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EXECUTIVE SUMMARY 

On Wednesday 3 October 2012 a Public Transport Authority train service operating between 

Joondalup and Perth City collided with and became entangled with wiring from the overhead 

electrical wiring system. 

The incident occurred at a location identified as an insulated overlap located at the 12.373 

kilometre point on the Joondalup line. 

The driver of the train reacted by cutting power to the railcar and lowering the pantograph 

attempting to minimise the damage, then applied the train brake in a manner designed to 

protect the passengers on the railcar set, with the train coming to a stand 1193 metres after 

the initial contact. 

Emergency procedures were implemented and after the safety of passengers and personnel 

on site had been guaranteed, passengers were transferred from the train to waiting buses. 

The investigation team identified root causes without which the incident would not have 

occurred and they are specific to the manufacture and use of "temporary construction 

breaks" on the overhead wiring. These root causes were: 

• The temporary construction breaks, which were used as a perceived satisfactory 

alternative to the fixed hardware manual isolation points generally used, introduced an 

inherent defect into the system; 

• The temporary construction breaks involved in the incident, which were not 

manufactured to a design or technical drawing were not adequate for the task; and 

• The temporary construction breaks which were manufactured and introduced into the 

system without authorisation from the Electrical Engineering Manager or his 

representative due to them being absent on project related travel. 

Subsequent to the installation and use of temporary construction breaks over a number of 

days, the following sequence of events on the 3 October 2012 lead directly to the 

dewirement incident; 

• Down train service N6 - 4523W, railcars 208 and 209, 0738hrs from Stirling station to 

Joondalup collided with the clamps attached to the temporary construction breaks on 

the down line between Stirling and Warwick station; 

• Two fault currents were generated and directed through the temporary construction 
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breaks situated on the up line, causing arcing between the clamps and the catenary 

wire; 

• Sufficient arcing damage occurred to sections of the catenary wire on the up line, 

which then led to failure of the catenary wire from a tensile overload perspective; and 

• The catenary wire and temporary construction breaks on the up line then fell to a level 

where they were impacted by the approaching train, service 3558AS, travelling from 

Joondalup to Perth City, causing entanglement with the pantograph, and the 

dewirement of the overhead lines. 

It is the collective view of the investigation team that there were no decisions or deliberate 

actions taken to put the safety of the overhead maintenance system at risk, however there 

are areas where procedures, instructions and guidelines were not followed. 

The decision to use temporary construction breaks, while fundamentally flawed, was to 

facilitate train operations and enable electrical isolations and maintenance activities to still be 

performed. 

The underlying causes are identified as: 

• Shortage of human resources at both maintenance and engineering levels; 

• Design decisions being taken by people not appropriately qualified and not sufficiently 

experienced to understand the ramifications of their actions; 

• Increase in the number of isolations required on a nightly basis placing pressure on the 

already under resourced maintenance team; 

• Difficulty in achieving a balance between maintenance activities and isolation work; 

• "Can do" attitude prevalent amongst the overhead maintenance team; and 

• Incompatible goals and lack of prioritisation for the Overhead Maintenance Team. 

There have been nine post incident corrective actions undertaken. 

There are 17 findings in relation to this incident and 15 Recommended Safety Actions that 

include people, training and procedures. 
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GLOSSARY OF TERMS 

Abnormal operating conditions: Either higher traffic loads or outage of power supply 

equipment outside the standard rules. 

Arcing: Flow of current through an air gap between a contact strip and a contact wire 

usually indicated by the emission of intense light. 

Catenary wire: Longitudinal wire supporting the grooved contact wire or wires either directly 

or indirectly. 

Conductor: A metal wire or cable, either solid or stranded, designed to carry electrical 

energy and forming parts of the overhead contact line system. 

Contact wire: Electric conductor of an overhead contact line with which the current 

collectors make contact. 

Down direction (Down main): On the Joondalup line this is the line that leads away from 

Perth station. 

Deenergised: The status of overhead traction wiring equipment after circuit breakers and/or 

isolators feeding a section have been opened. No earths are applied and no permit to work 

issued. 

Earth: Conductive mass of the earth, whose electric potential at any point is conventionally 

taken as equal to zero. 

Earth wire: Wire connecting supports collectively to earth or the running rails to protect 

people and installations in case of insulation fault and which may also be used as a return 

conductor. 

Fault current: Maximum current passed through the overhead contact line under fault 

conditions, within a short defined time period, between live equipment and earth. 

Insulated overlap: Sectioning point formed by overlapping the ends of adjacent sections of 

contact lines, allowing parallel running, insulation being provided by a suitable air gap 

between the two sets of equipment. 

Isolated: The status of overhead traction wiring equipment when the equipment is 

deenergised, adequately earthed and a permit to work issued for work to be carried out 

within a specified area. 

Isolation: Disconnection of a section of overhead contact line from the source of electrical 
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energy, either in an emergency or to facilitate maintenance. 

Neutral section: Section of a contact line provided with a sectioning point at each end, to 

prevent successive electrical sections, differing voltage or phase, being connected together 

by the passage of current collectors. 

Normal operating condition: Traffic operating to the design timetable and train formation 

used for power supply fixed installation design. Power supply equipment is operated 

according to standard rules. 

Overhead Contact line: Contact line placed above (or beside) the upper limit of the vehicle 

gauge and supplying vehicles with electric energy through roof-mounted current collection 

equipment. 

Overhead line: An electric line whose conductors are supported above ground, generally 

by means of insulators and appropriate supports Overhead Contact line with Catenary 

suspension. 

Temporary Construction Breaks: A device designed when special feeding arrangements 

are required with the permission of the Electrical Engineering Manager, or his 

representative, usually at locations such as booster transformers. (Procedure Traction 

Distribution System Operating Instructions - 8110-800-035 Rev 2.03, 9 August 2011, section 

12 - Special Feeding Arrangements is silent in terms of the manner of exercising authority 

beyond the Electrical Engineering Manager or his representative). (Refer photo at Figure 3) 

Up direction (Up main): On the Joondalup line this is the line that leads towards Perth 

station. 

