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Introduction

On 29 June 2006, Canadian National Railway (CN) freight train L-567-51-29, the “Exeter Switcher”, consisting of one locomotive and one loaded flat car, ran away while proceeding southbound near Lillooet, British Columbia.  The line is located in B.C. Coastal Mountain Range. The loaded car of lumber derailed at Mile 184.7 and came to rest approximately 1000 feet (300m) down the mountainside. The locomotive derailed two miles further down the mountain at Mile 182.6 and came to rest approximately 800 feet (240m) down the mountain.  Two of the three crew members sustained fatal injuries as a result of the accident.  The third crew member sustained serious injuries.
Background

The former British Columbia Rail (BC Rail) lines run primarily through mountain territory. Grades can be double the typical ruling grades, and the horizontal curvature can be up to double, of the rest of CN’s Canadian and American trackage. BC Rail was aware of the challenging physical environment of its lines and had engaged various experts to develop its operating practices. 

In 2004, CN took over BC Rail’s operations and immediately started streamlining and rationalizing operational practices. Part of this streamlining included the reallocation of locomotive power across CN’s system. Although a Safety Integration Plan was made for the takeover and informal training was provided, there had been no formal risk assessment made before changing train operations.
Prior to being acquired by CN, BC Rail policy required that all road switcher assignments be handled by locomotives equipped with dynamic brakes.  A dynamic brake system uses a reversal of current through locomotive traction motors to provide resistance against the momentum of the train.  On BC Rail, non-DB equipped units had been typically confined to yard service. The locomotives which had been normally assigned on the Exeter switcher were GE B36-7 or GE B39-8 4-axle locomotives built in 1975 and equipped with dynamic brakes. These locomotives were comparable in size and weight to the GF430c assigned to the job on the day of the accident. 

After CN acquired BC Rail, their operating practices, including motive power assignment, were applied on all former BC Rail trackage. From 1 April 2006, a business decision was made to remove the former BC Rail locomotives from service on this assignment for disposal, and replace them with the equally powerful GF430c-series locomotives, but which were not equipped with dynamic brakes. Motive power assignment was based on estimated maximum trailing tonnage requirements and the suitability of the locomotives for the particular trackage on which they were required to work.  However, there was no consideration given to the need for supplemental dynamic brake for the safe descent of mountain grades and there was no indication that a risk assessment was performed before removing DB equipped locomotives from this territory. 

The Accident 

At 1000 Pacific Daylight Time On 29 June 2006, the three person freight train crew, reported for duty in Lillooet for their regular, scheduled, Exeter Switcher assignment. After completing a job briefing at Lillooet the crew were transported by taxi, to Chasm at Mile 213, where the locomotive had been left after the completion of the previous day’s work.   They arrived at Chasm at about 1230.  The assigned tasks for the day consisted of switching activities at various locations along the line as far north as Koster, Mile 216.5.   At the completion of their switching they were to take a loaded car of lumber with them from Koster to Lillooet, Mile 157.6 (Canadian subdivision mileages typically decrease from  north to south and west to east).  The figure below shows the subdivision profile and the points of derailment of the lumber car and locomotive.
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Prior to departing  Koster, the crew attached a Sense and Braking Unit (SBU)
 to the rear of the fully loaded flat car, and successfully performed the required brake test and train information and braking system (TIBS
) function test.  
The journey from Koster to Lillooet is predominately downhill. Departing Koster, the train immediately begins to descend the approximately 1 percent grade near Clinton, Mile 202.8. The crew did not observe any difficulties operating over this portion of the subdivision. However, Mile 190.8, just past Kelly Lake, is the beginning of a long descent all the way to Lillooet with the grades down to Mile 167 varying between 1.5 percent and a maximum of 2.85 percent.  Kelly Lake is the last upgrade for southbound trains before descending the 35 miles (56km) to Lillooet.
The crew’s preferred train handling practice when descending the Kelly Lake hill with a small train was to: 

· throttle down at Kelly Lake, Mile 192.6, 

· about 3000 feet south (approaching the crest of the hill), apply a minimum reduction automatic train brake application (7 psi) 

· make a subsequent brake application just prior to cresting the hill, leading to a total brake pipe reduction of about 10 psi,

· balance the grade using the independent brake to control train speed.

