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LESSONS FROM THE PREVIOUS
WORKSHOP
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Previous workshop national rail

regulator

A October 2012- Sydney
A 48 participants from a variety of organisations
A Briefings providing a variety of perspectives
I Understanding the RRV landscape
KirstyBaxter, Transport Safety Victoria
I Management of RRVsexperiences, strengths and weaknesses
[ AYRaAl & 1 2f0 YR ! YRNBg { K2
I Management of RRVs experiences, strengths and weaknesses

Alan Ross and Mike Rogers, John Holland Rail
I Management of RRVsexperiences, strengths and weaknesses

V/Line HiRall Project, Allen Fleckner

A Preliminary Hazard Analysis using structured what if technique (SWIFT)
A Forward actions identified- Strategic/Organisational/Team & individual.



ITSR Road/Rail Vehicle
Workshop

V/Line Hi-Rail Project

Allen Fleckner

October 2012
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national rail
regulator

The Fleet includes 29 light road rail
vehicles used for track inspection.

The rail gear requires regular
inspection andadjustment @ month
cycle)
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Night shift is becoming more common requiring better
lighting and accessories.



Rail guidance fitted to wheeled excavator national rail
v regulator

CAT M315 Excavator
with rail guidance
wheels rotating hitch
and multi function grab




Rail guidance fitted to tracked excavator

national rail
rom ||ator

A Komatsu 4onne excavator
fitted with driven rail wheels
and a Harsc&carifierHead.

Concept and design by V/Line %
Plant in ceoperation with
Harrybilt
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Rail guidance fitted to tracked excavator

national rail
regulator
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A Komatsu 4onne excavator fitted
with driven rail wheels and a Harsco
Tie Grip.

Concept and design by V/Line Plant i i
It



Rail guidance fitted to loader back hoe national rail

regulator




Vehicle types i Type 9A national rail

regulator

A Type 9A: braking and traction forces transmitted directly to the rail wheels (i.e.
the rail wheels are self-powered)

Heavy Lify

11
Figure 1: Example Tipe 94 RRV with self-powered rail wheels



Vehicle types i Type 9B

national rail
regulator

A Type 9B: traction forces indirectly transmitted from the road wheels to the rail

wheels and the braking force either indirectly from the road wheels to the rail
wheels or direct on the rail wheels, with the load entirely on the rail wheels.
These are often known as o6high rided RRVs

T

Figure 2: Example Type 9B high ride RRV with traction and braking through the road wheels to the rail wheels
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Type 9B variation national rail

regulator
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Figure 4: Tipe 9B high ride RRV with extensions fitted to the rail wheels (spigots)
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Vehicle types i Type 9C national rail

regulator

A Type 9C: braking and traction forces transmitted to the road wheels with the
load shared between the road and the rail wheels. These are often known as
0l ow rided RRVs

14

Figure 3: Example Type 9C low ride RRV with traction and braking through the road wheels
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Risks associated with Hi-Rail
vehicles on the rail network

Kirsty Baxter
Manager, Compliance Strategy & Planning




Contributing factors
framework analysis

All three types have similar
problems of runaway risks

A-orgetting handbrake
Aludgment errors
APoor maintenance

Arype 9B has significant
other risks

RAI=)

Accident Irvestigation

Rail Accident Report

Investigation into runaways of road-rail vehicles
and their trailers on Network Rail

Department for Report 27/2009
Transport October 2009
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Backgroundnformation onhi-rails (continued)

A Although all threeHirail configurations are at risk of
runaways, examinatioof incident data and a detailed
NA&l FaasSaaySyid FNRBY ! YQ:
that type 9B (higkride) HtRall vehicles posed the
highest risk in terms of runaways.

A Allthree configurations share common runaway risks
such forgetting the handbrake, errors of judgment and
poor maintenance. However, type $B-railshave
additional risks not shared by the other two
configurations
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Analysis of the problem national rail
regulator

A On review of various investigatioaports, the biggest proportion of
previous runaways has arisen during the onoff-trackingprocess where
the operator placed thédirail, with no brakes fitted to the rail wheels,
Into a free wheelunbraked condition.

A Anengineering means to prevent this occurring is progressively being
fitted on someHtrailsboth in the UK and Australia. In the meantime, the
prevention of a freewheel condition occurring depends on the operator
correctly following theon/off-tracking

A Other runaways have occurred during braking where the rails were wet
and/or contaminated and gradient has also been a factor in other
Incidents.
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CFF of RAIB reparRunawaytype

A Twelve of the 18 runaways resulted from uncontrolled movement
occurring from rest, usually during tlom- or off-tracking process.

A Theremaining six incidents involved the vehicle not being able to stop in
time, often due the conditions of the track and site (e.g. gradient and rail

contamination), travelling at excessive speed, as well as a combination of
both.
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CFF of RAIB repothdividual and teamactions

A Thevast majority of the incidents (16) involved some kind of human error
while operating the roadail vehicle, such as the operator:

I putting the vehicle in amnbrakedcondition; or
I adopting an inappropriate technique when operating the vehicle.

A Some errors (2) occurred during preparation, such as:

I the conditions of the track/site were not taking into account into the risk
assessment; and

I poor choice of oroff trackinglocation.

A A few (4) errors also occurred due to a lack of communication between
the operator and other track maintenance personnel (i.e. not
communicatingsafety-criticalinformation). There was one potential
violation identified where the operator was using the vehicle in a manner
contrary to procedures.
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CFF of RAIB repoffiechnicafailures national rail
regulator

A Out of the 18 incidents, only three incidents were found to result from

technical failure. These were due to:
I inadequate maintenance of the vehicle (itgre pressure not maintainex

I the design of the park brake (which was unable to be applied due to uncoupling of the
hydraulic brake and oil being trapped in the sysjeand
I suboptimal load sharing between the road wheels and the rail wheels of the vehicle.

A Lack of functionality of the roadhil vehicle and equipment was found to
contribute to two incidents.
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Road/rail vehicle workshop— 30 October 2012

Michael Rogers
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Fatality Perth City Link 30/12/2011

The vehicle involved in the runaway



What are the expectations?

What would eliminating or reducing risks SFAIRP look like?
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RRV types have proliferated
What Standards apply?



MANUFACTURED BY
ARROW FORKLIFT SERVICES P/L
0415 648 332

Made in Australia

MANUFACTURERS NAME: Arrow Forklift
Services Pty. Ltd.

YEAR OF MANUFACTURER: 2009

SERIAL NO: X5.2/006
DESIGN REGISTRATION NO: HST 6-93566/07

RATED CAPACITY: 750 kg or 5 Persons

RATED CAPACITY OF TRAVERSING PLATFORM: 250 kg

40 kg

12.5 m/sec
5 Degrees
5 Degrees
4500 kg

5 kph

MAX. ALLOWABLE MANUAL FORCE:
MAX. ALLOWABLE WIND SPEED:
GRADEABILITY:
MAX. PERMITTED CHASSIS INCLINATION:

| ELEVATING WORK PLATFORM MASS:
MAX. SPEED OF ELEVATING WORK
PLATFORM IN FULLY EXTENDED POSITION

Where do the figures come from?
Arrow (Rail and Plant Equipment) is a rail industry approved RRYV certifier



Other incidents
¢CKAA GeLlsS 2F POSKAOES KlFIa 0SSy Ay@g2f SR A
one due to a mechanical fault and the other due to poor traction
0S06SSY NRIR gKSSta FyR (KS WalLJA 33



Other incidents
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Incidents

So what are the solutions?
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ROAD RAIL VEHICLES FROM THEN TILL NOW

SYDNEY 30 & 31 OCTOBER 2012
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HOWEVER DURING THE PERIOD ALERTS WERE ISSUEI
DOCUMENTS DEVELOPED

S i Daily Road-Ral vehicle checks by End User

RSA. No.