[1] 
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TERMS OF REFERENCE 

The Objective/Purpose of the investigation 

The objective of the investigation was to gather evidence and undertake research to 

determine the causal factors that led to the dewirement of 1500 metres of overhead line 

between Warwick and Stirling stations on Wednesday 3 October 2012. 

Scope of the Investigation 

The scope of the investigation included but was not limited to the following matters: 

• Undertake a systemic investigation into events surrounding the occurrence and 

prepare a final report consistent with the requirements detailed in AS 4292.7; 

• Take immediate steps to preserve and record evidence including the condition and 

location of overhead traction equipment (including overhead wire, insulators and other 

associated items) and railcars involved in the occurrence and map/record the location 

of damaged overhead and rollingstock equipment for further analysis; 

• Preserve data from the SCADA system, voice transcripts between the driver, train 

control and the ECO and downloads from railcar data loggers (TMS) leading up to and 

immediately following the occurrence; 

• Conduct interviews with relevant affected parties including railcar drivers, witnesses 

and maintenance staff; 

• Review the condition, height and stagger of the overhead contact wire and the 

supporting equipment in the affected section of line and prior to the impacted section 

of line to establish specification tolerance parameters; 

• Review the condition and suitability of the pantographs on the railcars involved in the 

dewirement; 

• Review of the inspection regime and maintenance schedule for the railcar pantograph 

system and detail of the latest inspection report for the pantograph system on the 

affected railcars; 

• Arrange for metallurgical examination of the contact wire/catenary wire and other 

components (where necessary) in the area of the wire break to determine the reasons 

for the failure; 

• Examine whether any prevailing environmental conditions and the associated 
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engineering controls contributed to the occurrence; 

• Analyse all available data to assist in the identification of the cause/ causes of the 

occurrence and any other contributing factors and impacts on affected parties; 

• Examine the contributing factors associated with the occurrence and identify the 

engineering and procedural changes required to prevent a recurrence of the event; 

• Examine the design of the systems and processes which were in place prior to the 

occurrence and establish if appropriate controls were in place to minimise the risk of 

such an event occurring; 

• Review of recent track section inspection reports, associated recommendations and 

the corrective actions arising from the inspections and the timeliness of closing out 

corrective actions; 

• Identify the safety actions to be implemented to prevent, or reduce the risk of a 

recurrence of a similar event; 

• Review the performance of the relevant Emergency Response Procedures and 

equipment to determine the effectiveness of the emergency evacuation and welfare of 

passengers in the affected railcar sets; and 

• Compare the circumstances of this event and other dewirement events on the PTA 

network. [2] 

• Control and handover of the incident site to Network and Infrastructure 

representatives. 

CONDUCT OF THE INVESTIGATION 

The investigation conducted into the events surrounding the occurrence was consistent with 

the principles of Australian Standard 4292 part 7 and utilised the failed and absent defence 

principles. 

The acting Manager Investigations and Safeworking for the Public Transport Authority as the 

Lead Investigator worked closely with representatives from Interfleet in compiling the 

technical report. 

The methodology of the investigation included: 
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• Interviewed members of the public who witnessed the incident; 

• Interviewed the Driver of the affected train service; 

• Interviewed members of the overhead management and supervisory and maintenance 

team; 

• Interviewed with the Electrical Control Officer; 

• Interviewed with the Train Control team including the Train Services Manager; 

• Collection and review of SCADA data; 

• Collection and review of forward and reverse facing camera data from railcars in the 

vicinity of the incident; 

• Collection and analysis of the ATP data from the railcars in the vicinity of the incident; 

• Review of telephone and radio communications; and 

• Metallurgical examination of the damaged catenary. 

REPORTING 

The PTA has prepared a report consistent with Australian Standard 4292 part 7, Level 2, 

which has been approved by the PTA Incident Evaluation Committee. 

The report was compiled as a result of collaboration between the Lead Investigator and the 

incumbent Manager Investigations and Safeworking, and outlines the investigation and 

analysis, the findings and conclusions, and the agreed safety actions that arose from the 

investigation. 

The Interfleet technical investigation report is an Appendix to this report and is used as a 

reference source for this report. 

The report from Exceed Consulting with regard to Metallurgist testing of catenary wire is also 

appended to this report. 
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1. FACTUAL INFORMATION 

1.1. The Incident 

On Wednesday 3 October 2012, at 0745:46 train service number 3558AS was travelling 

between Warwick Station and Stirling Station when the railcar Driver observed a variation to 

the voltmeter in the railcar cabin and noted that the overhead line ahead of the train 

appeared to be "rolling". 

The Driver immediately cut the power to the railcar, dropped the pantograph and contacted 

the Train Controller. The pantograph on the lead railcar set (4 railcar "A" series set) became 

entangled with the overhead wires causing a dewirement of the overhead electrical wiring 

system. [4] Immediately prior to the collision, the railcars were recorded on the ATP at 

114km/h, the authorised speed of the train on this track section is 110 km/h. [3] 

The railcar set was brought to a stand using the train brake in lieu of the emergency brake, 

1193 metres from the original point of contact with the wires. [3] 

The Driver of the service immediately contacted the Train Controller and advised him of the 

situation. 

The Driver advised passengers that there had been an incident involving the train and that 

they should remain calm as rescue personnel were en route to assist. 

He further advised passengers that they would be prevented from detraining until the 

situation had been made safe. Train doors were later opened to provide ventilation for the 

comfort of passengers. [4] 

Transperth buses were requested to operate between Leederville and Whitfords with special 

buses directed to the location of the disabled train between Stirling and Warwick where 

approximately 400 passengers were waiting to be transferred from train to bus. 

