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The Transport Accident Investigation Commission is an independent Crown entity established to
determine the circumstances and causes of accidents and incidentgth a view to avoiding similar
occurrences in the future. Accordingly it is inappropriate that reports should be used to assign fault or
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The Commission may make recommendations to improve transport safety. The cost of implementing
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These reports may beaprinted in whole or in part without charge, providing acknowledgement is
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Important notes

Nature of the final report

Thisfinal report has not been prepared for the purpose of supporting any criminal, civil or regulatory

action against any person or agency. The Transport Accident Investigation Commission Act 1990

makes this final report inadmissible as evidence in any proceedings withtekex cept i on of a Co
inquest.

Ownership of report

This report remains the intellectual property of the Transport Accident Investigation Commission.

This report may be reprinted in whole or in part without charge, provided that acknowledgement is enad
to the Transport Accident Investigation Commission.

Citations and referencing

I nformation derived from interviews during the Com
this final report. Documents that would normally be accessible to indug participants only and not

discoverable under the Official Information Act 1982 have been referenced as footnotes only. Other
documents referred to during the Commi ssionds inqu

Photographs, diagrams, pictures

Unless otherwise specified, photographs, diagrams and pictures included in théport are provided
by, and owned by, the Commission.

Verbal probability expressions

The expressions listed in the following table are used in this report to describe the degoéprobability
(or likelihood) that an event happened or a condition existed in support of a hypothesis.

Terminology Likelihood of the Equivalent terms
occurrence/outcome
(Adopted from the
IntergovernmentalPanel onQimate
Change)
Virtually certain > 99% probability of Almost certain
occurrence
Very likely > 90% probability Highly likely, very probable
Likely > 66% probability Probable
About as likely as not 33%to 66% probability More or less likely
Unlikely < 33% probability Improbable
Very unlikdy < 10% probability Highly unlikely

Exceptionally unlikely < 1% probability



1 - startand end point of Train 371 Kawerau
2 - first destination Murupara

3 - second destination Mount Manganui
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Abbreviations

Commission
ESS

GPS

km/h

KMC

m

RMO

Transport Accident Investigation Commission
Epworth Sleepiness Scale

global positioning system

kilometre(s) per hour

Kupe Mobile Controller

metre(s)

Rail Medical Officer
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Glossary

eProtect

compulsorystop boards

hirail vehicle

KMCmodule

Rail Medical Officer

rail protection officer

speed restriction

Train Control

Tranzlog

warningboards

work group

a system thatdetects whether a locomotive has failed to stop before
reachinga compulsorystop board. If this occurs it automatically

activates the emergency brakes on the locomotive, bringing the train

to a forced stop, thereby providing an independent blgp to the

driver

a set of boards protecting a worksite, at which all trains must stop
and obtain permission from the worksite rail protection officer to

pass

aroad vehicle fitted with retractable railvheelssuch that it can be
driven alongrail track and on/off track at level crossingsand other

suitable places

an electronicmodule on each locomotivef a train that monitors the

current location of the train against the locations of worksites across

NewZealand, which it receives over the mobile phone network.is

part of the eProtectsystem

a qualified GP engaged by KiwiRail to complete medical assessments

of employees and prospective employees in a specific locale.

the person in a work group who is responsible for all those working at
the worksite. They authorise worker access to the track and trains to

pass through the worksite once the track is confirmed clear as

required

a temporary eduction in line speed. The details of the speed,
location of the restriction and reasn are provided to driversn a daily

speed restriction bulletin

the National Train Control Centre in Wellingtaailway station, where
the movemens of trains and maintenance track occupancieare

authorised bytrain controllers

an on-board data recorder that logs details of a trafla speed,

location, control settings, etc

someti mes referred

t o, aaesies ofboartise r

placed ahead ofcompulsory stop boardgo indicate to atrain driver
that the train is approaching a worksite and will need tobe stopped
at the compulsory stop boardgsee Figure 8 forthe standard

positions of warning board$

a group of infrastructure workers who repair and upgrade track and

infrastructure
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Data summary

Vehicle particulars
Train type and number: DL9262 & Train 371 from Mount Maunganui to Kawerau
Classification diesel-electric freight locomotive
Manufacturer: Dalian, China
Year ofmanufacture: 2010+
Operator: KiwiRail
Consist: single DL locomotive with 30 mosthempty wood wagons

470 metres, 447 tonnes

Date and time 7 February2017 at 10151

Location Pongakawa, B of Plenty

Persons involved train driver andbridge work goup of three persons
Injuries none

Damage none

Weather clear and sunny

Kiwi Rail

o

Figurel
Diesel electric locomotive DL9262

1 Times in this report are New Zealand Daylight Saving Time-{dinated Universal ime +13 hours) and
are expressed in the 24hour mode.
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Executive summary

1.1.

