps a record of pipeline 

accidents, and a dataset for Alberta22 was obtained to provide Canadian context. Using SYSTAT to 

analyze sources, categories and types of spills, excluding gas and water incidents, result in the data 

shown in Tables 4.2. Larger frequencies are highlighted in yellow. 
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Table 4.2a: Alberta Pipeline Spills by Type of Pipeline (excluding gas and water). The top data row is the 

number of events and the bottom data row is the percentage of events 

Values for SOURCE$ 

Crude Oil 
Pipeline 

Multiphase 
Pipeline 

Total 

1,097 
13.7% 

6,876 
86.2% 

7,973 
100.% 

 
Table 4.2b Alberta Pipeline Spills by Cause 

 
Values for CAUSE$ 

Conversion 
Equipment 
Failure 

External 
Operator 
Error 

Procedural or 
Design 

Unknown Total 

6,037 
75.9% 

1,347 
16.9% 

202 
2.5% 

167 
2.1% 

186 
2.3% 

7 
0.1% 

7,946 
100.0% 

 
Table 4.2c Alberta Pipeline Spills by Type. 

 
Values for TYPE$ 

Accidental Construction Conversion Defect 
External 
Corrosion 

Inadequate 
equipment 

Inadequate 
procedure 

89 140 6,037 41 261 4 32 

1.1% 1.7% 75.9% 0.5% 3.2% 5.0% 0.4% 

       

Internal 
corrosion 

Malfunction 
Mechanical/ 

Structural 
Natural 

Phenomena 
Non-procedural Oversight 

 

771 85 189 23 34 44 
 

9.7% 1.1% 2.4% 0.3% 0.4% 0.5% 
 

       

Poor design 
Third party 
Damage 

Unknown Vandalism Total   

  
10 168 7 11 7,946 

  
0.1% 2.1% 0.1% 0.1% 100.0% 
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Table 4.2d Alberta Pipeline Spills by Failure Type 1 
 

Values for FAILURETYPE$   

Construction 
Damage 

Corrosion At 
Girth or Fi 

Corrosion 
External 

Corrosion 
Internal 

Damage By 
Others 

418 25 1,405 3,150 954 

5.2% 0.3% 17.6% 39.5% 11.9% 

 

Earth 
Movement 

Girth Weld 
Failure 

Mechanical 
Pipe 
Damage 

Miscellaneous 
Miscellaneous 
Joint Fail 

Operator 
Error 

154 134 26 133 101 154 

1.9% 1.6% 0.3% 1.6% 1.2% 1.9% 

 

Other 
Weld 
Failure 

Overpressure 
Failure 

Pipe 
Failure 

Valve Or 
Fitting 
Failure 

Total 

33 385 248 195 7,964 

0.4% 4.8% 3.1% 2.4% 100.0% 

 
 

Table 4.2e: Alberta Pipeline Spills by Failure Type 2 

 
 

Values for FAILURE2$ 

Hit Leak Rupture Total 

379 
4.7% 

6,674 
83.7% 

920 
11.5% 

7,973 
100.0% 

 

(19) It is clear that conversion1, equipment failure, corrosion and damage by others are the main factors that 

cause accidents in the NEB Alberta oil spill dataset, which are mostly leaks but with a significant number 

of ruptures (over 11%). Though increases in safety within the pipeline industry have been documented 

(for example, the declining volume of spills in U.S. data – see Figure 4.3b), the NEB Alberta dataset for all 

spills including gas, shows that the largest gas related spills in that province have been relatively recent. 

This brings into question how applicable increases in safety are in a Canadian context. Non-gas spills2 

(Figure 4.8), however, do not show the same trend, though the 2nd largest crude oil spill of 4,500 m3 

                                                           

 

1 
Conversion refers to a change in service type. For example, an upstream pipeline is originally built as a production 

line and later converted to a water injection line. Or a gas pipeline is converted to a liquid line. Conversion usually 
causes a change in the corrosion mechanisms.

 

2 
Figures 4.7 to 4.9 exclude gas and water spills.
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happened on April 29, 2011. Figures 4.7-4.9 (NEB non-gas, non-water pipeline spills) show the range of 

TMEP credible worst case scenarios as compared to historical spills. This comparison suggests that larger 

spills than the TEMP cases are possible, but a more detailed analysis (beyond the scope of this report) is 

required to comprehensively assess their selection of credible worst case scenarios. 

 

Figure 4.7: Timeline of Alberta Pipeline Spills (NEB data). The largest spill, of 6,500 m3, happened in 

December 6, 1980, and is 2.4 times as large as the largest credible worst case scenario used by TMEP in 

their risk analysis. This was a pipe failure during conversion that caused a crude oil spill due to a rupture. 

781m3 of the product was recovered. 

 

 

(20) Spills and Power Laws: Most of the spills are small, and when binned into categories of 1,500 m3, show 

a good fit to a power law distribution (Figure 4.8). This is important in terms of how risk analyses should 

be done. The nature of the hazard probability distribution plays an important role in whether or not 

exclusion of the largest possible events is reasonable. A normal or Gaussian distribution (the well-known 

‘bell curve’) behaves very differently from one represented by a power law. The issue of low probability 
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high consequence events is less important for hazards represented by normal distributions, and more 

important if they are represented by power laws. The reason is that rare events are a greater proportion 

of overall risk in the latter. “Compared to many statistical distributions, power laws drop off more 

gradually, i.e. they have “fat tails”…  This problem is intuitive. Power laws have fat tails so high casualty 

events are fairly common.”23 

 

Figure 4.8: Regression Analysis of Alberta Pipeline Spills (NEB Data) using a Power Law: 

 (y= number of spills and x = volume spilled in m3) 

 

 

(21) When the data is rank ordered, with rank 1 representing the largest spill, it can be seen that the largest 

spills are of much greater magnitude than the more frequent events (Figure 4.9). The top 10 spills 

account for 21% of cumulative spill amounts (8,019 events). This is typical of disaster data sets, which 

are best represented by power law distributions. Because of this, risk analyses should include absolute 

worst case scenarios. This is significant with respect to the selection of ‘credible worst case scenarios’ 

made by TM in their risk analysis; if their selection of credible cases exclude absolute worst case 

scenarios, then their risk analysis is not including important possibilities. 
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Figure 4.9: Alberta Pipeline Spills (NEB data), Rank Ordered. Rank 1 = largest spill. 

Note how the top few spills account for much of the total volume. 

 

 

4.2.1 Credible Worst Case Scenarios 

(22) Table 4.324 (Table 7.1.1 from the TM report) shows the credible worst case scenarios generated by TM.  

The credible worst cases use volumes no greater than 2,700 m3, which is 42% of the largest crude oil 

spill in the NEB Alberta database.  

(23) RECOMMENDATION: 

1. For emergency and disaster planning it is important that worst case scenarios be used for risk 

analyses and emergency planning. This is because disasters follow power law distributions, 

and rare high consequence events are an important part of total consequences. The TM 

scenarios, when compared to Alberta oil spills, indicate that they do not include worst case 

planning, and therefore they need to be closely examined to see if they are overly optimistic.  
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Table 4.3: Credible Worst Case Scenarios Selected by Trans Mountain 

 

 

4.2.2 History of Kinder Morgan Pipeline Accidents 

(24) Kinder Morgan pipelines have had a number of accidents and safety violations25. These include the 

following: 

a) 24 citations by the U.S. government in 24 incidents, which led to five federal enforcement 

actions from 2006 to 2014”. 

b) 36 "significant incidents" in Texas from 2003-2014. 

c)  at least 180 spills, evacuations, explosions, fires, and fatalities in 24 states since 2003. 

(25) Four spills along the TM route have occurred since 200526: 

a) “Abbotsford 2005: A ruptured pipeline dumped a total of 210,000 litres of crude oil into the 

Abbotsford area and into Kilgard Creek. “ 

b) “Burnaby 2007: A road crew ruptured a pipeline, causing 250,000 litres of crude oil to flow into 

Burrard Inlet Bay via the Burnaby storm sewer system.” 
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c) “Burnaby 2009: 200,000 litres seeped from a storage tank into a surrounding containment bay at 

the Burnaby Mountain tank farm.” 

d) “Sumas 2012: 110,000 litres of oil leaked from a Sumas Mountain holding tank, caused by 

freezing water placing pressure on a gasket. The National Energy Board’s investigation found 

that “the leak was detected later than it should have been,” the company’s management of 

procedures was “inadequate” and that the operator “failed to recognize the leak situation” on 

two occasions. It took three alarms and a shift change before someone was sent out to 

investigate.” 

(26) Figure 4.10 shows the number of Kinder Morgan pipeline accidents from 2002 to 2014. These incidents 

are of concern and suggest the need for closer examination of Kinder Morgan operating procedures and 

emergency planning, to assess whether or not they consistently meet best industry practices. 

 

(27) RECOMMENDATION:  

2. Kinder Morgan has a history of damaging spills that brings into question their performance as 

it relates to their pipeline safety record. An examination of the history of Kinder Morgan 

incidents as they compare to industry averages should be undertaken as part of the risk 

analysis, in order to put the aggregated failure data into context, and within which to evaluate 

their emergency management protocols. 
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Figure 4.10: Number of Kinder Morgan Pipeline Accidents 

 

 

5 Risks Related to Tank Farm 
(28) A risk assessment of the Burnaby Terminal was done by Doug McCutcheon and Associates, Consulting27.  

The proposed expansion of 12 tanks to 26 tanks is, according to this report “within the acceptable 

criteria as recommended by the MIACC “Risk Based Land Use Planning” guideline”.  