Location Tean
Government Date Vehicle ID No
of Sauth a Page 10l 1 i
i age 1 u End user (please print)
/ Description Signed: Week Ending:
SUBJECT: SAFETY ALERT TO ALL OPERATORS OF ROAD / RAIL VEHICLES / Kilometers Start End TOTAL
The folowing infermation is proviced I the interest of improving 1ail MiCusty safity perarmance, and is C \/ C / Last serviced Next Service due
based o best available nformation CODE MANAGEMENT COMPANY
BACKGROUND fiem Vehicle Chck d Ll T Te s T
©n 20 October 2008,  Tuyola Land Cr rondirail venicle’s rez k guidance sysem sell-operated Reft
and lifed the rear rail vineels off of the track inta the roag ion -
There wars na persos in e veliile at the e anc e veh 2 was stationary v the argine fuimas oft 29| Engine ol checkforcorectlevels
Wihile e injunies ar damage oscurred tha incident had e potential to cause a serious acsicent. 30| Radiator coolant check for correct evels
INVESTIGATION 31, | Fhids and fuel check for correct levels
Whis Inc frmal vsigatlon prasss i ol s3pcis of e incient s yat o b foly complebd, & AUSTRALIAN CODE OF PRACTICE w1
ary causa of he incident has 0can atnavted to the Irapproprats 5§ | Tyre pressures correct
nstance the relay enciast 3 mountac oufsice af the venicle mm
I, midway along th ce
The relay anclosurs. pratecton rated ta IPSS, has filed in service p y or other marerial Roll 41-1
siking "he enclosure during operation of tha vehizle. This allowed ing s wilhir the (Ver 1.0)
fosure. These coniaminants appea” ng the supply of | Ral (& | i il
electrical cument ta the rear lrack Quidance mechamsm muior. This enabled Lie guidancs mecharism o :;2;‘; Daily Check Road-Rail (& i f OK X if requiM|T(W/TF|S|S
liftoff the

There is su
E

cern ragarding salety issues tn warrani noffization to all operato

57| Tyres, check for damage, read and vear patiem

5055 | Tyres, ims wheels check forsecurty,cracks, signs o fatigue

56| Wheelstuds and nuts, check forsecuriy o damage

5247 | Railwheel check fr profle and condifon ncuding sandiich rubber for

n this i the hi-ail equipmenl was manufaciured by Aries Equipment and Croi
3 third paty orovider Similarly designed and installed equipment may also ve subj

SUGGESTED ACTIONS

Guideline for the Safe Operation of

s ; i Road-Rail Vehicles separion
Yperators are requesied fo inspect &l radirail venices and ensure the manu‘acturer's Ftment inshuictions » =
have been fellowed 51 | Rail wheel bearings check fo play or noise
In par ttec veticles should be inspected o 46| Railwhee! studs and nuts check fo security or damage

s eauiements, 07d ensure all relzy enclosur 2 -
aabin of the vevicle. 73,74,75 | Mechanical safey locks, rai ks locks, front axle lockout (where fited)

@ 1o nsperteed 1o ansi Thee 4 on faclues ar crscks (e srclcsure and check forcorectfunction damage and vear
5 i5 racomy tn 2rsure no contaminants kava entered the enclosure. o
nes cquipment further mfonnaticn may oc obizired by contaciing them by tzlzphone an Il il dem‘wamew_':‘h“km @nd‘l‘on -
11 01 fax {08) 6248 8699 78| Over centre condifon check tis maintaned

83| Ral quidance frame assemblie check for wear, cracks, sructural
[ Dstickdicheim 5/ . ¢ o | /.- dange andlticaion
smeam 44| Rallsweeps (where fited,) check are in place and comecty adjusted

Npiivonil. A i 34| Hyaulic,check fr comect funcion or damage

firek Haisker 3| Emergency hand pump,cheok for presence

Acting Manager, Rail Safety Date: jg /it fae 17| Electrical controls, check for correct function, (both) bateries OK.

7 18,20 | Head, tal, fashing reversing, spot, hazard ights fo corectfuncion and

L A0 T Y A0 1 9 ST SIS ST ST 00 W Eav v damage

20| Waming devices, homs and sirens check for corectfuncton

LAING O'ROURKE




THE REGISTRATION PROCES CONTINUES FOR ALL TRACI
MACHINES BUT CHANGESTO RECERTIFICATION PROCES:
APPLY

102-248

WHallorp

H.@"‘

TOO Waiver Ee

Rolling Stock Engineering

“Fane 02702 1503 ¢ nismal 2 14134
S CdgEZ 1935 (el 2 1956

Ragisterad ID Mo.: to2 zig

To: Manager Truin Cunirol Spidney, Supsrvisor Network Control,  iperations
Control Previous Label No: 1041
oo Michael ULilig
Reguested i Loty Ve emman, Baretay Mowlem New Label No: 1135
Tabe: 20 Junoary, 2HS I Exoi AD 7 0
Subjesct: Operating of Ji 4 Toonlifs Read!/ Rail Velicle on tle ReilCorp Netvork, RIV-R Moz 1734134 xpiry/tate: =3 June
1. 205, Pending Publication, Road Rego No: Rail Industry Vehicle Registration
A walier 72 e peb ”‘f“ zonditions .Ihe FoailCorp Teain O perad Label No: 1135 Notes:
for tle operatior. of ILU Booml:dr Rond/Raii Vebicles on te BoflCor PlantNo: BOOM 004 RIVR No: 1734134 44 T2
. . . . . ) Road Rego No:
The followira conditinns shzil ap21y 1 ha rreation n " theas wlicos: T ———") VINISerial No: aratsseat
Plant No: EQCH 104
Barclzy Mowlem Fos:t! Gad aiicles < m——— Gross Vehicle Mass: 550 tonnes Max. Speed: & kmih GYM(t):
T Plant | Demedlption et Maw ¢ Londed I Lengrn ! Noies Remarks X B =
Mumber | Mummber | Yaehlzsfe Speed | bipss (| ) Notes: Ti4 T21
iy I
AQEDMQIG LT BaomiEd 8 .50 .40
e i
| b flly
. Apoanc . | . st Urevelling Day Month Year
Cortification Date: 3 June 2011

ERYAN TURMELLL

RAIL INDUSTRY

INFRASTRUCTURE MAINTENANCE VEHICLE
REGISTRATION CERTIFICATE

Road/Rail Vehicle or Trailer/Trolley:

Vehicle Owner:

select Plant Hire

Principal lingineer Relling Stnck Kopineering
Pers . Vehicle Description: JLG Knuckleboom 34 Hi
AT

MICHAEL THLIG VINfSerial No 055834
‘Vechnical Specialist, Rolling Steck

PBgs: 1011

Fil: 102-212.D00

Certifying Company
Certifler's Name

Cortifier's Signature

Date :

ail & Plant Equipment

e Lennox

3.6.2011

LAING O'ROURKE




TRAINING WAS PART OF A PROGRAM FOR NETWORK RAI
ALIGNED TO OPERATIONS

NetworkRail

e Superws:on
Key Points

(Part 1)

Proauced by Allan Breen (IP - Safety Improvement Team)

4th June 2011




NETWORK RAIL WERE ALSO ANALYSING SAFETY IMPROVI
INCLUDING BRAKES

RRYV Safety Improvement Programme

Progress Report;

RAG Status
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NetworkRail
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RRY Safety Improvement Programme, Projects update:
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LAINGh Qw h | MEXNTIME WERE ANALYSING THE ROLLI
STOCK STANDARDS FOR TRACK MACHINES

AS7505.4 Signalling Detection Interface

Sect ClI Requirement Type ML Poss R/R ML = train control working, Poss = Possession worl
N E N E N E N = new/modified, E = existing rolling stock
1.4 PURPOSE
This di it d ib i ts f tibilit: ith A
n his document describes requirements for compatibility wi Sue T .
signalling detection systems.
2 The main purpose of the requirements is to prevent collisions. SUP Recommend medium term action
1.5 SCOPE Other action
This document applies to new and modified infrastructure
maintenance rolling stock, and existing infrastructure
1 N N 5 " - SuP Note
maintenance rolling stock being proposed for operation in another
network.
a The document covers the design, construction and maintenance sup Note
of rolling stock.
4.1 TRACK CIRCUIT SHUNTING All items highlighted under New rolling stock should be
4.1.1 General All items highlighted under Existing rolling stock should
1 UIC Code 737-2 and RSSB Guidance Note GM/GN2576 contain supP

general discussions on track circuit shunting.

Infrastructure Maintenance rolling stock that travel outside work
2 closures shall be either detectable or non-detectable in regards MAN RailCorp Standard RSU 717 requires compliance with te
to track circuit shunting.