Once information had been received from the Electrical Control Officer that there was no risk 

to passengers disembarking, transfer arrangements were initiated and completed by 0903 

hours. [5] 

1.2. Background to Work Leading Up to the Incident 

As part of the program of works to upgrade communications infrastructure in preparation for 

the new station at Butler, a new All Dielectric Self Supporting (ADSS) cable system is being 

installed on the overhead masts which support the 25 kV AC traction power, between Perth 

Yard West and Currambine Station. The works are expected to be completed by 4 April 
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2013. 

The Project entails installation of ADSS non conductive fibre cable on Overhead Traction 

Wiring Equipment (OHTWE) at the top of the existing overhead masts. [6] 

To facilitate this work, the overhead maintenance team were required to undertake isolation 

work in the Stirling to Warwick electrical section. 

Pre-work in the form of a site inspection was conducted by the Urban Electrical 

Superintendent and one of the Electrical Control Officers to determine the optimum location 

for an isolation that was conducive to all stakeholders, including contractors working on the 

ADSS Project and Transperth Train Operations. [7] 

This was to enable trains to operate as far as practicable (Stirling station) towards the area 

under isolation while enabling the ADSS Project to proceed unencumbered. 

Approval had been granted for this work to be conducted between 2230hrs and 0400hrs 

between Monday 24 September and Friday 28 September 2012 between Stirling and 

Whitfords, with replacement buses to operate in lieu of trains between Stirling and Whitfords. 

The construction breaks were left in situ following that period of time. [8] 

1.3. Injuries 

There were no reported injuries as a result of this incident. 

1.4. Equipment Information 

Railcars 

"A" series railcars are a class of Electric Multiple Unit (EMU) operated by Transperth Train 

Operations. They were introduced into the suburban rail network in 1991. 

Each "A" series train set comprises two semi-permanently coupled railcars, designated AEA 

and AEB, both of which have a driver's cab and powered bogies. Each of the two car sets 

has a pantograph designed to collect power from the overhead wiring equipment and their 

operation (raising and lowering) is effected by the railcar driver from the operating cab of the 

railcar. 

The Railcars are fitted with Automatic Train Protection (ATP) to ensure the observance of 

approved track speed. The system monitors train speed and brake operation and provides a 

reminder to the driver of current line speed information, and a warning with regard to an over 

speed situation. 
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The A series ATP system accuracy is +/- 4%. It is important to note that the driver's 

speedometer utilises the same axle probe speed signal but will not provide the exact same 

signal as recorded by the ATP system because it converts the signal using different 

hardware. 

ATP allows up to 4 km/h over speed with no intervention, at between 5 and 9 km/h the 

system notifies the driver of the over speed with a tone and a flashing indicator light, and if 

travelling at 10 km/h above the speed limit a full brake application is made by the system. [9] 

Railcar maintenance 

Railcars AEB 316 and AEA 247 which were involved in the incident underwent an A to E 

examination on the 25 September 2012. 

This examination encompassed checks of the roof area of the railcar including the 

pantograph. Individual components of the pantograph such as porcelain insulators, voltage 

transformers, pantograph head rotation and alignment, and condition of the contact carbons 

on head of the pantographs, were all inspected. 

The pantograph carbon was noted to be worn on AEB 316 and was replaced. 

AEA 247 required 4 Brake pads replaced and this was carried out. 

There were no other issues of significance raised during the maintenance inspection, with 

the railcars released for service and fit for purpose. [10] 
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Pantographs 

The pantographs fitted to the "A" railcars are Schunk Model WBR 23L (refer Figure 1) with 

no secondary suspension or Automatic Dropping Device (ADD). 

• 
7 

Figure 1: SINGLE ARM PANTOGRAPH Model WBR23LK 

1 Base frame 

2 Lower arm 

3 Clutch bar 

4 Upper arm 

5 Tension spring 

6 Pantograph head 

7 Cross head 
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The contact force is provided by a tension spring (5), which pulls on a series of eccentric 

linkages attached to the cross head (7) of the lower arm (2). The linkage connection is in 

such a relation to the main pivot bearing of the lower arm that the spring applies a turning 

moment to the cross head, thus rotating and raising it. 

The lower arm (2), clutch bar (3) and upper arm (4) form a 4-link mechanism as shown in 

Figure 4 above. 

Electrical current collection by the railcars is obtained by means of a segmented carbon 

pantograph sitting on the top of the EMU and underside of the contact wire. There could be 

one or two pantographs in one EMU at the same time, depending on the railcars coupled 

together. [11] 

On the day of the incident the affected train was being operated as a four car set with AEA 

247 operating as the powered or lead Railcar and AEB 316 operating as the trailing Railcar. 

Both pantographs were destroyed as a result of the entanglement and contact with the 

Erindale Road overpass. 

THE PTA OVERHEAD TRACTION WIRING SYSTEM (Refer Figure 2 page 16) 

The Overhead Traction Wiring System operates at a nominal 25,000 volts, 50 Hertz, and 

alternating current (AC) and was installed and commissioned on the Fremantle, Midland and 

Armadale lines in 1991 and on the Joondalup line (terminating at Joondalup) in late 1992. 

The system consists of concrete or steel masts to which are attached live cantilever frames 

carried on porcelain insulators. 

The catenary wire is attached to the top of the cantilever frames and the contact wire is 

suspended from the catenary wire by means of stainless steel droppers. 

Also mounted on the masts are a live return conductor and earth wire. 

A system of return conductors and booster transformers are connected in parallel to the 

traction overhead system to reduce interference to line side and communication equipment. 