(29) They analyze three risk scenarios: 

1) Scenario 1: Tank Fire Caused by a Major Oil Tank release (heavy smoke) 

i. Maximum distance of radiant heat impact from a pool fire = 733m (Table 9 of 

TM/McCutcheon and Associates report) 

ii. Maximum distance of radiant heat impact from a tank top pool fire = 216 m (Table 9 of 

TM/McCutcheon and Associates report) 

2) Scenario 2: Toxic Cloud Release from a Fire 

Main concerns: (a) Creation of a black cloud of soot, and (b) Combustion of products 

with Sulphur content. Tables 5.1a&b below (Tables 12 and 13 from the TM/McCutcheon 

and Associates report) shows distances for worst case scenarios at various levels of 
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impact. These distances critically engage SFU and require proper emergency planning. 

There is no evidence that TM has developed emergency plans relevant to SFU that 

address such scenarios. It is necessary that TM collaboratively engage SFU in this 

regard. 

 

Table 5.1a: Hazard Distances (SO2) for a Fully Involved Dyke Oil Fire 

 

Table 5.1b: Hazard Distances (SO2) for a Fully Involved Tank Top Oil Fire 
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(30) In the TM/McCutcheon and Associates report discussion they note: “Toxic concerns were identified for 

smoke (soot) and for SO2 downwind of the site. These are both issues that should be included in the site 

emergency plan. From a risk exposure point of view the impacts are very hard to define due to weather 

conditions and just the turbulence created by the heat from a fire. The likely result will be significant 

mixing of any SO2 in the air to reduce the impact at ground level. However it cannot be ignored that the 

emergency plan needs to extend outwards to 5.2km for SO2 concerns assuming 70% combustion 

efficiency.” 

3) Scenario 3: Boil-Over: This is a rare high consequence event that applies to storage tanks of oil 

product mixed with water28. When it occurs, it can eject hot burning oil as high as 1,000 m 

above the tank. The report suggests that the proposed tanks are designed to prevent such a 

disaster. However, TM/McCutcheon and Associates recommend that “similar incidents have 

caused major damage for several kilometers outward, and therefore emergency planning must 

include a response for this event.” 

(31) In the report’s conclusions, TM/McCutcheon and Associates say “The risks that are of concern are the 

pool fire inside the dyked area, the potential for a boil over incident and the smoke generated by a major 

fire. The greatest risk is a pool fire. The calculation assumes the fire will be vertical with no wind 

present” (bold added). The presence of a wind will greatly change the nature of the hazard, decreasing 

it upwind and magnifying it enormously downwind. There is no evidence that TM has sufficiently 

considered local meteorological conditions in the vicinity of SFU, and this gap needs to be addressed. 

(32) The Burnaby Fire Department also analyzed how changes in the Burnaby Tank Farm might alter the risk 

environment, and note the following: “the Burnaby Mountain Terminal is not the appropriate location 

for the expansion of the Burnaby Mountain Terminal as it poses significant constraints from an 

emergency/fire response perspective, including but not limited to safety of firefighters and effectiveness 

to combat fire; containment and extinguishment of fire/spill/release; evacuation of employees within the 

Burnaby Mountain Terminal facility; evacuation of adjacent neighbourhoods, as well as broader areas 

impacted by release of sulfur based gases and toxic smoke plumes; and, protection of adjacent 

properties, including conservation lands… TMEP lacks appropriate consideration for original facility fire 

protection premises and industry best practices in petroleum storage and fire protection, as the proposal 

only seeks to comply with minimum federal and provincial code requirements.”  

 

(33) The report goes on to discuss how changes in tank spacing decrease the ability of the Fire Department 

to respond and increase the chances of escalation of a single tank fire to multiple tanks. Additionally, the 

position of the proposed tanks is closer to roads and fences, creating increased hazard. 
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(34) RECOMMENDATIONS: 

3. An accident at the Burnaby Tank Farm or TM pipeline could create hazards that would 
envelop part of all of the SFU campus on Burnaby Mountain, and make evacuation 
difficult or impossible. Therefore, emergency planning at SFU needs to include the 
scenario of an ERPG-2 event, at a minimum. Specifically, the TM/McCutcheon and 
Associates report suggest “Having an emergency plan in place with the ability for 
foam addition, and good road access from at least 2 directions is imperative.” 

4. Though rare, boil over events are extremely dangerous. The TM/McCutcheon and 
Associates report and the report by the Burnaby Fire Department confirm that such 
events can discharge heated, molten crude oil to a height of 1 km and a range of .76 
km. These distances would affect the SFU campus and should be explicitly accounted 
for in the emergency plans of both SFU and TM. 

5. Wind direction within the boundary layer will largely determine hazard zones, given 
an incident that releases a plume or toxic chemicals. Though winds with a southerly or 
southwesterly component are rare at Vancouver airport, the Burnaby Mountain 
weather stations shows that they are much more frequent at that location. The 
scenarios analyzed in the TM/McCutcheon and Associates report are based upon a no-
wind situation, but winds blowing towards SFU increase risk enormously. The 
scenarios should be reanalyzed using scenarios of boundary layer winds that blow 
towards SFU. Hazard planning distances should likewise take this into account. 

 Hazard Zones 5.1

(35) One way that risk is often presented is through the use of hazard zone maps. These zones are required 

by communities to understand their exposure to hazard and engage in effective emergency planning. 

Typically a pipeline hazard map will estimate distances of several levels of impacts (usually three) as a 

function of various spill sizes. In the case of toxic plumes the location of hazard zones will depend upon 

wind direction / magnitude, surface roughness and atmospheric stability. 

In a summary on the use of hazard zones for pipelines Muhlbauer29 notes that: 

“Hazard zones based on threshold intensities such as heat, overpressure, and toxicity/contamination are 

a function of three general sets of release conditions: 

 Pipeline / product characteristics 

 Dispersion potential 

o Topography effects if liquid release 

o Meteorology effects if gaseous release” 

“Product characteristics are grouped with pipeline characteristics since the operating conditions—

pressure, temperature, flowrate—will influence how the product behaves when released.” 

“Three aspects of hazard zones should be considered in building a simplifying model: distance from 

event; the threshold of interest; and probability of the threshold appearing at a certain distance. The 
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objective is to model a manageable number of scenarios and, most importantly, have the chosen 

scenarios represent the full range of possibilities.” 

“A conservative hazard zone distance adopted for an HVL pipeline release, for example, should be based 

upon a compilation of calculation results generally corresponding to the distance at which a full pipeline 

rupture, at maximum operating pressure, with subsequent ignition, could expose receptors to significant 

thermal damages, plus the additional distance at which blast (overpressure) injuries could occur in the 

event of a subsequent vapor cloud explosion. Sources of conservatism in this fixed hazard zone distance 

for HVL pipelines might include: 

 Overestimation of probable pipe hole size, 

 Overestimation of probable pipeline pressure at release, 

 Stable atmospheric weather conditions at time of release, 

 Ground level release event, 

 Maximum cloud size occurs prior to ignition, 

 Extremely rare unconfined vapor cloud explosion scenario with overpressure threshold set at 

low level (corresponding to only minimal damages), 

 Overpressure effects distance added to ignition distance (assume explosion epicenter is at 

farthest point from release), and/or 

 Final distance used is longer than distance that models predict.” 

 

(36) The TM risk analysis does not include hazard zones around the pipelines or tank farms adjacent to SFU.  

Figure 5.2 shows a map of the Burnaby Tank Farm relative to SFU. The proposed new tank locations are 

such that several of the scenarios described by TM/McCutcheon and Associates put SFU into highly 

dangerous hazard zones. The two red circles on the map are at approximate distances of 500m and 1 km 

from the nearest proposed tanks. Given that the most dangerous scenarios (IDLH) include distances of 

1.1 km for no wind situations, it is clear that SFU is at very high risk from a catastrophic failure at the 

Burnaby tank farm. Of particular concern is the proximity of the tanks to roads required for an SFU 

evacuation. 

(37) FEMA has a simple modelling program, ALOHA, that estimates threat zones (Figure 5.3) from hazardous 

releases such as toxic gas clouds, fires and explosions30.  “ALOHA allows you to enter details about a real 

or potential chemical release, and then it will generate threat zone estimates for various types of 

hazards.  ALOHA can model toxic gas clouds, flammable gas clouds, BLEVEs (Boiling Liquid Expanding 

Vapor Explosions), jet fires, pool fires, and vapor cloud explosions.  The threat zone estimates are shown 

on a grid in ALOHA, and they can also be plotted on maps in MARPLOT, Esri's ArcMap, Google Earth, and 

Google Maps.  The red threat zone represents the worst hazard level, and the orange and yellow threat 

zones represent areas of decreasing hazard.” This program is available for download at no cost from the 

Environmental Protection Agency (EPA) website31.   

(38) Modelling plumes can be complex and depend upon a number of factors, and ALOHA may not be 

suitable for SFU because of the complexity of the topography and local climatology. Plumes can take a 
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variety of configurations; for example Figure 5.432 shows some of the different patterns that can occur, 

depending upon atmospheric conditions. Wind speed, surface roughness and atmospheric stability are 

particularly important in determining hazard zones. 

(39) This topic will be further discussed within the context of the Emergency Management Regulation and 

related standards and best practices in section 9 of this report, ‘Risk Assessment’. 

Figure 5.2: 500 m and 1 km hazard zones around proposed tanks closest to SFU 

 

(40) RECOMMENDATION: 

6. It is standard practise to create hazard maps as part of risks analyses. These provide 
nearby communities and stakeholders with a tool to evaluate their risk. Such hazard 
maps do not currently exist for the TM project. Because of the proximity of SFU to 
both pipelines and tank farms, the generation of hazard maps, including worst case 
scenarios for SFU, is a priority. A model of suitable complexity should be used, in order 
to address the topographic and climatic heterogeneities over the region around SFU.  
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Figure 5.3: Example of ALOHA Output with Three Hazard Zones. Note how a southwest wind creates 

several elliptical hazard zones downwind from the spill site33. 