Railway speed restrictions required that trains not exceed 20 MPH between Mile 191.4 and Mile 158.1.  In addition, the CN BC Sub monthly bulletin re-issue, effective June 2006, stated that, between Mile 191 and Mile 167 on southward trains: 

Prior to cresting the grade, trains ........ when comprised of cars averaging 100 gross tons or more must reduce to a speed not exceeding 15 mph and must not be permitted to exceed that speed until braking effectiveness is seen to be ample.  

Approaching Kelly Lake, mile 192.6, the train was travelling at about 35 mph.  To comply with railway instructions, a minimum reduction automatic brake application was made, followed by supplementary reductions to bring the train speed down to the required 15 mph and verify the efficacy of the air brake system before beginning the descent.  
As there was no accelerometer on the locomotive, it was necessary to observe the speedometer to note changes in rate of speed and to rely on sensory perception to detect acceleration or deceleration. A subsequent brake application was made at Mile 189 and, at Mile 187, a full service brake application was made.  At about 28 mph, near the tunnels at Mile 186.7, the train brakes were placed in emergency and the locomotive independent brake was in placed in the fully applied position.  
Since operating with non-DB equipped trains, the crew had occasionally been in prior situations where it had become necessary to stop by placing the train in emergency while descending this grade.  Past experience had been that the train would continue to accelerate for a few moments and then gradually begin to reduce speed. However, in this case the train continued to gradually accelerate. Believing that their train was out of control, the crew contacted the train ahead of them to apprise them of the situation.  

When the train was travelling at about 35 mph, a crew member departed the cab of the locomotive to disconnect the loaded flatcar and apply its hand brake. When he reached the rear of the locomotive he was able to pull the operating lever to disconnect the locomotive from the car, indicating that the slack between the two vehicles was in compression.  He then climbed onto the car and over its stacked lumber to make his way to the other end of the car where its handbrake was located.  With the connection between the locomotive and car severed, they began to separate as they reacted independently to various forms of resistance, e.g. lateral forces in curves, wind resistance, rolling resistance and residual braking effort.  

At Mile 184.8, having separated from the locomotive by about 200 feet, the car derailed to the outside of an 11 degree left hand curve.  The crewmember sustained fatal injuries as he was thrown from the derailing car.  The car came to rest about 1000 feet (300 metres) down the mountain.
The locomotive continued to accelerate.  Both the conductor and the locomotive engineer had exited the cab in search of a place to safely detrain but the speed of the locomotive was too high.  At Mile 182.5, while negotiating a 12 degree left hand curve, the locomotive derailed to the outside and slid about 800 feet (240 metres) down the mountain. There were no visible marks on the rail or ties at the point of derailment.  The conductor, who was on the front right footboard, sustained fatal injuries as he was thrown from the locomotive.  The locomotive engineer sustained serious injuries.
Issues identified during the investigation, and challenges posed

Operating Practices

The TSB has investigated several accidents where organizational decisions have led to unforeseen safety problems. These have ranged from contractor installation of fibreoptic cables along railway right of way to issues such as reallocation of locomotive power from and to mountain territory without a formal risk analysis of those actions. In this case, the decision to withdraw dynamic brake-equipped four axle locomotives from this service significantly diminished the ability of crews to safely operate down to Lillooet from Kelly Lake.
Train Operation Validation

The locomotive engineer was the only survivor of the accident, and he had been seriously injured and traumatized by the event. Part of investigation methodology requires corroboration of witness statements and verification by other means if necessary. While witnesses may not knowingly be deceptive, due to lapses in memory, confusion or other reasons, investigators have to validate the information by whatever scientific means possible. However, the fact that the locomotive event recorder had been destroyed by fire (unfortunately, a common event in major accidents in Canada) meant that the most useful technical way of validating a train crew’s recollections was lost.  The TSB has made recommendations in the past on even recorder crash survivability, and industry has started to install enhanced fire resistance recorders in new locomotives, but there is no retro-fitting of new recorders in Canada at the time of writing.
Train Brake Effectiveness

It was clear from the remains of the destroyed locomotive that its brakes had been heavily applied: there was extensive blueing of the wheels and some of the brake shoes had disintegrated.  Conversely, examination of the wrecked flatcar revealed no physical indication that heavy braking had occurred.  
Train Simulation

Based on the information provided by the survivor, the investigation team decided to simulate the trip, using a sister locomotive and loaded flatcar and following the same route and procedures taken by the Exeter switcher.  Because of the destruction of the locomotive event recorder, there did not appear to be any other way to break down the events to understand what went wrong that day.  The data obtained during the run down the hill allowed basic data on braking forces to be used at the Cobra brake testing facility in North Carolina. One of the significant reasons for the delay in the investigation, was that Cobra was unique in North America in being equipped to test a locomotive wheel at its dynamometer facility. The test could only be done when Cobra had an operational time window to do so, which occurred in spring, 2008, around 21 months after the accident.

