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Abstract

Canada’s national rail network is the third-largest in the world, playing a vital role in moving goods
and people across the country. Rail transportation transfers $320 billion worth of goods and over
100 million passengers annually. Although railway activities are beneficial to Canada’s economy,
insufficient attention to safe transportation can have irreparable effects on the economy, human
lives, and the environment. Recent rail accidents, like Lake Wabamun in 2005 and Lac-Mégantic
in 2013, have shown that there is still room to increase the safety of rail transportation by
improving the railway’s safety management system (SMS). As a result, the first study of this thesis
is part of these initiatives focusing on enhancing railway’s SMS, particularly mitigating the
likelihood of Dangerous Goods (DG) main-track train derailments, as these are associated with the
potential for larger consequence magnitudes. The study applied detailed Root Cause Analysis
(RCA), Event Tree Analysis (ETA), and Bow Tie Analysis (BTA) to identify the main causes and
consequences of these types of accidents (2007-2017). Then, the relationship between these factors
and gaps in SMS elements were identified and the frequency of each factor was investigated. The
results showed that the main gaps are related to the process and equipment integrity, incident
investigation, and company standards, codes, and regulations, respectively. Furthermore, some
useful recommendations are presented to enhance the management of each SMS element and

reduce the gaps.

The outcomes of the first paper demonstrated that among those SMS elements that showed the
major gaps, there was a mutual cause-risk assessment. Weakness in implementing risk assessment
makes it difficult to correctly define the objectives of SMS. To this end, the second study of this

thesis focused on the risk assessment of the Canadian railway system by employing a useful model



named Safety Risk Model (SRM). The study applied a customized Canadian SRM (C-SRM) to
two groups of hazardous events, main-track derailments, and collisions with fatality and injury
consequences calibrated for data between 2007- 2017. The model used Fault Tree Analysis (FTA)
and Event Tree Analysis (ETA) to identify the collective risks of the hazardous event. Then, by
applying those methods, the individual risks of the hazardous events were evaluated for three
groups of people: passengers, employees, and members of the public (MOP). In the last step of the
study, the developed C-SRM allowed to apply a risk reduction analysis to assess the effect of
introducing a new control measure, Enhanced Train Control (ETC). ETC technologies are a
combination of enhanced awareness and fail-safe systems with similar functionality to the US
Positive Train Control (PTC) systems. ETC is aimed to prevent certain rail occurrences caused by
human error. The results of the study showed that the collective risk of main-track derailments is
higher than the main-track collision. Moreover, the risk to MOP and employees form the most
significant proportion of the individual risk for main-track derailment and main-track collision,
respectively. Finally, risk reduction analysis of the ETC revealed that this new control measure is
useful in preventing certain rare but potentially high-consequences accidents. However, making a
decision regarding the implementation of this system in the Canadian rail industry needs further

investigation such as cost-benefit analysis.
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1. Introduction

1.1. Background

Canada’s rail transportation network is a critical part of Canada’s integrated supply chain which
connects industries, consumers, and resource sectors to ports on the Atlantic and Pacific coasts.
Operating more than 40,000 kilometers of track length across the country, Canadian railways play
a prominent role in transferring goods and people across the country (1). This transportation
activity resulted in moving $320 billion worth of goods and over 100 million passengers by rail

each year (2,3).

The rail transportation system in Canada is adequately safe overall, when weighted against the
benefits of it; as reflected by the social licence to operate. However, railway accidents still persist.
The Lac-Mégantic accident, where 47 people lost their lives after a freight train derailment in 2013
(4) and the Lake Wabamun accident where a train derailment spilled 788,000 liters of product into
the lake in 2005 (5) are two recent examples of severe rail occurrences. These rail events showed
that there is still room for improvement in the safe transportation of passengers and goods by rail
and the railway’s Safety Management System (SMS) must be continually re-evaluated and
improved. Investigating the literature showed that various researches have focused on evaluating
one specific element of SMS, while a few studies analyzed the influence of the system as a whole
on safety performance. To address this gap in the literature, the first study presented in this thesis
focused on the assessment of the entire SMS elements (with a special focus on DG transportation)
by applying Root Cause Analysis (RCA), Event Tree Analysis (ETA), and Bow Tie Analysis
(BTA). Then, useful recommendations are provided to enhance SMS in the Canadian railway

industry.