 

Figure 5.4:  Idealized Plume Shapes for Six Typical Wind Velocity / Vertical Temperature Profiles34.  
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 Climatic and topographic context.  5.2

(41) Main Climate Controls: The climate of the west coast lies within the westerlies, which means that it 

experiences a maritime climate – moist with temperatures moderated by the Pacific Ocean. The 

Koppen-Geiger classification is Cfb (mid-latitude, marine west coast – mild with no dry season and a 

warm summer). In winter the dominant atmospheric circulation feature is the Aleutian Low (Figures 

5.5), which spawns storms that move eastward into British Columbia. In the summer the Aleutian Low 

moves northward and the dominant feature is an area of high pressure in the north Pacific, which 

results in fewer storms in the Vancouver area. 

Figure 5.5a: Typical location of pressure systems in the North Pacific Ocean in January and July. “AL” 

refers to the low-pressure “Aleutian Low” and “NPH” refers to the high-pressure “North Pacific High” 

system35. 
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Figure 5.5b: Cyclone frequencies in the North Pacific. Note the high level of storminess in winter, spring 

and fall, and the lower level in summer36. 

 

 

(42) Local Effects: Simon Fraser University is located within a complex topography (Figure 5.6) that affects 

local weather conditions. Located on top of a hill at an elevation of 360 m, with Burrard Inlet and 

mountains to the north and the Pacific Ocean about 25 km to the west, and surrounded by urban areas, 

it is subject to complex interaction of micro and mesoscale climatological forces, including sea and land 

Summer Fall

Seasonal mean cyclone frequencies (in %) in the northern hemisphere for the
period 1958-2001. The field is not plotted in regions where the topography 
exceeds 1500 m.

Winter Spring

Seasonal mean cyclone frequencies (in %) in the northern hemisphere for the
period 1958-2001. The field is not plotted in regions where the topography 
exceeds 1500 m.
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breezes, an urban heat island, large variations in surface roughness, and topographic funneling effects. 

Because of risks related to plumes, of particular concern is the wind field within the boundary layer. 

Winds at the university might be quite different than in the surrounding area, particularly at the 

Vancouver weather station at the airport.  For example, wind speeds at the top of hills are stronger than 

below, and can become very turbulent to the lee of the hill. 

Figure 5.6: Simon Fraser University, at the top of Burnaby Mountain. The Burnaby Tank Farm is visible to 

the right (south) of the university, as well as the only two access roads. 

 

(43) The nearest high quality Environment Canada weather station with a long term wind data record is 

Vancouver Airport. Winds vary by season, but are dominated by ESE and WNW directions (Figure 5.7). 

Figure 5.7: Vancouver Airport Annual Wind Rose 

 

(44) The TM analysis used the weather station at Vancouver Airport, and there is no evidence to suggest that 

they have incorporated the data available from the Burnaby Mountain weather station. It is uncertain 

how representative Vancouver Airport wind data is, at an elevation of 5 m near the coast, to Burnaby 
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Mountain. Figure 5.7 shows an annual dominance of southeasterly and west-northwesterly winds, 

whereas three years of data from the university weather station at Burnaby Mountain shows a much 

higher frequency of winds with a southerly3 component. Winds from a southerly direction pose a much 

greater threat to SFU from the TMEP since they would carry a plume from an accident at the Burnaby 

Tank Farm or TM pipeline towards SFU.  A detailed calculation of the boundary layer wind field in the 

vicinity of SFU is fundamental to having a good understanding of risks from accidents at nearby tank 

farms and pipelines. 

Table 5.2: Frequency of Wind Directions at Burnaby Mountain Weather Station, 2012-2014. Note the 

relatively high percentage of winds with a southerly component, as compared to winds at Vancouver 

Airport37.  

Direction Frequency 

315° - 45° northerly 24% 

45° - 135° easterly 32% 

135° - 225° southerly 27% 

225° - 315° westerly 17% 

 

(45) RECOMMENDATION: 

7. There is no evidence that TM has incorporated local meteorological data from SFU in 
their analyses. With respect to risks to SFU from toxic plumes, sophisticated 
meteorological modeling of the boundary layer wind field that includes data from the 
Burnaby Mountain weather station is required. This is addressed further in Section 11 
on air dispersion modelling. 

6 Application Compliance  

(46) The National Energy Board (NEB) regulates pipelines in Canada, including the construction and operation 

of inter-provincial and international pipelines. As an inter-provincial pipeline, Trans Mountain is 

principally regulated by the NEB. However, the B.C Oil & Gas Commission (OGC) is also responsible for 

pipeline safety, mainly in the form of consideration of applications for land access or permits. This has 

resulted in some shared regulatory responsibility between the B.C. OGC and the NEB. According to the 

OGC, its more specific objectives are "public safety and environmental soundness in the design, 

construction, testing, operation, maintenance, and spill response planning for natural gas and hazardous 

liquid pipeline facilities within B.C."38  

                                                           

 

3 
This refers to winds coming from the south, and moving in a northerly direction
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(47) The Trans Mountain Expansion project application is therefore under the primary authority of the 

National Energy Board Onshore Pipeline Regulations (SOR/99-294), which includes a sub-section on 

emergency management (SOR/2013-49, s. 12), has the mandated responsibility to "…develop, 

implement and maintain an emergency management program that anticipates, prevents, manages and 

mitigates conditions during an emergency that could adversely affect property, the environment or the 

safety of workers or the public". Additionally, as part of ss. 4.1 (e) of the Onshore Pipeline regulations, 

'all pipelines' must adhere to the provisions of CSA Z246.1, aimed primarily at preventing and minimizing 

the impact of security incidents rather than the broader goals of emergency management.  

(48) Unfortunately, this legislation does not provide a detailed breakdown of the requirements for an 

emergency management program. However, as the project exists within the joint jurisdiction of the NEB 

and the B.C. OGC, the more detailed requirements provided by the B.C. OG, are considered an adequate 

best practice and regulatory model for compliance of the Trans Mountain expansion project. Therefore 

some of the recommendations within this report refer specifically to the B.C. OGC Emergency 

Management Regulation. 

(49) Oil and Gas activities, including "exploration, development, pipeline transportation and 

reclamation"39are regulated by the B.C. Oil and Gas commission. This body provides clear regulations 

with which oil and gas industry projects primarily regulated by B.C. OGC must comply. The regulations 

include a comprehensive set of standards for emergency management plans and programs, which can 

be considered a benchmark for Oil and Gas projects in B.C. Such requirements provide a base-line for 

compliance, which is additionally supplemented and supported by industry best-practice. The Canadian 

Standards Association (CSA) Z1600 (Emergency and Continuity Management Program), developed 

through consultation with stakeholder groups such as the NEB as well as the Canadian General 

Standards Board (CGSB) and First Responder agencies across Canada, is strongly supported by the NEB 

and has been identified as an integral part of their mandate to support excellence in emergency 

management40. 

(50) As part of the TM facilities application to the NEB for authorization to expand the capacity of its pipeline, 

Kinder Morgan must submit an Environmental and Socio-economic Assessment (ESA) which "must 

identify and assess the effects on workers, the public, and biophysical and socio-economic elements of all 

potential accidents and malfunctions" 41 . Submissions of this kind must include all-hazard risk 

assessments for the project, including site-specific plans, as well evidence of a comprehensive 

emergency management program. The TM project facilities application, and therefore this analysis, 

includes a number of key documents intended for this purpose, including but not limited to the 

following key documents: 

 Emergency Response Program Summary 

 Facilities application Volume 7: Risk Assessment & Management of Pipeline & Facility Spills  

 Facilities application Volume 6B: Pipeline Environmental Protection Plan 

 B279-3 - Attachment 2.1 Kinder Morgan Canada Inc. Incident Command System ICS Guide 

July 2013 - A4D3F0 
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 B279-4 - Attachment 2.2 Westridge Marine Terminal Emergency Response Plan ERP Publish 

Date July 2014 - A4D3F1 

 B279-5 - Attachment 2.3 Trans Mountain Pipeline ERP Publish Date July 2014 - A4D3F2 

 B279-6 - Attachment 2.4 Terminals and Tank Farms ERP Publish Date July 2014 - A4D3F3 

 B33-29_-_Trans_Mountain_Response_to_NEB_IR_No._1.98a-Attachment3_-_A3W9S5 

(McCutcheon Report) 

(51) Prior to construction of any oil and gas project in B.C., and as part of the ESA, it is incumbent on the 

applicant to fulfil all requirements for Emergency Response Plans (ERP), which must meet full 

compliance with the aforementioned regulatory bodies and acts42. 

(52) This report will therefore assess each required element, including emergency plans, emergency 

programs, and risk assessments provided in the listed documentation. Given the absence of specific 

criteria set out in the NEB Onshore Pipeline regulations, these will instead be compared to the 

requirements set out in the B.C. OGC Emergency Management Regulation, as well as industry best 

practices, in order to assess their adequacy, especially in the context of impact to Simon Fraser 

University. In order to fully understand these distinct features, the following sections will also focus on 

defining the purpose and expectations defined in the EMR and CSA Z1600 for each element. 

7 Emergency Management Overview 
(53) Emergency management practitioners use a number of different frameworks to help organise the 

myriad of themes, responsibilities and tasks within the field. Among the more widely accepted is the 

four-pillar, or ‘emergency management continuum’43 approach which highlights four distinct elements: 

mitigation, preparedness, response and recovery. As shown in Figure 7.1, this approach includes the 

creation of plans and risk assessments as parts of a holistic emergency management system.  

(54) It is particularly important to understand emergency management within these categories given their 

central role in the production of standards, regulations and acts relating to public safety, including the 

oil and gas industry. The aforementioned standards and regulations relating to the development of oil 

and gas activities in B.C. use this cyclical framework as a basis for the development of emergency 

management practices, standards, plans and programs.  
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Figure 7.1: The Emergency Management Cycle44. 

 

(55) The EMR is one such regulation, its requirements being built on an understanding that applicants must 

seek to address all elements before a project can be approved. This is in tandem with other 

requirements of the ESA, which overlap when considering the human health, financial or other impacts 

of a disaster or emergency event. 