Tension lengths for each wire run are a maximum of 1.6km in length, with balance weights at 

each end providing constant tension to compensate for temperature variation. 
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Catenary wire 

Return conductor 

C-Drape with 
Dropper 

Contact wire 
Insulators 

Earth wire 

Cantilever support 
structure 

Figure 2: Photo depicting Overhead wiring components 

Conductor types in use on the system are: ( 

• Earth Wire is 19 strand/3.25mm aluminium; 

• Return conductor is 19 strand/3.25mm aluminium; 

• Catenary is 7 strand/3.75mm Hard Drawn High Conductivity Copper in accordance 

with Australian Standard 1746 (except as specified by the number and size of 

individual strands) at a constant tension of 11kN; and 

• Contact wire is 107mm2 Hard Drawn High Conductivity Copper in accordance with 

British Standard 1036 or 1037at a constant tension of 11kN. [12] 

Page 16 of 78 



INVESTIGATION REPORT 
Iff/ Y&\ Public TransDort 

FINAL REPORT 

Maintenance of the Overhead Traction Wiring 

Preventative maintenance schedules presented to the investigation team were analysed and 

identified that the schedules were being closed out in a timely manner. A sample drawn from 

the preceding 12 months identified the "day" shift schedule comprising 46 line items (of 

which two were outstanding) that included; 

• Friday Vehicle Maintenance; 

• Yearly Depot Maintenance (Claisebrook); 

• 3 Monthly Visual Inspection Of S/l & N/S; 

• Yearly Line Patrol Inspection Fremantle; 

• Yearly Line Patrol Inspection Midland; 

• 3 Monthly Testing Of Hot Sticks; 

• Yearly Line Patrol Inspection Armadale; 

• Yearly Line Patrol Inspection Thornlie; 

• 6 Monthly Testing Of Portable Earths & Bonds; 

• 6 Monthly Voltage Detector Testing (Phe111); 

• Yearly Line Patrol Inspection Nowergup 

• 4 Yearly Booster Transformer Maintenance - Spares; and 

• Yearly Line Patrol Inspection Mandurah 

The night shift schedule represented 12 line items (which were all closed out) that included; 

• 6mthly Insulator Cleaning Armadale Line; 

• 6mthly Insulator Cleaning Fremantle Line; 

• 6mthly Insulator Cleaning Mandurah Line; 

• Yearly S/lnsulator & N/Section Mandurah; 

• Yearly Isolator Maintenance Mandurah; 

• 6mthly Insulator Cleaning Thornlie Line; 

• 6mthly Insulator Cleaning Joondalup Line; 
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• 6mthly Insulator Cleaning Midland Line; 

• Yearly S/lnsulator & N/Section Fremantle; 

• Yearly Isolator Maintenance Fremantle; and 

• Yearly Depot Overhead Maintenance (Mandurah). [13] 

Outstanding Overhead Line Maintenance Issues (Rework maintenance) 

A list of "rework" maintenance items was provided to the investigation team which was 

substantial in terms of the amount of rework maintenance required and the longevity of some 

of the items. 

Review of the list indicates that a significant number of the line items must have been closed 

out but not acknowledged in the Ellipse maintenance system. Analysis shows that many of 

the line items still outstanding would prevent the operation of trains. [47] 

Temporary Construction Breaks (Refer Figure 3 and 4, page 20 and 22) 

There are three approved construction breaks installed in the City at the Milligan Street 

Footbridge, the Perth Underground and at Platform seven at the City station. They are an 

approved design with secure fastenings, and are considered to be a semi permanent 

arrangement. The use of temporary construction breaks is not a common occurrence 

although they have been utilised in the past on an as required basis. 

Four temporary construction breaks utilising earth or "G" clamps were manufactured and 

introduced into the system specifically for this series of isolations to provide an alternate 

feeding arrangement at an insulated booster overlap; they were attached to the catenary 

wire in pairs (as a means of redundancy) and the booster transformer was disconnected. 

The result of these actions was to create a switching arrangement that allowed connection 

and disconnection of the temporary construction breaks as required. The temporary 

construction breaks were left attached to the overhead wires when not in use. 

This arrangement was designed to save time when requesting and applying isolations, to 

shorten the length of railway affected, thereby optimising the train operation. [7] [14] 

The design and installation of the temporary construction breaks meant there was no way of 

ensuring that there was no arcing occurring or that the metal to metal contact was sufficient 

for the intended purpose. As the work progressed and the temporary construction breaks 

were no longer required, they should have been removed and the booster transformers 
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reconnected restoring the system to normal operations. 

The Senior Overhead Engineer identified a Work Instruction that was issued locally to the 

Electrical Engineering and Urban Electrical sections on 9 November, 2011 that identified 

approved temporary construction breaks that were installed in three areas of the overhead 

network. The instruction does not make reference to the manner of construction or the 

components required for an approved design, it simply references those already installed. 

When interviewed the Urban Electrical Superintendent did not recall sighting the instruction 

despite being a recipient of the email. 

Figure 3: Insulated overlap with the booster transformer disconnected (top), and 
(below), the "G" clamp connector attached to the catenary wire at the incident site 
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1.5. Damage to Equipment 

Damage to equipment was extensive. 

The "A" series railcars were subjected to impacts from the catenary and contact wires as 

well as various other components from the overhead support structures, with damage 

occasioned to railcar bodies, windows, and door frames. 

The pantographs on the roofs of the railcars which became entangled with the overhead 

wires and then collided with the Erindale Road overpass were extensively damaged and 

required replacement. 

A detailed report of the railcar damage is at Appendix 1 and 2. ( 

Damage to the overhead electrical wires was extensive with 800 metres of Catenary wire 

and 1600 metres of Contact wire requiring replacement. 

There were sundry Catenary clips, Contact clips, Top and bottom insulators and required 

attachments replaced. 

Selected sections of catenary wire were recovered from the site and subjected to 

metallurgical examination by Exceed Consulting in Wangara. 

The initial test was conducted on catenary wire that was found adjacent to the location 

identified as the point of collision between the railcars and the overhead lines. 

Further testing was conducted on randomly selected samples as well as samples of new 

wire to compare findings in relation to the properties of the copper wire pre and post event. ^ 

In their report, Exceed Consulting identified the method of failure as tensile overload 

indicating that the presence of arcing on the wire occurred as a result of the overload failure. 

