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Executive Summary
The amount of goods transported by rail has increased since 2004, with the exception of the
period of economic recession between 2008 and 2010. Similarly, the transport of dangerous goods
(DG), in terms of originated carloads, has increased by an average of about 25% since 2004, with
an increase of 42.5% of transported fuels and chemicals between 2011 and 2017. Further,
movement of DG by rail is forecast to continue increasing. Sustainable growth in the transport of
dangerous goods (TDG) by rail will require adequate safety levels. This report responds to
Transport Canada’s initiative to enhance rail transport safety for DG by providing insight into key
occurrence types for TDG incidents and their causes to better focus risk control strategies,
including measurement and control of leading and lagging safety indicators. This final report
corresponds to Task 1 of this initiative, which focuses on achieving the following three objectives:
1. Developing a process safety approach to identify opportunities for enhancing rail transport
safety in Canada;
2. Analysis of train derailments and collisions to identify leading causes of loss incidents in
rail transport of DG in Canada; and
3. Critical analysis of train derailments in Canada through process safety techniques and
insights into enhanced safety management systems.
Rail Safety Performance
Accident data show a decreasing trend in the number of accidents each year (total number and
normalized by traffic). Although 2017 data show an increase relative to previous years (~1100
accidents in 2017 vs. ~900 in 2016), the data overall represent a reduction of about 25% since
2005, particularly driven between 2005 and 2009. Federally regulated railways currently have 13
to 14 accidents per million main-track train-miles, or 1,000 to 1,100 accidents per year, and these
are dominated by yard work and trespasser and crossing accidents. However, only 2.2 to 2.7
accidents occur on main-track per million main-track train-miles, or 160 to 200 accidents per year
(excluding trespasser and crossing accidents). Main-track accidents follow the decreasing trend in
the overall dataset. The number of accidents involving DG1 decreased from 225 per year in 2003
to 100 in 2016, and the number of accidents with release of DG decreased from 9 in 2003 to 2 in
2012. However, both the number of accidents involving DG and those with release increased from
2013 to 2015, but values have since appeared to resume the decreasing trend.
A generally decreasing trend is observed in the number of fatalities and serious injuries, from
a peak in 2004 (194) to its lowest in 2015 (96), followed by increased numbers in 2016 and 2017
(122 and 142, respectively). This general decreasing trend suggests a continuous improvement in
terms of reducing the number of occurrences with the potential for serious injury. A second peak
observed in 2013 corresponds to the tragic outcome of the Lac-Mégantic disaster (47 fatalities).
1

In this report, DG release is defined as a discharge, emission, explosion, outgassing or other escape of dangerous
goods, or any component or compound evolving from dangerous goods, from a means of containment being used to
handle or transport the dangerous goods, or an emission, from a means of containment being used to handle or transport
dangerous goods, of ionizing radiation that exceeds a level or limit established under the Nuclear Safety and Control
Act. And any smoke or gases coming from lithium batteries; which is in-transit accident or train handling accident
induced.
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This is an indication that mitigation of the more frequent, limited exposure, occurrences is being
met with some success; however, the potential for low-probability, high-consequence occurrences
(e.g., large number of injuries) requires further analysis and mitigation.
The calculated average risk to employees is 8.3 × 10-5. The estimate of the upper range for the
risk to life for intercity passengers assumed the most catastrophic passenger incident (three
fatalities in 2006) and calculated the ratio between the three fatalities and the total number of
intercity passengers in 2006 (4.3 million). This calculated risk is 6.9 × 10-7, well below Canadian
mortality statistics for all accidents by more than two orders of magnitude and within acceptable
thresholds according to the Health and Safety Executive (HSE UK), a commonly used criteria for
benchmarking purposes. The risk to the average employee is slightly higher than average workrelated risks reported in Alberta and British Columbia, lower than Canadian mortality statistics for
all accidents, and within limits as defined by the HSE UK criteria. However, despite the overall
frequency of accidents showing a decreasing trend, the average number of serious injuries per year
has remained constant at 15. This suggests that there are still room for improvements. These
enhancements can be done by optimizing resource allocation for risk mitigation strategies,
targeting the more critical conditions and practices that have the potential to lead to occurrences
associated with high consequences.
A list of the rail accidents with the most fatalities (Table 2) was used to calculate an estimate
of societal risk associated with rail transport. Ten incidents causing 10 or more fatalities have
occurred since the 1850s, with five accidents causing over 40 fatalities each and one causing 99
fatalities. Most of these accidents involved passenger trains, with the exception of the LacMégantic incident (freight train). Only one accident involved a freight train operated by a major
railway operator (1986 near Hinton, AB), and only two accidents involved freight trains. The
periodicity of rail accidents (with multiple fatalities) post 1900 is approximately 15 to 20 years.
This frequency has been decreasing within the last century: 10 accidents since 1850 (one every
16.5 years), seven since 1900 (every 16.4 years), five since the 1940s (every 15 years), three since
the 1950s (every 21.7 years), and two since the 1970s (every 22.5 years).
These statistics suggest societal risks associated with rail transport are considered acceptable
according to HSE UK recommendations when assessed at a milepost scale. This scale has a
comparable level of granularity for the areal extent of other industries (e.g., dams, power plants,
manufacturing facilities). Societal risks at a subdivision scale are within the ALARP (“as low as
reasonably practicable”) region when including occurrences after 1950, which is consistent with
increasing safety engineering efforts in recent decades. This scale represents an operational unit
within the industry and, thus, is managerially appropriate. The proximity of the estimated societal
risks (at the subdivision scale) to the HSE UK-recommended tolerability thresholds suggests
further opportunities for enhancing safety exist. It also illustrates the importance of controlling
residual risks through robust safety management systems. Moreover, the severity of events with
multiple fatalities might require special considerations to mitigate consequences such as at LacMégantic in 2013.
Key Incidents for Rail TDG
A review of the Railway Occurrence Database System (RODS) was conducted using process
safety tools. For this, we classified incidents by severity and as near-misses, sub-standard actions,
and conditions. This review suggests that, for historical incident descriptions, some occurrence
types are more critical for TDG and for rail transport in general.
Critical with respect to reducing the potential for serious incidents associated with TDG:
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Main-track train derailments and collisions – Priority
Non-main-track train derailments and collisions – Priority
Dangerous goods leakers – Priority
Rolling stock collisions with abandoned vehicles and objects – Lower Priority

Critical to further reducing injuries (generally; out of scope for this research)



Trespasser accidents
Crossing accidents

Occurrences with the potential to cause derailments and collisions (should be addressed as part
of causes for those occurrences critical to reducing the potential for serious incidents associated
with TDG and rail operations in general):





Movement exceeds limits of authority
Main-track switch in abnormal position
Unprotected overlap of authorities
Uncontrolled movement of rolling stock

An analysis of reported causes for these key incident types allowed for definition of those
causes that are more prevalent for incidents involving TDG. This list is consistent with
expectations; however, the report provides quantitative justification to focus on these occurrence
types for further assessment and evaluation. The details in the appendix provide the necessary
information to evaluate potential leading safety indicators in subsequent tasks for this research.
The following is a list of prevalent causes:








Broken rail (critical for derailments)
Mechanical failures (brakes, wheels, axles, draft system) (critical for derailments)
Track geometry (particularly sunkinks) (critical for derailments)
Switching rules and operation of switches
Train handling and makeup
Main-track authority violations, many related to communication issues
Use of brakes

Additionally, analyzing the reported causes of DG leakers as a potentially high-consequence
occurrence provided further insights into the failure of manway cover bolts and gaskets.
Note on Safety Indicators
The results of the analyses and the experience of the authors suggest the lagging indicators
currently being reported are adequate, including derailments and collisions (main- and non-maintrack), serious injuries (including fatalities), and DG leakers and releases. However, it is the view
of the authors that tolerability strategies for lagging indicators should focus on a subset of
indicators that represent the overall safety levels for TDG, based on the criticality of the different
occurrence types. These would include:
Directly associated with TDG:





Main-track derailments
Main-track collisions
Non-main-track derailments
DG releases
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DG leaks

Associated with overall rail transport safety:



Serious employee injuries and fatalities
Serious passenger and public injuries and fatalities (excluding trespasser accidents)

Note that crossing and trespasser accidents are outside the scope of this research and likely
require consideration for overall safety metrics. These have not been included as these occurrences
are in great part outside the control of the railway operators.
The detailed evaluation of causes for the key occurrence types will provide insight to develop
the process models for identifying key leading indicators in the next task. The leading indicators
are envisioned to be a subset of the following:











Job safety analysis (JSA) development
Contractor safety audits
Workforce engagements and monitoring
Contractor project manager engagements
Contractor safety representative engagements
Client safety engagements
Nonroutine safety actions
Stop work authority enacted
Subcontractor safety audits
Corrective action items

Identify Leading Causes of Loss Incidents
The Canadian railway industry has improved safety performance in the last decade as
measured by freight loss incidents per billion gross ton-miles. Further improvements in safety
performance require a deeper analysis of the leading causes to identify weaknesses in
implementing safety systems. In this section, we classify the causes of railway loss incidents using
a Safety Management System (SMS) framework to identify system weaknesses. The role of human
factors is further analyzed through the Human Factors Analysis and Classification System
(HFACS) approach. For this, we utilized data from 42 main-track derailments and collisions
involving TDG in Canada from 2007 to 2018 and that have been investigated by the Transportation
Safety Board (TSB) of Canada in detail. Associations between adjacent subcategories of the
HFACS framework are analyzed to identify any interdependency that exists between active and
latent errors using chi-square tests and Kruskal’s lambda analysis. Furthermore, we implement the
Decision-Making Trial and Evaluation Laboratory (DEMATEL) method and the Analytical
Network Process (ANP) to identify causal relationships between different sub-categories of the
HFACS framework and calculate the weighted influence of each sub-category on main-track
derailments and collisions. Finally, a comparison is made between this work and that of others that
have found relationships between active and latent errors in the railway industry. There is good
agreement between the results of these studies, which highlight the importance of supervisory and
organizational factors in the prevention of railway loss incidents. Based on these findings, we make
recommendations to reduce railway loss incidents.
Providing Insights for Enhanced Safety Management
Canada’s rail transport network is a critical part of Canada’s integrated supply chain that
connects industries, consumers, and resource sectors to ports on the Atlantic and Pacific coasts.
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One transportation activity that is essential to the most industries, especially oil and manufacturing,
is TDG by rail. Although TDG by rail is beneficial to Canada’s economy, not paying attention to
the safe transport of these types of goods can have irreparable effects on the economy, human lives,
and the environment. Recent rail accidents, such as those at Lake Wabamun in 2005 and LacMégantic in 2013, show there is still room to improve the safety of TDG by rail by refining
railway’s Safety Management System (SMS). As a result, investigations to increase the safety of
TDG by rail have been started. This work is part of these initiatives focusing on enhancing
railway’s SMS, particularly those areas of the SMS that might most directly contribute to the
reduction of DG main-track train derailments. The current study applied detailed root cause
analyses (RCA), bow tie analysis (BTA), and incident database analysis to identify the main causes
and consequences of these types of accidents (2007-2017). The relationship between these factors
and gaps in SMS elements were then identified and the frequency of each factor investigated. The
results show the main gaps are related to process and equipment integrity, incident investigation,
and company standards, codes, and regulations, respectively. Furthermore, some useful
recommendations are presented to improve the management of each SMS element and reduce
these gaps.
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1 Background
Canada’s transportation networks have been identified as the backbone of Canada’s economy,
supporting hundreds of thousands of jobs, contributing billions to the gross domestic product
(GDP), and allowing for robust domestic and international trade2,3. In particular, the railway sector
provides affordable and efficient travel to more than 84 million passengers each year; it also moves
approximately 70% of all intercity surface freight and half of Canada’s exports4, which translates
into $310 billion worth of goods being moved by rail each year. This suggests continuous
economic growth in this country will require the continuous growth of reliable rail transport, and
that setbacks in rail transport are likely to be felt across most industries.
One transportation activity that is essential to most industries but commonly associated with
the oil and manufacturing industries is rail transport of dangerous goods (DG). DG are defined in
the Transportation of Dangerous Goods Act5 and include explosives, flammable and combustible
substances, toxic substances, oxidizing substances, corrosive substances, and nuclear substances,
amongst others. Rail transport of fuels and chemicals, which account for most transported DG by
Class 1 railways6, increased 42.5% between 2011 and 20177. Moreover, oil production is forecast
to increase from 4.2 million barrels per day (bpd) in 2017 to 5.6 million bpd by 20358, which is
reflected in the forecasted increase in rail transport of crude oil3 and other DGs required to extract,
upgrade, and refine it. Given delays in pipeline projects, rail transport operations and infrastructure
will be required to accommodate the increase in traffic, particularly the increase in transported
DG, in an efficient and safe manner.
Recent railway incidents involving the release of DG demonstrate the potential consequences
of these events (e.g., Lake Wabamun in 2005, Lac-Mégantic in 2013)9,10. This has resulted in
public concern and an increased sensitivity to the risks of the transport of dangerous goods (TDG)
2

Council of Ministers Responsible for Transportation and Highway Safety (Canada) Task Force on
Transportation and the Economy (2014) Transportation & the Economy: Final report of the PPSC Task Force on
Transportation and the Economy. Available at www.comt.ca; accessed March 7, 2019.
Transport Canada (2017) Transportation in Canada 2016 – Comprehensive Report. Minister of Transport.
Available at www.tc.gc.ca; accessed March 7, 2019. ISSN 978-0-660-08415-2.
3

4

Railway Association of Canada (2016) Railways 101. Available at www.railcan.ca; accessed March 8, 2019.

5
Minister of Justice (2017) Transportation of Dangerous Goods Act, 1992 (Consolidation). Current to February
14, 2019. Available at www.laws-lois.justice.gc.ca; accessed March 11, 2019.
6

CN and CP reported DG transported in Canada during 2018. Pursuant TC Protective Direction 36 available at
www.cpr.ca and www.cn.ca for CP and CN, respectively. Accessed March 11, 2019.
7

Railway Association of Canada (2018) Rail Trends 2018. Available at www.railcan.ca; accessed March 11,
2019. Data correspond to all RAC members, which include Class 1 and most non-class 1 railways in Canada.
8

Canadian Association of Petroleum Producers (CAPP) (2018) 2018 Crude Oil Forecast, Markets and
Transportation. Available at www.capp.ca; accessed March 11, 2019.
9
Transportation Safety Board of Canada (TSB) (2007) Railway Investigation Report R05E0059: Derailment
Canadian National Freight Train M30351-03 Mile 49.4, Edson Subdivision, Wabamun, Alberta, 03 August 2005.
Available at www.tsb.gc.ca; accessed March 11, 2019.
10

Transportation Safety Board of Canada (TSB) (2014). Railway Investigation Report R13D0054: Runaway and
Main-Track Derailment – Montreal, Maine & Atlantic Railway Freight Train MMA-002 Mile 0.23, Sherbrooke
Subdivision Lac-Mégantic, Quebec, 06 July 2013. ISBN 978-1-100-24860-8. Available at www.tsb.gc.ca; accessed
March 11, 2019.
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by rail11. In response, and with the acknowledgement that sustained growth requires a continuous
improvement in safety performance, the rail industry and Transport Canada (TC) have been
working on initiatives to enhance rail transport safety12,13. The work presented in this report is part
of these initiatives, focusing on enhancing current strategies for managing the risks associated with
TDG by rail.

1.1 Objective, Scope, and Tasks
This study was conducted under the umbrella of the Rail Research Advisory Board (RRAB)
and funded by TC and the Canadian Rail Research Laboratory (CaRRL) at the University of
Alberta.
Objective
The objective of this study is to provide recommendations for risk tolerability strategies for rail
transport in Canada, particularly for TDG. This will be done by: 1) evaluating leading and lagging
performance indicators (safety performance) for rail transport operations, and providing a list of
lagging indicators associated with key safety metrics (e.g., derailments, collisions, DG releases)
and key leading indicators (e.g., those associated with human factors), including their estimated
frequencies; and 2) assessing the affect of vulnerable receptors (e.g., presence of higher population
density, critical infrastructure, water bodies) and the type and quantity of DG transported on the
risk profile of different transportation corridors.
Scope
This study evaluates leading and lagging indicators, consequence rankings, and decision
matrices to be used as a basis for recommending tolerability strategies for rail transport of DG in
Canada. The study includes a statistical analysis of data from the Rail Occurrence Database System
(RODS) for 2007 to 2017 (inclusive, according to an evaluation of record keeping consistency in
a previous study13) that will focus on occurrence frequencies and severity. The work focuses on
those occurrences most likely to lead to severe consequences in terms of safety of the public and
employees. Occurrences assessed to be associated with minor to moderate potential consequences
are not further analyzed. Process models for selected rail occurrences and their potential
consequences are based on the experience of the authors. The study focuses on transport operations
of DG and not on details regarding other operations such as loading/unloading operations,
maintenance work, or passenger transport.

11

Macciotta, R., Robitaille, S., Hendry, M., Martin, C.D. (2018) Hazard ranking for railway transport of
dangerous goods in Canada. Case Studies on Transport Policy 6:43–50.
12

Railway Safety Act Review Panel (2018) Enhancing Rail Safety in Canada: Working Together for Safer
Communities. Minister of Transport, Government of Canada. ISBN: 978-0-660-25906-2.
13
Canadian Rail Research Laboratory (CaRRL) (2018) Report on Enhanced Train Control. Prepared for
Transport Canada. Faculty of Engineering, University of Alberta.

Risk Tolerance Strategy for Rail Transport of Dangerous Goods

13

Description of Major Tasks
The major tasks of this study, their description, and deliverables are summarized in Error!
Reference source not found..
Task

Task 1

Details
Review of railway occurrence databases in Canada for Class 1 railways (RODS)
A statistical analysis of available railway incident databases was conducted to calculate incident
frequencies and their severity in terms of numbers of cars involved, serious injuries, fatalities, DG
released, and other indicators included in the databases. This was initiated as part of other research
initiatives between the University of Alberta, industry, and TC using a subset of the RODS database.
This analysis provides the quantitative justification for selecting key occurrence types and consequences
for defining the key lagging indicators for rail transport safety performance.
Process model for rail transport occurrences with high potential to lead to a release of DG

Task 2

Process models were developed for the rail occurrences identified as representative of high potential
consequence events. Process models are conceptual models of the processes leading to the outcome being
analyzed, such as a derailment or loss of containment, considering the potential root causes (e.g., root
cause analysis, fault tree analysis), the effect of different external and internal conditions, and the
potential consequences (e.g., event tree analysis). The process models were developed in light of the
insights gained from the review of railway occurrences.
Statistical analyses for estimating lagging and leading indicator frequencies

Task 3

The statistical analyses in Task 1 provide estimates of the frequencies of the identified key lagging
indicators. Process models and human factor analyses based on incident investigations provided insights
into the relative frequencies of some groups of leading indicators.
Influence of vulnerable receptors and type and quantity of DG transported on the risk profile of
different transportation corridors

Task 4

A list of vulnerable receptors that can be encountered adjacent to railway tracks, including populations,
critical infrastructure, and environmentally sensitive areas, was created. This list was developed through
direct inspection of a subset of rail corridors and the experience of the authors on rail transport risk
assessments. The elements were given a “vulnerability and criticality” ranking based on the authors’
expert opinion and experience stemming from previous rail transport risk assessments.
Insights for risk tolerability strategies for rail transport of DG in Canada

Task 5

A list of potential approaches was developed to define tolerability strategies that can be based on
combinations of absolute thresholds for the indicators and required continuous improvement for the
indicators. A qualitative matrix for leading and lagging indicators is presented to aid any decisionmaking in this regard.

Table 1 Description of major tasks and their general methodology

1.2 Project Team
The following is a list of members of the project team based at the University of
Alberta−CaRRL and the David and Joan Lynch School of Engineering Safety and Risk
Management (ESRM).
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Project team at the University of Alberta:






Renato Macciotta, Ph.D., P.Eng.14,15
Lianne Lefsrud, Ph.D., P.Eng.14,15
Fereshteh Sattari, Ph.D.14,15
Hadiseh Ebrahimi14,15
Nafiseh Esmaeeli14,15

2 Rail Transportation in Canada and the Transport of DG
Rail transportation metrics — including tonnage of transported goods, distance, tonnekilometers (tonnes transported multiplied by length transported), and number of passengers per
year — are publicly available from the Government of Canada16. Rail traffic information, in terms
of main-track train-miles (MTTM) for federally regulated operations are provided by the
Transportation Safety Board (TSB) and TC17. The Railway Association of Canada (RAC)
publishes an annual report on the performance of Canada’s railway industry that includes freight
tonnage and distance, goods transported, passenger numbers, and safety metrics7. This annual
report provides statistics for the previous year and going back 10 years. RAC data do not
correspond to all operations in Canada; however, they include Class 1 and most of the non-Class
1 railways. This section presents a cross section in time for some rail traffic and safety performance
metrics based on publicly available information. This aims to provide context for the current state
of rail transport in Canada in terms of growth and general safety performance.

2.1 Rail Traffic and Transportation
Generalized measurements of rail traffic and transportation can be defined in terms of number
of passengers or amount of goods being transported as well as the number of freight and passenger
trains. To account for transportation distances, these metrics are weighted by the lengths of the
journeys. The metrics selected here are gross ton-miles (GTM) and passenger-miles (PM), as
measures of goods or people transported per year and the length they were transported, and trainmiles (TM), as a measure of the number of trains and the length of their journeys. GTM and PM
respectively provide a measure of goods and people traffic, TM provides a measure of train traffic,
and all three are complementary. Only intercity passenger trains are included in this section.
Figure 1 presents freight GTM and PM (intercity) between 2004 and 2017 for Canadian Class
1 railways and non-Class 1 railways members of RAC18,7. This figure illustrates a moderate
increase in freight transport of goods between 2004 and 2007 (about 440 to 460 billion GTM),
followed by a decline in 2008-2009 (below 400 billion GTM) attributed to the economic downturn
in that period. Transport of goods has since increased consistently, to almost 560 billion GTM by
2017 (40% increase). This represents an average annual increase rate of 20 billion GTM.
14
Dave and Joan Lynch School of Engineering Safety and Risk Management (ESRM), Faculty of Engineering,
University of Alberta
15

Canadian Rail Research Laboratory (CaRRL), Faculty of Engineering, University of Alberta

16

Statistics Canada (2019) Data query tools available at www.statcan.gc.ca; accessed March 14, 2019.

17
Transportation Safety Board of Canada (2018) Statistical Summary – Railway Occurrences 2017. Available at
www.tsb.gc.ca; accessed January 29, 2019.
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Passenger transport showed a consistent decrease between 2005 (about 0.92 billion PM) and
2014 (0.83 billion PM) with the exception of a peak in 2008 (0.99 billion PM). Passenger transport
has since shown a consistent increase, from 0.83 billion PM in 2014 to 0.97 billion PM in 2017.
Figure 1 shows that rail transport of goods in Canada has consistently increased since 2004,
with the exception of during the economic downturn in 2008-2009. Passenger transport has rapidly
increased since 2014 after a consistent decrease between 2004 and 2014.

Figure 1 Freight gross ton-miles and passenger-miles (intercity) between 2004 and 2017 for
Canadian Class 1 railways and non-Class 1 railways members of RAC18,7

Figure 2 presents freight, passenger (intercity), and aggregated train-miles between 2004 and
2017 for Canadian Class 1 railways and non-Class 1 railways members of RAC18,7. In terms of
train traffic, PM showed a decreasing trend between 2005 (7.42 million train-miles) and 2014 (6.72
million train-miles), followed by a recovery between 2014 and 2017 (7 million train-miles).
Passenger transport and passenger train traffic show consistent trends.

18
Railway Association of Canada (2014) Rail Trends 2014. Available at www.railcan.ca; accessed March 11,
2019. Data correspond to all RAC members, which include Class 1 and most non-class 1 railways in Canada.
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Figure 2 Freight, passenger (intercity), and aggregated train-miles between 2004 and 2017 for
Canadian Class 1 railways and non-Class 1 railways members of RAC18,7

Freight train traffic has shown a general decreasing trend from 76.4 million train-miles in 2005
to 65 million train-miles in 2017. This period is marked by a steep traffic decrease in 2008-2009
(down to 59.6 million train-miles) consistent with the decrease in transported goods and the
economic downturn, followed by a subsequent recovery between 2010 and 2014.
Transport of goods and freight train traffic have both shown consistent increases since 2009,
followed by decreases in 2015-2016 and some recovery in 2017. This is attributed to the effects of
lower oil prices on the Canadian economy. During the 2015-2016 period, the decrease in train
traffic was more pronounced (below 2010 levels in terms of train-miles) than the decrease in
transported goods (below 2014 and above 2013 levels in terms of GTM). This suggests
improvements in train transportation efficiency in terms of trains required per GTM, as suggested
by the continuous increase in the average number of cars per freight train (82 in 2008 to 120 in
2017)7.
Transport of Dangerous Goods
RAC provides an account of carloads by commodity (including DG) for their member
railways18,7 (Figure 3). With the exception of a decrease in 2015-2016, TDG in Canada has been
increasing since 2009. Rail transport of fuels and chemicals, which account for most dangerous
goods transported by Class 1 railways6, increased 42.5% between 2011 and 20177. Moreover, oil
production is forecast to increase from 4.2 million bpd in 2017 to 5.6 million b/d by 20358, which
is reflected in a forecasted increase in rail transport of crude oil3 and other DG required to extract,
upgrade, and refine it.
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Figure 3 Dangerous goods originated carloads between 2004 and 2017 for Canadian Class 1
railways and non-Class 1 railways members of RAC18,7

2.2 Safety Performance
An initial understanding of rail transportation safety performance can be achieved through
occurrence statistics. The TSB publishes such statistics annually for federally regulated operations
in Canada, which include freight and passenger transportation17. The TSB reports include annual
counts of reportable accidents, occurrence types, occurrences involving DG, serious injuries, and
fatalities. The TSB defines a reportable accident as an occurrence in which 1) a person is killed or
sustains serious injuries when getting on or off or being on board rolling stock or coming in contact
with rolling stock or its contents or 2) the rolling stock or its contents sustain damage that affects
safe operations or threatens the safety of people, property, or the environment17. Rates of accidents,
occurrences, and consequence metrics are lagging indicators of safety performance (lagging
indicators include losses, incidents, and near misses). Lagging indicators do not allow for a
complete picture of safety performance if not combined with the assessment of leading indicators
(e.g., substandard actions and conditions, deficiencies in the safety management system (SMS) or
its implementation and compliance)19. However, railway occurrence statistics allow for a snapshot
of the overall risk from rail transportation associated with the more frequent occurrences.
Rail Transportation Accidents
Figure 4 shows the number of reported accidents for federally regulated operations between
2001 and 20179,17. Accidents are also normalized per million MTTM, to eliminate the variability
associated with train traffic fluctuation. Figure 4(a) clearly shows a decreasing trend in the number
of accidents each year (total numbers and normalized by traffic). Although 2017 data show an
increase relative to the previous years (~1100 accidents in 2017 vs. ~900 in 2016), the overall trend
is a reduction of about 25% since 2005, particularly driven between 2005 and 2009.
The number of rail accidents is dominated by yard work (normally at low speeds) and
trespasser and crossing accidents (which include factors difficult to control by rail operations, such
as excessive risk taking and self-harm by third parties)13. The number of accidents on main-track
19
Center for Chemical Process Safety (2016) Introduction to Process Safety for Undergraduates and Engineers.
American Institute of Chemical Engineers. John Wiley & Sons, Hoboken, NJ, USA. Pg: 266. ISBN: 978-1-111894950-4
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can provide insight into risks associated solely with transportation activities. In this regard, Figure
4(b) shows main-track train accidents and main-track train accidents per million MTTM (except
for trespasser and crossing accidents). This figure is consistent with the overall accident trends
described, i.e., decreasing since 2005-2007, although the trends have greater variability. The
decrease is observed until 2012 (about 130 accidents) from a peak in 2007 (about 280 accidents).
Accident data for main-track trains could suggest an increasing trend between 2012 and 2017,
although the trend has more likely remained consistent between 2009 and 2017, similar to overall
accidents in Figure 4(a).
In terms of accident frequency, federally regulated railways currently experience 13 to 14
accidents per million MTTM, or 1,000 to 1,100 accidents per year. For main-track, this value is
reduced to 2.2 to 2.7 accidents per million MTTM, or 160 to 200 accidents per year (excluding
trespasser and crossing accidents).

Figure 4 Reported (a) accidents and accidents per million main-track train-miles and (b) maintrack train accidents and main-track train accidents per million main-track train-miles (except
trespasser and crossing accidents) for federally regulated operations9,17

Accidents Involving Dangerous Goods
Figure 5(a) shows the number of railway accidents involving DG cars and the number of
accidents with a release of DG (from cars) for federally regulated operations9,17. Similar to the
overall accident trends discussed in the previous section, accidents involving DG and releases of
DG present overall decreasing trends. The number of accidents involving DG decreased from 225
per year in 2003 to 100 in 2016 and the number of accidents with release of DG decreased from
nine in 2003 to two in 2012. However, both the number of accidents involving DG and those with
release of DG showed an increase from 2013-2015, but values have since appeared to resume the
decreasing trend.
The annual variation in TDG (Figure 3) is expected to have an impact on the recorded number
of accidents involving DG. The notable increase in originated DG carloads in Figure 3 for the
period 2013-2015 can explain the increase in the number of accidents involving DG. Normalizing
the number of accidents by the amount of transported DG provides a means to isolate safety metrics
Risk Tolerance Strategy for Rail Transport of Dangerous Goods
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from variation in the amounts transported. RAC publishes the number of accidents involving DG
per carload of DG generated7,18, shown here in Figure 5(b) for RAC members. This figure shows
a clear and continuous decreasing trend in the number of accidents involving DG per amount
transported, suggesting a continuous improvement in terms of the safety per carload of DG
transported by rail.