(56) The following sections aim to highlight specific requirements for a comprehensive emergency 

management system with reference to standards and industry best practices, but primarily defined by 

the EMR, as this is the enforcement mechanism in place for oil and gas projects. By comparing the 

contents of the materials provided by the NEB application to these standards and regulations, an 

assessment of its quality and adherence to the EMR are provided in each section, as well as specific 

recommendations for improvement and compliance. 

8 Emergency Management Program 

(57) Within the context of best practices in the field of emergency management, an emergency management 

program provides a system or high-level framework within which all aspects of mitigation, 

preparedness, response and recovery reside. For all intents and purposes, the emergency management 

program is the umbrella which encompasses all aspects of organisational development, management 

and administration as they relate to emergency management functions. 

(58) The EMR provides the following requirements for an Emergency Response Plan (ERP): 

A program which includes the creation and definition of the top level policies and procedures that 

guide the creation, management and implementation of an ERP should include: 
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 Framework for the development and implementation and coordination of activities such as 

research, training and education;  

 Training and exercises (roles, actions, scheduling etc.); 

 Evaluation of an emergency response (how to evaluate, criteria etc.); 

 Program Coordinator (role definition, responsibility etc.); 

 Review and update (provision for the continued update of program and plans); 

 Maintenance of Records.45 

(59) The CSA Z1600 provides a similar description, also identifying the four emergency management ‘pillars’ 

as core to program management. The following sections will seek to further define the requirements 

laid out by the EMR for elements of comprehensive emergency management systems including 

programs, plans and risk assessments. This will help guide the assessment of implications for SFU. 

 Emergency Management Regulation (EMR) Requirements: Programs 8.1

(60) The expectations for programs are clearly laid out in the EMR, and reflect industry best practice. 

Table 8.1: Emergency Management Regulation, summary, Part 3 ss.4. (1-8) 

Section Summary/description 

1 Prepare and maintain an emergency response program and a response contingency plan 

2a Program must coordinate permit holders plans 

2b Conduct training and emergency response exercise programs for emergency response staff 

2c Evaluate the response to an emergency 

3 A program coordinator must implement the program 

4 The name and contact information of the program coordinator must be provided 

5 Information (4) must be updated as soon as possible 

6a Review and update of the program must take place at least once every 3 years 

6b … or when significant change occurs in the types of hazards and risks arising from oil and gas activities 

6c …or after evaluating the response to a level 3 incident 

7 Witten records must be maintained 

8 …in accordance with section 38 (1)(a) 

 

(61) This list of requirements is distinct from that of plans, as well as risk assessments and hazard 

identification, which are referred to in the EMR and the B.C. Oil and Gas Emergency Management 

Manual as part of section 7(3). The latter document also specifically refers to all-hazard planning within 

a comprehensive emergency management framework. This again recognises the four-pillar approach as 

well as the identification of hazards, with the aim of reducing the “vulnerability of people, property, the 

environment and the economy”46.  

(62) This framework provides guidance on a number of additional elements of business continuity and 

emergency management planning for the oil and gas industry. Among these elements, the EMR very 

clearly outlines the expectations for Emergency and Incident Response. This not only requires that a 

clear communication, notification and management process exist, but also that a permit holder 

implement adequate exercises training, and evaluation procedures. 
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 Program Vs Plan 8.2

(63) The TM emergency management plan and program are not adequately separated. These should be 

separate elements and are subject to different regulations – including audits every 3 years for an EM 

program (section 4 EMR) but every year for a plan (section 10 EMR). These review times are not 

specifically identified. 

 Plan Coordination 8.3

(64) The OGAA specifically outlines the need for coordination of emergency plans and for specific mention of 

this process to be included in the emergency management program. However, the documentation 

provided does not provide specific details regarding the plan coordinator, nor the provisions for plan 

maintenance other than to say that updates will occur annually. While specific mention is made to 'plan 

maintenance' and while the responsibility for annual audits is identified, a program review and update 

process is not discussed. For example, section 4.8, Volume 7 of the facilities application document states 

"the Emergency Management Program will be comprehensively reviewed and modified to address the 

needs of TMEP" but at no point is this elaborated on, nor who this responsibility will fall to. In addition, 

the terms ‘plan’ and ‘program’ are used interchangeably throughout the document. While a specific 

position is identified for the maintenance and update of exercise plans (the operations training 

coordinator located at the Sherwood Park office), no similar designation seems to exist for the 

emergency program. 

(65) The coordination of the permit holders plans is a foundational and critical element of the EMR 

requirements and a comprehensive emergency management strategy, and the absence of specific 

details regarding this is a significant gap in the TMPL emergency management program provisions. 

 Exercises 8.4

(66) No specific plan appears to exist for conducting training and emergency response exercise programs for 

emergency response staff. While the roles and responsibilities for response staff are highlighted through 

the Incident Command System (ICS) plan, the coordination, review and evaluation of exercises should be 

highlighted. As mentioned above, while the operations training coordinator is mentioned in relation to 

the implementation of specific training programs, including ICS level 100, there is no clear outline of 

how or what type of exercises will test the emergency response plans. 

 

(67) RECOMMENDATIONS: 

8. Provide an account of the TM emergency management program as defined in ss. 4 of 
the EMR. This should include measures and personnel identified for coordination of all 
ERP, an outline of specific exercise development and management provisions, 
identification of a program coordinator, and provisions for the evaluation of response 
to an emergency in accordance with section 14 of the EMR 
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9. Define responsibility and mechanisms for the comprehensive revi ew and 
modification of the emergency management program, and for each plan, 
respectively. 

10. Ensure that provisions for ‘plans’ and ‘programs’ are addressed separately . 
 

9 Emergency Management Plans 
(68) The regulations and guidelines in B.C. for the preparation of plans are comprehensive. They include a 

number of different sub-areas for consideration including hazard planning distances, which are a 

foundational element to all other planning related to emergency management for the Oil and Gas 

industry. Some of these sections of the EMR are highlighted below: 

Table 9.1: Emergency Management Regulation, summary of sections relating to Emergency 

Management Plans 

Section Summary description 

5 Hazard planning distance is defined as horizontal, measured from the site of an oil and gas 
activity. It must be determined for fluids by considering the types of hazards and risks arising 
from the activity. 

7(2) Plans must be prepared for each of their oil and gas activities, including consideration of site-
specific hazards and within emergency planning zones (defined in section 1) 

10(1) Plans must be updated at least once a year, after an evaluation of the response to an 
emergency is completed under section 14, or is site specific hazards and risks change 
significantly. 

 

(69) In order to fully realise an all-hazards, comprehensive approach, best practice highlights a need to 

include hazard identification, risk assessment and business impact analysis as part of the planning 

process, as summarised by CSA Z1600: 

Definitions: 

a) Planning: One element of Emergency Management Program (see above), alongside program 

management; implementation; evaluation; and management review. 

b) Risk Assessment: include evaluating the likelihood of a hazard or combination of hazards 

occurring, taking into account factors such as threat analysis, frequency, history, trends, and 

probability. 

c) Response: actions taken during or immediately after an emergency to manage its consequences 

d) Response Plan: Demonstrates how emergency responses are initiated and coordinated, and 

should include: 

 Criteria for assessing an emergency; 
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 Procedures for responding to an emergency; 

 Procedures for mobilizing response personnel and agencies; and, 

 Procedures for communicating and coordinating between all affected parties. 

 Execution of emergency plans and operational activities. 

e) Hazard assessment: Identification and monitoring of the hazards that can have an impact on 

operations or areas of responsibility. Hazards from the following categories shall be considered: 

 natural; 

 human-caused;  

 technological. 

 

(70) Industry best practices, standards and regulations are consistent in their approach to addressing EMP as 

an element within a comprehensive Emergency Management Program. As the definitions above 

illustrate, the expectations placed on Oil and Gas operators is for the provision of a program that 

establishes an Emergency Management Framework, through which all plans are coordinated. This is 

reflected quite clearly in the differing legislative and regulatory requirements for each aspect, as well as 

additional elements which are informed by, but exist outside, of either of these categories (such as 

hazard planning distances). 

 Evacuation 9.1

(71) TMPL’s intention to address evacuation planning in conjunction with City of Burnaby, SFU, RCMP, BC 

Ambulance, and Burnaby Fire has been referenced in multiple IR’s. However, BC ambulance and SFU are 

not identified as stakeholders in the existing plans, nor is this addressed specifically in the available 

documents. The Westridge Terminal plan, section 9.8 Public Evacuation Plan identifies the initial 

responsibility for evacuation measures as that of TM, but does not provide specific description of 

‘emergency duties’ or their responsibilities. There is also no specific mention of the location-specific 

needs for evacuation at the Westridge Terminal or Burnaby Tank farm. 

(72) Given the absence of Emergency Response and Emergency Response Zone maps respectively from the 

ERP and risk assessment documentation (Volume 7 of the facilities application and McCutcheon Report) 

and that maps have been redacted from the Terminal and Tank Farms ERP (section 7.2.6), it is not 

possible to assess the readiness or adequacy of provisions for evacuation or emergency response.  

 Notification 9.2

(73) While responsibility for the evacuation itself is not the responsibility of TMPL, they are responsible for 

the determination of recommendations relating to evacuation (e.g. identifying potential at-risk 

communities). This is not clearly identified in Volume 7 of the facilities application, site-specific plans, or 

the IR responses.  

(74) The EMR requires that the emergency plans indicate how the applicant's or permit holder's response to 

an emergency may affect the person or entity receiving the information. This is especially significant in 
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site-specific plans, as the hazards, risks and therefore effects will vary from site to site, requiring 

different actions. While there are extensive descriptions of shelter-in-place procedures as well as 

mention of evacuation as a possible course of action (see above), the notification procedures are not 

specifically identified, and key stakeholders such as SFU are not identified.  