1.2.

1.3

1.4.

1.5.

1.6.

1.7.

1.8.

On7 February 2017 work had begn onreplacinga support pile under a rail bridgeon a single
line section of trackbetween Mount Maunganui and Kawerau on the East Coast Main Trunk
line. Two sets of warning boards had been placed either side of the worksite to alert train
driversto the worksite ahead. Aset of compulsory stop boards had been placed 500 metres
from either side of theworksite, where traindriverswere required to stop and request
permission to enter the worksite from theail protection officer of the maintenance team.

At about 1000 a freight train wasen route from Mount Maunganui to Kawerau. The driver was
nearing the end ofa 10%-hour night shift. Later, the driver did not recall seeing any of the
warningor compulsory stop boards and only noticed the presence ahi-rail maintenance
vehicle beside the trackas the train was approaching the bridge The driverreduced the train
speed to 25 kilometres per hour shortly before crossing the bridge without authorisation.

Therail maintenance workers were working undehé bridge at the time, about to remove one
of the support piles. Nobody was injured and there was no damage to the train or bridge.

TheTransport Accident Investigatio@ommission(CommissionYound it likely that the driver
was experiencdnagt O uhieaintpdssiadstre pvaning and stop boards. The
driverwas later diagnosed as sufferinfrom a sleep disorderthat affects the quality ofsleep.
Additionally,the driverhad had difficulty sleeping the eveningrior to the incidentdue tothe

hot ambient temperature. The facthat the driverhad been awake formore than10 hours
through the night and was nearing the end dhe shift was also a factor

The train locomotive was fitted with globakpositioningbased safetysystem(eProtec) that
should have automatically applied the train brakes when the train failed to stop at the
compulsory stop board. The Commissioriound that this safety defencefailed due to an
unnoticed error within the deviceon board this particular locomotiveéhat was preventing it
utilising the global positioningsystend kcation of theworksite.

The Commission identified thresafety issues:

1 the KiwiRail medical assessment process did not ensure that the employee being
assessed completed the online medical qué®nnaire themselves. There is some
evidence that the system could potentially allow managers or others to complete the
guestionnaire on employee8behalf

1 KiwiRail did not have a maturdatigue risk managementsystemto ensurethat relevant
personnel perbrmed at adequate levels of alerthess

1 the eProtectKMC moduleon this locomotivehad been transmitting error messages for
three weeks before the incidentbut the activity database was not being monitored for
this type of error

KiwiRail tooka safety acton to address the issue with the eProtect system, and the Commission
made two recommendationsto KiwiRail to address issues with its medical assessment
progranmme and its fatigue risk management system.

Keylessonsarising from the inquiry were:

9 train drivers and other shift workers need to ensure that they are medically fit and
make appropriate lifestyle choices that will enhance the amount and quality thfeir
sleep, in order to avoid being fatigued dired while at work

1 transportoperators must ensurethat their staff are fully educatedon the factors that
can cause or contribute taheir becoming tired or fatigued while performing safety
critical roles

i technologicalsystems need to be fully tested and have undergone full failure mode
analysis if they aregoing to be relied on as safetgdefencesfor preventing accidents
and incidents
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2.  Conduct of the inquiry

2.1 The incident occurred at 1015 on Tuesday February 2017. The NZ Transport Agency notified
the Transport Accident Investigation Commission (Commissgigoon after the incident
occurred. The Commission opened an inquiry under section 13(1) of the Transport Accident
Investigation Commission Act 1990 to determine the circumstances and causes of iheident
and appointed an investigator in charge.