The findings of the first study revealed that among those SMS elements that showed the major
gaps, there was a common cause: risk assessment. Risk assessment is a basis for the SMS and
many of the flaws can be avoided if a thorough risk assessment is carried out, as this would
properly identify the hazards and most effective and efficient mitigation strategies. Moreover,
without a quantifiable risk assessment, defining the objectives of SMS would be difficult.
Reviewing the literature showed that the SMS is usually formulated without a quantitative risk
assessment as a support, because of its costs in terms of money and time (6). To this end, the
second study presented in this thesis focused on railway risk assessment and quantification of risk
by applying a useful model named Safety Risk Model (SRM). The SRM is using Fault Tree
Analysis (FTA) and ETA to identify the current level of the risk in terms of injuries and fatalities.
A review of the literature revealed that a comprehensive SRM that aggregates Canadian railway
operations (Federally regulated) is not available. In order to address this gap and contribute to the
continuous improvement of rail transportation safety, the second research evaluated the risks
associated with the Canadian railway system by applying a Canadian customized SRM (C-SRM).
Developing the C-SRM also provided an opportunity to implement a risk reduction analysis to
estimate the effect of the introduction of a new control measure, Enhanced Train Control (ETC).
ETC technologies were developed to increase awareness of the train operator in combination with

fail-safe systems similar to the PTC system functionality implemented in the US (7).

1.2. Research objectives

Our research seeks to enhance rail transportation safety by:



¢ Finding the gaps in the railway’s SMS based on the relationship between the causes and
consequences of rail occurrences (with a special focus on DG main-track train derailments)
and SMS elements

e Providing practical recommendations to improve the management of each SMS element
and reduce the gaps

e Developing a customized Canadian SRM called C-SRM in order to quantify the risk (in
terms of injuries and fatalities) and improve the risk assessment as a basis for the SMS

e Assessing the potential effects of developing ETC, a new control measurement, through a

risk reduction analysis by using the employed C-SRM

1.3. Thesis outline

This thesis includes four chapters. Chapter 2 evaluates railway’s SMS and presents useful
recommendations for improving SMS in the Canadian railway industry. Chapter 3 investigates the
risks associated with the Canadian railways by using a SRM approach. Chapter 4 summarizes the

results of these studies.
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2.1. Introduction

Railways play a prominent role in Canada’s integrated supply chain and help to ensure that the
country stays competitive in global supply chains. Canadian railways open up world markets by
operating more than 41,000 kilometers of track across the country. These railways connect
industries, consumers, and resource sectors to ports on the Atlantic and Pacific coasts, which has
resulted in transporting $310 billion worth of goods by rail each year (1). Rail transfers contribute
to the transportation of various types of goods, including dangerous and non-dangerous goods.
One essential transportation activity for most industries is rail transport of dangerous goods (DG).
Rail transfer of fuels and chemicals increased by 42.5% between 2011 and 2017 (2). Furthermore,
total annual oil production is expected to increase by an average of 3% until 2021 and reach 4.25
million barrels per day (b/d) by 2035 from 2.9 million b/d in 2018 (3). Railways provide the
opportunity to deliver goods to locations that are inaccessible by other transportation modes such
as pipeline and road. This feature makes the role of rail transportation more important than before,

especially in accommodating the increase in traffic.

2.1.1. Dangerous goods transportation safety

The transportation system in Canada is relatively safe, as compared to other modes, even for the
shipment of DG (4). Since promulgating the Canada Transportation Act in 1996, mainline accident
rates have decreased considerably for federally regulated railways despite substantial growth in
traffic (5). Transport Canada (TC) estimates that out of tens of millions of DG shipments every
year, 99.997% of shipments arrive at their destination without any serious incidents (6). The
decline in rail accident rates can result from the introduction of safety management systems (SMS),

increased interaction between railway companies and regulators, and other new safety initiatives



(7) such as human factors analysis and classification system (HFACS). It is noted that although
part of these initiatives is led by regulatory bodies (such as TC), many are initiated and led by
industry. Nonetheless, railway accidents persist. The Lake Wabamun accident where a train
derailment spilled 788,000 litres of product into the lake in 2005 (8) and the Lac-Mégantic accident
where 47 people lost their lives after a freight train derailment in 2013 (9) are two recent examples
of serious accidents that increased public sensitivity to transport of DGs by rail. These accidents
show that there is still room for improvement in safe transportation of DG by rail and railway’s

SMS must be continually re-evaluated and improved.