(75) TM has addressed the need for community awareness initiatives, which are detailed in Volume 7 of the 

application among others, however emergency communication systems for public and municipal 

notifications are not well defined (Volume 4.7.1 - community awareness and education). An emergency 

contact line is provided and staffed by TM, and while such a service is extremely helpful to response 

activities, it remains a passive, uni-directional instrument designed to facilitate updates to a situation 

already underway. Thus, it may not be effective for initial notification and awareness of an incident, and 

should be supplemented by additional communication measures, briefly touched upon in the 

application, such as social media, website updates and notification of municipal bodies. No specific 

strategies for these kinds of communication and notification have been explained in the TM application. 

(76) It should be noted that TM has stated an intent to work in collaboration with stakeholders such as the 

City of Burnaby and the province of BC to develop integrated approaches to communication and 

notification in IR’s. This will certainly provide additional capacity and understanding between 

stakeholders if the project is granted approval, but does not satisfy the current concerns of stakeholders 

or the immediate needs of compliance with the Onshore Pipeline regulation section 33 and 34 

respectively, as follows: 

 "33. A company shall establish and maintain liaison with the agencies that may be involved 

in an emergency response on the pipeline and shall consult with them in developing and 

updating the emergency procedures manual. 

 34. A company shall take all reasonable steps to inform all persons who may be associated 

with an emergency response activity on the pipeline of the practices and procedures to be 

followed and make available to them the relevant information that is consistent with that 

which is specified in the emergency procedures manual"47. 

 

(77) Additionally, the capacity of TM equipment and resources to address either overland or marine spills is 

not specifically mentioned. This makes it hard for stakeholders to know what size a spill will exceed 

Kinder Morgan’s capacity to respond, which is important when determining what additional resources 

may be required, and at what point local municipal or SFU resources should be called upon. 

(78) Lastly, while the ICS plan provides a structure for incident response, including highlighting the role of a 

liaison having the responsibility for notification of stakeholders, no specific procedures for notification 

or communication are provided. 

(79) RECOMMENDATIONS: 

11. Within each site-specific plan, in accordance with ss. 3(2)(c) of the EMR, 
define how TM will notify entities receiving information regarding an 
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emergency, and appropriate response. This should address site-specific 
hazards and risks 

12. Clarify the types and sizes of potential incidents that would require the 
assistance of local emergency, municipal or SFU resources.  

10 Risk Assessment 
(80) The creation of all-hazard risk assessment is a cornerstone of any emergency management system. Most 

risk assessments typically include as assessment of risk to their own operations, as well as outward-

looking assessments. This analysis can take place through a variety of methods, but are typically 

addressed through a process resembling the one provided by Public Safety Canada: 

a) Setting the Context – The process of articulating an institution's objectives and defining its 

external and internal parameters to be taken into consideration when managing risks. 

b) Risk Identification – The process of finding, recognizing, and recording risks. 

c) Risk Analysis – The process of understanding the nature and level of risk, in terms of its impacts 

and likelihood. 

d) Risk Evaluation – The process of comparing the results of Risk Analysis with risk criteria to 

determine whether a risk and/or its magnitude is acceptable or tolerable. 

e) Risk Treatment – The process of identifying and recommending risk control or Risk Treatment 

options.48 
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Figure 10.1: AHRA Process and link to Emergency Management Planning49 

 

 

(81) While the above outline is more specifically designed for federal government institutions to address 

business continuity, it reflects risk management best practice. Other similar models, including the 

Hazard Identification and Risk Assessment (HIRA)50 model employed in Ontario51, or Hazard, Risk and 

Vulnerability Analysis (HRVA) utilised by BC Emergency Management similarly understand risk as co-

owned and co-managed. They also utilise an understanding of risk on two planes, hazard frequency and 

consequence (Table 10.1).  
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Table 10.1: Adapted from Emergency Management B.C. (EMBC) Hazard, Risk and Vulnerability Analysis. Risk to 

People, Communities and the Environment 

Risk to People, Communities and the Environment 

Hazard 
Probability 

                 
 

 

Very high High High Very High Extreme Extreme 
 

High Moderate High High Very High Extreme 
 

Medium Low Moderate High Very High Very High 
 

Low Low Low Moderate High Very High 
 

Very Low Very Low Low Moderate High High 
 

 
Very Low Low Medium High Very High 

 Hazard 
Impact 

 

(82) In ss. 6.5 (1), the Onshore Pipeline Regulations require the following hazard identification and treatment 

for compliance: 

 (c) establish and implement a process for identifying and analyzing all hazards and potential 

hazards; 

 (d) establish and maintain an inventory of the identified hazards and potential hazards;(e) 

establish and implement a process for evaluating and managing the risks associated with the 

identified hazards, including the risks related to normal and abnormal operating conditions; 

 (f) establish and implement a process for developing and implementing controls to prevent, 

manage and mitigate the identified hazards and the risks and for communicating those 

controls to anyone who is exposed to the risks; 

 (g) establish and implement a process for identifying, and monitoring compliance with, all 

legal requirements that are applicable to the company in matters of safety, security and 

protection of the environment; 

 

(83) The last of the aforementioned subsections provides specific guidance on referring to other applicable 

legal requirements, which in the case of Trans Mountain could also include the CSA Z1600 as well as the 

B.C. Oil and Gas Commission, which additionally require as well the inclusion of people, property, and/or 

environment impacts in any analysis.  In addition to the wider scope of impact assessment, the EMR also 

requires that oil and gas operators “prioritize hazard controls to mitigate risks to people, property, 

and/or environment”52. 
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(84) The following sections illustrate the role of a number of different elements that should be considered in 

the creation and use of a risk assessment. The subsequent analysis specifically addresses items laid out 

in the EMR, and reference best practices and other standards. 

 Maps 10.1

(85) In order to meet EMR standards, as well as those outlined in CSA Z1600, maps that detail the oil and gas 

activities, hazard zones and potential impacts are required. Such maps should include an emergency 

response map which meets the requirements laid out in the EMR section 15. Such maps should be 

provided in the facilities application, to enable stakeholders to assess the potential likelihood and 

impact of events resulting from both normal oil and gas activity and accidents resulting in spills, fires or 

explosions. 

(86) The emergency response map is an especially important element of the overall emergency program and, 

and should be specifically designed for each site. The emergency planning zones for each scenario and 

event type will vary, and provide important insight for both TM and potentially affected entities.  

(87) Such maps are not provided in any of the facilities application materials. Those that have been included 

(the map titled ‘TMPL_V6_25kMaps.mxd’ includes Burnaby mountain and SFU) address the potential for 

overland flow of oil, but do not appear to take into account the recreational and forested areas of 

Burnaby Mountain Park or Conservation area. Volume 7 of the facilities application, (3.1.1 Oil Spill Risk 

Assessment Overview) states: “A geographic information system (GIS) is used to identify High 

Consequence Areas (HCA) intersected by the spill pathways, and a scoring model is used to assign 

consequence scores”. However, the omission of local parks and ecological areas in the analysis, even 

though it shows the built environment/population of SFU, results in an incomplete assessment for SFU 

and the surrounding communities, resulting in an incomplete HCA assessment. 

(88) Specifically, emergency planning zones have not been identified, thus neither have boundaries or areas 

adjacent to potential exposure. According to the EMR, such maps should include:  

“…roads…surface and environmental features and structures, including stream crossings and 

lakes… commercial or industrial operations; and the location of areas within the emergency 

planning zone that may be used by the public, including, without limitation, dwellings, schools, 

public facilities, campgrounds and recreation areas”.53 

 Hazard Planning Distances 10.2

(89) Hazard planning distances are developed in order to “identify a geographical area (a hazard planning 

zone) within which persons, property or the environment may be affected by an emergency.”54 Without 

such measures, it is not possible to determine the extent to which emergency events resulting from oil 

and gas accidents could impact the surrounding area. Hazard planning distances are insufficiently 

addressed in the documentation provided to date (see section 5), and therefore TM does not meet the 

requirements laid out in the EMR. As this is considered both an industry best practice and a legislative 
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requirement for some pipeline operations within B.C., this clearly represents a particularly significant 

oversight from both a regulatory and public safety standpoint. 

(90) The B.C. Oil and Gas commission also states that such planning distances must take into consideration 

the types of hazards and risks arising from the oil and gas activity that is the subject of the plan. Before 

effective hazard planning distances can be created, comprehensive site-specific plans must first exist – 

these are addressed in the following section. 

(91) RECOMMENDATIONS: 

13. Provide a map of each TM site, which includes emergency planning zones 
pursuant to ss. 3(2) of the EMR.  

14. Provide hazard zone and emergency response maps for the Westridge Marine 
Terminal and Burnaby Tanker Farm, as well as any pipeline infrastructure 
passing through Burnaby and surrounding municipalities, in accordance with 
EMR section 15. 

15. Update HCA maps to include a comprehensive HCA of the Burnaby Mountain 
area including parkland and other previously omitted land-use types. 
 

 Comprehensive all-hazards approach 10.3

(92) The ICS plan for Kinder Morgan lays out the authority for response as well as the various functions 

within the Kinder Morgan structure. However, each plan is focused on emergency actions, support and 

legal implication with little or no mention of mitigation, preparedness and recovery.  

(93) Furthermore, site-specific ERP's focus on "the response actions for the effects of radiant heat and air 

monitoring for plumes (smoke or otherwise), on the public, that result from a fire-event", which is a risk-

specific, not an all-hazards approach55. Both are required. 

(94) Within the TM expansion project facilities application, section 4.4, the following is stated: “The current 

ERP for TMPL provides a generic response to a spill for any location along the pipeline, whereas the ERPs 

for Terminals/Tank Farms and for Westridge Marine Terminal are location-specific.” These site-specific 

plans are defined as adopting an approach which considers ‘multiple hazards’.  

