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EMPLOYEE FATALITY

Canadian National Railway Company
Remote control locomotive system
Dual hump yard assignment YDHF60
Mile 0.0, Halton Subdivision
MacMillan Yard

Vaughan, Ontario

15 August 2019

The Transportation Safety Board of Canada (TSB) investigated this occurrence for the purpose of
advancing transportation safety. It is not the function of the Board to assign fault or determine
civil or criminal liability. This reportis not created for use in the context of legal, disciplinary or
other proceedings. See the Terms of use on page 2.

EXECUTIVE SUMMARY

On 15 August 2019, atabout 0110 Eastern Daylight Time, the Canadian National Railway
Company (CN) remote control locomotive system (RCLS) YDHF60 dual hump yard
assignment (the assignment) was pulling82 cars northward along track W100 (W100) in
CN’s MacMillan Yard, which is located within the Concord industrial district of Vaughan,
Ontario. The assignment was controlled remotely by a single CN yard operating employee
(YOE) using a Beltpack. Asthe assignment negotiateda 1 5-degree left-hand curve (in the
direction of travel), the trailing end of the 26th car behind the locomotives string-lined,
causing that car to derail along with the next 8 cars. All 9 cars were empty multi-level
vehicular flat cars (i.e., autorack cars). During the derailment, the27th to 29th cars
overturned on their sides tothe inside of the curve and pinned the YOE under the 27th car.
Consequently, the YOE was fatally injured.

The accident

On 15 August 2019 atabout 0045, CN 2100 west industrial yard assignment coupled a cut
of 34 loaded cars to the south end of 24 autorack cars that had previously been left standing
on W100. The cut of 34 cars weighed 3391 tons and was 2074 feetlong, and the 24 autorack
carsweighed 1245 tons and were 2252 feetlong. Five minutes later, the foreman ofthe CN
2100 assignment informed the trainmaster by radio that they had completed the switching
and the trainmaster thennotified CN Car Control.

Atabout 0100, the occurrence assignmentarrivedat W100 with a cut of 24 cars from track
E008 that weighed 1938 tonsand was 1652 feetlong, and coupled the cut of cars onto the

All times are Eastern Daylight Time (Coordinated Universal Time minus 4 hours).
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58 cars standing on W100. With the locomotive hump set and the total of 82 cars joined
together, the assignmentweighed a total of 7086 tons and was 6166 feetlong.

Atthe time, unbeknownst tothe yardmaster, the yardmastertrainee, and the YOE, the cut of
34 loaded cars thathad beenrecently added to the south end of the autorack cars placed
44% of the assignment’s weightin the rear 25% of its length, making it “tail-end heavy.”

After makingthe joint between the 24th and 25th cars, the YOE walked southward and
released the hand brakes on the 3 autorackcars (25th car to the 27th car), then entrained
theleading end of the 27th car while the assignmentwas stopped.

Atabout 0108, the assignment began to pull the 82 cars northward throughthe 15-degree
left-hand curve en route tothe west pullback track. About 2 minutes later, there was a
communication failure between the controlling locomotive and the Beltpack. Following the
loss of communication and as designed, the RCLS system automatically placed the
locomotivesin idle, made a full service air brake application, applied the locomotive
independentbrakes and brought the assignment to a controlled stop.

The site observations were all consistent with classicstring-line derailment characteristics.

The investigation determined thatthe trailing end of the 26th car string-lined; the left side
wheels of the trailing truck climbed the rail, derailing the car tothe inside of a 15 -degree
curve. Asthe 26th car derailed, it pulled laterally on the A-end coupler of the 27th car. This
caused the 27th, 28th, and 29th empty autorack cars, which remained coupled together, to
roll off their trucks, separate from the head-end cars, and overturn on their side about 2 feet
from the track. The YOE, whowas riding on the left side of the 27th car, was pinned beneath
theleading A-end, and fatally injured.

The YOE's actions while switching before the accident, and during RCLS operation using the
Beltpack, were in accordance with company requirements and his training.

Operation of remote control locomotive systems

An RCLS operating system is programmedin such a way that the selected operating speedis
attained as quickly as possible while operating within the parameters that are programmed
intothe RCLS to determine throttle output. Once the selected speedis attained, the RCLS
automatically controls the locomotive throttle and brakesto maintain the speed.

While the RCLS’s aggressive throttle modulation is dependent on the differential between
the current speed of the consist and the selected speed, it can also occur if the operator
makes a series of small progressive speed increases or immediately selects Max speed

(15 mph). As a result, at the time of the occurrence, RCLS operators, like the occurrence
YOE, did not have the ability to directly control incremental locomotive throttle changes to
facilitate the slow, smooth acceleration of an assignment.
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Ratio of lateral-to-vertical forces and potential for derailment

A combination of lateral (L) and vertical (V) forces exists at the wheel-rail interface. The
ratio of lateral-to-vertical (L/V) forcesindicates the potential for a derailmentto occur.
When a high lateral force and low vertical force are present (e.g., as with an empty car), the
high lateral force will tend to push the wheel flange up and over the gauge face of therail,
resulting in a wheel-climb derailment.

A single-wheel L/Vratioin excess of about 0.82 isindicative of the potential for a freight car
wheel toclimb (or lift) onto the head of a rail and cause a derailment. Empty long cars
equipped with hydrauliclong-travel end-of-car cushioning devices (EOCCDs), such as the
autorack carsin this occurrence, are particularly vulnerableto th ese forces. A truckside L/V
ratioin excess of 0.65 is indicative of the potential for a freight car truckto roll a rail and
cause a derailment.

When atrainis pulled through a curve, draft (tension) forces tend to stretch or “string-line”
the train as wheel flanges are pulled taut againstthe inside rail of the curve. Ifthe draft
force generated by the locomotives is excessive or if there is a significant run -out of train
slack, the L/V ratio can reach a critical level that results in a car wheel climbing, or lifting,
onto the head of a rail and subsequently derailing.

Train dynamic simulations

Dynamicsimulations are theoretical and are often performed in support of derailment
investigations. One of the goals for any dynamic simulation is toidentify the combination of
the factors and forces that produce results which most closely match the physical evidence
observed on an accidentsite. In this case, 7 different simulations were conducted.

Simulations 1 to 3 confirmed that:

e thetonnageaddedtothe tail-end of the autorack cars on W100 left the assignment
“tail-end heavy” with the lighterempty autorack carslocated in a vulnerable
position, and caused both single-wheeland truckside L /Vratios to exceed critical
thresholds for the 26th to 28th cars.

e anemergencybrake application on the 63rd car recorded the highestsingle-wheel
L/Vratios atthe left side wheels of the trailing truck of the 26th car, and created the
specific conditions for the trailing end of the 26th car to string-line.

Simulations 4 to 7 evaluated other mitigatingstrategies that could reducethe riskofa
string-line derailment occurring.

Train dynamic simulations confirmedthat the combined effects of aggressive throttle
response due to RCLS programming, the vulnerable placementofempty autorack cars
equipped with EOCCDs between 2 heavier cuts of cars, the weight of the trailing cut of 34
carsadded to the assignmentbehind the autorack cars, and the air brakes that likely
remained on the 63rd car, created the circumstances for this accident to occur.
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Ensuring safety-critical procedures are carried forward

After 2 similar string-line accidents that occurredon W100in 2012 and 2013, CN
investigated the accidents and implemented corrective actions. Although procedures were
implementedto preventstring-lineaccidents from occurring on track W100, these
procedures were not effectively documented or carried forward, and their use was
discontinued, which contributed to this accident.

Safety action taken

Transport Canada

Transport Canada (TC) conducted an investigation under the Canada Labour Code, Part 11
(CLCII), and issued 2 directions to CN. TC reviewed CN'’s corrective measures and deemed
them tobe satisfactory. The investigation results were shared with CN and its workplace
health and safety committee as per CLC Il requirements.

Canadian National Railway Company

CNissued Notices No.1908-15 and 1908-21 thatcontained revised instructions for S-Yard
industrial released cars, pulling cars on W100 trackand train handling while pulling cars
from W100 track.

CN training material was updatedto highlight hazardareas for tracks with high curvature
and instruct employees toride either the locomotive or the trailing car on tracks with
curves of over 12 degrees.

The 15-degree left-hand curve in track W100 was reconfigured toreduce the track’s
curvature from 15 degreesto 12 degrees.

A process was developed to verify that safety-critical information communicated by a notice
is alsoincluded in the next Summary Bulletin and,ifrequired, the respectiveyard operating
manual.

Working with General Electricand Beltpack manufacturer Cattron Intellectual Property
Corporation, changes were made to RCLS programming to allow for a more gradual
application of the locomotive throttle during RCLS operations.
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EMPLOYEE FATALITY

Canadian National Railway Company
Remote control locomotive system
Dual hump yard assignment YDHF60
Mile 0.0, Halton Subdivision
MacMillan Yard

Vaughan, Ontario

15 August 2019

The Transportation Safety Board of Canada (TSB) investigated this occurrence for the purpose of
advancing transportation safety. It is not the function of the Board to assign fault or determine
civil or criminal liability. This reportis not created for use in the context of legal, disciplinary or
other proceedings. See the Terms of use on page 2.

FACTUAL INFORMATION

On 14 August 2019, atabout 2330,% the Canadian National Railway Company (CN) remote
control locomotive system (RCLS) YDHF60 dual humpyard assignment was switching cars
atthe north end of CN’s MacMillan Yard. The yard covers about 5 square milesin area and is
located within the Concord industrial district of Vaughan, Ontario, just north of
metropolitan Toronto, Ontario (Figure 1).

All times are Eastern Daylight Time.
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Figure 1. Location of Canadian National Railway Company MacMillan Yard
(Source: Railway Association of Canada, Canadian Rail Atlas, with TSB annotations)
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MacMillan Yard

MacMillan Yard is CN’s main rail classification yard® in Eastern Canada,where rail trafficis
distributed by flat switchingor humping*rail cars into various tracks for placement on
different trains. MacMillan Yard operations are conducted under Canadian Rail Operating
Rules (CROR) Rule 105. Train movements are restricted to a maximum speed of 15 mph.
They mustalso be able to stop within halfthe range of vision of equipment and stop short of
a misaligned switch, a derail in the derailing position as well as blue flag® or red flag® track
protection.

The yard processes up to 1 million cars annually. On any given day, there can be up to
150 operating employees working on 15 to 20 variouslocal, yard, and hump switching
assignments withinthe yard.

Arriving trains enter the yard from the York Subdivision or the Halton Subdivision at the
south end of the lower yard. The trains are routed up the inbound tracks on the east side of

A classificationyard is a railway yard used to separate railway freight cars by destination. Freight cars with
similar destinations are switched on to one or more tracks in the process of building a train.

Humping refers to an operationin which rail cars (a “cut”) are slowly pushed, uncoupled, and released from
the crest of a "hump” or hill. The released cars then roll freely down the hump toward a designated track,
with both speed and direction automatically controlled.

A blue flag secured to a rail or mounted between the rails, displayed near one or both ends of equipment,
indicates that workmen are in the vicinity of, or working on, rolling stock that occupy that track.

A red flag secured to a rail or mounted between the rails in each directionfrom a working point provides
protection of track work being performed onnon-main track.
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the yard and set out in a receiving yard, located east ofthe main classification yard. Once the
carsare setoutin a receivingyard, the locomotives are removed, the rail carsreceive a
certified carinspection, the air brake system is discharged toempty and, ifnecessary, minor
repairs are made. Yard assignments thenflat-switch and humpthe freight carsin order to
redistributethem onto different trainsfor various destinations.

MacMillan Yard dual hump operation

Humping operations are carried out at the north end of the yard, where the crest ofthe dual
humpislocated. The dual hump yard has 2 pullback’ tracks (east and west) each of which is
about 5600 feetlong and is a designated point protection zone (PPZ).8 As such, CN does not
usually pull trains that are more than 5600 feetlong from track W100 to the we st pullback
track. Various other tracks are used to access the pullback tracks.

There are 2 dedicated hump set yard assignments. Each consists of two 3000 hp
locomotives with a yard booster (slug) locomotive® positioned between them (Figure 2).

Figure 2. CN hump set yard assignment in MacMillan Yard (Source: TSB)

The 2 hump set yard assignments operateindependently of each other and operate 7 days

per week, as they pull rail cars from yard tracks northward onto 1 of the 2 pullback tracks
in preparation for humping.

Each assignmentis controlled by a single qualified conductor, designated as a yard
operating employee (YOE), operating an RCLS using a Beltpack.'® Undernormal operations,

A pullback track is a designated track onwhich cars are placed in preparation for the humping. Once in
positionona pullback track, rail cars are slowly pushed, uncoupled, and released from the crest of the hump.

When authorized to enter a PPZ, the involved movement is relieved of the responsibility for point protection
and the need to stop within half the range-of-vision of equipment within the limits ofthe PPZ.

Avyard boosterlocomotive, sometimes referred to as a slug, is a modified GP9 locomotive that has no cab or
diesel engine but can provide additional tractive and braking effort when connected to a controlling
locomotive.

Beltpack is the trademark designating the technology that enables locomotives to be controlled remotely. It
was developed and marketed by CANAC Railway Services Inc., a former CN subsidiary,and is now registered
to Cattron Intellectual Property Corporation.
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thereisa continuous flow of carsbeing switched. When one YOE is humping cars, the other
YOE is retrieving a cut of cars to switch on the other pullbacktrack. When cars are switched
onto a pullbacktrack prior tohumping, the speed selector of the Beltpackis usually setat
15 mph. Transponders along the pullback track right-of-way automatically beginto slow the
northbound movement about2600 feet from the end of track. From thatlocation, additional
transponders continue toreduce the locomotive’s speed soas to stop about 250 feet south
of the end of the track. If the trailing car of the movement is on the pullback track before the
locomotive is automatically stopped, the YOE will stop the movement.

Because these assignments only pull cars to the pullback tracks, then shove them over the
hump, the YOEs working on these assignments rarely have a switch listas theyare dire cted
to pick up cars from various tracks. They do not necessarily know the length, weight or type
of cars that the assignment is handling. While it is not unusual for the YOE to have to release
2 or 3 hand brakes securing cars that theyare pickingup ona track, the cars being picked
up by ahump assignment donot usually have any air brakes applied.

A CN general supervisor of transportation (GST) and a yardmaster communicate with YOEs
atfrequentintervals as they prioritize car movements from various locations in the yard for
humping.

A control tower is located at the crest of the dual hump. From the crest of the hump, freight
cars from the pullbacktracks are slowly pushed, uncoupled and released (Figure 3).

Figure 3. Humping operation at MacMillan Yard (Source: TSB)

Eachreleased car rolls freely southward down the hump, througha series of retarders that

control the speed of the car and a variety of automatic switches that are used todirect the
carinto 1 of up to 80 classification tracks as trains are assembled.

Track W100 (W100)isabout 2.7 mileslong with a north-south orientation that extends
along the western side of the yard. W100 is also alead track that provides switching access
to numerous nearby customerswhich includean auto compound, multiple scrap steel and
paper businesses, and warehouses.
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When an assignment picks up cars from customers that have accessto W100, the
assignmentoperatingcrew visually inspects the cars, toensure thatnohand brake s or air
brakesremain applied, before the cars are moved.

In general, at MacMillan Yard, a CN yardmaster oversees all movement of freight cars within
the yard, while trainmasters are mostly in-charge of assignments that move freight cars to
and from customers. When cars are moved from a customer to MacMillan Yard, usually an
operations coordinator, supervisor, or trainmaster notifies the CN Car Control Department.
Car Control then updates the CN Service Reliability Strategy (SRS) computerdatabase which
identifies in close to real time where cars are located on any track on the CN networkin
North America.

Usually, a CN yard assignment performs switching along W100 and then leaves the cars at
the north end of W100 with an appropriate number ofhand brakes applied tothe northern-
most cars in order to secure them. The cars from the auto compound are switched in the
morning and those from the other industrial customers are switched at night, whichmeans
that carsare left on W100 twice daily.

Atthe time of the accident, there was no formal or informal process in place toprevent the
heavilyloaded industrial cars from being coupled behind a cut of empty multi-level
vehicular flat cars (i.e., autorack cars) that were left standing at the north end of W100.

The north end of W100 joins the west pullbacktrackat the W100 switch. The south end of
W100istangent (i.e. straight) with a slight ascending grade. When proceeding northward
approaching the north end of W100, there isan 8-degree right-hand curve followed by a
shortsection of tangent track which transitionstoa 15-degreeleft-hand curve thatleads to
the W100 switch and the west pullbacktrack.

The accident

On 14 August 2019 atabout 1000, a CN yard assignmentpulled a cut of 24 long, empty
autorack cars from the auto compound to the north end of W100. The autorack cars were
each about 94 feetlong and were equipped with 60-inch-long couplersand long-travel (10-
inch) hydraulic end-of-car cushioning devices (EOCCD).

The autorack cars were left standing at the north end of W100 and secured with a hand
brake applied toeach of the 3 northern-most cars. These 3 autorack cars were located along
the 8-degree right-hand curve, with their A-endleading (Figure 4).Since the 3 cars were
oriented the same way, each of their hand brakes waslocated on the north side of the track,
which corresponds tothe outside of the right-hand curve and the inside of the left-hand
curve.
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Figure 4. Layout of the north end of Canadian National Railway Company MacMillan Yard
showing estimated assignment location prior to commencing northward movement (Source:
Railway Association of Canada, map data from OpenStreetMap with TSB annotations)
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Atabout 2330, the occurrence YOE arrived for work at the dual hump tower. CN
supervisory staffon duty at the time included a GST, a trainmaster, ayardmaster and a
yardmaster trainee. The YOE was familiar with yard operations, metfitnessand rest
standards, and was qualified for the position.

Atabout 2355, the YOE reported for duty to the yardmaster trainee. The yardmaster trainee
assigned the YOE to the YDHF60 dual hump yard assignment (the assignment) which was
operating on the east pullbacktrackat the time.
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The assignment was powered by alocomotive hump set consisting of locomotive CN 6020,
yard booster CN 232 and locomotive CN 6019. The hump set was capable of producingup to
6000 hp; itweighed 512 tonsand was 188 feetlong. [t was equipped with an RCLS and was
operated by Beltpack. The YOE was instructed to finish shoving cars over the crest of the
east hump track. The YOE completed the initial work assigned withoutincidentand awaited
further instruction.

The assignment was powered by alocomotive hump set consisting of locomotive CN 6020,
yard booster CN 232, and locomotive CN 6019. The hump set was capable of producing up
to 6000 horsepower; itweighed 512 tonsand was 188 feetlong. [t was equipped withan
RCLS and was operated by Beltpack. The YOE was instructed to finish shoving cars over the
crest of the easthump track. The YOE completed the initial work assigned without incident
and awaited further instruction.

On 15 August 2019, atabout 0030, the yardmaster trainee instructedthe YOE topick up a
cutof 24 cars that was standing in track EO08 (E008). The cut of cars included 16 loaded
carsand 8 empty cars, weighed 1938 tonsand was 1652 feetlong.

The YOE was alsoinstructed topull the 24 cars from E008 northward past the W100swi tch,
line the switch for W100, then reverse the assignmentand couple on the cut of 24 empty
autorack cars, which weighed 1245 tons and was 2252 feetlong, that had previously been
left standing on W100. Once coupled onto the cars that were standingon W10 0, the
assignment was topull all 48 cars on W100 to the end of the west pullbacktrackin
preparation for shoving them over the crest of the west hump trackand humping them into
the classification yard.

Ataboutthe same time, the CN 2100 west industrial yard assignmenthad picked up cars
from nearby industries at the south end of the yard. Atabout 0045, CN 2100 west industrial
yard assignment coupled an additional cut of 34 cars to the south end of the 24 autorack
cars thatalready occupied W100. The cut of 34 cars comprised 26 loaded cars, 22 of which
were open-top gondolas carrying scrap steel (the 59th tothe 80th cars), and 8 empty cars.
The cut of 34 carsweighed 3391 tonsand was 2074 feetlong.

Atabout 0050, the foreman of the CN 2100 west industrialyard assignment advised the
trainmaster by radio thatthey had coupled 34 loaded cars to the south end of the cars that
occupied W100. The trainmaster subsequently advised CN Car Control and the SRS system
was updated.

Atabout 0055, the occurrence assignmentcoupled onto the 24 carsin EO08 and pulled
northward to the west pullback track.

Atabout 0100, the YOE stopped the assignment north ofthe W100 switch, detrained,and
lined the W100 switch for track W100. The YOE then entrained the tail-end car and the
assignment then shoved the 24 cars from E008 southward onto W100 and coupled onto the
58 cars that were already on that track. With all cars joined together, the assignmentnow
comprised 2 locomotives and a yard booster (weighing 512 tons), and 82 freight cars
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(weighing 6574 tons) for a total combined weight of 7086 tons and length of 6166 feet
(Appendix A).

After making the joint between the 24th"" and 25th'? cars, the YOE had to walk southward
torelease the hand brakes on the 25th, 26th and 27th autorack cars atthe head end of the
58 cars that the assignment had justcoupled onto. The YOE then likely entrained the
leading end of the 27th car, TTGX 995540, while the assignmentwas stopped.

Atabout 0108, the assignmentbegan to pull the entire 82 cars northwardthrougha 15-
degree left-hand curve en route to the west pullback track. After about 90 seconds, the
Beltpack speed selector was placed in Coast, and 23 seconds later, while the assignment
was travelling at about 10 mph, the selector was returnedto 15 mph.

At0110:29,acommunication failure occurred between controlling locomotive CN 6020 and
the Beltpack. Following the loss of communication:

e At0110:31,thelocomotiveswenttoidle,

e At0110:35,afull serviceair brake application was automatically initiated on the
locomotive consist,

e At0110:36,thelocomotive independentbrakes applied, and
e At0110:57,the assignment came toa stop.

Atabout 0120, the yardmastertraineerealized thatthe switchingin trackW100 had not
been completed and became concerned. The yardmaster trainee, the yardmaster and the
GST each attempted to contact the YOE on the radio, with no response. Using yard video
cameras tosurvey the area, the yardmaster trainee noticed thatthe assignment had come
apartand the trainmaster was asked to go see what had occurred.

Atabout 0135, the trainmaster arrived at the W100 switch with a mechanical supervisor.
They discovered that 9 empty autorack cars, located in the 2 6th to 34th positions behind
the locomotives, had derailed. In particular, the 27thto 29th cars (3) had overturned on
their sidestothe inside of the 15 degree left-hand curve.

Atabout 0150, followinga briefsearch, the YOE was located under the leading A-end of the
overturned 27th car, TTGX 995540. Emergency responders were immediately dispatched,
but unfortunately the YOE had sustained fatal injuries duringthe accident.

Atthe time of the accident, the ambient temperaturewas 17 °C, the sky was clear, and the
wind was blowingat 21 km /h from the east.
Site examination

Railway personnel initially reported that a total of 9 empty autorack cars, located in the
26th to 34th positions, had derailed. The hand brakes on all these cars were released.

The 24th car behind the head-end locomotives, at the tail-end of the cut of cars for E008. All car positions
are referenced from the head-end locomotives.

The car at the head end of the cuts of cars that already occupied track W100.
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The locomotive hump set and the first 26 cars came to rest coupled together with the head
end positioned about 2100 feet north ofthe W100 switch on the west pullback track.

The 26th car, empty autorack car TTGX 995076, had derailed but came torestupright. The
leading A-end truck did not derail but all 4 wheels of the trailing B-end truck were derailed
in the ballast on the west side of the track, just north of the W100 switch (Figure 5). As the
car came to rest, it struckand damaged the W100 switch. The remainder of the head -end
carswere inspected with no defects noted.

Figure 5. Trailing B-end truck of 26th car TTGX 995076 derailed; -end
truck remained on the rails (Source: TSB)

From the W100 switch, wheel marks were observedin the ballast extending southward for
about 400 feet. The marks in the ballast stopped near the leading end of the 27th car, TTGX
995540. Theleading A-endtruck of TTGX 995540 remained intact, did not derail and rolled
alongthe track clear of the car. It came to a stop on the rails about 40 feet north of the car
(Figure 6).
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Figure 6. View southward from the W100 switch (Source: TSB)
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The 27th, 28th, and the 29th cars were coupled together,had all rolled offtheir trucks and
overturned on their sides on the inside of the 15-degree curve (Figure 7).

Figure 7. Occurrence site (Source: TSB)

- 31st to 33rd cars

Each of the 3 cars came to restabout 2 feet from the inside rail of the curve (Figure 8).



The trailing B-end truck of
the 26th car had derailed,
butthe trucks from the 27th
to 29th cars did not initially
derail.

The A-end truck of the
overturned 27th car (TTGX
995540)rolled clear of the
carand came toa stop on
the trackjustnorth of the
car.The B-end truckof the
27th car was generally
intactbut was impacted by
theleadingend of the 31st
car (TTGX 982102)during
the derailment. The B-end
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Figure 8. Looking from the trailing end of the 29th car as it came to
rest about 2 feet from the inside rail of the curve. Note missing
trucks (Source: Canadian National Railway Company)

o
railing end of the
= -29th car

truck of the 27th car came to restjustahead of the 31st car which was adjacenttoB-end of

the 27th car (Figure 9).

The trucks of the 28th and 29th cars Figure 9. Leading end of 31st car TTGX 982102 and the

were subsequently strewn aboutthe trailing truck of 27th car (Source: TSB)

site by the trailing cars as they
derailed. The 29th car had separated
from the 30th car. The 30th car had
overturned and came torest on the
outside of the curve, parallel tothe

track.

The 31stto the 34th carsremained
uprightand coupled together.The
outer rail of the curve had rolled to
the outside (eastward) beneath
these cars. The 31stto 33rd cars
derailed all wheels along the track,
while only the wheels on the leading
end of the 34th car had derailed

(Figure 10).

B-end truck of 27th car
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Figure 10. Location of derailed cars (Source: Google Earth, with TSB annotations)

b
27th car
B-end truck
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Google Earth
©2021 Google 100 ft

None of the trailing 48 cars (35th to 82nd cars) that remained on W100 had derailed.
Subsequent CN examination of these carsrevealed that the 63rd car, DJTX318030,loaded
with scrap steel, had its brake cylinder piston extended and its brake shoes pressed against
the wheels. Although this indicated thatair brakes may have been engaged on this car, no
further follow-up was done at that time, and it was not confirmed on-site whether ahand
brake and/or air brakes were applied.
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Shortwheel flange marks were observed on the running surface of the westrail in the exit
spiral of the 15-degree curve that transitioned to a tangent section of W100. The marks
were located about 5 feet north of the overturned 27th car. The marks extended from the
gauge side to the field side of the rail at which point they dropped offto the west into the
adjacentballast on the inside ofthe curve, and continued northwardto the W100 switch
(Figure 11).

Figure 1. Wheel flange marks on rail head and ballast (Source: TSB)

-

The W100 switch and a total of about 350 feet of track were damaged.

Recorded information

The head-end locomotive CN 6020 RCLS was used to control the assignment. Although the
locomotive eventrecorder (LER) datarecovered from CN 6020 was corrupted, LER data
from the trailinglocomotive CN 6019 was successfully recovered. A summary of recorded
information from the locomotive CN 6019 LER and the CN 6020 operator control unit (OCU)
Beltpacklogis contained in Appendix B. The times shown commence after the assignment
made the jointbetween the 24th and 25thcars, at the head end of the 58 cars that the
assignment coupled toon W100.

Canadian National Railway Company operating instructions

CN has various methods for issuing instructions to operating crews. These include General
Operating Instructions (GOI) and system-widebulletins issued by CN Operating Practices as
well aslocal instructions in the form of yard operating manuals and notices. However, if
local yard manuals and notices are notissued through CN Operating Practices, local safety -
critical information may not be consistently updated or re-issued.
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General Operating Instructions

CN GOI (2015) section 8 contains company guidance with regards toriding equipment. [tem
12.4,Riding Equipment, states in part:

When riding equipment, employees MUST ALWAYS
[...]

e unlessitis thetrailing carin the movement, or the trailing end of the last
locomotive in a consist, ride the sideladder on the leading end of equipment in
the direction of travel;

[.]

System-wide bulletin

On 01 November 2018, CN Operating Practicesissued a system-wide operatingbulletin.
Bulletin No.015 2018 outlined that toreduce the risk of injury when entraining or
detraining, effective 05 November 2018, the CN GOl were modified to prohibit entraining or
detraining from moving equipment. Movements must be stoppedprior to entraining or
detraining atall times. This applied toall types of equipment.

MacMillan Yard Operating Manual

The MacMillan Yard Operating Manual contains securement instructions for different tracks
at MacMillan Yard. Item 3.29 of the manual addresses hand brakes and requires hand
brakesto be applied on trackW100 as follows:

e 1 car=1handbrake
e 2 cars=2handbrakes

e 3 ormorecars= 3 handbrakes

The expectation isthatthe hand brakes are always applied at the north end of the trackdue
to the trackgrade.

Yard operating employee

The YOE began workingat CN as a conductor trainee on 18 June 2018. He completed all
required training and becamea qualified conductor on 05 December 2018.During his
training, the YOE had completed 7 shifts working the hump assignments at the MacMillan
Yard dual hump.

Since qualifying asa conductor, between 05 December 2018and 15 August 2019, he
worked a total of 27 shiftsasa YOE atthe dual hump and was considered tobe familiar with
the tasks involved in humping operations.

The YOE was reported tohave a good attitude, a strong work ethic, and seemed to enjoy the
combination of analytical and physical challenges of the job. Despite having only 14 months
of service, he was considered a capable employee who was knowledgeable about the work.
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Canadian National Railway Company conductor and remote control
locomotive systems training

In Canada, newly hired CN operating employees mustqualify as conductors and start out as
conductor trainees. Trainees start with conductor training at the CN training campus in
Winnipeg, Manitoba, wheretheyreceive 5 weeks of rules training, followed by 2 weeks of
hands-on field training. Upon successful completion of the initial training, trainees return to
their hiring terminalto complete their training.

Since all assignments at MacMillan Yard operate using RCLS, trainees receive 1 week of
RCLS Beltpacktraining in conjunction with the regular conductor training program. Once
the classroom and practical components are completed successfully, trainees put their
knowledge into practice through supervised on-the-job trainingwhile working road and
yard assignments.

To fully qualify as a conductor, trainees must also complete a minimum of 60 trips under
the guidance of a qualified conductor. The on-the-job training trips are divided between
freight service (main-track) and yard RCLS assignments. CN conductor training continues
until the trainee is deemed tobe a fully qualified conductor by alocal manager. [t usually
takesbetween 5 and 7 months to become a fully qualified conductor. Once qualified,
conductors can be assigned regular duties on either main-track or yard assignments.

MacMillan Yard remote control locomotive systems training

The MacMillan Yard RCLS training consists of about 1 week of training that comprises both
classroom training and field training. The classroom training requires trainees toreview the
Beltpack Operator Training Participant Manual with an on-the-job trainer (O]T).

During field training, O] Ts provide trainees with MacMillan Yard familiarization training
which includesidentifying areas of the yard where RCLS operation can be more challenging
and tips for safely working in these areas.

Beltpack Operator Training Participant Manual

The manual covers the key components of alocomotive, how to initialize the RCLS, how to
use the Beltpack, as well as some elements of train handling and troubleshooting. Module 7
of the manual discusses train handling and explains that buff, draft, vertical and lateral
forces can affect how a cut of cars will handle when moving on a track. The manual outlines
the forces involved and defines string-lining'® as the tendency of along cut of cars to
shortcuta curve when being pulled (Figure 12),a problem thatisamplified in a heavier
train when handlinglightcars that are followed by significantly heaviercars.

As a train pulls through a curve, the draft (tension) forces tend to pull the wheel flanges against the inside
rail of the curve. If sufficient force is present, a freight car wheel may climb, or lift, onto the head of the inside
rail of a curve and derail.
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Figure 12. Pulling movement string-lining to the inside of a curve
(Source: Canadian National Railway Company)

s Ty,

The manual alsoidentifies that the risk of string-liningincreases whenhandlinglightcars

within a heavy train and explains how hand or air brakesleft on carsat therearofa
movement can actasan anchor. However, the manual does not include more specific
guidance for identifying conditions that are conducive to string-lining, nor does it contain
tips for preventinga string-line event.

With regards totrain handling, Module 7 of the manual contains the following instructions
(in part):

Change speeds gradually — let the cars adjust to one speed before moving up or
down to another.

[.]

When pulling from a Stop position, move the Speed selector tothe Couple position
(1 mph) for about 50 feet of movement. Once the cars are stretched, move the
selector to your desired speed.

When stopping, move the Speed selector first to Coast for 5 or 10 seconds and then
to Coast B position to allow the cars to bunch. Once you hear the slackgather, move
the Speed selector to STOP for a quicker slack free stop.

A review of the Beltpacklogrevealed thatthe YOE’'s use of the Beltpack was consistent with
these instructions.

Operation of remote control locomotive system

RCLS is essentially a speed-based control system that automatically ramps up the throttle of
the controllinglocomotive in response to the RCLS operator selecting a speed. The RCLS
consists of 3 main components:

e aremote-control locomotive(s) (RCL);

e anonboard control computer, mounted insidethe RCL tointerface with the
controls; and

e an OCU, commonly referred toasa Beltpack. The OCU s a lightweight remote -
control device that attaches tothe operator’s safety vest.

Beltpacks are equipped with several safety features which include:

e Tilt monitoring, providing “operator down” protection. Whenever an OCU is tilted
more than 45 degrees, it transmits an emergency brake commandthat
automatically applies the emergency brakes on the locomotive and any cars thatare
connected through the trainline.
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e Alossof communication feature between Beltpack and controllinglocomotive.
When aloss of communication occurs between the Beltpack and the locomotive, the
throttle is automatically transitioned from the selected throttle position toidle, and
a full service air brake application is automatically initiated.

In this case, the Beltpackinvolved was equipped with (but not limited to) a speed selector, a
forward and reverse selector, and a brake selector that includes an emergency brake
feature (Figure 13). The Beltpack was found damaged, whichindicates that aloss of
communication occurred.

Figure 13. Operator control unit otherwise known as a Beltpack (Source: TSB)
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Beltpack operators choose from a range of pre-programmed speeds: Stop, Coast, Couple
(1.5 mph), Hump (2.0 mph), HumpF (fast; 2.7 mph), 4 mph, 8 mph, and Max speed (15
mph'4). Once a speed is selected, the RCLS manipulates the locomotive throttle to attain the
selected speed. Once the selected speed is attained, the RCLSautomatically controls the
locomotive throttle and brakes to maintain the selected speed within arange of +0.5 mph.
The system adapts to terrain characteristics reactively, withoutaccounting for train length,
tonnage, or slack.

When starting the movementfrom a stopped position, the rate at which the RCLS increases
the throttle isdeterminedby the difference between the selected targetspeed and the RCL
actual speed. When the time interval between throttle changes is relatively large, it results
in slower throttle increases. However, as the difference betweenthe target speedand the
actual speed increases, the interval between throttle changes decreases which results in
much quicker throttle increases.

The RCLS is programmed so that the selected speedis attained as quickly as possible while
operating within the parameters that are programmed to determine throttle output. The
speed configuration parameters thatwere programmed on the RCL at the time of the

The Max speed setpointis configurable and is not always 15 mph, but is set to 15 MPH for this yard.
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occurrence were the original speed controller parameters, as defined by CANAC Railway
ServicesInc.