2.2. Commission investigators travelled ttK i wi Ra i | dumgamdideomingl anéllihe Pongakawa
incident site on Wednesday8 Februaryto conduct the site investigation

2.3. Commission investigators interviewed:
1 the locomotiveengineer (train driver)
1 the bridge work gioup?
1 the manufacturer of the eProtec? system

1 KiwiRaib sProtect databasesystem administrator

2.4.  Theinvestigatorsobtained documents and records for analysjsncluding
1  Tranzlog data from the train
1 acopy of the eProtechctivity database

1 documentationrelated to the specification,development, testingand introduction of,
training in and rollout of the eProtect system

1 records ofthe train driver® post-incident sleep study

2.5. The KMQKupe Mobile Controller) module5 from on board the locomotive was seizely the
Commission for forensic software and hardware analysis.

2.6. On 19 April 2018the Commissioners considered a draft report and approved it to be sentid
interested persons for consultation.

2.7. The Commission receivethree submissions. The Commissioconsidered the submissions,
and changes as a result of those submissiortsave been included in the final report.

2.8. On 23 August 2018 the Commission approved the final report for publication.

2 A group of infrastructure workers who repair and upgrade track and infrastructure.

3 A system that detects whether a locomotive has failed to stop before reachimgompulsory stop board. If

this occus it automatically activates the emergency brakes on the locomotive, bringing the train to a forced

stop, thereby providing an independent backup to the driver.

4Mronboard data recorder that | ogs det aietcs of a trai nos:s
5 An electronic module on each locomotivef a train that monitors the current location of the train against

the locations of worksites across New Zealand, which it receives over the mobile phone netwdirks part of

the eProtect system
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3. Factual information

3.1. Background

3.1.1. Tuesday 7 February 2017 tte dayof the incident, was the firstof three planned days ofepair
work on Bridge 107, vinich involvedreplacing asection ofwoodensupport pile under the
bridge.

3.1.2. The work involved dismantling a wooden support from the bridge and replacing the lower
sectionwith a metal sleeve filled with concrete (see Figur2). With the lower section of the
support renoved, the bridge would have been deemednusableuntil the replacementpile was
in place. There would have been a risk of damage to the repair had a traraversed over the
bridge before the concrete used in the repair had set, a window of between 45 minutes and one
hour.

Figure2
The repaired section of bridge support

3.1.3. On thesame daythe train driverinvolved in the incident stated a shift in Kawerau at 0115.
The driver tookan empty freight train fromKawerau to Murupaa and then tooka loadedlog
train from Murupaia to Mount Maunganui, which involved crossing Bridge 107 before the
worksite had been established. The driver the departed Mount Maunganui orTrain 371 (the
train) bound for Kawerau, whichwas scheduled to pass over Bridge 10dfter the worksite had
been established(see Figure 3.

3.1.4. Theworksitewas protected using KiwiRail Rul805. Compulsory stoboardswere erected
either side of theworksite, at which the trainhad to stop and gain permission to pass and enter
the worksite. Outer caution boards and whistle boards were erected before the compulsory
stop boards. The purpose of the outer caution boards was teetlthe driverto the compulsory
stop boards ahead. The whistle boards weeseprompt for the driver to sound the train whistle
to warn the workgroup of the train® approach(see section 3.3for more detai).
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3.2, Narrative

3.2.1. A threepersonwork group had been assigned tthe Bridge 107 worksite. Theyhad placedthe
caution boards, the whistle boardsind the compulsorystop boards either side of their worksite
The compulsory stop boards were placed 50Metres (m) out from the worksite (see Figure 4).
They thencalled Train Controlé at 0830 to confirm the worksite had been established.

> e o <
4 Quter:Boards

Figure4
The warning boards andompulsorystop boards for the worksite

3.2.2. Train Control advised the workrgup that the first train through the worksite would arrive at
approximately 0935 headingsouth.

3.2.3. At approximately 1000the train comprising a single locomotive haulin80 empty wagons
approachedBridge 105 on the East Coast Main Trunk line (see Figusg.

3.2.4. The driver slowed the train for the longstandirg0-kilometre-per-hour (km/h) speed restrictior!
over Bridge 105.

6 The National Train Control Centre in Wellington railway statiomhere the movemens of trains and
maintenance track occupanciesre authorised by train controlles.