Sense and Braking Unit (SBU)
One of the conundrums of TSB investigations is that there is always pressure to complete a report as fast as possible, yet the investigation has to be thorough and the conclusions completely logical, using the scientific method. However, the author’s experience has been that key information can be obtained years after the accident and during a time when investigators are alone and with time to think.  
Approximately four months after the accident, an investigator at the TSB Engineering Laboratory was taking a closer look at the SBU, which had been recovered from the wreckage of the train. He had earlier noted several antennae and wondered if they might be used for data transmission and recorded somewhere. Follow up contacts in late 2006 with the railway revealed that the SBU was equipped with an electronic diagnostic file that they use for maintenance.  However, they advised that its encrypted contents were very limited in scope and that it did not contain any data that likely would be of value to the TSB, if it survived the derailment and if it was still present in memory.  
The manufacturer was also not optimistic about what information may, or may not, reside in the SBU.  The manufacture informed the TSB that the SBU was never designed to survive crashes, nor was it ever intended to log information to be used for accident investigation purposes.  The manufacturer was unaware of anyone who had previously attempted to recovery data from a post-crash SBU for accident investigation purposes, and considered this undertaking to be precedent setting. 
After a hiatus of about 7 months, while the Engineer at the Laboratory had been working on other higher priority components from the derailment, and following functional testing of the SBU, he decided to do his own follow-up investigation of the diagnostic file and of the design of the memory system present in the SBU.  Subsequent attempts to download the diagnostic file were successful.  It was discovered that the file was stored on a non-volatile memory chip, and that its cryptic contents contained valuable accident investigation information. This was apparently the first time that the data from an SBU had been used as a form of train event recorder, since it had both gps (global positioning system) location data and brake pipe pressure data.

Because the data download revealed brake pipe pressure at various times and locations, it was possible to validate other theoretical Engineering Laboratory work on speed of derailment, as well as validate some witness information.  The Cobra test facility was used to run various scenarios of what happened on dynamometers, including one where there were non-functioning brakes on the railcar. At the time of writing, that scenario appears to be the most likely one.

Because the data download revealed brake pipe pressure at various times and locations, it was possible to validate other theoretical Engineering Laboratory work on speed of derailment, as well as validate some witness information.  The Cobra test facility was to run various scenarios of what happened, including one where there were non-functioning brakes on the railcar. At the time of writing, that scenario appears to be the most likely one.

Lessons learned

TSB has a mandate to conduct investigations and make findings as to causes and contributing factors as well as recommendations to mitigate any safety deficiencies revealed by the analysis.  At the time of writing, the Board investigation is ongoing and the Board has not approved a final report. However, the following lessons can be inferred:
1. Business decisions can result in unforeseen consequences when no formal risk assessment is made.

2. TSB made several different attempts to explain how the train ran away, including a simulation with an equivalent train, a detailed engineering analysis and reconstruction of events from SBU. This cross-referencing was a valuable tool in validating information developed from each technique.
3. SBU recorded data can be extremely useful in determining how a train was operated in the event that a locomotive event recorder is destroyed.

4. It takes time to complete a complex investigation. However, the resulting quality can be well worth the delay.

5. Separation, or isolation, from events can lead to creative thought.

6. Teamwork helps complete the job of an investigation, but individual initiatives, thoughts and ideas also contribute to the final product.
� 	The SBU is a radio telemetry device mounted at the rear of a freight train.  It transmits train brake pipe pressure information to the locomotive where it is displayed to the locomotive engineer.  


� 	The TIBS consists of an SBU, a communications logic unit (CLU) and an Input and Display Unit (IDU).  Collectively, this system takes the place of the manned caboose and enables monitoring of a number of train functions, for example, rear of train brake pipe pressure. 