2.1.2. Safety management systems

TC’s experience and research show that complying with all regulated requirements does not
guarantee that the organization’s operations would not pose a risk to safety (10). As such, simply
making more regulations to address specific occurrences does not necessarily improve
transportation safety. According to Miller (4), comprehensive implementation of SMS is the
primary tool for the transportation sector to responsibly, proactively, and systematically address
risk within its operations. Edwards (11) defines SMS as a systematic and explicit approach which
helps to manage risk and control losses. Roland et al. (12) expand on this by stating that system
safety is the application of special technical and managerial skills to the systematic, forward-
looking identification and control of hazards throughout the life cycle of a project, program, or

activity.

The framework of SMS with its twelve elements was initially described in the Guidelines for

Technical Management of Chemical Process Safety which was published in 1989, and developed



as part of the chemical industry’s responsible care initiative (13). The SMS framework includes
process and equipment integrity, human factors, incident investigation, and more (Appendix B).
Over time, the number of SMS elements has increased to 20 elements by adding new elements
such as process safety culture (14). This study is part of a broader research project which has been
already published, where a 12-element SMS framework was implemented (15). In order to align
with that project and provide comparable results, a 12-element SMS framework was also chosen

for the current study.

2.1.3. Literature review

Academic research has applied SMS to various transportation sectors, mostly focusing on one
element of SMS. Havold (16) studied safety culture in the maritime transportation industry. The
results of the study confirmed that measuring safety culture as a predictor of unsafe work behavior
is an appropriate tool for accident prevention and safety improvement. Bielic et al. (17) examined
how the characteristics and behaviors of leadership impact safety in maritime transportation. These
elements have a positive effect on creating and maintaining a positive safety culture, and improve
ship safety. Hsu et al. (18) focused on the aviation sector and examined the key components of
airline SMS. They found that policies that convey the top managers’ vision on safety to all staff is
the most important SMS dimension. In the rail industry, one SMS element that has attracted
researchers’ attention is human factors (19-21). Kyriakidis et al. (22) proposed a data-based
framework to identify the most significant human performance factor affecting the performance
of railway operation. They analyzed 479 railway operational accidents and incidents from different
countries such as Canada, United States (US), etc. The results of the study revealed that safety

culture and distraction are the prime contributors to accidents and incidents. Dindar et al. (23)



identified employees’ physical conditions such as lack of sleep, insufficient efficiency and poor
judgement due to alcohol or drugs, restriction of work or motion, and injury or illness as important

factors in rail accidents.

Other researchers have examined SMS from a broader perspective. Read et al. (24) focused on
improving railway SMS and identified three key insights. First, feedback mechanisms need
improvement to better understand the effectiveness of control measures. Second, formal control at
higher levels of the system need strengthening. Third, focusing on failures rather than normal
performance provides additional insight on failure modes. Chen & Chen (25) focused on SMS in
aviation, which showed that developing an SMS measurement scale to evaluate the performance
of company’s SMS can be done through a five-factor structure: documentation and commands,
safety promotion and training, executive management commitment, emergency preparedness and

response plan, and safety management policy.

To summarize, various studies have focused on analyzing one specific element of SMS, such as
safety culture, human errors, etc. A few studies analyze the influence of the system as a whole on
safety performance (26—28). To address this gap in literature, this study focuses on the assessment

of the entire SMS on railway operations, specifically on the transportation of DG.