(95) While the hazards included in site-specific plans are stated as being based on the ASME B31.8S 

guidelines, the plans do not include maps, hazard planning distances, or tools such as the MIACC “Risk 

Based Land Use Planning”, which has been used in the McCutcheon Report analysis of the Burnaby Tank 

Farm site. Furthermore, the site-specific plan for the Westridge Marine Terminal includes sections on 

site-specific hazards as follows: 

 Tornado 

 Flood 

 Earthquake 
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(96) This is not a comprehensive list, and includes at least one hazard which has no applicability to this site 

(the risk of tornado is essentially zero). Furthermore, the Westridge Terminal emergency plan does not 

address the potential risk to the road infrastructure adjacent to SFU, or use thereof, and the site specific 

plan for the Burnaby tanker farm is either absent or so difficult to find that the authors are not aware of 

it. Given that the pipeline is situated adjacent to one of only 2 major road access points, as well as the 

proximity of the Burnaby Tanker Farm to both SFU and neighbouring residential areas, this absence of 

information is a critical gap in emergency planning. 

(97) The aforementioned McCutcheon Report contains a risk assessment of the Burnaby Tank Farm site; 

while comprehensive in its review of Fire and Explosion, Pool Fire, Tank Top Pool fire, black cloud soot 

and Dike Oil Fire, the analysis does not seem to be referenced in the site-specific emergency response 

plans and does not elaborate on the risk to access routes to Simon Fraser University (SFU). Such an 

event is deemed as having an ‘acceptable’ level of risk according to the interpretation of the MIACC 

standard, but also has the potential to block all road access to SFU, as in the dike fire scenario pictured 

below. 
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Figure 10.2: Summary of Risk Distances for Radiant Energy from a Dike Fire (for the existing site and 

expanded site) 

 

(98) RECOMMENTATIONS: 

16. In accordance with the EMR, ss. 3(2)(b), provide appropriate site-specific 
hazards and risks of the oil and gas activity that is the subject of the plan. 
This amendment should consider removal of ‘Tornado’ as a risk for the 
Westridge Marine terminal, and incorporation the types of hazards and risks 
more in line with those identified in the McCutcheon Report. 

17. As recommended by the B.C. Oil and Gas commission, provide a systematic 
assessment of hazards, threats, risks and vulnerabilities for Westridge Marine 
Terminal and the Burnaby Tank Farm. If this has not been completed 
previously, supplementary information should be incorporated into existing 
emergency response plans. 

18. Provide information regarding the ‘values at risk’ for site -specific operations 
in accordance with EMR ss. 7(3)(b)(ii). This should include and prioritise 
hazard controls to people, property, and environment, including road 
infrastructure and access to SFU.  

19. Provide emergency management and response plans for the Burnaby Tank 
Farm, including hazard planning zones, evacuation, communications and 
notification plans and procedures.  

11 Redactions 

(99) As alluded to in section 9.1, the difficulty of assessing provisions for evacuation without the inclusion of 

hazard zones or illustrative maps of Burnaby Tank Farm is heightened by redactions. The issue of 

redactions has been addressed through ruling no. 63 and 50 respectively, resulting in a decision that 
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“sufficient information has been filed from the existing EMP documents to meet the Board’s 

requirements at this stage in the process”56. However, as many sections of this report address, without 

the inclusion of adequate hazard identification maps, hazard planning distances and other elements 

required by the Emergency Management Regulation, and specifically identified by the B.C. Oil and Gas 

Commission as crucial elements for Emergency Response Planning and program development, it is 

almost impossible to adequately assess either the hazards and risk to SFU, and the steps taken to 

address them. 

(100) In addition, the recent ‘tactical risk analysis’ authored by Deputy Chief Bowcock of the Burnaby Fire 

Department57 addresses some further deficiencies which could be addressed by unredacting certain 

sections (either in part or in full), including but not limited to section 6.8 ‘Bomb Threat Checklist and 

7.4.1 Site Drainage of the Terminals and Tank Farms ERP. This comprehensive document contains strong 

conclusions relating to the increased ‘downwind sensitivities’ for local conservation areas, potential 

consequences of reduced storage tank isolation and insufficient firefighting deployment positions, to 

name a few. These concerns and many more highlighted in Bowcock’s analysis make a case to at least 

partially unredact relevant sections of the emergency response and emergency planning documentation 

provided in the NEB application, at the very least revealing the Evacuation Zone Map (section 7.2.6 of 

the Terminal and Tank Farm ERP) and sections which pertain to appendix G: Emergency Management 

Evaluation, which includes a draft matrix for “defining the adequacy of an HSE Case Study process”. 

(101) It is acknowledged that the redactions contained within the current TM facilities application represent 

sensitive and confidential information. Revealing this information in its entirety could potentially expose 

TM employees, operations or facilities to unnecessary risk, but conversely represents information which 

directly impacts intervenor’s interests. While the NEB has stated that its decision to leave redacted 

information as such, and not to compel the inclusion of further information relating to the ERP “does 

not mean that intervenors cannot test the already filed EMP information”58, it should also be noted 

that intervenors cannot affectively assess the risk to their own operations, personnel or facilities 

without more information. Lastly, it has been demonstrated in previous sections that the ERP and 

related emergency management documents in their current form fall short of provincial regulatory 

requirements, and as such represent a risk to many local interests, represented in part by intervenor 

requests. 

12 Airborne Contaminants and Air Dispersion Modelling 

(102) Air quality dispersion modelling approach is generally used to assess compliance of emissions with air 

quality regulations and standards. But it can be also used to plan new facilities (pipeline and storage 

tanks, for example), establishment of air quality monitoring networks, and air quality forecasting. In case 

of an accident (such as a large leakage of chemicals from a pipeline breakage or sudden release of toxic 

chemicals from burning storage fuel tanks), one can employ air pollution models to simulate such an 

event for the purpose of risk assessment (to human beings and properties) and to develop and put in 

place emergency management plan. Air pollution modelling becomes an essential tool for such a 

strategy when potentially dangerous infrastructures are located near urban centres. This requires 
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relatively realistic simulations of urban boundary layer dynamics on spatial and temporal scales of 100 

metres and 10-15 minutes, respectively, if one is to develop an emergency mitigation strategy for 

abatement and mitigation against an explosive release of chemical contaminants from a large fuel 

storage tanks, for example.  

(103) Figure 12.1 shows qualitatively different scales of a 3-dimensional urban boundary layer structure 

indicating considerable complexity in the flow and turbulent dynamics of the layer. As atmospheric flow 

in the planetary boundary layer (PBL) crosses from surfaces of lesser roughness to an urban setting with 

increased roughness, it breaks up into different sub-structural layers, with increased turbulence and 

dispersion at the urban canopy layer (UCL). The UCL is embedded in the roughness sublayer (RS) and 

stretches from the ground to the average height of buildings and trees. Ideally, Monin-Obukhov 

Similarity Theory that describes mean vertical wind and temperature profiles based on scale analysis 

might be applicable within the inertial sublayer; it is significantly more difficult to simulate turbulent 

fluxes within the UCL where concentrations of chemical substances might accumulate. Studies of 

vertical urban boundary layer profiles of meteorological variables such as winds and temperature are 

relatively few, and location specific.  

(104) As with any modelling, an air quality dispersion modelling approach faces many uncertainties and 

limitations, particularly in the modelling of atmospheric transport and dispersion of chemical 

substances. Air pollution dispersion modelling is a complex process. For air pollution modelling at the 

urban scale, there are basically two different modelling approaches: (a) Lagrangian modelling and (b) 

Eulerian modelling. In Eulerian modelling, the area of interest is divided into a number of grid points.  
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Figure 12.1. Planetary boundary layer structure evolved into the Urban Boundary Layer (UBL) that can 
be broken down to local scale and microscale. UCL=Urban Canopy Layer, SVF=Sky View Factor59. 

 

 

(105) At each grid point, meteorological variables and airborne contaminants are calculated. In Lagrangian 

modelling, an emission puff is followed along a trajectory. The identity of the puff is preserved, but can 

be split up if the puff covers more than a specified spatial resolution at a particular time after the 

emission. The CALMET-CALPUFF modelling system is a Lagrangian model.  



SFU Final report May 21, 2015 

 

Page 52 of 68    

 CALPUFF Dispersion Modelling System 12.1

(106) Based on the records from the National Energy Board (NEB) hearings, Trans Mountain has used the 

CALPUFF modeling system in an attempt to demonstrate that the operation at the storage tanks does 

meet the BC air quality regulations of ambient contaminants (such as volatile organic compounds), as 

well as emissions during the construction of the new pipeline. The model has been used also to 

determine the “best” location(s) of stations to monitor air quality. The California Puff Model (CALPUFF) 

modelling system has been recommended by the United States Environmental Protection Agency 

(USEPA) for use in transport and deposition of airborne contaminants. Consistent with the usage of the 

CALPUFF modelling system by Trans Mountain, it can be used for short range pollutant transport of less 

than 30-50 km, as long as the size of the plume covers sufficient number of model grid points to 

adequately resolve the width of the plume and regions of maximum chemical concentrations. 

(107) The main components of the CALPUFF dispersion modelling system are shown in Figure 12.2. The 

modelling system is basically composed of 3 components: CALMET, CALPUFF, and CALPOST (Post-

Processing). It is a non-steady (as opposed to steady-state Gaussian plume models) Lagrangian 

meteorological and air quality modelling system. The modelling system requires geophysical and 

meteorological data and spatio-temporal characterisations of the chemical emission. Proper 

representation of meteorology in CALMET is fundamentally important because the transport and 

dispersion of pollutants depend crucially on the properties of atmospheric flow and turbulence. 
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Figure 12.2. The main components of the CALPUFF modelling system60 

 

(108) CALMET (California Meteorological Model) is a diagnostic mesoscale meteorological model that 

calculates a 3-dimensional time and space varying field of meteorological variables, such as wind, 

temperature and precipitation over complex terrain. It serves as an input to CALPUFF. Scire et al. (2000) 

gives a detailed description of the CALMET modelling approach61. The lower boundary of the model is 

specified by geophysical data such as terrain elevation and land use data. The model has sigma vertical 

coordinates and thus the bottom model level follows the curvature of the terrain. Land use classification 

is used to assign roughness length for calculation of frictional turbulence and drag. CALMET contains 

algorithm to handle the effects of sloping terrain, kinematic terrain and terrain blocking. It also includes 

a micrometeorological module for distinguishing over-land and over-water boundary layers 62 . 