7 Atemporary reduction in line speed. The details of the speed, location of the restriction aedson are
provided to drivers in a daily speed restriction bulletin.
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3.2.5. After crossingBridge 105 the train was allowed to gather speed before the driver started to
slow again for another longstanding 4&m/ h speed restriction oveBridge 107.

3.2.6. The driverdid not notice either the outer caution boards or the while boards, and did not
sound the trainhorn.

3.2.7. Asthe train approachedBridge 107 the driver noticed ahi-rail vehicle® on the far side of the
bridge. This promptedthe driverto check thedaily speed restriction bulleti to ensurethat the
speedlimit over Bridge 107 had not been lowered below 4&m/h due to work on the bridge.
The driver slowed to 25%m/h to be on the safe side.

3.2.8. As the train crossed the bridge the driver noticeahe of the site workersvalking towards the hi
rail vehicle.

3.2.9. Afterthe train had crossed the bridge the driver received a radio cakiskingwhythe train had
not stopped at the compulsorystop boards.

3.2.10. Thebridge supportthat the work groupwas repladng had been dismantled but had yeto be
cut whenthe train passed over the brdge.

3.2.11. The driver stoppedhe train, with the rear of the train approximatel600 m beyondBridge 107.

3.2.12. Two of the threepersonbridge work groupmemberswere working under the bridge when the
train passed directly over their headssge Figure 6).

8 Aroad vehiclefitted with retractable rail wheels such that it can be driven along rail track and on/off track
at level crossings and other suitable places.

9 A sheetseparate from the daily information bulletin detailing the permanent and temporary speed
restrictions around the network, and their locations.
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3.2.13.

3.2.14.

3.3.
3.3.1.

3.3.2.

Figure6
Location of bridge work group members whethe train crossedBridge 107

The train had passed theeompulsorystop boards by 1.6kilometres; it passedthrough the
worksite and nearlyreachedthe far side of the protected areawhen itstopped. Passing
compulsory stop boardswithout permission is classed as &ignal PassecatDa n g €% 6 A0

The locomotive was fitted witlan automatic systemcalled eProtect, which was supposed to
have alerted the driver wherhe train was approaching thevorksite. The same system was
designed to automatically apply the brakes on the traifit did not stop at the compulsory stop
boards. The system did not provide any alert to the driver, and did not automatically apply the
train brakes.

Compulsorystop board worksite protection systenfRule 905)

Worksites arenormallyplanned and authorised in advance for planned work and maintenance.
Every day aaily information bulletin (see Figue 7) is promulgatedby KiwiRail bygeographical
area. Itis availableat each depot and providedo all train driversbefore they start their shift.

Drivers often highlight sections pertinent to their traBand routes, as seen inFigure 7. The
daily information bulletincontains details of:

i. additional trains running in the area
ii. special instructions that could be required forany additionaltrains

iii. track work protection arrangementsn the area covered by the bulletinwhich
include:

1 the area covered by the protected worksite, including meterage where
appropriate

which specfic type of protection rulewill bein force for each worksite
the timesthat the worksite and protection wilbe in place
the radio call sign of the worksite

a brief description of the work being undertaken

= =4 -4 -4 -

a contact mobile number for the workse, to be used if the worksite rail
protection dficer!! cannot be reached by radio

i an indicationthat the worksite is protected by the eProtect system

10 When a train passes a perfectly displayestop signal or sign without authorisation
11 The person in a work group who is respeible for all those working at the worksite. They authorise worker
access to the track and trains to pass through the worksite once the track is confirmed clear as required.
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KiwiRail / -2-
Information Bulletin - continued

Network Operations Tuesday 7 February 2017
(o} Information Bulletin {2 Pages) Hamilton — Pukekohe,
Tuesday 7 February 2017 ECMT and Branches

Hamilton — Pukekohe,

ECMT and Branches Track Work Protection Arrangements

Hamilton - Pukekohe

Extra Trains: Protected Work Area Rule Work Details
Train id LDepon at | Arrive [ at I Special Provisions 558.48km @ 560.26km B 905 0900 - 1500
) Call sign:
1 Signal 25 Signal gfor:pulsory Romeo Oscar Mike
Ngaruawahia Ngaruawahia Pr Inspections
otection
] Up & Down mains | Up & Down mains 021 290 0591
Special Instructions 574.50km A 581.20km R 905 0730 - 1730
; Call sign:
Up & Down mains | Te Kauwhata gg;pulsovy Victor Sierra Yankee
16RA, 16RB Up & Down mains Protection Huntly project
signals 027 702 2234
Up main, East
Loop
Huntly

Caution: No Advanced Warning Board(s) exiting West Sidings Huntly,
Rules 905 (c) & 907 (b) applies.

