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Background
The Transportation Safety Board of Canada is an independent government agency which reports
to Parliament, rather than to a Minister of the Crown. Its mandate is to investigate selected
transportation occurrences and make findings as to causes and to make recommendations to
eliminate safety deficiencies. The TSB is multi-modal and has existed since 1990. Board
Findings are not admissible in a court of law.
The TSB uses an investigation methodology known as ISIM, the Integrated Safety Investigation
Methodology. ISIM incorporates best practices from various other agencies and sources. The
approach is to establish the sequence of safety critical events, identify unsafe acts and conditions
and then identify systemic underlying factors where no safety defence barrier exists or where one
is inadequate. Investigators work in teams, with each member having complementary skills. If
necessary, experts with specific specializations are hired from outside the TSB to aid in the
investigation. They can come from other investigative agencies, from consulting companies or
from academia.
This paper describes two Canadian freight train derailments: one of which occurred in August
2004 and the other in June 2006. The challenges encountered by the investigation teams in trying
to determine the causes of the accident were significant, and entailed an extensive use of time.
1. Lévis, Quebec, Derailment, August 2004: Geotechnical Issues affecting Track Subgrade.
A. Evolution of the Investigation.

In August 2004, a northbound 68 wagon unit tank train, travelling at 38mph (60km/h)
and destined for Montreal, derailed in a conservation area known as the Grande Plée
Bleue conservation area, spilling 200,000 litres of gasoline and fuel oil. This
environmentally sensitive conservation area is on the south shore of the St. Lawrence
River, 15km southeast of Quebec City. Tank trains ran from a nearby refinery, typically
four times per day.

Figure 1 Aerial View of the Derailment Site
The accident occurred 50 metres from the location of a previous, 34mph, 10 wagon
derailment in 1999, which the TSB had determined as having been primarily caused by
track cross-level variation at rail joints, and a saturated subgrade. Following the 1999
derailment, the track had been rebuilt, continuous welded rail had been installed and the
inspection and maintenance frequency had increased. At the same time, the permissible
track speed, which had been reduced to 25mph after the accident, was raised to 40 mph
(64 km/h).
The water table at the time of both accidents was about one metre below track level.
However, in the 2004 accident, the track was in very good condition, and the question
was whether it was just a coincidence that the two accidents had occurred very close to
each other, or if there were other unknown factors involved. There had been, however, a
collapse of the track, and a depression in the centre of the track, just behind the 29th
wagon. Environmental conditions were benign: an air temperature of 23 degrees Celsius
and clear skies.

Investigators did not immediately conclude that there had to be a similarity to the
previous accident. In the later accident, there was a railcar wheelset found at the site
which had a wheel which had migrated inboard, and there were pieces of fractured rail
found at the site. The possibility that either of these had been causal was therefore
investigated. At the same time, investigators were also looking at post-crash events, such
as the tank cars’ crash survivability and the reasons for the spillage of a large volume of
petroleum product.
Subsequently, laboratory examination of the wheelset indicated that the wheel migration
had occurred during the derailment1, leading to the focus turning onto the track
conditions. The fractured rail pieces were also identified as having failed during the
accident. Since a download of the locomotive event recorder data indicated that the train
had been operated normally prior to the accident, there was no need to consider the
possibility of train handling problems.
Two days before the 2004 accident, the track had been inspected by a Department of
Transport inspector, who was accompanied by a railway company track supervisor. No
surface problems were identified. This information led the investigative team to
hypothesize that, since the track surface had shown no recent problems, and since there
were no operational or equipment anomalies found to have existed prior to the
derailment, there could have been a sub-surface problem that had led to the accident.
B. Examination of the Subgrade
In 2004, a local consultant company was hired to investigate subsurface conditions in
order to explain what would happen to the soil when trains passed over. The company
drilled several boreholes along the track’s centre-line to establish the stratigraphic profile
for 200m either side of the derailment location. Figures 2 and 3 show the results.

1

There had been several accidents reported around this time, where wheels had migrated inboard. Subsequently,
TSB investigation R06T0022 examined this issue, which resulted in two recommendations relating to wheelset
tracking and removal.