Meteorology in CALMET can be driven by surface and upper air observation or by a gridded prognostic 
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model output from a mesoscale dynamical model such as MM5 (a limited-area, nonhydrostatic 

PSU/NCAR mesoscale dynamical model with terrain-following sigma vertical coordinate) or WRF (an 

operational Weather Research and Forecasting) model63. The major meteorological features of CALMET 

are summarised in Table 12.1 (obtained from “Protocol for the Application of the CALPUFF Model for 

Analyses of Best Available Retrofit Technology (BART)”)64: 

Table 12.1: Major Meteorological Features of CALMET 

 Boundary Layer Modules of CALMET 
- Overland Boundary Layer - Energy Balance Method 
- Overwater Boundary Layer - Profile Method 

-- COARE algorithm 
-- OCD-based method 

- Produces Gridded Fields of: 
-- Surface Friction Velocity 
-- Convective Velocity Scale 
-- Monin-Obukhov Length 
-- Mixing Height 
-- PGT Stability Class 
-- Air Temperature (3-D) 
-- Precipitation Rate 
 

 Diagnostic Wind Field Module of CALMET 
- Slope Flows 
- Kinematic Terrain Effects 
- Terrain Blocking Effects 
- Divergence Minimization 
- Produces Gridded Fields of U, V, W Wind Components 
- Inputs Include Domain-Scale Winds, Observations, and 

(optionally) Coarse-Grid Prognostic Model Winds 
- Lambert Conformal Projection Capability 

 

(109) CALMET is a diagnostic model that generates three-dimensional meteorological field driven by three 

different types of meteorological data input65: (1) Gridded meteorological data output only from 

prognostic models such as MM5, WRF, and GEM-LAM (Environment Canada). In this case, no 

observational data are required. (2) A hybrid mode in which surface observation is used in conjunction 

with the numerical model data output from (1). (3) CALMET meteorology is derived by using surface and 

upper air data. CALMET driven by gridded meteorological data from numerical mesoscale models has 

“significant advantages.” These are listed in Barclay and Seire (2011)66. 

(110) The CALPUFF model is a non-steady state Lagrangian puff and dispersion model. It advects non-steady 

emissions of Gaussian puffs from multiple sources. In the case of an accidental release of large plumes 
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of toxic chemicals from fuel storage tanks to the west and to the southwest of the Simon Fraser 

University campus on Burnaby Mountain, the model can be applied from a few tens of metres to a few 

tens of kilometres to investigate near-field effects such as building downwash and transitional plume 

rise. Outputs from the CALPUFF model includes hourly concentration values of airborne chemical 

species, as well as hourly dry and wet depositions, at user-specified receptor locations. 

(111) CALPUFF is driven by meteorological outputs from CALMET. The model’s major features are summarised 

in Table 12.2 (obtained from “Protocol for the Application of the CALPUFF Model for Analyses of Best 

Available Retrofit Technology (BART)”)67: 

Table 12.2: Major Features of CALPUFF 

 Source types 
- Point sources (constant or variable emissions) 
- Line sources (constant or variable emissions) 
- Volume sources (constant or variable emissions) 
- Area sources (constant or variable emissions) 
 

 Non-steady-state emissions and meteorological conditions 
- Gridded 3-D fields of meteorological variables (winds, temperature) 
- Spatially-variable fields of mixing height, friction velocity, convective velocity scale, Monin-

Obukhov length, precipitation rate 
- Vertically and horizontally-varying turbulence and dispersion rates 
- Time-dependent source and emissions data for point, area, and volume sources 
- Temporal or wind-dependent scaling factors for emission rates, for all source types 
 

 Interface to the Emissions Production Model (EPM) 
- Time-varying heat flux and emissions from controlled burns and wildfires 
 

 Efficient sampling functions 
- Integrated puff formulation 
- Elongated puff (slug) formulation 
 

 Dispersion coefficient (σy, σz) options 
- Direct measurements of σv and σw 
- Estimated values of σv and σw based on similarity theory 

-- AERMOD turbulence profiles 
-- Original turbulence profiles 

- Pasquill-Gifford (PG) dispersion coefficients (rural areas) 
- McElroy-Pooler (MP) dispersion coefficients (urban areas) 
- CTDM dispersion coefficients (neutral/stable) 

 Vertical wind shear 
- Puff splitting 
- Differential advection and dispersion 
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 Plume rise 
- Buoyant and momentum rise 
- Stack tip effects 
- Building downwash effects 
- Partial penetration 
- Vertical wind shear 
 

 Building downwash 
- Huber-Snyder method 
- Schulman-Scire method 
- PRIME method 
 

 Complex terrain 
- Steering effects in CALMET wind field 
- Optional puff height adjustment: ISC3 or "plume path coefficient" 
- Optional enhanced vertical dispersion (neutral/weakly stable flow in CTDMPLUS) 

 Subgrid scale complex terrain (CTSG option) 
- Dividing streamline, Hd, as in CTDMPLUS: 
- Above Hd, material flows over the hill and experiences altered diffusion rates 
- Below Hd, material deflects around the hill, splits, and wraps around the hill 
 

 Dry Deposition 
- Gases and particulate matter 
- Three options: 
- Full treatment of space and time variations of deposition with a resistance model 
- User-specified diurnal cycles for each pollutant 
- No dry deposition 
 

 Overwater and coastal interaction effects 
- Overwater boundary layer parameters (COARE algorithm or OCD-based method) 
- Abrupt change in meteorological conditions, plume dispersion at coastal boundary 
- Plume fumigation 
 

 Chemical transformation options 
- Pseudo-first-order chemical mechanism for SO2, SO=4, NOx, HNO3, and NO-3 

(MESOPUFF II method) 
- Pseudo-first-order chemical mechanism for SO2, SO=4, NO, NO2, HNO3, and NO-3 

(RIVAD/ARM3 method) 
- User-specified diurnal cycles of transformation rates 
- No chemical conversion 
 

 Wet Removal 
- Scavenging coefficient approach 
- Removal rate a function of precipitation intensity and precipitation type 
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 Why Use CALPUFF Dispersion Modelling System? 12.2

(112) Air dispersion modelling is a tool by which one can assess the air quality of any location of interest 

downwind from an industrial activity that may, with a finite probability, emit airborne toxic pollutants 

that will have a dangerous impact on human health and socio-economic infrastructures. Of all the 

available air quality dispersion modelling systems available on the market, there has been an increasing 

number of case studies in which the CALPUFF dispersion modelling system has been employed. It has 

been used extensively, for example in North America68, Australia69, New Zealand70 and China71. Many 

peer-reviewed studies have closely examined and critically assessed the modelling system72,73,74,75. These 

and other studies have shown that the CALPUFF dispersion modelling system can be used in near-field 

situations (emission-to-receptor distance less than 3-5 km) where the environment is characterised by 

complex terrain. The CALPUFF modelling system has also achieved regulatory approval by USEPA.  

(113) In the context of developing an emergency management strategy by SFU in response to a catastrophic 

release of chemical toxins into the atmosphere from a nearby tank and/or pipeline rupture, usually 

resulting in large explosive fires that would continue to burn for an extend period of time (usually in 

terms of hours) releasing buoyant materials, a non-steady state Lagrangian dispersion modelling system 

like the CALPUFF model seems to be an appropriate tool. However, as indicated in the previous 

subsection, since the CALPUFF modelling system is designed to be used nearly anywhere in the world, it 

has many variables or tuning parameters that require specific values that would configure the model to 

be used on a case-by-case basis for specific sites. How well the values of these tuning parameters are 

chosen will have a significant influence on the relative accuracy by which chemical dispersion is 

simulated. 

(114) As with any modelling, there are always uncertainties in prognostication of time-space dependent 

concentration field of airborne chemical species emitted from a source. The main objective of the 

recommendations identified below is to reduce the uncertainty as much as possible for SFU to develop a 

set of emergency response procedures.  

(115) RECOMMENTATION: 

20. There is no evidence that an extensive verification of the CALPUFF modelling 
system for the use over the Burnaby-SFU region has been done by TM. Such an 
analysis needs to be carried out. Since the spatiotemporal dispersion of airborne toxic 
chemicals from an emission source (either slowly or catastrophically) depends crucially 
on the atmospheric flow pattern in the lower troposphere, it is crucial that any air 
quality dispersion model used should be able to simulate the necessary characteristics 
of the lower tropospheric flow patterns and turbulent fluxes. 

 
(116) Verification of the usefulness of the CALPUFF dispersion modelling system as applied to the Burnaby-

SFU region by Trans Mountain is totally inadequate, verging on nonexistent. There is no evidence to 

show that Trans Mountain conducted adequate and sufficient number of air dispersion simulations of 

toxic chemical compounds resulting from a catastrophic release of these chemicals to form a 

scientifically sound basis for developing an emergency response management plan by SFU. As pointed 

out above, the modelling system contains many tuning parameters, the values of which are chosen by 
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the user to represent the characteristics of the event to be modelled and the environmental location in 

which the event occurs. There is no evidence to indicate that Trans Mountain has conducted an 

extensive validation of the CALPUFF model application; that is, test the sensitivity of the model 

performance to each of the parameters. Merely accepting recommended settings of these parameters is 

inadequate if the total cost (in terms of human casualties and property damage) that might occur due to 

a rare but disastrous explosion of fuel storage tanks or pipes is more than the cost of conducting the 

model verification study. 

(117) So far, Trans Mountain has mainly used the CALPUFF modelling system to comply with the regulatory 

requirements of the British Colombia air quality standards. There is no evidence in various reports that 

are accessible from the National Energy Board hearing that Trans Mountain has conducted modelling 

simulations involving a catastrophic release of buoyant material from fuel storage tanks at the 

Westridge and Burnaby Terminals or a huge rupture in pipes at various locations close to urban centres. 