Figure 5 Accidents involving (a) DG cars and accidents with a release of DG (from cars) for
federally regulated operations9,17 and (b) accidents involving DG per thousand DG carloads7,18 for
RAC members

Fatalities and Serious Injuries
Figure 6(a) shows the number of serious injuries, number of fatalities, and aggregated serious
injuries and fatalities for all occurrences and for federally regulated operations9,17. A generally
decreasing trend is observed in the number of fatalities and serious injuries from a peak in 2004
(194) to its lowest in 2015 (96), followed by increased numbers in 2016 and 2017 (122 and 142,
respectively). This general decreasing trend suggests a continuous improvement in reducing the
number of occurrences with the potential for serious injury. The peak in 2013 corresponds to the
tragic outcome of the Lac-Mégantic disaster (47 fatalities)10. This is an indication that mitigation
of the more frequent, limited exposure, occurrences is being met with some success; however, the
potential for low-probability, high-consequence occurrences (e.g., large number of injuries)
requires further analysis and mitigation.
Although the above numbers provide an overall view of safety performance evolution in terms
of people safety, this performance is worth evaluating in terms of employee, passenger, and public
safety. Figure 6(b) presents the number of serious injuries and fatalities for railway employees. In
this figure, the annual variability of information masks any long-term changes and its evolution
suggests between two and three employee fatalities (average of 2.5) and 10 to 11 serious employee
injuries occur each year. This figure suggests an opportunity exists to enhance safety management
strategies and target occurrences that are more likely to cause serious injuries to employees. Note
Risk Tolerance Strategy for Rail Transport of Dangerous Goods
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Figure 6(b, c) does not include the fatalities at Lac-Mégantic that were not employees or
passengers.

Figure 6 Reported fatalities and serious injuries for (a) all occurrences, (b) employees, and (c)
passengers for federally regulated operations9,17

Figure 6(c) presents the number of passenger fatalities and serious injuries. Their low numbers
do not allow for the evaluation of any trends; however, spikes in serious injuries are observed in
2001, 2010, 2012, and 2015. Passenger fatalities occurred in 2006, 2008, 2010, 2014, and 2017.
Individual risks:
The records of employee fatalities and fatal passenger accidents allow for an estimation of the
historic risk to life for these groups. In this context, historic risks refer to past performance based
on data from 2001 to 2017. To this end, the average annual risk to employees was approximated
as the ratio between average employee fatalities per year (2.5 between 2001 and 2017) and the
number of employees exposed to operations (approximately 30,000 in 2017 according to RAC7).
The calculated average risk to employees following this approach is 8.3 × 10-5. The estimate of the
upper range for the risk to life for intercity passengers assumed the most catastrophic passenger
incident (three fatalities in 2006) and calculated the ratio between the three fatalities and the total
number of intercity passengers in 2006 (4.3 million according to RAC18). This calculated risk is
6.9 × 10-7.
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The estimated historic risks to the average employee and the historic upper range for
passengers are illustrated in Figure 7. This figure also shows the mortality rate in Canada (age
standardized)20, the mortality rate in Canada for all accidents (age standardized)23, work-related
fatalities in British Columbia per year per full-time employee21, and work-related fatalities in
Alberta per year per full-time employee22. These are shown for comparison purposes only. The
historic (since 2001) upper risk to the average passenger is well below Canadian mortality statistics
for all accidents by more than two orders of magnitude. The risk to the average employee is slightly
higher than average work-related risks reported in Alberta and British Columbia, and lower than
the Canadian mortality statistics for all accidents. Provincial statistics for work-related fatalities
include high- and low-risk activities (e.g., roofing vs. administrative office work), and consider
the fact that the exposure of rail employees to different hazard levels will vary.

Figure 7 Estimated average individual risk to life for (a) rail employees and (b) intercity train
passengers; (c) the mortality rate in Canada (age standardized)23; (d) the mortality rate in Canada
for all accidents (age standardized)23; (e) work-related fatalities in British Columbia per year per
full-time employee24; (f) work-related fatalities in Alberta per year per full-time employee25; and (g)
suggested tolerability by the HSE26
20

Statistics Canada (2012) Mortality, Summary List of Causes 2009. Catalogue no. 84F0209X.
http://www.statcan.gc.ca; accessed May 05, 2017.
21

WorkSafeBC (2016) 2015 Statistics. Available from www.worksafebc.com; accessed May 05, 2017.

22

Alberta Labour (2016) 2015 Workplace Injury, Disease and Fatality Statistics Provincial Summary. Available
from www.work.alberta.ca; accessed May 05, 2017.
23
Statistics Canada (2012) Mortality, Summary List of Causes 2009. Catalogue no. 84F0209X.
http://www.statcan.gc.ca; accessed May 05, 2017.
24

WorkSafeBC (2016) 2015 Statistics. Available from www.worksafebc.com; accessed May 05, 2017.

25

Alberta Labour (2016) 2015 Workplace Injury, Disease and Fatality Statistics Provincial Summary. Available
from www.work.alberta.ca; accessed May 05, 2017.
26
HSE (United Kingdom Health and Safety Executive) (2001) Reducing Risk, Protecting People, HSE Decisionmaking Process. HM Stationary Office, London.
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Individual risk criteria suggested by the HSEError! Bookmark not defined. (Health and Safety
xecutive in the UK) are also plotted in Figure 7. These criteria, or versions thereof, have been
widely adopted by many industries in several countries, including criteria for landslide hazards
affecting populated areas and transportation corridors27,28. These criteria suggest the risk to the
average passenger (intercity) is within acceptable limits (lower than 10-6) and the risk to the
average rail employee is well within tolerable limits for workers. In this regard, acceptable risks
are understood as those risks that society is willing to accept without further action and tolerable
risks are those that society is willing to tolerate given there is benefit from incurring such risks.
The area between tolerable and acceptable thresholds is commonly referred to as ALARP (“as low
as reasonably practicable”). ALARP requires that risk levels and the cost associated with
mitigating the risk be considered, and all risk reduction measures should be implemented as long
as the cost of implementing them is reasonably practicable according to cost-effectiveness
considerations. This requires the weighing of risks versus benefits/expectations, with a
maximization of benefit and minimization of harm. The estimate in Figure 7 implies that
reasonable measures should be in place to mitigate these risks.
Trespasser and crossing incidents account for over 90% of fatalities (on average) each year.
The nature of these incidents (in many instances including self-harm and reckless behaviour by
third parties), and the difficulties and uncertainty estimating the number of people exposed to these
incidents, prevent adequate estimates of these risks within the scope of this study. However, these
two occurrence types (trespasser and crossing incidents) are identified as critical, from a risk-tolife perspective, on the basis of their frequency and fatality rates.
Societal risks:
Insight into risks associated with large numbers of fatalities can be gained by examining
previously high-consequence incidents. Large-consequence incidents involving multiple fatalities
(10 or more) are almost certain to be recorded, and therefore the historic databases for such events
can extend for longer periods than those used to assess individual risks. A list of the deadliest rail
accidents in Canada (over 10 fatalities) is presented in Table 2. This table indicates 10 incidents
causing 10 or more fatalities occurred since the 1850s, with five accidents causing over 40 fatalities
each, and one causing 99 fatalities. Most of these accidents involved passenger trains, with the
exception of Lac-Mégantic (freight train). Only one event involved a freight train operated by a
major railway operator (1986 near Hinton, AB), and only two accidents involved freight trains.
The periodicity of rail accidents (with multiple fatalities) post 1900 is approximately 15 to 20
years. Their frequency has been decreasing within the last century: 10 accidents since the 1850s
(one every 16.5 years), seven since 1900 (every 16.4 years), five since the 1940s (every 15 years),
three since the 1950s (every 21.7 years), and two since the 1970s (every 22.5 years).
Estimating the historical societal risks associated with rail transport following this approach
requires normalization. Normalization can be done per amount of goods transported (gross tonnes),
train traffic (train-miles), or spatial unit (to normalize the extent of operations). This study uses
spatial normalization to understand the risk associated with spatial extent. The track unit length
used by the Canadian railway industry was adopted (mileposts, having a length of a mile) and also
27

Macciotta, R., Lefsrud, L. (2018) Framework for developing risk to life evaluation criteria associated with
landslides in Canada. Geoenvironmental Disasters 5(10):1–14.
28
Macciotta, R., Gräpel, C., Keegan, T., Duxbury, J., Skirrow, R. (2019) Quantitative risk assessment of rock
slope instabilities that threaten a highway near Canmore, AB, Canada: Managing risk calculation uncertainty in
practice. Canadian Geotechnical Journal – Just In. Published online April 23, 2019.
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scaled to operational units (subdivisions). Assuming the accident periodicity (T) can be
characterized between 15 and 20 years, and for the length of the Canadian railway system (TL) of
approximately 48,000 km or 30,000 miles according to TC (www.tc.gc.ca), the estimated annual
frequency of rail accidents with over 10 fatalities per milepost can be obtained using Equation 1:
1

𝑎𝑐𝑐𝑖𝑑𝑒𝑛𝑡 𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 𝑝𝑒𝑟 𝑚𝑖𝑙𝑒𝑝𝑜𝑠𝑡 = (𝑇) × (𝑇𝐿) .
Year
1854
1857
1864
1902
1910
1942
1947
1950
1986
2013

Location
Baptiste Creek, Ontario
Desjardines Canal, Ontario
St-Hilaire, Quebec
Wanstead, Ontario
Spanish River, Ontario
Almonte, Ontario
Dugald, Manitoba
Canoe River, British Columbia
Hinton, Alberta
Lac-Mégantic, Quebec

Reported No.
fatalities
52
59
99
31
43
39
31
21
23
47

(Eq. 1)

Observation
Passenger
Passenger
Passenger
Passenger
Passenger
Passenger
Passenger
Passenger
Passenger and Freight
Freight - not Class 1 operator

Table 2 Deadliest rail accidents in Canada29,30,31

This results in an estimated frequency of accidents with more than 10 fatalities of
approximately 2.0 × 10-6 per milepost. Estimating the risk at the subdivision scale requires
assuming an average subdivision length (SL) and modifying Equation 1 as follows:
𝑆𝐿

𝑎𝑐𝑐𝑖𝑑𝑒𝑛𝑡 𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 𝑝𝑒𝑟 𝑠𝑢𝑏𝑑𝑖𝑣𝑖𝑠𝑖𝑜𝑛 = (𝑇) × (𝑇𝐿) .

(Eq. 2)

Railroad SL mostly range between 200 and 500 miles (322 and 805 km). The periodicity for
accidents with large numbers of fatalities before the 1950s was approximately 15 years. Following
Equation 2 and for the ranges in SL, this renders a frequency between 4.4 × 10-4 and 1.1 × 10-3 at
the subdivision scale. The accident periodicity since the 1950s is approximately 20 years, which
represents a frequency between 3.3 × 10-4 and 8.3 × 10-4 at the subdivision scale. A notorious
limitation of this approach is the variability in rail operations over long periods of time.
Infrastructure, equipment, and procedures have changed dramatically since the 1850s. Societal
risks estimated before the 1950s are considered to have been grossly underestimated given the
lower train traffic and smaller network, and are presented here for completeness. The assumption
of more consistent operations since 1950 can be argued; however, this timeframe was selected as
a compromise between the extent of available data and consistency in operations. Societal risk
estimates in this work are therefore estimates of the order of magnitude of historical societal risks.

29

Canadian Broadcasting Company (CBC) (2012) Rail accidents and disasters in Canada. Available from
www.cbc.ca/news/canada/rail-accidents-and-disasters-in-canada-1.1149829; posted on February 27, 2012; accessed
May 25, 2017.
30

Maclean's (2013) 10 of Canada's worst train accidents. Available from www.macleans.ca/society/life/10-ofcanadas-worst-train-accidents; posted on July 9, 2013; accessed May 25, 2017.
31
Historica Canada (2015) The Canadian Encyclopaedia - Railway Disasters. Available from
www.thecanadianencyclopedia.ca/en; accessed on May 26, 2017.

Risk Tolerance Strategy for Rail Transport of Dangerous Goods

24

These societal risk estimates are plotted on an F-N plot in Figure 8. This plot presents the
number of fatalities (N in the horizontal axis) and annual frequency of N or more fatalities (F in
the vertical axis). The societal criteria (tolerable and acceptable thresholds) follow the guidelines
provided by the HSEError! Bookmark not defined.. The area between the tolerable and acceptable
hresholds corresponds to the ALARP region. The tolerable and acceptable thresholds for these
criteria have a slope of −1 on the log-log scale. Such lines are the set of F-N pairs with a same
level of risk, or iso-risk lines.
The uncertainty associated with small statistical samples is recognized, and Figure 8 was
developed by selecting a range in values constrained between 10 and 100 fatalities (in accordance
with the database. The coordinate for N at 10 fatalities and F at 2.0 × 10-6 is used as anchor in
Figure 8 and the estimate towards larger number of fatalities is progressively reduced to reflect the
decrease in accidents as the number of fatalities increases. Because only one accident of the 10
had an N near 100, the estimates are reduced by about one order of magnitude for N at 100. A
similar process was followed for the estimates at the subdivision scale, maintaining the decrease
by an order of magnitude for N at 100.

Figure 8 Estimated societal risks for rail transport in Canada

Figure 8 suggests the societal risks associated with rail transport would be considered
acceptable according to HSE recommendations when assessed at a milepost scale. This scale can
be considered adequate for assessment when compared to the areal extent of other industries (e.g.,
dams, power plants, manufacturing facilities). Societal risks at a subdivision scale are within the
ALARP region (occurrences after 1950), which is consistent with increasing safety engineering
efforts in the past few decades. This scale is considered adequate as it represents an operational
unit within the industry. The proximity of the estimated societal risks (at the subdivision scale) to
the HSE-recommended tolerability thresholds suggests further opportunities exist for enhancing
safety. These also illustrate the imperative for controlling residual risks (after mitigation strategies
are in place) through robust SMS. Moreover, the severity of events with multiple fatalities might
require special considerations regarding consequence mitigation in the event of an occurrence,
with a tragic example being the events at Lac-Mégantic in 201310.
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The effect of critical occurrences:
The overall trend in the safety performance of rail transport in Canada has shown continuous
improvement in the last couple of decades, as suggested by Figure 4 and Figure 5. This trend does
not differentiate between high- and low-consequence occurrences. However, railway occurrences
with the potential for high consequences present elevated levels of risk. This can be illustrated by
comparing the changes in annual frequencies of reported railway accidents and the number of
serious injuries for employees and passengers (including fatalities) (Figure 9). This figure shows
that, even when the overall frequency of accidents showed a sharp decrease between 2005 and
2009, followed by a general decreasing trend since then, the average number of serious injuries
per year has remained constant at 15. The continued potential for low-frequency, highconsequence events can also be illustrated with a review of high-profile railway occurrences in
Canada investigated by the TSB in the last couple of decades. Doing so indicates that very high
consequence occurrences have materialized, such as the events in Lac-Mégantic in 201310, with
47 fatalities; Lake Wabamun in 20059, with a large release of DG into a large body of water; and
VIA passenger train no. 92 (Burlington, Ontario) in 201232, with 3 crew member fatalities and 44
passenger injuries. These indicate the opportunity to optimize resource allocation for risk
mitigation strategies, targeting the more critical conditions and practices that have the potential to
lead to occurrences associated with high consequences.

Figure 9 Reported accidents and number of fatalities and serious injuries for employees and
passengers (federally regulated operations)9,17

3 Statistical Analysis of Railway Incidents in Canada Federally
Regulated
This section presents statistical trends of railway occurrences for federally regulated railway
operations. We highlight key occurrence types and causal factors with the higher potential for
significant impacts to people, environment, and operations, particularly as related to TDG.

32
Transportation Safety Board of Canada (TSB) (2013) Railway Investigation Report R12T0038: Main-track
derailment Via Rail Canada Inc. Passenger Train No. 92 Mile 33.23, Canadian National Oakville Subdivision
Aldershot, Ontario, 26 February 2012. Available at www.tsb.gc.ca; accessed March 11, 2019.
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3.1 Railway Occurrence Database System (RODS)
The national RODS is maintained by the TSB. An occurrence, as defined by the TSB, is “any
accident or incident associated with the operation of rolling stock on a railway, and any situation
or condition that the Board has reasonable grounds to believe could, if left unattended, induce an
accident or incident”17. A selection of situations that constitute a railway occurrence and are
reported to the TSB includes:33







a fatality or serious injury occurs after coming into contact with rolling stock,
rolling stock or its contents are involved in a collision or derailment,
an unprotected main-track switch is left in an abnormal position,
an unplanned or uncontrolled movement of rolling stock occurs,
rolling stock passes a signal indicating stop in contravention of the Canadian Rail
Operating Rules (CROR), or
DG release.

In these situations, a report must be submitted to the TSB by someone with direct knowledge
of the occurrence, be it either the operator of the rolling stock, the operator of the track, or a crew
member. Additionally, any other party with knowledge of the railway occurrence (outside of those
for whom reporting is mandatory) can provide relevant information voluntarily. All information
reported to the TSB is then used to characterize the occurrence and is compiled in the RODS
database.
On the 15th of each month, the TSB publishes data on railway occurrences that took place
before the end of the preceding month. However, only a select subset of the information regarding
each individual occurrence is publicly released34. The work presented here uses this public
information complemented with occurrence primary causes and factors as directly provided by the
TSB to CaRRL and the ESRM on March 15, 2019.
Each occurrence entry in RODS contains information including (but not limited to) the date,
time, subdivision on which the occurrence occurred, occurrence type classification, number of
rolling stock involved and derailed, cars with DG involved and derailed, number and severity of
injuries (fatality, major and minor injuries), and an initial summary of the occurrence. General data
quality is relatively consistent since January 2, 2000, with the exception being the initial summary
entries. CaRRL performed an assessment of the reporting details for assessing enhanced train
control (ETC) preventability13 and adopted the period starting in January 1, 2007 for their analysis.
Following their assessment, this report and subsequent analyses focus on occurrences starting
January 1, 2007. At the time of assessment, RODS for 2018 was complete and available. However,
the authors’ experience suggests occurrence details going a year back are subject to changes.
Although such changes are not considered to be statistically significant, the decision was made to
work with RODS from January 1, 2007 to December 31, 2017, inclusive. This provides a 11-year
period of analysis. However, some trend analyses might use a longer period if the detail of
reporting was not considered to affect the statistical outcome (e.g., overall number of occurrences
or occurrence type).

33

Minister of Justice (2017) Transportation Safety Board Regulations (Consolidation) SOR/2014-37. Current to
February 28, 2019. Available at www.laws-lois.justice.gc.ca; accessed March 13, 2019.
34

Available through the TSB at www.bst-tsb.gc.ca; accessed January 20, 2019.
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RODS publicly available information was updated during 2018. Occurrences are classified as
“accidents” or “incidents”, and there are now 27 types of occurrences in the database as opposed
to the 22 types reported pre-2018. The new classification does not consider “Explosion” or
“Historical”, found in previously released (pre-2018) versions of RODS, as these are included in
other types (explosion is understood as a consequence of an occurrence and historical occurrences
have been better classified). Some occurrence types have been separated to reflect any damage
associated with the occurrence or no damage (e.g., main-track train derailment and main-track
train derailment (no damage) are two different types). Total number of occurrences for each type
vary between pre-2018 RODS availability and post-2018 availability and reflect variations in the
TSB classifications and assessment of their reportable occurrences. The 27 occurrence types for
RODS accessed in January 20, 2019 are presented in Table 3. Several occurrence types are only
measured starting in 2014 (marked as “NA” in Table 3).
Occurrence Type
COLLISION INVOLVING TRACK UNIT
CREW MEMBER INCAPACITATED
CROSSING
DERAILMENT INVOLVING TRACK UNIT
DERAILMENT INVOLVING TRACK UNIT (NO
DAMAGE)
DG LEAKER
EMPLOYEE FATALITY
FIRE
MAIN-TRACK SWITCH IN ABNORMAL POSITION
MAIN-TRACK TRAIN COLLISION
MAIN-TRACK TRAIN DERAILMENT
MAIN-TRACK TRAIN DERAILMENT (NO DAMAGE)
MOVEMENT EXCEEDS LIMITS OF AUTHORITY
NON-MAIN-TRACK TRAIN COLLISION
NON-MAIN-TRACK TRAIN COLLISION (NO
DERAILMENT, NO DAMAGE)
NON-MAIN-TRACK TRAIN DERAILMENT
NON-MAIN-TRACK TRAIN DERAILMENT (NO
DAMAGE)
PASSENGER
ROLLING STOCK COLL. WITH ABANDONED
VEHICLE
ROLLING STOCK COLL. WITH ABANDONED
VEHICLE (NO DERAILMENT, NO DAMAGE)
ROLLING STOCK COLL. WITH OBJECT
ROLLING STOCK COLL. WITH OBJECT (NO
DERAILMENT, NO DAMAGE)
ROLLING STOCK DAMAGE WITHOUT
DERAIL./COLL.
SIGNAL LESS RESTRICTIVE THAN REQUIRED
TRESPASSER FATALITY
UNCONTROLLED MOVEMENT OF ROLLING STOCK
UNPROTECTED OVERLAP OF AUTHORITIES
Grand Total

2007
28
1
221
2

2008
22
2
223
5

2009
30
0
188
20

2010
25
1
180
11

2011
24
0
171
10

2012
18
1
192
7

2013
23
6
184
18

2014
20
2
185
7

2015
32
2
165
11

2016
16
1
133
7

NA

NA

NA

NA

NA

NA

88
14
25
7
9
160
NA
106
105

64
11
12
13
7
129
NA
111
92

78
12
20
4
5
67
NA
106
95

68
9
30
5
4
82
NA
101
94

79
10
23
10
3
110
NA
118
89

93
5
17
5
6
67
NA
120
101

NA

NA

NA

NA

NA

641

589

509

576

NA

NA

NA

NA

4

1

13

15

10

NA

NA

4

2017
21
4
143
24

NA

7

10

13

5

94
8
11
7
4
84
NA
98
93

63
9
36
6
9
100
2
129
106

33
9
32
12
4
75
3
142
92

30
11
35
7
5
58
6
133
69

39
13
33
12
3
82
3
122
103

NA

NA

8

4

4

2

522

530

549

481

522

431

525

NA

NA

NA

166

125

97

67

1

2

3

6

5

4

9

4

7

10

2

6

7

3

NA

NA

NA

NA

NA

1

5

5

0

6

15

4

19

18

32

22

21

39

45

NA

NA

NA

NA

NA

NA

NA

6

10

14

3

11

16

13

11

20

8

23

13

20

12

12

97
13
8
1557

3
71
16
7
1415

1
71
13
7
1264

4
81
5
4
1304

3
66
16
7
1305

1
71
13
5
1287

1
56
14
4
1319

2
54
11
5
1455

5
51
14
6
1417

1
70
10
4
1223

1
80
14
2
1365

Table 3 RODS occurrence types for 2007 – 2017 inclusive and reported occurrences34
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3.2 Trends in Railway Occurrences
Occurrence type distribution
RODS data are classified into incidents (occurrences with no associated losses) and accidents
(occurrences with loss). Figure 10 shows the RODS distribution of accidents and incidents from
2014 to 2017 inclusive. The initial year of the data in this plot reflects the changes in accident/
incident classification for different occurrence types starting in 2014. The number of occurrences
for each type and classification between 2014 and 2017 is shown in Table 4.

Figure 10 Distribution of accidents and incidents for all RODS data for 2014 to 2017
Occurrence Type
COLLISION INVOLVING TRACK UNIT
CREW MEMBER INCAPACITATED
CROSSING
DERAILMENT INVOLVING TRACK UNIT
DERAILMENT INVOLVING TRACK UNIT (NO DAMAGE)
DG LEAKER
EMPLOYEE FATALITY
FIRE
MAIN-TRACK SWITCH IN ABNORMAL POSITION
MAIN-TRACK TRAIN COLLISION
MAIN-TRACK TRAIN DERAILMENT
MAIN-TRACK TRAIN DERAILMENT (NO DAMAGE)
MOVEMENT EXCEEDS LIMITS OF AUTHORITY
NON-MAIN-TRACK TRAIN COLLISION
NON-MAIN-TRACK TRAIN COLLISION (NO DERAILMENT, NO DAMAGE)
NON-MAIN-TRACK TRAIN DERAILMENT
NON-MAIN-TRACK TRAIN DERAILMENT (NO DAMAGE)
PASSENGER
ROLLING STOCK COLL. WITH ABANDONED VEHICLE
ROLLING STOCK COLL. WITH ABANDONED VEHICLE (NO DERAILMENT,
NO DAMAGE)
ROLLING STOCK COLL. WITH OBJECT
ROLLING STOCK COLL. WITH OBJECT (NO DERAILMENT, NO DAMAGE)
ROLLING STOCK DAMAGE WITHOUT DERAIL./COLL.
SIGNAL LESS RESTRICTIVE THAN REQUIRED
TRESPASSER FATALITY
UNCONTROLLED MOVEMENT OF ROLLING STOCK
UNPROTECTED OVERLAP OF AUTHORITIES
TOTAL

Accidents
89

Incidents
8

626
49
35
167
41
136
37
21
314
15
526
370
18
1959
455
18
18
11
127
33
57
254

4,079

9
1
49
17
1,381

Table 4 Occurrence and associated number of accidents and incidents from 2014 to 2017
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RODS occurrences classified as incidents are shown in Figure 11 (per occurrence type
between 2014 and 2017). Occurrences classified as accidents are shown in Figure 12.

Figure 11 RODS occurrences classified as incidents per occurrence type (2014-2017)

Figure 12 RODS occurrences classified as accidents per occurrence type (2014-2017)
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Most incidents are movements exceeding the limits of authority (38.1%) or non-main-track
train derailments with no reported damage (32.9%). The remaining 29% includes other collisions
and derailments with no reported damage, signals less restrictive than required, uncontrolled
movements of rolling stock, and unprotected overlap of authorities. Notably, DG leakers represent
12.1% of incidents (third in frequency).
Nearly half of the reported accidents (48%) are non-main-track train derailments. The other
52% include other derailments and collisions, with 7.7% main-track train derailments and only
0.5% main-track train collisions. Non-main-track train collisions account for 9.1%. Crossing
accidents account for 15.3% of reported accidents.
Occurrence of temporal trends
The annual frequencies of the different occurrence types are presented in Figure 13, Figure
14, and Figure 15. These figures include data from 2007 to 2017 inclusive, and are plotted as
frequencies as well as frequency per million train-miles. Normalizing by million train-miles
provides a proxy for train traffic and handling, therefore minimizing the influence of traffic
fluctuations in occurrence trends. Occurrence types not in these figures include those that were
initiated in 2014 (collisions and derailments of trains, rolling stock and track units not associated
with damage), crew member incapacitated, and passengers, given the variability in their nature
and the fact that some are not directly related to transport activities.
The occurrences presented in Figure 13 include those associated with collisions and
derailments. Generally, decreasing trends can be observed for main-track derailments and
collisions (although collisions had a peak in 2014), non-main-track derailments, and rolling stock
(R/S) collisions with abandoned vehicles. Other occurrences involving derailments and collisions
appear to have a constant rate; rolling stock collisions with objects show a clear increasing trend.
Occurrences presented in Figure 14 include switches in abnormal positions, uncontrolled
movements, movements exceeding the limits of authority, unprotected overlaps of authority,
signals less restrictive than required, crossing accidents, trespasser accidents, and damage to
rolling stock not associated with collisions or derailments. From these, unprotected overlap of
authorities and crossing accidents show generally decreasing trends, while the other occurrence
types appear to maintain a constant average.
Occurrences presented in Figure 15 include DG leakers and fires. DG leakers significantly
decreased from 2013 to 2015, while fires generally increased from 2007 to 2017.
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Figure 13 Annual frequency of RODS occurrences for 2007 to 2017 inclusive
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Figure 14 Annual frequency of RODS occurrences from 2007 to 2017 inclusive (continued)

Figure 15 Annual frequency of RODS occurrences from 2007 to 2017 inclusive (continued)
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4 Occurrence Severity
The analysis of occurrence severity was done by classifying the occurrences in terms of their
reported consequences as well as occurrence type. To this end, occurrences were classified
following process safety approaches:


Incidents: occurrences with associated losses in terms of people (fatalities/ serious
injuries/ minor injuries;



Near misses: occurrences that describe uncontrolled outcomes with no losses
associated with them, but have the potential for losses; and



Substandard conditions and practices: occurrences that describe conditions or
practices outside the standard rules of operation with no justification or formal
approval for them.