When an operator increases speed on the OCU, the RCL consistis commanded to increase
throttle. This can sometimesresultin a rapid increase of the RCL throttle to the maximum
throttle 8 position. While thisis dependent on the differentialbetween the current speed of
the consistand the selected speed, it can occur regardless of whether the operator makesa
series of small progressive speed increases or immediately selects maximum speed,
depending on the circumstances.

RCLS operators cannot directly control incremental locomotive throttle changes.Thisisa
deliberate designattribute. The Beltpack RCLSwas specified as a speed control RCLS. This
requires thatthe RCLS be in complete control of the throttle activation.

Inthisoccurrence, the YOE used a low speed setting toinitiate the movement. Once all of
the cars were moving, the OCU speed selector was moved to 15 mph as would be expected
since the 15 mph speed selection is almost alwaysused by all CN YOEs to complete the
pullback operation when an assignment is operating within the hump pullback track PPZ.

Following the accident, a review of Beltpack downloads for other locomotives operating at
the dual hump identified thatthe occurrence YOE's operation of the assignment was
consistent with assignments operatedby other YOEs.

In-train forces

Couplersare installed on both ends of a freight car to allow cars to be assembled togetherin
a train. Depending on the car’s design use, either standard draft gears'® or EOCCDs are
installed on both ends to help absorb the energy associated with trainmovements. Draft
gearsand EOCCDs are essentially shockabsorbers designed to compress and extend by a
certain amount when a force is applied to them. Due to this, the connection pointbetween
coupled cars will have some amount of slack (travel) depending on the draft gear
characteristics.

The terms “slack” and “train slack” refer to the longitudinal movementor displacementat
the ends of a car and the accumulative movement of cars within the train. The movement
occurs as the draft gears are compressed in buffor extended in draftasin-train forces are

transmitted between cars during operation. Train slack can cause speed differentials within

6 t"” of slack.

a train in the form of a run-in'® or run-ou

Standard draft gears are also referred to as friction draft gears.

A run-in occurs when the rear of a train is travelling faster than the front of the train. When the speed
differential corrects itself, buff (compressive) force increases.

A run-out occurs when the front of a trainis travelling faster than the rear of the train. When the speed
differential correctsitself, draft (tensile) forces increase.
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As atrain starts moving forward one car at a time, the slackis pulled out. The amount of
slack can vary depending on the type of draft gear or EOCCD installed on each car. For
example:

e Ina staticposition,about 1inch of free slack exists at each end of a car. When 2 cars
are connected together, about 2 inches of slack will exist at each car-to-car coupling.

e About3.25inches of additional movement, due to compression (buffforce) or
tension (draft force), can occur at each end of a car equipped with a standard draft
gear.

e Fora car equipped with EOCCDs,between 1 to 22 inches of additional slackis
available at each end of the car, depending on EOCCD characteristics. The most
commonlyused EOCCDs have a pre-load requirement and between 10 inches and
15 inches of travel when compressed in buff. EOCCDs are alsoreferred toas
hydraulic cushioning units.

The empty autorackcarsin this occurrence were equipped with an EOCCD at each end, with
each EOCCD providing up to 10 inches of travel when fully compressed in buff. Each EOCCD
hada 50 000-pound pre-loadrequirement, which meansthat a buffforce of 50 000 pounds
is required before the device begins to compress. When these EOCCDs are in the neutral
position, thereis only 1inch of free slack at each coupler end. Consequently, despite these
autorack cars being equipped with EOCCDs, free slackis taken up very quickly when
transitioning from stop to full draftas they are pulled in a train.

EOCCDs are designed todampen in-train forces and minimize damage tolading. However,
the presence of a high number of EOCCDs grouped together on a train can also significantly
increase the train’s total slack. When there are cuts of cars equipped with EOCCDs on a
train, alocomotive engineer or an assignment operator mustbe vigilantin order to control
the slack action. If care isnot taken, a sudden run-out or run-in of the train’s slack can result
in a train pull-apart,string-line or jackknife derailment.

The Association of American Railroads (AAR) Train Make-Up Manual'® indicates that cars
equipped with EOCCDs will add to train slackand can greatly increase in-trainforces. In
general, cuts of empty cars equipped with EOCCDs should not be placed ahead of large cuts
of loaded cars equipped with standard draft gears for trains operating on main track. While
thismanual does not apply to yards, the in-train forces generated by such configurations
may apply to certain situations in yards, depending on train and track configurations.

Canadian National Railway Company train marshalling rules

Approximately 10 years ago, CN developed a series of train marshalling business rules,
primarily related to train weight distribution, in an effort to manage more effectively in -
train forces for mainline operations.CN relies on its generalized train weight distribution
rule (Rule 1) which is designed to prevent a train from having excessive weight on the tail

Association of American Railroads, Train Make-up Manual, Report No. R-802, January 1992, p. 39.
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end, a condition generally referredtoasa “tail-end heavy” train. CN’s trainmarshalling
Rule 1 requiresthatnomore than 33% of the train weight should be placed intherear 25%
of the train’slength.

For CN mainline operations,CN train marshalling criteria donot specifically require the
placement of empty and/or lighterloaded cars, such as autorack cars equipped with
EOCCDs, at the tail end of a train.

CN train marshalling rules donot apply to any assignments that operate withina yard.

Assignment length and tonnage profile

The assignmentlength profile (Figure 14) displays the positions of the locomotive hump
set, the 9 long empty autorack carsthat derailed and the car in the 63rd position that was
observed tohave its air brake cylinder piston extended.

Figure 14. Assignment length profile (Source: TSB)
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The assignment tonnage profile (Figure 15) exhibits the weight distribution throughout the
assignment.

Figure 15 alsoillustrates how each ofthe 3 cuts of cars were positioned and identifies the
cars equipped with EOCCDs and standard friction draft gears. In particular, the cut ofheavy
carsadded to the rear of the assignment also contained the car in the 63rd position that was
observed tohave its air brake cylinder piston extended.
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Figure 15. Assignment tonnage profile (Source: TSB)
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1.12 Ratio of lateral-to-vertical forces and potential for derailment

A combination of lateral (L) and vertical (V) forces exists at the wheel -rail interface
(Figure 16). The ratio of lateral-to-vertical (L /V) forces indicates the potential for a
derailment to occur. When a high lateral force and low vertical force are present (e.g., as
with an empty car), the high lateral force will tend to push the wheel flange up and over the
gauge face of therail, resulting in a wheel-climb derailment.

Figure 16. Lateral-to-vertical forces between wheel and rail (Source: Association of American
Railroads)
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Although many factors can be involved, it is generally accepted within the industry that:

e AtrucksideL/Vratioin excessof 0.65 isindicative of the potential for a freight car
truckto roll arail and cause a derailment.

e Asingle-wheel L/Vratioin excess of about 0.82 isindicative of the potential for a
freight car to wheel climb (or lift) on the head of a rail and cause a derailment. This
can occur within about 6 feet of movement.' When this happens, short wheelflange
marks are often observed on the top of the low rail. Empty long cars equipped with
long-travel EOCCDs, such as autorack cars and centrebeam bulkhead flat cars, are
particularly vulnerable to these forces.

String-line accidents

When atrain is being pulled through a curve, draft (tension) forces tend to stretch or
“string-line” the train as wheel flanges are pulled taut against the insiderail of the curve.
Thislateral force at the rail varies directly with the locomotive tractive effort, the track
grade, the degree of curvature, and coupling angles betweencars. If the draft force
generated by the locomotivesis excessive or if there is a significant run-out of train slack,
the L/Vratio canreach a critical level thatresults in a car wheel climbing, or lifting, onto the
head of the inside rail of a curve and derailing tothe field side of the low rail. Empty carsin
particular can be more vulnerablein certain situations.

String-line derailments are caused by heavy draftloading, including steady -state draft
loading or, more often, dynamic run-outs of slack. String-lining derailments exhibitthe

following characteristics:*°

e String-lining derailments happenin curves, notin tangent track.

¢ String-liningis often associated with excessiveapplication of power in forward
movements, and often involves the head-end cars ofa train derailing after the
train accelerates from alow speed in high curvature territory (classic scenario).

¢ Derailed carsare generally empty, lightly loaded long cars, such as autoracks
and centrebeam bulkhead flat cars, or long car/short car combinations.

e Derailed carsare pulled over the low rail, usually found in a straightline, but
sometimes the low rail overturns and high wheel dropsin.

e Short flange marks are found on top of the low rail, or on the web /lower fillet,
depending on whether the wheelclimbed or the rail rolled over.

19 Canadian Pacific Railway, Train Accident Cause Finding Manual (Train Accident Prevention and Testing), Safety

& Regulatory Affairs, Chapter 8, Track-Car Dynamics, Section 8.3, May 1999.
20 Ibid., Chapter 11, Section 11.2, January 2005.
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Previous string-line accidents on track W100

The derailment history of W100 was examined, and CN close-out reports from 2 similar
derailments thatoccurred on W100in 20122"and in 2013%? were reviewed.

2012 string-line accident

On 30 May 2012,amonga cut of 23 loaded carsthat was added tothe tail end of carsleft
standingon W100, there were 8 freight cars that still had air brakes applied, which
presented the underlying conditionsfor a string-line event to occur.

A YOE was operating the assignment according toyard procedures and was pulling the cars
on W100 toward the west pullback track. After the assignment had slowed for the YOE to
detrain at the W100 switch, the Beltpack speed selector wasreturned to 15 mphand a
string-line derailment occurred as 5 long empty centrebeam flat cars equipped with
EOCCDs derailed tothe inside of the 15-degree curve.

As acorrective action, CN implemented an inspection procedure that required the
mechanical department to ensure that air brakes were released on all cars lefton W100
before the cars were moved to the pullbacktrack. However, the practice appears tohave
ceased sometime betweenMay 2012 and August 20109.

2013 string-line accident

On 14 September 2013, a cut of long empty multi-level cars wasleft on W100 and a cut of
loaded cars was added immediately behind. A YOE was operating the assignment according
to yard procedures and was pulling the cars on W100 toward the west pullbacktrack. The
YOE decreased speed incrementally from 15 mph to4 mph, detrained at the W100 switch,
then selected aspeed of 15 mph. Almostimmediately after the speedwas increased,

8 empty cars behind the hump set string-lined and derailed to the inside of the 15-degree
curve.

Subsequently, CN issued a notice thatrequired loaded carsleft on W100 tobe placed at the
north end (head end) of the track. This was meant toensure that the bulk ofan assignment’s
weightwould be located near the head-endhump set, whichwould reduce the riskfora
string-line event to occur.

A CN document search could not locate arecord of the notice that was issued following the
occurrence. Since this notice was only issued locally, and not through CN Operating
Practices, the information was not carried over or included in either the next Summary
Bulletin or the MacMillan Yard Operating Manual. Consequently, the practice ceased
sometime between September 2013 and August2019.

TSB rail transportation safety occurrence R12T0103.

TSB rail transportation safety occurrence R1370201.
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Railway Safety Management System Regulations (2001)

When the 2 previous string-line accidents that were similar to this accident occurred on
W100 (in 2012 and 2013), the Railway Safety Management System Regulations (2001) were
in force. The regulations stated (in part):

[.]

2 Arailway company shall implementand maintain a safety managementsystem
thatincludes, ataminimum, the following components:

[...]
(e) aprocess for

(i) identifying safetyissuesand concerns, including those associated with
human factors, third-partiesand significant changes to railway operations,
and

(ii) evaluatingand classifying risks by means of a riskassessment;
(f) risk control strategies;

(g) systems for accident and incidentreporting, investigation, analysis and
corrective action;

[.]

Dynamic simulations

Dynamicsimulations are theoretical in nature and are often performedin support of
derailmentinvestigations. Simulation inputs contain a mix of recorded information (from
the LER) and track engineering surveys, in conjunction with some reasonable assumptions
based on experience. One of the goals for any dynamic simulation is to identify the
combination of the factors/forces that produce results which most closely match the
physical evidence observed on an accident site. Alternative simulations are also usually
conducted to provide some clarity for potential mitigatingstrategies. This was the approach
taken in this case.

To assist with this, the TSB contracted engineering and scientific investigation /analysis firm
Engineering Systems Incorporated (ESi) to conduct a dynamicsimulation using the Train
Energy and Dynamics Simulator (TEDS).

The TSB site examination identified that9 freight carslocated in positions 26 to 34 behind
thelocomotive hump set derailed on track W100 about 400 feet south of the W100 switch.
The trailing end of the 26th car was the initial car to derail to the low side of a long left-hand
curve (in the direction of motion) that varied in alignment from 11 to 15 degrees.

The computer train dynamics simulations were conducted to examine the operationsin
order to better understand whatfactorsled tothe derailment. Alternative simulations using
modified train handling, reduced tonnage train consists, and modified track curvaturewere
also conducted for comparison purposes.
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Inputs

The train dynamics simulations were condu cted using the TEDS computer model to
determine longitudinal coupler forces and L /V ratios using the following:

e Trainhandlinginputs were based on the actual assignment LER recorded data. The
LER datawere subsequently modified to assess additional train handlingscenarios.

e Trackinputswere from a CN track survey conducted immediately afterthe accident.

e Freightcarinputs were based on availableoccurrence car datain the Universal
Machine Language EquipmentRegister (UMLER) database using the carsidentified
on the occurrence switch list. Assignmentlength and tonnage profiles used for the
modelling were also developed from these inputs.

e Thesimulationsassumed thatthere were noworn hand brake or air brake
components and braking efficiency was 100 %.

Summary of simulations and results

Seven simulations were conducted thatfocused on the long empty autorack cars in the 25th
to the 29th positions that were involved in the accident. Simulations 1 to 3 deal primarily
with causal factors while simulations 4 to 7 evaluate potential mitigation strategies. The
simulation results are outlined below.

Simulation 1

The 1st simulation modeled theactual surveyed trackand the actual consist with nobrakes
applied (rolling freely). The train handling scriptused the actual trainhandling recorded on
the LER. The simulation produced the following results:

e Coupler forces were predicted tovary between almost —150 kips?3 buffto +230 kips
draft on the leading autorack cars as they progressed through the 15 -degree curve.

e Single-wheel L/Vratios were predictedto exceed 0.82 on multiple wheels of
multiple cars and reached ashigh as 1.01 on the left rear wheel (low rail on the
inside of the 15-degree curve) of the trailing truck of the 28th car in the consist.

e Truckside L/Vratios exceeded 0.65 on several trucks with a maximum value of 0.93
predicted on the left truckside of the trailing truck of the 28th car.

Simulation 2

The 2nd simulation modeled the actual surveyed trackand the actual consist with a hand
brake applied tothe 63rd car. The train handling script used the actualtrain handling
recorded on the LER. The simulation produced thefollowing results:

e Couplerforceswere predicted tobe marginally differentfrom the 1st simulation
with maximum forces varying between —130kips buffto+260 kips draft on the
leading autorack cars as they progressed through the 15-degree curve.

1 kip is equivalent to 1000 pounds of force.
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e Single-wheel L/Vratios were predicted toapproach or exceed 0.82 on multiple
wheels of multiple cars. The highest single-wheel L /Vratiowas 1.13 on the leftrear
wheel (low rail on the inside of the 15-degree curve) of the trailing truck of the 27th
car.

e Truckside L/Vratios exceeded 0.65 on several trucks with a maximum value of 1.06
predicted on the left truckside of the trailing truck of the 27th car.

Simulation 3

The 3rd simulation modeled the actual surveyed trackand actual consist with an emergency
air brake applied tothe 63rd car. The train handling script used the actual trainhandling
recorded on the LER. The simulation produced thefollowing results:

e Couplerforceswere predicted tovary between -115 kips buffto +245 kips draft on
theleading autorack cars as they progressed through the 15-degree curve.

e Single-wheel L/Vratios were predicted toapproach or exceed 0.82 on multiple
wheels of multiple cars.

e Thehighestpredicted single-wheel L/Vratiowas 1.14 on the leftrear wheel (low
rail on the inside of the 15-degree curve) of the trailing truck of the 26th car which
closely matched and was consistent with the accident site observations.

e TrucksideL/Vratios exceeded 0.65 on several trucks with a maximum value of 1.08
predicted on the left truckside of the trailing truck of the 26th car.

Simulation 4

The 4th simulation modeled the actual surveyed trackand the actual consist with nobrakes
applied (rolling freely). However, the train handlingscript was modified such that the
locomotive throttle was gradually increased and limited toa maximum of throttle 4. The
simulation produced the following results:

e Usingthrottle 4 to move the assignment gradually, it accelerated toa speed of about
8 to 9 mph before reaching the location where the derailment occurred. The
acceleration rate to this speed was slightly slower than ifthe maximum throttle 8
had been used, but this speed was not significantly slower than the actual speed
leading up tothe accident.

e Couplerbuffand draft forces were significantly decreased using reduced throttle.
Coupler forces were predicted tovary between -15 kips buffand +85 kips draft on
the leading autorack cars as they progressed through the 15-degree curve.

e Single-wheel L/Vratios were allless than 0.50.

e Truckside L/Vratios were all predicted tobelessthan 0.45.

Simulation 5

The 5th simulation modeled the actual surveyed track and a reduced-tonnage consist that
removed the 12 tail-end cars; this would have permitted the carstofitin either the eastor
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west pullbacktracks, each of which is about 5600 feetlong. Including the locomotives, the
reduced-tonnage 70-carmodel had a weight of 5758 tons and a length of 5432 feet.

The reduced-tonnage consist was operated with nobrakes applied (rolling freely) and the
train handling script used the actualtrain handling recorded on the LER. The simulation
produced the following results:

e Maximum coupler buffand draft forces were nearly the same as the actual
assignment (simulations 1 to 3).

e Usingthe same train handling, the reduced-tonnage consist (5758 tons) attained a
maximum speed of about 11 to 12 mph as opposed to 10 mph for the actual
assignment consist (7086 tons).

e Thehighestsingle-wheel L/Vratioon the reduced-tonnage consist was 0.90 on the
leftrear wheel of the trailing truck of the 27th car.

o Theleft truckside of the trailing truck of the 27th car generated the highest
maximum trucksideL/Vratio of 0.82. The remaining trucksides recorded L./Vratios
below the critical threshold of 0.65.

Simulation 6

The 6th simulation modeled the actual surveyed trackand a reduced -tonnage consist that
had the 12 tail-end cars removed. Including the locomotives, the reduced-tonnage 70-car
model had a weight of 5758 tons and a length of 5432 feet and was operated with nobrakes
applied (rolling freely). The train handling scriptwas modified such that the locomotive
throttle was gradually increased and limited toa maximum of throttle 4. The simulation
produced the following results:

e Areduced-tonnage consistlimited toa maximum of throttle 4 acceleratedtoa speed
of about 9 mph when itreached the derailment site.

e Couplerforceswere predicted tovarybetween -15 kips buffand +70 kips draft on
theleading autorack cars as they progressed through the 15-degree curve.

e Single-wheel L/Vratios on the leading autorack cars were not predicted to exceed
0.50.

e Truckside L/Vratios were predicted tobelessthan 0.40.
Simulation7

The final (7th) simulation modeled the actual surveyedtrack with the exception thatthe
accident curve wasrealigned and the curvature wasreduced toa constant 12 degrees. The
assignment model used the actual consist with no brakes applied (rolling freely) and the
train handling script used the actualtrain handling recorded on the LER. The simulation
produced the following results:
e Operatingthe assignment throughthe constant 12 -degree curve using the actual
train handlingrecorded on the LER yielded a speed that was consistentwith the
other comparable assignment simulations conducted. Therefore, any force and /or
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L/Vratio differences evident for this simulation were attributable to the revised
curvature alone and not due toany appreciable operating differences.

Coupler forces were predicted tovary between -180 kips buffforce and +230 kips
draft force on theleading autorack cars as they progressed through the 12 -degree
curve. These results were similar to the other comparable assignment simulations
conducted. This would be expected as the track modification of the accident curve

would not appreciably changerolling-resistive trainforces.

Single-wheel L /Vratios approached or exceeded the critical limit of 0.82 on multiple
wheels of multiple cars. The highest single-wheel L /Vratiorecorded was 0.88 on
the right front wheel of the leading truck of the 25th car.

Truckside L./Vratios exceeded 0.65 on several trucks with a maximum value of 0.84
predicted on the leading right truckside ofthe 25th car.

Realigning and reducingthe curvature of the accident curve down toa constant

12 degreesreduced L/Vvaluesin general. However, L /Vvalues were still observed
to be at or slightly above single-wheel L /Vratios of 0.82 and truckside L /Vratios of
0.65 at several positions on the 25th and 28th cars, assuming all other variables
remained constant (tonnage, consist make-up, trainhandling, operating speeds,
etc.). This suggests that despite reducing the curvature of the accident curve from
15 degreestoa constant 12 degrees, the potential for derailment would still existif
theright conditions were present.

The results of the maximum longitudinalbuffand draft forces for cars 24 to 29 recorded for
each simulation are contained in Appendix C.

The results of the maximum single-wheel and truckside L /Vratios for cars 24 to 29 for each
simulation are contained in Appendix D.
Additional reports

The TSB contracted the following engineering reportin support of this investigation:

Engineering Systems Incorporated (ESi) report - Train Dynamics Simulation
Analysis Derailment of CN Job YDHF60 at MacMillan Yard, 15 August 2019,
performed for the Transportation Safety Board of Canada, dated 17 February 2021.
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ANALYSIS

The locomotive hump set and carsinvolved in the derailment were maintainedin good
condition. The analysis will focus on the circumstances thatled to the accident which
include:

e theoperation of the remote control locomotive system (RCLS),

e theplacementofa cutof empty vehicular flat cars (autorack cars) equipped with
hydraulic end-of-car cushioning devices (EOCCD) in a vulnerable position,

e theaddition of acut of 34 cars (3391 tons) behind the autorack carsjust before the
assignment commenced movementon track W100 (W100),and

e thebrakesthatremainedonthe 63rd car.

The analysis will also evaluate conductor training and Beltpack operation, gaps thatexisted
in the process for ensuring that safety-critical information was carried forward, and
communicating changes to freight car locations.

The accident

On 15 August 2019 atabout 0045, CN 2100 west industrial yard assignment coupled a cut
of 34 loaded cars to the south end of the 24 autorackcars thathad previously been left
standing on W100. The cut of 34 cars weighed 3391 tons and was 2074 feetlong while the
24 autorack cars weighed 1245 tons and was 2252 feetlong. Five minutes later, the
foreman of the CN 2100 assignment informed the trainmaster by radio that they had
completed the switching and the trainmaster then notified CN Car Control.

Atabout 0100, the occurrence assignmentarrivedat W100 with a cut of 24 cars from E008,
that weighed 1938 tonsand was 1652 feetlong, and coupled onto the 58 cars standing on
W100. With all carsjoined together, the assignment comprised the locomotive hump set
weighing 512 tons and a total of 82 freight cars weighing 6574 tons for a total combined
locomotive and car weight of 7086 tons and length of 6166 feet.

Atthattime, unbeknownst tothe yardmaster, the yardmaster trainee, and the yard
operating employee (YOE), the assignment,as assembled, then had about 44% of its weight
in therear 25% of its length and therefore was significantly “tail-end heavy.”

After making the jointbetween the 24th and 25th cars, the YOE walked southward and
released the hand brakes on the 3 autorackcars (25th car to the 27th car). Due to the
location of the hand brake at the trailing end of the 27th car, in accordance with CN General
Operating Instructions (GOI), the YOE had toeither entrain the leading end of the following
28th car or walkback to the leading end of the 27th car about 90 feet north. Given the site
observations, the YOE likely entrained the leading end of the 27th car (TTGX 995540) while
the assignment was stopped, which was alsoin accordance with a CN system-widebulletin
thatrequired movements tobe stopped prior to operating crews entraining or detraining.

Atabout 0108, the assignment began to pull the entire 82 cars northward through the 15 -
degree left-hand curve enroute to the west pullback track.
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At0110:29,acommunication failure occurred between controlling locomotive CN 6020 and
the Beltpack. Following the loss of communication and as designed, the RCLS automatically
placed thelocomotivesinidle, made a full service air brake application and applied the
locomotive independent brakes on the locomotive consist.

At0110:57,the assignment came toa stop.

The locomotive hump set and the first 26 cars came to rest coupled together with the head
end positioned about 2100 feet north of the W100 switch on the west pullbacktrack. The
26th car, empty autorack TTGX 995076, had derailed but came torest upright. The leading
A-end truckdid not derail butall 4 wheels of the trailing B-end truck were derailedin the
ballast on the west side of the track, just north of the W100 switch.

From the W100 switch, wheel marks were observedin the ballast extending southward for
about 400 feet. The marks in the ballast ended near the leading end of the 27th car where
short wheel flange marks on the running surface of the westrail in the exit spiral of the 15-
degree curve identified the initial point of derailment. The short wheel flange marks were
indicative ofa derailment caused by wheel climb ofthe left-side wheels of the trailing truck
of the 26th car. These observations were consistent with what are considered tobe classic
string-line derailment characteristics.

Theleading A-end truck of the 27th car remained intact, did not derail and rolled along the
track for about 40 feet, clear of the car. The B-end truckof the 27th car was generally intact
but wasimpacted by theleading end ofthe 31st car and derailed, coming torest on the
trackjustahead of the 31stcar.

The 27th, 28th, and the 29th cars remained coupled togetherand all had rolled offtheir
trucks and overturned on their sides on the inside of the 15-degree curve, along the track.
Given the site observations, similar tothe 27th car, the trucks of the 28th and 29th cars
remained intact on the track until they were impacted by the trailing cars and strewnabout
the site as the cars derailed.

Findings as to causes and contributing factors

The accident occurred when the trailing end ofthe 26th car string-lined; the left side wheels
of the trailing truck climbed the rail, derailing the car tothe inside ofa 15-degree curve.

As the 26th car derailed, it pulled laterally on the A-end coupler ofthe 27th car, causing the
27th car,an empty autorack car, to roll off its trucks, separate from the head -end cars, and
overturn onits side.

The yard operating employee, who was riding on the left side of the 27th car, was pinned
beneath theleading A-end and fatally injured.
Operation of remote control locomotive system

The Beltpackis equipped with (but notlimited to) a speed selector, a forward and reverse
selector, and a brake selector thatincludes an emergency brake feature. Beltpack operators
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choose from arange of pre-programmed speeds: Stop, Coast, Couple (1.5 mph), Hump (2.0
mph), HumpF (fast; 2.7 mph), 4 mph, 8 mph, and Max speed (15 mph).

Assignments switching withinthe yard usuallyoperate at 15 mph when practicable, unless
otherwiserestricted.

Once a speed is selected on the Beltpack, the RCLS manipulates the locomotive throttle to
attain the selected speed. Once the selected speed is attained, the RCLS automatically
controls the locomotive throttle and brakes tomaintain the selected speed within a range of
+0.5 mph. The system adapts to terrain characteristics reactively, without accounting for
train length, tonnage, or slack.

The RCLS operating system is programmed in such a way that the selected operating speed
is attained as quickly as possible while operating within the parameters thatare
programmed intothe RCLS to determine throttle output. When an operator increases speed
on the Beltpack, the RCLS can command the remote control locomotive (RCL) consist to full
throttle and may rapidly increase the RCLthrottleto the maximum throttle 8 position. This
is in contrast to the training oflocomotive engineers, whoare generally prohibited from
using such aggressive throttle modulation or train handling.

While the RCLS’s more aggressive throttle modulation is dependent on the differential
between the current speed ofthe consist and the selected speed, it can al so occur if the
operator makes a series of small progressive speed increases orimmediately selects Max
speed (15 mph). Therefore, at the time of the occurrence, RCLS operators, like the
occurrence YOE, did not have the ability to directly control incremental locomotive throttle
changestofacilitate the slow, smooth acceleration of an assignment.

Recorded information

A review of recorded information from the trailing locomotive (CN 6019) locomotive event
recorder (LER) and the controlling locomotive (CN 6020) operator control unit (OCU)
Beltpacklogrevealed the following:

e At0108:00,the Beltpackspeed selector was moved to 1.5 mph (Couple) tostretch
the coupling in preparation for pulling the cars from W100. Twenty-three seconds
later, the RCLS ramped up tolocomotive throttle 4 and the assignment was
travellingat 1 mph.

e At0108:26,the assignment had not moved significantly and the Beltpack speed
selector was moved to 2 mph (Hump).

e At0108:42,the assignment had still not moved significantly and the Beltpackspeed
selector was moved to Max speed (15 mph) and the locomotive throttle began to
increase.

e By0108:57,thelocomotive throttle had advanced to throttle 8 and the speed
increased to 3 mph.

e By0109:31,the Beltpackselector had been placed in Coast.
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e By0109:35, thelocomotive throttle had returned toIdle while the assignmentwas
movingat 10 mph.

e Theassignmentwasin “Coast” for 23 seconds. During this time, the “tail -end-heavy”
assignment would have been subjected to buffforces as it bunched and decelerated
to 8 mph. During this time, as identified by the dynamic simulations, the buffforce
was sufficient to compress the autorack EOCCDs.

e At0109:54,the Beltpackspeed selector wasreturned from Coastbackto 15 mph.
From thattime until0110:13, the RCLS advancedthe locomotive throttle from Idle
to throttle 7, but the assignment was still travelling at 8 mph.

e At0110:16,the RCLS advanced thelocomotive throttle tothrottle 8 and the
assignmentbegan toaccelerate.

Finding as to causesand contributing factors

Since the hydraulicEOCCDs were compressed during the previous deceleration, the
acceleration of the assignment, after the locomotive throttle was advanced to notch 8, likely
resulted inarapid run-out of train slack, which contributed to the string-line derailment.

e At0110:29,while the assignmentwas proceeding at 10 mph, there was aloss of
communication betweenthe Beltpackand the controlling locomotive, CN 6020.

Given the circumstances, the trailing end of the 26th car likely derailed shortly after
0110:16, and the loss of communication between the controlling locomotive (CN 6020) and
the Beltpackat0110:29 occurred as aresult of the 27th car overturning on its side.

As demonstratedin this accident, the inability to control the slow, smooth acceleration ofan
assignment can be problematicand lead to string-lineaccidents, particularly when handling
longer, tail-end-heavy assignments when negotiating a tight curve in a yard.

Finding as to causes and contributing factors

Aggressive throttle response, due to the RCLS programming thatwas in use at the time of
the accident, led toa rapid acceleration and run-outoftrain slack on the long tail-end heavy
assignment, which contributedto the string-lining of the autorack cars as they were exiting
the 15-degree curve.

Dynamic simulations

Atabout 0100, the assignment arrived at W100 with the cut of 24 cars from E008. The
assignment then coupled ontothe 58 cars standing on W100. With all carsjoined together,
the assignment had a weight of 7086 tons and length of 6166 feet.

Unknown to either the yardmastertraineeor the YOE at that time, the assignment had
about 449% of its weightin the rear 25% of itslength and was significantly “tail -end heavy”
with arelatively light cut of empty autorack cars equipped with EOCCDslocated in a
vulnerable position between 2 heavier cuts of cars.

According to CN’s guidance, a train marshalled like this should be prohibited from operating
on a mainline. However,assignments with similar “tail-end-heavy” arrangements are
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allowed to operate within yards where, as demonstrated in this case and confirmed by
dynamic simulations, they can still present significant risks to operating employees.

Seven different simulations were conducted in an effort to identify the combination of the
factors and forces that would produce results that closely matched whatwas actually
observed on the accident site. Alternative simulations were also conducted to provide some
clarity for potential mitigating strategies.

The primary outputs for the simulations were longitudinalbuffand draft forces, single -
wheel lateral-to-vertical (L./V) ratios and truckside L /V ratios.

A single-wheel L /Vratioin excess of about 0.82 is indicative of the potential for a freight car
wheel to climb (or lift) on the head of a rail and cause a derailment. A truckside L. /Vratioin
excess of 0.65 is indicative of the potential for a freight car truckto roll arail and cause a
derailment. Empty long cars equipped with long-travel EOCCDs, such as the autorackcarsin
this occurrence, are particularly vulnerable to these forces.

Results of the 7 simulations are summarized below in 2 general categories.Simulations 1 to
3 deal primarily with potential causalfactors while simulations 4 to 7 evaluate potential
mitigation strategies.

Simulations 1 to 3

Simulation 1 modeled the actual tracksurveyed and the actual consist with no brakes
applied (rolling freely) while the train handling script used the actual train handling
recorded on the LER.

During site examination after the accident, the 63rd car (DJTX 318030 loaded with scrap
steel) was observed to have its brake cylinder piston extended and its brake shoes pressed
againstthe wheels. Thisindicated thatair brakes likely remained engaged on this car.

To see what effect brakes applied on the 63rd car may have had, the modelling for
simulation 2 was the same as simulation 1 with the exception that a hand brake was applied
to the 63rd car. Similarly, the modelling for simulation 3 was the same as simulation 1 with
the exception thatan emergency air brake application remained on the 63rd car.

Results from simulations 1 to 3 are summarized in Table 1.
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Table 1. Summary of dynamic simulations 1 to 3

Simulation | Maximum | Maximum | Maximum | Maximum Location of maximum L/V ratio
buff force draft single- truckside
(kips) force wheel L/V | L/V ratio
(kips) ratio
1 (actual -150 +230 1.01 093 « Single-wheel: left rear wheel (low rail
assignment, on the inside of the 15-degree curve)
no brakes) of the trailing truck of the 28th car

» Truckside:left truckside (low rail on
the inside of the 15-degree curve) of
the trailing truck of the 28th car

2 (actual -130 +260 113 1.06 « Single-wheel: left rear wheel (low rail
assignment, on the inside of the 15-degree curve)
hand brake of the trailing truck of the 27th car

on 63rd car) « Truckside: left truckside (low rail on

the inside of the 15-degree curve) of
the trailing truck of the 27th car

3 (actual -115 +245 1.14 1.08 « Single-wheel: left rear wheel (low rail
assignment, on the inside of the 15-degree curve)
emergency of the trailing truck of the 26th car

air brakes « Truckside:left truckside (low rail on
on 63rd car) the inside of the 15-degree curve) of

the trailing truck of the 26th car

Simulations 1 to 3 each predicted that therewas a significant potential for derailment
conditions to exist with or without hand brakes or air brakes applied tothe 63rd car. They
also demonstratedresults thatfar exceeded the critical thresholds for both single-wheel
and truckside L /Vratios.

Finding as to causes and contributing factors

Dynamic simulations confirmed thatthe tonnage addedto the tail-end of the autorack cars
on W100 left the assignment “tail-end heavy” with the lighter autorack carsin a vulnerable
position, and caused both single-wheeland truckside L /Vratios to exceed critical
thresholds.

2.3.11 Effect of brakes applied to 63rd car

In this occurrence, the trackat the point of derailmentremained intactand the rail did not
roll over, so any truckside L /Vratio predicted by dynamic simulations was of no
consequence in this specific case. Given the site observations, the primaryoutput of interest
from simulations 1 to 3 related to causal factors was the single-wheel L. /Vratio.