ECMT and Branches

Track Work Protection Arrangements see following page(s) Protected Work Area Rule Work Details
Te Rapa Morrinsville 908 0730 - 1530
Blocking Tamper 622, Regulator 676
Protection | ; Hohepa, 027 243 8203
/914
Mobile Track
Maintenance
Vehicle
13850km M 141.80km @ |905 0800 — 1500
Prolectio m rs bridge 107
" 0276857128

JD Wasley
Network Access Planner

Figure?7
Dailyinformation bulletin for 7 February 2017
Highlights made by driver invged in the incident
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3.3.3. On the day of the incidenthe worksite was protectedusing KiwiRailRule 905 & Compulsory
Stop Protection The rulerequired two setsof warningboardsto be erected alongside the track
to warn dl train drivers that they are approafing a set of compulsorystop boards. The train is
required tostop at the compulsory stop boardgsee Figure8). The worksite was also protected

by the eProtect systemas indicated by thes icon on the daily information bulletin(see Figure
9).

2000m

A

}(M [ Work area

L 7

@

3

Outer Boards Whistle Boards CSB Boards
- Driver must sound horn - Driver to stop & radio
worksite RPO for permission
to pass through worksite

Figure 8
Relative position of Rule 905 boards to actual worksite

3.3.4. Once stationaryat the compulsory stop boardgshe train driver had to radio therail protection
officer to request permission to access the worksite This communicatiorwould givethe rail
protection officerthe opportunity to confirmthat the worksitewas clear and safe for the train to

pass through, and impose any special conditions on the trasuch as further reduced speed
through the site.

139.50 141.80 905 0800 - 1500
" Call sign:
Pongakawa Hauone g:gpu ROy s Daia Oscar
; Repairs bridge 107
Prolection | 5276 837 124

eProtect 'symbol

Figure9
Extract fromdaily information bulletin, 7 February 2017
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3.4.  eProtectsystem

3.4.1. eProtect is asafety defencethat utilises the reaHime GPS(global positioning systempaosition
of a train alongside technologyon boardthe locomotive towarn the driver that the train is
approaching a worksite It automaticallyappliesthet r a brakés $fit approaches too fast or
fails to stop ata set of compulsory stop board.

3.4.2. On 21 July 2016 KiwiRail issueemi Permanent Bulletin No. 489which stated:

eProted is a system on locomotives that uses GPS technology to monitor the speed
of trains approaching Compulsory Stop Boards, and penalty brakes the train if it does
not stop at the CompulsoryStop Boards.

The bulletinstated that the eProtect system would be@jng live on all lines aghe training of
aaffected drivers and applicable Rail Protection Officers was compldée

343. The eProtect system utilises existinmythe¢ echnol ocg
trainsdreaHime GPSpositions and compaing them with the latestinformation on worksite
locationsaround New Zealand The locations of the worksitesre sent to all locomotivesover
the mobile phone network (see Figurg0).

Figure10
eProtect system data diagram

3.4.4. There ae three interconnected systems on each locomotive that work together to provide the
eProtect system (see Figurell). These are:

i a GPS unitwhichreceivesthe realtime GPSposition of the locomotive

ii. a KMC module which wasinitially installed tomonitor train locationsand send train
GPS positions back tdrain Control. The KMC module wasmodified to receive and
store locations of worksites arourd New Zealand via the mobile network and
monitor the position ofthe locomotive in relation to the location of the worksites

iii. a Tranzlogevent recorder whichmonitors and records the details othe
| o c o mocontral #tfings TheTranzlogcan automatically apply the brakes iit
receivesa signal from the KMC moduldo do so.
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