For visualization purposes, the occurrence frequencies per type and the above classifications
were evaluated using an incident pyramid (see Figure 16 for an example generic incident pyramid).
The incident pyramid illustrates a direct relationship between various levels of incidents. Incidents
with higher severity are at the top of the pyramid and occur less frequently, while incidents with
lower severity occur more frequently. The pyramid suggests that decreasing the frequencies of
occurrences in the lower levels of the pyramid would reduce the likelihood of high-consequence
events at the top of the pyramid. However, a subset of substandard conditions and practices could
be associated with higher potential for harm, and therefore are associated with a higher likelihood
for severe consequences (illustrated as direct elevators towards the top of the pyramid).
Metrics near the bottom are more leading (i.e., substandard conditions and practices), while
those at the top are more lagging (i.e., fatalities). However, all of these metrics are effectively
lagging – they are only derived after an accident, near miss, or substandard condition or practice
has occurred. Such lagging indicators tend to be used more frequently because they are easier to
identify, while leading indicators are more difficult to identify and interpret. Examples of leading
indicators include the following35:






Job safety analysis (JSA) development
Contractor safety audits
Workforce engagements and monitoring
Contractor project manager
engagements
Contractor safety representative
engagements







Client safety engagements
Nonroutine safety actions
Stop work authority enacted
Subcontractor safety audits
Corrective action items

35
Salas, R., & Hallowell, M. (2016). Predictive validity of safety leading indicators: empirical assessment in the
oil and gas sector. Journal of Construction Engineering and Management, 142(10), 04016052.
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Figure 16 Example of generic incident pyramid and relative frequency of occurrence

To develop an incident pyramid for railroads, the classification logic was the following: RODS
occurrences with fatalities or serious injuries reported were classified as such. If no fatalities or
injuries were reported, and minor injuries were reported, the occurrence was classified as “Minor
injury”. Occurrences with no injuries but with associated physical damage or time loss (track
outage, maintenance requirements, etc.) were then classified as “Material damage/ time loss”. The
remaining occurrences were classified as near misses if they corresponded to uncontrolled
situations with no associated loss, or substandard conditions and practices if there were no
uncontrolled situations but operations deviated from standards. RODS occurrence types that
indicate “no damage” were associated, at a minimum, with time loss required to inspect the rolling
stock, track units, or equipment impacted or to accommodate derailed rolling stock, track units, or
other equipment back on track. The logic for this classification is presented in Error! Reference
ource not found..
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Accident / Incident type
COLLISION INVOLVING TRACK UNIT
CREW MEMBER INCAPACITATED
CROSSING
DERAILMENT INVOLVING TRACK UNIT
DERAILMENT INVOLVING TRACK UNIT (NO DAMAGE)
DG LEAKER
EMPLOYEE
FIRE

Classification
Material damage / time loss
Fatality, injury
Material damage / time loss
Material damage / time loss
Material damage / time loss
Material damage / time loss
Fatality, injury
Material damage / time loss

MAIN-TRACK SWITCH IN ABNORMAL POSITION

Substandard Conditions and Practices /
Near Misses (requires further
classification)

MAIN-TRACK TRAIN COLLISION
MAIN-TRACK TRAIN DERAILMENT
MAIN-TRACK TRAIN DERAILMENT (NO DAMAGE)

Material damage / time loss
Material damage / time loss
Material damage / time loss

MOVEMENT EXCEEDS LIMITS OF AUTHORITY

Near Misses

NON-MAIN-TRACK TRAIN COLLISION
NON-MAIN-TRACK TRAIN COLLISION (NO DERAILMENT, NO
DAMAGE)
NON-MAIN-TRACK TRAIN DERAILMENT
NON-MAIN-TRACK TRAIN DERAILMENT (NO DAMAGE)
PASSENGER
R/S COLL. WITH ABANDONED VEHICLE
R/S COLL. WITH ABANDONED VEHICLE (NO DERAILMENT, NO
DAMAGE)
R/S COLL. WITH OBJECT
R/S COLL. WITH OBJECT (NO DERAILMENT, NO DAMAGE)
R/S DAMAGE WITHOUT DERAIL. /COLL.

Material damage / time loss

Reasoning
Collision leading to damage or time loss (repairs, inspections).
19 of 20 occurrences associated with injuries, one with none; however, summary indicates minor injury.
All reported as accidents. Spot check showed all reviewed included collision with vehicles or pedestrians.
Derailment leading to damage and/or time for correcting the situation.
Derailment leading to damage and/or time for correcting the situation.
DG leaker involves breach of containment.
All occurrences involved injuries.
Fire.
Some occurrence summaries indicate trains running or nearly running over switches in abnormal position (near misses),
while some were noticed and fixed (substandard condition). Summaries including "encountered", "reported", and
“controlled stop" were classified as substandard conditions. Summaries including "run through", "run over", "emergency
break", and "managed to stop" were classified as near misses.
Collision leading to damage or time loss (repairs, inspections).
Derailment leading to damage and/or time for correcting the situation.
Derailment leading to damage and/or time for correcting the situation.
Unwanted event occurred, however with no loss. This occurrence type has different levels of criticality; however, all
are considered near misses for the purposes of classification.
Collision leading to damage or time loss (repairs, inspections).

Material damage / time loss

Collision leading to damage or time loss (repairs, inspections).

Material damage / time loss
Material damage / time loss
Fatality, injury
Material damage / time loss

Derailment leading to damage and/or time for correcting the situation.
Derailment leading to damage and/or time for correcting the situation.
All include injuries.
Collision leading to damage or time loss (repairs, inspections).

Material damage / time loss

Collision leading to damage or time loss (repairs, inspections).

Material damage / time loss
Material damage / time loss
Material damage / time loss
Substandard Conditions and Practices /
Near Misses (requires further
classification)
Mostly Fatality, Injury. Includes Near
Misses and Material Damage.
Near Misses
Near Misses

Collision leading to damage or time loss (repairs, inspections).
Collision leading to damage or time loss (repairs, inspections).
Damage.
Some occurrences indicate signals less restrictive than required leading to emergency breaks, nearly running switches
in abnormal position, or near collision (classified as near misses). Others only indicate crew noticed less restrictive
signals or signal not properly working (substandard conditions).

SIGNAL LESS RESTRICTIVE THAN REQUIRED
TRESPASSER
UNCONTROLLED MOVEMENT OF R/S
UNPROTECTED OVERLAP OF AUTHORITIES

Most include fatalities or injuries. One occurrence was a near miss. Two occurrences involved material damage.
Unwanted event occurred, however with no loss.
Occurrence summaries clearly illustrate the potential for collision.

Table 5 Logic for occurrence type classification in the incident pyramid
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4.1 All Occurrences
RODS occurrence types classified according to Error! Reference source not found. are
shown in Figure 17. This figure further details the number of occurrence types per level in the
incident pyramid for 2007-2017, therefore providing some insight into the severity associated with
each occurrence type according to records:


Trespasser and crossing accidents account for most fatal occurrences, as known from
previous analyses7,10. Interestingly, however, trespasser injuries are mostly fatalities or
serious injuries, with a small proportion of minor injuries, highlighting the severity of
these accidents. Fatalities and serious injuries account for more than half of crossing
accidents with injuries.



Occurrence types associated with transport and handling with the greatest number of
fatal occurrences are main-track derailments (4), passenger incidents (2), and rolling
stock collisions with objects (2). Passenger incidents account for most occurrences
with serious incidents (12), followed by rolling stock collisions with objects (7), crew
member incapacitated (7), and collisions involving track unit (7).



Occurrences with material damage or time loss are dominated by non-main-track train
derailments (6319), followed by crossing accidents (1202), non-main-track train
collisions (1022), main-track train derailments (1014), and DG leakers (722).



Near misses are dominated by movements exceeding limits of authority (1285),
followed by uncontrolled movements of rolling stock (138), unprotected overlap of
authorities (59), and main-track in abnormal position (54).



Near misses and substandard conditions and practices have very low frequencies
compared to upper levels of the pyramid. Near misses are dominated by movements
exceeding limits of authorities (1280) followed by uncontrolled movements of rolling
stock (137). Substandard conditions and practices are dominated by main-track
switches in abnormal position (34) and signal less restrictive than required (18). Given
that RODS only include a subset of these substandard conditions and practices, the
TSB is effectively blinding itself to the insights gleaned from analyzing the root causes
of leading indicators and, hence, preventing the occurrence of loss events.
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Figure 17 Detailed incident pyramid distribution per occurrence type for RODS for 2007 to 2017 inclusive
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4.2 Occurrences Involving Dangerous Goods
The incident pyramid levels were modified to better suit a classification of RODS that involved
TDG and the potential severity of these occurrences as they relate to the goods they are
transporting. The top of this pyramid corresponds to occurrences with fatalities and major injuries,
followed by occurrences with minor injuries, all as a consequence of a release of DG. Occurrences
with release of DG, or leakers, followed in the classification, positioned higher in the hierarchy
than occurrences involving DG, near misses, and substandard conditions and practices (in that
order). The incident pyramid is presented in Figure 18.
One occurrence involving DG was associated with fatalities (Lac-Mégantic). Occurrence
R13E0015 was a crossing accident that featured a release with associated fatality as a result of a
train colliding with a vehicle, and occurrence R14V0251 involved a trespasser who was fatally
injured. These latter two were not directly associated with the nature of the goods being transported
and were not considered in the pyramid. No incident with serious injuries was reported. One minor
injury was reported as a result of derailment and not as direct consequence of the release of DG
(occurrence R15H0005). Eight minor injuries were related to leakers (occurrences R08T0062,
R08T0045, R08T0256, R11V0220, R12W0291, R14V0154, R15E0126, R16T0154). Insights
from the incident pyramid in Figure 18 can be summarized as follows:








Fatalities associated with TDG correspond to one main-track train derailment, with 47
fatalities, highlighting the potential for high consequences given this type of
occurrence.
All minor injuries associated with TDG were leakers (8).
DG leakers account for 731 of the 764 occurrences with DG released. Thirty-three (33)
correspond to other occurrences with DG release, including main-track train
derailments (18), non-main-track train derailments (8), main-track train collisions (2),
rolling stock damage (2), and crossing accidents (2).
Occurrences with DG involved and damage/ time loss were mostly non-main-track
derailments (922) and collisions (327), followed by main-track train derailments (160).
Reported near misses were all uncontrolled movements of rolling stock. This low
frequency suggests near misses are being under-reported.
RODS did not include any substandard conditions or practices. Again, by not including
substandard conditions or practices, root cause analysis and the identification of
preventative measures are being limited.

With respect to DG leakers, 8 out of 731 occurrences between 2007 and 2017 were associated
with minor injuries. This corresponds to a rate of 1.09% minor injuries per DG leaker, 0.73 DG
leakers with injuries each year, and 1.36 minor injuries associated with DG leakers, each year.
These statistics suggest reduced levels of risk; however, the nature of the incidents suggests major
injuries are likely.
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Figure 18 Detailed incident pyramid distribution per occurrence type for RODS involving DG for 2007 to 2017 inclusive
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Table 6 presents the summary description of occurrences with DG leaking, as presented in
RODS, and for those DG leakers that had minor injuries involved. The descriptions include
situations where employees were in direct contact with hazardous substances with the potential for
serious injuries.
OccNo

R08T0062

R08T0045

R08T0256

R11V0220

R12W0291

R14V0154

R15E0126

R16T0154

SUMMARY (DIRECTLY FROM RODS)
CN reported a spill from car TCIX 175170, a load of sodium hydroxide
(un1824). Three non CN employees were injured. Vaughan fire
department hazmat team responded and secured the site. The car was
leaking from a valve on top of the tank car.
CN reported that tank car HOKX 112087, load of potassium hydroxide
(un1814), was leaking from a valve on the top of the car and had
released product. Three people were reportedly injured.
While inspecting track C-019 Macmillan yard employee discovered
open doors on hopper car BCOL 829114, residue l/c corrosive solid
un1759 with a small amount of product leaking. While attempting to
close the doors the product was blown into the employee’s face. Minor
injuries were reported and employee was taken to hospital for medical
attention. CN SCO responded.
CN yard crew on the 1555 Kamloops yard assignment, reported a dust
cloud after coupling to tank car UTLX 27850, residue l/c sulphur dioxide,
un1079 in track kc-13. As a result, the yard helper was covered in
product and was transported to hospital with undetermined injuries
and an area of 1.2 kms from the tank was evacuated closing the yard
and main line. Cn police and DGO responded.
CP reports the crew on assignment K-35 were switching in the yard
when they were exposed to fumes from tank car PROX 82951, residue
L/C Chlorine, UN 1017. As a result, the car was isolated and the crew
were transported to hospital for observation. CP DGO responded.
While approaching siding at Tochty AB, Conductor on CP train 462-15
was overcome by strong Sulphur odour. Crew member was taken to
local hospital by ambulance and hazmat team sent to inspect.
Inspection revealed 8 cars in siding (HT058A), loaded with molten
sulphur (UN 2448) were releasing vapour from manway cover and
required damaged or missing gaskets to be replaced. CP officials
responded. No product leaks.
CN yard assignment YPDS31-18 was coupling in hump track CH19. The
conductor was walking beside car GATX 49600 (load Potassium
Hydroxide, Solution) when the joint was made between 1-3 MPH, an
unknown amount of Potassium Hydroxide spilled out from the top man
way onto the conductor. First aid was administered on site and the CN
employee taken to hospital as a precaution. No derailment involved.
DG officer on site.
CN MacMillan Yard mile 0.0 Halton Sub, Conductor reported a strong
odour coming from tank car UTLX 647791 (Acetic Acid, Glacial UN2789) in track C060. DG Officer is on scene and confirmed the leak
is coming from manway. Conductor is being transported to the hospital
due to nausea, tight chest and coughing.

DG CARS
INVOLVED

MINOR
INJURIES

1

3

1

3

1

1

1

2

1

2

8

1

1

1

1

2

Table 6 Summary description of occurrences with DG leaking, as presented in RODS, and for those
DG leakers that had minor injuries involved

A measure of past severity of occurrences involving DG is the number of DG cars involved
and derailed. These are shown in Figure 19. Occurrences with the greatest numbers of DG cars
involved per occurrence include crossing accidents, leakers, main-track and non-main-track train
derailments and collisions, rolling stock damage, and uncontrolled movements of rolling stock.
Risk Tolerance Strategy for Rail Transport of Dangerous Goods

7

These, however, have very diverse levels of severity and the statistics do not allow for a
differentiation of those with larger potential consequences.
The severity as measured by the number of DG cars released in Figure 19b can provide further
insight into those occurrences with the potential for larger consequences after release of DG. These
occurrences are mostly main-track and non-main-track train derailments, followed by collisions
and crossing accidents.

Figure 19 Occurrences with (a) DG cars involved and (b) DG released cars, per occurrence type

The proportion of occurrence types for instances when reports included fire, explosions, and
evacuation can also provide some insights into occurrence types associated with higher severities
(Figure 20). Occurrences with DG involved and fire reported consisted mostly of main-track train
derailments (12), followed by the generic “Fire” occurrence type. Other occurrences included nonmain-track train derailments (1) and main-track train collisions (1). Three occurrences with DG
leakers reported fire. Occurrences with explosions reported were mostly main-track train
derailments (5) followed by non-main-track train derailment (1) and collision (1). Occurrences
with evacuations reported included main-track train derailments (12), DG leakers (5), non-maintrack train derailments (4), and main-track train collisions (1).
Risk Tolerance Strategy for Rail Transport of Dangerous Goods
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Figure 20 Occurrence types for situations where reports include (a) fire, (b) explosion, or (c)
evacuation

In summary, the review of the RODS database suggests that, historically, and as suggested by
the incident descriptions, a subset of occurrence types is more critical for TDG and for rail
transport in general, as follows:
Critical to reducing the potential for serious incidents associated with TDG:





Main-track train derailments and collisions – Priority
Non-main-track train derailments and collisions – Priority
Dangerous goods leakers – Priority
Rolling stock collisions with abandoned vehicles and objects – Lower Priority

Critical to further reducing injuries (generally; out of scope for this research)
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Trespasser accidents



Crossing accidents

Occurrences with the potential to cause derailments and collisions (should be addressed as part
of causes for those occurrences critical to reducing the potential for serious incidents associated
with TDG):





Movement exceeds limits of authority
Main-track switch in abnormal position
Unprotected overlap of authorities
Uncontrolled movement of rolling stock

5 Occurrence Causes
The analysis of RODS causes per occurrence type is focused on occurrences critical to
reducing the potential for serious incidents associated with TDG. This analysis is grouped
according to the occurrence of losses when transporting DG and occurrences with the potential to
lead to a loss as stated in the previous sub-section. APPENDIX A presents the detailed frequency
of causes per group and sub-group.

5.1 RODS Causes for Incidents with Loss, Identified as Priority –
TDG
Main groups and sub-groups of causes reported for main-track train derailments are shown in
Figure 21. Cause groups are led by Track, Roadbed and Structures, then Mechanical and Electrical
Failures, closely followed by Train Operation – Human Factor. At the sub-group level, the top
causes are associated with rail brakes, track geometry, and train handling and makeup, followed
by several sub-groups including axle and wheel breaks, environmental conditions, road bed, draft,
and brakes. The data suggest that, beyond the top three causes, several additional causes have
similar orders of magnitude with respect to frequencies.
The main groups and sub-groups of causes reported for main-track train collisions are shown
in Figure 22. The causes are dominated by Train Operation – Human Factor, particularly those
related to speed, violations of authority, train handling, and the use of brakes.
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Figure 21 Frequency of causes (cause group in dark bars, sub-group in lighter bars) for main-track
train derailments

Figure 22 Frequency of causes (cause group in dark bars, sub-group in lighter bars) for main-track
train collisions
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Main groups and sub-groups of causes reported for non-main-track train derailments are
shown in Figure 23. Groups of causes are led by Train Operation – Human Factor, followed by
Track, Roadbed and Structures. The leading sub-groups are related to the use of switches (failure
to apply or remove, passed couplers, shoving movements failure to control, improperly aligned),
track geometry (wide gage), and environmental conditions (particularly ice or earth materials on
track).

Figure 23 Frequency of causes (cause group in dark bars, sub-group in lighter bars) for non-maintrack train derailments

The main groups and sub-groups of causes reported for non-main-track train collisions are
shown in Figure 24. The causes are dominated by Train Operation – Human Factor, particularly
causes related to the operation of switches (cars left foul, dropping cars, uncontrolled shoving of
cars, improper alignment).
The main groups and sub-groups of causes reported for DG leakers are shown in Figure 25.
The causes are led significantly by issues with manway cover bolts and gaskets (over 50%).
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Figure 24 Frequency of causes (cause group in dark bars, sub-group in lighter bars) for non-maintrack train collisions

Figure 25 Frequency of causes (cause group in dark bars, sub-group in lighter bars) for DG leakers
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5.2 RODS Causes for Near Misses and Substandard Conditions and
Actions Identified as Priority – TDG
The main groups and sub-groups of causes reported for movements exceeding limits of
authority are shown in Figure 26. The causes are dominated by violations of main-track authorities
followed by those related to flagging and signals. Figure 27 shows the main groups and sub-groups
of causes reported for main-track switches in abnormal position. These are dominated by issues
associated with the use of switches (improperly aligned), followed by main-track authorities.

Figure 26 Frequency of causes (cause group in dark bars, sub-group in lighter bars) for movements
exceeding limits of authority

Figure 27 Frequency of causes (cause group in dark bars, sub-group in lighter bars) for main-track
switch in abnormal position

The main groups and sub-groups of causes reported for unprotected overlap of authority are
shown in Figure 28. These are dominated by errors in communications; preparations of train
orders, warrants, and other directions; and other human errors and main-track authority violations
Risk Tolerance Strategy for Rail Transport of Dangerous Goods
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not specified. Figure 29 shows the main groups and sub-groups of causes reported for uncontrolled
movements of rolling stock. These are dominated by the improper use of brakes, followed by
environmental conditions and switching rules.

Figure 28 Frequency of causes (cause group in dark bars, sub-group in lighter bars) for
unprotected overlap of authorities

Figure 29 Frequency of causes (cause group in dark bars, sub-group in lighter bars) for
uncontrolled movement of rolling stock

5.3 RODS Causes for Incidents with Loss Identified as Priority –
Others
The main groups and sub-groups of causes reported for rolling stock collision with abandoned
vehicles and objects are shown in Figure 30. These are dominated by environmental conditions,
grade crossing accidents, trespassers, and switching rules, although a large portion are attributed
to “unusual operating situations”.
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Figure 30 Frequency of causes (cause group in dark bars, sub-group in lighter bars) for rolling
stock collision with abandoned vehicle or object

6 Commentary on Rail Transport Safety Performance
The number of rail accidents reported by the TSB shows a consistent decreasing trend, which
suggests a continued increase in general safety for rail transport. Most accidents correspond to
yard activities, trespassers, and crossing accidents. Similarly, accidents involving DG and
accidents with releases of DG show overall decreasing trends. Accidents involving DG decreased
from 225 to 100 between 2003 and 2016, and accidents with DG releases decreased from nine to
two in this same period.
Regarding the safety of people, overall fatalities and injuries show a decreasing trend;
however, trends remain steady for employees, which suggests an opportunity to enhance safety
management strategies. An evaluation of individual risks, under the criteria suggested by the HSE
in the UK, suggests these statistics are within tolerable thresholds for employees and within
acceptable thresholds for passengers. Conducting an evaluation for trespasser accidents and
crossing accidents comes with additional challenges and was out of the scope of this study.
An evaluation of historic societal risks in terms of the likelihood of events with a large number
of fatalities (over 10 per event) suggests rail transport is within tolerable thresholds; however, there
is opportunity for improvement. This is consistent with ongoing efforts by the industry to improve
rail transport safety, illustrated by the decreasing rates of accidents.

6.1 Summary of Key Occurrence Types in Rail Transport Safety
and TDG
Our identification of key occurrence types for rail transport safety and TDG corresponds to an
analysis of frequency and severity associated with the different occurrence types. This analysis
required classifying RODS using process safety tools (incident pyramid) to examine the relative
frequency of occurrence types. Based on this analysis, near misses and substandard practices and
conditions appear to be under-reported. By examining such leading indicators, railway operators
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and regulators are equipped to identify root causes and prevent more serious occurrences. This
analysis also identified key occurrences with the highest severity associated with TDG and rail
transport in general (trespasser and crossing accidents not included):
Critical to reducing the potential for serious incidents associated with TDG:





Main-track train derailments and collisions – Priority
Non-main-track train derailments and collisions – Priority
DG leakers – Priority
Rolling stock collisions with abandoned vehicles and objects – Lower Priority

Occurrences with the potential to cause derailments and collisions (should be addressed as part
of causes for those occurrences critical to reducing the potential for serious incidents associated
with TDG):





Movement exceeds limits of authority
Main-track switch in abnormal position
Unprotected overlap of authorities
Uncontrolled movement of rolling stock

6.2 Top Causes for Key Occurrence Types
This report presents a detailed analysis of the reported causes for the key occurrences
associated with TDG. The analysis identified a list of causes that were most recurrent for the key
occurrence types, as reported in RODS. The list groups a number of sub-causes, which are
presented in APPENDIX A. This list is consistent with expectations; however, the report provides
justification to focus on these occurrence types for further assessment and evaluation. Further, the
details in the appendix provide the necessary information to evaluate potential leading safety
indicators in subsequent tasks for this research. Prevalent causes are listed as follows:








Broken rail (critical for derailments)
Mechanical failures (brakes, wheels, axles, draft system) (critical for derailments)
Track geometry (particularly sunkinks) (critical for derailments)
Switching rules and operation of switches
Train handling and makeup
Main-track authority violations, many related to communication issues
Use of brakes

Additionally, analyzing the reported causes of DG leakers as a potentially high-consequence
occurrence identified further insights into the failure of manway cover bolts and gaskets.

7 Elements Exposed to Rail Transport of DG and Relative
Vulnerability and Criticality
The extent and variability of the Canadian railway network is reflected in a wide range of
potential elements exposed to occurrences associated with rail transport of DG. These exposed
elements can be grouped as:
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People
Transportation infrastructure
High-vulnerability facilities
High-importance facilities

In turn, the potential impacts of these elements can be grouped as those related to:




Public
Environment (severe air pollution or spills into land or water bodies)
Infrastructure

Impacts such as reputation of the industry, economic impacts to the railway companies, or
impacts to the fluidity of transportation are regarded as important, but indirect impacts (as a cause
of the initial, direct impacts listed above) are influenced by many external factors. Therefore, only
the three impact types are considered further. Impacts to workers are always a potential given the
presence of rail operators and should always be considered when assessing consequences of
occurrences when transporting DG by rail.
A list of potential elements exposed has been built based on detailed satellite imagery and
maps publicly available through Google services, as well as based on previous experience in risk
assessments for rail transport of DG. These elements are presented in Table 7.

Element
Population < 1,000
Population 1,000 to 10,000
Population 10,000 to 100,000
Population > 100,000
Wetlands and waterways
Adjacent highway
Adjacent railway
Significant bridge structure
Passenger station
Adjacent school
Adjacent parkland
Adjacent airport
Yard facilities
Nuclear power plant
Grain elevator
Large factory
Tunnel
Hospital
Institutional structure (e.g., government)
Conveyor / pipe overpass
Water treatment facility
Dam

Public
Yes
Yes
Yes
Yes
Case specific
Yes
Yes
Case specific
Yes
Yes
Case specific
Yes
Yes
Yes
Yes
Yes
Case specific
Yes
Yes
Case specific
Case specific
Yes

Potential impact type
Environment
Case specific
Case specific
Case specific
Case specific
Yes
Case specific
Case specific
Case specific
Case specific
Case specific
Yes
Case specific
Case specific
Case specific
Case specific
Case specific
Case specific
Case specific
Case specific
Yes
Yes
Case specific

Infrastructure
Yes
Case specific
Case specific
Case specific
Case specific
Yes
Yes
Yes
Yes
Yes
Case specific
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Table 7 Elements at risk and potential impacts

Each exposed element can be associated with one or more impact types. Some impact types
correspond to the nature of the element at risk (e.g., exposed population will necessarily lead to
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potential impact of the public); however, other impact types will be case specific (e.g.,
environmental damage will depend on the location of the occurrence).
Impact types should be weighted for the vulnerability of the elements at risk given a railway
occurrence. Example criteria for this are presented in Table 8.
Vulnerability descriptor
NA
Slight

Moderate

High

Not applicable
Potential for minor consequences (limited injuries, low likelihood of one or two
fatalities). Minor environmental impact or structural damage requiring slight effort
and short time for remediation.
Potential for moderate consequences (one or two fatalities up to 10 to 15 fatalities).
Moderate environmental impact and structural damage requiring over CAD
$500,000 for remediation and/or months to achieve a remediated state.
Potential for high consequences (multiple fatalities). High environmental impact and
structural damage requiring several million $CAD for remediation and/or taking
years to achieve a remediated state.

Table 8 Example vulnerability descriptor

The vulnerability descriptors in Table 8 can be combined with the list of elements and
impact types in Table 7 in a general sense to perform global assessments, or could be defined in
a case-specific manner when assessing a particular corridor.

8 Process Models of Selected Rail Occurrences
The data for this section consist of the TSB main-track train derailment reports for class 1, 2,
and 3 occurrences with respect to TDG from 2007 to 2017. Some occurrences in 2018 and 2019
were still under investigation at the time this report was produced, and therefore the overall project
only included information until the last year of complete data (2017).
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 identified in
the investigations done by the TSB or organizations in other jurisdictions or emerged from
statistical analyses. 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 DG, and/or causes significant damage to
property and/or the environment. A class 3 occurrence may have significant consequences that
result in attracting a high level of public interest, such as multiple fatalities and/or serious injuries,
a medium-sized release of DG, and/or moderate to significant damage to property and/or the
environment 36. The class of occurrence is mentioned in the RODS – available at www.tsb.gc.ca.

36

Policy on Occurrence Classification - Transportation Safety Board of Canada. Available from
https://www.tsb.gc.ca/eng/lois-acts/evenements-occurrences.html; accessed June 29, 2020.
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The TSB reports identify main-track derailments in the title. All 165 TSB reports from 2007
to 2017 were investigated to identify whether a DG tank car was involved in the derailment.
Notably, occurrences with the release of fuel from a locomotive fuel tank were also considered
DG accidents. A total of 40 DG main-track derailments were included in the study database over
the 11-year period considered. To identify the highest risk occurrences with DG released (highest
consequences), we selected DG occurrences involving fires or explosions, leaving us with 14
accidents. We graphed the distribution of DG occurrences according to United Nations (UN)37
categories and considering the class of each occurrences for each category. From this relative
frequency and severity of consequences, we identified petroleum crude oil as the riskiest DG
transported by rail with respect to main-track derailments investigated by the TSB.
Second, we started creating bow tie analysis (BTA) diagrams for these main-track derailments,
then included all of the petroleum crude oil investigations to determine the main and latent causes,
consequences, and prevention and mitigation measures for these accidents. Based on this, we then
drew a comprehensive BTA diagram to represent all accidents for petroleum crude oil. Throughout
this second step, the relationship between basic and latent causes and consequences and gaps in
railway SMS elements were identified through the development of root cause analysis (RCA)
diagrams. Although regulated rail SMS has been tailored towards rail transport, we adopted an
SMS tailored to the production, storage, management, and transport of DG from the Canadian
Society of Chemical Engineers (CSChE) to analyze the specifics of TDG. The insights from our
review are thus generalizable to any rail operator’s specific SMS. The SMS framework that was
used in this study has 12 elements, which are described in detail in Appendix A38. The Center for
Chemical Process Safety (CCPS) moved from the 12-element system to a risk-based approach in
2007. However, the CSChE’s Process Safety Management division retained the original, more
easily implementable CCPS for use in Canada where SMS is not regulated and, thus, relies on
voluntary adoption by site operators39.
Next, we categorized the causes and consequences of all of the study database accidents based
on BTA results. The main causes and consequences were ranked by investigating the frequency of
each category. 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 31 summarizes our methodology.

The UN numbers are assigned by the United Nations’ Committee of Experts on the Transport of Dangerous
Goods to identify classes of dangerous goods (i.e., explosives, flammable liquids, toxic substances, etc.).
37

38

Correlation between Railway SMS regulations and CSChE SMS elements is shown in Appendix B (Table B).
However, there might be some differences between them as well. More information about Railway SMS regulations
can be found here: Railway SMS Regulations
39

Canadian Society for Chemical Engineering. (2012). PSM, Process Safety Management Guide, 4th Ed.
http://www.cheminst.ca/sites/default/files/pdfs/Connect/PMS/PSM Guide 4th Edition.pdf
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Figure 31 Methodology flowchart

8.1 Root Cause Analysis (RCA)
RCA is a retrospective technique that reviews the sequence of events that leads to any given
endpoint40. 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 can identify preventative measures such as modifying the design,
the manufacturing process, or the operating procedures41. For this study, we used RCA instead of
fault tree analysis to understand the sequence of basic and latent causes that led to accidents.