Infrastructure maintenance rolling stock when in travel mode shall
not leave insulating materials deposited on the rail contact

® surface to an extent which prevents trains from being detected by DA Maintenance/Operating Procedure required to maintain
the signalling system.
Where, in working mode, material is unawidably deposited on
7 the rail then procedures may need to be put in place to remowve SuUP
the material before the track is released to general traffic.
4.1.2 Detectable Rolling Stock
Detectable infrastructure maintenance rolling stock shall have a
1 dc electrical resistance between rail contact surfaces of wheels MAN MEfienenee Prescrie [Eenies e meimein cempiemns
on t he s ame ax|l e o f not gr eat
woltage source no _greater than 300mV.
Detectable infrastructure maintenance rolling stock should
provide the leading and trailing wheelset (the extremity axles) of
2 A 5 s REC
each wvehicle with a means to remowve surface contaminants from
wheel tread surfaces.
a Detectable |nfrastr.ucture maintenance rolling stock shall meet MAN See Section 4.1.2.6 of AS 7504.4 for Table
the axle load requirements of Table 8.
4.1.3 Non-Detectable Rolling Stock
Non-detectable infrastructure maintenance rolling stock shall
1 have a dc electrical resistance between rail contact surfaces of MAN Maintenance Procedure required to maintain complianc
wheel s o n t h e s a me ax | e o f g r
4.2 VEHICLE DIMENSIONS
4.2.1 Overhang
The extremities of detectable infrastructure maintenance rolling
1 stock shall not extend longitudinally past the outermost MAN See Section 4.2.1.2 of AS 7504.4 for Table
detectable axles by the amount defined in Table 9.
4.2.2 Axle Spacing
The distance between the inner axles of adjacent bogies on
1 detectable infrastructure maintenance rolling stock shall not MAN See Section 4.2.2.2 of AS 7504.4 for Table
exceed that defined in Table 10.
6.3 LONGITUDINAL VOLTAGE
New or modified infrastructure maintenance rolling stock
1 operating over any network utilising DC track circuits shall not be MAN

able to cause a longitudinal wltage along a rail between any two
wheels exceeding 200 mV rms between O and 2.4 Hz.

New or modified infrastructure maintenance rolling stock
operating over any network utilising AF track circuits shall not be
2 able to cause a longitudinal wltage along a rail between any two MAN
wheels exceeding 173mV rms at any of the specific operating
frequencies of AF track circuits.

New or modified infrastructure maintenance rolling stock
operating owver any network utilising 50Hz vane relay track

circuits shall not be able to cause a longitudinal woltage along a MAN -
rail between any two wheels exceeding 150mV rms at 50Hz. m

7 TESTING




FINDINGS

ASTANDARDS FOR ROLLING STOCK LARGELY CENTRED AROUND LOGOMSAND WAG
A\ NUMBER OF TRACK MACHINE STANDARDS (PART 4) WERE ALIGABRDVED THE

ASTANDARDS RELATING FRAML VEHICLES WERE NOT AS CLEARLEDERNNOT DEFINED
AT ALL

A\ NUMBER OF ROLLING STOCK STANDARDS WERE STILL IN DRAFT
ATHE MAIN ONE IN DRAFT WAS THE STANDARD FOR BRAKING SYSIBMS (AS 7

AAMLTHOUGH A NUMBER OF DRAFT STANDARDS ADOPTED OTHER STANBARDS WER
REFERENCED E.G. RAILCORP RSU OR THE ROA MANUAL

A AING O'ROURKE KEEN TO WORK WITH INDUSTRY TO DEVELOP SH'IélNIIIBkHNE/TO
SUPPLEMENT OTHER MATERIAL

LAING O'ROURKE



HOWEVER ALERTS WERE STILL BEING ISSUED

Safety Alert - Road Rail Vehicles with Hydraulic Drive

Motors and Park Brake Systems

| APPLICABLE TO ALL ROAD / RAIL VEHICLES OPERATING ON RAILCORP

A recent incident involving a runaway road rail hydraulic excavator has id~-+~-

certain istics and potential fail des associated with vehicl
equipped with hydraulic drive motors and hydraulically activated braking

On the 26.10.2011 on the Richmond line on a 1:50 grade a 7 tonne exca
away after being secured on rail in the elevated position. The runaway o
several minutes after the vehicle was secured. The vehicle was equippet
hydraulic drive motors for traction and braking and a fail safe spring appl
hydraulic release park brake.

Confributing factors to the runaway include the suppression of the fail sal
hydraulic park brake due to contamination (and blockage) within the hydr
circuit, normal leakage characteristic within the hydraulic drive motors all
drive motor rotation and securing of the vehicle in an elevated condition ¢
minimum attachment anchoring to the ground has lead to the runaway ot

In this particular incident the fail safe park braking systems which applies
pressure to release the spring applied brake on the drive motor was supy
contamination in the hydraulic circuit located at a bypass valve leading to
This resuited in the hydraulic pressure not being able to release and ther
park brakes were maintained in the "off” state.

Leakage within the hydraulic motors between the case and rotor pistons

characteristic which needs to be taken info account. After a period of fimi
extenal torque (as experienced when on a grade) the hydraulic oil will b
out of the motor. Once this has occurred the drive motor will be able to re
relatively freely. This characteristic needs to be taken into account in the
and operation of hydraulically driven road rail vehicles.

With the above incident taken into account, the following details shy
considered in road rail vehicles which operate hydraulic drive moto
hydraulic park brake systems:

1. Hydraulic motor designs to take into account case leakage and
possibility of free rotafion after hydraulic oil has been squeszed ¢

2. Spring applied / hydraulically released park brakes and other hyc
braking devices to take into account the effect of contamination ¢
circuit (including any valving) leading to the brake system.

reeponzihility to ensurs that he document If k8 viswing I fhe cumment veraion|
81 uss by RallCorp.

RallCorp accepts retation to the fhia document
ummmw“ mm'ﬂqmw‘:wﬂ-m"
Copyrigrt

The Information In this document Is| by and no part of this

Transport
NSW ‘ RaillCorp

012 Safety Alert - Road Rail Vehicle Runaway Conditions
When Raising and Lowering on Rail

‘ APPLICABLE TO ALL ROAD / RAIL VEHICLES OPERATING ON RAILCORP

£ = Railorp

[EEE ]

Safety First

Road Rail (Hi-Rail) Vehicle Runaway Issues

27/0212012 Target audience: All Staff working with and around

Recently there have been several incidents involving runaway Hi-Rai vehicles Some
have occurred on RailCoro lines, others further afield and intarstate. A feature
common to many of these insidents is the disengagement of the drive from the rail
wheels resulting in free rolling runaway of the vehicle.

It s important that this issue is highlighted immediately across RailCorp’s work sites to
prevent further incidents whils a longer term sclution is scught.

The Main Types af Hi-rail Drivas are: (See Attached Photos of Drive Types)

1) Powered rail wheels — these vehicles have rail wheels that are powerad and
braked by a permanent hydraulic or mechanical drive.

L

Rail guide wheels - these vehicles use the rail whee! as guidance not traction
and rely predominantly or the road wheels or crawler tracks in contact with
rails far mavement and braking

3) Friction drive - these vehicles use an arrangsment that lifts the van cle by
bringing the rail wheels to the rail and at the same time putting them in contact
with the roac wheels. Drive is by direct contact with the rail wheel surface or
by an extanded axle or spigot

Rolling Stack Technical Note RSC12 explains that when transferring from road to rail
the hydraulic system must be appropriately sequenced and interlocked so at least one
oraked axle is in contact with the rail at all times while raising or lowering the rail
wheels.

Further to this nate, it is now required that to maintain safety

Al interlacks are testec ragularly to prove they ars operating safely and correctly

VWhere an interiook is susprisd s faulty the plant is nat used until proved safe

Ability to drive and brake is tested and assured to provide sufficient tracticn
before every work shift

If the rail h{a’d} dnvmg wheals become wet or contaminated, work must stop and the
dnva.s tracnon nuste re; ad before continuing work.

Ken Prestwldge
General Managar, Safety Support Services, Safety and Environment
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Transport safety alert

“Transportsafedy dlers e published by ITSR undes secton 42L.2) o e Transpat Adminisation Act 108510 promote e
‘st cpesation of anepor sanices:

gations Une reevant gisation.

22 March 2012 | TSAno. 20
Effective operation and management of hi-rail equipment

Road/Rail Vehicles are o have effective

. systems for securing during transificning between travel modes or stowage
. braking capacity during rail movements, and

. management of rail guidance equipment

Background

In the past, manufacturers (including OEMs) and ancillary equipment suppliers have developed
road rai vehicles (RRVs), essentially, in response to market opportunities. Furthermore, Rail
Infrastructure Managers (RIMs) have provided only minimal input into the management of the
different stages of an RRV's life cycle starting from defining the concept design requirements
through to the decommissioning process. As a result, there has been a proliferation of different
types of rail plant and in some cases, this has been compounded by modifications to the RRVs,
that may not have been optimised for the tasks intended to be camied out, or specified to a level
that would have ensured an acceptable degree of safely.