It was clear from this conclusion that the section of catenary wire tested was not part of the 

initial failure. (Catenary wire was cut into sections and removed from site prior to Interfleet 

consultants arriving and inspecting in situ despite directions to the contrary) 

Exceed Consulting also confirmed that some of the tested strands were annealed as a result 

of being subjected to arcing and resultant extremely high temperatures. [42] This finding is 

consistent with the sequence of events outlined at Section 1.25, page 50 of this report. 
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1.6. Design and Adequacy of Equipment 

Temporary construction breaks using "G" clamps (Figure 4) were manufactured at the 

Claisebrook maintenance depot under the direction of the Urban Electrical Superintendent 

(who did not have engineering authority) and were used to facilitate the isolation. [26] 

SBOfN 

I 

n 

Figure 4 -Temporary construction breaks, note "G" clamp arrangement 

There was no formal design or technical drawing or specification provided to guide the 

manufacture of the devices, nor was there a risk review of any description identified by the 

investigation team. The team involved in designing the temporary construction break 

believed they had the knowledge and experience necessary for the task. 

The acting Overhead Superintendent and the Urban Electrical Superintendent were aware 

that this method of working had been adopted in the past but they were not aware of the 

specifics of the temporary construction breaks in use at that time. The only requirement in 

this instance was for the temporary construction breaks to be constructed to a length that did 

not allow them to reach from the catenary wire to the contact wire. This was not achieved 

and was a direct contributor to the incident. [7] [14] 

Procedure - Traction Distribution System Operating Instructions - 8110-800-035 Rev 2.03, 9 

August 2011, section 12 - Special Feeding Arrangements, states that temporary 

construction breaks may be used as a last resort. Permission is required from the Electrical 

Engineering Manager or Representative before special feeding arrangements can be 

initiated. The "G" clamps that formed the clamping arrangement at either end of the jumper 
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cables were not appropriate for the intended task. Their standard use is to earth out the 

overhead system under a Permit to Work; they are not designed or intended to carry the 

25kV load. [15] The clamps were not torqued therefore there was no consistency with the 

fastening pressure attachment. 

The following is extracted from the Interfleet report in relation to temporary construction 

breaks; 

"Should the PTA wish to "jumper out" two electrical sections in the future an approved 

method should be adopted. This would probably consist of parallel grooved clamps and the 

correct cable size for permanent feeds. The parallel grooved clamps provide a sound 

electrical connection that is unable to be achieved with earth clamps." 

This is consistent with the PTA approved method for manufacture and installation of 

temporary construction breaks. 

Following the incident, the Electrical Engineering Manager and the Senior Overhead 

Engineer both identified the temporary construction breaks used in this isolation as 

unsuitable for the task. Physical and photographic evidence (Figure 5) highlights that the 

clamps were not capable of making adequate contact with the catenary wire to achieve the 

intended purpose. 

J 

Figure 5: Seven strand catenary wire and G clamp, note inadequacy of contact 
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1.7. Location Description 

The Nowergup to Perth railway comprises narrow gauge track and is designed for 

passenger and work trains. It consists of 50kg Commonwealth rail with pandrol clips on 

concrete sleepers, supported by 50 mm ballast rock to a depth of 175 mm. There are 

nominally 1430 sleepers to the kilometre. [16] 

The railway is designated as double line with exclusive up and down uni - directional main 

lines to facilitate train operations in each direction. On either side of the rail reserve (to the 

west and east) is the Mitchell Freeway which has three traffic lanes heading towards the city 

to the south and towards Joondalup in the north. 

A mix of steel and concrete barriers separates the road traffic from the rail reserve on either 

side. The terrain adjacent to the area where the railcars came to a stand is generally clear 

with some low lying scrub. Underfoot the ground is relatively even and comprises patches of 

sand mixed with small stones and some debris from passing road traffic. 

The commencement of the dewirement incident was identified as the 12.313 km point on the 

Joondalup to Perth line between Warwick and Stirling stations, and the railcars came to a 

stand adjacent to Signal D 112 ( down direction signal), a distance of 1193 metres. [3] 

Communications on this line are by means of the PTA two way radio network and 

commercial mobile phone carriers. (Figure 6) 
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Figure 6: Near map view of incident location 
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1.8. Lighting Conditions 

The isolation work in support of the ADSS Project was conducted at night with artificial 

lighting in lieu of natural lighting; however it is not considered that this contributed to the 

incident. 

This incident occurred at 0746 hours, on a partly cloudy but otherwise clear day. There were 

no sighting issues that contributed to the incident. 

1.9. Weather Information 

Weather information for the previous 10 days has been drawn from the Perth Bureau of 

Meteorology located 15 kilometres from the incident location as shown at Table 1. 

Date Minimum i* f * 1 f 
Maximum s Rainfall Wind Speed # 

24/09/12 5.7 19.8 0 WNW 30 

25/09/12 13.4 20.5 6.0 WNW46 

26/09/12 12.4 19.2 4.0 W 52 

27/09/12 10.7 14.9 12.0 WSW61 

28/09/12 3.8 17.1 5.4 S 28 

29/09/12 3.9 20.7 0 SSW 30 

30/09/12 6.5 28.5 0 NE 33 

01/10/12 10.5 34.3 0 NE 41 

02/10/12 15 23.9 0 NW 54 

03/10/12 15.2 20.1 3.8 SSW 41 

Table 1: Weather events 10 days prior to the incident 

# Wind speed is generic to the metropolitan area not specific to this location 

It is not considered that weather directly impacted this incident. 
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1.10. Drug and Alcohol Testing 

There was no alcohol or other drug testing undertaken as a result of this incident, and there 

is no suggestion that either alcohol or other drugs played a part in the incident. 

The acting Operations Manager TTO requested the driver of the affected railcar to travel to 

the Claisebrook depot, however the driver was returned directly to his home depot of 

Nowergup at his own request without undergoing testing. [5] 

1.11. Organisational Information 

Organisational Structure - Electrical Engineering Branch 

For ease of reference the terminology of Electrical Engineering branch, Urban Electrical 

Section and Overhead Maintenance Team will be used in this report. Appendix 5 and 6 

depict the organisational charts for the Electrical Engineering Branch and highlight the 

deficiencies and issues in terms of having vacant positions filled. 