8.2 Event Tree Analysis (ETA)
ETA is a forward-looking, bottom up, logical modeling technique that starts with a loss of
containment event (top event) and analyzes all possible outcomes resulting in a range of
consequences42. 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) of 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 applications43.

40

Vollmer, C. M., Sanchez, N., Gondek, S., McAuliffe, J., Kent, T. S., Christein, J. D., & Callery, M. P. (2012). A
root-cause analysis of mortality following major pancreatectomy. Journal of Gastrointestinal Surgery, 16(1),
89–103. https://doi.org/10.1007/s11605-011-1753-x
41
Todinov, M. T. (2007). Generic approaches to reducing the likelihood of critical failures. Risk-Based Reliability
Analysis and Generic Principles for Risk Reduction, 181–192. https://doi.org/10.1016/b978-0080447285/50010-x
42
Barry, T. (2002). Risk-informed, Performance-based Industrial Fire Protection: An Alternative to Prescriptive
Codes. Tennessee Valley Publishing.
43
Rubin, O., & Dahlberg, R. (2017). A Dictionary of Disaster Management. Oxford University Press: Oxford, UK.
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8.3 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, basic and latent causes, and consequences —
to identify interventions to prevent the likelihood of occurrence of undesired events and/or
mitigating the consequences of failures within an industrial system44. This technique is a
combination of fault trees and event trees that are connected through the top (loss of containment)
event. Loss of containment is the top event for the backward-looking FTA or RCA, but is the
initiating event for the forward-looking ETA45. BTA’s advantages are its simplicity, versatility,
and pictorial display, which make it easily understandable and applicable across industries46. For
instance, oil and gas47, chemical48, healthcare49, marine50, and transportation industries51 have
benefited from the use of BTA.
After investigating all 165 rail occurrences (class 1, 2, and 3 occurrences) from 2007 to 2017,
we identified that 40 main-track train derailments had occurred while transporting DG.
Fourteen of the 40 accidents had a DG release, followed by fire or explosion. Three of the 14
were class 2 occurrences, while the rest of the accidents were in class 3. There were no class 1
occurrences among those 14 accidents. The DG distribution graph shows that petroleum crude oil
(UN 1267) is the most often involved in DG main track derailments. This would correspond to the
frequency of UN 1267 transported relative to other DG (Figure 32).

44

Ferdous, R., Khan, F., Sadiq, R., Amyotte, P., & Veitch, B. (2013). Analyzing system safety and risks under
uncertainty using a bow-tie diagram: An innovative approach. Process Safety and Environmental Protection,
91(1–2), 1–18. https://doi.org/10.1016/j.psep.2011.08.010.
45
Vileiniskis, M., & Remenyte-Prescott, R. (2017). Quantitative risk prognostics framework based on Petri Net and
Bow-Tie
models.
Reliability
Engineering
and
System
Safety,
165,
62–73.
https://doi.org/10.1016/j.ress.2017.03.026
46
Culwick, M. D., Merry, A. F., Clarke, D. M., Taraporewalla, K. J., & Gibbs, N. M. (2016). Bow-tie diagrams for
risk
management
in
anaesthesia.
Anaesthesia
and
Intensive
Care,
44(6),
712–718.
https://doi.org/10.1177/0310057x1604400615
47
de Ruijter, A., & Guldenmund, F. (2015). The bowtie method: A review. Safety Science, 88, 211–218.
https://doi.org/10.1016/j.ssci.2016.03.001
48
Papazoglou, I. A., Bellamy, L. J., Hale, A. R., Aneziris, O. N., Ale, B. J. M., Post, J. G., & Oh, J. I. H. (2003). IRisk: Development of an integrated technical and management risk methodology for chemical installations.
Journal of Loss Prevention in the Process Industries, 16(6), 575–591. https://doi.org/10.1016/j.jlp.2003.08.008
49
Culwick, M. D., Merry, A. F., Clarke, D. M., Taraporewalla, K. J., & Gibbs, N. M. (2016). Bow-tie diagrams for
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https://doi.org/10.1177/0310057x1604400615
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Cormier, R., Elliott, M., & Rice, J. (2019). Putting on a bow-tie to sort out who does what and why in the complex
arena of marine policy and management. Science of the Total Environment, 648, 293–305.
https://doi.org/10.1016/j.scitotenv.2018.08.168
51
Van Scyoc, K., & Hughes, G. (2009). Rail ruminations for process safety improvement. Journal of Loss Prevention
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Figure 32 Types of main-track train derailments with DG release, fire, and/or explosion

All main-track train derailments in class 2 happened while transporting petroleum crude oil.
As class 2 occurrences have more severe consequences compared to class 3, we concluded
petroleum crude oil is the highest risk DG transported by rail as investigated by the TSB, when
severity and frequency are considered. We applied RCA on TSB’s main-track derailment reports
for the trains transferring petroleum crude oil (Figures 33-39) to understand the sequences of the
events resulting in the train derailments and the common basic and latent causes. Collectively,
based on the RCA results, the basic and latent causes of these derailments consist of the following,
according to their priorities:
•

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

•

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

•

Weaknesses in regulations (e.g., using new technologies such as high-speed cameras and
ultrasonic testing for inspection is not required by regulation, absence of regulatory
requirement for wheel impact load detector (WILD) threshold).

•

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

•

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

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

•

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

•

Infrequently performed tasks by employees (e.g., track foreman with no locomotive
engineering (LE) operation background assessed fire engine post-accident).

•

Human error (e.g., track supervisor (TSPVR) occupied with another task and did not check
the rail repair process, no physical measurement taken by snow patrol foreman (SPF) in
rail end mismatch situation).

•

Cold weather condition (e.g., reduced material fracture toughness and ductility in low
temperature that caused rail breaks, wheel breaks).

After identifying these causes, the research team verified the relationship between the causes
and gaps in SMS elements as shown in the following RCA figures along with a summary of the
accident reports. The following is an example of an accident report:
Report R13T0060: On 03 April 2013, Canadian Pacific Railway 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, 7 of which were DG tank cars
loaded with petroleum crude oil. A number of cars rolled down an embankment and two of the
DGs tank cars released approximately 101,700 liters 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 Canadian Pacific Railway (CP) permitted the
R1 wheel to remain in service. The reason was railway guideline regarding WILD did not provide
adequate guidance for dealing with wheel impacts that are condemnable under AAR Rule 41. In
the absence of regulatory threshold and oversight for WILD technology, company guidelines for
wheel impact load detector 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 severity of the release of petroleum crude oil52.

52

Rail transportation safety investigations and reports - Transportation Safety Board of Canada. Available from
https://www.tsb.gc.ca/eng/rapports-reports/rail/index.html; accessed May 29, 2020,
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Figure 33 RCA for accident R13T0060

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 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. 63 tank cars carrying petroleum crude oil and 2 box cars
derailed. About 6 million liters 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.
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There were several factors contributing to the train derailment. They are presented in the
figures 4 and 5 in detail. On the evening before the accident, LE parked the train on a grade on
the main track. The LE performed 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
LE released the automatic brakes, the locomotive independent brakes had not been released
during the test. As a result, the train was hold on the 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 defenses in place in order to prevent uncontrolled movement of the train.
During this time, 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 Megantic 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 is the systemic practice of leaving
unattended trains on a descending grade without sufficient defenses in place to prevent an
uncontrolled movement of the train.
Following the train derailment, a large amount of petroleum crude oil 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
damaged top fittings and bottom out valves (BOV). Another source of product loss was from those
breaches caused by thermal tears. In the absence of thicker steel, jackets, thermal protection on
tank cars, and adequate pressure-relief capacity the chance of thermal tear will be increased.
A large fireballs 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 the major factors that caused the large post-derailment fire 52.
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Figure 34 RCA for accident R13D0054 - First part
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Figure 35 RCA for accident R13D0054 - Second part
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The Lac-Mégantic accident again confirmed that, in addition to weaknesses in the three
elements that played a role in the R13T0060 accident, other gaps in SMS elements existed such as
those related to process risk management, process knowledge, and documentation.
Report R15H0013: On 14 February 2015, CN Company crude oil unit train was proceeding
eastward on CN's Ruel Subdivision when it experienced a train-initiated emergency brake
application at Gladwick, near Gogama, Ontario. Twenty-nine tank cars derailed. Nineteen of the
tank cars were breached, and about 1.7 million liters of petroleum crude oil were released to either
atmosphere or the earth’s surface. The released product ignited, and the fire lasted for 5 days.
About 900 feet of mainline track was destroyed, but there was no evacuation or injury.
The train derailment happened when the insulated rail joint in the south rail failed beneath
the head-end of the train. The failure of the insulated joint bars was caused by different factors.
Low temperature at the time of the accidents reduced joint bar material fracture toughness and
ductility and made it more susceptible to brittle failure. In addition, there were fatigue cracks
which led to the REB condition in the joint bar. REB is indicative of a degrading joint support and
can ultimately lead to the rail or joint failure. These factors combined with repeated wheel impact
resulted in increased stress to track infrastructure. Another contributor to the joint failure was
insufficient track maintenance while traffic tonnage was increased. This could lead to more rapidly
degrading track structure and increasing the risk of track infrastructure failures.
The mentioned fatigue cracks were presented in the joint bar sometimes before the train
derailment, however, they remained undetected until the rail failure happened. The assistant track
supervisor (ATS) who was responsible for the joint inspection did not have sufficient experience
and training for performing his job. Furthermore, there was weakness in CN standard for REB
monitoring. As a result, the inspection process was not performed properly by the ATS. Moreover,
the use of new technologies for track inspection was not required based on the regulations. As a
consequence, the chance of not identifying the rail deficiencies would have been increased. These
factors as well as insufficient TC inspection that caused the fatigue cracks were not detected until
the rail failure occurred.
The accident occurred when the train was traveling at 38 mph. The speed of the train increased
the severity of the derailment and its outcomes. As a result of the tank car damages, such as shell
breach and BOV failure, petroleum crude oil released to the environment and caused
contaminations and fire 52.
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Figure 36 RCA for accident R15H0013 - First part
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Figure 37 RCA for accident R15H0013 - Second part
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The R15H0013 accident revealed that, in addition to previously mentioned gaps in SMS
elements, weakness in training and performance elements can also influence rail accidents.
Report R15H0021: On 07 March 2015, CN Company crude oil unit train was proceeding
eastward on CN's Ruel Subdivision when it experienced a train-initiated emergency brake
application near Gogama, Ontario. Thirty-nine tank cars derailed. As a result, about 2.6 million
liters of petroleum crude oil released to atmosphere, water, or earth’s surface. The released
product ignited and caused explosions. However, neither evacuation nor injuries were reported.
The derailment happened when the south rail failed catastrophically beneath the train. TSB
investigations show that VSH defect had been present in the east parent rail but not identified
during the SPF inspection because he did not perform dye penetrant test. Moreover, plug rail
repair was not implemented properly by the SPF. After the repair, the plug rail was higher than
the parent rail, however, no physical measurements were taken. In addition, no specific guidance
was provided to CN engineering employees relating to the length of grinding. Therefore, the SPF
visually assessed the mismatch situation which resulted in inaccurate estimation of the difference
between plug rail and parent rail. As a result, the applied rail grinding was insufficient. On the
day of the repair, the TSPVR, who was responsible for checking the repairment result, became
occupied responding to another derailment and did not check the plug rail repair. On the other
hand, the VSH defect was either not present or too small to be detected during the last ultrasonic
test conducted on the rail. Finally, all of these issues led to train derailment while proceeding the
track.
The accident occurred at 43 mph, which was lower than the authorized track speed of 50 mph.
However, the speed of the train increased the severity of the derailment. After the derailment, a
large quantity of product released into the environment because of the tank car damages, such as
stub sill damage, shell breach, BOV failure and others 52.
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Figure 38 RCA for accident R15H0021 - First part
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Figure 39 RCA for accident R15H0021 - Second part
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This train derailment revealed that human factors can also significantly impact rail accidents.
The consequences of main-track derailment for petroleum crude oil trains were extracted from the
TSB reports. These include tank car damage, breach or rupture, DG release, explosion, fire, pool
fire, property damage (track, building, etc.), environmental contamination, evacuation, and injury
or death. Based on these consequences, an ETA was constructed. Through evaluation of the
detailed reports for the 40 DG main-track train derailments, the relative frequency of each
consequence was calculated (Figure 40) considering that the relative frequencies would provide
for an approximation of the actual probabilities for each ETA branch (frequentist approach). It is
acknowledged that past performance is not necessarily an indicator of future performance;
however, these statistics are considered relevant given that rail operations have not seen significant
changes during the period of analysis. Notably, no sequence is evident between DG release,
explosion, fire, pool fire, property damage, environmental contamination, evacuation, and injury
or death, meaning they can occur simultaneously.
Table 9 shows how the frequency of DG main-track train derailment (class 1, 2, and 3
occurrences) was calculated. The second column of the table indicates originated DG carloads for
each year. These were extracted from RAC annual reports on the performance of Canada's railway
industry53,54. The third column of the table represents the number of DG main-track derailments
(class 1, 2, and 3 occurrences) investigated and reported by the TSB each year. This number does
not include all DG main-track derailments (class 1, 2, and 3 occurrences) that happened each year
as not all were investigated by the TSB. The accident rate was derived from the division of the
third column by the second column, multiplied by 1000 to represent the accident rate per 1000 DG
carloads.

Year
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017

Originated DG
carloads
426,789
422,764
379,650
400,318
425,124
428,660
493,360
576,226
491,802
436,053
504,620

Number of DG main-track
derailment (class 1, 2, and 3
occurrences) reported by TSB
6
3
7
8
2
1
6
6
4
2
1

Accident rate
(accidents per 1000
DG carloads)
0.014
0.007
0.018
0.020
0.005
0.002
0.012
0.010
0.008
0.005
0.002
Average = 0.009

Table 9 DG main-track train derailment (class 1, 2, and 3 occurrences) frequency calculation

53
54

Railway Association of Canada. (2017). Rail trends. www.railcan.ca
Railway Association of Canada. (2018). Rail Trends. www.railcan.ca
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Figure 40 ETA for 40 DG main-track train derailments.
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The ETA results show the most likely scenario leading to deaths or injuries had a frequency of
0.0007 accidents per 1000 DG carloads. This was related to DG main-track train derailments with
tank car damage, followed by DG release and property damage consequences. Surprisingly, no
explosion, fire, pool fire, environmental contamination, or evacuation occurred in this scenario.
The other scenarios that caused fatalities or injuries were less frequent, and all had a similar
frequency of 0.0002 accidents per 1000 DG carloads.
Scenarios of DG main-track train derailments with no tank car damage, no DG release, no
explosion or fire, no property damage, no environmental contamination, no evacuation, and no
injury or fatality had a frequency of 0.0005 accidents per 1000 DG carloads.
Overall, the highest frequency was 0.003 accidents per 1000 DG carloads, which corresponded
to a DG main-track train derailment with no tank car damage, no DG release or fire, no
environmental contamination, no evacuation, and no injury or fatality. The only negative
consequence of this branch of derailment was related to property damage, such as vehicle and
railway track damage.
Finally, by using RCA and ETA results, a BTA diagram was created to illustrate the
relationships between the causes and consequences of a loss of containment event and propose
some useful practical mitigation and prevention measures (Figure 41).

Figure 41 BTA diagram based on 40 DG main-track train derailments.

Tables 10 and 11 present preventative and mitigative strategies.
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Cause
Weakness in risk
assessment

Symbol
A






Increased traffic
tonnage

B

Cold weather

C

Rail defect

D

Weaknesses in
regulation

E

Weaknesses in
guidelines

F

Weaknesses in
training

G

Weakness in railway
standards

H

Weaknesses in audits

I































Performing
infrequent tasks by
employee

J

Human error

K









Preventive measure
Conducting route planning
Documenting risk assessments
Identifying risks and implementing mitigation measures and
subsequent monitoring to assess their effectiveness
Risk assessment when making significant operational changes on
the network
Employees must be kept abreast when changes occur in rules
Increased track maintenance demands resulting from increased
traffic tonnage
Developing an extreme cold weather inspection policy
Establishing a cold weather temporary speed restriction
Immediate remedial action
Performing inspection by railway and TC
Using new technologies for inspection
Railway’s risk assessment
Place a slow order on the track
Increased track maintenance demands resulting from increased
traffic tonnage
Increasing the investment for maintenance activities
Rules promote the use of proven new technologies for inspection
Defining regulatory requirements for proven technologies (e.g.,
performance based on tool’s metrics)
Modifying railway track inspection guideline for joint inspection
Improving railway guidance regarding rail grinding
Adequate mentoring and support during training, providing space
for asking questions and making mistakes as part of learning
Having practical training alongside online training
Assessing crew’s ability with appropriate tests
Supervisory oversight and on-the-job coaching
Providing clear rules and instructions to employees
Improving and modifying railway standards regarding REB
monitoring
Providing adequate guidance for dealing with wheel impacts
Auditing railway’s SMS by TC in sufficient depth and frequency
Internal operational audits performed within railways
Follow-up to verify that the corrective action plans have been
implemented
Verifying rules and instructions are being followed
Monitoring of regional audits (external)
Employees must have access to the necessary reference materials
Having checklist or independent verification for performing
infrequently tasks
Adequate training
Assessing crew’s ability with appropriate tests
Providing sufficient training
Observing employees unannounced
Proactive safety culture
Formally assess or document safety culture within regulatory
inspections or audits
Effective railway’s employees oversight program

Table 10 Preventive measures.
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Consequence

Symbol


Tank car damage

L











Mitigative measure
Reducing track speed for Class 3 flammable liquids. Requires
adequate study on speed-consequence relationships
Thicker steel
Not attaching tank car stub sills directly to the tank shell
Design improvements to BOV’s handle
Full-height head shields
Providing top discontinuity protection for tank car top fitting
Jackets and thermal protection on tank cars combined with
adequate pressure-relief
Periodic assessments of the safety risks along the selected route
Route planning and analysis
Shipper develop an adequate regulator-approved Emergency
Response Assistance Plan (ERAP)
Using tank cars that are sufficiently robust and more impact
resistant

Property damage

M

DG release

N

Fire, pool fire and
explosion

O



Using tank-car thermal protection

P







Periodic assessments of the safety risks along the selected route
Route planning and analysis
Accurate sign-in/sign-out records
Implementing site control measures
Constructing road access for emergency response in remote
locations if possible
Shipper develop an adequate regulator-approved Emergency
Response Assistance Plan (ERAP)
Accurate information on safety data sheets (SDS) for
communicating the dangers of the product
Periodic assessments of the safety risks along the selected route
Route planning and analysis
Shipper develop an adequate regulator-approved ERAP
River and lake shoreline surface restoration
Planting program to return the lost vegetation species
Mobile wastewater treatment units
Removing containment soil from derailment site

Deaths and injuries






Evacuation

Q

Environmental
contamination

R









Table 11 Mitigative measures

Applying BTA resulted in recognizing the relationship between basic and latent causes and
consequences and gaps in railway SMS elements (Tables 12 and 13).
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Causes
Weakness in risk assessment
Rail defect
Weaknesses in the regulation
Weaknesses in guidelines
Weakness in training
Weakness in railway standards
Weakness in audits
Performing tasks infrequently by employee
Human error
Cold weather

Gaps in SMS element
Element 4: Process risk management
Element 6: Process and equipment integrity
Element 10: Company standards, codes, and regulations
Element 10: Company standards, codes, and regulations
Element 8: Training and performance
Element 10: Company standards, codes, and regulations
Element 6: Process and equipment integrity
Element 11: Audits and corrective actions
Element 2: Process knowledge and documentation
Element 7: Human factors
-

Table 12 Correlation between causes and gaps in SMS elements.

Consequence
Tank car or fuel tank damage
DG release
Fire, pool fire, and explosion
Deaths and injuries
Evacuation
Property damage
Environmental contamination

Gaps in SMS element
Element 6: Process and equipment integrity
Element 6: Process and equipment integrity
Element 6: Process and equipment integrity
Element 9: Incident investigation
Element 9: Incident investigation
Element 9: Incident investigation
Element 9: Incident investigation

Table 13 Relationship between consequences and gaps in SMS elements.

Moreover, to have a better and more complete understanding of accidents, causes, and
consequences, we expanded the results to include the entire database of 40 DG main-track train
derailments. The frequency in each category was identified to prioritize causes and consequences
from most to least frequent. As shown in Tables 11 and 12, each cause and consequence
demonstrate weakness in at least one SMS element. Therefore, finding the frequencies of each
allows the frequency of SMS element weaknesses to be calculated as well (Table 14).
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Ranking
1
1
2
3
4
5
6
7
7
8
Ranking
1
2
3
4
5
6
7
Ranking
1
2
3
4
4
5
6
Ranking
1
2
Ranking
1
2
3
4
5
6
7
8

Cause
Rail defect (or failure)
Weakness in the audit
Weaknesses in guidelines
Weakness in risk assessment
Weaknesses in regulation
Human errors
Weakness in training
Cold weather
Weakness in railway standards
Performing infrequently task by employee
SMS element (based on causes)
Element 10: Company standards, codes, and regulations
Element 6: Process and equipment integrity
Element 11: Audits and corrective actions
Element 4: Process risk management
Element 7: Human factors
Element 8: Training and performance
Element 2: Process knowledge and documentation
Consequence
Property damage
Tank car or fuel tank damage
DG release
Fire, pool fire, and explosion
Evacuation
Environmental contamination
Deaths and injuries
SMS element (based on consequences)
Element 9: Incident investigation
Element 6: Process and equipment integrity
SMS element ranking (total)
Element 6: Process and equipment integrity
Element 9: Incident investigation
Element 10: Company standards, codes, and regulations
Element 11: Audits and corrective actions
Element 4: Process risk management
Element 7: Human factors
Element 8: Training and performance
Element 2: Process knowledge and documentation

Frequency
25
25
15
13
11
10
7
4
4
3
Frequency
28
27
25
13
10
7
3
Frequency
35
23
17
12
12
9
7
Frequency
63
52
Frequency
79
63
28
25
13
10
7
3

Table 14 Causes, consequences, and SMS element rankings

As a result, the most common causes of DG main-track train derailments were identified as
rail defects or failure and weakness in auditing. The next were weaknesses in guidelines and in
risk assessment. Furthermore, the three most common consequences of these accidents were
property damage, tank car or fuel tank damage, and DG release, respectively. Prioritizing the
weaknesses in SMS elements confirmed that process and equipment integrity is the first SMS
element that needs to be improved. Incident investigation and company standards, codes, and
regulations are the next SMS elements that need enhancement.
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8.4 Insights from the Process Models Developed
Rail transportation is a safety-critical system55 that experiences catastrophic occurrences such
as train derailments. Our examination of investigated derailments shows weaknesses present in
railway SMS.
Our aim was to find and address these deficiencies by applying BTA, specifically to DG maintrack train derailments. We ranked the SMS elements to be enhanced as follows: 1) process and
equipment integrity; 2) incident investigation; 3) company standards, codes, and regulations; 4)
audits and corrective actions; 5) process risk management; 6) human factors; 7) training and
performance; and 8) process knowledge and documentation. Next, we present some practical
recommendations to improve these SMS elements as inspired by TSB reports.
Process and equipment integrity is the first and foremost SMS element that requires
enhancement. One of the main parts that requires more attention is reducing or preventing the
occurrence of rail defects and failures. Although ultrasonic tests are commonly used for rail
inspection and are useful in rail defect detection, defects of certain types, sizes, and locations may
not be identified due to technical limitations56. As a consequence, other novel technologies and
approaches are also being used to more effectively detect rail defects. For example, di Scalea et al.
(2006) worked with the Federal Railway Administration (FRA) on an ultrasonic detector combined
with laser sensors to better identify transverse defects under horizontal shelling57. Xiong et al.
(2017) proposed a three-dimensional laser profiling system (3D-LPS) to attain rail surface defect
information in a complex environment58. Zhang et al. (2015) studied acoustic emission (AE)
methods to detect track cracks at high speed59. In addition, performing more frequent inspections
by TC and railways could better identify rail deficiencies before they fail. Scheduling rail
inspections depends on many factors, such as limited track availability due to train traffic and
routine maintenance60. These challenges have driven some researchers to focus on finding
enhancements to rail inspection. Jeong et al. (2009) developed a Monte Carlo risk assessment
model to examine the relationship between different operational factors such as inspection
frequency and rail failures. Liu et al. (2014) aimed to optimize rail inspection frequency to
maximize safety and efficiency, showing the ideal rail inspection frequency varies with traffic
density, rail age, and inspection technology reliability61. Because rail deficiencies grow faster in
55
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colder weather, rail tests should be conducted more frequently during colder months of the year60.
After identifying rail defects, delays in remediation can accelerate rail defect progress. Yet, for
smaller, subcritical defects, the cost of immediate action outweighs the risks of failure56. Another
important factor that influences rail defect frequency and growth is increased traffic tonnage. Track
maintenance activity needs to be done more frequently as traffic tonnage increases, and sufficient
time and money also needs to be dedicated to rail maintenance. In some cases, placing a slow order
on defective track is also useful (report R15H0021).
Some measures improve incident investigations, such as enhanced communication. Providing
accurate DG information on Safety Data Sheets (SDS) and product quantities is vital so crews and
emergency responders involved with trains transporting DG (report R13D0054) can apply
appropriate control measures. It is the responsibility of the shipper to develop a regulator-approved
Emergency Response Assistance Plan (ERAP) that provides the resources required to assist local
responders (report R13D0054). Additionally, route planning and periodic risk assessment of DG
routes is necessary to identify the emergency response capability along the route, including site
access in remote areas (report R15H0013).
Another important factor in incident investigation involves the reliability of the reports. In
some cases, the crews are under considerable stress after an incident and cannot assess the situation
in a comprehensive and objective manner. Recognizing this, another qualified person sent to the
incident site as soon as possible can provide ‘cold eyes’ to assess the incident. Finally, the incident
investigation report should document all of the contributing factors and evidence. Yet,
investigators may not have received standardized and comprehensive training in accident
investigations. Providing a checklist of SMS and HFACS elements would help those completing
the report identify the contributing factors. These reports must be comprehensive and complete if
they are to be relied upon to identify gaps and enhance mitigation and control measures.
Our research also identified gaps in company standards, codes, and regulations. Following a
railway occurrence, determining the root causes of the failures is necessary to assess whether a
weakness in the company standards, codes, and regulations contributed to an increased likelihood
for the accident. Furthermore, company standards, codes, and regulations must be comprehensive
and consistent. Any inconsistency between them can lead to serious occurrences, such as what
happened in accident R13T0060; although the recorded wheel impact was condemnable under
AAR Rule 41, the WILD guidelines of CP permitted the wheel to remain in service until it failed
later and caused the train derailment. To prevent worker errors, company standards, codes, and
regulations should be clear and understandable such that all workers interpret them and respond in
the same manner. If workers have questions, additional references and supports must be available.
Unaddressed inconsistencies, ambiguities, and complexities can become embedded in workplace
training and workers’ training competencies for future tasks. Therefore, standards, codes, and
regulations should be continually enhanced as essential information is refined.
Our findings also suggest that audits and corrective actions require enhancement. SMS audits
are complementary to the inspection process in that they identify the causes of underlying unsafe
conditions to mitigate and prevent similar conditions in the future. An effective SMS audit is
performed in sufficient depth and frequency. For verified deficiencies in SMS, implementation of
corrective actions with follow-ups ensure corrective actions are effectively applied so that railways
140(10), 1–10. https://doi.org/10.1061/(ASCE)TE.1943-5436.0000697
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are capable of managing and mitigating risks. One of the most useful measures to improve audits
and corrective actions is performing internal audits (report R13D0054), as these help railways to
identify and address persistent gaps in the SMS before the regulator identifies them in its audit
program.
For process risk management, the transport and catastrophic release of DGs in populated or
environmentally sensitive areas results in the highest consequences. Route planning and periodic
risk assessments play a vital role in preventing and mitigating the risk associated with such events.
Route planning verifies factors that affect the probability and consequences associated with TDG,
such as operations, traffic, infrastructure, population density, and environmental conditions.
Ideally, the route with the lowest overall risk should be chosen. However, routing is difficult in
countries such as Canada with little route redundancy. If prevention and mitigation measures need
to be applied on a route, periodic risk assessment and auditing (especially after significant
operational changes) ensures the risks associated with TDG remain at an acceptable level.
Furthermore, documenting risk assessments and audits is necessary to reduce the frequency of
missing data and errors.
Human factors continue to contribute to rail occurrences. Those errors that frequently cause
accidents and incidents need to be identified62. Several approaches have been developed for this
purpose. The Computer-Aided System for Human Error Analysis and Reduction (CAS-HEAR)
helps analysts to find multiple levels of errors and their causal relationship (Kim et al., 2010).
HFACS is a popular approach for analyzing human errors more specifically. Li et al. (2019)
proposed a hybrid method based on HFACS and Systems–Theoretical Accident Modelling and
Processes (STAMP) to identify and analyze the role of human errors in railway accidents63. Zhan
et al. (2017)63 developed another hybrid method based on the HFACS-Railway Accidents
(HFACS-RAs) framework to identify and assess human and organizational factors contributing to
railway occurrences.
Following the identification of human errors, appropriate prevention and/or mitigation
strategies can be developed and implemented64. Conducting regular team meetings strengthens
teamwork65. Sufficient training for employees equips them with the resources they need to perform
their jobs. Online training is beneficial for improving employee knowledge; however, practical
training should also be provided trainees alongside online training to help trainees learn how to
apply knowledge and skills in practice (report R15H0021). One situation that can cause human
error is doing non-routine tasks; checklists would ensure every step has been completed. Sufficient
mentoring and support help trainees identify their weaknesses and address them, especially for
non-routine tasks66. Supervisors also need training to ensure they can provide appropriate guidance
62
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for workers. After starting the job, regular assessment of worker and supervisor competence
ensures they are capable of properly applying their knowledge in practice. Unannounced
observations of workers on the job and effective oversight ensures workers follow standard
operating procedures and do their job properly. Regular tracking of employee assessments by
specific supervisors and corrective actions (including work suspensions) is another preventive
measure65. Another potential measure to prevent and mitigate human errors is enhanced systems
for train control that alerts crews if they do not respond appropriately to a signal or other restriction
and may stop trains or reduce their speeds (report R07E0129).
Lastly, process knowledge and documentation have a prominent role in several SMS elements,
as already discussed above (e.g., incident investigation, process risk management, human factors).
Essential reference materials must be documented, regularly updated, and easily accessible for all
employees in required situations. Organizing the company’s rules, supplements, and general
operating instructions in multiple documents/platforms makes version control, interpretability, and
accessibility difficult, if not impossible (report R13D0054). When employees need to work with
new equipment, any special rules, regulations, training, and competency assessments must be
established in advance65. Standardization through process documentation is essential for the
organizations to ensure consistency in operation. Uggan (2006) suggests documenting how the
best performers perform their tasks, which the company then standardizes67.
In sum, our research leverages process safety management tools, which we use to suggest
methods for railway operators, contractors, suppliers, and regulators to identify leading indicators
as well as prevention and mitigation measures for DG main-track train derailments. The aim of
leading indicators is to identify the potential for an incident and prevent one from occurring68. For
example, some rail defects are more likely to cause a rail failure and derailment than others (report
R14W0256). Inconsistencies between company standard operating procedures, codes, and
regulations are another indicator of potential errors. By reassessing these, gaps in companies’ SMS
can be identified and mitigated.