A number of recent RRV incidents have resulted in either runaways andior derailments due fo the
loss of braking capacity, the application of an insufficient braking force: or the failure of the rail
quidance equipment. In addition to issues conceming the inadequacy of the fraining and
competency assessment process for RRY operators, these incidents have also highlighted the
following safety concems (grouped by category), namely:

. absence of sufficient braking force: (whilst transitioning or during stowage)

- hydraulically operated spring park brakes (or handbrakes) may lose their braking
capacity as a resulf of blockages in the hydraulic system (due to the ingress of debris,
particularly when changing attachments);

- hydraulically driven motors may exhibit sufficient il leakage fo allow the pistons o
refract and the motors o then free whee!;

- RRVa that (through modificafion or otherwise) i an inappropriate wiring
(electrical) amangement, may, negate any traction interlocking function and allow the
vehicle to free whee! whilst transitioning between travel modes; and

- RRVsin which the hi-rail wheels are driven and braked by fricfion forces transmitted
through the road (rubber) tyres, such as via hub extensions to the rail wheels, have
experienced unintended movement on rail when fransitioning between road and rail
medes due to the application of an insufficient braking force.

TSR Level 22, 201 Ellzabeth Stree, Sydney NSW 2000 | Tek: 02 5263 7100 | wuw.lransporireguiator. nsw.gov.au
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ON RECEIPT AND FOLLOWING SOME ISSUES THEY W
PROGRESSIVELY FITTED
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Process Summary

Hazard ID

Consequence

Existing control(s)

Enough?
For you to make the
decision?

Propose new
control(s)

national rail
regulator

Day one

Day two



\

national rail
regulator

Actions required to improve safe
operations

PHA results, Bow tie & actions

Wednesday 31 October 2012
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Jesse Baker, Alex Borodin, Lindsay Holt, Adrian Rowland
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Hazardous
event

RRV Runaway

Potential Cause(s)

Technical (technical failures)
AEquipment failure [Control ID: 1, 2, 3,5, 6, 7, 8, 12, 14, 20, 22, 23, 24, 25, 26, 32, 33, 35,
36, 38]

AElectro / hydraulic pneumatic / mechanical
Alnadequate design (interlocking) [Control ID: 2, 3, 5, 39, 9, 11, 12, 18, 32, 33]
Aunfit for purpose [Control ID: 1, 2, 3, 5, 6, 7, 9, 12, 14, 18, 22, 32, 33, 38, 39]
Alnadequate maintenance [Control ID: 1, 5, 6, 7, 8,9, 10,11, 12, 13, 18, 32, 33, 38, 39]
ALack of pre-work inspection / daily checks [Control ID: 1, 6, 7, 8, 9, 10, 11, 13, 18, 38, 39]
ALack of annunciation [Control ID: 2, 3,5, 6, 7, 9, 10, 11, 12, 13]
ALack of physical barriers (for stowage) [Control ID: 1, 6, 10, 13, 15, 16, 18, 21, 22, 23, 24,
38]
Environment (local conditions)
AGradient / location / terrain [Control ID: 1, 4, 5, 6, 9, 10, 13, 14, 15, 16, 17, 18, 19, 20, 21,
23, 24, 25, 26, 29, 31, 32, 33, 35, 36, 37, 38]
AWeather events [Control ID: 1, 10, 13, 16, 17, 18,19, 26, 30, 35, 37, 38]
ABugs / insects [Control ID: as per weather events]
ARail / track interface (coefficient of friction), contamination [Control ID: 1, 2, 3, 6, 7, 9, 10,
14, 16, 17, 18, 21, 23, 24, 26, 35, 36, 37, 38, 39]
ALack of visibility [Control ID: 12, 10, 14, 15, 16, 17, 18, 19, 21,
Alnadequate condition of base for on / off railing [Control ID: 1,
21, 26, 30, 32, 35, 36, 38, 39]
Avandalism (during stowage) [Control ID: 1, 2, 3, 9, 10, 18, 21, 22, 23, 24, 21]
ASite constraints [Control ID: 1, 2, 3, 10, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 26,
30, 31, 35, 36, 37, 38, 39]

26, 30, 31, 37, 38, 39]
2,3,7,9, 10, 14, 16, 18, 20,

People (individual / team actions)

AFatigue [Control ID: 1, 8, 10, 13, 15, 34, 38]

Alnadequate incident reporting [Control ID: 1, 5, 9, 10, 11, 13, 14, 18, 33, 38]
AoOperator error / violation [Control ID: 1, 5, 6, 8, 9, 10, 13, 15, 16, 17, 18, 20, 21, 25, 26, 27,
30, 33, 35, 36, 37]

Alnadequate communication [Control ID: 1, 5, 6, 10, 12, 13, 19, 30, 38, 15]

ALack of visibility (227?)

AError annunciation (22?)

AHuman performance limitation (?2?)

Alnfrequent emergency rehearsals / contingency planning [Control ID: 1, 2, 5, 10, 13, 23,
37, 38]

ACompetency / capacity / knowledge / decision making [Control ID: 1, 5, 8, 10, 13, 38]
ADriver incapacitatioControl ID: 1, 3, 5, 8, 10, 13, 36, 38]

Systems (organisational factors)

Alnadequate interface management between infrastructure contractors i inconsistent
standards [Control ID: 1, 2, 4, 5, 6, 7, 11, 14, 16]

Alnadequate incident reporting [Control ID: 1, 5, 10, 11]

Asafe work practice (inc. SWMS, pre-work insp.etc.) [Control ID: 1, 4, 5, 18, 10, 11]
Alnadequate policies / procedures / rules [Control ID: 1, 11, 16, 18]

ATime, budget, resource constraints [Control ID: 1, 2, 6, 7, 12, 14, 33]

APoor organisation culture [Control ID: 11, 13, 18, 1, 4, 5, 10, 15, 38]

ANo MOU with emergency services [Control ID: 1, 6, 4, 5, 10, 11, 14, 18]

ANo road licence [Control ID: 1, 5, 6, 10, 13, 38]

AComplexity of operation [Control ID: 1, 5, 7, 9, 10, 13, 38]

Potential Existing control(s) Proposed
Consequence(s) control(s)

KCollision with train /
vehicle / other plant /
infrastructure /
personnel
Merailment / rollover
/SPAD

Moverrun territory
Moverrun authority
Mamage to plant,
equipment,
infrastructure,
reputation
Mersonnel injury (LTI)
/ fatality

A oss of insurance /
accreditation

Mublic liability
MProsecution
Klectrocution

A oss to productivity

1.

© N

10.
11.

12.
13.

14.
15.

16.
17.
18.

19.
20.

SOPs / JSAs /| SWMS /
Management standards
Technical and performance
specifications

Design input

Accreditation of organisation /
equipment

Technical registration / certification
/ training

System checks i sampling of
procedural controls

Long-term monitoring

Fatigue, D&A management
program

Maintenance / inspection
schedules & plans

Inductions

Industry / regulator interactions /
alerts

Procurement processes

People management i discipline
arrangements / training / culture
Interface management
Possession management /
coordination / network registration
Network rules

Route competency

Workplace inspections /
management

Secondary / alternate comms.
Derailers / level crossing
infrastructure

Catch points / derailers

Site security (for stowage)
Chocks for stowage (for stowage)
Stow vehicle off-track

derailers skids, speed limiters
braking systems

speed board

data logger

GPS tracking

Comms Protocols

Train protection

Asset lifecycle management
Change management

Health standards

on/off track pads

interlocks

Weather monitoring

supervision

Rail safetynvestications

Driver safety systems



ZEquipment failure

AElectro / hydraulic pneumatic / mechanical
Alnadequate design (interlocking)

AUnfit for purpose

Alnadequate maintenance

ALack of pre-work inspection / daily checks
ALack of annunciation

ALack of physical barriers (for stowage)

Refer to control slide

AGradient / location / terrain

Aveather events

MBugs / insects

ARail / track interface (coefficient of friction),
contamination

ALack of visibility

Anadequate condition of base for on / off
railing

Avandalism (during stowage)

Asite constraints

AFatigue

Alnadequate incident reporting

AOperator error / violation

Ainadequate communication

ALack of visibility

AError annunciation

AHuman performance limitation

Ainfrequent emergency rehearsals / contingenc
planning

ACompetency / capacity / knowledge / decision
making

ADriver incapacitation

Alnadequate interface management between
infrastructure contractors; inconsistent
standards

Alnadequate incident reporting

ASafe work practice (inc. SWMS, verk
insp.etc.)