Figure 2 Profile of Track in Vicinity of Derailment

Figure 3 Cross-section of Track at Derailment Location

The borehole samples revealed that, at the accident location, there was between 1 and 1.5 metres
of ballast, underlain by about 2.5 metres of compressed peat, which was above a 0.5m layer of
fractured rock above the schist bedrock. Outside of the track, the peat thickness was 3 to 3.5m.
The peat’s moisture content varied between 325 and 841 percent.
Work continued until May 2005 to establish the effect of cyclic loading on the peat’s bearing
capacity. The results of the consultant’s study were that the bearing capacity was sufficient to
support the weight of the trains, but also that the soil under the railway track compressed and
underwent settling that intensified exponentially with increased cyclic loading.
The consultant’s opinion was that subsidence had caused the derailment. However, the
investigators did not agree, because of the recent track resurfacing and because the inspection
just two days before the accident had shown no indication of any surface defects. Investigators
were coming to the conclusion that the derailment might have been caused by a sudden failure of
the subgrade.
C. Engineering Research into Previously Unexamined Areas
The investigation team hypothesized that, since the track surface had shown no recent problems,
and since there were no operational or equipment anomalies found to have existed prior to the
derailment, there was a sub-surface problem that had led to the accident. As a result, and in view
of the fact that the operation of tank-trains carrying petroleum products had raised considerable
political sensitivities in the area, the TSB decided to employ soils experts from Université Laval
in Quebec City to investigate the situation further, with a view to identifying, or explaining, what
subsurface phenomenon, or phenomena, were causing the track to fail. The university took
almost a year to prepare the site for testing, including damming sections of drainage ditches to
replicate the water table level which had existed at the site at the time of the 2004 accident and to
allow examination of subsurface soil conditions and pressures. They measured soil
consolidation and pore pressure over time, distance and load, for both empty and loaded trains,
and found an increase in pressure as each axle went over and as speed increased.
While the consultant’s project was underway, the investigation team did consider the possibility
that an increase in pore water pressure could have caused failure of the subgrade, predicated on a
close scheduling of trains, as the testing showed that pore water pressure subsided slowly after
the passage of a train. However, the train schedules for the previous two weeks showed enough
spacing that there would have been no influence on a pressure build-up. Another thought was of
the possibility of pressure waves in the saturated peat, building up ahead of the train, but then the
question was, if there had been, why would this specific train have derailed? Since the TSB was
unaware of any research into the behaviour of inorganic soil such as peat under railway tracks, it
seemed quite likely that there was no easy way of knowing the precise cause or causes of the
accident.

The university’s study was completed in January 2007, 2 ½ years after the accident. It revealed
that the settlement of the peat under the track resulted in fibre distortion, and a realignment of the
fibres to form two shear planes, which developed gradually over time. The peat, overlaying the
subsurface clay and bedrock, distorted under the passage of trains, and the distortion increased as
axle load and speed increased. At some point, the university postulated, after a series of trains
had passed over the location at, or around, the permissible track speed of 40mph, the peat fibres
eventually exceeded their elastic limit and a sudden failure occurred, from a punching-through,
or shearing, of the overextended fibres.
D. Challenges in Validating Research Information
The research was into a unique area, i.e. the effects of cyclic axle loading on a particular type of
organic soil subgrade, peat. The explanation given by Université Laval seemed to be logical and
there was no competing theory that would explain why the accident occurred to this particular
train. However, there was no way to corroborate the theory.
E. Outcome of the Investigation
As a result of the investigation two Board recommendations were made, including one relating to
organic subgrade research. That latter recommendation stated: The Department of Transport and
the railway industry conduct in-depth studies on the behaviour of saturated organic materials
under cyclic loading. As a result, there are ongoing studies into that issue, funded both by
industry and the rail regulator.

2. Lillooet Runaway and Derailment, June 2006: Determination of the Chain of Events after
Losing Event Recorder Data.
A. Evolution of the Investigation
This accident occurred in mountainous territory in British Columbia. A locomotive and
one loaded lumber wagon were descending a 30 mile (50km) long, downgrade of
between 1.5 and 2.85 percent. The locomotive was not equipped with a dynamic brake.
While descending the grade, the train brakes were unable to control the descent and the
train ran away, with the locomotive derailing at an estimated speed of 60mph (96km/h)
on a tight curve (Figure 4). The lumber wagon had derailed earlier, at around 80km/h.
Two of the three train crew members died, and there was a post-crash fire, resulting in the
destruction of the locomotive\s event recorder. There was only limited witness
information, some of it suggesting a loss of braking capacity of the train as it descended
the steep grade. The major challenge for the investigation team was to try to re-enact the
operation of the train down the mountain, based on an intensive examination of various
scenarios, including the locomotive and lumber wagon’s brake performance.