9 Analysis of the Role of Human Factors in Selected Rail
Occurrences
Information on railway incidents in Canada, including location and time, track and train type,
train speed, injuries and fatalities, and a summary of each, is available through the TSB’s RODS.
RODS includes reportable near misses and loss incidents for federally regulated operations. The
TSB further conducts detailed investigations of a subset of these incidents. This study analyzes 42
main-track derailments and seven collisions that involved TDG in Canada from 2007 to 2018 and
were investigated in detail by the TSB.
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Ungan, M. C. (2006). Standardization through process documentation. Business Process Management Journal,
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9.1 Safety Management Systems (SMS)
SMS allow for comprehensive evaluations of the process, equipment, procedures, and
organizational factors of an organization to ensure all hazards are recognized and managed69.
Lefsrud et al. (2020) discussed the advantages of SMS in rail operations, and how performancebased regulations for SMS compliance can provide a comprehensive framework for rail safety
improvements70. SMS for rail safety in Canada is regulated through the Railway Safety
Management System Regulations71. This SMS has been tailored towards rail transport. To analyze
the specifics of TDG, an SMS tailored to the production, storage, management, and transport of
DG was adopted. The SMS adopted in this study consists of 12 elements and their components
and was originally proposed by the Center for Chemical Process Safety (CCPS) of the American
Institute of Chemical Engineers (AIChE) in 200769. Table D (Appendix B) presents the SMS
elements and definitions used in this study. The SMS was used as a framework for incident
classification in this study, and the insights from the review are general in the sense they do not
refer to any particular SMS and are easily associated with any specific SMS adopted by rail
operators on the basis of the regulation.

9.2 Human Factors Analysis and Classification System (HFACS)
HFACS is a broad human error framework that was originally used by the US Air Force to
investigate and analyze human factors in relation to aviation72. HFACS is a stand-alone approach
that considers the role of management and the organization in the occurrence of loss incidents and
identifies latent errors. More importantly, HFACS aids in understanding the relationships between
failures at different levels of a system. This method can help organizations identify weaker areas
in their safety systems and implement targeted, data-driven interventions73. Figure 42 shows the
HFACS model from Shappell and Wiegmann (2001)72. It consists of four levels of potential
failures in the organization (Unsafe acts, Preconditions for unsafe acts, Unsafe supervision, and
Organizational influences). At least one failure is required at each level for a loss incident to occur.
If the failures in the organization are corrected at any one of the levels, the loss incident can be
prevented. Each level is divided into subcategories that are associated with a set of criteria to aid
in grouping the causes associated with human factors within the organization74. The main levels
of the HFACS will be described in the following sections and a brief explanation of the HFACS
categories is listed in Table F (Appendix B). HFACS is a widespread tool employed by different
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industries, such as mining75, aviation76, maritime77, and process industries78. Given its utility in
examining multi-level individual-organizational factors, HFACS has also been applied to rail
transportation outside of Canada79,80.

Figure 42 The HFACS Framework (modified from Shappell & Wiegmann, 2001)72.
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Bottom level: Unsafe acts
Unsafe acts are classified into two categories: Errors and Violations. Errors are classified into
three subcategories: Skill-based errors, which tend to happen during routine activities and occur
when the individual has the right knowledge, skills, and experience to do the task correctly but
their focus is diverted from the task; Decision errors, which are associated with an individual's
incorrect judgment in a specific situation and wrong response to an emergency situation; and
Perceptual errors, which occur if an operator’s perception is degraded and a decision is made based
on the wrong information. Violations are categorized into two subcategories: Routine and
Exceptional. Routine violations are common actions of the operator and are tolerated by the
organization (normalization of deviance). Exceptional violations are not acceptable by the
organization81, 82.
Second level: Precondition for unsafe acts
Preconditions for unsafe acts are grouped into three categories: Environmental factors,
Condition of operators, and Personal factors. Environmental factors refer to the physical and
technological environment. Physical environment refers to the characteristics of the location of
operations. Technological environment refers to the design of equipment and controls,
characteristics of user interfaces, degree of automation, etc. The condition of operators such as
fatigue, stress, and a loss of situational awareness refers to the mental state that can affect an
individual’s activities and result in unsafe situations. Personal factors refer to crew resource
management and personal readiness. Personal factors refer to circumstances and performance of
individuals that can result in human errors or dangerous situations81,82.
Third level: Unsafe supervision
Unsafe supervision is grouped into four categories: Inadequate supervision, Planned
inappropriate operations, Failure to correct a known problem, and Supervisory violations.
Inadequate supervision refers to the provision of inadequate training, leadership, and management.
Planned inappropriate operations include decisions that might be acceptable during extraordinary
situations but are not acceptable during normal operations. Failure to correct a known problem
includes situations in which deficiencies are identified but no action is taken to correct them.
Supervisory violations are situations in which rules and regulations are intentionally disregarded
by supervisors81,82.
Top-level: Organizational influences
Essentially, organizational process is the foundation for positive safety outcomes, but it must
be nurtured by the proper organizational climate for successful safety outcomes. The gap of
organisational process is generally remedied by implementing a management system.
Organizational influences are grouped into three categories: Resource management,
Organizational climate, and Organizational process. Resource management refers to
81
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organizational decisions about the maintenance and distribution of assets. Organizational climate
describes the working environment of the organization. Organizational process discusses the
organizational decisions and rules that govern the routine activities in an organization 81,82.

9.3 Statistical Analyses
Once incidents were categorized according to this HFACS framework, chi-square (X 2)
analysis was used to quantify the association between adjacent sub-categories. Relative errors were
calculated following Goodman and Kruskal’s lambda (λ)83. The statistical analysis finds
relationships between adjacent sub-categories of the HFACS but does not provide insight into the
interrelationships between different HFACS subcategories84; the latter is necessary for
understanding how human errors can initiate and propagate, therefore influencing the safety of the
organization85. We then used the Decision-Making Trial and Evaluation Laboratory (DEMATEL)
method combined with the Analytic Network Process (ANP) method to find the interrelationships
between the subcategories of the HFACS framework and calculate the weight of each in the
railway loss incidents86. The combination of the DEMATEL and ANP approaches is referred to as
DANP, and has been shown to be a robust approach to solve Multiple Criteria Decision-Making
(MCDM) problems87.
Chi-square test (χ2) and Kruskal’s lambda (λ)
A chi-square test measures the similarity of two random samples of categorical variables. The
null hypothesis (H0) of the chi-square test indicates no relationship between different categorical
variables in the HFACS framework (i.e., the variables are independent). The alternative hypothesis
(H1) indicates different factors of HFACS are associated with each other. By conducting the chisquare test with a significance level (α) of 0.05 (adopted here), the limit value χ a2 = 3.8488. If the
data render a test value of χ 2 greater than χ a2, the null hypothesis is rejected and H1 is accepted,
which means a correlation exists between sub-categories of the HFACS framework. Kruskal’s
lambda (λ) is usually used to calculate the proportional reduction in error, with nominal variables,
to determine an asymmetrical (directional) degree of association89. Lambda ranges between 0 (no
83
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association or very weak association) and 1 (significant association). Lambda also has the
advantage of being a directional statistic, which is consistent with the HFACS framework89.
The DEMATEL method
DEMATEL is mainly used to visualize the relationships between the sub-categories of the
HFACS framework, which is done through a causal relationship diagram90. DEMATEL is an
applicable method to evaluate the interdependent relations between the criteria in a complex
system. DEMATEL groups the criteria into causes and effects and attempts to identify direct and
indirect relationships between them91. The relationships in DEMATEL are not necessarily
reciprocal (e.g., the effect of variable A on variable B can be different than the effect of variable
B on variable A). This makes DEMATEL suitable for investigating directional cause-effect
relationships. The DEMATEL method can be summarized as follows86:
Step 1. Define a direct-relationship matrix through expert elicitation. A total of experts ranks
the degree to which criterion affects criterion, for all subcategories of the HFACS framework. The
ranking consists of five levels: 0 (no influence), 1 (low influence), 2 (moderate influence), 3 (high
influence), and 4 (very high influence). The elicited matrices, for each expert elicitation exercise,
are the following:

Ak  ak ij 
nn

(Eq. 3)

in which 1 < k < P and is the number of subcategories the HFACS framework. The average matrix,
X, is known as the initial direct-relationship matrix:
1 P
 xij    k 1  aijk 
nn
P

(Eq. 4)

Step 2. Normalize the average direct-relationship matrix to obtain matrix D by calculating :
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(Eq. 5)

D   X

(Eq. 6)

Step 3. Calculate the total-relationship matrix as follows:

T  limk  ( D  D2  ...  Dk )  D( I  D)1  tij 

nn

i, j  1, 2,..n

(Eq. 7)
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where I represents the identity matrix.
The sum of the rows (R) and the sum of the columns (C) of the total-relationship matrix T can
be calculated as:

 n 
R   ri n1    tij 
 j 1 n1
C  c j 

(Eq. 8)

n

1n

 ( tij )1n

(Eq. 9)

i 1

The “centrality”, calculated as R+C, indicates the relative importance of each subcategory of
the HFACS framework. The “causality”, calculated as R−C, allows the subcategories to be
grouped into causes (positive values) and effects (negative values).
Step 4. Define a threshold to eliminate relationships of negligible significance. Relationships
below this threshold are eliminated (changed to zero) to reduce the complexity of the matrix.
The ANP method
The ANP method is commonly employed to solve MCDM problems as it is a more robust
approach than the Analytical Hierarchy Process (AHP) for these types of problems86. The ANP
method considers the dependency within each subcategory of the HFACS framework (inner
dependency) and between different categories of the HFACS framework (outer dependency). The
approach consists of the following87:
Step 1. Establish a pairwise comparison matrix to provide a network among the subcategories
of the HFACS framework. The comparison is performed between the subcategories of the HFACS
framework using Saaty’s scale (Table 15).
Intensity of importance
1
3
5
7
9
2, 4, 6, 8

Definition
Equal importance
Moderate importance
Strong importance
Very strong importance
Absolute extreme importance
Intermediate values

Table 15 Saaty’s 1–9 pairwise comparison scale92.

The eigenvector (also referred to as the priority vector) for each subcategory of the HFACS
framework is calculated from this equation:

A W  max W ,
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aij

aij  0

(Eq. 10)

Saaty, T.L. (1996). The Analytic Hierarchy Process, McGraw-Hill, New York, 1980; and RWS Publications, 4922
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where A, W, and λmax are the pairwise comparison matrix, eigenvector (priority vector), and
the largest eigenvalue, respectively93. A consistency ratio (CR) is then calculated to measure the
consistency of the answers of the expert (one person or a team of persons) who completed the
pairwise comparison:
CR  ((max  n ) / (n  1)) / RCI

(Eq. 11)

where n, λmax, and RCI are the size of the matrix A, the largest eigenvalue of the matrix A,
and the random consistency index, respectively. The RCI depends on the size of the matrix A and
is calculated from Table 16.
1 2 3

n

4

5

6

7

8

9

10

11

12

13

14

15

RCI 0 0 0.58 0.9 1.12 1.24 1.32 1.41 1.45 1.49 1.51 1.48 1.56 1.57 1.59
Table 16 Random consistency index (Saaty, 1996)90.

The answers are consistent if CR is equal to or less than 0.1.
Step 2. Construct a super-matrix. The eigenvectors (priority vectors) are placed into the supermatrix using Eq. 12:
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(Eq. 12)

In the super-matrix, Cn (n=1,2..,n) represents the clusters of the HFACS framework, and enm
represents the mth subcategory of the HFACS framework in the nth cluster. Wij represents the
eigenvector (priority vector) of each subcategory in the jth cluster to the ith cluster. If there is no
relationship between these, wij=0.
Step 3. Calculate the weighted super-matrix by multiplying the total-relationship matrix (T)
from the DEMATEL method and the un-weighted super-matrix from Step 2. In traditional ANP,
the matrix is normalized by dividing each subcategory in a column by the sum of the corresponding
column. Therefore, each column sums to unity, which means each cluster has the same weight.
The disadvantage is that clusters that may have different influences on other columns are not
considered. To address this shortcoming, the total-relationship matrix T from DEMATEL is used.
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To normalize T, the value for each subcategory of the HFACS framework in the matrix is divided
by the sum of each row in the matrix s n (n  1, 2,..., n ) using Eq. (13):

t /s
t /s
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 11 1
t /s
t / s
T
  21 2 22 2
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 M
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 n1 n n 2 n
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(Eq. 13)

The normalized matrix is transposed using Eq. 14:
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The transposed matrix is then multiplied with the un-weighted super-matrix (W) to obtain the
weighted super-matrix:
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(Eq. 15)

Step 4. Obtain the limited super-matrix to find the final priority weights of the subcategories.
The weighted super-matrix Q is multiplied by itself sequentially until the resulting matrix becomes
stable (no variability in the matrix elements):
Q  limQn

(Eq. 16)

n

The final priority weights of the subcategories are obtained from the relative rows of the limited
super-matrix Q1.
In this study, MATLAB was used to code these procedures and subcategories with the highest
weights in Q1 were identified as key leading indicators for rail transport safety. A flowchart of the
methods described is presented in Figure 43.
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Figure 43 Flowchart of the steps described in the proposed methodology.

9.4 SMS Approach to Main-track Train Derailments and Collisions
The causes of main-track derailments and collisions from 2007 to 2018 inclusive were
classified using the SMS elements and components. An example of the classification is shown in
Table 17 for TSB incident Report No: R14W0256. This incident occurred on October 7, 2014.
Freight train A40541-05 was heading west on main-track. The train derailed at Mile 74.58 near
Clair, Saskatchewan. A total of 26 cars, including six tank cars filled with DG, overturned. Two
tank cars loaded with petroleum distillates (UN 1268) released their product and caught fire94.
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Transportation Safety Board of Canada. (2014). Main-track derailment Canadian National railway freight train
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Risk Tolerance Strategy for Rail Transport of Dangerous Goods

54

SMS element

Justification

Process risk management
a) Hazard identification
a)
b) Analyzing the risk of b)
operation
c) Reduction of risk
c)
Audits and corrective actions
Process and equipment integrity
a) Reliability engineering

Capital project review and
design procedures:
a) Hazard reviews

b) Process design and
review procedures

The absence of thermal protection was an unseen hazard.
Plans in place to analyze the risk of operations were insufficient, as
there was no thermal protection for tank cars.
As a result of not identifying the hazard, there were no solutions to
reduce the risk of the operation.
Robust auditing would have identified the problem of the tank cars’
thermal protection.
a) For monitoring and inspection of tank cars. Robust inspection
programs could have allowed cost-effective correction of lack of
thermal protection.

a) The potential risks were not identified for TDG with these tank
cars, and mitigation strategies were not identified and
implemented.
b) A robust review of processes and procedures by upper management
and supervisors would have identified deficiencies and solutions to
mitigate potential risks of tank cars without thermal protection.

Table 17 SMS classification of latent errors for incident Report No. R14W0256.

This methodology was applied to the 42 detailed TSB loss incident investigations and the
frequency of latent error classification per SMS element is presented in Table 18 and illustrated in
Figure 44.

Table 18 Frequency of latent error classification per SMS element
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Figure 44 Distribution of errors for each SMS element.

The results of classifying the causes of main-track derailments and collisions within the SMS
approach indicate that process risk management, audits and corrective actions, and process and
equipment integrity are the main elements where latent errors occurred.
Table 18 and Figure 44 show that latent errors are most frequent in Risk management,
accounting for approximately one-fifth of all latent errors. This provides clear direction for
managers to allocate resources towards enhancing procedures associated with the identification,
assessment, and control of risks associated with rail transport of DG.
Latent errors in Audit and corrective actions are responsible for approximately 15% of all latent
errors. Safety audits are one of the strategic methods to measure the status of safety management
efforts and progress in safety69. The proportion of latent errors in Audit and corrective actions is
considerable. Therefore, some actions, such as hiring, training, and assessment of employees for
taking ownership of performing these tasks and continuous follow-up of implementation of
recommendations, can substantially improve the performance of auditing and corrective actions.
Latent errors in Accountability comprise approximately 12% of all latent errors. The goal of a
safety accountability system is to develop safety behaviors using standards, assessments, and
consequences69. Improving safety behaviors of employees across the organization will enhance
safety performance, reducing the opportunity for loss incidents involving rail transport of DG.
Actions toward improving safety behaviors might include providing feedback and comments on
employee performance, developing a culture of trust and communication in the work environment,
and specifying the outcomes and consequences of risky behaviors in the organization95.
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Most latent errors in the SMS were identified as related to human factors. However, the exact
contribution of human factors in the SMS is difficult to identify, and therefore the application of
HFACS is intended to clarify these contributions to enhance rail transport safety strategies.

9.5 Human Factor Analysis for Main-track Train Derailments and
Collisions through HFACS
Examples of human factor classifications in the HFACS framework, and the justification for
the classification, are presented in Table 19. Application of HFACS to the TSB rail incident reports
reveals that organizational oversight, inadequate supervision, and lack of positive safety culture
are the main areas in which the reported human errors are classified.
At Level 1, Unsafe acts, the most frequent classifications are decision errors (38%) and skillbased errors (35%). In the next level, Precondition for unsafe acts, the most frequent classifications
are crew resource management (29%), which is typically related to good communication skills and
team coordination, and personal readiness (29%), which is mainly due to inadequate training. At
level 3, Unsafe supervision, the most frequent classification is inadequate supervision (50%). At
the top level, Organizational influences, oversight (31%) and culture (22%) are the most frequent
classifications.
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Table 19 Examples of human factor classifications in the HFACS framework on railway loss
incidents.

Classifications into the HFACS categories and sub-categories were performed by two members
of the research team, with assignments showing a strong agreement between them. The frequency
and percentage of human factor categories and sub-categories are shown in Table 20 and illustrated
in Figure 45.
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Table 20 Frequency and percentage of human factor categories for rail derailments and collisions
investigated
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6%
13%
Unsafe acts
Precondition for unsafe acts
Unsafe supervision

52%

Organizational influences

30%

Figure 45 Percentage of human factor categories for rail derailments and collisions investigated.

As Table 20 and Figure 45 show, latent errors associated with organizational influences
account for over half of all latent errors. In this regard, Shappell et al. (1998) hypothesized that
insufficient decisions of upper managers negatively affect supervision activities, which may
influence the behaviors of frontline operators75.
Table 20 and Figure 45 clearly show that latent errors in supervision are responsible for
approximately 30% of all latent errors. According to the HFACS framework, supervision is the
intermediate layer in the system, which is influenced by upper-level managers and has influences
on lower levels of the system. This result suggests enhancing the performance of upper-level
managers regarding adequate feedback, training, and resource facilitation to frontline workers can
substantially reduce the frequency of latent errors in the lower levels of the system.
Furthermore, Table 20 and Figure 45 show that latent errors in Precondition for unsafe acts
and Unsafe acts account for approximately 18% of all latent errors. Unsafe acts are the first layer
of the HFACS framework and are associated with the actions of frontline operators.

9.6 Association Analysis for Main Categories and Their Interdependency
The HFACS subcategories are considered associated with each other if the value of the chisquare is greater than 3.84, for a significance value of 0.05. If the lambda value is greater than 0.5,
the relationship was considered to be significant. The results are presented in Table 21 for all pairs
with chi-square values greater than 3.84 (18 relationships). The lambda value was zero in one
relationship and greater than 50% in nine other relationships within the 18 considered.
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Significant correlation among human factors in the HFACS
Chi-square
framework
HFACS level 4 association with level 3 categories
Resource management to Supervisory violation
34.314
Resource management to Planned inappropriate operations
34.650
Resource management to Failed to correct known problem
31.500
Organizational climate to Inadequate supervision
6.735
Organizational climate to Planned inappropriate operations
50.217
Organizational climate to Failed to correct known problem
53.90
Organizational climate to Supervisory violations
33.971
Organizational process to Inadequate supervision
21.672
Organizational process to Planned inappropriate operations
60.930
Organizational process to Failed to correct known problem
64.946
Organizational process to Supervisory violations
42.524
HFACS level 3 association with level 2 categories
Planned inappropriate operations to Crew resource management
5.367
Supervisory violations to Personal readiness
7.467
Supervisory violation to Crew resource management
7.467
HFACS level 2 association with level 1 categories
Physical environment to Skill-based errors
3.93
Physical environment to Decision errors
4.95
Technological environment to Skill-based errors
7.467
Personal readiness to Decision errors
3.94

Lambda

0.848
0.868
0.821
0.000
0.818
0.867
0.538
0.034
0.723
0.771
0.452
0.250
0.333
0.333
0.333
0.333
0.600
0.250

Table 21 Chi-square and lambda values for the relationships between the HFACS sub-categories

The strength of the relationships, based on the lambda values, is illustrated in Figure 46.
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Figure 46 Strength of the relationships between different levels in the HFACS framework based on
the lambda values.

At the top level (level 4 – Organizational influences) of HFACS, errors classified as Resource
management (human resources, budget resources, and equipment resources) were strongly
identified as frequently leading to errors classified as Supervisory violation, Planned inappropriate
operations, and Failed to correct known problems at level 3. Improving resourcing and increasing
the effectiveness of the resources available (e.g., improving the quality of training and audits) are
potential approaches to reduce errors in this category. Errors classified within Organizational
climate (structure, policy, and culture of the organization) were strongly identified as frequently
leading to errors classified within Planned inappropriate operations, Failed to Correct Known
Problem, and Supervisory Violations, within level 3. There is a very weak correlation between
errors in the category leading to errors classified as Inadequate supervision. A positive and robust
safety culture, including effective communications and well-developed organizational learning,
would address these errors. It is acknowledged that culture change in an organization is a
challenging task; however, the results of our analysis indicate the benefits would outweigh the
efforts needed. A robust safety culture would be required at each level of the organization;
however, it stems from the top level of the HFACS framework, driven by upper levels of
management, and spreads throughout the organization. A robust and positive safety culture can be
achieved through targeted and effective interactions between supervisors, managers, conductors,
engineers, and other rail transport employees.
At level 4 of the HFACS, errors classified as Organizational processes (standards, procedures,
risk management programs, etc.) were strongly identified as frequently leading to errors classified
within Failed to correct known problems and Planned inappropriate operations. There were weak
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to moderate correlations to errors classified as Inadequate supervision and Supervisory violations.
Errors classified within Organizational processes are commonly associated with system failures in
all subcategories of level 3 (Unsafe supervision)83. This was also the case for the rail transport
incidents investigated here, although stronger correlations were found for errors classified as
Failed to correct known problems and Planned inappropriate operations. Therefore, corrective
actions can be targeted to reduce errors in this category. These actions can include a combination
of changes in procedures, standards that reflect the physical environment of rail transport
operations, and more robust methods for training and inspecting.
At level 3 of the HFACS (Unsafe supervision), Planned inappropriate operations (e.g.,
inadequate operation sequence design, crew scheduling or selection, inadequate supervision) were
weakly to moderately identified as leading to errors classified as Crew resource management
failures at level 2 (Preconditions for unsafe acts). A potential situation may include a rail conductor
and an engineer, with no experience along a particular region, or rail corridor, being paired to
operate a train in the new environment. Errors classified as Supervisory violation were weakly to
moderately identified as leading to errors classified as Crew resource management and Personal
readiness at level 2. Examples would include inadequate instructions to crew members or
inadequate scheduling.
At level 2 (Preconditions for unsafe acts), errors classified as Personal readiness were weakly
to moderately identified as leading to errors classified as Decision errors at level 1 (Unsafe acts).
A common example in the context of main-track train movements is conductors, engineers,
maintenance crews, and field and track supervisors without proper rest or going through personal
situations that impede them from focusing on their tasks. Errors classified within Physical
environment (e.g., weather, physiography, lighting, equipment, and infrastructure conditions) were
weakly to moderately identified as leading to errors classified as Skill-based errors and Decision
errors at level 1. Common examples include errors associated with operational pressures under
extreme weather conditions (e.g., application of hand brakes under Canadian winter conditions).
Errors classified within the Technological environment category (e.g., inadequate design of
equipment and controls, displays, interfaces, checklist layouts, automation, etc.) were strongly
identified as frequently leading to errors classified as Skill-based errors. Common examples
include errors that arise from complex equipment operations or unclear user interphases for
semiautomated tasks.

9.7 DEMATEL Applied to the HFACS Classification of Rail
Transport Derailments and Collisions
Following the procedures detailed in the previous section, the initial direct-relation matrix was
elicited for the subcategories of the HFACS framework (Figure 47). The matrix was then
normalized using Eqs. (4) and (5), and the total-relation matrix was derived using Eq. (6), as shown
in Figure 39. Sums of the rows and columns were used to calculate the centrality (R+C) and
causality (R−C). These are presented in Table 22.
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Figure 47 The initial direct-relationship matrix D.
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Figure 48 The total-relationship matrix.

A1
A2
A3
B1
B2
B3
B4
C1
C2
C3
C4
C5
D1
D2
D3
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R

C

RC

R C

1.2323

0

1.2323

1.2323

1.3794

0

1.3794

1.3794

1.3620

0

1.3620

1.3620

0.4713

0.3

0.7713

0.1713

0.3500

1.0300

1.38

-0.68

0.1125

1.0300

1.1425

-0.9175

0.6450

0.8

1.445

-0.155

0.375

0

0.375

0.375

0.5

0

0.5

0.5

0.3376

0

0.3376

0.3376

0.125

1.601

1.726

-1.476

0.475

0.36

0.835

-0.115

0.25

1.0399

1.2899

-0.7899

0.25

1.6992

1.9492

-1.4492

0.125

0.2

0.325

-0.075

0.25

0.18

0.43

0.07

Table 22 Values of R, C, centrality, and causality in the DEMATEL approach
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A threshold value of 0.56 was selected from the total-relationship matrix to differentiate the
impact among main HFACS categories and define the Network Relationship Map (NRM) of main
categories (Figure 40). The causal diagram according to the DEMATEL approach is shown in
Figure 49.

Figure 49 NRM of main categories. Arrows show the casual relationship between the main
categories of the HFACS as applied to rail transport of DG in Canada.
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Figure 50 Causal relationship diagram for the subcategories of the HFACS framework

Positive values of R−C for A1, A2, A3, B1, C1, C2, C3, and D4 classifies them as causes leading
to the occurrence of errors classified as other subcategories of the HFACS. Negative values of
R−C for B2, B3, B4, C4, C5, D1, D2, and D3 classifies them as effects. Figure 50 shows that A2
(Organizational climate), A3 (Organizational process), and A1 (Resource management) have the
highest causality values (R−C). Therefore, they have the largest effect on other subcategories, and
the improvement of these subcategories would lead to enhanced incident prevention. Figure 50
also shows positive values of R−C for D4 (Violations), C3 (Condition of the operator), and C1
(Technological environment). However, they do not have a remarkable effect on the adjustment
and optimization of the whole system because the values of R1 and C1 are low.
B4 (Crew resource management) is classified within the effects group. The causality value
(R−C) for B4 is slightly less than zero, and the centrality value (R+C) is 1.445. Although B4 is
categorized as an effect, this analysis suggests it has a strong influence on the occurrence of other
errors in rail operations that lead to loss incidents. In this regard, assuring adequate scheduling,
skills, training, etc., as part of the management of rail conductors, engineers, maintenance of way
crews, etc., is very important with respect to reducing train derailments and collisions.

9.8 DANP Applied to the HFACS Classification of Rail Transport
Derailments and Collisions
In this step, pair-wise comparison matrices were elicited and reviewed by the authors. Two
criteria were compared in a group under the influence of another criterion with respect to Saaty’s
1−9 linguistic scale92. The eigenvectors (priority vectors) were then calculated to build the superRisk Tolerance Strategy for Rail Transport of Dangerous Goods
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matrix. Figure 51 shows an example of a pair-wise comparison matrix for the category of Unsafe
supervision under the influence of Resource management A1. In this table, B1 (Inadequate
supervision), B2 (Planned inappropriate operations), B3 (Failed to correct known problem), and B4
(Supervisory violations) were compared under the influence of A1. In the ANP method, the
subcategories of the HFACS framework have reciprocal values (e.g., in comparison to B1, the
intensity of importance level of B2 is 9 under the influence of A1 in the accident; therefore, in
comparison to B2, the intensity of importance level of B1 under the influence of A1 in the accident
is 1/9). After preparing the pairwise comparison matrices, the consistency ratio (CR) was
calculated for all matrices to ensure the responses are consistent. The eigenvectors (priority
vectors) were then calculated for all subcategories of the HFACS framework.
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3
1
3
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1
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0.0363
0.5033
0.1660
0.2950

CR= 0.09

Figure 51 An example of a pair-wise comparison matrix for the subcategories of the Unsafe
supervision under the influence of the Resource Management (A1)

The eigenvectors (priority vectors) were sorted into the super-matrix using Eq. (12) to obtain
the un-weighted super-matrix (Figure 52).
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Figure 52 The un-weighted super-matrix defined for the subcategories of the HFACS for train
derailments and collisions.