Thisaccident occurred when the trailing end of the 26th car string-linedand derailed to the
inside of the 15-degree curve. The truckassemblies of the 27th to 29th cars did not derail;
they remained on the track while the car bodies rolled off their trucks and overturned on
their sides adjacent tothe inside rail ofthe curve. Therefore, the single-wheel L /Vratio for
the 26th caris considered tobe the primary predictor for the specific circumstan ces of this
accident.
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The results for simulations 1 and 2 predicted that the trailing truck of the 28th car and 27th
car, respectively, were the most likely to string-line which was contrary to site observations.

Simulation 3, with an emergency brake application applied on the 63rd car, predicted the
highest recorded maximum single-wheel L /Vratios of 1.00 at the left front wheeland 1.14
attheleft rear wheel (low rail on the inside of the 15-degree curve) of the trailing truck of
the 26th car. Since it was the trailing end of the 26th car that string-linedand derailed to the
inside of the 15-degree curve, this was almost an exact match to observations at the site
following the accident.

Findingasto causes and contributing factors

[tis likely thatan emergency air brake application remained on the 63rd car and further
acted as an anchor. This created the specific conditions that were required for the trailing
end of the 26th car to string-line, which caused the 27thto 29th cars toroll off their trucks
onto their sides.

Simulations 4 to 7
Results from simulations 4 to 7 are summarized in Table 2.

Table 2. Summary of dynamic simulations 4 to 7

Simulation | Maximum | Maximum | Maximum [ Maximum Location of maximum L/V ratio
buff force draft single- truckside
(kips) force wheel L/V | L/V ratio
(kips) ratio
4 (reduced -15 +85 All less All less N/A
throttle [4]) than 0.50 than 045
5 (reduced -150 +217 0.90 0.82 « Single-wheel: left rear wheel (low rail
tonnage on the inside of the 15-degree curve) of
with 12 cars the trailing truck of the 27th car
removed) « Truckside:trailing truck of the 27th car
6 (reduced -15 +70 All less All less N/A
tonnage and than 0.50 | than 040
throttle [4])
7 (reduced -180 +230 0.88 0.84 L/V values were still observed to be at or
curvature slightlyabove single-wheel L/V ratios of
[12 degrees]) 0.82 and truckside L/V ratios of 0.65 at
several positions onthe 25th and 28th
cars.

Simulation 4 demonstrated that the most effective method toreduce the riskof derailment
would be to use less aggressive train handling thatlimits locomotive throttle toa maximum
of throttle 4. Simulation 6 produced similar results even with reduced tonnage with the

12 tail-end carsremoved.
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Finding: Other

Dynamic simulations using less aggressivetrain handling predicted significantly reduced
buffand draft forces with single-wheel and truckside L /V ratios well below the maximum
desired threshold ratios.

Simulation 5 modeled areduced-tonnage consist thathad the 12 tail-end cars removed
which would permit it tofit in either the east or west pullback tracks.

Finding: Other
Although a dynamic simulation withreduced tonnage still produced single -wheel and

truckside L./Vratios that exceeded the maximumdesired thresholdratios, th e predicted
L/Vvalues could be furtherreduced if more trailing tonnagewere removed.

Simulation 7 modeled realigning and reducing the curvature of the accident curve down toa
constant 12 degrees. While thisreduced L /Vvalues in general, assuming all other variables
remained constant (tonnage, consist make-up, trainhandling, operating speeds, etc.),
maximum L/Vvalues were still observedtobe at or slightly above single-wheel L /V ratios
of 0.82 and truckside L./Vratios of 0.65 at several positions on the 25th and 28th cars.

Finding: Other

Results from a dynamic simulation with a curvature reduced from 15 degreesto 12 degrees
showed that the potential for derailmentstill exists ifthe right conditions are present.

Combination of causal factors

Site observations and dynamic simulations have identified thata combination of factors had
to be present for the specific adverse outcome of this accident to happen. Had any one of the
related factors been significantly modified or removed altogether, the outcome of this
accidentwould have been different.

Finding as to causes and contributing factors

The combined effects of aggressive throttle response due tothe RCLS programming, the
vulnerable placementof empty autorack cars equipped with EOCCDs between 2 heavier
cuts of cars, the weight of the trailing cut of 34 carsadded tothe assignmentbehind the
autorack cars, and the air brakes that likely remained on the 63rd car, created the
circumstances for this accident to occur.

Yard operating employee training

The YOE was qualified for his position, met fitness and rest requirements,and was familiar
with the yard and hump operations. The YOE began working at CN as a conductor trainee on
18 June 2018 and was fully qualified as a conductor on 05 December 2018.

Since qualifying as a conductor, between 05 December 2018and 15 August 2019, the YOE
worked a total of 27 shiftsasa YOE at the dual hump and was considered tobe familiar with
the tasksinvolved in humping operations.
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Despite having only 14 months service, the YOE was considered a capable employee who
was knowledgeable about the work.

Canadian National Railway Company Beltpack Operator Training Participant
Manual

The CN Beltpack Operator Training Participant Manualdiscusses train handling and
explains that buff, draft, vertical and lateral forces can all affect how a cut of cars will handle
when moving on atrack. The manual defines string-lining as the tendency of along cut of
carsto shortcuta curve when being pulled, a problemthat is amplified in a heavier train
when handlinglight cars that are followed by significant trailing tonnage. The manual also
explains how hand or air brakesleft on cars at the rear of a movement can actas an anchor.
However, the training manual does not contain more specific guidance for identifying
conditions that are conducive tostring-lining or tips for preventing a string-lineevent.

Since CN assignments switchingwithin yards operated at 15 mph when practicable, most
YOEs at MacMillan Yard selected Max speed (15 mph) on the Beltpackto complete the
pullback operation prior to humping. In addition, while operating withina point protection
zone (PPZ),a movementisrelieved of the responsibility to stop within halfthe range of

vision.

In this occurrence, the YOE used a low speed setting toinitiate the movement. Once all of
the cars were moving, the OCU speed selector was moved to 15 mph, similar tothe 15 mph
speed selection almost always used by all CN YOEs within the hump pullback track PPZ.
Therefore, the YOE's actions were consistent with the use of Beltpackby other YOEs for
similar operations that were successfully completed without any adverse consequence.

Finding: Other

The YOE'’s actions while switching before the accident, and during RCLS operation using the
Beltpack, were in accordance with company requirements and his training.

Although the YOE followed company training and standard company practice, dynamic
simulationsidentified that usingless aggressive OCU speed inputsis a safer option for
handling the assignment.

Findingastorisk

If railways do not reinforce safe, smooth train handling options for RCLS use in yard
operations and provide more specific guidance for identifying conditions that are conducive
to string-line events, the risk for a string-line event will remain.

Ensuring safety-critical procedures are carried forward

As demonstratedby dynamicsimulation 4, which used reduced throttle thatwaslimited to
throttle 4, there are other ways to operate that could be used on track W100 to protect
against similar string-line events. This was further reinforced by corrective actions taken by
CN following 2 previous string-line accidents in MacMillan Yard.
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After 2 similar string-line accidents that occurredon W100in 2012 and 2013, in accordance
with the Railway Safety Management System Regulations (2001) that were in force at the
time, CN investigated the accidents and implemented the following corrective actions:

e InMay 2012,CNimplemented an inspection procedurethatrequiredthe
mechanical department toensure that air brakes were released on all cars left on
W100 before the cars were moved to the pullbacktrack.

e InSeptember 2013,CN issued a notice thatrequired loaded carslefton W100 tobe
placed at the north end (head end) of the track. This was meant to ensure that the
bulk of an assignment’s weight wouldbe located near the hump setat the head end
rather than at the tail end of an assignment, which would reduce the risk for a
string-line event to occur. A CN document search could notlocate a record of the
notice. Since this notice was only issued locally, and not through CN Operating
Practices, the safety-criticalinformation was not carried forward or included in
either the next Summary Bulletin or MacMillan Yard OperatingManual.

However, the only record of the corrective actions that CN implementedfollowing the

2 previous accidents on W100 is contained in the respective CN close-out reports. Neither of
the corrective actions were formally documented or carried forward as safety-critical
procedures for MacMillan Yard. Consequently, both procedures ceased tobe used at some
pointbefore thisaccidenton 15 August2019.

Had either an inspection procedure to ensure air brakes were released, or arequirementto
prohibitloaded cars on the tail end of W100 remained in place, the riskof this accident
occurring would have been reduced.

Finding as to causes and contributing factors

Despite having implemented safety-critical proceduresto prevent string-line accidents from
occurring on trackW100 in response to 2 string-line accidents thatoccurred in 2012 and
2013, the procedures were not effectively documented or carried forward, and theiruse
was discontinued, which contributed to thisaccident.

Communicating changes to freight car locations

Atabout 0050 on 15 August 2019, the foreman ofthe CN 2100 west industrial yard
assignment advised the trainmasterby radio that they had just coupled 34 loaded cars to
the south end of the empty autorack cars that occupied W100. The trainmaster then advised
CN Car Control and the CN Service Reliability Strategy (SRS) system was updatedtoinclude
the additional carsadded tothe tail end of the autorack cars on W100. However, the YOE,
the yardmaster and the yardmaster trainee were not informed and were only aware that

24 emptyautorackcars (1245 tons, 2252 feet long) occupied W100. The planned move was
to couple the 24 cars from E008 (1938 tons, 1652 feetlong) to the lead autorack car on
W100 and pull the 48 cars (3183 tons, 3904 feetlong) to the east pullbacktrackin
preparation for humping.
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The YOE, the yardmaster and the yardmastertrainee were all unaware that there were
already 58 carson W100. Once the YOE coupled the 24 cars from E008 to the lead autorack
caron W100, the assignment contained 82 freight cars, was “tail-endheavy”and 6166 feet
long, which was more than 500 feetlonger than the pullbacktracks could handle. Tofit the
assignmentintothe west pullbacktrack, atleast 12 tail-end cars would have had tobe
removed from the assignment before the cars could have even been humped.

Although the CN SRS computer database is intended to identify where cars are located on
any track on the CN networkin North Americain real time, there are gaps in the process
that can resultin operating crews being unaware ofthe number of cars that they will be
switching.

Finding astorisk

If carlocations in yards are not communicated to yardmasters and yard operating
employees in atimely manner, operatingemployees may not fully comprehend the hazards

associated with planned movements and the cars they are handling, whichincreases the
risk for an accident to occur.
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FINDINGS

Findings as to causes and contributing factors

These are conditions, acts or safety deficiencies that were found to have caused or contributed to
this occurrence.

1. Theaccidentoccurred when the trailing end of the 26th car string-lined; the left-side
wheels of the trailing truck climbed the rail, derailing the car tothe inside of the 15 -
degree curve.

2. Asthe 26th carderailed, it pulled laterally on the A-end coupler ofthe 27th car, causing
the 27th car,an empty autorack car, to roll off its trucks, separate from the head -end
cars,and overturn on its side.

3. Theyard operating employee, whowasriding of the side of the 27th car, was pinned
beneath theleading A-end and fatally injured.

4. Sincethehydraulicend-of-car cushioning devices were compressed during the previous
deceleration, the acceleration of the assignment, after the locomotive throttle was
advanced tonotch 8, likely resulted in arapid run-out of train slack, which contributed
to the string-line derailment.

5. Aggressive throttle response, due tothe remote control locomotive system
programming that wasin use at the time of the accident, led toa rapid acceleration and
run-out of train slack on the long tail-end heavy assignment, which contributed to the
string-lining of the autorack cars as they were exiting the 15-degree curve.

6. Dynamicsimulations confirmed thattrailingtonnage addedtothe tail-end ofthe
autorack cars on track W100 left the assignment “tail-end heavy” with the lighter
autorack carsin a vulnerable position, and caused both single-wheel and truckside
lateral tovertical (L./V) ratios to exceed critical thresholds.

7. Itis likely thatan emergency air brake application remained on the 63rd car and further
acted as an anchor. This created the specific conditions that were required for the
trailing end of the 26th car to string-line, which caused the 27th to 29th cars toroll off
their trucks onto their sides.

8. Thecombined effects of the aggressive throttle response due tothe remote control
locomotive system programming, the vulnerable placement of empty autorack cars
equipped with hydraulic end-of-car cushioning devices between 2 heavier cuts, the
weight of the trailing cut of 34 cars added tothe assignmentbehind the autorackcars,
and the air brakes that likely remained on the 63rd car, created the circumstances for
thisaccident to occur.
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9. Despite havingimplemented safety-critical proceduresto prevent string-line accidents
from occurring on track W100 in response to 2 string-line accidents that occurred in
2012 and 2013, the procedures were not effectively documented or carried forward,
and their use was discontinued, which contributed to thisaccident.

Findings as to risk

These are conditions, unsafe acts or safety deficiencies that were found not to be a factor in this
occurrence but could have adverse consequences in future occurrences.

1. Ifrailwaysdonotreinforce safe, smooth train handling options for remote control
locomotive systems use in yard operations and provide more specific guidance for
identifying conditions that are conducive to string-line events, the risk for a string-line
event will remain.

2. Ifcarlocationsin yardsare not communicated toyardmasters and yard operating
employees in atimely manner, operatingemployees may not fully comprehend the
hazards associated with planned movements and the cars they are handling which
increases theriskfor an accident to occur.

Other findings

These items could enhance safety, resolve an issue of controversy, or provide a data point for
future safety studies.

1. Dynamicsimulationsusinglessaggressivetrain handling predictedsignificantly
reduced buffand draft forces with single-wheel and truckside lateral-to-vertical (L/V)
ratios well below the maximum desired threshold ratios.

2. Although a dynamicsimulation withreducedtonnage still produced single-wheel and
truckside lateral-to-vertical (L /V) ratios that exceeded the maximum desired threshold
ratios, the predicted L. /Vvalues could be further reducedif more trailing tonnage were
removed.

3. Resultsfromadynamicsimulation with a curvature reduced from 15 degreesto 12
degrees showed the potential for derailment still existsifthe right conditions are
present.

4. Theyard operating employee’s actions while switching before the accident, and during
the remote control locomotive system operations using the Beltpack, were in
accordance with company requirements and his training.
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SAFETY ACTION

Safety action taken

Transport Canada

Transport Canada (TC) undertookan investigation under the Canada Labour Code, Part 11
(CLCII),and as a result, 2 directions were issued to the Canadian National Railway
Company (CN): oneon 15 August 2019, and another one on 11 October 2019.

TC reviewed the corrective measures implementedby CN and deemed themtobe
satisfactory.

The CLCII investigation has been completed and the results shared with the employer and
its workplace health and safety committee as per CLC Il requirements.

Canadian National Railway Company

S-Yard industrial pulls

On 15 August 2019, CN issued Notice No. 1908-15 which contained revised instructions for
S-Yard industrial released cars. The notice identified that effective immediately and until
otherwise notified:

e Allloadedreleases from S-Yard (S031/S032) and the metal distribution centre
(W109/W110) must not be positioned on trackW100 tobe humped at the dual
hump.

e Thecarson W100 track (W100) will be pulled by itself (i.e., carsare not to be
doubled from other tracks to W100 tobe humped).

e Movements from W100 onto the west pullbackare not to exceed 8 mph.

Revised instructions for pulling cars on W100 track

On 21 August 2019, CN issued Notice No. 1908-21 which contained revised instructions for
pullingW100 and S-Yard industrial released cars. The notice identified that the instructions
were effective immediately and until otherwise notified.

Additional new instructions

Due to the high-degree curvature at the north end of W100, CN eliminated the need to stop
and restart movements to detrain at the W100 switchin order to eliminate in-train forces
and the potential for derailment in these curves. The new procedurerequires that:

e theyardoperatingemployee (YOE) release the hand brakes on W100 then cross
over to the south-eastside of the track, being mindful of potential movements on the
diesel shop inbound and outbound tracks;

e thenorthward pull commence only after the YOE has walked eastward toa point
ahead of the locomotive consist and maintains atleast a 50 -foot distance from the
W100lead while cars are being pulled; and
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e theentire cutof cars from W100 pass the crossing before the YOE walks up to line
the W100 switch for the west pullbacktoward the crest.

Train handling while pulling cars from W100 track

Once movement has commenced and hasbeen rampedup tothe 8 mph speed selector
position (the maximum allowed speed to pull cars from W100 onto the west pullback),
exceptin case of emergency, the throttleselector lever should only be placed to the “Coast”
position to bring the movement toa stop.

e Do not ramp down from 8 mph to another speed position, and

e Thelocomotive independentbrake selector should not be used atall.

The instructions previously communicated in Notice No. 1908-15 for the S-Yard industrial
released cars remained in effect.

Other Canadian National Railway Company corrective measures

CN has also implemented the following corrective measures:
e Training material hasbeen updatedto
e Highlighthazard areas for tracks with high curvature.

e Instruct CN employeestoride either the locomotive or trailing car on tracks
with curves of over 12 degrees.

e The15-degreeleft-hand curve on W100 has been reconfiguredtoreduce the track’s
curvature from 15 degreesto 12 degrees.

e A processwasdeveloped toverify that safety-critical information communicated by
anoticeis alsoincluded in the next Summary Bulletinand, ifrequired, the
respective yard operating manual.

e Working with General Electricand Beltpackmanufacturer Cattron Intellectual
Property Corporation, changes were made toremote control locomotive systems
(RCLS) programming to allow for a more gradual application of the locomotive
throttle during RCLS operations.

This report concludes the Transportation Safety Board of Canada’s investigation into this
occurrence. The Board authorized the release of this report on 02 February 2022. It was
officially released on 05 April 2022.

Visit the Transportation Safety Board of Canada’s website (www.tsb.gc.ca) for information
about the TSB and its products and services. You will also find the Watchlist, which
identifies the key safety issues that need to be addressed to make Canada’s transportation
system even safer. In each case, the TSB has found that actions taken to date are
inadequate, and that industry and regulators need to take additional concrete measures to
eliminate the risks.
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Line in Car number Length Weight Association of Coupler | Coupler | End-of-car | Estimated

consist (feet) (tons) American Railroads type length cushioning truck

car type (inches) device center

travel spacing

(inches) (feet)

0.1 | CN 6020 65.8 194 | SD-40 locomotive N/A N/A N/A N/A

0.2 | CN 232 56.2 124 | Yard booster N/A N/A N/A N/A

03 [ CN 6019 65.8 194 | SD-40 locomotive N/A N/A N/A N/A
1| ETTX 802338 937 77 | Vehicular flat car E69 60.0 10 70.3
2 | DJJX 950873 53.1 26 | GT gondola car E60 285 N/A 398
3 | CN 668139 938 107 | Flat car E69 60.0 10 704
4 | ARMN 902141 649 122 | Refrigerator car E60 285 20 433
5 | MBKX 250298 52.1 120 | Equipped gondola E60 285 15 39.1
6 | SHQX 9526 59.2 42 | Tank car E60 285 N/A 444
7 | TTGX 693526 9338 67 | Vehicular flat car E69 60.0 10 704
8 | UFTX 20017 53.1 26 | Equipped gondola E60 285 N/A 398
9 | ATW 400563 70.8 139 [ Unequipped gondola E68 430 N/A 531
10 | CN 48974 878 142 | Maintenance-of-way E68 430 N/A 65.8
11 | OFOX 60869 454 128 | Covered hopper car E60 285 N/A 313
12 | DLRX 520021 57.8 37 | Equipped gondola E60 285 N/A 434
13 | UTLX 211030 59.3 125 | Tank car E60 285 N/A 445
14 | TTGX 971983 937 67 | Vehicular flat car E69 60.0 10 703
15 | TTGX 978174 937 66 | Vehicular flat car E69 60.0 10 70.3
16 | TTGX 704952 938 64 | Vehicular flat car E69 60.0 10 704
17 | TTGX 704952 9338 65 | Vehicular flat car E69 60.0 10 704
18 | UTLX 65730 430 31| Tank car E60 285 N/A 323
19 | TR 86305 589 36 | Equipped boxcar E60 285 15 442
20 | UTLX 670329 554 36 | Tank car E60 285 N/A 416
21 | SHPX 222517 593 125 | Tank car E60 285 N/A 445
22 | SHPX 222386 59.3 125 | Tank car E60 285 N/A 445
23 | CN 110732 59.0 31 | Covered hopper car E60 285 N/A 443
24 | NOKL 320202 57.2 134 | Equipped gondola E60 285 N/A 429
25 | TTGX 996790 938 52 | Vehicular flat car E69 60.0 10 704
26 | TTGX 995076 938 52 | Vehicular flat car E69 60.0 10 66.0

(derailed)
27 | TTGX 995540 938 52 | Vehicular flat car E69 60.0 10 704
(derailed)

28 | TTGX 697632 938 49 | Vehicular flat car E69 60.0 10 704

(derailed)
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Line in Car number Length Weight Association of Coupler | Coupler | End-of-car | Estimated
consist (feet) (tons) American Railroads type length cushioning truck
car type (inches) device center
travel spacing
(inches) (feet)
29 | CTTX 691364 938 52 | Vehicular flat car E69 60.0 10 704
(derailed)
30 | TTGX 922201 947 56 | Vehicular flat car E69 60.0 10 704
(derailed)
31 | TTGX 982102 938 55| Vehicular flat car E69 60.0 10 704
(derailed)
32 | CN 704642 938 48 | Vehicular flat car E69 60.0 10 704
(derailed)
33 | CN 704288 938 54 | Vehicular flat car E69 60.0 10 704
(derailed)
34 | TTGX 965970 938 53 | Vehicular flat car E69 60.0 10 704
(derailed)
35 [ TTGX 994291 938 52 | Vehicular flat car E69 60.0 10 704
36 | CTTX 692688 938 54 | Vehicular flat car E69 60.0 10 704
37 | TTGX 953697 938 51| Vehicular flat car E69 60.0 10 704
38 | KCS 8688 938 51| Vehicular flat car E69 60.0 10 704
39 | BNSF 301247 938 50 | Vehicular flat car E69 60.0 10 704
40 | NKCR 7583 938 50 | Vehicular flat car E69 60.0 10 704
41 | TTGX 696834 938 49 | Vehicular flat car E69 60.0 10 704
42 | TTGX 973991 938 55 | Vehicular flat car E69 60.0 10 704
43 | TTGX 990478 938 55 | Vehicular flat car E69 60.0 10 704
44 [ NS 171683 937 48 | Vehicular flat car E69 60.0 10 703
45 [ KCS 8750 938 50 | Vehicular flat car E69 60.0 10 704
46 | TTGX 982199 938 55 | Vehicular flat car E69 60.0 10 704
47 | TTGX 965704 938 53 | Vehicular flat car E69 60.0 10 704
48 | TTGX 694744 938 49 | Vehicular flat car E69 60.0 10 704
49 | UP 961356 68.1 56 | Equipped box car E68 43.0 18 51.1
50 | LW 62160 73.0 40 | Flat car E68 43.0 15 48.1
51 | CIGX 805097 704 38 | Equipped gondola E68 430 N/A 55.8
52 | 1C 3702 712 36 | Unequipped gondola E68 430 N/A 534
53 | SMW 380543 529 125 | Equipped gondola E60 285 14 39.7
54 | WC 22209 679 80 | Equipped boxcar E68 430 15 463
55 | TFM 20024 69.7 72 | Equipped boxcar E68 43.0 15 523
56 | AOK 473347 589 35 | Equipped boxcar E60 285 15 442
57 | TR 86239 58.9 36 | Equipped boxcar E60 28.5 15 442
58 | AOK 473319 58.9 35| Equipped boxcar E60 28.5 15 442
59 | CN 135305 56.8 126 | Equipped gondola E60 285 N/A 439
60 | WC 54066 58.0 127 | Equipped gondola E60 28.5 N/A 435
61 | DJJX 315816 572 123 | Equipped gondola E60 285 N/A 429
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Line in Car number Length Weight Association of Coupler | Coupler | End-of-car | Estimated
consist (feet) (tons) American Railroads type length cushioning truck
car type (inches) device center
travel spacing
(inches) (feet)
62 | DJJX 3175 57.8 125 | Equipped gondola E60 285 N/A 434
63 | DJTX 318030 (air 57.2 128 | Equipped gondola E60 285 N/A 429
brake cylinder
pistonextended)
64 | DJJIX 19293 56.9 126 | Equipped gondola E60 285 N/A 42.7
65 [ DJTX 318161 572 128 | Equipped gondola E60 285 N/A 429
66 | TFOX 3301 58.6 120 | GT gondola car E60 285 N/A 439
67 | OMNX 1205 578 128 | Unequipped gondola E60 285 N/A 434
68 | OMNX 597 578 127 | Unequipped gondola E60 285 N/A 437
69 | OMNX 572 578 127 | Unequipped gondola E60 285 N/A 434
70 | CN 135207 56.8 125 | Equipped gondola E60 285 N/A 42.6
71 | 1C 245902 564 125 | Equipped gondola E60 285 N/A 423
72 | DJJX 19335 57.1 126 | Equipped gondola E60 285 N/A 428
73 | DJJX 19324 56.9 126 | Equipped gondola E60 285 N/A 427
74 | DJJX 19280 56.9 125 | Equipped gondola E60 285 N/A 427
75 | WC 54137 58.0 127 | Equipped gondola E60 285 N/A 435
76 | WC 54210 58.0 127 | Equipped gondola E60 285 N/A 435
77 | WC 54174 58.0 127 | Equipped gondola E60 285 N/A 435
78 | BLE 30122 56.6 127 | Equipped gondola E60 285 N/A 424
79 | WC 54163 58.0 127 | Equipped gondola E60 285 N/A 435
80 | WC 54225 58.0 127 | Equipped gondola E60 285 N/A 435
81 | NOKL 734507 804 32 | Flat car E68 43.0 10 60.3
82 | DWC 627570 79.6 32 | Flat car E68 43.0 10 59.7
Total 6166 7086
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Appendix B - Recorded information

Event Time Distance | Speed | BPP* | BCP** LER OCU***
(hm:s) traveled (mph) | (psi) (psi) | throttle command
(feet)
Speed command 0106:51 0 0 88 66 Idle Stop
Idle 0106:56 0 1 88 66 Idle N/A
Couple and stop 0106:59 0 0 88 66 Idle N/A
Speed command 0108:00 N/A N/A | N/A N/A N/A 1.50 mph-
Couple
T3 0108:02 0 0 88 66 3 N/A
T4 0108:23 53 1 88 0 4 N/A
Speed command 0108:26 N/A N/A | N/A N/A N/A 2 mph - Hump
Speed command 0108:42 N/A N/A | N/A N/A N/A 15
T5 010847 53 2 88 0 5 N/A
T6 0108:51 106 2 88 0 6 N/A
T7 0108:54 106 2 88 0 7 N/A
Speed command 0108:55 N/A N/A | N/A N/A N/A 15
T8 0108:57 106 3 88 0 8 N/A
Odometer reset 0109:30 N/A N/A | N/A N/A N/A 8
Speed command 0109:30 N/A N/A | N/A N/A N/A 1.50 mph-
Couple
Speed command 0109:31 N/A N/A | N/A N/A N/A Coast***
T1 0109:32 475 10 88 0 1 N/A
Idle 0109:35 528 10 88 0 Idle N/A
Speed command 0109:54 N/A N/A | N/A N/A N/A 15
T3 0109:56 792 8 88 0 3 N/A
T4 0110:03 845 8 88 0 4 N/A
T5 0110:06 898 8 88 0 5 N/A
T6 0110:10 950 8 88 0 6 N/A
T7 0110:13 950 8 88 0 7 N/A
T8 0110:16 1003 9 88 0 8 N/A
T8 (likely event) 0110:19 1043 9 88 0 8 N/A
Loss of communication 0110:29 1166 10 88 0 8 15
between OCU and CN
6020
Transition from throttle 8 0110:30 N/A N/A | N/A N/A N/A 15
to Idle that automatically
occurs after a loss of
communication
Idle 0110:31 1219 11 88 0 Idle N/A
Full service air brake 0110:35 1267 1 86 0 Idle N/A
applicationinitiates
automatically
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Event Time Distance | Speed | BPP* | BCP** LER OCU***
(hm:s) | traveled | (mph) | (psi) | (psi) | throttle command
(feet)

Independent brake 0110:36 1267 11 84 5 Idle N/A
application

BCP build-up as air brakes 011037 1320 11 82 10 Idle N/A
automaticallyapply

BCP 15 psi 0110:38 1320 10 82 15 Idle N/A
BCP 20 psi 0110:39 1320 10 80 20 Idle N/A
BCP 25 psi 0110:41 1373 9 78 25 Idle N/A
BCP 31 psi 0110:41 1373 9 76 31 Idle N/A
BCP 36 psi 011042 1373 9 76 36 Idle N/A
BCP 41 psi 011043 1373 8 75 41 Idle N/A
BCP 46 psi 0110:44 1373 8 75 46 Idle N/A
BCP 51 psi 011044 1373 8 73 51 Idle N/A
BCP 56 psi 0110:45 1426 8 73 56 Idle N/A
BCP 61 psi 0110:46 1426 7 71 61 Idle N/A
BCP 67 psi 011047 1426 7 69 67 Idle N/A
BCP 72 psi 011047 1426 7 69 72 Idle N/A
BCP 77 psi 0110:48 1426 6 67 77 Idle N/A
Max independent brake 0110:49 1426 5 67 82 Idle N/A
Stop 0110:57 1478 0 55 82 Idle N/A

* BPP: brake pipe pressure

** BCP: brake cylinder pressure

*** Coast: This generally means to coast with no throttle or brake applied by the operator. However, the
system has the abilityto automaticallyapply brakes as necessary in order to maintain selected speed,
when accelerating due to train action or on a descending grade. If the remote control locomotive system
(RCLS) is left in the Coast setting, the movement will eventually coast to a stop because as the speed
decreases, the lower speed becomes the maximum speed that the RCLS will permit without applying
brakes.

**** OCU: operator control unit
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Appendix C - Maximum buff and draft forces for cars 24 to 29 for all simulations

Consist Track and handling Force type Maximum forces on listed vehicle (kips)
Entire train Vehicle 27 | Vehicle 28 | Vehicle 29 | Vehicle 30 [ Vehicle 31 | Vehicle 32
(vehicle) (car 24) (car 25) (car 26) (car 27) (car 28) (car 29)
Incident train: 2 locomotives, Actual track: Actual handling Draft 240 (3) 228 229 230 231 231 231
1 slug, 82 cars, 6574 tons based on event recorder BuUff ~207 (62) _125 _133 _136 ~139 _143 _146
Incident train: 2 locomotives, Actual track: Actual handling Draft 275 (17) 261 259 257 255 253 249
1 slug, 82 cars, 6574 tons based on event recorder with BuUff ~181 (67) 111 _119 ~122 ~124 _127 ~129
1 hand brake applied on
vehicle 66 (car 63)
Incident train: 2 locomotives, Actual track: Actual handling Draft 257 (13) 247 245 244 244 246 246
1 slug, 82 cars, 6574 tons based on event recorder with BUff 138 (67) _95 115 ~109 112 ~109 ~108
vehicle 66 (car 63) in
emergency
Incident train: 2 locomotives, Actual track: Gradual Draft 117 (3) 81 81 81 81 81 82
1 slug, 82 cars, 6574 tons throttling up to RUN 4 BUff -21Q) _8 _11 _a _3 0 0
maximum
Reduced-tonnage train: Actual track: Actual handling Draft 227 (17) 216 216 216 216 217 217
2 locomotives, 1 slug, 67 cars, based on event recorder BUff ~168 (51) _129 _139 _143 _147 _150 _153
5246 tons
Reduced-tonnage train: Actual track: Gradual Draft 109 (3) 70 69 69 69 68 67
2 locomotives, 1 slug, 67 cars, throttling up to RUN 4 Buff ~20 (51) _8 ~11 _4 _3 0 0
5246 tons maximum
Incident train: 2 locomotives, Incident curve reduced to 12 Draft 249 (15) 228 222 223 224 224 223
1 slug, 82 cars, 6574 tons degrees: Actual handling BUFf ~195 (55) _141 ~160 ~165 _173 _175 _177
based on event recorder

Source: TSB, based on data from Engineering Systems Incorporated
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Appendix D - Maximum lateral-to-vertical (L/V) ratios for cars 24 to 29 for all simulations

Consist Handling Vehicle Leading truck Trailing truck
(car) Front Front Rear Rear Truckside | Truckside Front Front Rear Rear Truckside | Truckside
left right left right left right left right left right left right
wheel wheel wheel wheel wheel wheel wheel wheel
Incident Actual track: 27 (24) 035 042 0.29 0.18 032 030 035 045 021 0.12 0.28 0.29
train:2. Actual 28 (25) 052 | 086 0.79 0.66 0.66 076 0.52 0.58 0.65 0.28 058 043
locomotives, | handling
1slug, 82 based on 29 (26) 039 0.77 0.60 0.59 0.50 0.68 0.52 0.62 0.66 0.51 0.59 057
cars, 6574 event recorder | 30 (27) 0.57 0.68 0.87 039 072 0.54 0.71 0.56 0.89 029 0.80 041
t
ons 31 (28) 072 | -081 092 0.55 0.82 0.63 0.84 0.62 1.01 0.59 093 0.60
32 (29) 0.52 0.58 077 | -022 0.65 0.40 035 045 0.14 0.07 024 0.25
Incident Actual track: 27 (24) 035 042 0.29 0.18 032 030 035 044 0.19 0.11 027 0.28
train: 2 Actual 28 (25) 050 | 078 077 052 0.64 0.65 0.51 0.56 0.64 022 058 039
locomotives, [ handling
1slug, 82 based on 29 (26) 0.52 0.74 0.77 0.51 0.65 0.62 0.59 061 0.76 047 0.68 0.55
cars, 6574 event recorder | 30 (27) 079 | -083 1.12 0.30 093 -053 0.98 052 113 0.16 1.06 0.34
tons with 1 hand
. 31 (28) 042 0.69 0.70 0.50 057 0.59 0.59 061 0.76 0.56 0.68 0.59
brake applied
on vehicle 66 | 32 (29) 069 | -077 091 -0.23 0.80 -054 035 045 0.14 0.07 024 0.25
(car 63)
Incident Actual track: 27 24) 035 042 0.29 0.18 032 0.30 035 045 0.18 0.12 0.26 0.29
train:2 Actual 28 (25) 055 | 064 0.82 025 069 045 054 058 068 030 062 043
locomotives, | handling
15slug, 82 based on 29 (26) 082 | -095 1.10 037 0.95 -062 1.00 0.62 1.14 053 108 0.58
cars, 6574 event recorder | 30 (27) 050 | -058 076 | -0.19 0.64 -042 0.60 051 0.75 020 0.68 0.35
t ith vehicl
ons withvehicle: 1 31 2g) 075 | -076 098 034 087 ~0.50 088 059 103 053 095 0.56

66 (car 63)in
emergency 32 (29) 044 0.60 0.68 -0.20 0.56 040 035 044 0.15 0.07 0.25 0.25
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Incident Actual track: 27 (24) 035 | o042 029 0.18 032 030 035 042 0.20 0.09 027 0.26
train:2 Gradual 28 (25) 037 | 045 053 | -0.13 045 0.25 035 047 0.40 0.11 038 0.26
locomotives, | throttling up
1slug, 82 to RUN 4 29 (26) 035| 049 043 | -0.11 039 029 035 047 0.40 0.11 038 027
cars, 6574 | maximum 30 (27) 035| 049 043 | -0.12 039 0.28 039 047 045 -0.11 042 027
t
ons 31(28) 035| 049 039 | -0.11 037 0.29 035 046 033 -0.11 034 0.26
32 (29) 035| 048 034 0.09 035 029 035 044 0.15 0.06 0.25 0.25
Reduced- | Actual track: | 27 (24) 035 | 042 029 0.18 032 030 035 042 0.20 0.10 028 026
tonnage Actual 28 (25) 037 | 045 053 | -013 045 025 044 063 0.54 024 049 0.44
train: 2 handling
locomotives, | based on 29 (26) 035| 049 043 | -0.11 039 0.29 043 063 0.54 054 049 059
1slug, 67 event recorder | 30 (27) 035| 049 043 | -0.12 039 0.28 072 0.60 0.90 045 0.82 053
cars, 5246
tone 31(28) 035| 049 039 | -0.11 037 0.29 052 0.62 0.68 0.60 061 061
32 (29) 035| 048 034 0.09 035 0.29 035 045 0.14 0.07 0.24 0.25
Reduced- | Actual track: 27 (24) 035| 042 0.29 0.18 032 030 035 042 0.19 0.09 027 0.26
tonnage Gradual 28 (25) 036 | 046 049 | -0.12 043 0.25 035 047 036 0.10 036 027
train: 2 throttling up
locomotives, | to RUN 4 29 (26) 035| 049 040 | -0.11 038 0.29 035 046 036 0.10 035 0.26
1slug, 67 maximum 30 (27) 035| 049 040 | -009 038 0.29 035 046 037 -0.11 036 0.26
, 5246
fg;i 31 (28) 035| 049 038 | -010 037 0.29 035 046 032 -0.10 0.33 0.26
32 (29) 035| 048 034 0.07 034 0.29 035 044 0.15 0.06 0.25 0.25
Incident Incident curve | 27 (24) 035 | 040 021 0.11 0.28 0.26 035 039 0.15 0.05 024 0.22
train:2 | reduced to12 | g 55 052| 088| 079| 080 0.66 084 0.50 061 063 0.52 0.57 057
locomotives, | degrees:
1 slug, 82 Actual 29 (26) 040 | 070 0.60 048 050 059 051 063 0.64 059 058 061
cars, 6574 | handling 30 (27) 044 | 071 0.65 050 055 0.60 055 061 0.69 053 062 057
tons based on
31(28) 055 | 072 0.84 053 0.70 0.62 065 0.62 0.81 057 073 0.60
event recorder
32 (29) 043 | 071 0.65 048 055 059 035 043 0.11 0.06 022 023

Source: TSB, based on data from Engineering Systems Incorporated
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	The Transportation Safety Board of Canada (TSB) investigated this occurrence for the purpose of

advancing transportation safety. It is not the function of the Board to assign fault or determine

civil or criminal liability. This report is not created for use in the context of legal, disciplinary or

other proceedings. See the Terms of use on page 2.