As background, the PTA was created in 2003 by the merger of West Australian Government 

Railways and staff from the Department of Transport. In 2000 the predecessor rail 

organisation had been split with the sale of the freight business. 

A substantial loss in knowledge and staffing occurred when the split of the rail business 

occurred, with a distinct impact on engineering disciplines and the organisation's training 

structure were impacted. In subsequent years it has been difficult across the PTA to recruit 

staff for engineering and technical disciplines, particularly in the period of the resource boom 

where significant numbers of technical staff left for higher paying positions in the resource 

sector. 

The position of Principal Overhead Engineer has been vacant since the 24 June 2010. 

Following a restructure of the Urban Electrical section in early 2012 and recognition of the 

need for more resources in the area, the position of Principal Traction Power Engineer was 

created on the 20/03/2012 and has been vacant since that time. 

In the absence of being able to attract suitable competent personnel to the positions, an 

alternative, interim strategy was initiated. This entailed having personnel act in less 

substantive positions until the more senior positions could be filled. 

The position of Overhead Catenary Superintendent was created on the 12 March 2012 and 

has been vacant since that time. This position has been reclassified and has not yet been 

filled. 
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There are nine Senior Catenary Maintainer positions of which four have been vacant due to 

the incumbents leaving in April, May and August of this year. The position vacated in April 

has since been filled with a new starter commencing on 22 October, 2012. There has been a 

degree of acting time in the other three positions since they were vacated. 

There has also been a vacancy for an Advanced Catenary Maintainer since July 2012 where 

there has been minimal acting time and the position remains vacant. 

The Electrical Engineering Manager and the Senior Overhead Engineer were absent from 

the workplace on work related travel on behalf of the PCL Project, from 10 September until 

23 September 2012, with only the position of the Electrical Engineering Manager being back 

filled. 

Overseas recruitment has started to address the personnel shortages in the Electrical 

Engineering branch. 

1.12. Training 

Railcar Driver training 

The Driver of service 3558AS on the 3 October 2012 has a current Track Access Permit, 

WTO 11, which expires on 5 July 2013, and has completed the following training and 

awareness sessions, and was deemed competent to operate as a railcar driver at the time of 

the incident. 

28- Aug-12 

31-Aug-12 

29- Aug-12 

31-Aug-12 

27-Aug-12 

27-Aug-12 

30- Aug-12 

20-JuMO 

15-JuMO 

26- JuMO 

27- JuMO 

Safeworking (Network Rules 2000). 

"A" Series practical and theoretical operations. 

"B" Series practical and theoretical operations. 

Fault finding on railcars. 

Shunt Rollingstock. 

Dangerous Goods. 

Propelling railcars. 

Mainline driving Assessment. 

Shed. 

First Aid. 

Fatigue Management & Fire Extinguisher. [17] 
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Urban Electrical Section training 

The progression of training within the PTA has been evolving since its creation in 2003. In 

some cases training had been done within branch and division areas whereas in more 

recent years the benefits of a centralised Learning and Development Branch (L&D) within 

the People and Organisational Development Division has been recognised. 

L&D has progressively taken on the role of most training and this had started to occur in the 

overhead area since early in 2012 but had not been completed; the transition was 

considered necessary as there were potential gaps identified and/or inconsistency in the 

training of Urban Electrical Section staff. 

Training records held at the Urban Electrical Section and within L&D were varied or were 

incomplete. For example assessments were undertaken by the Overhead EPO but a copy 

of the assessment documents were not held by L&D. 

An extensive review conducted to identify completed (and assessed) training against 

documented evidence has highlighted a significant gap in the process. [18] [19] 

A revised training plan that is aligned to Job Description Forms and maintenance procedures 

(including JSA's) has been developed by L&D in company with representatives from the 

Electrical Engineering Branch. 

The plan was signed off prior to the dewirement incident and is formally commencing from 

the 26 t h November, however, two new trainees started in the programme in August of this 

year, and it is expected that the programme will be fully implemented by the second quarter 

of 2013. 

The Electrical Project Officer (class 5) has been utilised as a Training Coordinator at the 

Urban Electrical Section, arranging both technical and non technical training, for at least the 

past 4 years. 

Training records indicate that the Electrical Project Officer previously held the BSZ unit of 

competency in train the trainer and upgraded this into the full Certificate IV in Training and 

Assessment having attained the certificate on 2 n d August 2012. He is one of three qualified 

within the Overhead Maintenance Team. 

Non technical coaching is conducted at the Claisebrook depot and validated in the depot and 

in field work. 
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Currently technical training for Overhead Maintenance is not on the scope of the PTA as a 

Registered Training Organisation, and the PTA has now made a decision to extend the 

scope of its RTO to incorporate training for overhead maintenance. 

Some assessments have been conducted by Polytechnic West in the past, however, they 

advised the PTA in September 2012 that they were no longer able to conduct the proposed 

training and assessments, and it would be necessary to identify an alternate provider. 

1.13. Rostering and Fatigue Management 

A fatigue score is a measure of fatigue experienced by a worker. The fatigue score is based 

on the time of day of work and work breaks, the duration of work and breaks, the work 

history over the last seven days (this is weighted so that the most recent days provide the 

most input) and the biological limits on recovery of sleep. 

The rosters applicable to railcar drivers in the PTA are subject to fatigue management and 

comply with Fatigue Audit Inter/Dyne (FAID) modelling to ensure that there are sufficient 

opportunities for restorative sleep incorporated into the roster. [20] 

Railcar Driver Fatigue (Refer Table 2 page 29) 

The railcar driver was rostered on pattern N17 on the 3 r d October, 2012, with a shift 

commencing at 0640 hours until 1531 hours. 