There are different risk analysis methods that can be used in this regard. Among them, bow tie
analysis (BTA) has been employed in the current study because of the following advantages. Many
studies have confirmed that this technique can present a direct and logical relationship between

hazards, tasks, safety controls, risks, and the potential outcomes of accidents. As a result, BTA



provides valuable information that can be used to prevent, control, and mitigate undesired events
(29, 30). This method has also gained acceptance as a credible risk and safety management tool as
it provides a graphical representation of accident scenarios, which is useful for comprehensive risk
analysis and safety assessment (31). Also, BTA is easy to understand and does not need a high-
level of expert knowledge (32). In order to develop the BTA, root cause analysis (RCA) and event

tree analysis (ETA) have been employed in this study.

2.1.4. Research objectives

The main goal of this paper is to find gaps in the railways’ SMS with a special focus on the DG
main-track train derailments (from a list of class 1, 2, 3 out of six classes of occurrences) from
2007 to 2017, which resulted in the transportation safety board’s (TSB) investigation of 40
accidents (Appendix A includes definitions of six classes of occurrences). This study will apply
BTA on main-track derailments for petroleum crude oil trains to find the main causes and
consequences of this type of accident. The reason for focusing on accidents pertaining to trains
carrying petroleum crude oil is because these are among the highest consequence accidents. From
this, we recommend preventive and mitigative measures to limit the consequences of similar
accidents. Moreover, all 40 accidents are investigated in order to categorize their causes and
consequences based on the BTA results. By investigating the frequency and the relationships
between main causes and consequences of these accidents and the SMS elements, the gaps in the
SMS elements are identified and ranked from most to least frequent. Finally, we aim to provide

useful recommendations for enhancing SMS in the Canadian railway industry.

10



2.2. Methodology

2.2.1. Data sources and analysis methods

This study investigates the TSB main-track train derailment reports for class 1, 2, 3 occurrences
(Appendix A) in transportation of DGs from 2007 to 2017. This research focuses on occurrences
with significant consequences. As a result, Class 4 to 6 occurrences were not considered or
assessed. At the time of this study, some occurrences in 2018 and 2019 were still under
investigation, therefore the overall project included information until the last year of complete

data.

A class 1 occurrence is a series of occurrences with similar characteristics that have formed a
pattern of one or more significant safety risks over time. These safety risks have been previously
identified in the investigations done by TSB (or similar organizations in other jurisdictions) or
have emerged from statistical analysis. A class 2 occurrence attracts a high level of public interest
across Canada or internationally because of its significant consequences. It affects many people,
some of whom may be fatally or seriously injured, releases large amounts of DGs, and causes
significant damage to property and/or the environment. A class 3 occurrence may have significant
consequences resulting in a high level of public interest. The consequences may include multiple
fatalities and/or serious injuries, or there may be a medium-sized release of DG. Also, there is
moderate to significant damage to property and/or the environment (33).The class of occurrence

is mentioned in the rail occurrence database system (RODS) — available at www.tsb.gc.ca.

TSB reports identify main-track derailments in the title. All 165 TSB reports (class 1, 2, 3

occurrences) between 2007 and 2017 were investigated to identify whether a DG tank car was

11



involved in the derailment. It is noteworthy that the occurrences with the release of fuel from
locomotive fuel tank were also considered as DG occurrences. There was a total of 40 DG main-
track derailments (class 1, 2, 3 occurrences) in the study database, for this 10-year period. To
identify the highest consequences occurrences, we selected DG occurrences involving DG release,
fires, or explosions, resulting in a total of 14 accidents (Appendix A). Considering the class of
each of the occurrences which represents the severity of their consequences, we identified
petroleum crude oil as the DGs with the highest consequence when transported by rail (for main-

track derailments investigated by the TSB).

Second, we started creating a bow tie (BT) for petroleum crude oil main track derailments. We
included all of the petroleum crude oil investigations to determine the main causes, consequences,
and prevention and mitigation measures for these accidents. Based on the results, we then drew a
comprehensive BTA diagram to represent all accidents for petroleum crude oil. Throughout this
second step, the relationship between main causes and consequences and gaps in railway SMS
elements were identified through the development of RCA diagrams. Although regulated rail SMS
have been tailored towards rail transport, in order to analyze the specifics of DG transportation,
we adopted an SMS tailored to the production, storage, management and transportation of DG
from the Canadian Society of Chemical Engineering (CSChE). Thus, the insights from our review
are generalizable to any rail operator’s specific SMS. The framework of SMS that was used in this
study has twelve elements, which is described in detail in Appendix B. The Center for Chemical
Process Safety (CCPS) moved from the twelve-element system to a risk-based approach in 2007.