Figure 4 Burnt-out, Locomotive, looking down the Mountainside from Point of
Derailment
It should be noted that, in many investigations, initial information about an accident can
be erroneous, or some vital data can be missing. In any event, initial information obtained
was that the train had run away down the steep grade and that the brakes might not have

been operating effectively. During the runaway, one of the crewmembers had walked
back to disconnect the lumber wagon from the locomotive, which he did. But, as he tried
to climb over the wagon to apply its handbrake, the wagon derailed and he was thrown
off the wagon and was killed. The two other crewmembers had tried to apply the
locomotive’s handbrake, and prepared to jump, but as they negotiated a tight curve, the
locomotive derailed, at an estimated 60mph (100km/h) and they were thrown off. Only
one survived.
Once on site, and having descended the mountainside to look at the wreckage,
investigators noticed a blueing of the locomotive’s wheels, which remained hot for hours
after the derailment. Blueing is indicative of heat stress. Both of the locomotive’s bogies
had separated from the locomotive during the derailment and they had not been affected
by the post-crash fire. Examination of the derailed lumber wagon’s wheels (Figure 5)
showed no indication of heat stress, suggesting that its brakes might not have been
functioning properly.

Figure 5 Point of Derailment of Lumber Wagon, showing non-blued Wheels
B. Challenges in Validating Information Collected
Some of the investigation’s many challenges were to assess the effect of thermal stresses
on wheels and brakes, establish the condition of the brakes and braking systems, assess
the level of brake applications and to validate witness information to determine the exact
sequence of events that led to the accident. Other challenges were the identification of a
resource available to perform dynamometer testing on a locomotive wheel and brakes, in
order to examine various possible train braking scenarios to determine the most likely
one which had existed on the runaway train. A simulation run, made three days after the

accident, with an essentially identical train, was made down the mountain to obtain event
recorder data that could be examined by the TSB Engineering Laboratory for analysis
and comparison purposes.
C. Challenges in Reconstructing the Sequence of Events
Because of the loss of all event recorder data from the locomotive, TSB Engineering
Laboratory staff undertook a major effort to try to derive the data which would have been
directly available had the event recorder survived the post-crash fire. Exhaustive
calculations were made at the TSB’s Engineering Laboratory to try to determine, among
other things, the speed of derailment, the level of brake application and the braking
horsepower available from the train. This was all completed, but it was open to challenge
from industry and the regulator, as there could be no cross-verification from other
investigative sources (industry and the regulator sometimes have technical and legal
reasons for challenging Board analyses).
As this work was proceeding, work was also underway to determine why there seemed to
have been some form of brake malfunction. This included, among other things,
examination of a fractured air compressor, examination of a one-way check valve in the
locomotive’s air system and examination of the lumber wagon’s brake rigging,
D. The SBU and a Moment of Revelation

Figure 6 Sense and Braking Unit mounted on Lumber Wagon
Sense and braking units (Figure 6) were introduced after the discontinuance of cabooses
(brake vans). SBUs relay train brake pipe pressure information from the back of a train to
an event recorder, as well as display that information for the crew in the lead locomotive.

A few weeks after the accident, the train’s SBU, which had been mounted on the back of
the lumber car, had been delivered to the laboratory and an engineer had noted what
looked like two antennae. He wondered if one might be a GPS antenna, which could
possibly have transmitted data that been recorded somewhere.
The response from both the railway company and the SBU manufacturer was that there
was no GPS function on the unit. The engineer also checked to see if any data might
reside in the SBU itself, whether or not it was related to a GPS. The response from both
was that no data would be present. Firstly, both considered it unlikely that the internal
SBU hardware would have preserved any data, because it had been exposed to abnormal
derailment impact loads which the unit was not designed to handle. Secondly, in the
unlikely event that internal hardware had survived the crash with some data in it, this
would have been lost after about 12 hours following the derailment. That time interval is
the longest expected life of the internal SBU rechargeable battery, when it is left to
discharge on its own after the pipe air pressure turbine recharging unit is shutdown.
Thirdly, the SBU does not contain any information relevant for investigation purposes,
since the sparse amount of data present in it was specifically designed for maintenance
use only.
Because much other laboratory work was proceeding, the SBU was put to one side.
However, when the work on various mechanical systems of the train was completed,
which was around Christmas 2007, 18 months after the accident, the engineer decided to
take a closer look at the SBU, primarily because he had never worked on one before. He
again checked with the railway and manufacturer, who confirmed that there was no GPS
function on that particular model. Not being completely satisfied with this information,
he dismantled the SBU and identified a GPS antenna connected to a printed circuit board.
The railway and the manufacturer’s representatives, however, said that the GPS was nonfunctional as the railway had not ordered that feature. He continued calling both parties
for design specifics, eventually discovering that special hardware and software could be
used to download data for SBU maintenance purposes. However, they told him that the
data were very limited in scope and because the SBU’s memory module was volatile in
nature, and because the battery would have run down months before, there would be
absolutely no data available from the unit at the laboratory.
Still not to be discouraged, he re-examined the SBU and identified what appeared to be a
memory module, possibly non-volatile, on the printed circuit board. After much
discussion with the two other parties, he obtained hardware and software for
downloading the SBU and got a large stream of data. This was despite having been told
that whatever might remain would just be maintenance information, and he would find
absolutely nothing, because of the large amount of time elapsed since the accident. When
he downloaded the information, he identified various streams of information, one of