Alnadequate policies / procedures / rules
ATime, budget, resource constraints
APoor organisation culture

ANo MOU with emergency services

ANo road licence

AComplexity of operation




Runaway control slide

Technical (technical failures)

A Equipment failure [Control ID: 1, 2, 3,5, 6, 7, 8, 12, 14, 20, 22, 23,
24, 25, 26, 32, 33, 35, 36, 38]

A Electro / hydraulic pneumatic / mechanical

A Inadequate design (interlocking) [Control ID: 2, 3, 5, 39, 9, 11, 12,
18, 32, 33]

A Unfit for purpose [Control ID: 1, 2, 3,5, 6, 7,9, 12, 14,18, 22, 32, 33,
38, 39]

A Inadequate maintenance [Control ID: 1, 5, 6, 7, 8,9, 10,11, 12, 13,
18, 32, 33, 38, 39]

A

A

A

Lack of pre-work inspection / daily checks [Control ID: 1, 6, 7, 8, 9,
10, 11, 13, 18, 38, 39]
Lack of annunciation [Control ID: 2, 3,5, 6, 7,9, 10, 11, 12, 13]
Lack of physical barriers (for stowage) [Control ID: 1, 6, 10, 13, 15,
16, 18, 21, 22, 23, 24, 38]

Environment (local conditions)

A Gradient / location / terrain [Control ID: 1, 4, 5, 6, 9, 10, 13, 14, 15,
16, 17, 18, 19, 20, 21, 23, 24, 25, 26, 29, 31, 32, 33, 35, 36, 37, 38]

A Weather events [Control ID: 1, 10, 13, 16, 17, 18 ,19, 26, 30, 35, 37,
38]

A Bugs / insects [Control ID: as per weather events]

A Rail / track interface (coefficient of friction), contamination [Control
ID:1,2,3,6,7,9, 10, 14, 16, 17, 18, 21, 23, 24, 26, 35, 36, 37, 38,
39]

A Lack of visibility [Control ID: 12, 10, 14, 15, 16, 17, 18, 19, 21, 26,
30, 31, 37, 38, 39]

A Inadequate condition of base for on / off railing [Control ID: 1, 2, 3, 7,
9, 10, 14, 16, 18, 20, 21, 26, 30, 32, 35, 36, 38, 39]

A Vandalism (during stowage) [Control ID: 1, 2, 3, 9, 10, 18, 21, 22,
23, 24, 21]

A Site constraints [Control ID: 1, 2, 3, 10, 13, 14, 15, 16, 17, 18, 19,

20, 21, 22, 23, 24, 26, 30, 31, 35, 36, 37, 38, 39]

People (individual / team actions)

Fatigue [Control ID: 1, 8, 10, 13, 15, 34, 38]

Inadequate incident reporting [Control ID: 1, 5, 9, 10, 11, 13, 14, 18,
33, 38]

Operator error / violation [Control ID: 1, 5, 6, 8, 9, 10, 13, 15, 16, 17,
18, 20, 21, 25, 26, 27, 30, 33, 35, 36, 37]

Inadequate communication [Control ID: 1, 5, 6, 10, 12, 13, 19, 30,
38, 15]

Lack of visibility (??77?)

Error annunciation (??77?)

Human performance limitation (?7?)

Infrequent emergency rehearsals / contingency planning [Control ID:
1,2,5, 10, 13, 23, 37, 38]

Competency / capacity / knowledge / decision making [Control ID: 1,
5,8, 10, 13, 38]

ADriver incapacitatiofiControl ID: 1, 3, 5, 8, 10, 13, 36, 38]

Systems (organisational factors)

oo Bo e Do B> o Do I I»

A Inadequate interface management between infrastructure
contractors 1 inconsistent standards [Control ID: 1, 2, 4,5, 6, 7, 11,
14, 16]

Alnadequate incident reporting [Control ID: 1, 5, 10, 11]

Safe work practice (inc. SWMS, pre-work insp.etc.) [Control ID: 1, 4,
5,18, 10, 11]

Inadequate policies / procedures / rules [Control ID: 1, 11, 16, 18]
Time, budget, resource constraints [Control ID: 1, 2, 6, 7, 12, 14, 33]
Poor organisation culture [Control ID: 11, 13, 18, 1, 4, 5, 10, 15, 38]

No MOU with emergency services [Control ID: 1, 6, 4, 5, 10, 11, 14,
18]

No road licence [Control ID: 1, 5, 6, 10, 13, 38]
Complexity of operation [Control ID: 1, 5, 7, 9, 10, 13, 38]

o Do Bo Do Do Bo I
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Hazardous event

Potential Cause(s)

Potential Consequence(s)

Existingcontrol(s)

Proposedcontrol(s)

RRV Caollision

Technicaltechnical failures)

ATravelling outside kinematic envelop@ontrol ID: 1, 2, 5, 10, 8, 17, 20, 25]
AlLoss of load / trailefControl ID: 1, 2, 3, 4, 5, 6, 8, 9, 10, 12, 13, 17, 19, 20,
22, 23, 25]

AMechanical failuréControl ID: 1, 2, 3, 5, 6, 10, 13, 15, 17, 18, 19, 20, 25]
AFailure of RRV to activate signals / teleméftynirol ID: 1, 2, 3, 5, 7, 8, 10, 17,
19, 20, 25]

ANo track protection at a breakdowiTontrol ID: 1, 2, 3, 8, 17, 18, 20, 25]
AEquipment design (e.g. Deadman / vigilaricg)ntrol ID: 1, 2, 4, 5, 8, 10, 13, 15,
19, 20]

APaor tyre tread conditioiControl ID: 1, 2, 3, 4, 5, 6, 8, 10, 13, 17, 19, 20, 23,
24, 25]

ABrake failurgControl ID: 1, 2, 3, 5, 6, 10, 13, 15, 17, 18, 19, 20, 24, 25]
ANot fit for purpose/Control ID: 1, 3, 2, 4, 5, 8, 10, 13, 15, 19, 20]

Environment (local conditions)

ATemporary works unknowjtControl ID: 1, 2, 3, 6, 8, 9, 12, 13, 20, 17, 25, 14]
Aline of sighfControl ID: 1, 2, 3, 5, 6, 8, 9, 10, 12, 17, 20, 21, 24, 25]
AFlooding, Rain, mud, cold, heat, animals &fmntrol ID: 2, 24, 4, 6, 21, 8, 10,
12,13, 14, 20, 17, 24, 25]

AAdverse weather conditions>ontrol ID: Refer to flooding etc.]
ACrossing§Control ID: 1, 2, 3, 4, 5, 6, 8, 9, 10, 12, 13, 17, 18, 20, 24, 25]
Ainfrastructure impedes travel (due to failurgjontrol ID: 1, 2, 3, 6, 8, 12, 14,
17, 18, 20, 25]

ATrack obstructions (tree or work tools, vandalism éfa)ntrol ID: 2, 3, 6, 8, 12,
13, 17, 20, 25]

AWheel / track interface (coefficient of frictiofifontrol ID: 1, 2, 3, 4, 5, 6, 8, 9,
12, 10, 13, 17, 19, 25, 20, 24, 23]

ATrack defecfControl ID: 1, 2, 3, 4, 5, 6, 14, 8, 12, 17, 19, 20, 25, 24]
People (individual / team actions)

APoor / non existent communications (radio protocdiSpnirol ID: 3, 17,8 ,10, 16,
25]

AL ack of situational awarenegsontrol ID: 16, 8, 17, 21, 25, 24]

Apoor possession management / level of knowle@gentrol ID: 25, 3, 8, 17, 18]
APoor speed managemefitontrol ID: 6, 21, 3, 15, 16, 14, 24, 25]

Aline of sighfControl ID: 9, 6, 24, 8, 11, 21]

ARoute knowledge / competendgyontrol ID: 3, 6, 8, 14, 24, 25]

AFitness for workControl ID: 3, 21, 25]

Aviolation[Control ID: 3, 8, 21, 6, 14, 15, 25, 17, 20]

ASPADControl ID: 3, 6, 7, 5, 21, 8, 13, 18, 17, 25, 24]

ADriver incapacitatioiControl ID: 7, 21, 25]

Avehicle attachment not stowefontrol ID: 2, 3, 6, 8, 5, 23, 9, 10]

Systems (organisational factors)

APoor / non existent communications (radio protocdlSpntrol ID: 8, 17, 18, 3, 5]
Apoor possession management / level of knowled@entrol ID: 3, 8, 20, 17, 25,
18]

ATime pressures / work patterrigontrol ID: 8, 20, 21, 25, 3]

AMoving in convoyControl ID: 1, 3, 6, 5, 10, 8, 9, 17, 12, 14, 25, 24, 18, 7]

Znvironmental damage

KCollision with train / vehicle /

other plant / infrastructure /
personnel

Merailment / rollover
/ASPAD

Koverrun territory
Koverrun authority
MDamage to plant,
equipment, infrastructure,
reputation

MAersonnel injury (LTI) /
fatality

A oss of insurance /
accreditation

Aublic liability
Mrosecution
Klectrocution

A oss to productivity

©CoNoUrONE

19.