Review of the roster and FAID analysis for the driver is captured in the table below, 

indicating that the roster was not onerous and the forecast fatigue levels were extremely low 

with ample opportunities for sleep recovery. [21] The maximum FAID score applicable to 

train drivers is 90. It is not considered that fatigue played any part in the actions of the driver. 
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Date Time on Time off Duration' " " rAID score 

24/09/12 0455 1051 5.93 28.4 

25/09/12 0615 1406 7.85 30.21 

26/09/12 0604 A A TT r\ 
1450 8.77 A A O O 

41.28 
o ~7 ir\r\ IA *~\ 
27/09/12 0514 1236 7.37 57.35 

^o/uy/12 UbU4 A ACf\ 
140U O . /Y GA A Q 

o4.1o 
29/09/12 Sick Leave 

30/09/12 Sick Leave 

01/10/12 RDO 

02/10/12 RDO 

03/10/12 0640 1540 9 17.79 

Table 2: Railcar Driver roster and fatigue score [21] 

Overhead Maintenance Teams management of fatigue 

The roster identified by the investigation team (planned or "base" roster) is subject to the 

requirements of fatigue management and the rosters have been validated through the FAID 

model. 

The maintenance team comprises four groups with each group alternating between day and 

night shift. There is a requirement to work 5 straight night shifts of 7 hours duration, two 

night shifts not required but on call, and a further 5 night shifts of 6 hours duration. 

The rotation then goes through two discrete day shift links where each of those links consists 

of 5 consecutive shifts of 8.5 hours duration. Operational rosters are not validated using the 

FAID model. [22] 

While fatigue is not considered to have contributed to this incident, there is a requirement to 

have the operational roster validated by means of the FAID model. 
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1.14. Monitoring Performance 

Overhead Maintenance Teams 

The performance of the Overhead Maintenance Team is evaluated by the Overhead 

Engineer who undertakes periodic worksite inspections where the following work 

components are observed: 

• Pre-start discussion; 

• Track Closure; 

• Isolation and Earthing procedure; 

• Permit to work; 

• Personal Protective Equipment; and 

• Tools. 

In the twelve months to June 2012 there were 10 worksite inspections undertaken. [23] 

1.15. Previous Dewirement Events at the PTA 

There have been two previous dewirement events also considered as part of this 

investigation. They occurred on the Mandurah line near Paganini Road on the 5 January 

2010, and on the 17 August 2011 at the Fremantle Road level crossing near Gosnells. 

In both previous events there were unidentified impacts to the pantographs of the railcars 

that affected the operation of the pantograph, and the interaction between the pantograph 

and the contact wire. 

In relation to the Mandurah Dewirement the following actions were proposed and remain 

relevant to this investigation: 

• Access to all areas of the PTA rail network for buses and emergency services. Ensure 

access for buses and emergency service vehicles to all areas of the PTA rail network 

and turn around points at reasonable intervals. 

• Access control to incident sites - Update Emergency Management Manual (EMM) to 

include requirement for Transit Officers to provide access control at all incidents 

including gates on PTA access roads. 

• Evacuation of railcars - Review design of ladders for controlled evacuations of railcars. 
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Evacuation of railcars - Determine where ladders for controlled evacuations of railcars 

will be located and document in EMM. 

In relation to the Gosnells dewirement the following action remains relevant. 

• In future, where any investigation is required the Electrical Engineering Manager is to 

catalogue and retain all evidence and not discard or reuse components that have been 

involved in the incident. This may delay the introduction of services, depending on the 

number of replacement components that are required. [24] 

The quarantining of physical evidence, in this case the damaged overhead catenary wire 

was not actioned as directed by the Lead Investigator. The Electrical Engineering Manager 

and the acting Overhead Superintendent were both instructed that damaged components 

were to be quarantined on site. Despite that instruction the catenary wire was cut into 

sections and transported back to the depot at Claisebrook. It is noted that damaged contact 

wire remained at the incident site for some weeks after the incident. 

1.16. Review of PTA Safety Plans for the Isolation Work 

The Safety Instructions for the Electrified Area section 9, page 32 stipulate "Appropriate 

references to the Safety Instructions for the Electrified Area shall be made in Safety 

Management Plans that apply to any work in the electrified area." [1] 

There was no Safety Plan developed for the isolation work in relation to the installation and 

use of the temporary construction breaks. The only documentation identified by the 

investigation team was the request for isolation; this documentation was created by the 

acting Overhead Superintendent and communicated to the Electrical Control Officer seeking 

authority to perform isolation work. [7] [14] 

While there were no other formal (written) plans created or submitted as part of this isolation 

work, there was a planning phase that included discussion of the work at the Transperth 

Train Operations "Closure Meeting" which is a fortnightly meeting held specifically to list and 

discuss track and overhead work that is programmed to occur over the following weeks. 

There are no minutes or action items emanating from these meetings for use as validation. 

This particular isolation had been a point of discussion at the Closure Meeting on a number 

of occasions and the work flow process is explained below. 

1. Where work requires alterations to train services, a "Closure Meeting" is held a 

minimum of 8 weeks out from the work being carried out. This is to enable TTO to 
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advise passengers and to initiate bus replacement strategies. 

2. The meeting is chaired by the Track Infrastructure Maintenance Manager, also in 

attendance are discipline managers from Electrical, Signals, Track and Structure and 

Train Operations including Train Planning. The general requirements for the work are 

discussed and agreed to. 

3. Application for the work is completed and forwarded to the Track Access Officer no 

less than 2 weeks prior to the work being carried out. The application details the 

location of the work timing of the work. Any requirements for de-energisation or 

isolations are detailed on the application. 
( 

4. The application is forwarded to the Electrical Control Officer and the Overhead 

Superintendent for resource planning. The Overhead Superintendent allocates a crew 

and a nominated person to undertake the isolations. 