which looked, after a time consuming series of iterations, like time of day, and another,
again after significant examination, like GPS geographical coordinates. He contacted the
manufacturer, who confirmed what the various fields contained and he subsequently
managed to rationalize the data and reconstruct the trip of the lumber wagon for the last
12 hours before its derailment, including the recorded changes in brake pipe pressure. He
had also obtained detailed 3-D survey data to precisely determine the actual grade along
the track. The SBU’s GPS coordinates and time were used to derive the speed and
acceleration of the accident train at the recorded positions, for the different grades. These
points were also correlated with the car’s brake pipe pressure values (that had also been
recorded in the SBU).
Figure 7 shows data points identified from the SBU download.

Figure 7 Data points retrieved from SBU
This is believed to be the first time that data from an SBU had been used as a form of
train event recorder. That function had never been intended by the manufacturer, but it
paid a major dividend in completing a large part of the puzzle presented by this
investigation. The engineer had spoken with about eighteen different railway and
manufacturing company officials as part of his efforts to retrieve the information. As part
of his process of dealing with all of these officials, his approach had always been to
cross-check critical information with at least one other official to make sure he was
getting a consistent message. At the end, all of the hard work paid off.

Two months later, after analysing this data, and after having reviewing the “simulation”
data obtained from operating the sister train in July 2006, which did have a fully operable
air brake system, down the same hill, members of the investigation team travelled to the
United States to a dynamometer facility to try to replicate the conditions of the
locomotive wheels and brake pads found at the derailment site. The best fit to the
scenarios tested by investigators was one where the lumber wagon’s brakes had not been
applying effectively. This strongly suggested that the locomotive brakes had essentially
taken all of the train’s load and overheated, resulting in friction fade and a runaway
situation.
E. Outcome of the Investigation
The Board made eight findings as to causes and contributing factors, as well as a
recommendation related to safety management systems:
Canadian National take effective action to identify and mitigate risks to safety as
required by its safety management system, and the Department of Transport require
Canadian National to do so.
3. Discussion and Conclusions
These two accidents indicate how complex and time-consuming investigations can
become when original research has to be undertaken or when key technical data is
missing or lost. Investigators never know how easy or hard an investigation will be when
they deploy to a site, and it can take a significant amount of time just to know whether
there will in fact be a challenge. For example, in the case of Lévis, it took several weeks
to determine that the inwardly migrating wheel had not been causal, but was a result of
the derailment itself. Conversely, in the case of Lillooet, it only took a few days to
determine the paucity of data, which was when the event recorder was examined, the
memory module was identified as having been so damaged that no data were recoverable,
and there appeared to be no other way that data had been recorded.
The challenge with Lévis was that there was no applicable previous research to draw on
and therefore original research had to be done to attempt to determine the causes of the
accident. While the Université Laval work presented a plausible theory that would
explain the subgrade failure, it is still an open question as to whether this was the
complete explanation. Hence the Board’s recommendation for more research into organic
subgrade performance.
The challenge with Lillooet was how to validate witness statements when there was so
little information available to corroborate them. Even when the Engineering Laboratory
performed exhaustive theoretical calculations to determine the speed of derailment and

the probable related train brake problems, they could always be challenged, as there was
no recorded data to corroborate them. It was extremely fortunate that a thoughtful and
tenacious engineer took it upon himself to pursue the possibility of data coming from the
SBU.
Regarding TSB Engineering Laboratory staff, they, in the author’s opinion, typically
have more time than investigators to think creatively. This is because they have fewer
day-to-day pressures when compared with regional and head office investigators. The
latter two groups are almost always multi-tasking, juggling a series of investigations at
the same time. Additionally, investigators located at head office have to deal with other,
non-investigation, issues, which take up even more time and energy. The laboratory’s
work led to a major payoff in terms of safety and safety deficiency identification, despite
the long duration of the work.
Both of these investigations took place during a time when there was a strong, and
increasing, Board focus on producing reports quickly, i.e. an objective of final reports
being published one year from the time of the accident. Awareness of this pressure could
have led to investigators abbreviating their work, but it did not. As a result, both
investigations were done thoroughly, and they added significantly to safety knowledge.
They also resulted in recommendations to advance transportation safety, which is the
Board’s fundamental mandate.
It is clear that, when technical challenges occur, the time taken to complete an
investigation will increase significantly, in the absence of an extra infusion of resources.
However, it is always worthwhile making the extra effort to overcome those challenges,
with the results yielding major benefits to investigation agencies, to industry and to the
public.
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