20.
21.

22.
23.
24.
25.

OEM / RIM standards
Visual inspections
training

weight guides
vehicle maintenance
driving to conditions
vigilance system
Rules & procedures
Camerasaudible
alarms (some RRVs)
Maintenance

6m Rule (some)
15km/h limit (some)
braking systems
speed board

data logger

GPS tracking
Comms Protocols
Train protectionand
worksite protection
Asset lifecycle
management
Change management
Health standards /
fatigue management
on/off track pads
interlocks

Weather monitoring
supervision

Separation alarm systems

All trailers brake system
fitted

Clarification of where
vigilance control systems
are required

Clarify design consistency
needs (RIM/OEM
engineering issues)

Proximity sensors
Audible alarms (loss of
traction (better alarms
automated))

Coupling rules (physical
connections rules in

context with equipment)

Emergency response
(expanded scenarios)
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Hazardous event

Potential Cause(s)

Potential Consequence(s)

Existingcontrol(s)

Proposedcontrol(s)

RRV Collision
(specific to off rail)

RRV Collision
(specific to
emergency off rail)

Technicaltechnical failures)Control ID: 7, 8]

Equipment failure

Mo brakes

MDesign modification

Anadequate design

Environment (local condition$Control ID: 1, 3]

AAccident by road vehicle at level crossing
AContamination on rail

AGradient

/Sun glare

People (individual / team actions)

ATravelling in convoy (poor communication protodéipntrol ID: 6, 7]
ANot sticking to plariControl ID: 6, 7]

ANot competent on type of equipmenControl 1D: 5]

ANot questioning authority if in doubt (safety culturi€)ontrol ID: 3]
Aviolations[Control ID: 1, 3, 5, 6, 7]

Kitness for duty, fatigue, D&A, incapacitation

Systems (organisational factors)

Anadequate training processésontrol ID: 4, 5, 7, 8]
Anadequateprocedures[Control ID: 9, 10]

Anadequate standardgControl ID: 9, 10]

MProduction demandgControl ID: 6, 7, 8, 9, 10]
Anadequate resourcingControl ID: 5, 11]

MANot competenton type of equipmeniControl ID: 4, 5, 7, 8]
Alnadequate change managementontrol 1D: 3, 7, 6]

Technicaltechnical failures)Control ID: 6, 8]

AUnable to move machine

Mo brakes

Mesign modification

Anadequate design

Environment (local conditionsiControl ID:1, 4, 6, 2]

AOff rail at non specified location / inappropriate location
Acontamination

AGradient

Avisibility

ATerrain / infrastructure problem

Awashaway

ABushfires / snow

People (individual / team actiongyontrol ID: 1, 2, 3, 4, 5, 6, 7, 8, 9]
ACompetency

Aiolation

A ack of skills in emergency situation

ACommunication error

Systems (organisational factors)

Asafe work componerjControl ID: 1, 2]

ALyl RSljdzt GS O2yaARSNI A2y [CanFol ID:f1f2 3144 LISO G &

Aproduction demand$Control ID: 1, 2, 7]
Anadequate training procedurg§ontrol ID: 3, 6]
Anadequate resourcingControl ID: 9, 6]

e vavanisirm vy i e et e 10T

/Environmental damage
KCollision with train / vehicle / other
plant / infrastructure / personnel
Merailment / rollover

ASPAD

foverrun territory

Hoverrun authority

Mamage to plant, equipment,
infrastructure, reputation
Mersonnel injury (LTI) / fatality

A oss of insurance / accreditation
MPublic liability

MProsecution

KElectrocution

A oss to productivity

Melayed emergency services
MDelay of services

Kire

ZEnvironmental damage
KCollision with train / vehicle / other
plant / infrastructure / personnel
Merailment / rollover

/ASPAD

Moverrun territory

foverrun authority

Mamage to plant, equipment,
infrastructure, reputation
Mersonnel injury (LTI) / fatality

A oss of insurance / accreditation
MPublic liability

MProsecution

AElectrocution

A oss to productivity

Melayed emergency services
MDelay of services

Kire
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10.

Protection/Safewo
rking

Education
Communication
Up skilling
competencies
Network rules
Procedures
Standards

Project review
SMS review
Resourcing
capacity

Fit to task / people
/ equipment

Protection /
safetyworking
Communication
Training
Competencies
Fit to task / PPL
and equipment
Procedures
Network rules
Engineering
standards
Resourcing
SMS review



ATravelling outside kinematic envelope

ALoss of load / trailer

AMechanical failure

AFailure of RRV to activate signals / telemetry
ANo track protection at a breakdown
AEquipment design (e.g. Deadman / vigilance)
APoor tyre tread condition

ABrake failure

ANot fit for purpose

AEquipment failure

ANo brakes

MDesign modification

Anadequate design

Refer to control slide

ATemporary works unknown

Aline of sight

AFlooding, Rain, mud, cold, heat, animalg
etc.

AAdverse weather conditions
ACrossings

Alnfrastructure impedes travel (due to
failure)

ATrack obstructions (tree or work tools,
vandalism etc)

AWheel / track interface (coefficient of
friction)

ATrack defect

AAccident by road vehicle at level
crossing

AContamination on rail

AGradient

fsun glare

APoor / non existent communications
(radio protocols)

ALack of situational awareness
Apoor possession management / level of
knowledge

APoor speed management

Aline of sight

ARoute knowledge / competency
AFitness for work

AViolation

ASPAD

ADriver incapacitation

Aehicle attachment not stowed
ACompetency

Aiolation

Alack of skills in emergency situation
ACommunicatiorerror

APoor / non existent communications
(radio protocols)

Apoor possession management / level of
knowledge

ATime pressures / work patterns
AMoving in convoy
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Collision control slide

Technical (technical failures)

A Travelling outside kinematic envelopeontrol ID: 1, 2, 5, 10, 8, 17, 20, 25]

A Loss of load / trailefControl ID: 1, 2, 3, 4, 5, 6, 8, 9, 10, 12, 13, 17, 19, 20, 22,
23, 25]

A Mechanical failuréControl ID: 1, 2, 3, 5, 6, 10, 13, 15, 17, 18, 19, 20, 25]

A Failure of RRV to activate signals / telemétyntrol ID: 1, 2, 3,5, 7, 8, 10, 17,
19, 20, 25]

A No track protection at a breakdowjicontrol ID: 1, 2, 3, 8, 17, 18, 20, 25]

A Equipment design (e.g. Deadman / vigilaniég)ntrol ID: 1, 2, 4, 5, 8, 10, 13, 15,
19, 20]

A Poor tyre tread conditioiControl ID: 1, 2, 3, 4, 5, 6, 8, 10, 13, 17, 19, 20, 23,
24, 25]

A Brake failurgControl ID: 1, 2, 3, 5, 6, 10, 13, 15, 17, 18, 19, 20, 24, 25]

A Not fit for purpose/Control ID: 1, 3, 2, 4, 5, 8, 10, 13, 15, 19, 20]

Environment (local conditions)

A Temporary works unknowfControl ID: 1, 2, 3, 6, 8, 9, 12, 13, 20, 17, 25, 14]
A line of sighfControl ID: 1, 2, 3,5, 6, 8, 9, 10, 12, 17, 20, 21, 24, 25]
AFlooding, Rain, mud, cold, heat, animals gfmntrol ID: 2, 24, 4, 6, 21, 8, 10, 12 , 13,
14, 20, 17, 24, 25]

AAdverse weather conditionsontrol ID: Refer to flooding etc.]