	EXECUTIVE SUMMARY


	On 15 August 2019, at about 01101 Eastern Daylight Time, the Canadian National Railway

Company (CN) remote control locomotive system (RCLS) YDHF60 dual hump yard

assignment (the assignment) was pulling 82 cars northward along track W100 (W100) in

CN’s MacMillan Yard, which is located within the Concord industrial district of Vaughan,

Ontario. The assignment was controlled remotely by a single CN yard operating employee

(YOE) using a Beltpack. As the assignment negotiated a 15-degree left-hand curve (in the

direction of travel), the trailing end of the 26th car behind the locomotives string-lined,

causing that car to derail along with the next 8 cars. All 9 cars were empty multi-level

vehicular flat cars (i.e., autorack cars). During the derailment, the 27th to 29th cars

overturned on their sides to the inside of the curve and pinned the YOE under the 27th car.

Consequently, the YOE was fatally injured.


	1

All times are Eastern Daylight Time (Coordinated Universal Time minus 4 hours).
	1

All times are Eastern Daylight Time (Coordinated Universal Time minus 4 hours).

	The accident


	On 15 August 2019 at about 0045, CN 2100 west industrial yard assignment coupled a cut

of 34 loaded cars to the south end of 24 autorack cars that had previously been left standing

on W100. The cut of 34 cars weighed 3391 tons and was 2074 feet long, and the 24 autorack

cars weighed 1245 tons and were 2252 feet long. Five minutes later, the foreman of the CN

2100 assignment informedthe trainmaster by radio that they had completed the switching

and the trainmaster then notified CN Car Control.


	At about 0100, the occurrence assignment arrived at W100 with a cut of 24 cars from track

E008 that weighed 1938 tons and was 1652 feet long, and coupled the cut of cars onto the


	58 cars standing on W100. With the locomotive hump set and the total of 82 cars joined

together, the assignment weighed a total of 7086 tons and was 6166 feet long.


	At the time, unbeknownst to the yardmaster, the yardmaster trainee, and the YOE, the cut of

34 loaded cars that had been recently added to the south end of the autorack cars placed

44% of the assignment’s weight in the rear 25% of its length, making it “tail-end heavy.”


	After making the joint between the 24th and 25th cars, the YOE walked southward and

released the hand brakes on the 3 autorack cars (25th car to the 27th car), then entrained

the leading end of the 27th car while the assignment was stopped.


	At about 0108, the assignment began to pull the 82 cars northward through the 15-degree

left-hand curve en route to the west pullback track. About 2 minutes later, there was a

communication failure between the controlling locomotive and the Beltpack. Following the

loss of communication and as designed, the RCLS system automatically placed the

locomotives in idle, made a full service air brake application, applied the locomotive

independent brakes and brought the assignment to a controlled stop.


	The site observations were all consistent with classic string-line derailment characteristics.


	The investigation determined that the trailing end of the 26th car string-lined; the left side

wheels of the trailing truck climbed the rail, derailing the car to the inside of a 15 -degree

curve. As the 26th car derailed, it pulled laterally on the A-end coupler of the 27th car. This

caused the 27th, 28th, and 29th empty autorack cars, which remained coupled together, to

roll off their trucks, separate from the head-end cars, and overturn on their side about 2 feet

from the track. The YOE, who was riding on the left side of the 27th car, was pinned beneath

the leading A-end, and fatally injured.


	The YOE’s actions while switching before the accident, and during RCLS operation using the

Beltpack, were in accordance with company requirements and his training.


	Operation of remote control locomotive systems

 
	An RCLS operating system is programmed in such a way that the selected operating speed is

attained as quickly as possible while operating within the parameters that are programmed

into the RCLS to determine throttle output. Once the selected speed is attained, the RCLS

automatically controls the locomotive throttle and brakes to maintain the speed.


	While the RCLS’s aggressive throttle modulation is dependent on the differential between

the current speed of the consist and the selected speed, it can also occur if the operator

makes a series of small progressive speed increases or immediately selects Max speed

(15 mph). As a result, at the time of the occurrence, RCLS operators, like the occurrence

YOE, did not have the ability to directly control incremental locomotive throttle changes to

facilitate the slow, smooth acceleration of an assignment.
	Ratio of lateral-to-vertical forces and potential for derailment


	A combination of lateral (L) and vertical (V) forces exists at the wheel-rail interface. The

ratio of lateral-to-vertical (L/V) forces indicates the potential for a derailment to occur.

When a high lateral force and low vertical force are present (e.g., as with an empty car), the

high lateral force will tend to push the wheel flange up and over the gauge face of the rail,

resulting in a wheel-climb derailment.


	A single-wheel L/V ratio in excess of about 0.82 is indicative of the potential for a freight car

wheel to climb (or lift) onto the head of a rail and cause a derailment. Empty long cars

equipped with hydraulic long-travelend-of-car cushioning devices (EOCCDs), such as the

autorack cars in this occurrence, are particularly vulnerable to these forces. A truckside L/V

ratio in excess of 0.65 is indicative of the potential for a freight car truck to roll a rail and

cause a derailment.


	When a train is pulled through a curve, draft (tension) forces tend to stretch or “string-line”

the train as wheel flanges are pulled taut against the inside rail of the curve. If the draft

force generated by the locomotives is excessive or if there is a significant run-out of train

slack, the L/V ratio can reach a critical level that results in a car wheel climbing, or lifting,

onto the head of a rail and subsequently derailing.


	Train dynamic simulations


	Dynamic simulations are theoretical and are often performed in support of derailment

investigations. One of the goals for any dynamic simulation is to identify the combination of

the factors and forces that produce results which most closely match the physical evidence

observed on an accident site. In this case, 7 different simulations were conducted.


	Simulations 1 to 3 confirmed that:


	• the tonnage added to the tail-end of the autorack cars on W100 left the assignment

“tail-end heavy” with the lighter empty autorack cars located in a vulnerable

position, and caused both single-wheel and truckside L/V ratios to exceed critical

thresholds for the 26th to 28th cars.


	• the tonnage added to the tail-end of the autorack cars on W100 left the assignment

“tail-end heavy” with the lighter empty autorack cars located in a vulnerable

position, and caused both single-wheel and truckside L/V ratios to exceed critical

thresholds for the 26th to 28th cars.


	• the tonnage added to the tail-end of the autorack cars on W100 left the assignment

“tail-end heavy” with the lighter empty autorack cars located in a vulnerable

position, and caused both single-wheel and truckside L/V ratios to exceed critical

thresholds for the 26th to 28th cars.



	• an emergency brake application on the 63rd car recorded the highest single-wheel

L/V ratios at the left side wheels of the trailing truck of the 26th car, and created the

specific conditions for the trailing end of the 26th car to string-line.


	• an emergency brake application on the 63rd car recorded the highest single-wheel

L/V ratios at the left side wheels of the trailing truck of the 26th car, and created the

specific conditions for the trailing end of the 26th car to string-line.




	Simulations 4 to 7 evaluated other mitigating strategies that could reduce the risk of a

string-line derailment occurring.


	Train dynamic simulations confirmed that the combined effects of aggressive throttle

response due to RCLS programming, the vulnerable placement of empty autorack cars

equipped with EOCCDs between 2 heavier cuts of cars, the weight of the trailing cut of 34

cars added to the assignment behind the autorack cars, and the air brakes that likely

remained on the 63rd car, created the circumstances for this accident to occur.
	Ensuring safety-critical procedures are carried forward


	After 2 similar string-line accidents that occurred on W100 in 2012 and 2013, CN

investigated the accidents and implemented corrective actions. Although procedures were

implementedto prevent string-line accidents from occurring on track W100, these

procedures were not effectively documented or carried forward, and their use was

discontinued, which contributed to this accident.


	Safety action taken


	Transport Canada


	Transport Canada (TC) conducted an investigation under the Canada Labour Code, Part II

(CLC II), and issued 2 directions to CN. TC reviewed CN’s corrective measures and deemed

them to be satisfactory. The investigation results were shared with CN and its workplace

health and safety committee as per CLC II requirements.


	Canadian National Railway Company


	CN issued Notices No. 1908-15 and 1908-21 thatcontained revised instructions for S-Yard

industrial released cars, pulling cars on W100 track and train handling while pulling cars

from W100 track.


	CN training materialwas updated to highlight hazard areas for tracks with high curvature

and instruct employees to ride either the locomotive or the trailing car on tracks with

curves of over 12 degrees.


	The 15-degree left-hand curve in track W100 was reconfigured to reduce the track’s

curvature from 15 degrees to 12 degrees.


	A process was developed to verify that safety-critical information communicated by a notice

is also included in the next Summary Bulletin and, if required, the respective yard operating

manual.


	Working with General Electric and Beltpack manufacturer Cattron Intellectual Property

Corporation, changes were made to RCLS programming to allow for a more gradual

application of the locomotive throttle during RCLS operations.
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	1.0 FACTUAL INFORMATION


	On 14 August 2019, at about 2330,2 the Canadian National Railway Company (CN) remote

control locomotive system (RCLS) YDHF60 dual hump yard assignment was switching cars

at the north end of CN’s MacMillan Yard. The yard covers about 5 square miles in area and is

located within the Concord industrial district of Vaughan, Ontario, just north of

metropolitan Toronto, Ontario (Figure 1).


	2

All times are Eastern Daylight Time.
	2

All times are Eastern Daylight Time.

	Figure 1. Location of Canadian National Railway Company MacMillan Yard

(Source: Railway Association of Canada, Canadian Rail Atlas, with TSB annotations)
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	1.1 MacMillan Yard


	MacMillan Yard is CN’s main rail classification yard3 in Eastern Canada, where rail traffic is

distributed by flat switching or humping4 rail cars into various tracks for placement on

different trains. MacMillan Yard operations are conducted under Canadian Rail Operating

Rules (CROR) Rule 105. Train movements are restricted to a maximum speed of 15 mph.

They must also be able to stop within half the range of vision of equipment and stop short of

a misaligned switch, a derail in the derailing position as well as blue flag5 or red flag6 track

protection.


	3 A classification yard is a railway yard used to separate railway freight cars by destination. Freight cars with

similar destinations are switched on to one or more tracks in the process of building a train.


	3 A classification yard is a railway yard used to separate railway freight cars by destination. Freight cars with

similar destinations are switched on to one or more tracks in the process of building a train.


	4 Humping refers to an operation in which rail cars (a “cut”) are slowly pushed, uncoupled, and released from

the crest of a “hump” or hill. The released cars then roll freely down the hump toward a designated track,

with both speed and direction automatically controlled.


	5 A blue flag secured to a rail or mounted between the rails, displayed near one or both ends of equipment,

indicates that workmen are in the vicinity of, or working on, rolling stock that occupy that track.


	6

A red flag secured to a rail or mounted between the rails in each direction from a working point provides

protection of track work being performed on non-main track.

	The yard processes up to 1 million cars annually. On any given day, there can be up to

150 operating employees working on 15 to 20 various local, yard, and hump switching

assignments within the yard.


	Arriving trains enter the yard from the York Subdivision or the Halton Subdivision at the

south end of the lower yard. The trains are routed up the inbound tracks on the east side of


	the yard and set out in a receiving yard, located east of the main classification yard. Once the

cars are set out in a receiving yard, the locomotives are removed, the rail cars receive a

certified car inspection, the air brake system is discharged to empty and, if necessary, minor

repairs are made. Yard assignments then flat-switch and hump the freight cars in order to

redistribute them onto different trains for various destinations.


	1.1.1 MacMillan Yard dual hump operation


	Humping operations are carried out at the north end of the yard, where the crest of the dual

hump is located. The dual hump yard has 2 pullback7 tracks (east and west) each of which is

about 5600 feet long and is a designated point protection zone (PPZ).8 As such, CN does not

usually pull trains that are more than 5600 feet long from track W100 to the west pullback

track. Various other tracks are used to access the pullback tracks.


	7 A pullback track is a designated track on which cars are placed in preparation for the humping. Once in

position on a pullback track, rail cars are slowly pushed, uncoupled, and released from the crest of the hump.


	7 A pullback track is a designated track on which cars are placed in preparation for the humping. Once in

position on a pullback track, rail cars are slowly pushed, uncoupled, and released from the crest of the hump.


	8

When authorized to enter a PPZ, the involved movement is relieved of the responsibility for point protection

and the need to stop within half the range-of-vision of equipment within the limits of the PPZ.


	9

A yard booster locomotive, sometimes referred to as a slug, is a modified GP9 locomotive that has no cab or

diesel engine but can provide additional tractive and braking effort when connected to a controlling

locomotive.


	10

Beltpack is the trademark designating the technology that enables locomotives to be controlled remotely. It

was developed and marketed by CANAC Railway Services Inc., a former CN subsidiary, and is now registered

to Cattron Intellectual Property Corporation. 

	There are 2 dedicated hump set yard assignments. Each consists of two 3000 hp

locomotives with a yard booster (slug) locomotive9 positioned between them (Figure 2).


	Figure 2. CN hump set yard assignment in MacMillan Yard (Source: TSB)


	Figure 2. CN hump set yard assignment in MacMillan Yard (Source: TSB)


	Figure 2. CN hump set yard assignment in MacMillan Yard (Source: TSB)


	Figure 2. CN hump set yard assignment in MacMillan Yard (Source: TSB)


	Figure 2. CN hump set yard assignment in MacMillan Yard (Source: TSB)


	 
	Figure



	TBody

	The 2 hump set yard assignments operate independently of each other and operate 7 days

per week, as they pull rail cars from yard tracks northward onto 1 of the 2 pullback tracks

in preparation for humping.

 
	Each assignment is controlled by a single qualified conductor, designated as a yard

operating employee (YOE), operating an RCLS using a Beltpack.10 Under normal operations,


	there is a continuous flow of cars being switched. When one YOE is humping cars, the other

YOE is retrieving a cut of cars to switch on the other pullback track. When cars are switched

onto a pullback track prior to humping, the speed selector of the Beltpack is usually set at

15 mph. Transponders along the pullback track right-of-way automatically begin to slow the

northbound movement about2600 feet from the end of track. From that location, additional

transponders continue to reduce the locomotive’s speed so as to stop about 250 feet south

of the end of the track. If the trailing car of the movement is on the pullback track before the

locomotive is automatically stopped, the YOE will stop the movement.


	Because these assignments only pull cars to the pullback tracks, then shove them over the

hump, the YOEs working on these assignments rarely have a switch list as they are dire cted

to pick up cars from various tracks. They do not necessarily know the length, weight or type

of cars that the assignment is handling. While it is not unusual for the YOE to have to release

2 or 3 hand brakes securing cars that they are picking up on a track, the cars being picked

up by a hump assignment do not usually have any air brakes applied.


	A CN general supervisor of transportation (GST) and a yardmaster communicate with YOEs

at frequent intervals as they prioritize car movements from various locations in the yard for

humping.


	A control tower is located at the crest of the dual hump. From the crest of the hump, freight

cars from the pullback tracks are slowly pushed, uncoupled and released (Figure 3).


	Figure 3. Humping operation at MacMillan Yard (Source: TSB)
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	Each released car rolls freely southward down the hump, through a series of retarders that

control the speed of the car and a variety of automatic switches that are used to direct the

car into 1 of up to 80 classification tracks as trains are assembled.


	Track W100 (W100) is about 2.7 miles long with a north-south orientation that extends

along the western side of the yard. W100 is also a lead track that provides switching access

to numerous nearby customers which include an auto compound, multiple scrap steel and

paper businesses, and warehouses.
	When an assignment picks up cars from customers that have access to W100, the

assignment operating crew visually inspects the cars, to ensure that no hand brakes or air

brakes remain applied, before the cars are moved.


	In general, at MacMillan Yard, a CN yardmaster oversees all movement of freight cars within

the yard, while trainmasters are mostly in-charge of assignments that move freight cars to

and from customers. When cars are moved from a customer to MacMillan Yard, usually an

operations coordinator, supervisor, or trainmaster notifies the CN Car Control Department.

Car Control then updates the CN Service Reliability Strategy (SRS) computer database which

identifies in close to real time where cars are located on any track on the CN network in

North America.


	Usually, a CN yard assignment performs switching along W100 and then leaves the cars at

the north end of W100 with an appropriate number of hand brakes applied to the northern�most cars in order to secure them. The cars from the auto compound are switched in the

morning and those from the other industrial customers are switched at night, which means

that cars are left on W100 twice daily.


	At the time of the accident, there was no formal or informal process in place to prevent the

heavily loaded industrial cars from being coupled behind a cut of empty multi-level

vehicular flat cars (i.e., autorack cars) that were left standing at the north end of W100.


	The north end of W100 joins the west pullback track at the W100 switch. The south end of

W100 is tangent (i.e. straight) with a slight ascending grade. When proceeding northward

approaching the north end of W100, there is an 8-degree right-hand curve followed by a

short section of tangent track which transitions to a 15-degree left-hand curve that leads to

the W100 switch and the west pullback track.


	1.2 The accident


	On 14 August 2019 at about 1000, a CN yard assignment pulled a cut of 24 long, empty

autorack cars from the auto compound to the north end of W100. The autorack cars were

each about 94 feet long and were equipped with 60-inch-long couplers and long-travel (10-

inch) hydraulic end-of-car cushioning devices (EOCCD).


	The autorack cars were left standing at the north end of W100 and secured with a hand

brake applied to each of the 3 northern-most cars. These 3 autorack cars were located along

the 8-degree right-hand curve, with their A-end leading(Figure 4). Since the 3 cars were

oriented the same way, each of their hand brakes was located on the north side of the track,

which corresponds to the outside of the right-hand curve and the inside of the left-hand

curve.
	Figure 4. Layout of the north end of Canadian National Railway Company MacMillan Yard

showing estimated assignment location prior to commencing northward movement (Source:

Railway Association of Canada, map data from OpenStreetMap with TSB annotations)
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	At about 2330, the occurrence YOE arrived for work at the dual hump tower. CN

supervisory staff on duty at the time included a GST, a trainmaster, a yardmaster and a

yardmaster trainee. The YOE was familiar with yard operations, met fitness and rest

standards, and was qualified for the position.


	At about 2355, the YOE reported for duty to the yardmaster trainee. The yardmaster trainee

assigned the YOE to the YDHF60 dual hump yard assignment (the assignment) which was

operating on the east pullback track at the time.
	The assignment was powered by a locomotive hump set consisting of locomotive CN 6020,

yard booster CN 232 and locomotive CN 6019. The hump set was capable of producing up to

6000 hp; it weighed 512 tons and was 188 feet long. It was equipped with an RCLS and was

operated by Beltpack. The YOE was instructed to finish shoving cars over the crest of the

east hump track. The YOE completed the initial work assigned without incident and awaited

further instruction.


	The assignment was powered by a locomotive hump set consisting of locomotive CN 6020,

yard booster CN 232, and locomotive CN 6019. The hump set was capable of producing up

to 6000 horsepower; it weighed 512 tons and was 188 feet long. It was equipped with an

RCLS and was operated by Beltpack. The YOE was instructed to finish shoving cars over the

crest of the east hump track. The YOE completed the initial work assigned without incident

and awaited further instruction.


	On 15 August 2019, at about 0030, the yardmaster trainee instructed the YOE to pick up a

cut of 24 cars that was standing in track E008 (E008). The cut of cars included 16 loaded

cars and 8 empty cars, weighed 1938 tons and was 1652 feet long.


	The YOE was also instructed to pull the 24 cars from E008 northward past the W100 switch,

line the switch for W100, then reverse the assignment and couple on the cut of 24 empty

autorack cars, which weighed 1245 tons and was 2252 feet long, that had previously been

left standing on W100. Once coupled onto the cars that were standing on W100, the

assignment was to pull all 48 cars on W100 to the end of the west pullback track in

preparation for shoving them over the crest of the west hump track and humping them into

the classification yard.


	At about the same time, the CN 2100 west industrial yard assignment had picked up cars

from nearby industries at the south end of the yard. At about 0045, CN 2100 west industrial

yard assignment coupled an additional cut of 34 cars to the south end of the 24 autorack

cars that already occupied W100. The cut of 34 cars comprised 26 loaded cars, 22 of which

were open-top gondolas carrying scrap steel (the 59th to the 80th cars), and 8 empty cars.

The cut of 34 cars weighed 3391 tons and was 2074 feet long.


	At about 0050, the foreman of the CN 2100 west industrial yard assignment advised the

trainmaster by radio that they had coupled 34 loaded cars to the south end of the cars that

occupied W100. The trainmastersubsequently advised CN Car Control and the SRS system

was updated.


	At about 0055, the occurrence assignment coupled onto the 24 cars in E008 and pulled

northward to the west pullback track.


	At about 0100, the YOE stopped the assignment north of the W100 switch, detrained, and

lined the W100 switch for track W100. The YOE then entrained the tail-end car and the

assignment then shoved the 24 cars from E008 southward onto W100 and coupled onto the

58 cars that were already on that track. With all cars joined together, the assignment now

comprised 2 locomotives and a yard booster (weighing 512 tons), and 82 freight cars
	(weighing 6574 tons) for a total combined weight of 7086 tons and length of 6166 feet

(Appendix A).


	After making the joint between the 24th11 and 25th12 cars, the YOE had to walk southward

to release the hand brakes on the 25th, 26th and 27th autorack cars at the head end of the

58 cars that the assignment had just coupled onto. The YOE then likely entrained the

leading end of the 27th car, TTGX 995540, while the assignment was stopped.


	11

The 24th car behind the head-end locomotives, at the tail-end of the cut of cars for E008. All car positions

are referenced from the head-end locomotives.


	11

The 24th car behind the head-end locomotives, at the tail-end of the cut of cars for E008. All car positions

are referenced from the head-end locomotives.


	12 The car at the head end of the cuts of cars that already occupied track W100.

	At about 0108, the assignment began to pull the entire 82 cars northward through a 15-

degree left-hand curve en route to the west pullback track. After about 90 seconds, the

Beltpack speed selector was placed in Coast, and 23 seconds later, while the assignment

was travelling at about 10 mph, the selector was returned to 15 mph.


	At 0110:29, a communication failure occurred between controlling locomotive CN 6020 and

the Beltpack. Following the loss of communication:


	• At 0110:31, the locomotives went to idle,


	• At 0110:31, the locomotives went to idle,


	• At 0110:31, the locomotives went to idle,



	• At 0110:35, a full service air brake application was automatically initiated on the

locomotive consist,


	• At 0110:35, a full service air brake application was automatically initiated on the

locomotive consist,



	• At 0110:36, the locomotive independent brakes applied, and


	• At 0110:36, the locomotive independent brakes applied, and



	• At 0110:57, the assignment came to a stop.


	• At 0110:57, the assignment came to a stop.




	At about 0120, the yardmaster trainee realized that the switching in track W100 had not

been completed and became concerned. The yardmaster trainee, the yardmaster and the

GST each attempted to contact the YOE on the radio, with no response. Using yard video

cameras to survey the area, the yardmaster trainee noticed that the assignment had come

apart and the trainmaster was asked to go see what had occurred.


	At about 0135, the trainmaster arrived at the W100 switch with a mechanical supervisor.

They discovered that 9 empty autorack cars, located in the 26th to 34th positions behind

the locomotives, had derailed. In particular, the 27th to 29th cars (3) had overturned on

their sides to the inside of the 15 degree left-hand curve.


	At about 0150, following a brief search, the YOE was located under the leading A-end of the

overturned 27th car, TTGX 995540. Emergency responders were immediately dispatched,

but unfortunately the YOE had sustained fatal injuries during the accident.


	At the time of the accident, the ambient temperature was 17 °C, the sky was clear, and the

wind was blowing at 21 km/h from the east.


	1.3 Site examination


	Railway personnel initially reported that a total of 9 empty autorack cars, located in the

26th to 34th positions, had derailed. The hand brakes on all these cars were released.


	The locomotive hump set and the first 26 cars came to rest coupled together with the head

end positioned about 2100 feet north of the W100 switch on the west pullback track.


	The 26th car, empty autorack car TTGX 995076, had derailed but came to rest upright. The

leading A-end truck did not derail but all 4 wheels of the trailing B-end truck were derailed

in the ballast on the west side of the track, just north of the W100 switch (Figure 5). As the

car came to rest, it struck and damaged the W100 switch. The remainder of the head -end

cars were inspected with no defects noted.


	Figure 5. Trailing B-end truck of 26th car TTGX 995076 derailed; -end

truck remained on the rails (Source: TSB)
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	From the W100 switch, wheel marks were observed in the ballast extending southward for

about 400 feet. The marks in the ballast stopped near the leading end of the 27th car, TTGX

995540. The leading A-end truck of TTGX 995540 remained intact, did not derail and rolled

along the track clear of the car. It came to a stop on the rails about 40 feet north of the car

(Figure 6).
	Figure 6. View southward from the W100 switch (Source: TSB)
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	The 27th, 28th, and the 29th cars were coupled together, had all rolled off their trucks and

overturned on their sides on the inside of the 15-degree curve (Figure 7).


	Figure 7. Occurrence site (Source: TSB)
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	Each of the 3 cars came to rest about 2 feet from the inside rail of the curve (Figure 8).
	Figure 8. Looking from the trailing end of the 29th car as it came to

rest about 2 feet from the inside rail of the curve. Note missing

trucks (Source: Canadian National Railway Company)
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	The trailing B-end truck of

the 26th car had derailed,

but the trucks from the 27th

to 29th cars did not initially

derail.


	The A-end truck of the

overturned 27th car (TTGX

995540) rolled clear of the

car and came to a stop on

the track just north of the

car. The B-end truck of the

27th car was generally

intact but was impacted by

the leading end of the 31st

car (TTGX 982102) during

the derailment. The B-end

truck of the 27th car came to rest just ahead of the 31st car which was adjacent to B -end of

the 27th car (Figure 9).


	Figure 9. Leading end of 31st car TTGX 982102 and the

trailing truck of 27th car (Source: TSB)
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	The trucks of the 28th and 29th cars

were subsequently strewn about the

site by the trailing cars as they

derailed. The 29th car had separated

from the 30th car. The 30th car had

overturned and came to rest on the

outside of the curve, parallel to the

track.


	The 31st to the 34th cars remained

upright and coupled together. The

outer rail of the curve had rolled to

the outside (eastward) beneath

these cars. The 31st to 33rd cars

derailed all wheels along the track,

while only the wheels on the leading

end of the 34th car had derailed

(Figure 10).


	Figure 10. Location of derailed cars (Source: Google Earth, with TSB annotations)


	Figure 10. Location of derailed cars (Source: Google Earth, with TSB annotations)
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	Figure 10. Location of derailed cars (Source: Google Earth, with TSB annotations)
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	None of the trailing 48 cars (35th to 82nd cars) that remained on W100 had derailed.

Subsequent CN examination of these cars revealed that the 63rd car, DJTX 318030 , loaded

with scrap steel, had its brake cylinder piston extended and its brake shoes pressed against

the wheels. Although this indicated that air brakes may have been engaged on this car, no

further follow-up was done at that time, and it was not confirmed on-site whether a hand

brake and/or air brakes were applied.
	Short wheel flange marks were observed on the running surface of the west rail in the exit

spiral of the 15-degree curve that transitioned to a tangent section of W100. The marks

were located about 5 feet north of the overturned 27th car. The marks extended from the

gauge side to the field side of the rail at which point they dropped off to the west into the

adjacent ballast on the inside of the curve, and continued northward to the W100 switch

(Figure 11).


	Figure 11. Wheel flange marks on rail head and ballast (Source: TSB)
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	The W100 switch and a total of about 350 feet of track were damaged.


	1.4 Recorded information


	The head-end locomotive CN 6020 RCLS was used to control the assignment. Although the

locomotive event recorder (LER) data recovered from CN 6020 was corrupted, LER data

from the trailing locomotive CN 6019 was successfully recovered. A summary of recorded

information from the locomotive CN 6019 LER and the CN 6020 operator control unit (OCU)

Beltpack log is contained in Appendix B. The times shown commence after the assignment

made the joint between the 24th and 25th cars, at the head end of the 58 cars th at the

assignment coupled to on W100.


	1.5 Canadian National Railway Company operating instructions


	CN has various methods for issuing instructions to operating crews. These include General

Operating Instructions (GOI) and system-wide bulletins issued by CN Operating Practices as

well as local instructions in the form of yard operating manuals and notices. However, if

local yard manuals and notices are not issued through CN Operating Practices, local safety�critical information may not be consistently updated or re-issued.
	1.5.1 General Operating Instructions


	CN GOI (2015) section 8 contains company guidance with regards to riding equipment. Item

12.4, Riding Equipment, states in part:


	When riding equipment, employees MUST ALWAYS


	[…]


	• unless it is the trailing car in the movement, or the trailing end of the last

locomotive in a consist, ride the side ladder on the leading end of equipment in

the direction of travel;


	[…]


	1.5.2 System-wide bulletin


	On 01 November 2018, CN Operating Practices issued a system-wide operating bulletin.

Bulletin No. 015 2018 outlined that to reduce the risk of injury when entraining or

detraining, effective 05 November 2018, the CN GOI were modified to prohibit entraining or

detraining from moving equipment. Movements must be stopped prior to entraining or

detraining at all times. This applied to all types of equipment.


	1.5.3 MacMillan Yard Operating Manual


	The MacMillan Yard Operating Manual contains securement instructions for different tracks

at MacMillan Yard. Item 3.29 of the manual addresses hand brakes and requires hand

brakes to be applied on track W100 as follows:


	• 1 car = 1 hand brake


	• 1 car = 1 hand brake


	• 1 car = 1 hand brake



	• 2 cars = 2 hand brakes


	• 2 cars = 2 hand brakes



	• 3 or more cars = 3 hand brakes


	• 3 or more cars = 3 hand brakes




	The expectation is that the hand brakes are always applied at the north end of the track due

to the track grade.


	1.6 Yard operating employee


	The YOE began working at CN as a conductor trainee on 18 June 2018. He completed all

required training and became a qualified conductor on 05 December 2018. During his

training, the YOE had completed 7 shifts working the hump assignments at the MacMillan

Yard dual hump.


	Since qualifying as a conductor, between 05 December 2018 and 15 August 2019, he

worked a total of 27 shifts as a YOE at the dual hump and was considered to be familiar with

the tasks involved in humping operations.


	The YOE was reported to have a good attitude, a strong work ethic, and seemed to enjoy the

combination of analytical and physical challenges of the job. Despite having only 14 months

of service, he was considered a capable employee who was knowledgeable about the work.
	1.7 Canadian National Railway Company conductor and remote control

locomotive systems training


	In Canada, newly hired CN operating employees must qualify as conductors and start out as

conductor trainees. Trainees start with conductor training at the CN training campus in

Winnipeg, Manitoba, where they receive 5 weeks of rules training, followed by 2 weeks of

hands-on field training. Upon successful completion of the initial training, trainees return to

their hiring terminal to complete their training.


	Since all assignments at MacMillan Yard operate using RCLS, trainees receive 1 week of

RCLS Beltpack training in conjunction with the regular conductor training program. Once

the classroom and practical components are completed successfully, trainees put their

knowledge into practice through supervised on-the-job training while working road and

yard assignments.


	To fully qualify as a conductor, trainees must also complete a minimum of 60 trips under

the guidance of a qualified conductor. The on-the-job training trips are divided between

freight service (main-track) and yard RCLS assignments. CN conductor training continues

until the trainee is deemed to be a fully qualified conductor by a local manager. It usually

takes between 5 and 7 months to become a fully qualified conductor. Once qualified,

conductors can be assigned regular duties on either main-track or yard assignments.


	1.7.1 MacMillan Yard remote control locomotive systems training


	The MacMillan Yard RCLS training consists of about 1 week of training that comprises both

classroom training and field training. The classroom training requires trainees to review the

Beltpack Operator Training Participant Manual with an on-the-job trainer (OJT).


	During field training, OJTs provide trainees with MacMillan Yard familiarization training

which includes identifying areas of the yard where RCLS operation can be more challenging

and tips for safely working in these areas.


	1.7.2 Beltpack Operator Training Participant Manual


	The manual covers the key components of a locomotive, how to initialize the RCLS, how to

use the Beltpack, as well as some elements of train handling and troubleshooting. Module 7

of the manual discusses train handling and explains that buff, draft, vertical and lateral

forces can affect how a cut of cars will handle when moving on a track. The manual outlines

the forces involved and defines string-lining13 as the tendency of a long cut of cars to

shortcut a curve when being pulled (Figure 12), a problem that is amplified in a heavier

train when handling light cars that are followed by significantly heavier cars.