However, the CSChE’s Process Safety Management Division (PSMD) retained the original, more
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easily implementable CCPS for use in Canada, where SMS is not regulated and, thus, relies on

voluntary adoption by site operators (34).

Next, we categorized the causes and consequences of all the study dataset based on BTA results.
By investigating the frequency of each category, the main causes and consequences were ranked.
Based on the identified relationship between SMS elements and causes and consequences, the gaps
in the SMS elements were identified and then ranked from most to least frequent. Figure 2-1

summarizes our methodology.

Collecting DG main-track Extracting occurrences d ::jer:’tlfylngéhg mozt n i f\ppri'y::l:g dBTAlon th
train derailments data —{ with DG release, fire or — angerous ) asedon | petroleu ude oil (as the
- the accident most dangerous DG)
(study database) explosion consequences .
consequences accidents
Categorizing the main Identifying the relationship
Ranking the results from Investigating the causes and consequences| | between main cause and
the highest to the lowest «— frequencies of each of the «— of the study database «— consequences of those
frequency causes and consequences accidents into the BT accidents and gaps in
results SMS elements

l

Identifying the major gaps
in railwvay SMS

Providing
—1 recommendations to
improve railway SMS

Figure 2-1. Methodology flowchart

2.2.2. Root cause analysis (RCA)

RCA is a retrospective technique which reviews the sequence of events that lead to any given
endpoint (35). Applying this technique identifies the factors that allows failure modes. It also
examines whether the same or related factors are present in other parts of the system. Determining

the root causes of an incident identifies preventative measures such as modifying the design,
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manufacturing process, or operating procedures (36). For this study, we used RCA instead of fault

tree analysis (FTA) to understand the sequence of causes that led to the incidents.

2.2.3. Event tree analysis (ETA)

ETA is a forward-looking, bottom up, logical modeling technique which starts with a loss of
containment event (top event) and analyzes all possible outcomes resulting in a range of
consequences (37). ETA is developed qualitatively, however, the likelihood of different
consequences can be quantified by determining the frequency (by using historical data) or
probability (by using experimental failure mode data) for each possible pathway. This technique
can be applied before an incident happens to quantify the range of possible outcomes or after an
incident to investigate the functional failures of the system. This technique is typically used in

transportation and nuclear power plants (38,39).

2.2.4. Bow tie analysis (BTA)

BTA is a fairly new method for safety assessment and risk analysis of a system to illustrate the
relationships among various factors — hazards, causes, and consequences — and identify
measures to prevent the likelihood of occurrence of undesired events and/or mitigating the
consequences of failures within an industrial system (31, 40). This technique is a combination of
FTA and ETA, which are connected through the top (loss of containment) event. Loss of
containment is the top event for the backward looking FTA or RCA, whilst it is the initiating event
for the forward looking ETA (41). BTA’s advantages are its simplicity, versatility, and pictorial

display, which make it easily understandable and applicable areas across industries (42). For
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instance, oil and gas (43, 44), chemical (45), healthcare (42, 46), marine (47), and transportation

industries (48, 49) have benefited from the use of BTA.

2.3. Results

After investigating all the 165 rail occurrences (class 1, 2, 3 occurrences) between 2007 and 2017
that have TSB reports, we identified 40 DG main-track train derailments that had occurred while
transporting DG. It is noteworthy that rail accidents and incidents together are called rail
occurrences (Appendix A). All 40 DG main-track train derailments (class 1, 2, 3 occurrences)

which represent our study database were in the category of accidents.

To identify the occurrences with the highest consequences, we selected accidents caused by DG
release, fire or explosion, leaving us with 14 accidents in the first step. Out of the 14 accidents, ten
had a DG release and also resulted in a fire or explosion. Further investigations of these 10
accidents revealed that three of them were in class 2, while the rest of them were in class 3. There

were no class 1 occurrences among these 10 accidents.