The next step was to transpose the total-relationship matrix obtained through the DEMATEL
method (Figure 48) and combine this with the un-weighted super-matrix (Figure 52) to calculate
the weighted super-matrix, following the steps detailed in the previous section. The weighted
super-matrix was normalized (Figure 53) and multiplied by itself iteratively until a stable supermatrix was achieved.
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Figure 53 The normalized weighted super-matrix defined for the subcategories of the HFACS for
train derailments and collisions.

The stable super-matrix represents the relative importance of each subcategory of the HFACS
in the occurrence of train derailments and collisions. A summary of the relative weights and overall
importance ranking is presented in Table 23.
Main categories of
the HFACS

Organizational
influences

Unsafe supervision

Precondition for
unsafe acts

Sub-categories
A1 (Resource
management)
A2 (Organizational
climate)
A3 (Organizational
process)
B1 (Inadequate
supervision)
B2 (Planned
inappropriate
operations)
B3 (Failed to correct
known problem)
B4 (Superviory
violations)
C1 (Technological
environment)
C2 (Physical
environment)

ANP evaluation
weight

Ranks

0.0349

14

0.0343

15

0.0329

16

0.0439

13

0.0655

10

0.0581

12

0.0643

11

0.0721

7

0.0755

6
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Unsafe acts

C3 (Condition of
operator)
C4 (Crew resource
management)
C5 (Personal
readiness)
D1 (Skill-based errors)
D2 (Decision errors)
D3 (Perceptual errors)
D4 (Violations)

0.0785

5

0.0789

1

0.0690

9

0.0788
0.0720
0.0786
0.0787

2
8
4
3

Table 23 DANP relative weights and overall importance ranking for the subcategories of the
HFACS

The most influential subcategories within Unsafe acts are D1 (Skill-based errors) and D4
(Violations); within Preconditions for unsafe acts are C4 (Crew resource management) and C3
(Condition of the operator); within Unsafe supervision are B2 (Planned inappropriate operations)
and B4 (Supervisory violations); and within Organizational influences are A1 (Resource
management) and A2 (Organizational climate).
These results indicate Skill-based errors have a strong influence on train derailments and
collisions within Unsafe acts. This further supports our previous findings that training programs
and qualifications as well as their associated causes identified through DEMATEL should be
prioritized, including how the organization and supervisors need to prepare appropriate work
scheduling for crews. Violations were identified as the second highest in influence within Unsafe
acts. To decrease violations, employees need to know their tasks accurately and understand the
outcomes of unauthorized behaviors. In addition, high-quality training, particularly in their trade
and in hazard identification and control, are also of utmost importance.
Crew resource management was identified as the top in importance within Preconditions for
unsafe acts. Failure to communicate and engage in effective teamwork are more likely to occur as
a result of inadequate Crew resource management. To improve communication and teamwork,
regular and effective meetings are required in which ideas are shared and feedback is welcomed
and encouraged. Condition of the operator, including mental fatigue, stress, and a loss of
situational awareness, has the second-highest rank of influence within Preconditions for unsafe
acts. Part of this is related to work shifts that lead to fatigue and to personal situations leading to
stress. The railway industry and TC have recognized that fatigue has been a problem for over 20
years and some actions have been taken to address this issue; however, fatigue is still a challenging
issue in the railway industry96. Effective fatigue management has been difficult due to
unpredictable start times in freight operations, long duty hours, and rotating day and night shifts97.
Fatigue management plans need to consider the nature of the operations (e.g., freight trains that

96

Rudin-Brown, C. M., Harris, S., & Rosberg, A. (2019). How shift scheduling practices contribute to fatigue amongst
freight rail operating employees: Findings from Canadian accident investigation. Accident Analysis and
Prevention, 126(September 2017), 64–69. https://doi.org/10.1016/j.aap.2018.01.027
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Wong, S. L., Michaud, I., Hirshkowitz, M., & Whiton, K. (2018). Fatigue Management in Rail, Marine and Air.
Watchlist. Transportation Safety Board of Canada. https://www.tsb.gc.ca/eng/surveillance-watchlist/multimodal/2018/multimodal-03.html
Risk Tolerance Strategy for Rail Transport of Dangerous Goods

70

work in a particular territory) as well as traffic density, traffic patterns, run length, and
geographical considerations98.
Planned inappropriate operations was identified as having the most influence on the
occurrence of errors within Unsafe supervision. Supervisory violations were identified as second.
As supervisors’ roles are key for successful crew performance and successful operations, the
organization needs to ensure supervisors understand their responsibilities to the regulatory
environment and to their crew members, the tasks in hand, the importance of robust safety culture,
and the importance of all risk controls in place. Simultaneously, senior management needs to
evaluate supervisors for performance and engagement with regards to safety culture.
Resource management was identified as having the most influence on errors within
Organizational influences. These would include including hiring, rewarding, and training
employees at all levels of the organization. Hiring and training priorities need to meet the
requirements for different levels of the organization, therefore minimizing the potential for
employees performing tasks for which they do not feel qualified or performing tasks beyond their
capacity. Organizational climate was identified as having the second-most influence on errors
within Organizational influences. Establishing clear values and objectives allows employees to
understand the expectations of the organization. This, together with consistent behavior from
management and supervisors, as well as empowering employees to take responsibility for safety,
enhances trust amongst employees at different levels and improves the organizational culture.

9.9 Comparison Between Our Findings and Findings Elsewhere
A comparison was made between the findings of this study and three other studies that focused
on the relationships between active and latent errors in the railway industry in other countries
through the application of the HFACS. Table 24 lists the studies reviewed for this comparison.
A study was performed in the UK using chi-square analysis (χ2) and adjusted standardized
residuals (ASR)99. The ASR is a measure of the strength of the difference between observed and
expected values100. This study highlighted the need for the rail industry to consider latent errors at
the Unsafe supervision and Organizational influences levels, as they can create situations that
promote the occurrences of active errors leading to loss incidents. Their results also highlighted
the importance of the operational environment, including unusual operating conditions that have
the potential to distract train conductors.
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Railway Association of Canada.(2011). Work / Rest Rules for Railway Operating Employees. 0–7.
Madigan, R., Golightly, D., & Madders, R. (2016). Application of Human Factors Analysis and Classification
System (HFACS) to UK rail safety of the line incidents. Accident Analysis and Prevention, 97, 122–131.
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Sharpe, D. (2015). Your chi-square test is statistically significant: Now what? Practical Assessment, Research and
Evaluation, 20(8), 1–10.
99

Risk Tolerance Strategy for Rail Transport of Dangerous Goods

71

Study
Application of Human Factors Analysis and
Classification System (HFACS) to UK rail safety of
the line incidents (Madigan et al., 2016)97
A hybrid human and organizational analysis method
for railway accidents based on HFACS-Railway
Accidents (HFACS-RAs) 85
Paths between latent and active errors: Analysis of
407 railway accidents/incidents’ causes in China 79

Country

Method

UK

2
ASR, 

China

Fuzzy-DEMATEL-ANP

China

2
, 

Table 24 List of studies reviewed that focus on the relationship between latent and active errors
through the HFACS in the railway industry in other countries

One study on human factors for high-speed railway incidents in China proposed a new
framework for the application of HFACS, named “HFACS-RA”86. In this study, the ANP method
was combined with Fuzzy-DEMATEL to investigate the leading causes of a loss incident.
Inappropriate Organizational influences, in the form of internal regulations, and Unsafe
supervision, in the form of ineffective supervision, were identified as causes of railway loss
incidents that have been ignored in the past. This study further proposed that improving the
Organizational climate, in terms of working conditions and the behavior of shop-floor staff, can
reduce railway loss incidents.
Another study on Chinese rail transport found the most frequent organizational failures are in
the areas of Organizational influences, in terms of processes, inadequate supervision, personal
readiness, and skill-based errors80. This study found relationships between active and latent errors
that showed the importance of supervision and organizational influences on reducing active errors
and railway loss incidents.
The results of these studies are consistent with the findings in our study for the Canadian
railway industry. All studies show the importance of latent errors at the supervisory and
organizational levels. This suggests the characteristic might be endemic to rail industries evaluated
in these studies and not only within the Canadian industry. In this regard, the comparison validates
insights regarding leading indicators of safety performance from these studies as potentially
applicable to the Canadian context. The work in this paper, therefore, becomes a step towards
developing such leading indicators and effective controls to minimize the frequency of active
errors, and therefore, train derailments and collisions.

9.10 Insights Gained on the Role of Human Factors in Selected Rail
TDG Occurrences
The safe transportation of DG by railway is essential for the sustainability of the industry.
Human failure has been identified as accounting for a substantial portion of related incidents, either
as immediate or latent errors. Due to the important role of human factors in railway loss incidents,
numerous studies have been conducted to study human factors. These studies provided some
recommendations without considering the interactions between human factors or quantifying the
leading causes in terms of human factors. Few studies have analyzed the interrelationships between
human factors and identified the leading causes of railway loss incidents. In this research, an
analysis of safety weaknesses at an organizational level was performed to analyze the latent errors
leading to main-track derailments and collisions. A large portion of the latent errors in the SMS
were recognized as related to human factors. However, the exact contribution of human factors in
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the SMS is difficult to identify. An analytical framework (the HFACS) was employed to analyze
the exact contribution of human factors in railway loss incidents. The results demonstrate most
deficiencies are in the areas of organizational oversight, supervision, and the culture of the
organization.
Chi-square test and Kruskal’s lambda analyses were employed to find a correlation between
adjacent sub-categories of the HFACS. The results indicate the importance of making decisions at
higher managerial levels and also the way these decisions indirectly affect the actions of frontline
operators and cause railway loss incidents. The DEMATEL method was performed to map the
causal relationships between the subcategories of the HFACS framework and determine the
importance of each subcategory. The DEMATEL was then combined with the ANP method to
measure the weight of each subcategory and categorize the leading indicators of railway loss
incidents. The DEMATEL results show Organizational climate, Organizational process, and
Resource management have the largest effect on other subcategories, and the enhancement of these
subcategories would lead to the prevention of railway loss incidents in the future.
Furthermore, we identified potential groups of leading indicators in railway loss incidents.
These include Crew-resource management, Skill-based errors, and Violations. Some
recommendations were then provided according to the priority of the leading indicators. The
studies conducted in the railway industry were compared to determine the agreement between the
studies evaluated the leading indicators in the world. The results were in good agreement and
highlighted the importance of supervision and organizational factors for reducing railway loss
incidents. The results of this work provide valuable insight for decision-makers to define effective
leading indicators that can help enhance the current safety performance of the Canadian railway
industry.

10 Insights for Risk Tolerability Strategies for Rail Transport of DG
in Canada
TDG by rail continues to increase. By leveraging process safety management techniques, we
have proposed several methods to achieve continuous improvements in operator safety
performance. In this final chapter, we discuss additional metrics — lagging and leading indicators
— to enhance monitoring, auditing, and controlling the associated risks.

10.1 Safety Indicators
The results of the analyses presented in this report and the experience of the authors suggest
lagging indicators currently being reported are adequate, including the normalized frequency data
on derailments and collisions (main- and non-main-track), serious injuries (including fatalities),
and DG leakers and releases. However, it is the view of the authors that lagging indicators could
focus on a subset of indicators that represent the overall safety levels for TDG, based on the
criticality of the different occurrence types, to better consider risk tolerability. These would include
frequency metrics directly associated with TDG:





Main-track derailments
Main-track collisions
Non-main-track derailments
DG releases
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DG leakers

Occurrences with the potential to cause derailments and collisions would be addressed as part
of causes for those occurrences critical to reducing the potential for serious incidents associated
with TDG, which include the following metrics:





Movement exceeds limits of authority
Main-track switch in abnormal position
Unprotected overlap of authorities
Uncontrolled movement of rolling stock

In addition, metrics associated with overall rail transport safety include the following:



Serious employee injuries and fatalities
Serious passenger and public injuries and fatalities (excluding trespasser accidents)

Note that crossing and trespasser accidents are outside the scope of this research and likely
require consideration for overall safety metrics. These have not been included as these occurrences
are in great part outside the control of the railway operators.
Some of the most prevalent causes of derailment can also be considered as potential leading
indicators to be monitored. These include the following:








Broken rails (critical for derailments)
Mechanical failures (brakes, wheels, axles, draft system) (critical for derailments)
Track geometry defects (particularly sunkinks) (critical for derailments)
Deviations from switching rules and operation of switches
Errors in train handling and makeup
Main-track authority violations, many related to communication issues
Improper use of brakes

By considering these cases, a list of potential leading indicators (Table 25) and potential
lagging indicators (Table 26) can be generated. These tables also include descriptors of the
advantages associated with the indicator (ease of implementation and relevance) and for the
limitations (High, Medium, and Low). By weighing effort vs. gain, the highest priority indicators
are High on ease of implementation and relevance and Low on limitations.
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Leading indicator

Ease of implementation

Relevance

Broken rails (critical for
derailments)

Low – requires reporting
and understanding
background frequencies

High – identified as
one of the main causes
for transport incident

Mechanical failures
(brakes, wheels, axles,
draft system) (critical for
derailments)

Low – requires reporting
and understanding
background frequencies

High – identified as
one of the main causes
for transport incident

Track geometry defects
(particularly sunkinks)
(critical for derailments)

Low – requires reporting
and understanding
background frequencies

High – identified as
one of the main causes
for transport incident

Deviations from switching
rules and operation of
switches

Failures in train handling
and makeup

Main-track authority
violations, many related to
communication issues

Improper use of brakes

Medium – some
occurrences are reported;
requires modified reporting
standards and
understanding background
frequencies
Low – some occurrences
are reported; requires
modified reporting
standards and
understanding background
frequencies
Medium – some
occurrences are reported;
requires modified reporting
standards and
understanding background
frequencies
Low – requires reporting
and understanding
background frequencies

Limitations
Low – no loss and provides
a direct performance record
regarding potential causes
of TDG incidents
Low – no loss and provides
a direct performance record
regarding potential causes
of TDG incidents
Low – no loss and provides
a direct performance record
regarding potential causes
of TDG incidents

High – identified as
one of the main causes
for transport incident

Low – no loss and provides
a direct performance record
regarding potential causes
of TDG incidents

High – identified as
one of the main causes
for transport incident

Low – no loss and provides
a direct performance record
regarding potential causes
of TDG incidents

High – identified as
one of the main causes
for transport incident

Low – no loss and provides
a direct performance record
regarding potential causes
of TDG incidents

High – identified as
one of the main causes
for transport incident

Low – no loss and provides
a direct performance record
regarding potential causes
of TDG incidents

Table 25 Potential leading indicators for rail transport of DG – Qualitative evaluation matrix
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Lagging indicator

Ease of implementation

Main-track derailments

High – already being
reported

Main-track collisions

High – already being
reported

Non-main-track
derailments

High – already being
reported

DG releases

High – already being
reported

DG leakers

High – already being
reported

Serious employee injuries
and fatalities associated
with TDG

High – already being
reported

Relevance
High – identified as
one of the occurrence
types with a higher
potential for TDG
incident; direct
consequence metric
High – identified as
one of the occurrence
types with a higher
potential for TDG
incident; direct
consequence metric
Medium – identified
as one of the
occurrence types with
some potential for
TDG incident
High – identified as
one of the occurrence
types with a higher
potential consequence
for TDG incident
High – identified as
one of the occurrence
types with a higher
potential consequence
for TDG incident
High – direct high
consequence metric

Limitations
Medium – loss already
occurred; however,
provides a direct
performance record
Medium – loss already
occurred; however,
provides a direct
performance record
Medium – loss already
occurred; however,
provides a direct
performance record
Medium – loss already
occurred; however,
provides a direct
performance record
Medium – loss already
occurred; however,
provides a direct
performance record
Medium – loss already
occurred; however,
provides a direct
performance record

Table 26 Potential lagging indicators for rail transport of DG – Qualitative evaluation matrix

A broader set of leading indicators would capture deviations from the operator’s SMS,
operating rules, and other standard practices that can lead to railway incidents (or their causes).
For example, additional leading indicators are a subset of the metrics (as proposed by Salas and
Hallowell35) examined in other industries such as construction:











Job safety analysis (JSA) development
Contractor safety audits
Workforce engagements and monitoring
Contractor project manager engagements
Contractor safety rep engagements
Client safety engagements
Nonroutine safety actions
Stop work authority enacted
Subcontractor safety audits
Corrective action items

For more detailed and specific leading indicators, risk decision-makers can also examine the
causes of derailments and loss of containment, provided in Tables 10-14, 18, 20, and C1-C10 in
Appendix A, considering the effort versus gain associated with their implementation. Further,
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these leading indicators are not equally predictive. Follow-on analysis of TDG incidents would
determine which leading indicators and contextual factors are more likely to lead to an
occurrence101. With better predictive analysis and monitoring, railway operators could take their
safety management to the next level of maturity.

11 Conclusions and Recommendations for Future Research
Railways are an important part of Canada’s economy, transporting goods to destinations that
are not easily accessed by road or pipeline. The current political climate that is causing delays to
pipeline projects makes the role of railways even more crucial in the transportation sector,
particularly in the field of DGs. Railways are one of the safest modes of transportation for DGs;
however, derailments continue to cause problems for the industry and could be a potential area for
improvement. This research focuses on safety management systems (SMS) for railways as a
possible option to improve safety and reduce risk.
This research suggested that performance against lagging indicators (including derailments,
collisions, serious injuries, fatalities, DG leaks, and DG releases) being reported currently is
adequate. The UK Health and Safety Executive (HSE) recommended an analysis indicating that
estimated rail transport risks are considered acceptable at a milepost scale. As such, a list of rail
accidents with the greatest number of fatalities was used to approximate societal risk associated
with rail transportation. Aside from this calculation, there are many other opportunities to enhance
safety in terms of reporting, management, and overall performance.
In this study, detailed RCA, BTA, and incident databases are used to identify the main causes
and consequences of main-track derailments involving DG from the year 2007 to 2017. By
analyzing the relationships between these factors and gaps in the SMS, it was possible to identify
and prioritize elements. The results of the study found that the main causes of DG main-track
derailments stemmed from rail defects and failures, weaknesses in audits, and inadequacies in
guidelines. At the same time, the SMS elements that should be prioritized for enhancement are
process and equipment integrity; incident investigation; and company standards, codes, and
regulations. By enhancing railway SMS, it will be possible to improve transportation of DGs, and
in turn, reduce the potential for negative impact on health/safety, environment, and economy.
This study also utilized HFACS as an analytical framework to investigate the contribution of
human factors in railway incidents. It was found that most deficiencies as a result of human factors
are in the fields of organizational oversight, supervision, and organizational culture.
Chi-square tests and Krukal’s lambda analysis were also used to determine if there was
correlation between adjacent subcategories of HFACS. The results reinforced the importance of
decision-making at higher managerial levels and the effect of these decisions on the actions of
front-line operators that can lead to railway loss incidents. In addition, the DEMATEL method
was used to map causal relationships between the subcategories of HFACS to determine the
importance of each subcategory. Subsequently, the DEMATEL method was combined with the
ANP method to calculate the weight of each subcategory of HFACS and categorize the leading
indicators of railway loss incidents. Using this method, it was found that organizational climate,
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organizational process, and resource management have the greatest effect on other subcategories.
Improvements in these areas could lead to the prevention of future railway loss incidents.
Also, another potential group of leading indicators in railway loss incidents include crewresource management, skill-based errors, and violations. Based on these findings,
recommendations were provided according to the priority of the leading indicators. The results of
the study in the railway industry were compared with other studies evaluating leading indicators
on a global scale. Consequently, it was found that the results of the study coincided with the
findings of other researchers. There was a high level of agreement supporting the importance of
supervision and organizational factors for reducing railway loss incidents. By utilizing this
information, decision-makers can identify and utilize effective leading indicators to enhance safety
performance in the Canadian rail industry.
There are still many more opportunities for enhancing safety in the transportation of DGs by
rail. The proposed strategies for future research include the application of an innovative approach,
knowledge discovery (KD), which will allow researchers to analyze large datasets in a more
comprehensive manner. This method will include several artificial intelligence techniques that will
be utilized to determine the importance of different contributing factors in accident rates, prioritize
these factors, and map their relationships. The final result will be enhanced safety performance.
Furthermore, the use of Data Fusion could combine qualitative approaches, such as interviews,
with quantitative data. As such, the recommendations for future research are included: 1) Utilize
artificial intelligence (AI) and machine learning (ML) for the datamining of large databases (e.g.
RODS) to identify and better understand the important leading indicators identified from Phase 1.
The recommendations pertaining to these indicators can then be improved. 2) Further develop
process models for other important occurrences with the potential for DG release. The results can
be used to enhance the existing bow-tie analyses and potentially identify new critical safety
controls. 3) Use process models and statistical analysis to create a quantitative risk assessment tool
that can be used to evaluate risk in major rail occurrences with the potential for DG release. The
purpose of this study will be to reduce loss in the railway industry by helping decision-makers
efficiently plan on-time emergency evacuations in the case of DG release.
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APPENDIX A: Detailed RODS Tables of Reported Causes
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Table C1 Group and sub-group of causes – main-track train derailment
MAIN-TRACK TRAIN DERAILMENT – GROUP AND SUB-GROUP
MECHANICAL AND ELECTRICAL FAILURES
AXLES AND JOURNAL BEARINGS
BROKEN OR BENT AXLE BETWEEN WHEEL SEATS
BROKEN OR BENT AXLE BETWEEN WHEEL SEATS (LOCOMOTIVE)
JOURNAL (PLAIN) FAILURE FROM OVERHEATING
JOURNAL (ROLLER BEARING) FAILURE FROM OVERHEATING
JOURNAL FRACTURED, NEW COLD BREAK (LOCOMOTIVE)
OTHER AXLE AND JOURNAL BEARING DEFECTS (LOCOMOTIVE) (PROVIDE DETAILED DESCRIPTION
IN IIC NOTES)
BODY
CENTER SILL BROKEN OR BENT
BRAKES
AIR HOSE UNCOUPLED OR BURST
BRAKE VALVE MALFUNCTION (STUCK BRAKE, ETC.)
BRAKE VALVE MALFUNCTION (UNDESIRED EMERGENCY)
BROKEN BRAKE PIPE OR CONNECTIONS
OTHER BRAKE COMPONENTS DAMAGED, WORN, BROKEN, OR DISCONNECTED
OTHER BRAKE DEFECTS, CARS (PROVIDE DETAILED DESCRIPTION IN IIC NOTES)
RIGGING DOWN OR DRAGGING
COUPLER AND DRAFT SYSTEM
COUPLE DRAWHEAD BROKEN OR DEFECTIVE
COUPLER RETAINER PIN/CROSS KEY MISSING
DRAFT GEAR/MECHANISM BROKEN OR DEFECTIVE (INCLUDING YOKE)
KNUCKLE BROKEN OR DEFECTIVE
OTHER COUPLER AND DRAFT SYSTEM DEFECTS, (CAR) (PROVIDE DETAILED DESCRIPTION IN IIC
NOTES)
GENERAL MECHANICAL AND ELECTRICAL FAILURES
OTHER MECHANICAL AND ELECTRICAL FAILURES, (LOCOMOTIVE) (PROVIDE DETAILED
DESCRIPTION IN IIC NOTES)
LOCOMOTIVES
RUNNING GEAR FAILURE (LOCOMOTIVE)
TRUCK COMPONENTS
OTHER TRUCK COMPONENT DEFECTS, INCLUDING MISMATCHED SIDE FRAMES (CAR) (PROVIDE
DETAILED DESCRIPTION IN IIC NOTES)
SIDE BEARING CLEARANCE INSUFFICIENT
TRUCK BOLSTER BROKEN
TRUCK BOLSTER BROKEN (LOCOMOTIVE)
TRUCK BOLSTER STIFF, IMPROPER SWIVELING
TRUCK HUNTING
WHEELS
BROKEN FLANGE
BROKEN HUB
BROKEN PLATE
BROKEN RIM
DAMAGED FLANGE OR TREAD (BUILD UP)
DAMAGED FLANGE OR TREAD (FLAT)
LOOSE WHEEL
MISCELLANEOUS CAUSES NOT OTHERWISE LISTED
ENVIRONMENTAL CONDITIONS
EXTREME ENVIRONMENTAL CONDITION ? EXTREME WIND VELOCITY
OTHER EXTREME ENVIRONMENTAL CONDITIONS (PROVIDE DETAILED DESCRIPTION IN IIC NOTES)
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FREQUENCY
98
26
6
1
2
14
1
2
3
3
17
2
3
2
1
2
2
5
15
5
2
4
2
2
1
1
2
2
12
1
1
2
2
4
2
22
1
1
1
16
1
1
1
55
23
3
1
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SNOW, ICE, MUD, GRAVEL, COAL, SAND, ETC. ON TRACK
LOADING PROCEDURES
IMPROPERLY LOADED CAR
IMPROPERLY LOADED CONTAINER/TRAILER ON FLAT CAR
LOAD FELL FROM CAR
LOAD SHIFTED
MISCELLANEOUS LOADING PROCEDURES (PROVIDE DETAILED DESCRIPTION IN IIC NOTES)
TRAILER OR CONTAINER TIEDOWN EQUIPMENT IMPROPERLY APPLIED
OTHER MISCELLANEOUS
INVESTIGATION COMPLETE, CAUSE COULD NOT BE DETERMINED (WHEN USING THIS CODE, THE
NARRATIVE MUST INCLUDE THE REASON(S) WHY THE CAUSE OF THE ACCIDENT/INCIDENT COULD
NOT BE DETERMINED.)
OTHER MISCELLANEOUS CAUSES (PROVIDE DETAILED DESCRIPTION IN IIC NOTES)
TRACK DAMAGE CAUSED BY NON-RAILROAD INTERFERENCE WITH TRACK STRUCTURE
VANDALISM OF TRACK OR TRACK APPLIANCES, E.G., OBJECTS PLACED ON TRACK, SWITCH
THROWN, ETC.
UNUSUAL OPERATING SITUATIONS
INTERACTION OF LATERAL/VERTICAL FORCES (INCLUDES HARMONIC ROCK OFF)
OBJECT OR EQUIPMENT ON OR FOULING TRACK - OTHER THAN ABOVE (FOR VANDALISM, SEE
CODE M503)
OBJECTS SUCH AS LADING CHAINS OR STRAPS FOULING WHEELS
SIGNAL AND COMMUNICATION
SIGNAL AND COMMUNICATION
FIXED SIGNAL IMPROPERLY DISPLAYED (DEFECTIVE)
RADIO COMMUNICATION EQUIPMENT FAILURE
TRACK, ROADBED AND STRUCTURES
FROGS, SWITCHES AND TRACK APPLIANCES
RAILROAD CROSSING FROG, WORN OR BROKEN
SPRING/POWER SWITCH MECHANISM MALFUNCTION
SWITCH DAMAGED OR OUT OF ADJUSTMENT
SWITCH OUT OF ADJUSTMENT BECAUSE OF INSUFFICIENT RAIL ANCHORING
SWITCH POINT GAPPED (BETWEEN SWITCH POINT AND STOCK RAIL)
SWITCH POINT WORN OR BROKEN
SWITCH ROD WORN, BENT, BROKEN, OR DISCONNECTED
OTHER WAY AND STRUCTURE
OTHER WAY AND STRUCTURE DEFECT (PROVIDE DETAILED DESCRIPTION IN IIC NOTES)
RAIL, JOINT BAR AND RAIL ANCHORING
BROKEN RAIL - BASE
BROKEN RAIL - BOLT HOLE CRACK OR BREAK
BROKEN RAIL - DETAIL FRACTURE FROM SHELLING OR HEAD CHECK
BROKEN RAIL - ENGINE BURN FRACTURE
BROKEN RAIL - HEAD AND WEB SEPARATION (OUTSIDE JOINT BAR LIMITS)
BROKEN RAIL - HEAD AND WEB SEPARATION (WITHIN JOINT BAR LIMITS)
BROKEN RAIL - HORIZONTAL SPLIT HEAD
BROKEN RAIL - TRANSVERSE/COMPOUND FISSURE
BROKEN RAIL - VERTICAL SPLIT HEAD
BROKEN RAIL - WELD (FIELD)
BROKEN RAIL - WELD (PLANT)
DEFECTIVE OR MISSING CROSSTIES (USE CODE T110 IF RESULTS IN WIDE GAGE)
DEFECTIVE SPIKES OR MISSING SPIKES OR OTHER RAIL FASTENERS (USE CODE T111 IF RESULTS IN
WIDE GAGE)
JOINT BAR BROKEN (INSULATED)
JOINT BAR BROKEN (NONINSULATED)
MISMATCHED RAIL?HEAD CONTOUR
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12
3
1
1
2
4
1
6
1
3
1
1
14
11
2
1
2
2
1
1
127
11
1
1
2
1
4
1
1
2
2
56
7
1
4
1
2
1
2
13
4
2
1
3
2
2
6
1
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OTHER RAIL AND JOINT BAR DEFECTS (PROVIDE DETAILED DESCRIPTION IN IIC NOTES)
WORN RAIL
ROADBED
OTHER ROADBED DEFECTS (PROVIDE DETAILED DESCRIPTION IN IIC NOTES)
ROADBED SETTLED OR SOFT
WASHOUT/RAIN/SLIDE/FLOOD/SNOW/ICE DAMAGE TO TRACK
TRACK GEOMETRY
CROSS LEVEL OF TRACK IRREGULAR (AT JOINTS)
CROSS LEVEL OF TRACK IRREGULAR (NOT AT JOINTS)
OTHER TRACK GEOMETRY DEFECTS (PROVIDE DETAILED DESCRIPTION IN IIC NOTES)
SUPERELEVATION IMPROPER, EXCESSIVE, OR INSUFFICIENT
TRACK ALIGNMENT IRREGULAR (BUCKLED/SUNKINK)
TRACK ALIGNMENT IRREGULAR (OTHER THAN BUCKLED/SUNKINK)
WIDE GAGE (DUE TO DEFECTIVE OR MISSING CROSSTIES)
WIDE GAGE (DUE TO DEFECTIVE OR MISSING SPIKES OR OTHER RAIL FASTENERS)
TRAIN OPERATION - HUMAN FACTOR
BRAKES, USE OF
FAILURE TO RELEASE HAND BRAKES ON CAR(S) (RAILROAD EMPLOYEE)
GENERAL SWITCHING RULES
DERAIL, FAILURE TO APPLY OR REMOVE
OTHER GENERAL SWITCHING RULES (PROVIDE DETAILED DESCRIPTION IN NARRATIVE)
PASSED COUPLERS (OTHER THAN AUTOMATED CLASSIFICATION YARD)
SHOVING MOVEMENT, ABSENCE OF MAN ON OR AT LEADING END OF MOVEMENT
LOADING PROCEDURES
OTHER CAUSES (PROVIDE DETAILED DESCRIPTION IN IIC NOTES)
MISCELLANEOUS
COMPUTER SYSTEM CONFIGURATION/MANAGEMENT ERROR (NON VENDOR)
HUMAN FACTOR - MOTIVE POWER AND EQUIPMENT
HUMAN FACTOR - SIGNAL INSTALLATION OR MAINTENANCE ERROR (FIELD)
HUMAN FACTOR - TRACK
OTHER TRAIN OPERATION/HUMAN FACTORS (PROVIDE DETAILED DESCRIPTION IN IIC NOTES)
SPEED
COUPLING SPEED EXCESSIVE
SPEED, OTHER (PROVIDE DETAILED DESCRIPTION IN IIC NOTES)
TRAIN ON MAIN-TRACK INSIDE YARD LIMITS, EXCESSIVE SPEED
SWITCHES, USE OF
MOVEABLE POINT SWITCH FROG IMPROPERLY LINED
SWITCH IMPROPERLY LINED
USE OF SWITCHES, OTHER (PROVIDE DETAILED DESCRIPTION IN IIC NOTES)
TRAIN HANDLING/TRAIN MAKEUP
AUTOMATIC BRAKE, EXCESSIVE (H002)
AUTOMATIC BRAKE, FAILURE TO USE SPLIT REDUCTION (H003)
AUTOMATIC BRAKE, OTHER IMPROPER USE (H004)
BUFFING OR SLACK ACTION EXCESSIVE, TRAIN HANDLING
BUFFING OR SLACK ACTION EXCESSIVE, TRAIN MAKEUP
DYNAMIC BRAKE, EXCESSIVE (H010)
DYNAMIC BRAKE, TOO RAPID ADJUSTMENT (H011)
EXCESSIVE HORSEPOWER (H016)
FAILURE TO ACTUATE OFF INDEPENDENT BRAKE (H024)
IMPROPER TRAIN MAKEUP
IMPROPER TRAIN MAKEUP AT INITIAL TERMINAL
INDEPENDENT (ENGINE) BRAKE, IMPROPER USE (EXCEPT ACTUATION) (H023)
LATERAL DRAWBAR FORCE ON CURVE EXCESSIVE, TRAIN HANDLING
LATERAL DRAWBAR FORCE ON CURVE EXCESSIVE, TRAIN MAKEUP
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2
2
18
3
8
7
40
1
4
6
1
15
4
8
1
67
1
1
9
1
3
2
3
1
1
7
2
2
1
1
1
5
1
3
1
10
1
7
2
34
3
1
3
4
4
1
1
1
1
2
1
2
4
3
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OTHER CAUSES RELATING TO TRAIN HANDLING OR MAKEUP (PROVIDE DETAILED DESCRIPTION IN
IIC NOTES)
Grand Total