	13

As a train pulls through a curve, the draft (tension) forces tend to pull the wheel flanges against the inside

rail of the curve. If sufficient force is present, a freight car wheel may climb, or lift, onto the head of the inside

rail of a curve and derail.
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	Figure 12. Pulling movement string-lining to the inside of a curve

(Source: Canadian National Railway Company)
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	The manual also identifies that the risk of string-lining increases when handling light cars

within a heavy train and explains how hand or air brakes left on cars at the rear of a

movement can act as an anchor. However, the manual does not include more specific

guidance for identifying conditions that are conducive to string-lining, nor does it contain

tips for preventing a string-line event.


	With regards to train handling, Module 7 of the manual contains the following instructions

(in part):


	Change speeds gradually — let the cars adjust to one speed before moving up or

down to another.


	[…]


	When pulling from a Stop position, move the Speed selector to the Couple position

(1 mph) for about 50 feet of movement. Once the cars are stretched, move the

selector to your desired speed.


	When stopping, move the Speed selector first to Coast for 5 or 10 seconds and then

to Coast B position to allow the cars to bunch. Once you hear the slack gather, move

the Speed selector to STOP for a quicker slack free stop.


	A review of the Beltpack log revealed that the YOE’s use of the Beltpack was consistent with

these instructions.


	1.8 Operation of remote control locomotive system


	RCLS is essentially a speed-based control system that automatically ramps up the throttle of

the controlling locomotive in response to the RCLS operator selecting a speed. The RCLS

consists of 3 main components:


	• a remote-control locomotive(s) (RCL);


	• a remote-control locomotive(s) (RCL);


	• a remote-control locomotive(s) (RCL);



	• an onboard control computer, mounted inside the RCL to interface with the

controls; and


	• an onboard control computer, mounted inside the RCL to interface with the

controls; and



	• an OCU, commonly referred to as a Beltpack. The OCU is a lightweight remote�control device that attaches to the operator’s safety vest.
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	Beltpacks are equipped with several safety features which include:


	• Tilt monitoring, providing “operator down” protection. Whenever an OCU is tilted

more than 45 degrees, it transmits an emergency brake command that

automatically applies the emergency brakes on the locomotive and any cars that are

connected through the trainline.
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connected through the trainline.
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	• A loss of communication feature between Beltpack and controlling locomotive.

When a loss of communication occurs between the Beltpack and the locomotive, the

throttle is automatically transitioned from the selected throttle position to idle, and

a full service air brake application is automatically initiated.
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	• A loss of communication feature between Beltpack and controlling locomotive.

When a loss of communication occurs between the Beltpack and the locomotive, the

throttle is automatically transitioned from the selected throttle position to idle, and

a full service air brake application is automatically initiated.




	In this case, the Beltpack involved was equipped with (but not limited to) a speed selector, a

forward and reverse selector, and a brake selector that includes an emergency brake

feature (Figure 13). The Beltpack was found damaged, which indicates that a loss of

communication occurred.


	Figure 13. Operator control unit otherwise known as a Beltpack (Source: TSB)
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	Beltpack operators choose from a range of pre-programmed speeds: Stop, Coast, Couple

(1.5 mph), Hump (2.0 mph), HumpF (fast; 2.7 mph), 4 mph, 8 mph, and Max speed (15

mph14). Once a speed is selected, the RCLS manipulates the locomotive throttle to attain the

selected speed. Once the selected speed is attained, the RCLS automatically controls the

locomotive throttle and brakes to maintain the selected speed within a range of ±0.5 mph.

The system adapts to terrain characteristics reactively, without accounting for train length,

tonnage, or slack.


	14

The Max speed setpoint is configurable and is not always 15 mph, but is set to 15 MPH for this yard.
	14

The Max speed setpoint is configurable and is not always 15 mph, but is set to 15 MPH for this yard.

	When starting the movement from a stopped position, the rate at which the RCLS increases

the throttle is determined by the difference between the selected target speed and the RCL

actual speed. When the time interval between throttle changes is relatively large, it results

in slower throttle increases. However, as the difference between the target speed and the

actual speed increases, the interval between throttle changes decreases which results in

much quicker throttle increases.


	The RCLS is programmed so that the selected speed is attained as quickly as possible while

operating within the parameters that are programmed to determine throttle output. The

speed configuration parameters that were programmed on the RCL at the time of the


	occurrence were the original speed controller parameters, as defined by CANAC Railway

Services Inc.


	When an operator increases speed on the OCU, the RCL consist is commanded to increase

throttle. This can sometimes result in a rapid increase of the RCL throttle to the maximum

throttle 8 position. While this is dependent on the differential between the current speed of

the consist and the selected speed, it can occur regardless of whether the operator makes a

series of small progressive speed increases or immediately selects maximum speed,

depending on the circumstances.


	RCLS operators cannot directly control incremental locomotive throttle changes. This is a

deliberate designattribute. The Beltpack RCLSwas specified as a speed control RCLS. This

requires that the RCLS be in complete control of the throttle activation.


	In this occurrence, the YOE used a low speed setting to initiate the movement. Once all of

the cars were moving, the OCU speed selector was moved to 15 mph as would be expected

since the 15 mph speed selection is almost always used by all CN YOEs to complete the

pullback operation when an assignment is operating within the hump pullback track PPZ .


	Following the accident, a review of Beltpack downloads for other locomotives operating at

the dual hump identified that the occurrence YOE’s operation of the assignment was

consistent with assignments operated by other YOEs.


	1.9 In-train forces


	Couplers are installed on both ends of a freight car to allow cars to be assembled together in

a train. Depending on the car’s design use, either standard draft gears15 or EOCCDs are

installed on both ends to help absorb the energy associated with train movements. Draft

gears and EOCCDs are essentially shock absorbers designed to compress and extend by a

certain amount when a force is applied to them. Due to this, the connection point between

coupled cars will have some amount of slack (travel) depending on the draft gear

characteristics.


	15 Standard draft gears are also referred to as friction draft gears.


	15 Standard draft gears are also referred to as friction draft gears.


	16

A run-in occurs when the rear of a train is travelling faster than the front of the train. When the speed

differential corrects itself, buff (compressive) force increases.
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A run-out occurs when the front of a train is travelling faster than the rear of the train. When the speed

differential corrects itself, draft (tensile) forces increase.

	The terms “slack” and “train slack” refer to the longitudinal movement or displacement at

the ends of a car and the accumulative movement of cars within the train. The movement

occurs as the draft gears are compressed in buff or extended in draft as in-train forces are

transmitted between cars during operation. Train slack can cause speed differentials within

a train in the form of a run-in16 or run-out17 of slack.


	As a train starts moving forward one car at a time, the slack is pulled out. The amount of

slack can vary depending on the type of draft gear or EOCCD installed on each car. For

example:


	• In a static position, about 1 inch of free slack exists at each end of a car. When 2 cars

are connected together, about 2 inches of slack will exist at each car-to-car coupling.
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	• For a car equipped with EOCCDs, between 1 to 22 inches of additional slack is

available at each end of the car, depending on EOCCD characteristics. The most

commonly used EOCCDs have a pre-load requirement and between 10 inches and

15 inches of travel when compressed in buff. EOCCDs are also referred to as

hydraulic cushioning units.
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	The empty autorack cars in this occurrence were equipped with an EOCCD at each end, with

each EOCCD providing up to 10 inches of travel when fully compressed in buff. Each EOCCD

had a 50 000-pound pre-loadrequirement, which means that a buff force of 50 000 pounds

is required before the device begins to compress. When these EOCCDs are in the neutral

position, there is only 1 inch of free slack at each coupler end. Consequently, despite these

autorack cars being equipped with EOCCDs, free slack is taken up very quickly when

transitioning from stop to full draft as they are pulled in a train.


	EOCCDs are designed to dampen in-train forces and minimize damage to lading. However,

the presence of a high number of EOCCDs grouped together on a train can also significantly

increase the train’s total slack. When there are cuts of cars equipped with EOCCDs on a

train, a locomotive engineer or an assignment operator must be vigilant in order to control

the slack action. If care is not taken, a sudden run-out or run-in of the train’s slack can result

in a train pull-apart, string-line or jackknife derailment.


	The Association of American Railroads (AAR) Train Make-Up Manual18 indicates that cars

equipped with EOCCDs will add to train slack and can greatly increase in-train forces. In

general, cuts of empty cars equipped with EOCCDs should not be placed ahead of large cuts

of loaded cars equipped with standard draft gears for trains operating on main track. While

this manual does not apply to yards, the in-train forces generated by such configurations

may apply to certain situations in yards, depending on train and track configurations.


	18

Association of American Railroads, Train Make-up Manual, Report No. R-802, January 1992, p. 39.
	18

Association of American Railroads, Train Make-up Manual, Report No. R-802, January 1992, p. 39.

	1.10 Canadian National Railway Company train marshalling rules


	Approximately 10 years ago, CN developed a series of train marshalling business rules,

primarily related to train weight distribution, in an effort to manage more effectively in -

train forces for mainline operations. CN relies on its generalized train weight distribution

rule (Rule 1) which is designed to prevent a train from having excessive weight on the tail


	end, a condition generally referred to as a “tail-end heavy” train. CN’s train marshalling

Rule 1 requires that no more than 33% of the train weight should be placed in the rear 25%

of the train’s length.


	For CN mainline operations, CN train marshalling criteria do not specifically require the

placement of empty and/or lighter loaded cars, such as autorack cars equipped with

EOCCDs, at the tail end of a train.


	CN train marshalling rules do not apply to any assignments that operate within a yard.


	1.11 Assignment length and tonnage profile


	The assignment length profile (Figure 14) displays the positions of the locomotive hump

set, the 9 long empty autorack cars that derailed and the car in the 63rd position that was

observed to have its air brake cylinder piston extended.


	Figure 14. Assignment length profile (Source: TSB)
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	The assignment tonnage profile (Figure 15) exhibits the weight distribution throughout the

assignment.


	Figure 15 also illustrates how each of the 3 cuts of cars were positioned and identifies the

cars equipped with EOCCDs and standard friction draft gears. In particular, the cut of heavy

cars added to the rear of the assignment also contained the car in the 63rd position that was

observed to have its air brake cylinder piston extended.
	Figure 15. Assignment tonnage profile (Source: TSB)
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	1.12 Ratio of lateral-to-vertical forces and potential for derailment


	A combination of lateral (L) and vertical (V) forces exists at the wheel-rail interface

(Figure 16). The ratio of lateral-to-vertical (L/V) forces indicates the potential for a

derailment to occur. When a high lateral force and low vertical force are present (e.g., as

with an empty car), the high lateral force will tend to push the wheel flange up and over the

gauge face of the rail, resulting in a wheel-climb derailment.

  
	Figure 16. Lateral-to-vertical forces between wheel and rail (Source: Association of American

Railroads)
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	Although many factors can be involved, it is generally accepted within the industry that:


	• A truckside L/V ratio in excess of 0.65 is indicative of the potential for a freight car

truck to roll a rail and cause a derailment.
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truck to roll a rail and cause a derailment.


	• A truckside L/V ratio in excess of 0.65 is indicative of the potential for a freight car

truck to roll a rail and cause a derailment.



	• A single-wheel L/V ratio in excess of about 0.82 is indicative of the potential for a

freight car to wheel climb (or lift) on the head of a rail and cause a derailment. This

can occur within about 6 feet of movement.19 When this happens, short wheel flange

marks are often observed on the top of the low rail. Empty long cars equipped with

long-travel EOCCDs, such as autorack cars and centrebeam bulkhead flat cars, are

particularly vulnerable to these forces.
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	19 Canadian Pacific Railway, Train Accident Cause Finding Manual (Train Accident Prevention and Testing), Safety

& Regulatory Affairs, Chapter 8, Track-Car Dynamics, Section 8.3, May 1999.


	19 Canadian Pacific Railway, Train Accident Cause Finding Manual (Train Accident Prevention and Testing), Safety

& Regulatory Affairs, Chapter 8, Track-Car Dynamics, Section 8.3, May 1999.


	20

Ibid., Chapter 11, Section 11.2, January 2005.

	1.13 String-line accidents


	When a train is being pulled through a curve, draft (tension) forces tend to stretch or

“string-line” the train as wheel flanges are pulled taut against the inside rail of the curve.

This lateral force at the rail varies directly with the locomotive tractive effort, the track

grade, the degree of curvature, and coupling angles between cars. If the draft force

generated by the locomotives is excessive or if there is a significant run-out of train slack,

the L/V ratio can reach a critical level that results in a car wheel climbing, or lifting, onto the

head of the inside rail of a curve and derailing to the field side of the low rail. Empty cars in

particular can be more vulnerable in certain situations.


	String-line derailments are caused by heavy draft loading, including steady-state draft

loading or, more often, dynamic run-outs of slack. String-lining derailments exhibit the

following characteristics:20


	• String-lining derailments happen in curves, not in tangent track.


	• String-lining is often associated with excessive application of power in forward

movements, and often involves the head-end cars of a train derailing after the

train accelerates from a low speed in high curvature territory (classic scenario).


	• Derailed cars are generally empty, lightly loaded long cars, such as autoracks

and centrebeam bulkhead flat cars, or long car/short car combinations.


	• Derailed cars are pulled over the low rail, usually found in a straight line, but

sometimes the low rail overturns and high wheel drops in.


	• Short flange marks are found on top of the low rail, or on the web/lower fillet,

depending on whether the wheel climbed or the rail rolled over.


	1.14 Previous string-line accidents on track W100


	The derailment history of W100 was examined, and CN close-out reports from 2 similar

derailments that occurred on W100 in 201221 and in 201322 were reviewed.


	21

TSB rail transportation safety occurrence R12T0103.


	21

TSB rail transportation safety occurrence R12T0103.


	22

TSB rail transportation safety occurrence R13T0201.

	1.14.1 2012 string-line accident


	On 30 May 2012, among a cut of 23 loaded cars that was added to the tail end of cars left

standing on W100, there were 8 freight cars that still had air brakes applied, which

presented the underlying conditions for a string-line event to occur.


	A YOE was operating the assignment according to yard procedures and was pulling the cars

on W100 toward the west pullback track. After the assignment had slowed for the YOE to

detrain at the W100 switch, the Beltpack speed selector was returned to 15 mph and a

string-line derailment occurred as 5 long empty centrebeam flat cars equipped with

EOCCDs derailed to the inside of the 15-degree curve.


	As a corrective action, CN implemented an inspection procedure that required the

mechanical department to ensure that air brakes were released on all cars left on W100

before the cars were moved to the pullback track. However, the practice appears to have

ceased sometime between May 2012 and August 2019.


	1.14.2 2013 string-line accident


	On 14 September 2013, a cut of long empty multi-level cars was left on W100 and a cut of

loaded cars was added immediately behind. A YOE was operating the assignment according

to yard procedures and was pulling the cars on W100 toward the west pullback track. The

YOE decreased speed incrementally from 15 mph to 4 mph, detrained at the W100 switch,

then selected a speed of 15 mph. Almost immediately after the speed was increased,

8 empty cars behind the hump set string-lined and derailed to the inside of the 15-degree

curve.


	Subsequently, CN issued a notice that required loaded cars left on W100 to be placed at the

north end (head end) of the track. This was meant to ensure that the bulk of an assignment’s

weight would be located near the head-end hump set, which would reduce the risk for a

string-line event to occur.


	A CN document search could not locate a record of the notice that was issued following the

occurrence. Since this notice was only issued locally, and not through CN Operating

Practices, the information was not carried over or included in either the next Su mmary

Bulletin or the MacMillan Yard Operating Manual. Consequently, the practice ceased

sometime between September 2013 and August 2019.


	1.14.3 Railway Safety Management System Regulations (2001)


	When the 2 previous string-line accidents that were similar to this accident occurred on

W100 (in 2012 and 2013), the Railway Safety Management System Regulations (2001) were

in force. The regulations stated (in part):

 
	[…]


	2 A railway company shall implement and maintain a safety management system

that includes, at a minimum, the following components:


	[…]


	(e) a process for


	(i) identifying safety issues and concerns, including those associated with

human factors, third-parties and significant changes to railway operations,

and


	(ii) evaluating and classifying risks by means of a risk assessment;


	(f) risk control strategies;


	(g) systems for accident and incident reporting, investigation, analysis and

corrective action;


	[…]

 
	1.15 Dynamic simulations


	Dynamic simulations are theoretical in nature and are often performed in support of

derailment investigations. Simulation inputs contain a mix of recorded information (from

the LER) and track engineering surveys, in conjunction with some reasonable assumptions

based on experience. One of the goals for any dynamic simulation is to identify the

combination of the factors/forces that produce results which most closely match the

physical evidence observed on an accident site. Alternative simulations are also usually

conducted to provide some clarity for potential mitigating strategies. This was the approach

taken in this case.


	To assist with this, the TSB contracted engineering and scientific investigation/analysis firm

Engineering Systems Incorporated (ESi) to conduct a dynamic simulation using the Train

Energy and Dynamics Simulator (TEDS).


	The TSB site examination identified that 9 freight cars located in positions 26 to 34 behind

the locomotive hump set derailed on track W100 about 400 feet south of the W100 switch.

The trailing end of the 26th car was the initial car to derail to the low side of a long left-hand

curve (in the direction of motion) that varied in alignment from 11 to 15 degrees.


	The computer train dynamics simulations were conducted to examine the operations in

order to better understand what factors led to the derailment. Alternative simulations using

modified train handling, reduced tonnage train consists, and modified track curvature were

also conducted for comparison purposes.
	1.15.1 Inputs


	The train dynamics simulations were conducted using the TEDS computer model to

determine longitudinal coupler forces and L/V ratios using the following:


	• Train handling inputs were based on the actual assignment LER recorded data. The

LER data were subsequently modified to assess additional train handling scenarios.


	• Train handling inputs were based on the actual assignment LER recorded data. The

LER data were subsequently modified to assess additional train handling scenarios.


	• Train handling inputs were based on the actual assignment LER recorded data. The

LER data were subsequently modified to assess additional train handling scenarios.



	• Track inputs were from a CN track survey conducted immediately after the accident.


	• Track inputs were from a CN track survey conducted immediately after the accident.



	• Freight car inputs were based on available occurrence car data in the Universal

Machine Language Equipment Register (UMLER) database using the cars identified

on the occurrence switch list. Assignment length and tonnage profiles used for the

modelling were also developed from these inputs.


	• Freight car inputs were based on available occurrence car data in the Universal

Machine Language Equipment Register (UMLER) database using the cars identified

on the occurrence switch list. Assignment length and tonnage profiles used for the

modelling were also developed from these inputs.



	• The simulations assumed that there were no worn hand brake or air brake

components and braking efficiency was 100%.


	• The simulations assumed that there were no worn hand brake or air brake

components and braking efficiency was 100%.




	1.15.2 Summary of simulations and results


	Seven simulations were conducted that focused on the long empty autorack cars in the 25th

to the 29th positions that were involved in the accident. Simulations 1 to 3 deal primarily

with causal factors while simulations 4 to 7 evaluate potential mitigation strategies. The

simulation results are outlined below.


	1.15.2.1 Simulation 1


	The 1st simulation modeled the actual surveyed track and the actual consist with no brakes

applied (rolling freely). The train handling script used the actual train handling recorded on

the LER. The simulation produced the following results:


	• Coupler forces were predicted to vary between almost −150 kips23 buff to +230 kips

draft on the leading autorack cars as they progressed through the 15-degree curve.


	• Coupler forces were predicted to vary between almost −150 kips23 buff to +230 kips

draft on the leading autorack cars as they progressed through the 15-degree curve.


	• Coupler forces were predicted to vary between almost −150 kips23 buff to +230 kips

draft on the leading autorack cars as they progressed through the 15-degree curve.



	• Single-wheel L/V ratios were predicted to exceed 0.82 on multiple wheels of

multiple cars and reached as high as 1.01 on the left rear wheel (low rail on the

inside of the 15-degree curve) of the trailing truck of the 28th car in the consist.


	• Single-wheel L/V ratios were predicted to exceed 0.82 on multiple wheels of

multiple cars and reached as high as 1.01 on the left rear wheel (low rail on the

inside of the 15-degree curve) of the trailing truck of the 28th car in the consist.



	• Truckside L/V ratios exceeded 0.65 on several trucks with a maximum value of 0.93

predicted on the left truckside of the trailing truck of the 28th car.


	• Truckside L/V ratios exceeded 0.65 on several trucks with a maximum value of 0.93

predicted on the left truckside of the trailing truck of the 28th car.




	23 1 kip is equivalent to 1000 pounds of force. 
	23 1 kip is equivalent to 1000 pounds of force. 

	1.15.2.2 Simulation 2


	The 2nd simulation modeled the actual surveyed track and the actual consist with a hand

brake applied to the 63rd car. The train handling script used the actual train handling

recorded on the LER. The simulation produced the following results:


	• Coupler forces were predicted to be marginally different from the 1st simulation

with maximum forces varying between −130kips buff to +260 kips draft on the

leading autorack cars as they progressed through the 15-degree curve.


	• Coupler forces were predicted to be marginally different from the 1st simulation

with maximum forces varying between −130kips buff to +260 kips draft on the

leading autorack cars as they progressed through the 15-degree curve.


	• Coupler forces were predicted to be marginally different from the 1st simulation

with maximum forces varying between −130kips buff to +260 kips draft on the

leading autorack cars as they progressed through the 15-degree curve.




	• Single-wheel L/V ratios were predicted to approach or exceed 0.82 on multiple

wheels of multiple cars. The highest single-wheel L/V ratio was 1.13 on the left rear

wheel (low rail on the inside of the 15-degree curve) of the trailing truck of the 27th

car.


	• Single-wheel L/V ratios were predicted to approach or exceed 0.82 on multiple

wheels of multiple cars. The highest single-wheel L/V ratio was 1.13 on the left rear

wheel (low rail on the inside of the 15-degree curve) of the trailing truck of the 27th

car.


	• Single-wheel L/V ratios were predicted to approach or exceed 0.82 on multiple

wheels of multiple cars. The highest single-wheel L/V ratio was 1.13 on the left rear

wheel (low rail on the inside of the 15-degree curve) of the trailing truck of the 27th

car.



	• Truckside L/V ratios exceeded 0.65 on several trucks with a maximum value of 1.06

predicted on the left truckside of the trailing truck of the 27th car.


	• Truckside L/V ratios exceeded 0.65 on several trucks with a maximum value of 1.06

predicted on the left truckside of the trailing truck of the 27th car.




	1.15.2.3 Simulation 3


	The 3rd simulation modeled the actual surveyed track and actual consist with an emergency

air brake applied to the 63rd car. The train handling script used the actual train handling

recorded on the LER. The simulation produced the following results:


	• Coupler forces were predicted to vary between −115 kips buff to +245 kips draft on

the leading autorack cars as they progressed through the 15-degree curve.


	• Coupler forces were predicted to vary between −115 kips buff to +245 kips draft on

the leading autorack cars as they progressed through the 15-degree curve.


	• Coupler forces were predicted to vary between −115 kips buff to +245 kips draft on

the leading autorack cars as they progressed through the 15-degree curve.



	• Single-wheel L/V ratios were predicted to approach or exceed 0.82 on multiple

wheels of multiple cars.


	• Single-wheel L/V ratios were predicted to approach or exceed 0.82 on multiple

wheels of multiple cars.



	• The highest predicted single-wheel L/V ratio was 1.14 on the left rear wheel (low

rail on the inside of the 15-degree curve) of the trailing truck of the 26th car which

closely matched and was consistent with the accident site observations.


	• The highest predicted single-wheel L/V ratio was 1.14 on the left rear wheel (low

rail on the inside of the 15-degree curve) of the trailing truck of the 26th car which

closely matched and was consistent with the accident site observations.



	• Truckside L/V ratios exceeded 0.65 on several trucks with a maximum value of 1.08

predicted on the left truckside of the trailing truck of the 26th car.


	• Truckside L/V ratios exceeded 0.65 on several trucks with a maximum value of 1.08

predicted on the left truckside of the trailing truck of the 26th car.




	1.15.2.4 Simulation 4


	The 4th simulation modeled the actual surveyed track and the actual consist with no brakes

applied (rolling freely). However, the train handling script was modified such that the

locomotive throttle was gradually increased and limited to a maximum of throttle 4. The

simulation produced the following results:


	• Using throttle 4 to move the assignment gradually, it accelerated to a speed of about

8 to 9 mph before reaching the location where the derailment occurred. The

acceleration rate to this speed was slightly slower than if the maximum throttle 8

had been used, but this speed was not significantly slower than the actual speed

leading up to the accident.


	• Using throttle 4 to move the assignment gradually, it accelerated to a speed of about

8 to 9 mph before reaching the location where the derailment occurred. The

acceleration rate to this speed was slightly slower than if the maximum throttle 8

had been used, but this speed was not significantly slower than the actual speed

leading up to the accident.


	• Using throttle 4 to move the assignment gradually, it accelerated to a speed of about

8 to 9 mph before reaching the location where the derailment occurred. The

acceleration rate to this speed was slightly slower than if the maximum throttle 8

had been used, but this speed was not significantly slower than the actual speed

leading up to the accident.



	• Coupler buff and draft forces were significantly decreased using reduced throttle.

Coupler forces were predicted to vary between −15 kips buff and +85 kips draft on

the leading autorack cars as they progressed through the 15-degree curve.


	• Coupler buff and draft forces were significantly decreased using reduced throttle.

Coupler forces were predicted to vary between −15 kips buff and +85 kips draft on

the leading autorack cars as they progressed through the 15-degree curve.



	• Single-wheel L/V ratios were all less than 0.50.


	• Single-wheel L/V ratios were all less than 0.50.



	• Truckside L/V ratios were all predicted to be less than 0.45.


	• Truckside L/V ratios were all predicted to be less than 0.45.




	1.15.2.5 Simulation 5


	The 5th simulation modeled the actual surveyed track and a reduced-tonnage consist that

removed the 12 tail-end cars; this would have permitted the cars to fit in either the east or
	west pullback tracks, each of which is about 5600 feet long. Including the locomotives, the

reduced-tonnage 70-car model had a weight of 5758 tons and a length of 5432 feet.


	The reduced-tonnage consist was operated with no brakes applied (rolling freely) and the

train handling script used the actual train handling recorded on the LER. The simulation

produced the following results:


	• Maximum coupler buff and draft forces were nearly the same as the actual

assignment (simulations 1 to 3).


	• Maximum coupler buff and draft forces were nearly the same as the actual

assignment (simulations 1 to 3).


	• Maximum coupler buff and draft forces were nearly the same as the actual

assignment (simulations 1 to 3).



	• Using the same train handling, the reduced-tonnage consist (5758 tons) attained a

maximum speed of about 11 to 12 mph as opposed to 10 mph for the actual

assignment consist (7086 tons).


	• Using the same train handling, the reduced-tonnage consist (5758 tons) attained a

maximum speed of about 11 to 12 mph as opposed to 10 mph for the actual

assignment consist (7086 tons).



	• The highest single-wheel L/V ratio on the reduced-tonnage consist was 0.90 on the

left rear wheel of the trailing truck of the 27th car.


	• The highest single-wheel L/V ratio on the reduced-tonnage consist was 0.90 on the

left rear wheel of the trailing truck of the 27th car.



	• The left truckside of the trailing truck of the 27th car generated the highest

maximum truckside L/V ratio of 0.82. The remaining trucksides recorded L/V ratios

below the critical threshold of 0.65.


	• The left truckside of the trailing truck of the 27th car generated the highest

maximum truckside L/V ratio of 0.82. The remaining trucksides recorded L/V ratios

below the critical threshold of 0.65.




	1.15.2.6 Simulation 6


	The 6th simulation modeled the actual surveyed track and a reduced-tonnage consist that

had the 12 tail-end cars removed. Including the locomotives, the reduced-tonnage 70-car

model had a weight of 5758 tons and a length of 5432 feet and was operated with no brakes

applied (rolling freely). The train handling script was modified such that the locomotive

throttle was gradually increased and limited to a maximum of throttle 4. The simulation

produced the following results:


	• A reduced-tonnage consist limited to a maximum of throttle 4 accelerated to a speed

of about 9 mph when it reached the derailment site.


	• A reduced-tonnage consist limited to a maximum of throttle 4 accelerated to a speed

of about 9 mph when it reached the derailment site.


	• A reduced-tonnage consist limited to a maximum of throttle 4 accelerated to a speed

of about 9 mph when it reached the derailment site.



	• Coupler forces were predicted to vary between −15 kips buff and +70 kips draft on

the leading autorack cars as they progressed through the 15-degree curve.


	• Coupler forces were predicted to vary between −15 kips buff and +70 kips draft on

the leading autorack cars as they progressed through the 15-degree curve.



	• Single-wheel L/V ratios on the leading autorack cars were not predicted to exceed

0.50.


	• Single-wheel L/V ratios on the leading autorack cars were not predicted to exceed

0.50.



	• Truckside L/V ratios were predicted to be less than 0.40.


	• Truckside L/V ratios were predicted to be less than 0.40.




	1.15.2.7 Simulation 7


	The final (7th) simulation modeled the actual surveyed track with the exception that the

accident curve was realigned and the curvature was reduced to a constant 12 degrees. The

assignment model used the actual consist with no brakes applied (rolling freely) and the

train handling script used the actual train handling recorded on the LER. The simulation

produced the following results:


	• Operating the assignment through the constant 12-degree curve using the actual

train handling recorded on the LER yielded a speed that was consistent with the

other comparable assignment simulations conducted. Therefore, any force and/or
	• Operating the assignment through the constant 12-degree curve using the actual

train handling recorded on the LER yielded a speed that was consistent with the

other comparable assignment simulations conducted. Therefore, any force and/or
	• Operating the assignment through the constant 12-degree curve using the actual

train handling recorded on the LER yielded a speed that was consistent with the

other comparable assignment simulations conducted. Therefore, any force and/or


	L/V ratio differences evident for this simulation were attributable to the revised

curvature alone and not due to any appreciable operating differences.


	L/V ratio differences evident for this simulation were attributable to the revised

curvature alone and not due to any appreciable operating differences.


	L/V ratio differences evident for this simulation were attributable to the revised

curvature alone and not due to any appreciable operating differences.



	• Coupler forces were predicted to vary between −180 kips buff force and +230 kips

draft force on the leading autorack cars as they progressed through the 12-degree

curve. These results were similar to the other comparable assignment simulations

conducted. This would be expected as the track modification of the accident curve

would not appreciably change rolling-resistive train forces.


	• Coupler forces were predicted to vary between −180 kips buff force and +230 kips

draft force on the leading autorack cars as they progressed through the 12-degree

curve. These results were similar to the other comparable assignment simulations

conducted. This would be expected as the track modification of the accident curve

would not appreciably change rolling-resistive train forces.



	• Single-wheel L/V ratios approached or exceeded the critical limit of 0.82 on multiple

wheels of multiple cars. The highest single-wheel L/V ratio recorded was 0.88 on

the right front wheel of the leading truck of the 25th car.


	• Single-wheel L/V ratios approached or exceeded the critical limit of 0.82 on multiple

wheels of multiple cars. The highest single-wheel L/V ratio recorded was 0.88 on

the right front wheel of the leading truck of the 25th car.



	• Truckside L/V ratios exceeded 0.65 on several trucks with a maximum value of 0.84

predicted on the leading right truckside of the 25th car.


	• Truckside L/V ratios exceeded 0.65 on several trucks with a maximum value of 0.84

predicted on the leading right truckside of the 25th car.



	• Realigning and reducing the curvature of the accident curve down to a constant

12 degrees reduced L/V values in general. However, L/V values were still observed

to be at or slightly above single-wheel L/V ratios of 0.82 and truckside L/V ratios of

0.65 at several positions on the 25th and 28th cars, assuming all other variables

remained constant (tonnage, consist make-up, train handling, operating speeds,

etc.). This suggests that despite reducing the curvature of the accident curve from

15 degrees to a constant 12 degrees, the potential for derailment would still exist if

the right conditions were present.


	• Realigning and reducing the curvature of the accident curve down to a constant

12 degrees reduced L/V values in general. However, L/V values were still observed

to be at or slightly above single-wheel L/V ratios of 0.82 and truckside L/V ratios of

0.65 at several positions on the 25th and 28th cars, assuming all other variables

remained constant (tonnage, consist make-up, train handling, operating speeds,

etc.). This suggests that despite reducing the curvature of the accident curve from

15 degrees to a constant 12 degrees, the potential for derailment would still exist if

the right conditions were present.




	The results of the maximum longitudinal buff and draft forces for cars 24 to 29 recorded for

each simulation are contained in Appendix C.


	The results of the maximum single-wheel and truckside L/V ratios for cars 24 to 29 for each

simulation are contained in Appendix D.


	1.16 Additional reports


	The TSB contracted the following engineering report in support of this investigation:


	• Engineering Systems Incorporated (ESi) report - Train Dynamics Simulation

Analysis Derailment of CN Job YDHF60 at MacMillan Yard, 15 August 2019,

performed for the Transportation Safety Board of Canada, dated 17 February 2021.
	• Engineering Systems Incorporated (ESi) report - Train Dynamics Simulation

Analysis Derailment of CN Job YDHF60 at MacMillan Yard, 15 August 2019,

performed for the Transportation Safety Board of Canada, dated 17 February 2021.
	• Engineering Systems Incorporated (ESi) report - Train Dynamics Simulation

Analysis Derailment of CN Job YDHF60 at MacMillan Yard, 15 August 2019,

performed for the Transportation Safety Board of Canada, dated 17 February 2021.


	2.0 ANALYSIS


	The locomotive hump set and cars involved in the derailment were maintained in good

condition. The analysis will focus on the circumstances that led to the accident which

include:


	• the operation of the remote control locomotive system (RCLS),


	• the operation of the remote control locomotive system (RCLS),


	• the operation of the remote control locomotive system (RCLS),



	• the placement of a cut of empty vehicular flat cars (autorack cars) equipped with

hydraulic end-of-car cushioning devices (EOCCD) in a vulnerable position,


	• the placement of a cut of empty vehicular flat cars (autorack cars) equipped with

hydraulic end-of-car cushioning devices (EOCCD) in a vulnerable position,



	• the addition of a cut of 34 cars (3391 tons) behind the autorack cars just before the

assignment commenced movement on track W100 (W100), and


	• the addition of a cut of 34 cars (3391 tons) behind the autorack cars just before the

assignment commenced movement on track W100 (W100), and



	• the brakes that remained on the 63rd car.


	• the brakes that remained on the 63rd car.




	The analysis will also evaluate conductor training and Beltpack operation, gaps that existed

in the process for ensuring that safety-critical information was carried forward, and

communicating changes to freight car locations.


	2.1 The accident


	On 15 August 2019 at about 0045, CN 2100 west industrial yard assignment coupled a cut

of 34 loaded cars to the south end of the 24 autorack cars that had previously been left

standing on W100. The cut of 34 cars weighed 3391 tons and was 2074 feet long while the

24 autorack cars weighed 1245 tons and was 2252 feet long. Five minutes later, the

foreman of the CN 2100 assignment informed the trainmaster by radio that they had

completed the switching and the trainmaster then notified CN Car Control.


	At about 0100, the occurrence assignment arrived at W100 with a cut of 24 cars from E008,

that weighed 1938 tons and was 1652 feet long, and coupled onto the 58 cars standing on

W100. With all cars joined together, the assignment comprised the locomotive hump set

weighing 512 tons and a total of 82 freight cars weighing 6574 tons for a total combined

locomotive and car weight of 7086 tons and length of 6166 feet.