The impact of releasing a buoyant material into the atmosphere is quite different from releasing a puff 

or series of puffs of chemicals like CO2 and CH4 from slow continuous or intermittent sources at the 

ground level. It is very likely that a huge fire at a tank terminal will result in significant release of toxic 

chemical and soot that will break through the planetary boundary layer. 

(118) RECOMMENTATION:   

21. There is no evidence that Trans Mountain has carried out simulations using a series of 
release of chemicals with different buoyancy characteristics under different 
meteorological stability conditions (neutral, stable, and unstable).  Such simulations 
need to be done. 
 

(119) There is a very strong seasonal variation in the circulation pattern and atmospheric stability regime over 

the Burnaby-SFU region. Once there is an accidental catastrophic rupture in tanks at one of the storage 

depots, toxic chemical will disperse very quickly in the atmosphere. SFU needs to have a “play book” 

that contains different response strategies, each depending on the emission characteristics and 

meteorological conditions. In order to write this “play book,” Trans Mountain needs to conduct a 

number of CALPUFF simulations, showing various chemical evolutionary fields under different 

meteorological conditions that exist in different seasons. To do this, CALMET can be driven by gridded 

meteorological outputs from prognostic models like MM5 or WRF. 

(120) RECOMMENTATION:   

22. SFU is located on the top of a high-rise plateau (Burnaby Mountain) bounded by a 
water body to the north and by a relatively flat urban development on rest of the area 
surrounding the campus. This topographical character around SFU adds another layer 
of complexity to the capability of the CALPUFF modelling system to simulate, at a 
realistic level of acceptance, the spatiotemporal dispersion of airborne toxic 
chemicals. Therefore, an extensive verification of the CALPUFF modelling system for 
the use over the Burnaby-SFU region needs to be carried out. 

23. There are strong seasonal variations in atmospheric circulation and stability over the 
Burnaby-SFU area. This will have a significant influence on the dispersion 
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characteristics of any toxic chemicals with different buoyancy released into the 
atmosphere at different times of the year. There is no evidence that Trans Mountain 
has carried out carried out simulations using a series of releases of chemicals with 
different buoyancy characteristics under different meteorological circulations and 
stability conditions (neural, stable, and unstable). Such simulations need to be 
conducted. 

13 Conclusion 
(121) The authors were asked to review Trans Mountain emergency planning documents and air dispersion 

modelling, and the resulting implications for SFU. We have found that there are significant gaps in the 

planning process and dispersion modelling, which should be addressed in order for SFU to properly 

understand their risks, and to engage in appropriate emergency planning.  

(122) In particular, there are scenarios of tank or pipeline accidents that put SFU at severe risk, with the 

possibility of evacuation being difficult or impossible. The likelihood of such an event is very small, and 

represents a worst case scenario. The chances of such an event happening and a better understanding 

of how it might evolve and affect SFU, requires a more detailed and comprehensive analysis of the 

probabilities of hazardous events, local meteorological conditions, model tuning and detailed hazard 

mapping. Specifically, the authors make the following 24 recommendations that are listed in Appendix 

A. 

(123) It would be appropriate for SFU to request Trans Mountain to address many of these recommendations, 

and where possible to include them in their own local emergency planning process. 
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Appendix A 

Recommendations: Trans Mountain Pipeline Expansion Facilities Application 

1. For emergency and disaster planning it is important that worst case scenarios be used for risk 

analyses and emergency planning. This is because disasters follow power law distributions, and 

rare high consequence events are an important part of total consequences. The TM scenarios 

when compared to Alberta oil spills indicate that they do not include worst case planning, and 

therefore they need to be closely examined to see if they are overly optimistic. 

2. Kinder Morgan has a history of damaging spills that brings into question their performance as it 

relates to their pipeline safety record. An examination of the history of Kinder Morgan incidents as 

they compare to industry averages should be undertaken as part of the risk analysis, in order to 

put the aggregated failure data into context, and within which to evaluate their emergency 

management protocols. 

3. An accident at the Burnaby Tank Farm or TM pipeline could create hazards that would envelop 

part of all of the SFU campus on Burnaby Mountain, and make evacuation difficult or impossible. 

Therefore, emergency planning at SFU needs to include the scenario of an ERPG-2 event, at a 

minimum. Specifically, the TM/McCutcheon and Associates report suggest “Having an emergency 

plan in place with the ability for foam addition, and good road access from at least 2 directions is 

imperative.” 

4. Though rare, boil over events are extremely dangerous. The TM/McCutcheon and Associates 

report and the report by the Burnaby Fire Department confirm that such events can discharge 

heated, molten crude oil to a height of 1 km and a range of .76 km. These distances would affect 

the SFU campus and should be explicitly accounted for in the emergency plans of both SFU and 

TM. 

5. Wind direction within the boundary layer will largely determine hazard zones, given an incident 

that releases a plume or toxic chemicals. Though winds with a southerly or southwesterly 

component are rare at Vancouver airport, the Burnaby Mountain weather stations shows that 

they are much more frequent at that location. The scenarios analyzed in the TM/McCutcheon and 

Associates report are based upon a no-wind situation, but winds blowing towards SFU increase 

risk enormously. The scenarios should be reanalyzed using scenarios of boundary layer winds that 

blow towards SFU. Hazard planning distances should likewise take this into account. 

6. It is standard practise to create hazard maps as part of risks analyses. These provide nearby 

communities and stakeholders with a tool to evaluate their risk. Such hazard maps do not 

currently exist for the TM project. Because of the proximity of SFU to both pipelines and tank 

farms, the generation of hazard maps, including worst case scenarios for SFU, is a priority. A 

model of suitable complexity should be used, in order to address the topographic and climatic 

heterogeneities over the region around SFU.  

7. There is no evidence that TM has incorporated local meteorological data from SFU in their 

analyses. With respect to risks to SFU from toxic plumes, sophisticated meteorological modeling of 
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the boundary layer wind field that includes data from the Burnaby Mountain weather station is 

required. This is addressed further in Section 12 on air dispersion modelling. 

8. Provide an account of the TM emergency management program as defined in ss. 4 of the EMR. 

This should include measures and personnel identified for coordination of all ERP, an outline of 

specific exercise development and management provisions, identification of a program 

coordinator, and provisions for the evaluation of response to an emergency in accordance with 

section 14 of the EMR. 

9. Define responsibility and mechanisms for the comprehensive review and modification of the 

emergency management program, and for each plan, respectively. 

10. Ensure that provisions for ‘plans’ and ‘programs’ are addressed separately. 

11. Within each site-specific plan, in accordance with ss. 3(2)(c) of the EMR, define how TM will notify 

entities receiving information regarding an emergency, and appropriate response. This should 

address site-specific hazards and risks 

12. Clarify the types and sizes of potential incidents that would require the assistance of local 

emergency, municipal or SFU resources  

13. Provide a map of each TM site, which includes emergency planning zones pursuant to ss. 3(2) of 

the EMR.  

14. Provide hazard zone and emergency response maps for the Westridge Marine Terminal and 

Burnaby Tanker Farm, as well as any pipeline infrastructure passing through Burnaby and 

surrounding municipalities, in accordance with EMR section 15. 

15. Update HCA maps to include a comprehensive HCA of the Burnaby Mountain area including 

parkland and other previously omitted land-use types. 

16. In accordance with the EMR, ss. 3(2)(b), provide appropriate site-specific hazards and risks of the 

oil and gas activity that is the subject of the plan. This amendment should consider removal of 

‘Tornado’ as a risk for the Westridge Marine terminal, and incorporation the types of hazards and 

risks more in line with those identified in the McCutcheon Report. 

17. As recommended by the B.C. Oil and Gas commission, provide a systematic assessment of 

hazards, threats, risks and vulnerabilities for Westridge Marine Terminal and the Burnaby Tank 

Farm. If this has not been completed previously, supplementary information should be 

incorporated into existing emergency response plans. 

18. Provide information regarding the ‘values at risk’ for site-specific operations in accordance with 

EMR ss. 7(3)(b)(ii). This should include and prioritise hazard controls to people, property, and 

environment, including road infrastructure and access to SFU.  

19. Provide emergency management and response plans for the Burnaby Tank Farm, including hazard 

planning zones, evacuation, communications and notification plans and procedures.  

20. There is no evidence that an extensive verification of the CALPUFF modelling system for the use 

over the Burnaby-SFU region has been done by TM. Such an analysis needs to be carried out. Since 
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the spatiotemporal dispersion of airborne toxic chemicals from an emission source (either slowly 

or catastrophically) depends crucially on the atmospheric flow pattern in the lower troposphere, it 

is crucial that any air quality dispersion model used should be able to simulate the necessary 

characteristics of the lower tropospheric flow patterns and turbulent fluxes. 

21. There is no evidence that Trans Mountain has carried out an extensive set of simulations using the 

CALPUFF dispersion modelling system to obtain a general estimate of various possible 

evolutionary concentration patterns of toxic chemicals once they are released from a catastrophic 

rupture in storage tanks and/or pipes.  Such a set of simulations need to be done. 

22. SFU is located on the top of a high-rise plateau (Burnaby Mountain) bounded by a water body to 

the north and by a relatively flat urban development on rest of the area surrounding the campus. 

This topographical character around SFU adds another layer of complexity to the capability of the 

CALPUFF modelling system to simulate, at a realistically level of acceptance, the spatiotemporal 

dispersion of airborne toxic chemicals. Therefore, an extensive verification of the CALPUFF 

modelling system for the use over the Burnaby-SFU region needs to be carried out. 

23. There are strong seasonal variations in atmospheric circulation and stability over the Burnaby-SFU 

area. This will have a significant influence on the dispersion characteristics of any toxic chemicals 

with different buoyancy released into the atmosphere at different times of the year. There is no 

evidence that Trans Mountain has carried out carried out simulations using a series of releases of 

chemicals with different buoyancy characteristics under different meteorological circulations and 

stability conditions (neural, stable, and unstable). Such simulations need to be conducted. 
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