3
349

Table C2 Group and sub-group of causes – main-track train collisions
MAIN-TRACK TRAIN COLLISIONS – GROUP AND SUB-GROUP
MECHANICAL AND ELECTRICAL FAILURES
TRUCK COMPONENTS
TRUCK HUNTING
MISCELLANEOUS CAUSES NOT OTHERWISE LISTED
UNUSUAL OPERATING SITUATIONS
OBJECT OR EQUIPMENT ON OR FOULING TRACK (MOTOR VEHICLE - OTHER THAN
HIGHWAY-RAIL CROSSING)
TRAIN OPERATION - HUMAN FACTOR
BRAKES, USE OF
FAILURE TO PROPERLY SECURE HAND BRAKE ON CAR(S) (RAILROAD EMPLOYEE)
USE OF BRAKES, OTHER (PROVIDE DETAILED DESCRIPTION IN IIC NOTES)
FLAGGING, FIXED, HAND AND RADIO SIGNALS
AUTOMATIC BLOCK OR INTERLOCKING SIGNAL DISPLAYING A STOP INDICATION - FAILURE
TO COMPLY.
FIXED SIGNAL (OTHER THAN AUTOMATIC BLOCK OR INTERLOCKING SIGNAL), FAILURE TO
COMPLY.
GENERAL SWITCHING RULES
SHOVING MOVEMENT, ABSENCE OF MAN ON OR AT LEADING END OF MOVEMENT
MAIN-TRACK AUTHORITY
FAILURE TO STOP TRAIN IN CLEAR
MISCELLANEOUS
HUMAN FACTOR - MOTIVE POWER AND EQUIPMENT
OTHER TRAIN OPERATION/HUMAN FACTORS (PROVIDE DETAILED DESCRIPTION IN IIC
NOTES)
SPEED
COUPLING SPEED EXCESSIVE
FAILURE TO COMPLY WITH RESTRICTED SPEED IN CONNECTION WITH THE RESTRICTIVE
INDICATION OF A BLOCK OR INTERLOCKING SIGNAL.
SWITCHING MOVEMENT, EXCESSIVE SPEED
TRAIN HANDLING/TRAIN MAKEUP
DYNAMIC BRAKE, INSUFFICIENT (H009)
INDEPENDENT (ENGINE) BRAKE, IMPROPER USE (EXCEPT ACTUATION) (H023)
OTHER CAUSES RELATING TO TRAIN HANDLING OR MAKEUP (PROVIDE DETAILED
DESCRIPTION IN IIC NOTES)
Grand Total
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FREQUENCY
1
1
1
1
1
1
23
3
2
1
2
1
1
1
1
4
4
2
1
1
8
4
3
1
3
1
1
1
25
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Table C3 Group and sub-group of causes – non-main-track train derailments
NON-MAIN-TRACK TRAIN DERAILMENT – GROUP AND SUB-GROUP
MECHANICAL AND ELECTRICAL FAILURES
BODY
BODY BOLSTER BROKEN OR DEFECTIVE
CENTER PLATE DISENGAGED FROM TRUCK (CAR OFF CENTER)
CENTER SILL BROKEN OR BENT
DRAFT SILL BROKEN OR BENT
OTHER BODY DEFECTS, (CAR) (PROVIDE DETAILED DESCRIPTION IN IIC NOTES)
BRAKES
AIR HOSE UNCOUPLED OR BURST
AIR HOSE UNCOUPLED OR BURST (LOCOMOTIVE)
BROKEN BRAKE PIPE OR CONNECTIONS
HAND BRAKE (INCLUDING GEAR) BROKEN OR DEFECTIVE
OTHER BRAKE COMPONENTS DAMAGED, WORN, BROKEN, OR DISCONNECTED
OTHER BRAKE DEFECTS, (PROVIDE DETAILED DESCRIPTION IN IIC NOTES) (LOCOMOTIVE)
OTHER BRAKE DEFECTS, CARS (PROVIDE DETAILED DESCRIPTION IN IIC NOTES)
RIGGING DOWN OR DRAGGING
RIGGING DOWN OR DRAGGING (LOCOMOTIVE)
COUPLER AND DRAFT SYSTEM
COUPLE DRAWHEAD BROKEN OR DEFECTIVE
COUPLER CARRIER BROKEN OR DEFECTIVE
COUPLER MISMATCH, HIGH/LOW
COUPLER MISMATCH, HIGH/LOW (LOCOMOTIVE)
DRAFT GEAR/MECHANISM BROKEN OR DEFECTIVE (INCLUDING YOKE)
DRAFT GEAR/MECHANISM BROKEN/DEFECTIVE (INCLUDING YOKE) (LOCOMOTIVE)
FAILURE OF ARTICULATED CONNECTORS
KNUCKLE BROKEN OR DEFECTIVE
OTHER COUPLER AND DRAFT SYSTEM DEFECTS, (CAR) (PROVIDE DETAILED DESCRIPTION IN
IIC NOTES)
DOORS
BOTTOM OUTLET CAR DOOR ATTACHMENT DEFECTIVE
BOTTOM OUTLET CAR DOOR OPEN
GENERAL MECHANICAL AND ELECTRICAL FAILURES
OTHER MECHANICAL AND ELECTRICAL FAILURES, (CAR) (PROVIDE DETAILED DESCRIPTION
IN IIC NOTES)
LOCOMOTIVES
CRANK CASE OR AIR BOX EXPLOSION (LOCOMOTIVE)
OTHER LOCOMOTIVE DEFECTS (PROVIDE DETAIL DESCRIPTION IN NARRATIVE)
RUNNING GEAR FAILURE (LOCOMOTIVE)
TRUCK COMPONENTS
GIB CLEARANCE (LATERAL MOTION EXCESSIVE)
OTHER TRUCK COMPONENT DEFECTS, (LOCOMOTIVE) (PROVIDE DETAILED DESCRIPTION
IN NARRATIVE)
OTHER TRUCK COMPONENT DEFECTS, INCLUDING MISMATCHED SIDE FRAMES (CAR)
(PROVIDE DETAILED DESCRIPTION IN IIC NOTES)
SIDE BEARING CLEARANCE INSUFFICIENT
SIDE BEARING(S) BROKEN
SIDE BEARING(S) MISSING
SIDE FRAME BROKEN
TRUCK BOLSTER BROKEN
TRUCK BOLSTER STIFF (FAILURE TO SLEW)
TRUCK BOLSTER STIFF, IMPROPER LATERAL OR IMPROPER SWIVELING(LOCOMOTIVE)
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FREQUENCY
150
7
1
1
1
1
3
28
1
1
6
5
1
2
1
9
2
24
2
2
4
1
2
1
1
3
8
6
5
1
4
4
4
1
2
1
48
1
3
6
3
2
1
5
1
5
7
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TRUCK BOLSTER STIFF, IMPROPER SWIVELING
WHEELS
DAMAGED FLANGE OR TREAD (BUILD UP)
DAMAGED FLANGE OR TREAD (BUILD UP) (LOCOMOTIVE)
DAMAGED FLANGE OR TREAD (FLAT)
OTHER WHEEL DEFECTS (CAR) (PROVIDE DETAILED DESCRIPTION IN IIC NOTES)
OTHER WHEEL DEFECTS (LOCOMOTIVE) (PROVIDE DETAILED DESCRIPTION IN IIC NOTES)
WORN FLANGE
WORN FLANGE (LOCOMOTIVE)
WORN TREAD
MISCELLANEOUS CAUSES NOT OTHERWISE LISTED
ENVIRONMENTAL CONDITIONS
EXTREME ENVIRONMENTAL CONDITION ? EXTREME WIND VELOCITY
EXTREME ENVIRONMENTAL CONDITION ? FLOOD
OTHER EXTREME ENVIRONMENTAL CONDITIONS (PROVIDE DETAILED DESCRIPTION IN IIC
NOTES)
SNOW, ICE, MUD, GRAVEL, COAL, SAND, ETC. ON TRACK
LOADING PROCEDURES
IMPROPERLY LOADED CAR
IMPROPERLY LOADED CONTAINER/TRAILER ON FLAT CAR
LOAD FELL FROM CAR
LOAD SHIFTED
MISCELLANEOUS LOADING PROCEDURES (PROVIDE DETAILED DESCRIPTION IN IIC NOTES)
OVERLOADED CAR
OTHER MISCELLANEOUS
FAILURE BY NON RAILROAD EMPLOYEE, E.G., INDUSTRY EMPLOYEE, TO CONTROL SPEED
OF CAR USING HAND BRAKE
INTERFERENCE (OTHER THAN VANDALISM) WITH RAILROAD OPERATIONS BY
NONRAILROAD EMPLOYEE
INVESTIGATION COMPLETE, CAUSE COULD NOT BE DETERMINED (WHEN USING THIS
CODE, THE NARRATIVE MUST INCLUDE THE REASON(S) WHY THE CAUSE OF THE
ACCIDENT/INCIDENT COULD NOT BE DETERMINED.)
OTHER MISCELLANEOUS CAUSES (PROVIDE DETAILED DESCRIPTION IN IIC NOTES)
TRACK DAMAGE CAUSED BY NON-RAILROAD INTERFERENCE WITH TRACK STRUCTURE
VANDALISM OF ON-TRACK EQUIPMENT, E.G., BRAKES RELEASED
VANDALISM OF TRACK OR TRACK APPLIANCES, E.G., OBJECTS PLACED ON TRACK, SWITCH
THROWN, ETC.
UNUSUAL OPERATING SITUATIONS
AUTOMATIC HUMP RETARDER FAILED TO SUFFICIENTLY SLOW CAR DUE TO FOREIGN
MATERIAL ON WHEELS OF CAR BEING HUMPED
INTERACTION OF LATERAL/VERTICAL FORCES (INCLUDES HARMONIC ROCK OFF)
OBJECT OR EQUIPMENT ON OR FOULING TRACK - OTHER THAN ABOVE (FOR VANDALISM,
SEE CODE M503)
OBJECTS SUCH AS LADING CHAINS OR STRAPS FOULING SWITCHES
OBJECTS SUCH AS LADING CHAINS OR STRAPS FOULING WHEELS
PASSED COUPLERS (AUTOMATED CLASSIFICATION YARD)
YARD SKATE SLID AND FAILED TO STOP CARS
SIGNAL AND COMMUNICATION
SIGNAL AND COMMUNICATION
CLASSIFICATION YARD AUTOMATIC CONTROL SYSTEM - INADEQUATE OR INSUFFICIENT
CONTROL (E.G., AUTOMATIC CYCLING, OTHER SOFTWARE / PROGRAMMING DEFICIENCIES,
ETC.)
CLASSIFICATION YARD AUTOMATIC CONTROL SYSTEM RETARDER FAILURE
FIXED SIGNAL IMPROPERLY DISPLAYED (DEFECTIVE)
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14
29
6
1
1
6
6
4
4
1
461
278
6
1
1
270
27
6
1
1
5
13
1
83
11
2
18
22
6
15
9
73
2
14
7
2
1
46
1
12
12
7
1
1
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POWER SWITCH FAILURE
RADIO CONTROLLED SWITCH NOT LOCKED EFFECTIVELY
REMOTE CONTROL TRANSMITTER, LOSS OF COMMUNICATION.
TRACK, ROADBED AND STRUCTURES
FROGS, SWITCHES AND TRACK APPLIANCES
DERAIL, DEFECTIVE
GUARD RAIL LOOSE/BROKEN OR MISLOCATED
OTHER FROG, SWITCH AND TRACK APPLIANCE DEFECTS (PROVIDE DETAIL
RAILROAD CROSSING FROG, WORN OR BROKEN
RETARDER YARD SKATE DEFECTIVE
SPRING/POWER SWITCH MECHANISM MALFUNCTION
STOCK RAIL WORN, BROKEN OR DISCONNECTED
SWITCH (HAND OPERATED) STAND MECHANISM BROKEN, LOOSE, OR WORN
SWITCH DAMAGED OR OUT OF ADJUSTMENT
SWITCH OUT OF ADJUSTMENT BECAUSE OF INSUFFICIENT RAIL ANCHORING
SWITCH POINT GAPPED (BETWEEN SWITCH POINT AND STOCK RAIL)
SWITCH POINT WORN OR BROKEN
SWITCH ROD WORN, BENT, BROKEN, OR DISCONNECTED
TURNOUT FROG (RIGID) WORN, OR BROKEN
TURNOUT FROG (SELF GUARDED), WORN OR BROKEN
OTHER WAY AND STRUCTURE
ENGINEERING DESIGN OR CONSTRUCTION
FLANGEWAY CLOGGED
OTHER WAY AND STRUCTURE DEFECT (PROVIDE DETAILED DESCRIPTION IN IIC NOTES)
RAIL, JOINT BAR AND RAIL ANCHORING
BROKEN RAIL - BASE
BROKEN RAIL - BOLT HOLE CRACK OR BREAK
BROKEN RAIL - DETAIL FRACTURE FROM SHELLING OR HEAD CHECK
BROKEN RAIL - HEAD AND WEB SEPARATION (OUTSIDE JOINT BAR LIMITS)
BROKEN RAIL - HORIZONTAL SPLIT HEAD
BROKEN RAIL - TRANSVERSE/COMPOUND FISSURE
BROKEN RAIL - VERTICAL SPLIT HEAD
BROKEN RAIL - WELD (PLANT)
DEFECTIVE OR MISSING CROSSTIES (USE CODE T110 IF RESULTS IN WIDE GAGE)
DEFECTIVE SPIKES OR MISSING SPIKES OR OTHER RAIL FASTENERS (USE CODE T111 IF
RESULTS IN WIDE GAGE)
JOINT BAR BROKEN (COMPROMISE)
JOINT BAR BROKEN (NONINSULATED)
JOINT BOLTS, BROKEN, OR MISSING
MISMATCHED RAIL?HEAD CONTOUR
OTHER RAIL AND JOINT BAR DEFECTS (PROVIDE DETAILED DESCRIPTION IN IIC NOTES)
RAIL CONDITION - DRY RAIL, FRESHLY GROUND RAIL.
WORN RAIL
ROADBED
OTHER ROADBED DEFECTS (PROVIDE DETAILED DESCRIPTION IN IIC NOTES)
ROADBED SETTLED OR SOFT
WASHOUT/RAIN/SLIDE/FLOOD/SNOW/ICE DAMAGE TO TRACK
TRACK GEOMETRY
CROSS LEVEL OF TRACK IRREGULAR (AT JOINTS)
CROSS LEVEL OF TRACK IRREGULAR (NOT AT JOINTS)
DEVIATION FROM UNIFORM TOP OF RAIL PROFILE
DISTURBED BALLAST SECTION
INSUFFICIENT BALLAST SECTION
OTHER TRACK GEOMETRY DEFECTS (PROVIDE DETAILED DESCRIPTION IN IIC NOTES)
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1
1
1
775
272
1
5
28
6
2
1
6
10
65
2
60
76
3
6
1
25
7
15
3
151
38
5
7
10
6
20
12
1
10
7
1
1
2
5
10
1
15
29
5
22
2
298
14
10
3
1
1
21
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SUPERELEVATION IMPROPER, EXCESSIVE, OR INSUFFICIENT
TRACK ALIGNMENT IRREGULAR (BUCKLED/SUNKINK)
TRACK ALIGNMENT IRREGULAR (OTHER THAN BUCKLED/SUNKINK)
WIDE GAGE (DUE TO DEFECTIVE OR MISSING CROSSTIES)
WIDE GAGE (DUE TO DEFECTIVE OR MISSING SPIKES OR OTHER RAIL FASTENERS)
WIDE GAGE (DUE TO LOOSE, BROKEN, OR DEFECTIVE GAGE RODS)
WIDE GAGE (DUE TO WORN RAILS)
TRAIN OPERATION - HUMAN FACTOR
BRAKES, USE OF
FAILURE TO APPLY HAND BRAKES ON CAR(S) (RAILROAD EMPLOYEE)
FAILURE TO APPLY SUFFICIENT NUMBER OF HAND BRAKES ON CAR(S) (RAILROAD
EMPLOYEE)
FAILURE TO CONTROL SPEED OF CAR USING HAND BRAKE (RAILROAD EMPLOYEE)
FAILURE TO PROPERLY SECURE ENGINE(S) (RAILROAD EMPLOYEE)
FAILURE TO PROPERLY SECURE ENGINE(S) OR CAR(S) (NON RAILROAD EMPLOYEE)
FAILURE TO PROPERLY SECURE HAND BRAKE ON CAR(S) (RAILROAD EMPLOYEE)
FAILURE TO RELEASE HAND BRAKES ON CAR(S) (RAILROAD EMPLOYEE)
USE OF BRAKES, OTHER (PROVIDE DETAILED DESCRIPTION IN IIC NOTES)
EMPLOYEE PHYSICAL CONDITION
IMPAIRMENT OF EFFICIENCY OR JUDGMENT BECAUSE OF DRUGS OR ALCOHOL
FLAGGING, FIXED, HAND AND RADIO SIGNALS
FIXED SIGNAL (OTHER THAN AUTOMATIC BLOCK OR INTERLOCKING SIGNAL), FAILURE TO
COMPLY.
FLAGGING SIGNAL, FAILURE TO COMPLY
RADIO COMMUNICATION, FAILURE TO COMPLY
RADIO COMMUNICATION, FAILURE TO GIVE/RECEIVE
RADIO COMMUNICATION, IMPROPER
GENERAL SWITCHING RULES
CAR(S) SHOVED OUT AND LEFT OUT OF CLEAR
CARS LEFT FOUL
DERAIL, FAILURE TO APPLY OR REMOVE
FAILURE TO COUPLE
FAILURE TO STRETCH CARS BEFORE SHOVING
HUMPING OR CUTTING OFF IN MOTION EQUIPMENT SUSCEPTIBLE TO DAMAGE, OR TO
CAUSE DAMAGE TO OTHER EQUIPMENT
INSTRUCTION TO TRAIN/YARD CREW IMPROPER
KICKING OR DROPPING CARS, INADEQUATE PRECAUTIONS
MANUAL INTERVENTION OF CLASSIFICATION YARD AUTOMATIC CONTROL SYSTEM MODES
BY OPERATOR
MOVING CARS WHILE LOADING RAMP/HOSE/CHUTE/CABLES/BRIDGE PLATE, ETC., NOT IN
PROPER POSITION
OTHER GENERAL SWITCHING RULES (PROVIDE DETAILED DESCRIPTION IN NARRATIVE)
PASSED COUPLERS (OTHER THAN AUTOMATED CLASSIFICATION YARD)
PORTABLE DERAIL, IMPROPERLY APPLIED
RETARDER YARD SKATE IMPROPERLY APPLIED
SHOVING MOVEMENT, ABSENCE OF MAN ON OR AT LEADING END OF MOVEMENT
SHOVING MOVEMENT, MAN ON OR AT LEADING END OF MOVEMENT, FAILURE TO
CONTROL
SKATE, FAILURE TO REMOVE OR PLACE
LOADING PROCEDURES
OTHER CAUSES (PROVIDE DETAILED DESCRIPTION IN IIC NOTES)
MAIN-TRACK AUTHORITY
MOVEMENT OF ENGINE(S) OR CAR(S) WITHOUT AUTHORITY (RAILROAD EMPLOYEE)
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1
4
9
172
47
7
8
1166
32
1
3
1
3
5
8
2
9
1
1
13
1
1
3
2
6
505
5
1
191
15
3
3
1
15
1
1
20
120
1
1
66
52
9
2
2
2
1
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TRAIN ORDERS, TRACK WARRANTS, DIRECT TRAFFIC CONTROL, TRACK BULLETINS,
WRITTEN, ERROR IN PREPARATION, TRANSMISSION OR DELIVERY
MISCELLANEOUS
COMPUTER SYSTEM CONFIGURATION/MANAGEMENT ERROR (NON VENDOR)
HUMAN FACTOR - MOTIVE POWER AND EQUIPMENT
HUMAN FACTOR - TRACK
MOTOR CAR OR OTHER ON-TRACK EQUIPMENT RULES (OTHER THAN MAIN-TRACK
AUTHORITY) - FAILURE TO COMPLY.
OTHER TRAIN OPERATION/HUMAN FACTORS (PROVIDE DETAILED DESCRIPTION IN IIC
NOTES)
SPEED
COUPLING SPEED EXCESSIVE
FAILURE TO COMPLY WITH RESTRICTED SPEED OR ITS EQUIVALENT NOT IN CONNECTION
WITH A BLOCK OR INTERLOCKING SIGNAL.
SPEED, OTHER (PROVIDE DETAILED DESCRIPTION IN IIC NOTES)
SWITCHING MOVEMENT, EXCESSIVE SPEED
SWITCHES, USE OF
MOVEABLE POINT SWITCH FROG IMPROPERLY LINED
RADIO CONTROLLED SWITCH NOT LOCKED EFFECTIVELY
SPRING SWITCH NOT CLEARED BEFORE REVERSING
SWITCH IMPROPERLY LINED
SWITCH IMPROPERLY LINED, RADIO CONTROLLED
SWITCH NOT LATCHED OR LOCKED
SWITCH PREVIOUSLY RUN THROUGH
USE OF SWITCHES, OTHER (PROVIDE DETAILED DESCRIPTION IN IIC NOTES)
TRAIN HANDLING/TRAIN MAKEUP
AUTOMATIC BRAKE, EXCESSIVE (H002)
AUTOMATIC BRAKE, INSUFFICIENT (H001) -- SEE NOTE AFTER CAUSE H599
AUTOMATIC BRAKE, OTHER IMPROPER USE (H004)
BUFFING OR SLACK ACTION EXCESSIVE, TRAIN HANDLING
BUFFING OR SLACK ACTION EXCESSIVE, TRAIN MAKEUP
DYNAMIC BRAKE, EXCESSIVE (H010)
EXCESSIVE HORSEPOWER (H016)
FAILURE TO ACTUATE OFF INDEPENDENT BRAKE (H024)
FAILURE TO ALLOW AIR BRAKES TO FULLY RELEASE BEFORE PROCEEDING (H005)
IMPROPER TRAIN INSPECTION
IMPROPER TRAIN MAKEUP
IMPROPER TRAIN MAKEUP AT INITIAL TERMINAL
INDEPENDENT (ENGINE) BRAKE, IMPROPER USE (EXCEPT ACTUATION) (H023)
LATERAL DRAWBAR FORCE ON CURVE EXCESSIVE, CAR GEOMETRY (SHORT CAR/LONG CAR
COMBINATION)
LATERAL DRAWBAR FORCE ON CURVE EXCESSIVE, TRAIN HANDLING
LATERAL DRAWBAR FORCE ON CURVE EXCESSIVE, TRAIN MAKEUP
OTHER CAUSES RELATING TO TRAIN HANDLING OR MAKEUP (PROVIDE DETAILED
DESCRIPTION IN IIC NOTES)
THROTTLE (POWER), IMPROPER USE (H014)
THROTTLE (POWER), TOO RAPID ADJUSTMENT (H015)
Grand Total
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1
67
1
28
12
1
25
51
25
1
3
22
333
1
2
5
183
1
23
84
34
160
8
3
1
43
9
5
7
2
2
3
5
3
7
10
9
11
20
9
3
2564
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Table C4 Group and sub-group of causes – non-main-track train collisions
NON-MAIN-TRACK TRAIN COLLISIONS – GROUP AND SUB-GROUP
MECHANICAL AND ELECTRICAL FAILURES
BRAKES
HAND BRAKE (INCLUDING GEAR) BROKEN OR DEFECTIVE
COUPLER AND DRAFT SYSTEM
COUPLER MISMATCH, HIGH/LOW
KNUCKLE BROKEN OR DEFECTIVE
OTHER COUPLER AND DRAFT SYSTEM DEFECTS, (CAR) (PROVIDE DETAILED DESCRIPTION IN
IIC NOTES)
MISCELLANEOUS CAUSES NOT OTHERWISE LISTED
ENVIRONMENTAL CONDITIONS
EXTREME ENVIRONMENTAL CONDITION ? EXTREME WIND VELOCITY
SNOW, ICE, MUD, GRAVEL, COAL, SAND, ETC. ON TRACK
OTHER MISCELLANEOUS
OTHER MISCELLANEOUS CAUSES (PROVIDE DETAILED DESCRIPTION IN IIC NOTES)
UNUSUAL OPERATING SITUATIONS
AUTOMATIC HUMP RETARDER FAILED TO SUFFICIENTLY SLOW CAR DUE TO FOREIGN
MATERIAL ON WHEELS OF CAR BEING HUMPED
OBJECT OR EQUIPMENT ON OR FOULING TRACK - OTHER THAN ABOVE (FOR VANDALISM,
SEE CODE M503)
PASSED COUPLERS (AUTOMATED CLASSIFICATION YARD)
YARD SKATE SLID AND FAILED TO STOP CARS
SIGNAL AND COMMUNICATION
SIGNAL AND COMMUNICATION
CLASSIFICATION YARD AUTOMATIC CONTROL SYSTEM - INADEQUATE OR INSUFFICIENT
CONTROL (E.G., AUTOMATIC CYCLING, OTHER SOFTWARE / PROGRAMMING DEFICIENCIES,
ETC.)
TRACK, ROADBED AND STRUCTURES
FROGS, SWITCHES AND TRACK APPLIANCES
OTHER FROG, SWITCH AND TRACK APPLIANCE DEFECTS (PROVIDE DETAIL
RETARDER WORN, BROKEN, OR MALFUNCTIONING
RETARDER YARD SKATE DEFECTIVE
OTHER WAY AND STRUCTURE
ENGINEERING DESIGN OR CONSTRUCTION
TRACK GEOMETRY
OTHER TRACK GEOMETRY DEFECTS (PROVIDE DETAILED DESCRIPTION IN IIC NOTES)
WIDE GAGE (DUE TO DEFECTIVE OR MISSING CROSSTIES)
TRAIN OPERATION - HUMAN FACTOR
BRAKES, USE OF
FAILURE TO APPLY HAND BRAKES ON CAR(S) (RAILROAD EMPLOYEE)
FAILURE TO APPLY SUFFICIENT NUMBER OF HAND BRAKES ON CAR(S) (RAILROAD
EMPLOYEE)
FAILURE TO PROPERLY SECURE ENGINE(S) (RAILROAD EMPLOYEE)
FAILURE TO PROPERLY SECURE ENGINE(S) OR CAR(S) (NON RAILROAD EMPLOYEE)
FAILURE TO PROPERLY SECURE HAND BRAKE ON CAR(S) (RAILROAD EMPLOYEE)
IMPROPER OPERATION OF TRAIN LINE AIR CONNECTIONS (BOTTLING THE AIR)
USE OF BRAKES, OTHER (PROVIDE DETAILED DESCRIPTION IN IIC NOTES)
FLAGGING, FIXED, HAND AND RADIO SIGNALS
RADIO COMMUNICATION, FAILURE TO COMPLY
RADIO COMMUNICATION, FAILURE TO GIVE/RECEIVE
GENERAL SWITCHING RULES
CAR(S) SHOVED OUT AND LEFT OUT OF CLEAR
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FREQUENCY
13
2
2
11
1
5
5
28
7
5
2
2
2
19
9
2
6
2
8
8
8
7
4
2
1
1
1
1
2
1
1
379
34
11
7
2
1
9
1
3
3
2
1
251
14
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CARS LEFT FOUL
FAILURE TO COUPLE
FAILURE TO STRETCH CARS BEFORE SHOVING
HUMPING OR CUTTING OFF IN MOTION EQUIPMENT SUSCEPTIBLE TO DAMAGE, OR TO
CAUSE DAMAGE TO OTHER EQUIPMENT
INSTRUCTION TO TRAIN/YARD CREW IMPROPER
KICKING OR DROPPING CARS, INADEQUATE PRECAUTIONS
OTHER GENERAL SWITCHING RULES (PROVIDE DETAILED DESCRIPTION IN NARRATIVE)
PASSED COUPLERS (OTHER THAN AUTOMATED CLASSIFICATION YARD)
SHOVING MOVEMENT, ABSENCE OF MAN ON OR AT LEADING END OF MOVEMENT
SHOVING MOVEMENT, MAN ON OR AT LEADING END OF MOVEMENT, FAILURE TO
CONTROL
MISCELLANEOUS
COMPUTER SYSTEM CONFIGURATION/MANAGEMENT ERROR (NON VENDOR)
HUMAN FACTOR - MOTIVE POWER AND EQUIPMENT
HUMAN FACTOR - SIGNAL - TRAIN CONTROL - OPERATOR INPUT ON-BOARD COMPUTER
INCORRECT DATA ENTRY.
HUMAN FACTOR - SIGNAL - TRAIN CONTROL - OPERATOR INPUT ON-BOARD COMPUTER
INCORRECT DATA PROVIDED
OTHER TRAIN OPERATION/HUMAN FACTORS (PROVIDE DETAILED DESCRIPTION IN IIC
NOTES)
SPEED
COUPLING SPEED EXCESSIVE
FAILURE TO COMPLY WITH RESTRICTED SPEED IN CONNECTION WITH THE RESTRICTIVE
INDICATION OF A BLOCK OR INTERLOCKING SIGNAL.
FAILURE TO COMPLY WITH RESTRICTED SPEED OR ITS EQUIVALENT NOT IN CONNECTION
WITH A BLOCK OR INTERLOCKING SIGNAL.
SPEED, OTHER (PROVIDE DETAILED DESCRIPTION IN IIC NOTES)
SWITCHING MOVEMENT, EXCESSIVE SPEED
TRAIN ON MAIN-TRACK INSIDE YARD LIMITS, EXCESSIVE SPEED
SWITCHES, USE OF
SWITCH IMPROPERLY LINED
USE OF SWITCHES, OTHER (PROVIDE DETAILED DESCRIPTION IN IIC NOTES)
TRAIN HANDLING/TRAIN MAKEUP
AUTOMATIC BRAKE, INSUFFICIENT (H001) -- SEE NOTE AFTER CAUSE H599
BUFFING OR SLACK ACTION EXCESSIVE, TRAIN HANDLING
BUFFING OR SLACK ACTION EXCESSIVE, TRAIN MAKEUP
INDEPENDENT (ENGINE) BRAKE, IMPROPER USE (EXCEPT ACTUATION) (H023)
LATERAL DRAWBAR FORCE ON CURVE EXCESSIVE, TRAIN HANDLING
OTHER CAUSES RELATING TO TRAIN HANDLING OR MAKEUP (PROVIDE DETAILED
DESCRIPTION IN IIC NOTES)
Grand Total
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66
9
5
3
6
55
9
17
43
24
22
6
5
1
1
9
36
20
1
1
1
10
3
27
26
1
6
1
1
1
1
1
1
435
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Table C5 Group and sub-group of causes – dangerous goods leakers
DANGEROUS GOODS LEAKERS – GROUP AND SUB-GROUP
MECHANICAL AND ELECTRICAL FAILURES
BODY
OTHER BODY DEFECTS, (CAR) (PROVIDE DETAILED DESCRIPTION IN IIC NOTES)
MISCELLANEOUS CAUSES NOT OTHERWISE LISTED
DANGEROUS GOODS LEAKER
BOTTOM OUTLET ASSEMBLY
CLOSURE
CONTAINER
LIQUID EDUCTION VALVE ASSEMBLY
LOADING/UNLOADING VALVE ASSEMBLY
MANWAY COVER BOLTS
MANWAY COVER GASKET
MANWAY COVER(BENT,WARPED,MISSING)
MANWAY FLANGE
OTHERS
REGULATING VALVE ASSEMBLY
SAFETY RELIEF VALVE ASSEMBLY
SAMPLING LINE ASSEMBLY
TOP FITTINGS DAMAGED/SHEARED OFF
UNIT TANK TRAIN CONNECTION
VACUUM RELIEF VALVE ASSEMBLY
VAPOUR EDUCTION VALVE ASSEMBLY
LOADING PROCEDURES
IMPROPERLY LOADED CAR
MISCELLANEOUS LOADING PROCEDURES (PROVIDE DETAILED DESCRIPTION IN IIC NOTES)
OTHER MISCELLANEOUS
OTHER MISCELLANEOUS CAUSES (PROVIDE DETAILED DESCRIPTION IN IIC NOTES)
Grand Total