	At that time, unbeknownst to the yardmaster, the yardmaster trainee, and the yard

operating employee (YOE), the assignment, as assembled, then had about 44% of its weight

in the rear 25% of its length and therefore was significantly “tail-end heavy.”


	After making the joint between the 24th and 25th cars, the YOE walked southward and

released the hand brakes on the 3 autorack cars (25th car to the 27th car). Due to the

location of the hand brake at the trailing end of the 27th car, in accordance with CN General

Operating Instructions (GOI), the YOE had to either entrain the leading end of the follow ing

28th car or walk back to the leading end of the 27th car about 90 feet north. Given the site

observations, the YOE likely entrained the leading end of the 27th car (TTGX 995540) while

the assignment was stopped, which was also in accordance with a CN system-wide bulletin

that required movements to be stopped prior to operating crews entraining or detraining.


	At about 0108, the assignment began to pull the entire 82 cars northward through the 15 -

degree left-hand curve enroute to the west pullback track.
	At 0110:29, a communication failure occurred between controlling locomotive CN 6020 and

the Beltpack. Following the loss of communication and as designed, the RCLS automatically

placed the locomotives in idle, made a full service air brake application and applied the

locomotive independent brakes on the locomotive consist.


	At 0110:57, the assignment came to a stop.


	The locomotive hump set and the first 26 cars came to rest coupled together with the head

end positioned about 2100 feet north of the W100 switch on the west pullback track. The

26th car, empty autorack TTGX 995076, had derailed but came to rest upright. The leading

A-end truck did not derail but all 4 wheels of the trailing B-end truck were derailed in the

ballast on the west side of the track, just north of the W100 switch.


	From the W100 switch, wheel marks were observed in the ballast extending southward for

about 400 feet. The marks in the ballast ended near the leading end of the 27th car where

short wheel flange marks on the running surface of the west rail in the exit spiral of the 15-

degree curve identified the initial point of derailment. The short wheel flange marks were

indicative of a derailment caused by wheel climb of the left-side wheels of the trailing truck

of the 26th car. These observations were consistent with what are considered to be classic

string-line derailment characteristics.


	The leading A-end truck of the 27th car remained intact, did not derail and rolled along the

track for about 40 feet, clear of the car. The B-end truck of the 27th car was generally intact

but was impacted by the leading end of the 31st car and derailed, coming to rest on the

track just ahead of the 31st car.


	The 27th, 28th, and the 29th cars remained coupled together and all had rolled off their

trucks and overturned on their sides on the inside of the 15-degree curve, along the track.

Given the site observations, similar to the 27th car, the trucks of the 28th and 29th cars

remained intact on the track until they were impacted by the trailing cars and strewn about

the site as the cars derailed.

  
	Findings as to causes and contributing factors


	The accident occurred when the trailing end of the 26th car string-lined; the left side wheels

of the trailing truck climbed the rail, derailing the car to the inside of a 15-degree curve.


	As the 26th car derailed, it pulled laterally on the A-end coupler of the 27th car, causing the

27th car, an empty autorack car, to roll off its trucks, separate from the head-end cars, and

overturn on its side.


	The yard operating employee, who was riding on the left side of the 27th car, was pinned

beneath the leading A-end and fatally injured.


	2.2 Operation of remote control locomotive system


	The Beltpack is equipped with (but not limited to) a speed selector, a forward and reverse

selector, and a brake selector that includes an emergency brake feature. Beltpack operators
	choose from a range of pre-programmed speeds:Stop, Coast, Couple (1.5 mph), Hump (2.0

mph), HumpF (fast; 2.7 mph), 4 mph, 8 mph, and Max speed (15 mph).


	Assignments switching within the yard usuallyoperate at 15 mph when practicable, unless

otherwise restricted.


	Once a speed is selected on the Beltpack, the RCLS manipulates the locomotive throttle to

attain the selected speed. Once the selected speed is attained, the RCLS automatically

controls the locomotive throttle and brakes to maintain the selected speed within a range of

±0.5 mph. The system adapts to terrain characteristics reactively, without accounting for

train length, tonnage, or slack.


	The RCLS operating system is programmed in such a way that the selected operating speed

is attained as quickly as possible while operating within the parameters that are

programmed into the RCLS to determine throttle output. When an operator increases speed

on the Beltpack, the RCLS can command the remote control locomotive (RCL) consist to full

throttle and may rapidly increase the RCL throttle to the maximum throttle 8 position. This

is in contrast to the training of locomotive engineers, who are generally prohibited from

using such aggressive throttle modulation or train handling.


	While the RCLS’s more aggressive throttle modulation is dependent on the differential

between the current speed of the consist and the selected speed, it can also occur if the

operator makes a series of small progressive speed increases or immediately selects Max

speed (15 mph). Therefore, at the time of the occurrence, RCLS operators, like the

occurrence YOE, did not have the ability to directly control incremental locomotive throttle

changes to facilitate the slow, smooth acceleration of an assignment.


	2.2.1 Recorded information


	A review of recorded information from the trailing locomotive (CN 6019) locomotive event

recorder (LER) and the controlling locomotive (CN 6020) operator control unit (OCU)

Beltpack log revealed the following:


	• At 0108:00, the Beltpack speed selector was moved to 1.5 mph (Couple) to stretch

the coupling in preparation for pulling the cars from W100. Twenty-three seconds

later, the RCLS ramped up to locomotive throttle 4 and the assignment was

travelling at 1 mph.


	• At 0108:00, the Beltpack speed selector was moved to 1.5 mph (Couple) to stretch

the coupling in preparation for pulling the cars from W100. Twenty-three seconds

later, the RCLS ramped up to locomotive throttle 4 and the assignment was

travelling at 1 mph.


	• At 0108:00, the Beltpack speed selector was moved to 1.5 mph (Couple) to stretch

the coupling in preparation for pulling the cars from W100. Twenty-three seconds

later, the RCLS ramped up to locomotive throttle 4 and the assignment was

travelling at 1 mph.



	• At 0108:26, the assignment had not moved significantly and the Beltpack speed

selector was moved to 2 mph (Hump).


	• At 0108:26, the assignment had not moved significantly and the Beltpack speed

selector was moved to 2 mph (Hump).



	• At 0108:42, the assignment had still not moved significantly and the Beltpack speed

selector was moved to Max speed (15 mph) and the locomotive throttle began to

increase.


	• At 0108:42, the assignment had still not moved significantly and the Beltpack speed

selector was moved to Max speed (15 mph) and the locomotive throttle began to

increase.



	• By 0108:57, the locomotive throttle had advanced to throttle 8 and the speed

increased to 3 mph.


	• By 0108:57, the locomotive throttle had advanced to throttle 8 and the speed

increased to 3 mph.



	• By 0109:31, the Beltpack selector had been placed in Coast.
	• By 0109:31, the Beltpack selector had been placed in Coast.


	• By 0109:35, the locomotive throttle had returned to Idle while the assignment was

moving at 10 mph.


	• By 0109:35, the locomotive throttle had returned to Idle while the assignment was

moving at 10 mph.


	• By 0109:35, the locomotive throttle had returned to Idle while the assignment was

moving at 10 mph.



	• The assignment was in “Coast” for 23 seconds. During this time, the “tail-end-heavy”

assignment would have been subjected to buff forces as it bunched and decelerated

to 8 mph. During this time, as identified by the dynamic simulations, the buff force

was sufficient to compress the autorack EOCCDs.


	• The assignment was in “Coast” for 23 seconds. During this time, the “tail-end-heavy”

assignment would have been subjected to buff forces as it bunched and decelerated

to 8 mph. During this time, as identified by the dynamic simulations, the buff force

was sufficient to compress the autorack EOCCDs.



	• At 0109:54, the Beltpack speed selector was returned from Coast back to 15 mph.

From that time until 0110:13, the RCLS advanced the locomotive throttle from Idle

to throttle 7, but the assignment was still travelling at 8 mph.


	• At 0109:54, the Beltpack speed selector was returned from Coast back to 15 mph.

From that time until 0110:13, the RCLS advanced the locomotive throttle from Idle

to throttle 7, but the assignment was still travelling at 8 mph.



	• At 0110:16, the RCLS advanced the locomotive throttle to throttle 8 and the

assignment began to accelerate.


	• At 0110:16, the RCLS advanced the locomotive throttle to throttle 8 and the

assignment began to accelerate.




	Finding as to causes and contributing factors


	Since the hydraulic EOCCDs were compressed during the previous deceleration, the

acceleration of the assignment, after the locomotive throttle was advanced to notch 8, likely

resulted in a rapid run-out of train slack, which contributed to the string-line derailment.


	• At 0110:29, while the assignment was proceeding at 10 mph, there was a loss of

communication between the Beltpack and the controlling locomotive, CN 6020.


	• At 0110:29, while the assignment was proceeding at 10 mph, there was a loss of

communication between the Beltpack and the controlling locomotive, CN 6020.


	• At 0110:29, while the assignment was proceeding at 10 mph, there was a loss of

communication between the Beltpack and the controlling locomotive, CN 6020.




	Given the circumstances, the trailing end of the 26th car likely derailed shortly after

0110:16, and the loss of communication between the controlling locomotive (CN 6020) and

the Beltpack at 0110:29 occurred as a result of the 27th car overturning on its side.


	As demonstrated in this accident, the inability to control the slow, smooth acceleration of an

assignment can be problematic and lead to string-line accidents, particularly when handling

longer, tail-end-heavy assignments when negotiating a tight curve in a yard.


	Finding as to causes and contributing factors


	Aggressive throttle response, due to the RCLS programming that was in use at the time of

the accident, led to a rapid acceleration and run-out of train slack on the long tail-end heavy

assignment, which contributed to the string-lining of the autorack cars as they were exiting

the 15-degree curve.


	2.3 Dynamic simulations


	At about 0100, the assignment arrived at W100 with the cut of 24 cars from E008. The

assignment then coupled onto the 58 cars standing on W100. With all cars joined together,

the assignment had a weight of 7086 tons and length of 6166 feet.


	Unknown to either the yardmaster trainee or the YOE at that time, the assignment had

about 44% of its weight in the rear 25% of its length and was significantly “tail -end heavy”

with a relatively light cut of empty autorack cars equipped with EOCCDs located in a

vulnerable position between 2 heavier cuts of cars.


	According to CN’s guidance, a train marshalled like this should be prohibited from operating

on a mainline. However, assignments with similar “tail-end-heavy” arrangements are
	allowed to operate within yards where, as demonstrated in this case and confirmed by

dynamic simulations, they can still present significant risks to operating employees.


	Seven different simulations were conducted in an effort to identify the combination of the

factors and forces that would produce results that closely matched what was actually

observed on the accident site. Alternative simulations were also conducted to provide some

clarity for potential mitigating strategies.


	The primary outputs for the simulations were longitudinal buff and draft forces, single -

wheel lateral-to-vertical (L/V) ratios and truckside L/V ratios.


	A single-wheel L/V ratio in excess of about 0.82 is indicative of the potential for a freight car

wheel to climb (or lift) on the head of a rail and cause a derailment. A truckside L/V ratio in

excess of 0.65 is indicative of the potential for a freight car truck to roll a rail and cause a

derailment. Empty long cars equipped with long-travel EOCCDs, such as the autorack cars in

this occurrence, are particularly vulnerable to these forces.


	Results of the 7 simulations are summarized below in 2 general categories. Simulations 1 to

3 deal primarily with potential causal factors while simulations 4 to 7 evaluate potential

mitigation strategies.


	2.3.1 Simulations 1 to 3


	Simulation 1 modeled the actual track surveyed and the actual consist with no brakes

applied (rolling freely) while the train handling script used the actual train handling

recorded on the LER.


	During site examination after the accident, the 63rd car (DJTX 318030 loaded with scrap

steel) was observed to have its brake cylinder piston extended and its brake shoes pressed

against the wheels. This indicated that air brakes likely remained engaged on this car.


	To see what effect brakes applied on the 63rd car may have had, the modelling for

simulation 2 was the same as simulation 1 with the exception that a hand brake was applied

to the 63rd car. Similarly, the modelling for simulation 3 was the same as simulation 1 with

the exception that an emergency air brake application remained on the 63rd car.


	Results from simulations 1 to 3 are summarized in Table 1.
	Table 1. Summary of dynamic simulations 1 to 3


	Simulation 
	Simulation 
	Simulation 
	Simulation 
	Simulation 

	Maximum

buff force

(kips)


	Maximum

buff force

(kips)



	Maximum

draft

force

(kips)


	Maximum

draft

force

(kips)



	Maximum

single�wheel L/V

ratio


	Maximum

single�wheel L/V

ratio



	Maximum

truckside

L/V ratio


	Maximum

truckside

L/V ratio



	Location of maximum L/V ratio


	Location of maximum L/V ratio





	1 (actual

assignment,

no brakes)


	1 (actual

assignment,

no brakes)


	1 (actual

assignment,

no brakes)


	1 (actual

assignment,

no brakes)



	-150 
	-150 

	+230 
	+230 

	1.01 
	1.01 

	0.93 
	0.93 

	• Single-wheel: left rear wheel (low rail

on the inside of the 15-degree curve)

of the trailing truck of the 28th car


	• Single-wheel: left rear wheel (low rail

on the inside of the 15-degree curve)

of the trailing truck of the 28th car


	• Truckside: left truckside (low rail on

the inside of the 15-degree curve) of

the trailing truck of the 28th car




	2 (actual

assignment,

hand brake

on 63rd car)


	2 (actual

assignment,

hand brake

on 63rd car)


	2 (actual

assignment,

hand brake

on 63rd car)



	-130 
	-130 

	+260 
	+260 

	1.13 
	1.13 

	1.06 
	1.06 

	• Single-wheel: left rear wheel (low rail

on the inside of the 15-degree curve)

of the trailing truck of the 27th car


	• Single-wheel: left rear wheel (low rail

on the inside of the 15-degree curve)

of the trailing truck of the 27th car


	• Truckside: left truckside (low rail on

the inside of the 15-degree curve) of

the trailing truck of the 27th car




	3 (actual

assignment,

emergency

air brakes

on 63rd car)


	3 (actual

assignment,

emergency

air brakes

on 63rd car)


	3 (actual

assignment,

emergency

air brakes

on 63rd car)



	-115 
	-115 

	+245 
	+245 

	1.14 
	1.14 

	1.08 
	1.08 

	• Single-wheel: left rear wheel (low rail

on the inside of the 15-degree curve)

of the trailing truck of the 26th car


	• Single-wheel: left rear wheel (low rail

on the inside of the 15-degree curve)

of the trailing truck of the 26th car


	• Truckside: left truckside (low rail on

the inside of the 15-degree curve) of

the trailing truck of the 26th car






	Simulations 1 to 3 each predicted that there was a significant potential for derailment

conditions to exist with or without hand brakes or air brakes applied to the 63rd car. They

also demonstrated results that far exceeded the critical thresholds for both single-wheel

and truckside L/V ratios.


	Finding as to causes and contributing factors


	Dynamic simulations confirmed that the tonnage added to the tail-end of the autorack cars

on W100 left the assignment “tail-end heavy” with the lighter autorack cars in a vulnerable

position, and caused both single-wheel and truckside L/V ratios to exceed critical

thresholds.


	2.3.1.1 Effect of brakes applied to 63rd car


	In this occurrence, the track at the point of derailment remained intact and the rail did not

roll over, so any truckside L/V ratio predicted by dynamic simulations was of no

consequence in this specific case. Given the site observations, the primary output of interest

from simulations 1 to 3 related to causal factors was the single-wheel L/V ratio.


	This accident occurred when the trailing end of the 26th car string-lined and derailed to the

inside of the 15-degree curve. The truck assemblies of the 27th to 29th cars did not derail;

they remained on the track while the car bodies rolled off their trucks and overturned on

their sides adjacent to the inside rail of the curve. Therefore, the single-wheel L/V ratio for

the 26th car is considered to be the primary predictor for the specific circumstances of this

accident.
	The results for simulations 1 and 2 predicted that the trailing truck of the 28th car and 27th

car, respectively, were the most likely to string-line which was contrary to site observations.


	Simulation 3, with an emergency brake application applied on the 63rd car, predicted the

highest recorded maximum single-wheel L/V ratios of 1.00 at the left front wheel and 1.14

at the left rear wheel (low rail on the inside of the 15-degree curve) of the trailing truck of

the 26th car. Since it was the trailing end of the 26th car that string-lined and derailed to the

inside of the 15-degree curve, this was almost an exact match to observations at the site

following the accident.


	Finding as to causes and contributing factors


	It is likely that an emergency air brake application remained on the 63rd car and further

acted as an anchor. This created the specific conditions that were required for the trailing

end of the 26th car to string-line, which caused the 27th to 29th cars to roll off their trucks

onto their sides.


	2.3.2 Simulations 4 to 7


	Results from simulations 4 to 7 are summarized in Table 2.


	Table 2. Summary of dynamic simulations 4 to 7


	Simulation 
	Simulation 
	Simulation 
	Simulation 
	Simulation 

	Maximum

buff force

(kips)


	Maximum

buff force

(kips)



	Maximum

draft

force

(kips)


	Maximum

draft

force

(kips)



	Maximum

single�wheel L/V

ratio


	Maximum

single�wheel L/V

ratio



	Maximum

truckside

L/V ratio


	Maximum

truckside

L/V ratio



	Location of maximum L/V ratio


	Location of maximum L/V ratio





	4 (reduced

throttle [4])


	4 (reduced

throttle [4])


	4 (reduced

throttle [4])


	4 (reduced

throttle [4])



	-15 
	-15 

	+85 
	+85 

	All less

than 0.50


	All less

than 0.50



	All less

than 0.45


	All less

than 0.45



	N/A


	N/A




	5 (reduced

tonnage

with 12 cars

removed)


	5 (reduced

tonnage

with 12 cars

removed)


	5 (reduced

tonnage

with 12 cars

removed)



	-150 
	-150 

	+217 
	+217 

	0.90 
	0.90 

	0.82 
	0.82 

	• Single-wheel: left rear wheel (low rail

on the inside of the 15-degree curve) of

the trailing truck of the 27th car


	• Single-wheel: left rear wheel (low rail

on the inside of the 15-degree curve) of

the trailing truck of the 27th car


	• Truckside: trailing truck of the 27th car




	6 (reduced

tonnage and

throttle [4])


	6 (reduced

tonnage and

throttle [4])


	6 (reduced

tonnage and

throttle [4])



	-15 
	-15 

	+70 
	+70 

	All less

than 0.50


	All less

than 0.50



	All less

than 0.40


	All less

than 0.40



	N/A


	N/A




	7 (reduced

curvature

[12 degrees])


	7 (reduced

curvature

[12 degrees])


	7 (reduced

curvature

[12 degrees])



	-180 
	-180 

	+230 
	+230 

	0.88 
	0.88 

	0.84 
	0.84 

	L/V values were still observed to be at or

slightly above single-wheel L/V ratios of

0.82 and truckside L/V ratios of 0.65 at

several positions on the 25th and 28th

cars.


	L/V values were still observed to be at or

slightly above single-wheel L/V ratios of

0.82 and truckside L/V ratios of 0.65 at

several positions on the 25th and 28th

cars.






	Simulation 4 demonstrated that the most effective method to reduce the risk of derailment

would be to use less aggressive train handling that limits locomotive throttle to a maximum

of throttle 4. Simulation 6 produced similar results even with reduced tonnage with the

12 tail-end cars removed.
	Finding: Other


	Dynamic simulations using less aggressive train handling predicted significantly reduced

buff and draft forces with single-wheel and truckside L/V ratios well below the maximum

desired threshold ratios.


	Simulation 5 modeled a reduced-tonnage consist that had the 12 tail-end cars removed

which would permit it to fit in either the east or west pullback tracks.


	Finding: Other


	Although a dynamic simulation with reduced tonnage still produced single-wheel and

truckside L/V ratios that exceeded the maximum desired threshold ratios, the predicted

L/V values could be further reduced if more trailing tonnage were removed.


	Simulation 7 modeled realigning and reducing the curvature of the accident curve down to a

constant 12 degrees. While this reduced L/V values in general, assuming all other variables

remained constant (tonnage, consist make-up, train handling, operating speeds, etc.),

maximum L/V values were still observed to be at or slightly above single-wheel L/V ratios

of 0.82 and truckside L/V ratios of 0.65 at several positions on the 25th and 28th cars.


	Finding: Other


	Results from a dynamic simulation with a curvature reduced from 15 degrees to 12 degrees

showed that the potential for derailment still exists if the right conditions are present.


	2.4 Combination of causal factors


	Site observations and dynamic simulations have identified that a combination of factors had

to be present for the specific adverse outcome of this accident to happen. Had any one of the

related factors been significantly modified or removed altogether, the outcome of this

accident would have been different.


	Finding as to causes and contributing factors


	The combined effects of aggressive throttle response due to the RCLS programming, the

vulnerable placement of empty autorack cars equipped with EOCCDs between 2 heavier

cuts of cars, the weight of the trailing cut of 34 cars added to the assignment behind the

autorack cars, and the air brakes that likely remained on the 63rd car, created the

circumstances for this accident to occur.


	2.5 Yard operating employee training


	The YOE was qualified for his position, met fitness and rest requirements, and was familiar

with the yard and hump operations. The YOE began working at CN as a conductor trainee on

18 June 2018 and was fully qualified as a conductor on 05 December 2018.


	Since qualifying as a conductor, between 05 December 2018 and 15 August 2019, the YOE

worked a total of 27 shifts as a YOE at the dual hump and was considered to be familiar with

the tasks involved in humping operations.
	Despite having only 14 months service, the YOE was considered a capable employee who

was knowledgeable about the work.


	2.5.1 Canadian National Railway Company Beltpack Operator Training Participant

Manual


	The CN Beltpack Operator Training Participant Manual discusses train handling and

explains that buff, draft, vertical and lateral forces can all affect how a cut of cars will handle

when moving on a track. The manual defines string-lining as the tendency of a long cut of

cars to shortcut a curve when being pulled, a problem that is amplified in a heavier train

when handling light cars that are followed by significant trailing tonnage. The manual also

explains how hand or air brakes left on cars at the rear of a movement can act as an anchor.

However, the training manual does not contain more specific guidance for identifying

conditions that are conducive to string-lining or tips for preventing a string-line event.


	Since CN assignments switching within yards operated at 15 mph when practicable, most

YOEs at MacMillan Yard selected Max speed (15 mph) on the Beltpack to complete the

pullback operation prior to humping. In addition, while operating within a point protection

zone (PPZ), a movement is relieved of the responsibility to stop within half the range of

vision.


	In this occurrence, the YOE used a low speed setting to initiate the movement. Once all of

the cars were moving, the OCU speed selector was moved to 15 mph, similar to the 15 mph

speed selection almost always used by all CN YOEs within the hump pullback track PPZ.

Therefore, the YOE’s actions were consistent with the use of Beltpack by other YOEs for

similar operations that were successfully completed without any adverse consequence.


	Finding: Other


	The YOE’s actions while switching before the accident, and during RCLS operation using the

Beltpack, were in accordance with company requirements and his training.


	Although the YOE followed company training and standard company practice, dynamic

simulations identified that using less aggressive OCU speed inputs is a safer option for

handling the assignment.


	Finding as to risk


	If railways do not reinforce safe, smooth train handling options for RCLS use in yard

operations and provide more specific guidance for identifying conditions that are conducive

to string-line events, the risk for a string-line event will remain.


	2.6 Ensuring safety-critical procedures are carried forward


	As demonstrated by dynamic simulation 4, which used reduced throttle that was limited t o

throttle 4, there are other ways to operate that could be used on track W100 to protect

against similar string-line events. This was further reinforced by corrective actions taken by

CN following 2 previous string-line accidents in MacMillan Yard.
	After 2 similar string-line accidents that occurred on W100 in 2012 and 2013, in accordance

with the Railway Safety Management System Regulations (2001) that were in force at the

time, CN investigated the accidents and implemented the following corrective actions:


	• In May 2012, CN implemented an inspection procedure that required the

mechanical department to ensure that air brakes were released on all cars left on

W100 before the cars were moved to the pullback track.


	• In May 2012, CN implemented an inspection procedure that required the

mechanical department to ensure that air brakes were released on all cars left on

W100 before the cars were moved to the pullback track.


	• In May 2012, CN implemented an inspection procedure that required the

mechanical department to ensure that air brakes were released on all cars left on

W100 before the cars were moved to the pullback track.



	• In September 2013, CN issued a notice that required loaded cars left on W100 to be

placed at the north end (head end) of the track. This was meant to ensure that the

bulk of an assignment’s weight would be located near the hump set at the head end

rather than at the tail end of an assignment, which would reduce the risk for a

string-line event to occur. A CN document search could not locate a record of the

notice. Since this notice was only issued locally, and not through CN Operating

Practices, the safety-critical information was not carried forward or included in

either the next Summary Bulletin or MacMillan Yard Operating Manual.


	• In September 2013, CN issued a notice that required loaded cars left on W100 to be

placed at the north end (head end) of the track. This was meant to ensure that the

bulk of an assignment’s weight would be located near the hump set at the head end

rather than at the tail end of an assignment, which would reduce the risk for a

string-line event to occur. A CN document search could not locate a record of the

notice. Since this notice was only issued locally, and not through CN Operating

Practices, the safety-critical information was not carried forward or included in

either the next Summary Bulletin or MacMillan Yard Operating Manual.




	However, the only record of the corrective actions that CN implemented following the

2 previous accidents on W100 is contained in the respective CN close-out reports. Neither of

the corrective actions were formally documented or carried forward as safety-critical

procedures for MacMillan Yard. Consequently, both procedures ceased to be used at some

point before this accident on 15 August 2019.


	Had either an inspection procedure to ensure air brakes were released, or a requirement to

prohibit loaded cars on the tail end of W100 remained in place, the risk of this accident

occurring would have been reduced.


	Finding as to causes and contributing factors


	Despite having implemented safety-critical procedures to prevent string-line accidents from

occurring on track W100 in response to 2 string-line accidents that occurred in 2012 and

2013, the procedures were not effectively documented or carried forward, and their use

was discontinued, which contributed to this accident.


	2.7 Communicating changes to freight car locations


	At about 0050 on 15 August 2019, the foreman of the CN 2100 west industrial yard

assignment advised the trainmaster by radio that they had just coupled 34 loaded cars to

the south end of the empty autorack cars that occupied W100. The trainmasterthen advised

CN Car Control and the CN Service Reliability Strategy (SRS) system was updated to include

the additional cars added to the tail end of the autorack cars on W100. However, the YOE,

the yardmaster and the yardmaster trainee were not informed and were only aware that

24 empty autorack cars (1245 tons, 2252 feet long) occupied W100. The planned move was

to couple the 24 cars from E008 (1938 tons, 1652 feet long) to the lead autorack car on

W100 and pull the 48 cars (3183 tons, 3904 feet long) to the east pullback track in

preparation for humping.
	The YOE, the yardmaster and the yardmaster trainee were all unaware that there were

already 58 cars on W100. Once the YOE coupled the 24 cars from E008 to the lead autorack

car on W100, the assignment contained 82 freight cars, was “tail-end heavy” and 6166 feet

long, which was more than 500 feet longer than the pullback tracks could handle. To fit the

assignment into the west pullback track, at least 12 tail-end cars would have had to be

removed from the assignment before the cars could have even been humped.


	Although the CN SRS computer database is intended to identify where cars are located on

any track on the CN network in North America in real time, there are gaps in the process

that can result in operating crews being unaware of the number of cars that they will be

switching.


	Finding as to risk


	If car locations in yards are not communicated to yardmasters and yard operating

employees in a timely manner, operating employees may not fully comprehend the hazards

associated with planned movements and the cars they are handling, which increases the

risk for an accident to occur.
	3.0 FINDINGS


	3.1 Findings as to causes and contributing factors


	These are conditions, acts or safety deficiencies that were found to have caused or contributed to

this occurrence.


	1. The accident occurred when the trailing end of the 26th car string-lined; the left-side

wheels of the trailing truck climbed the rail, derailing the car to the inside of the 15 -

degree curve.


	1. The accident occurred when the trailing end of the 26th car string-lined; the left-side

wheels of the trailing truck climbed the rail, derailing the car to the inside of the 15 -

degree curve.


	1. The accident occurred when the trailing end of the 26th car string-lined; the left-side

wheels of the trailing truck climbed the rail, derailing the car to the inside of the 15 -

degree curve.



	2. As the 26th car derailed, it pulled laterally on the A-end coupler of the 27th car, causing

the 27th car, an empty autorack car, to roll off its trucks, separate from the head-end

cars, and overturn on its side.


	2. As the 26th car derailed, it pulled laterally on the A-end coupler of the 27th car, causing

the 27th car, an empty autorack car, to roll off its trucks, separate from the head-end

cars, and overturn on its side.



	3. The yard operating employee, who was riding of the side of the 27th car, was pinned

beneath the leading A-end and fatally injured.

 
	3. The yard operating employee, who was riding of the side of the 27th car, was pinned

beneath the leading A-end and fatally injured.

 

	4. Since the hydraulic end-of-car cushioning devices were compressed during the previous

deceleration, the acceleration of the assignment, after the locomotive throttle was

advanced to notch 8, likely resulted in a rapid run-out of train slack, which contributed

to the string-line derailment.

 
	4. Since the hydraulic end-of-car cushioning devices were compressed during the previous

deceleration, the acceleration of the assignment, after the locomotive throttle was

advanced to notch 8, likely resulted in a rapid run-out of train slack, which contributed

to the string-line derailment.

 

	5. Aggressive throttle response, due to the remote control locomotive system

programming that was in use at the time of the accident, led to a rapid acceleration and

run-out of train slack on the long tail-end heavy assignment, which contributed to the

string-lining of the autorack cars as they were exiting the 15-degree curve.
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run-out of train slack on the long tail-end heavy assignment, which contributed to the

string-lining of the autorack cars as they were exiting the 15-degree curve.



	6. Dynamic simulations confirmed that trailing tonnage added to the tail-end of the

autorack cars on track W100 left the assignment “tail-end heavy” with the lighter

autorack cars in a vulnerable position, and caused both single-wheel and truckside

lateral to vertical (L/V) ratios to exceed critical thresholds.
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autorack cars on track W100 left the assignment “tail-end heavy” with the lighter

autorack cars in a vulnerable position, and caused both single-wheel and truckside

lateral to vertical (L/V) ratios to exceed critical thresholds.



	7. It is likely that an emergency air brake application remained on the 63rd car and further

acted as an anchor. This created the specific conditions that were required for the

trailing end of the 26th car to string-line, which caused the 27th to 29th cars to roll off

their trucks onto their sides.
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acted as an anchor. This created the specific conditions that were required for the

trailing end of the 26th car to string-line, which caused the 27th to 29th cars to roll off

their trucks onto their sides.



	8. The combined effects of the aggressive throttle response due to the remote control

locomotive system programming, the vulnerable placement of empty autorack cars

equipped with hydraulic end-of-car cushioning devices between 2 heavier cuts, the

weight of the trailing cut of 34 cars added to the assignment behind the autorack cars,

and the air brakes that likely remained on the 63rd car, created the circumstances for

this accident to occur.
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this accident to occur.


	9. Despite having implemented safety-critical procedures to prevent string-line accidents

from occurring on track W100 in response to 2 string-line accidents that occurred in

2012 and 2013, the procedures were not effectively documented or carried forward,

and their use was discontinued, which contributed to this accident.
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	9. Despite having implemented safety-critical procedures to prevent string-line accidents

from occurring on track W100 in response to 2 string-line accidents that occurred in

2012 and 2013, the procedures were not effectively documented or carried forward,

and their use was discontinued, which contributed to this accident.




	3.2 Findings as to risk


	These are conditions, unsafe acts or safety deficiencies that were found not to be a factor in this

occurrence but could have adverse consequences in future occurrences.


	1. If railways do not reinforce safe, smooth train handling options for remote control

locomotive systems use in yard operations and provide more specific guidance for

identifying conditions that are conducive to string-line events, the risk for a string-line

event will remain.
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	2. If car locations in yards are not communicated to yardmasters and yard operating

employees in a timely manner, operating employees may not fully comprehend the

hazards associated with planned movements and the cars they are handling, which

increases the risk for an accident to occur.
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	3.3 Other findings


	These items could enhance safety, resolve an issue of controversy, or provide a data point for

future safety studies.


	1. Dynamic simulations using less aggressive train handling predicted significantly

reduced buff and draft forces with single-wheel and truckside lateral-to-vertical (L/V)

ratios well below the maximum desired threshold ratios.


	1. Dynamic simulations using less aggressive train handling predicted significantly

reduced buff and draft forces with single-wheel and truckside lateral-to-vertical (L/V)

ratios well below the maximum desired threshold ratios.


	1. Dynamic simulations using less aggressive train handling predicted significantly

reduced buff and draft forces with single-wheel and truckside lateral-to-vertical (L/V)

ratios well below the maximum desired threshold ratios.
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ratios, the predicted L/V values could be further reduced if more trailing tonnage w ere

removed.
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	3. Results from a dynamic simulation with a curvature reduced from 15 degrees to 12

degrees showed the potential for derailment still exists if the right conditions are

present.
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	4. The yard operating employee’s actions while switching before the accident, and during

the remote control locomotive system operations using the Beltpack, were in

accordance with company requirements and his training.
	4. The yard operating employee’s actions while switching before the accident, and during

the remote control locomotive system operations using the Beltpack, were in

accordance with company requirements and his training.


	4.0 SAFETY ACTION


	4.1 Safety action taken


	4.1.1 Transport Canada


	Transport Canada (TC) undertook an investigation under the Canada Labour Code, Part II

(CLC II), and as a result, 2 directions were issued to the Canadian National Railway

Company (CN): one on 15 August 2019, and another one on 11 October 2019.


	TC reviewed the corrective measures implemented by CN and deemed themto be

satisfactory.


	The CLC II investigation has been completed and the results shared with the employer and

its workplace health and safety committee as per CLC II requirements.


	4.1.2 Canadian National Railway Company


	4.1.2.1 S-Yard industrial pulls


	On 15 August 2019, CN issued Notice No. 1908-15 which contained revised instructions for

S-Yard industrial released cars. The notice identified that effective immediately and until

otherwise notified:


	• All loaded releases from S-Yard (S031/S032) and the metal distribution centre

(W109/W110) must not be positioned on track W100 to be humped at the dual

hump.


	• All loaded releases from S-Yard (S031/S032) and the metal distribution centre

(W109/W110) must not be positioned on track W100 to be humped at the dual

hump.


	• All loaded releases from S-Yard (S031/S032) and the metal distribution centre

(W109/W110) must not be positioned on track W100 to be humped at the dual

hump.



	• The cars on W100 track (W100) will be pulled by itself (i.e., cars are not to be

doubled from other tracks to W100 to be humped).


	• The cars on W100 track (W100) will be pulled by itself (i.e., cars are not to be

doubled from other tracks to W100 to be humped).



	• Movements from W100 onto the west pullback are not to exceed 8 mph.


	• Movements from W100 onto the west pullback are not to exceed 8 mph.