All of the three main-track train derailments in class 2 happened while transporting petroleum
crude oil. As class 2 occurrences have more severe outcomes compared to class 3 occurrences, we
concluded that accidents involving transportation of petroleum crude oil have the highest
consequences when compared to other DG rail occurrences investigated by TSB. We applied RCA
on TSB’s main-track derailments reports for the trains transporting petroleum crude oil (Figures
2-2 2-8) to understand the sequence of events resulting in the train derailments and the main
causes of these accidents. Accident R13T0060 is a class 3 petroleum crude oil occurrence.

Although the consequence level is different than class 2, the processes leading to the occurrence
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when transporting petroleum crude oil still provide valuable information to identify the main
causes of petroleum crude oil accidents. Collectively, based on the RCA results, the main causes

of these derailments consist of the following:

e Weaknesses in different aspects of risk assessment (e.g., gaps in railway risk assessment when
making a change to its operations, weakness in TC risk-based approach for identifying targeted
regulatory inspection).

e Rail defects (e.g., rail end batter (REB), vertical split head (VSH) defects, and vertical split
rim (VSR) crack).

e Gaps in regulations (e.g., using new technologies for inspection is not required by regulation,
absence of regulatory requirement for wheel impact load detector (WILD) threshold)

e Gaps in railway guidelines and instructions (e.g., weakness in railway track inspection
guidelines for joint inspection and rail grinding).

e Weaknesses in training (e.g., insufficient mentoring and support for assistant track supervisor
(ATS) during the on-the-job portion of the training, working as fully qualified ATS while the
employee was newly hired, not reinforcing training by practical training).

e Weaknesses in railway standards (e.g., weakness in railway standard for REB monitoring).

e Weaknesses in audit (e.g., gaps in internal audit, not formally assessing safety culture,
ineffective audit programs and follow-up, insufficient oversight, inadequate inspection).

e Infrequently performed tasks by employees (e.g., track foreman with no locomotive engineer

(LE) operation background assessed fire engine post-accident).
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e Human error (e.g., track supervisor (TSPVR) occupied with another task and did not check the
rail repair process, no physical measurement was taken by snow patrol foreman (SPF) in rail
end mismatch situation).

e (old weather condition (e.g., reducing material fracture toughness and ductility in low

temperature which causing rail breaks, wheel breaks).

After identifying these causes, the research team verified that the relationship between causes and
gaps in SMS elements were shown in the following RCA figures along with a summary of the

accident reports. Following is an example of an accident report:

Report R13T0060: On 03 April 2013, a Canadian Pacific Railway (CP) freight train was
proceeding eastward on the Heron Bay Subdivision when it experienced an undesired emergency
brake application near White River, Ontario. Twenty-two cars derailed, seven of which were DG
tank cars loaded with petroleum crude oil. A number of cars rolled down an embarkment and two

of the DGs tank cars released approximately 101,700 litres of product. There were no injuries.

The derailment occurred due to the R1 wheel of the 34th car failure. The R1 wheel fractured as a
result of a VSR. When the vertical split rim crack reached a critical size, the rim could no longer
support normal service loads and the wheel failure occurred. The other factor that affected wheel
failure was that the wheel with high impact was not removed from the service in a timely manner.
Although recorded wheel impact was condemnable under association of American railroads
(AAR) Rule 41, the WILD guidelines of CP permitted the R1 wheel to remain in service. The

reason was railway guideline regarding WILD did not provide adequate guidance for dealing with
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wheel impacts that are condemnable under AAR Rule 41. In the absence of regulatory threshold
and oversight for WILD technology, company guidelines for WILD thresholds may not be

sufficiently robust and increase the risk that wheels with elevated impact remain in the service.

After the train derailment, a large amount of product was released from tank car top and bottom
fittings. Those fittings arrangements met design criteria; however, they were not adequately

protected and resulted in the release of petroleum crude oil (50).