ACrossing§Control ID: 1, 2, 3, 4,5, 6, 8,9, 10, 12, 13, 17, 18, 20, 24, 25]
Ainfrastructure impedes travel (due to failurgjontrol ID: 1, 2, 3, 6, 8, 12, 14, 17, 18,
20, 25]

ATrack obstructions (tree or work tools, vandalism éf@)ntrol ID: 2, 3, 6, 8, 12, 13, 17,
20, 25]

AWnheel / track interface (coefficient of frictioffontrol ID: 1, 2, 3, 4,5, 6, 8, 9, 12, 10,
13, 17, 19, 25, 20, 24, 23]

ATrack defecfControl ID: 1, 2, 3, 4, 5, 6, 14, 8, 12, 17, 19, 20, 25, 24]

People (individual / team actions)

DoPoTo o Do Do Io B Do o Do

Poor / non existent communications (radio protocdiSpntrol ID: 3, 17,8
,10, 16, 25]

Lack of situational awarenegsontrol ID: 16, 8, 17, 21, 25, 24]

poor possession management / level of knowled@entrol ID: 25, 3, 8,
17, 18]

Poor speed managemefitontrol ID: 6, 21, 3, 15, 16, 14, 24, 25]

line of sightControl ID: 9, 6, 24, 8, 11, 21]

Route knowledge / competendgontrol ID: 3, 6, 8, 14, 24, 25]

Fitness for workControl ID: 3, 21, 25]

Violation[Control ID: 3, 8, 21, 6, 14, 15, 25, 17, 20|

SPADOControl ID: 3, 6, 7, 5, 21, 8, 13, 18, 17, 25, 24]
Driver incapacitatiofiControl ID: 7, 21, 25]
Vehicle attachment not stoweControl ID: 2, 3, 6, 8, 5, 23, 9, 10]

Systems (organisational factors)

A

A
A
A

Poor / non existent communications (radio protocadlspntrol ID: 8, 17,
18, 3, 5]

poor possession management / level of knowled@ntrol ID: 3, 8, 20,
17, 25, 18]

Time pressures / work patterriSontrol ID: 8, 20, 21, 25, 3]

Moving in convoyControl ID: 1, 3, 6, 5, 10, 8,9, 17, 12, 14, 25, 24,
18, 7]
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Collision control slide (

Non-emergency

Technical (technical failuregYontrol ID: 7, 8]

A Equipment failure

A No brakes

A Design modification

A Inadequate design

Environment (local conditiongontrol ID: 1, 3]

A Accident by road vehicle at level crossing
A Contamination on rail

A Gradient

A Sunglare

People (individual / team actions)

ATravelling in convoy (poor communication protod@ipntrol ID: 6, 7]
ANot sticking to plafiControl ID: 6, 7]

ANot competent on type of equipmenControl ID: 5]

ANot questioning authority if in doubt (safety cultur€)ontrol ID: 3]
Aviolations[Control ID: 1, 3, 5, 6, 7]

Kitness for duty, fatigue, D&A, incapacitation

Systems (organisational factors)

A Inadequate training processéSontrol ID: 4, 5, 7, 8]
Anadequate proceduresControl ID: 9, 10]

A Inadequate standardgControl ID: 9, 10]

A Production demandgControl ID: 6, 7, 8, 9, 10]

A Inadequate resourcingControl ID: 5, 11]

ANot competent on type of equipmenControl ID: 4, 5, 7, 8]
Ainadequate change managemeiitontrol I1D: 3, 7, 6]

off rail)

Emergency

Technical (technical failureg)yontrol ID: 6, 8]

A Unable to move machine

A No brakes

A Design modification

A Inadequate design

Environment (local conditiongyontrol ID:1, 4, 6, 2]

A Off rail at non specified location / inappropriate location
A contamination
A Gradient

A visibility
A

A

A

Terrain / infrastructure problem
Washaway
Bushfires / snow
People (individual / team actiongyontrol ID: 1, 2, 3, 4,5, 6, 7, 8, 9]
ACompetency
Aviolation
A ack of skills in emergency situation
ACommunication error

Systems (organisational factors)

A Safe work componeriControl ID: 1, 2]

A LylFIRSljdztr 1S O2yaARSNI (GA2Yy 27
[Control ID: 1, 2, 3, 4]

A production demand$Control ID: 1, 2, 7]

A Inadequate training procedurg§ontrol ID: 3, 6]

A

A

Inadequate resourcingControl ID: 9, 6]
Inadequate proceduréControl ID: 10]
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Hazardous event

RRV Derailment

Potential Cause(s) Potential Consequence(s) Existingcontrol(s) Proposedcontrol(s)

Technicaltechnical failures) Aenvironmental damage 1. OEM/RIM standards
APoor interoperability (machine, network, operaté€)ontrol ID: 26, 1, 3, 20, 5, 6, KCollision with train / vehicle / 2. Visual inspections
13,7,8,9, 10, 11, 12, 16, 17, 22] other plant / infrastructure / 3. training

ANot fit for purpose[Control ID: 1, 2, 3, 5, 4, 6, 8, 12, 13, 20, 23, 26] personnel 4.  weight guides

ARail gear not correctly engagédontrol ID: 2, 3, 5, 8, 12, 23] Merailment / rollover 5.  vehicle maintenance
ARail gear not correctly aligné@ontrol ID: same as above] /PAD 6. driving to conditions
Awrong sized tyrgontrol ID: 1, 2, 3, 5, 8, 12, 23, 19] Koverrun territory 7.  vigilance system
Aincorrect tyre pressuregControl ID: same as above] Koverrun authority 8. rules & procedures
ATyre puncturgControl ID: 2, 5] MDamage to plant, 9. derailers skids, speed
APoor tyre tread conditioriControl ID: 2, 5] equipment, infrastructure, limiters

ABrake failurgControl ID: 2, 13, 1, 5, 4, 6] reputation 10. D&A testing

AStub axle failuréControl ID: 5, 3, 12, 13, 25, 23, 4] Moersonnel injury (LTI) / 11. Fatigue management
ALoadingControl ID: 1, 2, 3, 4, 6, 8, 12, 13, 20, 25] fatality 12. Prework inspections
Environment (local conditions) A oss of insurance / 13. braking systems
ASubstandard infrastructurgControl ID: 1, 2, 3, 6, 8, 13, 25] accreditation 14. speed board (including
Avariability in operating areas (weathers, heat é@yntrol ID: 1, 3, 6, 8, 24] Aublic liability TSR)

ATime of day for operatiofiControl ID: 6] Mrosecution 15. data logger

APoints moving under vehicl€ontrol ID: 1, 3, 6, 8, 17] Klectrocution 16. GPS tracking

ATrack obstructiongControl 1D: 6, 17, 24] A oss to productivity 17. CommsProtocols
AWheel / track interface (friction coefficientontrol ID: 5, 2, 3, 1, 6, 8, 12] 18. Train protection
ATrack defecfControl ID: 6, 8, 17, 14] 19. Asset lifecycle
People (individual / team actions) management
APlanned derailmentControl ID: 9, 3, 17] 20. Change management
AError / violation / Distraction§Control ID: 3, 6, 10, 11, 8, 12, 17, 14, 21, 25] 21. Health standards
ACompetencyControl ID: 1, 38, 12, 17, 25] 22. on/off track pads
ARail gear not correctly engagédontrol ID: 2, 3, 5, 8, 12, 23] 23. interlocks
AoverspeedingControl ID: 3, 6, 8, 14, 17, 25] 24. Weather monitoring
AExceed authorityControl ID: 3, 8, 9, 17, 25] 25. supervision

Systems (organisational factors) 26. Ergonomics

Alnappropriate speed limitationgControl ID: 1, 8, 14, 6, 25, 17]
Alnappropriate loading limitsControl ID: 1, 2, 4, 3, 8, 12, 25]

APlanned derailmentControl ID: 9, 3, 17]

ASubstandard pravork inspections / maintenandeontrol ID: 1, 3, 8, 25]
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APoor interoperability
ANot fit for purpose

e 4 -
Refer to control slid&/~ssae=—
ARail gear not correctly engaged — Iy, -

—
ARail gear not correctly aligned (e - - -
AWrong sized tyres t I l
Aincorrect tyre pressures na 'ona ral
ATyre puncture -~
APoor tyre tread condition oy
ABrake failure