	4.1.2.2 Revised instructions for pulling cars on W100 track


	On 21 August 2019, CN issued Notice No. 1908-21 which contained revised instructions for

pulling W100 and S-Yard industrial released cars. The notice identified that the instructions

were effective immediately and until otherwise notified.


	4.1.2.2.1 Additional new instructions


	Due to the high-degree curvature at the north end of W100, CN eliminated the need to stop

and restart movements to detrain at the W100 switch in order to eliminate in-train forces

and the potential for derailment in these curves. The new procedure requires that:


	• the yard operating employee (YOE) release the hand brakes on W100 then cross

over to the south-east side of the track, being mindful of potential movements on the

diesel shop inbound and outbound tracks;


	• the yard operating employee (YOE) release the hand brakes on W100 then cross

over to the south-east side of the track, being mindful of potential movements on the

diesel shop inbound and outbound tracks;


	• the yard operating employee (YOE) release the hand brakes on W100 then cross

over to the south-east side of the track, being mindful of potential movements on the

diesel shop inbound and outbound tracks;



	• the northward pull commence only after the YOE has walked eastward to a point

ahead of the locomotive consist and maintains at least a 50-foot distance from the

W100 lead while cars are being pulled; and
	• the northward pull commence only after the YOE has walked eastward to a point

ahead of the locomotive consist and maintains at least a 50-foot distance from the

W100 lead while cars are being pulled; and


	• the entire cut of cars from W100 pass the crossing before the YOE walks up to line

the W100 switch for the west pullback toward the crest.


	• the entire cut of cars from W100 pass the crossing before the YOE walks up to line

the W100 switch for the west pullback toward the crest.


	• the entire cut of cars from W100 pass the crossing before the YOE walks up to line

the W100 switch for the west pullback toward the crest.




	4.1.2.2.2 Train handling while pulling cars from W100 track


	Once movement has commenced and has been ramped up to the 8 mph speed selector

position (the maximum allowed speed to pull cars from W100 onto the west pullback),

except in case of emergency, the throttle selector lever should only be placed to the “Coast”

position to bring the movement to a stop.


	• Do not ramp down from 8 mph to another speed position, and


	• Do not ramp down from 8 mph to another speed position, and


	• Do not ramp down from 8 mph to another speed position, and



	• The locomotive independent brake selector should not be used at all.


	• The locomotive independent brake selector should not be used at all.




	The instructions previously communicated in Notice No. 1908-15 for the S-Yard industrial

released cars remained in effect.


	4.1.2.3 Other Canadian National Railway Company corrective measures


	CN has also implemented the following corrective measures:


	• Training material has been updated to


	• Training material has been updated to


	• Training material has been updated to



	• Highlight hazard areas for tracks with high curvature.


	• Highlight hazard areas for tracks with high curvature.



	• Instruct CN employees to ride either the locomotive or trailing car on tracks

with curves of over 12 degrees.


	• Instruct CN employees to ride either the locomotive or trailing car on tracks

with curves of over 12 degrees.



	• The 15-degree left-hand curve on W100 has been reconfigured to reduce the track’s

curvature from 15 degrees to 12 degrees.


	• The 15-degree left-hand curve on W100 has been reconfigured to reduce the track’s

curvature from 15 degrees to 12 degrees.



	• A process was developed to verify that safety-critical information communicated by

a notice is also included in the next Summary Bulletin and, if required, the

respective yard operating manual.


	• A process was developed to verify that safety-critical information communicated by

a notice is also included in the next Summary Bulletin and, if required, the

respective yard operating manual.



	• Working with General Electric and Beltpack manufacturer Cattron Intellectual

Property Corporation, changes were made to remote control locomotive systems

(RCLS) programming to allow for a more gradual application of the locomotive

throttle during RCLS operations.


	• Working with General Electric and Beltpack manufacturer Cattron Intellectual

Property Corporation, changes were made to remote control locomotive systems

(RCLS) programming to allow for a more gradual application of the locomotive

throttle during RCLS operations.




	This report concludes the Transportation Safety Board of Canada’s investigation into this

occurrence. The Board authorized the release of this report on 02 February 2022. It was

officially released on 05 April 2022.


	Visit the Transportation Safety Board of Canada’s website (www.tsb.gc.ca) for information

about the TSB and its products and services. You will also find the Watchlist, which

identifies the key safety issues that need to be addressed to make Canada’s transportation

system even safer. In each case, the TSB has found that actions taken to date are

inadequate, and that industry and regulators need to take additional concrete measures to

eliminate the risks. 
	APPENDICES


	Appendix A – Assignment consist


	Line in

consist


	Line in

consist


	Line in

consist


	Line in

consist


	Line in

consist



	Car number 
	Car number 

	Length

(feet)


	Length

(feet)



	Weight

(tons)


	Weight

(tons)



	Association of

American Railroads

car type


	Association of

American Railroads

car type



	Coupler

type


	Coupler

type



	Coupler

length

(inches)


	Coupler

length

(inches)



	End-of-car

cushioning

device

travel

(inches)


	End-of-car

cushioning

device

travel

(inches)



	Estimated

truck

center

spacing

(feet)


	Estimated

truck

center

spacing

(feet)





	0.1 
	0.1 
	0.1 
	0.1 

	CN 6020 
	CN 6020 

	65.8 
	65.8 

	194 
	194 

	SD-40 locomotive 
	SD-40 locomotive 

	N/A 
	N/A 

	N/A 
	N/A 

	N/A 
	N/A 

	N/A


	N/A




	0.2 
	0.2 
	0.2 

	CN 232 
	CN 232 

	56.2 
	56.2 

	124 
	124 

	Yard booster 
	Yard booster 

	N/A 
	N/A 

	N/A 
	N/A 

	N/A 
	N/A 

	N/A


	N/A




	0.3 
	0.3 
	0.3 

	CN 6019 
	CN 6019 

	65.8 
	65.8 

	194 
	194 

	SD-40 locomotive 
	SD-40 locomotive 

	N/A 
	N/A 

	N/A 
	N/A 

	N/A 
	N/A 

	N/A


	N/A




	1 
	1 
	1 

	ETTX 802338 
	ETTX 802338 

	93.7 
	93.7 

	77 
	77 

	Vehicular flat car 
	Vehicular flat car 

	E69 
	E69 

	60.0 
	60.0 

	10 
	10 

	70.3


	70.3




	2 
	2 
	2 

	DJJX 950873 
	DJJX 950873 

	53.1 
	53.1 

	26 
	26 

	GT gondola car 
	GT gondola car 

	E60 
	E60 

	28.5 
	28.5 

	N/A 
	N/A 

	39.8


	39.8




	3 
	3 
	3 

	CN 668139 
	CN 668139 

	93.8 
	93.8 

	107 
	107 

	Flat car 
	Flat car 

	E69 
	E69 

	60.0 
	60.0 

	10 
	10 

	70.4


	70.4




	4 
	4 
	4 

	ARMN 902141 
	ARMN 902141 

	64.9 
	64.9 

	122 
	122 

	Refrigerator car 
	Refrigerator car 

	E60 
	E60 

	28.5 
	28.5 

	20 
	20 

	43.3


	43.3




	5 
	5 
	5 

	MBKX 250298 
	MBKX 250298 

	52.1 
	52.1 

	120 
	120 

	Equipped gondola 
	Equipped gondola 

	E60 
	E60 

	28.5 
	28.5 

	15 
	15 

	39.1


	39.1




	6 
	6 
	6 

	SHQX 9526 
	SHQX 9526 

	59.2 
	59.2 

	42 
	42 

	Tank car 
	Tank car 

	E60 
	E60 

	28.5 
	28.5 

	N/A 
	N/A 

	44.4


	44.4




	7 
	7 
	7 

	TTGX 693526 
	TTGX 693526 

	93.8 
	93.8 

	67 
	67 

	Vehicular flat car 
	Vehicular flat car 

	E69 
	E69 

	60.0 
	60.0 

	10 
	10 

	70.4


	70.4




	8 
	8 
	8 

	UFTX 20017 
	UFTX 20017 

	53.1 
	53.1 

	26 
	26 

	Equipped gondola 
	Equipped gondola 

	E60 
	E60 

	28.5 
	28.5 

	N/A 
	N/A 

	39.8


	39.8




	9 
	9 
	9 

	ATW 400563 
	ATW 400563 

	70.8 
	70.8 

	139 
	139 

	Unequipped gondola 
	Unequipped gondola 

	E68 
	E68 

	43.0 
	43.0 

	N/A 
	N/A 

	53.1


	53.1




	10 
	10 
	10 

	CN 48974 
	CN 48974 

	87.8 
	87.8 

	142 
	142 

	Maintenance-of-way 
	Maintenance-of-way 

	E68 
	E68 

	43.0 
	43.0 

	N/A 
	N/A 

	65.8


	65.8




	11 
	11 
	11 

	OFOX 60869 
	OFOX 60869 

	45.4 
	45.4 

	128 
	128 

	Covered hopper car 
	Covered hopper car 

	E60 
	E60 

	28.5 
	28.5 

	N/A 
	N/A 

	31.3


	31.3




	12 
	12 
	12 

	DLRX 520021 
	DLRX 520021 

	57.8 
	57.8 

	37 
	37 

	Equipped gondola 
	Equipped gondola 

	E60 
	E60 

	28.5 
	28.5 

	N/A 
	N/A 

	43.4


	43.4




	13 
	13 
	13 

	UTLX 211030 
	UTLX 211030 

	59.3 
	59.3 

	125 
	125 

	Tank car 
	Tank car 

	E60 
	E60 

	28.5 
	28.5 

	N/A 
	N/A 

	44.5


	44.5




	14 
	14 
	14 

	TTGX 971983 
	TTGX 971983 

	93.7 
	93.7 

	67 
	67 

	Vehicular flat car 
	Vehicular flat car 

	E69 
	E69 

	60.0 
	60.0 

	10 
	10 

	70.3


	70.3




	15 
	15 
	15 

	TTGX 978174 
	TTGX 978174 

	93.7 
	93.7 

	66 
	66 

	Vehicular flat car 
	Vehicular flat car 

	E69 
	E69 

	60.0 
	60.0 

	10 
	10 

	70.3


	70.3




	16 
	16 
	16 

	TTGX 704952 
	TTGX 704952 

	93.8 
	93.8 

	64 
	64 

	Vehicular flat car 
	Vehicular flat car 

	E69 
	E69 

	60.0 
	60.0 

	10 
	10 

	70.4


	70.4




	17 
	17 
	17 

	TTGX 704952 
	TTGX 704952 

	93.8 
	93.8 

	65 
	65 

	Vehicular flat car 
	Vehicular flat car 

	E69 
	E69 

	60.0 
	60.0 

	10 
	10 

	70.4


	70.4




	18 
	18 
	18 

	UTLX 65730 
	UTLX 65730 

	43.0 
	43.0 

	31 
	31 

	Tank car 
	Tank car 

	E60 
	E60 

	28.5 
	28.5 

	N/A 
	N/A 

	32.3


	32.3




	19 
	19 
	19 

	TR 86305 
	TR 86305 

	58.9 
	58.9 

	36 
	36 

	Equipped box car 
	Equipped box car 

	E60 
	E60 

	28.5 
	28.5 

	15 
	15 

	44.2


	44.2




	20 
	20 
	20 

	UTLX 670329 
	UTLX 670329 

	55.4 
	55.4 

	36 
	36 

	Tank car 
	Tank car 

	E60 
	E60 

	28.5 
	28.5 

	N/A 
	N/A 

	41.6


	41.6




	21 
	21 
	21 

	SHPX 222517 
	SHPX 222517 

	59.3 
	59.3 

	125 
	125 

	Tank car 
	Tank car 

	E60 
	E60 

	28.5 
	28.5 

	N/A 
	N/A 

	44.5


	44.5




	22 
	22 
	22 

	SHPX 222386 
	SHPX 222386 

	59.3 
	59.3 

	125 
	125 

	Tank car 
	Tank car 

	E60 
	E60 

	28.5 
	28.5 

	N/A 
	N/A 

	44.5


	44.5




	23 
	23 
	23 

	CN 110732 
	CN 110732 

	59.0 
	59.0 

	31 
	31 

	Covered hopper car 
	Covered hopper car 

	E60 
	E60 

	28.5 
	28.5 

	N/A 
	N/A 

	44.3


	44.3




	24 
	24 
	24 

	NOKL 320202 
	NOKL 320202 

	57.2 
	57.2 

	134 
	134 

	Equipped gondola 
	Equipped gondola 

	E60 
	E60 

	28.5 
	28.5 

	N/A 
	N/A 

	42.9


	42.9




	25 
	25 
	25 

	TTGX 996790 
	TTGX 996790 

	93.8 
	93.8 

	52 
	52 

	Vehicular flat car 
	Vehicular flat car 

	E69 
	E69 

	60.0 
	60.0 

	10 
	10 

	70.4


	70.4




	26 
	26 
	26 

	TTGX 995076

(derailed)


	TTGX 995076

(derailed)



	93.8 
	93.8 

	52 
	52 

	Vehicular flat car 
	Vehicular flat car 

	E69 
	E69 

	60.0 
	60.0 

	10 
	10 

	66.0


	66.0




	27 
	27 
	27 

	TTGX 995540

(derailed)


	TTGX 995540

(derailed)



	93.8 
	93.8 

	52 
	52 

	Vehicular flat car 
	Vehicular flat car 

	E69 
	E69 

	60.0 
	60.0 

	10 
	10 

	70.4


	70.4




	28 
	28 
	28 

	TTGX 697632

(derailed)


	TTGX 697632

(derailed)



	93.8 
	93.8 

	49 
	49 

	Vehicular flat car 
	Vehicular flat car 

	E69 
	E69 

	60.0 
	60.0 

	10 
	10 

	70.4
	70.4




	Line in

consist


	Line in

consist


	Line in

consist


	Line in

consist


	Line in

consist



	Car number 
	Car number 

	Length

(feet)


	Length

(feet)



	Weight

(tons)


	Weight

(tons)



	Association of

American Railroads

car type


	Association of

American Railroads

car type



	Coupler

type


	Coupler

type



	Coupler

length

(inches)


	Coupler

length

(inches)



	End-of-car

cushioning

device

travel

(inches)


	End-of-car

cushioning

device

travel

(inches)



	Estimated

truck

center

spacing

(feet)


	Estimated

truck

center

spacing

(feet)





	29 
	29 
	29 
	29 

	CTTX 691364

(derailed)


	CTTX 691364

(derailed)



	93.8 
	93.8 

	52 
	52 

	Vehicular flat car 
	Vehicular flat car 

	E69 
	E69 

	60.0 
	60.0 

	10 
	10 

	70.4


	70.4




	30 
	30 
	30 

	TTGX 922201

(derailed)


	TTGX 922201

(derailed)



	94.7 
	94.7 

	56 
	56 

	Vehicular flat car 
	Vehicular flat car 

	E69 
	E69 

	60.0 
	60.0 

	10 
	10 

	70.4


	70.4




	31 
	31 
	31 

	TTGX 982102

(derailed)


	TTGX 982102

(derailed)



	93.8 
	93.8 

	55 
	55 

	Vehicular flat car 
	Vehicular flat car 

	E69 
	E69 

	60.0 
	60.0 

	10 
	10 

	70.4


	70.4




	32 
	32 
	32 

	CN 704642

(derailed)


	CN 704642

(derailed)



	93.8 
	93.8 

	48 
	48 

	Vehicular flat car 
	Vehicular flat car 

	E69 
	E69 

	60.0 
	60.0 

	10 
	10 

	70.4


	70.4




	33 
	33 
	33 

	CN 704288

(derailed)


	CN 704288

(derailed)



	93.8 
	93.8 

	54 
	54 

	Vehicular flat car 
	Vehicular flat car 

	E69 
	E69 

	60.0 
	60.0 

	10 
	10 

	70.4


	70.4




	34 
	34 
	34 

	TTGX 965970

(derailed)


	TTGX 965970

(derailed)



	93.8 
	93.8 

	53 
	53 

	Vehicular flat car 
	Vehicular flat car 

	E69 
	E69 

	60.0 
	60.0 

	10 
	10 

	70.4


	70.4




	35 
	35 
	35 

	TTGX 994291 
	TTGX 994291 

	93.8 
	93.8 

	52 
	52 

	Vehicular flat car 
	Vehicular flat car 

	E69 
	E69 

	60.0 
	60.0 

	10 
	10 

	70.4


	70.4




	36 
	36 
	36 

	CTTX 692688 
	CTTX 692688 

	93.8 
	93.8 

	54 
	54 

	Vehicular flat car 
	Vehicular flat car 

	E69 
	E69 

	60.0 
	60.0 

	10 
	10 

	70.4


	70.4




	37 
	37 
	37 

	TTGX 953697 
	TTGX 953697 

	93.8 
	93.8 

	51 
	51 

	Vehicular flat car 
	Vehicular flat car 

	E69 
	E69 

	60.0 
	60.0 

	10 
	10 

	70.4


	70.4




	38 
	38 
	38 

	KCS 8688 
	KCS 8688 

	93.8 
	93.8 

	51 
	51 

	Vehicular flat car 
	Vehicular flat car 

	E69 
	E69 

	60.0 
	60.0 

	10 
	10 

	70.4


	70.4




	39 
	39 
	39 

	BNSF 301247 
	BNSF 301247 

	93.8 
	93.8 

	50 
	50 

	Vehicular flat car 
	Vehicular flat car 

	E69 
	E69 

	60.0 
	60.0 

	10 
	10 

	70.4


	70.4




	40 
	40 
	40 

	NKCR 7583 
	NKCR 7583 

	93.8 
	93.8 

	50 
	50 

	Vehicular flat car 
	Vehicular flat car 

	E69 
	E69 

	60.0 
	60.0 

	10 
	10 

	70.4


	70.4




	41 
	41 
	41 

	TTGX 696834 
	TTGX 696834 

	93.8 
	93.8 

	49 
	49 

	Vehicular flat car 
	Vehicular flat car 

	E69 
	E69 

	60.0 
	60.0 

	10 
	10 

	70.4


	70.4




	42 
	42 
	42 

	TTGX 973991 
	TTGX 973991 

	93.8 
	93.8 

	55 
	55 

	Vehicular flat car 
	Vehicular flat car 

	E69 
	E69 

	60.0 
	60.0 

	10 
	10 

	70.4


	70.4




	43 
	43 
	43 

	TTGX 990478 
	TTGX 990478 

	93.8 
	93.8 

	55 
	55 

	Vehicular flat car 
	Vehicular flat car 

	E69 
	E69 

	60.0 
	60.0 

	10 
	10 

	70.4


	70.4




	44 
	44 
	44 

	NS 171683 
	NS 171683 

	93.7 
	93.7 

	48 
	48 

	Vehicular flat car 
	Vehicular flat car 

	E69 
	E69 

	60.0 
	60.0 

	10 
	10 

	70.3


	70.3




	45 
	45 
	45 

	KCS 8750 
	KCS 8750 

	93.8 
	93.8 

	50 
	50 

	Vehicular flat car 
	Vehicular flat car 

	E69 
	E69 

	60.0 
	60.0 

	10 
	10 

	70.4


	70.4




	46 
	46 
	46 

	TTGX 982199 
	TTGX 982199 

	93.8 
	93.8 

	55 
	55 

	Vehicular flat car 
	Vehicular flat car 

	E69 
	E69 

	60.0 
	60.0 

	10 
	10 

	70.4


	70.4




	47 
	47 
	47 

	TTGX 965704 
	TTGX 965704 

	93.8 
	93.8 

	53 
	53 

	Vehicular flat car 
	Vehicular flat car 

	E69 
	E69 

	60.0 
	60.0 

	10 
	10 

	70.4


	70.4




	48 
	48 
	48 

	TTGX 694744 
	TTGX 694744 

	93.8 
	93.8 

	49 
	49 

	Vehicular flat car 
	Vehicular flat car 

	E69 
	E69 

	60.0 
	60.0 

	10 
	10 

	70.4


	70.4




	49 
	49 
	49 

	UP 961356 
	UP 961356 

	68.1 
	68.1 

	56 
	56 

	Equipped box car 
	Equipped box car 

	E68 
	E68 

	43.0 
	43.0 

	18 
	18 

	51.1


	51.1




	50 
	50 
	50 

	LW 62160 
	LW 62160 

	73.0 
	73.0 

	40 
	40 

	Flat car 
	Flat car 

	E68 
	E68 

	43.0 
	43.0 

	15 
	15 

	48.1


	48.1




	51 
	51 
	51 

	CIGX 805097 
	CIGX 805097 

	70.4 
	70.4 

	38 
	38 

	Equipped gondola 
	Equipped gondola 

	E68 
	E68 

	43.0 
	43.0 

	N/A 
	N/A 

	55.8


	55.8




	52 
	52 
	52 

	IC 3702 
	IC 3702 

	71.2 
	71.2 

	36 
	36 

	Unequipped gondola 
	Unequipped gondola 

	E68 
	E68 

	43.0 
	43.0 

	N/A 
	N/A 

	53.4


	53.4




	53 
	53 
	53 

	SMW 380543 
	SMW 380543 

	52.9 
	52.9 

	125 
	125 

	Equipped gondola 
	Equipped gondola 

	E60 
	E60 

	28.5 
	28.5 

	14 
	14 

	39.7


	39.7




	54 
	54 
	54 

	WC 22209 
	WC 22209 

	67.9 
	67.9 

	80 
	80 

	Equipped box car 
	Equipped box car 

	E68 
	E68 

	43.0 
	43.0 

	15 
	15 

	46.3


	46.3




	55 
	55 
	55 

	TFM 20024 
	TFM 20024 

	69.7 
	69.7 

	72 
	72 

	Equipped box car 
	Equipped box car 

	E68 
	E68 

	43.0 
	43.0 

	15 
	15 

	52.3


	52.3




	56 
	56 
	56 

	AOK 473347 
	AOK 473347 

	58.9 
	58.9 

	35 
	35 

	Equipped box car 
	Equipped box car 

	E60 
	E60 

	28.5 
	28.5 

	15 
	15 

	44.2


	44.2




	57 
	57 
	57 

	TR 86239 
	TR 86239 

	58.9 
	58.9 

	36 
	36 

	Equipped box car 
	Equipped box car 

	E60 
	E60 

	28.5 
	28.5 

	15 
	15 

	44.2


	44.2




	58 
	58 
	58 

	AOK 473319 
	AOK 473319 

	58.9 
	58.9 

	35 
	35 

	Equipped box car 
	Equipped box car 

	E60 
	E60 

	28.5 
	28.5 

	15 
	15 

	44.2


	44.2




	59 
	59 
	59 

	CN 135305 
	CN 135305 

	56.8 
	56.8 

	126 
	126 

	Equipped gondola 
	Equipped gondola 

	E60 
	E60 

	28.5 
	28.5 

	N/A 
	N/A 

	43.9


	43.9




	60 
	60 
	60 

	WC 54066 
	WC 54066 

	58.0 
	58.0 

	127 
	127 

	Equipped gondola 
	Equipped gondola 

	E60 
	E60 

	28.5 
	28.5 

	N/A 
	N/A 

	43.5


	43.5




	61 
	61 
	61 

	DJJX 315816 
	DJJX 315816 

	57.2 
	57.2 

	123 
	123 

	Equipped gondola 
	Equipped gondola 

	E60 
	E60 

	28.5 
	28.5 

	N/A 
	N/A 

	42.9
	42.9




	Line in

consist


	Line in

consist


	Line in

consist


	Line in

consist


	Line in

consist



	Car number 
	Car number 

	Length

(feet)


	Length

(feet)



	Weight

(tons)


	Weight

(tons)



	Association of

American Railroads

car type


	Association of

American Railroads

car type



	Coupler

type


	Coupler

type



	Coupler

length

(inches)


	Coupler

length

(inches)



	End-of-car

cushioning

device

travel

(inches)


	End-of-car

cushioning

device

travel

(inches)



	Estimated

truck

center

spacing

(feet)


	Estimated

truck

center

spacing

(feet)





	62 
	62 
	62 
	62 

	DJJX 3175 
	DJJX 3175 

	57.8 
	57.8 

	125 
	125 

	Equipped gondola 
	Equipped gondola 

	E60 
	E60 

	28.5 
	28.5 

	N/A 
	N/A 

	43.4


	43.4




	63 
	63 
	63 

	DJTX 318030 (air

brake cylinder

piston extended)


	DJTX 318030 (air

brake cylinder

piston extended)



	57.2 
	57.2 

	128 
	128 

	Equipped gondola 
	Equipped gondola 

	E60 
	E60 

	28.5 
	28.5 

	N/A 
	N/A 

	42.9


	42.9




	64 
	64 
	64 

	DJJX 19293 
	DJJX 19293 

	56.9 
	56.9 

	126 
	126 

	Equipped gondola 
	Equipped gondola 

	E60 
	E60 

	28.5 
	28.5 

	N/A 
	N/A 

	42.7


	42.7




	65 
	65 
	65 

	DJTX 318161 
	DJTX 318161 

	57.2 
	57.2 

	128 
	128 

	Equipped gondola 
	Equipped gondola 

	E60 
	E60 

	28.5 
	28.5 

	N/A 
	N/A 

	42.9


	42.9




	66 
	66 
	66 

	TFOX 3301 
	TFOX 3301 

	58.6 
	58.6 

	120 
	120 

	GT gondola car 
	GT gondola car 

	E60 
	E60 

	28.5 
	28.5 

	N/A 
	N/A 

	43.9


	43.9




	67 
	67 
	67 

	OMNX 1205 
	OMNX 1205 

	57.8 
	57.8 

	128 
	128 

	Unequipped gondola 
	Unequipped gondola 

	E60 
	E60 

	28.5 
	28.5 

	N/A 
	N/A 

	43.4


	43.4




	68 
	68 
	68 

	OMNX 597 
	OMNX 597 

	57.8 
	57.8 

	127 
	127 

	Unequipped gondola 
	Unequipped gondola 

	E60 
	E60 

	28.5 
	28.5 

	N/A 
	N/A 

	43.7


	43.7




	69 
	69 
	69 

	OMNX 572 
	OMNX 572 

	57.8 
	57.8 

	127 
	127 

	Unequipped gondola 
	Unequipped gondola 

	E60 
	E60 

	28.5 
	28.5 

	N/A 
	N/A 

	43.4


	43.4




	70 
	70 
	70 

	CN 135207 
	CN 135207 

	56.8 
	56.8 

	125 
	125 

	Equipped gondola 
	Equipped gondola 

	E60 
	E60 

	28.5 
	28.5 

	N/A 
	N/A 

	42.6


	42.6




	71 
	71 
	71 

	IC 245902 
	IC 245902 

	56.4 
	56.4 

	125 
	125 

	Equipped gondola 
	Equipped gondola 

	E60 
	E60 

	28.5 
	28.5 

	N/A 
	N/A 

	42.3


	42.3




	72 
	72 
	72 

	DJJX 19335 
	DJJX 19335 

	57.1 
	57.1 

	126 
	126 

	Equipped gondola 
	Equipped gondola 

	E60 
	E60 

	28.5 
	28.5 

	N/A 
	N/A 

	42.8


	42.8




	73 
	73 
	73 

	DJJX 19324 
	DJJX 19324 

	56.9 
	56.9 

	126 
	126 

	Equipped gondola 
	Equipped gondola 

	E60 
	E60 

	28.5 
	28.5 

	N/A 
	N/A 

	42.7


	42.7




	74 
	74 
	74 

	DJJX 19280 
	DJJX 19280 

	56.9 
	56.9 

	125 
	125 

	Equipped gondola 
	Equipped gondola 

	E60 
	E60 

	28.5 
	28.5 

	N/A 
	N/A 

	42.7


	42.7




	75 
	75 
	75 

	WC 54137 
	WC 54137 

	58.0 
	58.0 

	127 
	127 

	Equipped gondola 
	Equipped gondola 

	E60 
	E60 

	28.5 
	28.5 

	N/A 
	N/A 

	43.5


	43.5




	76 
	76 
	76 

	WC 54210 
	WC 54210 

	58.0 
	58.0 

	127 
	127 

	Equipped gondola 
	Equipped gondola 

	E60 
	E60 

	28.5 
	28.5 

	N/A 
	N/A 

	43.5


	43.5




	77 
	77 
	77 

	WC 54174 
	WC 54174 

	58.0 
	58.0 

	127 
	127 

	Equipped gondola 
	Equipped gondola 

	E60 
	E60 

	28.5 
	28.5 

	N/A 
	N/A 

	43.5


	43.5




	78 
	78 
	78 

	BLE 30122 
	BLE 30122 

	56.6 
	56.6 

	127 
	127 

	Equipped gondola 
	Equipped gondola 

	E60 
	E60 

	28.5 
	28.5 

	N/A 
	N/A 

	42.4


	42.4




	79 
	79 
	79 

	WC 54163 
	WC 54163 

	58.0 
	58.0 

	127 
	127 

	Equipped gondola 
	Equipped gondola 

	E60 
	E60 

	28.5 
	28.5 

	N/A 
	N/A 

	43.5


	43.5




	80 
	80 
	80 

	WC 54225 
	WC 54225 

	58.0 
	58.0 

	127 
	127 

	Equipped gondola 
	Equipped gondola 

	E60 
	E60 

	28.5 
	28.5 

	N/A 
	N/A 

	43.5


	43.5




	81 
	81 
	81 

	NOKL 734507 
	NOKL 734507 

	80.4 
	80.4 

	32 
	32 

	Flat car 
	Flat car 

	E68 
	E68 

	43.0 
	43.0 

	10 
	10 

	60.3


	60.3




	82 
	82 
	82 

	DWC 627570 
	DWC 627570 

	79.6 
	79.6 

	32 
	32 

	Flat car 
	Flat car 

	E68 
	E68 

	43.0 
	43.0 

	10 
	10 

	59.7


	59.7




	 
	 
	 

	Total 
	Total 

	6166 
	6166 

	7086
	7086

	 
	 




	  
	Appendix B – Recorded information


	Event 
	Event 
	Event 
	Event 
	Event 

	Time

(hm:s)


	Time

(hm:s)



	Distance

traveled

(feet)


	Distance

traveled

(feet)



	Speed


	Speed


	(mph)



	BPP*


	BPP*


	(psi)



	BCP**


	BCP**


	(psi)



	LER


	LER


	throttle



	OCU***


	OCU***


	command





	Speed command 
	Speed command 
	Speed command 
	Speed command 

	0106:51 
	0106:51 

	0 
	0 

	0 
	0 

	88 
	88 

	66 
	66 

	Idle 
	Idle 

	Stop


	Stop




	Idle 
	Idle 
	Idle 

	0106:56 
	0106:56 

	0 
	0 

	1 
	1 

	88 
	88 

	66 
	66 

	Idle 
	Idle 

	N/A


	N/A




	Couple and stop 
	Couple and stop 
	Couple and stop 

	0106:59 
	0106:59 

	0 
	0 

	0 
	0 

	88 
	88 

	66 
	66 

	Idle 
	Idle 

	N/A


	N/A




	Speed command 
	Speed command 
	Speed command 

	0108:00 
	0108:00 

	N/A 
	N/A 

	N/A 
	N/A 

	N/A 
	N/A 

	N/A 
	N/A 

	N/A 
	N/A 

	1.50 mph -

Couple


	1.50 mph -

Couple




	T3 
	T3 
	T3 

	0108:02 
	0108:02 

	0 
	0 

	0 
	0 

	88 
	88 

	66 
	66 

	3 
	3 

	N/A


	N/A




	T4 
	T4 
	T4 

	0108:23 
	0108:23 

	53 
	53 

	1 
	1 

	88 
	88 

	0 
	0 

	4 
	4 

	N/A


	N/A




	Speed command 
	Speed command 
	Speed command 

	0108:26 
	0108:26 

	N/A 
	N/A 

	N/A 
	N/A 

	N/A 
	N/A 

	N/A 
	N/A 

	N/A 
	N/A 

	2 mph - Hump


	2 mph - Hump




	Speed command 
	Speed command 
	Speed command 

	0108:42 
	0108:42 

	N/A 
	N/A 

	N/A 
	N/A 

	N/A 
	N/A 

	N/A 
	N/A 

	N/A 
	N/A 

	15


	15




	T5 
	T5 
	T5 

	0108:47 
	0108:47 

	53 
	53 

	2 
	2 

	88 
	88 

	0 
	0 

	5 
	5 

	N/A


	N/A




	T6 
	T6 
	T6 

	0108:51 
	0108:51 

	106 
	106 

	2 
	2 

	88 
	88 

	0 
	0 

	6 
	6 

	N/A


	N/A




	T7 
	T7 
	T7 

	0108:54 
	0108:54 

	106 
	106 

	2 
	2 

	88 
	88 

	0 
	0 

	7 
	7 

	N/A


	N/A




	Speed command 
	Speed command 
	Speed command 

	0108:55 
	0108:55 

	N/A 
	N/A 

	N/A 
	N/A 

	N/A 
	N/A 

	N/A 
	N/A 

	N/A 
	N/A 

	15


	15




	T8 
	T8 
	T8 

	0108:57 
	0108:57 

	106 
	106 

	3 
	3 

	88 
	88 

	0 
	0 

	8 
	8 

	N/A


	N/A




	Odometer reset 
	Odometer reset 
	Odometer reset 

	0109:30 
	0109:30 

	N/A 
	N/A 

	N/A 
	N/A 

	N/A 
	N/A 

	N/A 
	N/A 

	N/A 
	N/A 

	8


	8




	Speed command 
	Speed command 
	Speed command 

	0109:30 
	0109:30 

	N/A 
	N/A 

	N/A 
	N/A 

	N/A 
	N/A 

	N/A 
	N/A 

	N/A 
	N/A 

	1.50 mph -

Couple


	1.50 mph -

Couple




	Speed command 
	Speed command 
	Speed command 

	0109:31 
	0109:31 

	N/A 
	N/A 

	N/A 
	N/A 

	N/A 
	N/A 

	N/A 
	N/A 

	N/A 
	N/A 

	Coast***


	Coast***




	T1 
	T1 
	T1 

	0109:32 
	0109:32 

	475 
	475 

	10 
	10 

	88 
	88 

	0 
	0 

	1 
	1 

	N/A


	N/A




	Idle 
	Idle 
	Idle 

	0109:35 
	0109:35 

	528 
	528 

	10 
	10 

	88 
	88 

	0 
	0 

	Idle 
	Idle 

	N/A


	N/A




	Speed command 
	Speed command 
	Speed command 

	0109:54 
	0109:54 

	N/A 
	N/A 

	N/A 
	N/A 

	N/A 
	N/A 

	N/A 
	N/A 

	N/A 
	N/A 

	15


	15




	T3 
	T3 
	T3 

	0109:56 
	0109:56 

	792 
	792 

	8 
	8 

	88 
	88 

	0 
	0 

	3 
	3 

	N/A


	N/A




	T4 
	T4 
	T4 

	0110:03 
	0110:03 

	845 
	845 

	8 
	8 

	88 
	88 

	0 
	0 

	4 
	4 

	N/A


	N/A




	T5 
	T5 
	T5 

	0110:06 
	0110:06 

	898 
	898 

	8 
	8 

	88 
	88 

	0 
	0 

	5 
	5 

	N/A


	N/A




	T6 
	T6 
	T6 

	0110:10 
	0110:10 

	950 
	950 

	8 
	8 

	88 
	88 

	0 
	0 

	6 
	6 

	N/A


	N/A




	T7 
	T7 
	T7 

	0110:13 
	0110:13 

	950 
	950 

	8 
	8 

	88 
	88 

	0 
	0 

	7 
	7 

	N/A


	N/A




	T8 
	T8 
	T8 

	0110:16 
	0110:16 

	1003 
	1003 

	9 
	9 

	88 
	88 

	0 
	0 

	8 
	8 

	N/A


	N/A




	T8 (likely event) 
	T8 (likely event) 
	T8 (likely event) 