R13T0060 DG release, number
of cars rolled down an
embankment
Tank car BOV and top
fitting failure’
Train derailment
Wheel failure
AND
Rim no longer Wheel with high
supported normal impact remained in
service service and was not
| removed
VSR crack AND
Element 6:_ Process Absence of regulatory Weakness in CP
and etqutment requirement for WILD guideline regarding
AL LS threshold WILD threshold
Element 10: Absence of regulatory
Company standards, oversight for WILD
codes and regulations technology
VSR: Vertical Split Rim I
WILD: Wheel Impact Load Detector Element 11: Audits
CP: Canadian Pacific Railway and corrective actions

BOV: Bottom Outlet Valve

1 This box highlights weaknesses in SMS element 6 (process and equipment integrity)

Figure 2-2. RCA for accident R13T0060
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This accident highlights that some weaknesses in SMS elements, such as process and equipment
integrity, company standards codes and regulations, and audits and corrective actions, had

increased the potential for a train derailment.

Report R13D0054: On 06 July 2013, eastward a Montreal, Maine & Atlantic railway (MMA)
freight train which was parked unattended for the night at Nantes, Quebec, started to roll. The train
travelled approximately 7.2 miles, reaching a speed of 65 mph when it approached the centre of
the town of Lac-Mégantic, Quebec. Sixty-three tank cars carrying petroleum crude oil and two box
cars derailed. About six million litres of petroleum crude oil spilled. Unfortunately, there were
fires and explosions, which destroyed 40 buildings, 53 vehicles, and the railway tracks. Forty-
seven people were fatally injured. There was also environmental contamination of the downtown

area and of the adjacent river and lake.

There were several factors contributing to the train derailment. They are presented in detail in
Figures 2-3 and 2-4. On the evening before the accident, the LE parked the train on a grade on the
main track. The LE performed a hand brake effectiveness test to check if the number of hand
brakes were enough to secure the train alone, but he did not implement the test properly. Although
the LE released the automatic brakes, the locomotive independent brakes had not been released
during the test. As a result, the train was held in place by a combination of hand brakes and
independent brakes instead of being held by the hand brakes alone. Furthermore, there were no

additional physical safety defences in place in order to prevent uncontrolled movement of the train.
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Prior to the time of derailment, the LE noticed that the lead locomotive engine was producing
excessive amounts of black and white smoke. It was caused by the failure of a non-standard engine
repair which had been done eight months prior to the accident. The LE discussed the situation with
the rail traffic controller (RTC) and they decided to deal with the situation in the morning. Later
that night, the locomotive engine caught fire, and firefighters were sent to the location. When
firefighters shut down the locomotive engine to extinguish the engine fire, no other locomotive
was started. As a result, the compressor no longer supplied air to the air brake system and the
effectiveness of the air brakes was reduced. The combination of air brakes and hand brakes could
no longer hold the train. The train rolled down the hill and accelerated, reaching a speed of 65mph.
Since there was excessive rail wear on some of the rails in the Lac-Mégantic area, it could not bear
the excessive stress of a high-speed train. As a result, the train derailed in the curve at the Mégantic

West turnout.

The TSB investigation shows that some of the abovementioned issues were caused by MMA’s
weak safety culture, for example, MMA management's tolerance of non-standard repairs like what
had been done for the locomotive engine. Another instance was the systemic practice of leaving
unattended trains on a descending grade without sufficient defences in place to prevent an

uncontrolled movement of the train.

Following the train derailment, a large amount of petroleum crude oil was released into the
environment. One of the major sources of product loss was from damaged tank heads and shells.
In addition, almost every derailed tank car exhibited at least one damaged stub sill or coupler.

Protection of tank car fittings were also not sufficient, which led to the release of product from
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damaged top fittings and bottom out valves (BOV). Another source of product loss was from
breaches caused by thermal tears. In the absence of thicker steel, jackets, thermal protection on

tank cars, and adequate pressure-relief capacity increase the chance of thermal tear.

A large fireball and pool fire started after the train derailment. The large quantities of spilled

petroleum crude oil, the rapid rate of product release, as well as the product's high volatility and

low viscosity were major factors resulting in the large post-derailment fire (50).

DG release, fire,
explosion, 47 deaths
and evacuation of
2000 people, property
loss, environmental
contamination
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