FREQUENCY
1
1
1
109
103
9
6
1
4
4
31
29
2
1
5
1
4
1
1
1
1
2
4
2
2
2
2
110

Table C6 Group and sub-group of causes – movements exceeding limits of authority
MOVEMENTS EXEEDING LIMITS OF AUTHORITY – GROUP AND SUB-GROUP
MECHANICAL AND ELECTRICAL FAILURES
BRAKES
OTHER BRAKE DEFECTS, CARS (PROVIDE DETAILED DESCRIPTION IN IIC NOTES)
MISCELLANEOUS CAUSES NOT OTHERWISE LISTED
ENVIRONMENTAL CONDITIONS
SNOW, ICE, MUD, GRAVEL, COAL, SAND, ETC. ON TRACK
OTHER MISCELLANEOUS
OTHER MISCELLANEOUS CAUSES (PROVIDE DETAILED DESCRIPTION IN IIC NOTES)
SIGNAL AND COMMUNICATION
SIGNAL AND COMMUNICATION
BLOCK SIGNAL DISPLAYED FALSE PROCEED
FIXED SIGNAL IMPROPERLY DISPLAYED (DEFECTIVE)
OTHER SIGNAL FAILURES (PROVIDE DETAILED DESCRIPTION IN IIC NOTES)
TRAIN OPERATION - HUMAN FACTOR
BRAKES, USE OF
FAILURE TO PROPERLY SECURE ENGINE(S) OR CAR(S) (NON RAILROAD EMPLOYEE)
USE OF BRAKES, OTHER (PROVIDE DETAILED DESCRIPTION IN IIC NOTES)
CAB SIGNALS
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FREQUENCY
1
1
1
4
1
1
3
3
9
9
1
1
7
548
6
1
5
2
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AUTOMATIC TRAIN?STOP DEVICE CUT OUT
EMPLOYEE PHYSICAL CONDITION
EMPLOYEE ASLEEP
FLAGGING, FIXED, HAND AND RADIO SIGNALS
AUTOMATIC BLOCK OR INTERLOCKING SIGNAL DISPLAYING A STOP INDICATION - FAILURE
TO COMPLY.
AUTOMATIC BLOCK OR INTERLOCKING SIGNAL DISPLAYING OTHER THAN A STOP
INDICATION - FAILURE TO COMPLY.
FIXED SIGNAL (OTHER THAN AUTOMATIC BLOCK OR INTERLOCKING SIGNAL), FAILURE TO
COMPLY.
FLAGGING SIGNAL, FAILURE TO COMPLY
FLAGGING, IMPROPER OR FAILURE TO FLAG
INTERLOCKING SIGNAL, FAILURE TO COMPLY
OTHER SIGNAL CAUSES (PROVIDE DETAILED DESCRIPTION IN IIC NOTES)
RADIO COMMUNICATION, FAILURE TO GIVE/RECEIVE
RADIO COMMUNICATION, IMPROPER
GENERAL SWITCHING RULES
CAR(S) SHOVED OUT AND LEFT OUT OF CLEAR
SHOVING MOVEMENT, ABSENCE OF MAN ON OR AT LEADING END OF MOVEMENT
SHOVING MOVEMENT, MAN ON OR AT LEADING END OF MOVEMENT, FAILURE TO
CONTROL
MAIN-TRACK AUTHORITY
FAILURE TO STOP TRAIN IN CLEAR
MOTOR CAR OR ON?TRACK EQUIPMENT RULES, FAILURE TO COMPLY
MOVEMENT OF ENGINE(S) OR CAR(S) WITHOUT AUTHORITY (RAILROAD EMPLOYEE)
OTHER MAIN-TRACK AUTHORITY CAUSES (PROVIDE DETAILED DESCRIPTION IN IIC NOTES)
TRAIN ORDER, TRACK WARRANT, TRACK BULLETIN, OR TIMETABLE AUTHORITY, FAILURE
TO COMPLY
TRAIN ORDERS, TRACK WARRANTS, DIRECT TRAFFIC CONTROL, TRACK BULLETINS, RADIO,
ERROR IN PREPARATION, TRANSMISSION OR DELIVERY
TRAIN ORDERS, TRACK WARRANTS, DIRECT TRAFFIC CONTROL, TRACK BULLETINS,
WRITTEN, ERROR IN PREPARATION, TRANSMISSION OR DELIVERY
MISCELLANEOUS
HUMAN FACTOR - TRACK
MOTOR CAR OR OTHER ON-TRACK EQUIPMENT RULES (OTHER THAN MAIN-TRACK
AUTHORITY) - FAILURE TO COMPLY.
OPERATION OF LOCOMOTIVE BY UNCERTIFIED/UNQUALIFIED PERSON
OTHER TRAIN OPERATION/HUMAN FACTORS (PROVIDE DETAILED DESCRIPTION IN IIC
NOTES)
SPEED
COUPLING SPEED EXCESSIVE
FAILURE TO COMPLY WITH RESTRICTED SPEED IN CONNECTION WITH THE RESTRICTIVE
INDICATION OF A BLOCK OR INTERLOCKING SIGNAL.
TRAIN ON MAIN-TRACK INSIDE YARD LIMITS, EXCESSIVE SPEED
TRAIN OUTSIDE YARD LIMITS, IN BLOCK SIGNAL OR INTERLOCKING TERRITORY, EXCESSIVE
SPEED
SWITCHES, USE OF
SWITCH IMPROPERLY LINED
USE OF SWITCHES, OTHER (PROVIDE DETAILED DESCRIPTION IN IIC NOTES)
TRAIN HANDLING/TRAIN MAKEUP
AUTOMATIC BRAKE, INSUFFICIENT (H001) -- SEE NOTE AFTER CAUSE H599
BUFFING OR SLACK ACTION EXCESSIVE, TRAIN HANDLING
BUFFING OR SLACK ACTION EXCESSIVE, TRAIN MAKEUP
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2
1
1
60
37
1
9
3
1
1
4
1
3
3
1
1
1
439
77
56
119
49
104
25
9
10
1
1
1
7
9
1
5
1
2
9
8
1
9
3
1
1
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OTHER CAUSES RELATING TO TRAIN HANDLING OR MAKEUP (PROVIDE DETAILED
DESCRIPTION IN IIC NOTES)
Grand Total

4
562

Table C7 Group and sub-group of causes – main-track switch in abnormal position
MAIN-TRACK SWITCH IN ABNORMAL POSITION – GROUP AND SUB-GROUP
MISCELLANEOUS CAUSES NOT OTHERWISE LISTED
OTHER MISCELLANEOUS
INVESTIGATION COMPLETE, CAUSE COULD NOT BE DETERMINED (WHEN USING THIS
CODE, THE NARRATIVE MUST INCLUDE THE REASON(S) WHY THE CAUSE OF THE
ACCIDENT/INCIDENT COULD NOT BE DETERMINED.)
VANDALISM OF TRACK OR TRACK APPLIANCES, E.G., OBJECTS PLACED ON TRACK, SWITCH
THROWN, ETC.
TRACK, ROADBED AND STRUCTURES
FROGS, SWITCHES AND TRACK APPLIANCES
SPRING/POWER SWITCH MECHANISM MALFUNCTION
TRAIN OPERATION - HUMAN FACTOR
FLAGGING, FIXED, HAND AND RADIO SIGNALS
RADIO COMMUNICATION, IMPROPER
GENERAL SWITCHING RULES
CARS LEFT FOUL
OTHER GENERAL SWITCHING RULES (PROVIDE DETAILED DESCRIPTION IN NARRATIVE)
MAIN-TRACK AUTHORITY
OTHER MAIN-TRACK AUTHORITY CAUSES (PROVIDE DETAILED DESCRIPTION IN IIC NOTES)
TRAIN ORDER, TRACK WARRANT, TRACK BULLETIN, OR TIMETABLE AUTHORITY, FAILURE
TO COMPLY
TRAIN ORDERS, TRACK WARRANTS, DIRECT TRAFFIC CONTROL, TRACK BULLETINS, RADIO,
ERROR IN PREPARATION, TRANSMISSION OR DELIVERY
TRAIN ORDERS, TRACK WARRANTS, DIRECT TRAFFIC CONTROL, TRACK BULLETINS,
WRITTEN, ERROR IN PREPARATION, TRANSMISSION OR DELIVERY
MISCELLANEOUS
HUMAN FACTOR - TRACK
SWITCHES, USE OF
SWITCH IMPROPERLY LINED
SWITCH PREVIOUSLY RUN THROUGH
USE OF SWITCHES, OTHER (PROVIDE DETAILED DESCRIPTION IN IIC NOTES)
Grand Total

FREQUENCY
4
4
1
3
1
1
1
33
1
1
2
1
1
7
2
3
1
1
1
1
22
17
1
4
38

Table C8 Group and sub-group of causes – unprotected overlap of authorities
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UNPROTECTED OVERLAP OF AUTHORITIES – GROUP AND SUB-GROUP
TRAIN OPERATION - HUMAN FACTOR
MAIN-TRACK AUTHORITY
FAILURE TO STOP TRAIN IN CLEAR
MOTOR CAR OR ON TRACK EQUIPMENT RULES, FAILURE TO COMPLY
OTHER MAIN-TRACK AUTHORITY CAUSES (PROVIDE DETAILED DESCRIPTION IN IIC NOTES)
TRAIN ORDER, TRACK WARRANT, TRACK BULLETIN, OR TIMETABLE AUTHORITY, FAILURE
TO COMPLY
TRAIN ORDERS, TRACK WARRANTS, DIRECT TRAFFIC CONTROL, TRACK BULLETINS, RADIO,
ERROR IN PREPARATION, TRANSMISSION OR DELIVERY
MISCELLANEOUS
HUMAN FACTOR - TRACK
OTHER TRAIN OPERATION/HUMAN FACTORS (PROVIDE DETAILED DESCRIPTION IN IIC
NOTES)
SWITCHES, USE OF
USE OF SWITCHES, OTHER (PROVIDE DETAILED DESCRIPTION IN IIC NOTES)
Grand Total

FREQUENCY
17
14
1
1
4
3
5
2
1
1
1
1
17

Table C9 Group and sub-group of causes – uncontrolled movement of rolling stock
UNCONTROLLED MOVEMENT OF ROLLING STOCK – GROUP AND SUB-GROUP
MECHANICAL AND ELECTRICAL FAILURES
BRAKES
HAND BRAKE (INCLUDING GEAR) BROKEN OR DEFECTIVE
HAND BRAKE LINKAGE AND/OR CONNECTIONS BROKEN OR DEFECTIVE
OTHER BRAKE COMPONENTS DAMAGED, WORN, BROKEN, OR DISCONNECTED
COUPLER AND DRAFT SYSTEM
KNUCKLE BROKEN OR DEFECTIVE
OTHER COUPLER AND DRAFT SYSTEM DEFECTS, (CAR) (PROVIDE DETAILED DESCRIPTION IN
IIC NOTES)
GENERAL MECHANICAL AND ELECTRICAL FAILURES
OTHER MECHANICAL AND ELECTRICAL FAILURES, (CAR) (PROVIDE DETAILED DESCRIPTION
IN IIC NOTES)
LOCOMOTIVES
REMOTE CONTROL EQUIPMENT INOPERATIVE (LOCOMOTIVE)
MISCELLANEOUS CAUSES NOT OTHERWISE LISTED
ENVIRONMENTAL CONDITIONS
EXTREME ENVIRONMENTAL CONDITION EXTREME WIND VELOCITY
OTHER EXTREME ENVIRONMENTAL CONDITIONS (PROVIDE DETAILED DESCRIPTION IN IIC
NOTES)
OTHER MISCELLANEOUS
INVESTIGATION COMPLETE, CAUSE COULD NOT BE DETERMINED (WHEN USING THIS
CODE, THE NARRATIVE MUST INCLUDE THE REASON(S) WHY THE CAUSE OF THE
ACCIDENT/INCIDENT COULD NOT BE DETERMINED.)
VANDALISM OF ON-TRACK EQUIPMENT, E.G., BRAKES RELEASED
TRAIN OPERATION - HUMAN FACTOR
BRAKES, USE OF
FAILURE TO APPLY HAND BRAKES ON CAR(S) (RAILROAD EMPLOYEE)
FAILURE TO APPLY SUFFICIENT NUMBER OF HAND BRAKES ON CAR(S) (RAILROAD
EMPLOYEE)
FAILURE TO PROPERLY SECURE ENGINE(S) (RAILROAD EMPLOYEE)
FAILURE TO PROPERLY SECURE ENGINE(S) OR CAR(S) (NON RAILROAD EMPLOYEE)
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FREQUENCY
8
4
1
2
1
2
1
1
1
1
1
1
14
8
6
2
6
2
4
31
23
5
8
2
1
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FAILURE TO PROPERLY SECURE HAND BRAKE ON CAR(S) (RAILROAD EMPLOYEE)
IMPROPER OPERATION OF TRAIN LINE AIR CONNECTIONS (BOTTLING THE AIR)
GENERAL SWITCHING RULES
FAILURE TO COUPLE
FAILURE TO STRETCH CARS BEFORE SHOVING
KICKING OR DROPPING CARS, INADEQUATE PRECAUTIONS
SKATE, FAILURE TO REMOVE OR PLACE
SWITCHES, USE OF
SWITCH PREVIOUSLY RUN THROUGH
Grand Total

5
2
7
1
3
1
2
1
1
53

Table C10 Group and sub-group of causes – rolling stock collision with abandoned vehicle or object
ROLLING STOCK COLLISION WITH ABANDONED VEHICLE OR OBJECT – GROUP AND SUBGROUP
MISCELLANEOUS CAUSES NOT OTHERWISE LISTED
ENVIRONMENTAL CONDITIONS
EXTREME ENVIRONMENTAL CONDITION EXTREME WIND VELOCITY
OTHER EXTREME ENVIRONMENTAL CONDITIONS (PROVIDE DETAILED DESCRIPTION IN IIC
NOTES)
SNOW, ICE, MUD, GRAVEL, COAL, SAND, ETC. ON TRACK
HIGHWAY-RAIL GRADE CROSSING ACCIDENTS
FAILED TO STOP
HIGHWAY USER INABILITY TO STOP DUE TO EXTREME WEATHER CONDITIONS (DENSE FOG,
ICE OR SNOW PACKED ROAD, ETC.)
HIGHWAY USER INATTENTIVENESS
HIGHWAY USER MISJUDGMENT UNDER NORMAL WEATHER AND TRAFFIC CONDITIONS
STALLED ON TRACK
STOPPED TOO CLOSE
STUCK ON TRACK
LOADING PROCEDURES
LOAD FELL FROM CAR
MISCELLANEOUS LOADING PROCEDURES (PROVIDE DETAILED DESCRIPTION IN IIC NOTES)
OTHER MISCELLANEOUS
FAILURE BY NON RAILROAD EMPLOYEE, E.G., INDUSTRY EMPLOYEE, TO CONTROL SPEED
OF CAR USING HAND BRAKE
INTERFERENCE (OTHER THAN VANDALISM) WITH RAILROAD OPERATIONS BY
NONRAILROAD EMPLOYEE
INVESTIGATION COMPLETE, CAUSE COULD NOT BE DETERMINED (WHEN USING THIS
CODE, THE NARRATIVE MUST INCLUDE THE REASON(S) WHY THE CAUSE OF THE
ACCIDENT/INCIDENT COULD NOT BE DETERMINED.)
OTHER MISCELLANEOUS CAUSES (PROVIDE DETAILED DESCRIPTION IN IIC NOTES)
TRACK DAMAGE CAUSED BY NON-RAILROAD INTERFERENCE WITH TRACK STRUCTURE
VANDALISM OF TRACK OR TRACK APPLIANCES, E.G., OBJECTS PLACED ON TRACK, SWITCH
THROWN, ETC.
TRESPASSER
CAUGHT IN BETWEEN TRACKS
CROSSING TRACK
DRIVING ON R.O.W.
JUMPED OFF BRIDGE/OVERHEAD STRUCTURE
PARKED FOUL OF TRACK CLEARANCE
UNUSUAL OPERATING SITUATIONS
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FREQUENCY
147
20
2
2
16
18
2
1
2
1
2
3
7
5
2
3
16
1
2
1
8
1
3
26
1
1
12
1
11
62
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OBJECT OR EQUIPMENT ON OR FOULING TRACK - OTHER THAN ABOVE (FOR VANDALISM,
SEE CODE M503)
OBJECT OR EQUIPMENT ON OR FOULING TRACK (LIVESTOCK)
OBJECT OR EQUIPMENT ON OR FOULING TRACK (MOTOR VEHICLE - OTHER THAN
HIGHWAY-RAIL CROSSING)
TRACK, ROADBED AND STRUCTURES
OTHER WAY AND STRUCTURE
OTHER WAY AND STRUCTURE DEFECT (PROVIDE DETAILED DESCRIPTION IN IIC NOTES)
ROADBED
WASHOUT/RAIN/SLIDE/FLOOD/SNOW/ICE DAMAGE TO TRACK
TRACK GEOMETRY
DEVIATION FROM UNIFORM TOP OF RAIL PROFILE
TRAIN OPERATION - HUMAN FACTOR
BRAKES, USE OF
FAILURE TO PROPERLY SECURE HAND BRAKE ON CAR(S) (RAILROAD EMPLOYEE)
IMPROPER OPERATION OF TRAIN LINE AIR CONNECTIONS (BOTTLING THE AIR)
USE OF BRAKES, OTHER (PROVIDE DETAILED DESCRIPTION IN IIC NOTES)
GENERAL SWITCHING RULES
CARS LEFT FOUL
DERAIL, FAILURE TO APPLY OR REMOVE
OTHER GENERAL SWITCHING RULES (PROVIDE DETAILED DESCRIPTION IN NARRATIVE)
SHOVING MOVEMENT, ABSENCE OF MAN ON OR AT LEADING END OF MOVEMENT
SHOVING MOVEMENT, MAN ON OR AT LEADING END OF MOVEMENT, FAILURE TO
CONTROL
MISCELLANEOUS
HUMAN FACTOR - MOTIVE POWER AND EQUIPMENT
OTHER TRAIN OPERATION/HUMAN FACTORS (PROVIDE DETAILED DESCRIPTION IN IIC
NOTES)
SPEED
COUPLING SPEED EXCESSIVE
SWITCHES, USE OF
SWITCH IMPROPERLY LINED
TRAIN HANDLING/TRAIN MAKEUP
AUTOMATIC BRAKE, INSUFFICIENT (H001) -- SEE NOTE AFTER CAUSE H599
BUFFING OR SLACK ACTION EXCESSIVE, TRAIN HANDLING
OTHER CAUSES RELATING TO TRAIN HANDLING OR MAKEUP (PROVIDE DETAILED
DESCRIPTION IN IIC NOTES)
Grand Total
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22
6
34
6
2
2
3
3
1
1
40
3
1
1
1
25
1
1
1
8
14
5
4
1
2
2
1
1
4
1
1
2
193
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APENDIX B: Descriptions of SMS and HFACS
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Table D. Description of SMS categories used in this study68
a. Accountability









Continuity of operation
Continuity of system
Quality process
Control of exceptions
Continuity of organization
Alternative methods
Management accessibility
Company expectations

b. Process knowledge and documentation








Process definition and design criteria
Process and equipment design
Protective system
Process risk management decisions
Company memory
Normal and upset conditions
Chemical and occupational health hazards

c. Capital project review and design procedures






Hazard review
Process design and review procedures
Plot plan
Project management procedures and control
Siting

d. Process risk management







Hazard identification
Risk analysis of the operation
Reduction of risk
Residual risk management
Encouraging client and supplier companies to adopt similar risk management practices.
Process management during emergencies

e. Management of change






Change of process technology
Change of facility
Change of organization
Permanent changes
Temporary changes

f. Process and equipment integrity






Reliability engineering
Material of construction
Preventive maintenance
Maintenance procedures
Alarm and instrument management
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Process hardware, system inspection, and testing
Fabrication and inspection procedures
Installation procedures

g. Human factors




Operator-process/equipment interface
Administrative control versus engineering control
Human error assessment

h. Training and performance








Definition of skill and knowledge
Instructor program
Records management
Ongoing performance and refresher training
Design of operating and maintenance procedures
Initial qualification assessment
Selection and development of a training program

i. Incident investigation







Major incidents
Communication
Incident recording, reporting, analysis
Third party participation
Follow-up and resolution
Near miss reporting

j. Company standard, codes, regulation



Internal standard
External codes/ regulations

k. Audits






SMS system audits
Process safety audits
Corrective actions
Compliance reviews
Internal/external auditors

l. Enhancement of process safety knowledge
 Quality control program and process safety
 Professional and trade association program
 Technical association program
 Research development, documentation and implementation
 Improved predictive system
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Table E. Railway SMS regulations and CSChE SMS elements correlation
CSChE SMS element
Accountability: Objectives and Goals
Process knowledge and documentation
Capital project review and design procedures
Process risk management
Management of change
Process and equipment integrity
Human factors
Training and performance
Incident investigation
Company standard, codes, regulation
Audits and corrective actions
Enhancement of process safety knowledge

Railway SMS regulations
A process for accountability
A process for continual improvement of the
safety management system
Process for establishing targets and
developing initiatives
A risk assessment process
Process with respect to a safety policy
Process for reporting contraventions and
safety hazards
Process with respect to scheduling
Process for identifying safety concerns
A process for managing railway occurrences
Process for ensuring compliance with
regulations, rules and other instruments
Process for implementing and evaluating
remedial action
A process for managing knowledge
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Table F. Brief description of HFACS categories 80, 81.
Main categories

Organizational
influences

Unsafe
supervision

Precondition for
unsafe acts

Unsafe acts

Sub-categories
Human resources
Budget resources

Description
Hiring, training, background check
Lack of funding
Inappropriate design, failure to correct
Equipment resources
design problems
Structure
Chain of command, communication
Policies
Hiring and firing
Culture
Value, beliefs, and attitude
Operations
Time pressure, schedules
Procedure
Performance standards, procedures
Organization's monitoring, checking
Oversight
of the resources, climate and process
to ensure about safety
Failed to provide appropriate training
Inadequate supervision
and guidance, track qualification, and
performance
Poor crew pairing, failed to provide
Planned inappropriate operations
suitable guidance and oversight
Failed to correct unsuitable behavior,
Failed to correct known problem failed to correct safety risk, failed to
start corrective actions
Failed to implement rules and
Supervisory violations
regulations, inadequate
documentation, violated procedures
Loss of situational awareness, stress,
Adverse mental states
alertness, mental fatigue, distraction
Insufficient experiences for complex
Physical/mental limitation
situations, incompatible physical
abilities
Adverse physiological states
Medical illness, physical fatigue
Lack of teamwork, poor
Crew resource management
communication
Inadequate training, failure to follow
Personal readiness
the crew rest requirement
Physical environment
Weather, altitude, lighting
Equipment/control design,
Technological environment
display/interface characteristics,
automation
Inadequate technique, failure to
Skill-based errors
prioritize attention, distraction,
omitted step in procedures
Insufficient knowledge of procedures,
Decisions errors
wrong response to emergency
Due to visual illusion, due to misjudge
Perceptual errors
distance
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Routine
Exceptional

Violation of rules
Accepted unnecessary risk,
unauthorized behavior
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