	0110:19 
	0110:19 

	1043 
	1043 

	9 
	9 

	88 
	88 

	0 
	0 

	8 
	8 

	N/A


	N/A




	Loss of communication

between OCU and CN

6020


	Loss of communication

between OCU and CN

6020


	Loss of communication

between OCU and CN

6020



	0110:29 
	0110:29 

	1166 
	1166 

	10 
	10 

	88 
	88 

	0 
	0 

	8 
	8 

	15


	15




	Transition from throttle 8

to Idle that automatically

occurs after a loss of

communication


	Transition from throttle 8

to Idle that automatically

occurs after a loss of

communication


	Transition from throttle 8

to Idle that automatically

occurs after a loss of

communication



	0110:30 
	0110:30 

	N/A 
	N/A 

	N/A 
	N/A 

	N/A 
	N/A 

	N/A 
	N/A 

	N/A 
	N/A 

	15


	15




	Idle 
	Idle 
	Idle 

	0110:31 
	0110:31 

	1219 
	1219 

	11 
	11 

	88 
	88 

	0 
	0 

	Idle 
	Idle 

	N/A


	N/A




	Full service air brake

application initiates

automatically


	Full service air brake

application initiates

automatically


	Full service air brake

application initiates

automatically



	0110:35 
	0110:35 

	1267 
	1267 

	11 
	11 

	86 
	86 

	0 
	0 

	Idle 
	Idle 

	N/A
	N/A




	Event 
	Event 
	Event 
	Event 
	Event 

	Time

(hm:s)


	Time

(hm:s)



	Distance

traveled

(feet)


	Distance

traveled

(feet)



	Speed


	Speed


	(mph)



	BPP*


	BPP*


	(psi)



	BCP**


	BCP**


	(psi)



	LER


	LER


	throttle



	OCU***


	OCU***


	command





	Independent brake

application


	Independent brake

application


	Independent brake

application


	Independent brake

application



	0110:36 
	0110:36 

	1267 
	1267 

	11 
	11 

	84 
	84 

	5 
	5 

	Idle 
	Idle 

	N/A


	N/A




	BCP build-up as air brakes

automatically apply


	BCP build-up as air brakes

automatically apply


	BCP build-up as air brakes

automatically apply



	0110:37 
	0110:37 

	1320 
	1320 

	11 
	11 

	82 
	82 

	10 
	10 

	Idle 
	Idle 

	N/A


	N/A




	BCP 15 psi 
	BCP 15 psi 
	BCP 15 psi 

	0110:38 
	0110:38 

	1320 
	1320 

	10 
	10 

	82 
	82 

	15 
	15 

	Idle 
	Idle 

	N/A


	N/A




	BCP 20 psi 
	BCP 20 psi 
	BCP 20 psi 

	0110:39 
	0110:39 

	1320 
	1320 

	10 
	10 

	80 
	80 

	20 
	20 

	Idle 
	Idle 

	N/A


	N/A




	BCP 25 psi 
	BCP 25 psi 
	BCP 25 psi 

	0110:41 
	0110:41 

	1373 
	1373 

	9 
	9 

	78 
	78 

	25 
	25 

	Idle 
	Idle 

	N/A


	N/A




	BCP 31 psi 
	BCP 31 psi 
	BCP 31 psi 

	0110:41 
	0110:41 

	1373 
	1373 

	9 
	9 

	76 
	76 

	31 
	31 

	Idle 
	Idle 

	N/A


	N/A




	BCP 36 psi 
	BCP 36 psi 
	BCP 36 psi 

	0110:42 
	0110:42 

	1373 
	1373 

	9 
	9 

	76 
	76 

	36 
	36 

	Idle 
	Idle 

	N/A


	N/A




	BCP 41 psi 
	BCP 41 psi 
	BCP 41 psi 

	0110:43 
	0110:43 

	1373 
	1373 

	8 
	8 

	75 
	75 

	41 
	41 

	Idle 
	Idle 

	N/A


	N/A




	BCP 46 psi 
	BCP 46 psi 
	BCP 46 psi 

	0110:44 
	0110:44 

	1373 
	1373 

	8 
	8 

	75 
	75 

	46 
	46 

	Idle 
	Idle 

	N/A


	N/A




	BCP 51 psi 
	BCP 51 psi 
	BCP 51 psi 

	0110:44 
	0110:44 

	1373 
	1373 

	8 
	8 

	73 
	73 

	51 
	51 

	Idle 
	Idle 

	N/A


	N/A




	BCP 56 psi 
	BCP 56 psi 
	BCP 56 psi 

	0110:45 
	0110:45 

	1426 
	1426 

	8 
	8 

	73 
	73 

	56 
	56 

	Idle 
	Idle 

	N/A


	N/A




	BCP 61 psi 
	BCP 61 psi 
	BCP 61 psi 

	0110:46 
	0110:46 

	1426 
	1426 

	7 
	7 

	71 
	71 

	61 
	61 

	Idle 
	Idle 

	N/A


	N/A




	BCP 67 psi 
	BCP 67 psi 
	BCP 67 psi 

	0110:47 
	0110:47 

	1426 
	1426 

	7 
	7 

	69 
	69 

	67 
	67 

	Idle 
	Idle 

	N/A


	N/A




	BCP 72 psi 
	BCP 72 psi 
	BCP 72 psi 

	0110:47 
	0110:47 

	1426 
	1426 

	7 
	7 

	69 
	69 

	72 
	72 

	Idle 
	Idle 

	N/A


	N/A




	BCP 77 psi 
	BCP 77 psi 
	BCP 77 psi 

	0110:48 
	0110:48 

	1426 
	1426 

	6 
	6 

	67 
	67 

	77 
	77 

	Idle 
	Idle 

	N/A


	N/A




	Max independent brake 
	Max independent brake 
	Max independent brake 

	0110:49 
	0110:49 

	1426 
	1426 

	5 
	5 

	67 
	67 

	82 
	82 

	Idle 
	Idle 

	N/A


	N/A




	Stop 
	Stop 
	Stop 

	0110:57 
	0110:57 

	1478 
	1478 

	0 
	0 

	55 
	55 

	82 
	82 

	Idle 
	Idle 

	N/A


	N/A






	* BPP: brake pipe pressure


	** BCP: brake cylinder pressure

  
	*** Coast: This generally means to coast with no throttle or brake applied by the operator. However, the

system has the ability to automatically apply brakes as necessary in order to maintain selected speed,

when accelerating due to train action or on a descending grade. If the remote control locomotive system

(RCLS) is left in the Coast setting, the movement will eventually coast to a stop because as the speed

decreases, the lower speed becomes the maximum speed that the RCLS will permit without applying

brakes.


	**** OCU: operator control unit
	Appendix C – Maximum buff and draft forces for cars 24 to 29 for all simulations

 
	 
	Consist 
	Consist 
	Consist 
	Consist 
	Consist 

	Track and handling 
	Track and handling 

	Force type 
	Force type 

	Maximum forces on listed vehicle (kips)


	Maximum forces on listed vehicle (kips)





	Entire train

(vehicle)


	Entire train

(vehicle)


	TH
	TD
	TD
	Entire train

(vehicle)


	Entire train

(vehicle)



	Vehicle 27

(car 24)


	Vehicle 27

(car 24)



	Vehicle 28

(car 25)


	Vehicle 28

(car 25)



	Vehicle 29

(car 26)


	Vehicle 29

(car 26)



	Vehicle 30

(car 27)


	Vehicle 30

(car 27)



	Vehicle 31

(car 28)


	Vehicle 31

(car 28)



	Vehicle 32

(car 29)


	Vehicle 32

(car 29)




	Incident train: 2 locomotives,

1 slug, 82 cars, 6574 tons


	Incident train: 2 locomotives,

1 slug, 82 cars, 6574 tons


	Incident train: 2 locomotives,

1 slug, 82 cars, 6574 tons



	Actual track: Actual handling

based on event recorder


	Actual track: Actual handling

based on event recorder



	Draft 
	Draft 

	240 (3) 
	240 (3) 

	228 
	228 

	229 
	229 

	230 
	230 

	231 
	231 

	231 
	231 

	231


	231




	Buff 
	TH
	TD
	Buff 
	Buff 

	−207 (62) 
	−207 (62) 

	−125 
	−125 

	−133 
	−133 

	−136 
	−136 

	−139 
	−139 

	−143 
	−143 

	−146


	−146




	Incident train: 2 locomotives,

1 slug, 82 cars, 6574 tons


	Incident train: 2 locomotives,

1 slug, 82 cars, 6574 tons


	Incident train: 2 locomotives,

1 slug, 82 cars, 6574 tons



	Actual track: Actual handling

based on event recorder with

1 hand brake applied on

vehicle 66 (car 63)


	Actual track: Actual handling

based on event recorder with

1 hand brake applied on

vehicle 66 (car 63)



	Draft 
	Draft 

	275 (17) 
	275 (17) 

	261 
	261 

	259 
	259 

	257 
	257 

	255 
	255 

	253 
	253 

	249


	249




	Buff 
	TH
	TD
	Buff 
	Buff 

	−181 (61) 
	−181 (61) 

	−111 
	−111 

	−119 
	−119 

	−122 
	−122 

	−124 
	−124 

	−127 
	−127 

	−129


	−129




	Incident train: 2 locomotives,

1 slug, 82 cars, 6574 tons


	Incident train: 2 locomotives,

1 slug, 82 cars, 6574 tons


	Incident train: 2 locomotives,

1 slug, 82 cars, 6574 tons



	Actual track: Actual handling

based on event recorder with

vehicle 66 (car 63) in

emergency


	Actual track: Actual handling

based on event recorder with

vehicle 66 (car 63) in

emergency



	Draft 
	Draft 

	257 (13) 
	257 (13) 

	247 
	247 

	245 
	245 

	244 
	244 

	244 
	244 

	246 
	246 

	246


	246




	Buff 
	TH
	TD
	Buff 
	Buff 

	−138 (67) 
	−138 (67) 

	−95 
	−95 

	−115 
	−115 

	−109 
	−109 

	−112 
	−112 

	−109 
	−109 

	−108


	−108




	Incident train: 2 locomotives,

1 slug, 82 cars, 6574 tons


	Incident train: 2 locomotives,

1 slug, 82 cars, 6574 tons


	Incident train: 2 locomotives,

1 slug, 82 cars, 6574 tons



	Actual track: Gradual

throttling up to RUN 4

maximum


	Actual track: Gradual

throttling up to RUN 4

maximum



	Draft 
	Draft 

	117 (3) 
	117 (3) 

	81 
	81 

	81 
	81 

	81 
	81 

	81 
	81 

	81 
	81 

	82


	82




	Buff 
	TH
	TD
	Buff 
	Buff 

	−21 (2) 
	−21 (2) 

	−8 
	−8 

	−11 
	−11 

	−4 
	−4 

	−3 
	−3 

	0 
	0 

	0


	0




	Reduced-tonnage train:

2 locomotives, 1 slug, 67 cars,

5246 tons


	Reduced-tonnage train:

2 locomotives, 1 slug, 67 cars,

5246 tons


	Reduced-tonnage train:

2 locomotives, 1 slug, 67 cars,

5246 tons



	Actual track: Actual handling

based on event recorder


	Actual track: Actual handling

based on event recorder



	Draft 
	Draft 

	227 (17) 
	227 (17) 

	216 
	216 

	216 
	216 

	216 
	216 

	216 
	216 

	217 
	217 

	217


	217




	Buff 
	TH
	TD
	Buff 
	Buff 

	−168 (51) 
	−168 (51) 

	−129 
	−129 

	−139 
	−139 

	−143 
	−143 

	−147 
	−147 

	−150 
	−150 

	−153


	−153




	Reduced-tonnage train:

2 locomotives, 1 slug, 67 cars,

5246 tons


	Reduced-tonnage train:

2 locomotives, 1 slug, 67 cars,

5246 tons


	Reduced-tonnage train:

2 locomotives, 1 slug, 67 cars,

5246 tons



	Actual track: Gradual

throttling up to RUN 4

maximum


	Actual track: Gradual

throttling up to RUN 4

maximum



	Draft 
	Draft 

	109 (3) 
	109 (3) 

	70 
	70 

	69 
	69 

	69 
	69 

	69 
	69 

	68 
	68 

	67


	67




	Buff 
	TH
	TD
	Buff 
	Buff 

	−20 (51) 
	−20 (51) 

	−8 
	−8 

	−11 
	−11 

	−4 
	−4 

	−3 
	−3 

	0 
	0 

	0


	0




	Incident train: 2 locomotives,

1 slug, 82 cars, 6574 tons


	Incident train: 2 locomotives,

1 slug, 82 cars, 6574 tons


	Incident train: 2 locomotives,

1 slug, 82 cars, 6574 tons



	Incident curve reduced to 12

degrees: Actual handling

based on event recorder


	Incident curve reduced to 12

degrees: Actual handling

based on event recorder



	Draft 
	Draft 

	249 (15) 
	249 (15) 

	228 
	228 

	222 
	222 

	223 
	223 

	224 
	224 

	224 
	224 

	223


	223




	Buff 
	TH
	TD
	Buff 
	Buff 

	−195 (55) 
	−195 (55) 

	−141 
	−141 

	−160 
	−160 

	−165 
	−165 

	−173 
	−173 

	−175 
	−175 

	−177


	−177






	Source: TSB, based on data from Engineering Systems Incorporated
	  
	 
	Appendix D – Maximum lateral-to-vertical (L/V) ratios for cars 24 to 29 for all simulations


	Consist 
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	Consist 
	Consist 
	Consist 

	Handling 
	Handling 
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(car)
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	Front

left

wheel


	Front
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wheel


	TH
	TD
	TD
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wheel


	Front

left

wheel
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right

wheel


	Front

right

wheel
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left

wheel


	Rear

left

wheel



	Rear

right

wheel
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right

wheel



	Truckside
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	Truckside
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	Truckside
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	Truckside

right



	Front

left

wheel


	Front

left

wheel



	Front

right

wheel


	Front

right

wheel



	Rear

left

wheel


	Rear

left

wheel



	Rear

right

wheel


	Rear

right

wheel



	Truckside

left


	Truckside

left



	Truckside

right


	Truckside

right




	Incident

train: 2

locomotives,

1 slug, 82

cars, 6574

tons

 
	Incident

train: 2

locomotives,

1 slug, 82

cars, 6574

tons

 
	Incident

train: 2

locomotives,

1 slug, 82

cars, 6574

tons

 

	Actual track:

Actual

handling

based on

event recorder

 
	Actual track:

Actual

handling

based on

event recorder

 

	27 (24) 
	27 (24) 

	0.35 
	0.35 

	0.42 
	0.42 

	0.29 
	0.29 

	0.18 
	0.18 

	0.32 
	0.32 

	0.30 
	0.30 

	0.35 
	0.35 

	0.45 
	0.45 

	0.21 
	0.21 

	0.12 
	0.12 

	0.28 
	0.28 

	0.29


	0.29




	28 (25) 
	TH
	TD
	28 (25) 
	28 (25) 

	0.52 
	0.52 

	0.86 
	0.86 

	0.79 
	0.79 

	0.66 
	0.66 

	0.66 
	0.66 

	0.76 
	0.76 

	0.52 
	0.52 

	0.58 
	0.58 

	0.65 
	0.65 

	0.28 
	0.28 

	0.58 
	0.58 

	0.43


	0.43




	29 (26) 
	TH
	TD
	29 (26) 
	29 (26) 

	0.39 
	0.39 

	0.77 
	0.77 

	0.60 
	0.60 

	0.59 
	0.59 

	0.50 
	0.50 

	0.68 
	0.68 

	0.52 
	0.52 

	0.62 
	0.62 

	0.66 
	0.66 

	0.51 
	0.51 

	0.59 
	0.59 

	0.57


	0.57




	30 (27) 
	TH
	TD
	30 (27) 
	30 (27) 

	0.57 
	0.57 

	0.68 
	0.68 

	0.87 
	0.87 

	0.39 
	0.39 

	0.72 
	0.72 

	0.54 
	0.54 

	0.71 
	0.71 

	0.56 
	0.56 

	0.89 
	0.89 

	0.29 
	0.29 

	0.80 
	0.80 

	0.41


	0.41




	31 (28) 
	TH
	TD
	31 (28) 
	31 (28) 

	0.72 
	0.72 

	−0.81 
	−0.81 

	0.92 
	0.92 

	0.55 
	0.55 

	0.82 
	0.82 

	0.63 
	0.63 

	0.84 
	0.84 

	0.62 
	0.62 

	1.01 
	1.01 

	0.59 
	0.59 

	0.93 
	0.93 

	0.60


	0.60




	32 (29) 
	TH
	TD
	32 (29) 
	32 (29) 

	0.52 
	0.52 

	0.58 
	0.58 

	0.77 
	0.77 

	−0.22 
	−0.22 

	0.65 
	0.65 

	0.40 
	0.40 

	0.35 
	0.35 

	0.45 
	0.45 

	0.14 
	0.14 

	0.07 
	0.07 

	0.24 
	0.24 

	0.25


	0.25




	Incident

train: 2

locomotives,

1 slug, 82

cars, 6574

tons


	Incident

train: 2

locomotives,

1 slug, 82

cars, 6574

tons


	Incident

train: 2

locomotives,

1 slug, 82

cars, 6574

tons



	Actual track:

Actual

handling

based on

event recorder

with 1 hand

brake applied

on vehicle 66

(car 63)


	Actual track:

Actual

handling

based on

event recorder

with 1 hand

brake applied

on vehicle 66

(car 63)



	27 (24) 
	27 (24) 

	0.35 
	0.35 

	0.42 
	0.42 

	0.29 
	0.29 

	0.18 
	0.18 

	0.32 
	0.32 

	0.30 
	0.30 

	0.35 
	0.35 

	0.44 
	0.44 

	0.19 
	0.19 

	0.11 
	0.11 

	0.27 
	0.27 

	0.28


	0.28




	28 (25) 
	TH
	TD
	28 (25) 
	28 (25) 

	0.50 
	0.50 

	0.78 
	0.78 

	0.77 
	0.77 

	0.52 
	0.52 

	0.64 
	0.64 

	0.65 
	0.65 

	0.51 
	0.51 

	0.56 
	0.56 

	0.64 
	0.64 

	0.22 
	0.22 

	0.58 
	0.58 

	0.39


	0.39




	29 (26) 
	TH
	TD
	29 (26) 
	29 (26) 

	0.52 
	0.52 

	0.74 
	0.74 

	0.77 
	0.77 

	0.51 
	0.51 

	0.65 
	0.65 

	0.62 
	0.62 

	0.59 
	0.59 

	0.61 
	0.61 

	0.76 
	0.76 

	0.47 
	0.47 

	0.68 
	0.68 

	0.55


	0.55




	30 (27) 
	TH
	TD
	30 (27) 
	30 (27) 

	0.79 
	0.79 

	−0.83 
	−0.83 

	1.12 
	1.12 

	0.30 
	0.30 

	0.93 
	0.93 

	−0.53 
	−0.53 

	0.98 
	0.98 

	0.52 
	0.52 

	1.13 
	1.13 

	0.16 
	0.16 

	1.06 
	1.06 

	0.34


	0.34




	31 (28) 
	TH
	TD
	31 (28) 
	31 (28) 

	0.42 
	0.42 

	0.69 
	0.69 

	0.70 
	0.70 

	0.50 
	0.50 

	0.57 
	0.57 

	0.59 
	0.59 

	0.59 
	0.59 

	0.61 
	0.61 

	0.76 
	0.76 

	0.56 
	0.56 

	0.68 
	0.68 

	0.59


	0.59




	32 (29) 
	TH
	TD
	32 (29) 
	32 (29) 

	0.69 
	0.69 

	−0.77 
	−0.77 

	0.91 
	0.91 

	−0.23 
	−0.23 

	0.80 
	0.80 

	−0.54 
	−0.54 

	0.35 
	0.35 

	0.45 
	0.45 

	0.14 
	0.14 

	0.07 
	0.07 

	0.24 
	0.24 

	0.25


	0.25




	Incident

train: 2

locomotives,

1 slug, 82

cars, 6574

tons


	Incident

train: 2

locomotives,

1 slug, 82

cars, 6574

tons


	Incident

train: 2

locomotives,

1 slug, 82

cars, 6574

tons



	Actual track:

Actual

handling

based on

event recorder

with vehicle

66 (car 63) in

emergency


	Actual track:

Actual

handling

based on

event recorder

with vehicle

66 (car 63) in

emergency



	27 (24) 
	27 (24) 

	0.35 
	0.35 

	0.42 
	0.42 

	0.29 
	0.29 

	0.18 
	0.18 

	0.32 
	0.32 

	0.30 
	0.30 

	0.35 
	0.35 

	0.45 
	0.45 

	0.18 
	0.18 

	0.12 
	0.12 

	0.26 
	0.26 

	0.29


	0.29




	28 (25) 
	TH
	TD
	28 (25) 
	28 (25) 

	0.55 
	0.55 

	0.64 
	0.64 

	0.82 
	0.82 

	0.25 
	0.25 

	0.69 
	0.69 

	0.45 
	0.45 

	0.54 
	0.54 

	0.58 
	0.58 

	0.68 
	0.68 

	0.30 
	0.30 

	0.62 
	0.62 

	0.43


	0.43




	29 (26) 
	TH
	TD
	29 (26) 
	29 (26) 

	0.82 
	0.82 

	−0.95 
	−0.95 

	1.10 
	1.10 

	0.37 
	0.37 

	0.95 
	0.95 

	−0.62 
	−0.62 

	1.00 
	1.00 

	0.62 
	0.62 

	1.14 
	1.14 

	0.53 
	0.53 

	1.08 
	1.08 

	0.58


	0.58




	30 (27) 
	TH
	TD
	30 (27) 
	30 (27) 

	0.50 
	0.50 

	−0.58 
	−0.58 

	0.76 
	0.76 

	−0.19 
	−0.19 

	0.64 
	0.64 

	−0.42 
	−0.42 

	0.60 
	0.60 

	0.51 
	0.51 

	0.75 
	0.75 

	0.20 
	0.20 

	0.68 
	0.68 

	0.35


	0.35




	31 (28) 
	TH
	TD
	31 (28) 
	31 (28) 

	0.75 
	0.75 

	−0.76 
	−0.76 

	0.98 
	0.98 

	0.34 
	0.34 

	0.87 
	0.87 

	−0.50 
	−0.50 

	0.88 
	0.88 

	0.59 
	0.59 

	1.03 
	1.03 

	0.53 
	0.53 

	0.95 
	0.95 

	0.56


	0.56




	32 (29) 
	TH
	TD
	32 (29) 
	32 (29) 

	0.44 
	0.44 

	0.60 
	0.60 

	0.68 
	0.68 

	−0.20 
	−0.20 

	0.56 
	0.56 

	0.40 
	0.40 

	0.35 
	0.35 

	0.44 
	0.44 

	0.15 
	0.15 

	0.07 
	0.07 

	0.25 
	0.25 

	0.25
	0.25




	Incident

train: 2

locomotives,

1 slug, 82

cars, 6574

tons


	Incident

train: 2

locomotives,

1 slug, 82

cars, 6574

tons


	Incident

train: 2

locomotives,

1 slug, 82

cars, 6574

tons


	Incident

train: 2

locomotives,

1 slug, 82

cars, 6574

tons


	Incident

train: 2

locomotives,

1 slug, 82

cars, 6574

tons



	Actual track:

Gradual

throttling up

to RUN 4

maximum


	Actual track:

Gradual

throttling up

to RUN 4

maximum



	27 (24) 
	27 (24) 

	0.35 
	0.35 

	0.42 
	0.42 

	0.29 
	0.29 

	0.18 
	0.18 

	0.32 
	0.32 

	0.30 
	0.30 

	0.35 
	0.35 

	0.42 
	0.42 

	0.20 
	0.20 

	0.09 
	0.09 

	0.27 
	0.27 

	0.26


	0.26




	28 (25) 
	TH
	TD
	28 (25) 
	28 (25) 

	0.37 
	0.37 

	0.45 
	0.45 

	0.53 
	0.53 

	−0.13 
	−0.13 

	0.45 
	0.45 

	0.25 
	0.25 

	0.35 
	0.35 

	0.47 
	0.47 

	0.40 
	0.40 

	0.11 
	0.11 

	0.38 
	0.38 

	0.26


	0.26




	29 (26) 
	TH
	TD
	29 (26) 
	29 (26) 

	0.35 
	0.35 

	0.49 
	0.49 

	0.43 
	0.43 

	−0.11 
	−0.11 

	0.39 
	0.39 

	0.29 
	0.29 

	0.35 
	0.35 

	0.47 
	0.47 

	0.40 
	0.40 

	0.11 
	0.11 

	0.38 
	0.38 

	0.27


	0.27




	30 (27) 
	TH
	TD
	30 (27) 
	30 (27) 

	0.35 
	0.35 

	0.49 
	0.49 

	0.43 
	0.43 

	−0.12 
	−0.12 

	0.39 
	0.39 

	0.28 
	0.28 

	0.39 
	0.39 

	0.47 
	0.47 

	0.45 
	0.45 

	−0.11 
	−0.11 

	0.42 
	0.42 

	0.27


	0.27




	31 (28) 
	TH
	TD
	31 (28) 
	31 (28) 

	0.35 
	0.35 

	0.49 
	0.49 

	0.39 
	0.39 

	−0.11 
	−0.11 

	0.37 
	0.37 

	0.29 
	0.29 

	0.35 
	0.35 

	0.46 
	0.46 

	0.33 
	0.33 

	−0.11 
	−0.11 

	0.34 
	0.34 

	0.26


	0.26




	32 (29) 
	TH
	TD
	32 (29) 
	32 (29) 

	0.35 
	0.35 

	0.48 
	0.48 

	0.34 
	0.34 

	0.09 
	0.09 

	0.35 
	0.35 

	0.29 
	0.29 

	0.35 
	0.35 

	0.44 
	0.44 

	0.15 
	0.15 

	0.06 
	0.06 

	0.25 
	0.25 

	0.25


	0.25




	Reduced�tonnage

train: 2

locomotives,

1 slug, 67

cars, 5246

tons


	Reduced�tonnage

train: 2

locomotives,

1 slug, 67

cars, 5246

tons


	Reduced�tonnage

train: 2

locomotives,

1 slug, 67

cars, 5246

tons



	Actual track:

Actual

handling

based on

event recorder


	Actual track:

Actual

handling

based on

event recorder



	27 (24) 
	27 (24) 

	0.35 
	0.35 

	0.42 
	0.42 

	0.29 
	0.29 

	0.18 
	0.18 

	0.32 
	0.32 

	0.30 
	0.30 

	0.35 
	0.35 

	0.42 
	0.42 

	0.20 
	0.20 

	0.10 
	0.10 

	0.28 
	0.28 

	0.26


	0.26




	28 (25) 
	TH
	TD
	28 (25) 
	28 (25) 

	0.37 
	0.37 

	0.45 
	0.45 

	0.53 
	0.53 

	−0.13 
	−0.13 

	0.45 
	0.45 

	0.25 
	0.25 

	0.44 
	0.44 

	0.63 
	0.63 

	0.54 
	0.54 

	0.24 
	0.24 

	0.49 
	0.49 

	0.44


	0.44




	29 (26) 
	TH
	TD
	29 (26) 
	29 (26) 

	0.35 
	0.35 

	0.49 
	0.49 

	0.43 
	0.43 

	−0.11 
	−0.11 

	0.39 
	0.39 

	0.29 
	0.29 

	0.43 
	0.43 

	0.63 
	0.63 

	0.54 
	0.54 

	0.54 
	0.54 

	0.49 
	0.49 

	0.59


	0.59




	30 (27) 
	TH
	TD
	30 (27) 
	30 (27) 

	0.35 
	0.35 

	0.49 
	0.49 

	0.43 
	0.43 

	−0.12 
	−0.12 

	0.39 
	0.39 

	0.28 
	0.28 

	0.72 
	0.72 

	0.60 
	0.60 

	0.90 
	0.90 

	0.45 
	0.45 

	0.82 
	0.82 

	0.53


	0.53




	31 (28) 
	TH
	TD
	31 (28) 
	31 (28) 

	0.35 
	0.35 

	0.49 
	0.49 

	0.39 
	0.39 

	−0.11 
	−0.11 

	0.37 
	0.37 

	0.29 
	0.29 

	0.52 
	0.52 

	0.62 
	0.62 

	0.68 
	0.68 

	0.60 
	0.60 

	0.61 
	0.61 

	0.61


	0.61




	32 (29) 
	TH
	TD
	32 (29) 
	32 (29) 

	0.35 
	0.35 

	0.48 
	0.48 

	0.34 
	0.34 

	0.09 
	0.09 

	0.35 
	0.35 

	0.29 
	0.29 

	0.35 
	0.35 

	0.45 
	0.45 

	0.14 
	0.14 

	0.07 
	0.07 

	0.24 
	0.24 

	0.25


	0.25




	Reduced�tonnage

train: 2

locomotives,

1 slug, 67

cars, 5246

tons


	Reduced�tonnage

train: 2

locomotives,

1 slug, 67

cars, 5246

tons


	Reduced�tonnage

train: 2

locomotives,

1 slug, 67

cars, 5246

tons



	Actual track:

Gradual

throttling up

to RUN 4

maximum


	Actual track:

Gradual

throttling up

to RUN 4

maximum



	27 (24) 
	27 (24) 

	0.35 
	0.35 

	0.42 
	0.42 

	0.29 
	0.29 

	0.18 
	0.18 

	0.32 
	0.32 

	0.30 
	0.30 

	0.35 
	0.35 

	0.42 
	0.42 

	0.19 
	0.19 

	0.09 
	0.09 

	0.27 
	0.27 

	0.26


	0.26




	28 (25) 
	TH
	TD
	28 (25) 
	28 (25) 

	0.36 
	0.36 

	0.46 
	0.46 

	0.49 
	0.49 

	−0.12 
	−0.12 

	0.43 
	0.43 

	0.25 
	0.25 

	0.35 
	0.35 

	0.47 
	0.47 

	0.36 
	0.36 

	0.10 
	0.10 

	0.36 
	0.36 

	0.27


	0.27




	29 (26) 
	TH
	TD
	29 (26) 
	29 (26) 

	0.35 
	0.35 

	0.49 
	0.49 

	0.40 
	0.40 

	−0.11 
	−0.11 

	0.38 
	0.38 

	0.29 
	0.29 

	0.35 
	0.35 

	0.46 
	0.46 

	0.36 
	0.36 

	0.10 
	0.10 

	0.35 
	0.35 

	0.26


	0.26




	30 (27) 
	TH
	TD
	30 (27) 
	30 (27) 

	0.35 
	0.35 

	0.49 
	0.49 

	0.40 
	0.40 

	−0.09 
	−0.09 

	0.38 
	0.38 

	0.29 
	0.29 

	0.35 
	0.35 

	0.46 
	0.46 

	0.37 
	0.37 

	−0.11 
	−0.11 

	0.36 
	0.36 

	0.26


	0.26




	31 (28) 
	TH
	TD
	31 (28) 
	31 (28) 

	0.35 
	0.35 

	0.49 
	0.49 

	0.38 
	0.38 

	−0.10 
	−0.10 

	0.37 
	0.37 

	0.29 
	0.29 

	0.35 
	0.35 

	0.46 
	0.46 

	0.32 
	0.32 

	−0.10 
	−0.10 

	0.33 
	0.33 

	0.26


	0.26




	32 (29) 
	TH
	TD
	32 (29) 
	32 (29) 

	0.35 
	0.35 

	0.48 
	0.48 

	0.34 
	0.34 

	0.07 
	0.07 

	0.34 
	0.34 

	0.29 
	0.29 

	0.35 
	0.35 

	0.44 
	0.44 

	0.15 
	0.15 

	0.06 
	0.06 

	0.25 
	0.25 

	0.25


	0.25




	Incident

train: 2

locomotives,

1 slug, 82

cars, 6574

tons


	Incident

train: 2

locomotives,

1 slug, 82

cars, 6574

tons


	Incident

train: 2

locomotives,

1 slug, 82

cars, 6574

tons



	Incident curve

reduced to 12

degrees:

Actual

handling

based on

event recorder


	Incident curve

reduced to 12

degrees:

Actual

handling

based on

event recorder



	27 (24) 
	27 (24) 

	0.35 
	0.35 

	0.40 
	0.40 

	0.21 
	0.21 

	0.11 
	0.11 

	0.28 
	0.28 

	0.26 
	0.26 

	0.35 
	0.35 

	0.39 
	0.39 

	0.15 
	0.15 

	0.05 
	0.05 

	0.24 
	0.24 

	0.22


	0.22




	28 (25) 
	TH
	TD
	28 (25) 
	28 (25) 

	0.52 
	0.52 

	0.88 
	0.88 

	0.79 
	0.79 

	0.80 
	0.80 

	0.66 
	0.66 

	0.84 
	0.84 

	0.50 
	0.50 

	0.61 
	0.61 

	0.63 
	0.63 

	0.52 
	0.52 

	0.57 
	0.57 

	0.57


	0.57




	29 (26) 
	TH
	TD
	29 (26) 
	29 (26) 

	0.40 
	0.40 

	0.70 
	0.70 

	0.60 
	0.60 

	0.48 
	0.48 

	0.50 
	0.50 

	0.59 
	0.59 

	0.51 
	0.51 

	0.63 
	0.63 

	0.64 
	0.64 

	0.59 
	0.59 

	0.58 
	0.58 

	0.61


	0.61




	30 (27) 
	TH
	TD
	30 (27) 
	30 (27) 

	0.44 
	0.44 

	0.71 
	0.71 

	0.65 
	0.65 

	0.50 
	0.50 

	0.55 
	0.55 

	0.60 
	0.60 

	0.55 
	0.55 

	0.61 
	0.61 

	0.69 
	0.69 

	0.53 
	0.53 

	0.62 
	0.62 

	0.57


	0.57




	31 (28) 
	TH
	TD
	31 (28) 
	31 (28) 

	0.55 
	0.55 

	0.72 
	0.72 

	0.84 
	0.84 

	0.53 
	0.53 

	0.70 
	0.70 

	0.62 
	0.62 

	0.65 
	0.65 

	0.62 
	0.62 

	0.81 
	0.81 

	0.57 
	0.57 

	0.73 
	0.73 

	0.60


	0.60




	32 (29) 
	TH
	TD
	32 (29) 
	32 (29) 

	0.43 
	0.43 

	0.71 
	0.71 

	0.65 
	0.65 

	0.48 
	0.48 

	0.55 
	0.55 

	0.59 
	0.59 

	0.35 
	0.35 

	0.43 
	0.43 

	0.11 
	0.11 

	0.06 
	0.06 

	0.22 
	0.22 

	0.23


	0.23






	Source: TSB, based on data from Engineering Systems Incorporated