AStub axle failure
ALoading

1
ASubstandard infrastructure i
Avariability in operating areas (weathers,|
heat etc)

ATime of day for operation
APoints moving under vehicle
ATrack obstructions

AWnheel / track interface (friction
coefficient)

ATrack defect

MPlanned derailment

AError / violation / Distractions
ACompetency

ARail gear not correctly engaged
AOverspeeding

AExceed authority

Anappropriate speed limitations
Alnappropriate loading limits
APlanned derailment
ASubstandard pravork inspections /
maintenance
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Derallment control slide

Technical (technical failures) People (individual / team actions)
A Poor interoperability (machine, network, operatdéfjontrol ID: 26, 1, 3, A Planned derailmenfControl ID: 9, 3, 17]
20,5,6,13,7,8,9,10, 11, 12, 16, 17, 22] A Error / violation / Distraction§Control ID: 3, 6, 10, 11, 8, 12, 17, 14,
A Not fit for purpose[Control ID: 1, 2, 3, 5, 4, 6, 8, 12, 13, 20, 23, 26] 21, 25]
A Rail gear not correctly engagédontrol ID: 2, 3, 5, 8, 12, 23] A CompetencyControl ID: 1, 38, 12, 17, 25]
A Rail gear not correctly aligné@ontrol ID: same as above] ARail gear not correctly engagédontrol ID: 2, 3, 5, 8, 12, 23]
A Wrong sized tyréSontrol ID: 1, 2, 3, 5, 8, 12, 23, 19] AoverspeedindControl ID: 3, 6, 8, 14, 17, 25]
AExceed authorityControl ID: 3, 8, 9, 17, 25]
A Incorrect tyre pressuregControl ID: same as above] T
Systems (organisational factors)
A Tyre puncturgControl ID: 2, 5] ) o
A Poor tyre tread conditionControl ID: 2, 5] A Inappropriate speed limitationgControl ID: 1, 8, 14, 6, 25, 17]
A Brake);ailure[ControI D2 13 1 5' 4' 6] A Inappropriate loading limitsControl ID: 1, 2, 4, 3, 8, 12, 25]
. o A Planned derailmenfControl ID: 9, 3, 17]
A Stub axle failuréControl ID: 5, 3, 12, 13, 25, 23, 4] . . .
A LoadingControl ID: 1, 2, 3, 4, 6, 8, 12, 13, 20, 25] A Substandard pravork inspections / maintenancé&ontrol ID: 1, 3, 8, 25]

Environment (local conditions)

Substandard infrastructurgControl ID: 1, 2, 3, 6, 8, 13, 25]
Variability in operating areas (weathers, heat gtcyntrol ID: 1, 3, 6, 8,
24]

Time of day for operatiofControl ID: 6]

Points moving under vehic[€ontrol ID: 1, 3, 6, 8, 17]

Track obstruction§Control ID: 6, 17, 24]

Wheel / track interface (friction coefficienfrontrol ID: 5, 2, 3, 1, 6, 8,
12]
ATrack defecfControl ID: 6, 8, 17, 14]

A
A
A
A
A
A
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Hazardous event

RRV Fire

Potential Cause(s)

Technicaltechnical failures)

Aengine failurgControl ID: 1, 2, 3, 5, 6, 7, 8,
Afailure generating sparks ontrol ID: 1, 2, 3,
Afriction heat[Control ID: 1, 2, 3, 6, 7, 8]
Aexhaust heafControl ID: 1, 2, 3, 6, 7, 8]
Aequipment damagéControl ID: refer to engine failure]
MNon-compliance maintenance procedurgsontirol ID: 1, 4, 6, 7, 9, 10]
Apoor desigriControl ID: 3]

Environment (local conditions)

Abushfire[Control ID: 1, 9, 10, 7, 6, 4]

Avandalism{Control ID: 6, 7, 9, 10, 4, 1, 7]

People (individual / team actions)

Asmoking[Control ID: 1, 4, 6, 9, 10]

Ahuman error{Control ID: as above]

Systems (organisational factof§)ontrol ID: 1, 6, 9, 10]

Potential Consequence(s) Existingcontrol(s) Proposedcontrol(s)

Runaway

1. Extinguishers

2.  spark suppression

(some)

design standards

Rules & procedures

Dust suppression

(some)

6. Maintenance
procedures / SOPs

7 Prework inspections

8. System checks

9. People management/
training / culture

10. Supervision

CIEEC
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Refer to control slide

fengine failure

Afailure generating sparks
Afriction heat

Aexhaust heat

Aequipment damage
ANon-compliance maintenance
procedures

Kooor design

Aoushfire
Avandalism

Fsmoking
Ahuman error

MNone identified
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Fire control slide

Technicaltechnical failures)

engine failurgControl ID: 1, 2, 3,5, 6, 7, 8, 9, 10]
failure generating sparkKsontrol ID: 1, 2, 3, 6, 7, 8, 9]
friction heat[Control ID: 1, 2, 3, 6, 7, 8]

exhaust heafControl ID: 1, 2, 3, 6, 7, 8]

equipment damagéControl ID: refer to engine failure]
Noncompliance maintenance procedurgsontrol ID: 1, 4, 6, 7, 9, 10]
poor desigriControl ID: 3]

Environment (local conditions)

A bushfire[Control ID: 1, 9, 10, 7, 6, 4]

A vandalismiControl ID: 6, 7, 9, 10, 4, 1, 7]

People (individual / team actions)

A smoking[Control ID: 1, 4, 6, 9, 10]

A human error[Control ID: as above]

Systems (organisational factor§)ontrol ID: 1, 6, 9, 10]

To o o o o o I
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PROPOSED CONTROLS



FOLLOW UP ACTIONS
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national rail
regulator

Proposed controls

A Separation alarm systems
A All trailers brake system fitted
A Clarification of where vigilance control systems are required

A Clarify design consistency needs (RIM/OEdhgineering
ISsues)

A Proximity sensors

A Audible alarms (loss of traction (better alarms automated))

A Coupling rules (physical connections rules in context with
equipment)

A Emergency response (expanded scenarios)

RISSB "»

RAIL INDUSTRY SAFETY AND STANDARDS BOARD
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Issues national rail
regulator

A Standards

I Applicability of current rolling stock standards

I Proliferation of requirements (eg multiple
RIMS etc)

I Differing terminology /classification systems
(UK/ local)

I Potential for specific RRV national standard ?
I Capture existing good work (LOR, JHR, V-line

" RISSB )

RAIL INDUSTRY SAFETY AND STANDARDS BOARD |




Issues

\

national rail
regulator

A Data

No national approach to incident data
collection

Ability to trend data

RISSB building capacity for data
collection/analysis

Will strengthen risk basis of RISSB standards

RISSB "»

RAIL INDUSTRY SAFETY AND STANDARDS BOARD
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Issues national rail
regulator

A Competence and culture
I National approach, and
I Vehicle specific training
I Gangers vs head office
I Low literacy may be an issue

RISSB @

RAIL INDUSTRY SAFETY AND STANDARDS BOARD
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Issues national rail
regulator

A Risk management
I Accidents/incidents occurring despite controls
I Control effectiveness??

A Road authority vs. rail compatibility
I Expense of crash testing

RISSB @

RAIL INDUSTRY SAFETY AND STANDARDS BOARD



RISSB Y

RAIL INDUSTRY SAFETY AND STANDARDS BOARD

Lindsay Holc[ F Ay 3 h Qw2 dzNJ S

NETWORIKTANDARDS

(SEE SEPARATE PRESENTATION)

\

national rail
regulator
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RAIL INDUSTRY SAFETY AND STANDARDS BOARD reQUIator

RaeFossard TLISC

WORKFORCE CAPABILITY

(SEE SEPARATE PRESENTATION)
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CERTIFICATION AND REGISTRATIC
ISSUES



Focus on safety

A New National Rail Safety Law

I Imposes the duty to achieve the best pOSSIb|e safet
2dz002YS waz2z TFIFNIFaQaa N

A New Office of the National Rail Safety Regulatc
I Very supportive of RISSB
I Working with RISSB to advance safety agenda
| Safety plans



Safety plans

Industry
good
practice

Some measure of safety
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\

national rail
regulator

Jesse Baker, Alex Borodin, Adrian Rowland

FUTURE ACTIONS DISCUSSION



\

national rail
regulator

A More workshops (Sydney/Adelaide)
A Consolidation of results and information

A Web based summary of findings and actions
(RISSB & ONRSR)

A Standards development group (July)
A Research bulletin (ONRSR)