5. The application then returns to the Electrical Control Officer who plans the isolation 

with the Suburban Operations Controller, and with their collective endorsement the 

application then goes back to the Track Access Officer who provides the appropriate 

approval. Special Train Notices are then issued and the work is authorised to 

commence. [25] 

In the case of the ADSS project, during the early part of the planning phase, it was evident to 

the members of the urban electrical branch and the Overhead Maintenance Team that the 

conventional isolation points would not provide the flexibility of train operations to Stirling as 

required by the Operation and Train Planning area within TTO, as well as permitting work on ^ 

behalf of the ADSS project. On that basis (and separate to the meeting process) a decision 

was taken that temporary construction breaks should be utilised. [7] 
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Figure: 7 - Diagram depicting extent of isolation under approved working and utilising 
temporary construction breaks 
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The diagram at Figure 7 (page 32) depicts the variance in the length of track closure had 

the isolation been undertaken in the approved manner, and under the conditions created by 

utilising the temporary construction breaks. The red line indicates the overhead is live and 

green indicates isolation of the overhead. 

Diagram A identifies the additional section of line available for train operations due to the 

application of temporary construction breaks, and Diagram B indicates that train running 

would not have been possible between Leederville and Stirling under a conventional 

isolation. 

1.17. Approved Methodology for Electrical Isolations 

There are 214 formal isolation points on the system with the diagram below representative of 

a standard isolation point. The approved method of operation is described pages 34 and 35. 

S3 

,1 
1 

9 

Figure 8: Photo representing a typical isolation point on the PTA system 
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• After Train Control blocking has been applied, the following procedure shall be carried 

out in sequence by the ECO: 

a. Instruct the Nominated Person /Approved Person (NP/AP), at each isolator to be 

operated / tagged, to stand by for instruction to operate the isolator; 

b. Advise the Train Controller of the boundaries of the electrical section to be 

deenergised for switching purposes; 

c. Open and Lockout Tag the circuit breaker(s) controlling the section to be 

isolated; 

d. Hand dress the workstation display for each isolator to be operated; and 

e. Instruct the NP/AP to operate the isolator (identified by its allocated number) into 

the designated position and confirm the isolator operation and that the isolator 

has been locked and tagged. 

• The NP/AP shall note in their notebook the isolator number and operations required 

then repeat these details back to the ECO prior to operating the isolator. The NP/AP 

shall operate the isolator to the required position, check that the isolator has been 

operated to the required position and advise the ECO. 

• On receipt of confirmation that isolators have been operated to the required positions 

from the NP/APs on site, the ECO may lift the Lockout Tags and reclose the 

appropriate circuit breakers. 

• The ECO shall then Complete Part 1 of Form WE 2 in conjunction with the NP in 

charge of the isolation. The WE2 authority number shall be the same as the Form 

WEO number. A message number is the time as shown on the TP SCADA 

Workstation. 

• The ECO shall then advise the Train Controller that the OHTWE is isolated and any 

portions that were deenergised solely for switching have been re-energised. 

• When all isolators are in the required position as per part 1 of the Form WE2, the ECO 

will pass control of the electrical section(s) to the NP in charge of the Isolation by both 

completing Part 2 of their Form WE2. By signing Part 2 of the Form, the NP In Charge 

of the Isolation confirms they have taken control of the Electrical Section(s) as shown 

on the Form WE2 and accepts responsibility to ensure testing, earthing and issue of 

Permit to Work Forms WE3 issued fully comply with this procedure and all related TDS 
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procedures, documents and drawings. 

• The NP in charge of the Isolation shall then carry out/have carried out by another NP 

or AP required testing, earthing and issue of Permit to Work Forms and record all 

relevant information on Parts 2a and 3 of the related Form WE2. 

• Each separately deenergised electrical section of OHTWE shall be tested with an 

approved testing device. When proven deenergised, duplicate local/portable earths 

shall be installed on each side of and in proximity to the working limits of each 

electrical section or subsection being isolated. 

• If the work area to be covered by the Permit to Work is greater than either 400 or 800 

metres(as below), additional intermediate single portable earths shall be applied at the 

following intervals: 

a. 400 metres maximum, when the equipment being isolated runs parallel to live 

OHTWE or adjacent Power Supply Authority High Voltage overhead lines; and 

b. 800 metres maximum, when all adjacent OHTWE is deenergised or isolated 

and there are no parallel adjacent Power Supply Authority High Voltage 

overhead lines. 

• Once all required portable earths have been installed, the NP in Charge of the 

Isolation, and/or NP delegated, shall issue, to each Person in Charge of Electrification 

Safety, a Permit to Work Form WE3. Completion of Part 1 of Form WE3 will constitute 

the Permit to Work. 

• The NP issuing a Permit to Work shall ensure that the Person Responsible for 

Electrification Safety for the work fully understands: 

a. The working limits stated on the Permit to Work; and 

b. Responsibilities of the Person Responsible for Electrification Safety as per the 

Safety Instructions for the Electrified area. 

• At the earliest opportunity, NP in Charge of the Isolation shall inform the ECO of the 

updated details of Parts 2a and 3 of the Form WE2 so the ECO can record the 

relevant information onto the ECO's Form WE2. [26] 

It is a shortcoming of the system that formalised isolation points are not always located in 

areas near to where isolations are required and this is a product of history and decisions 
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taken when the lines were built. 

Additional formal isolation points installed into the system would preclude the use of 

temporary construction breaks in the future. 

1.18. Risk Management 

The corporate risk register was reviewed for evidence of the understanding, acceptance and 

treatment of risk at the Urban Electrical Section. 

The risks evident in the Risk Cover database in relation to dewirement were initially entered 

in the Risk Cover system on 5 June 2012 and the overall inherent risk assessment rated a 

level 6, which was the same rating for the post control risk assessment. 

This risk was to have been accepted by the 1 July 2012 but at the date of the dewirement 

had not been actioned. Additionally, none of the current controls were individually assessed, 

however collectively they were assessed to be "As Low as Reasonably Practicable". [27] 

No formal review of this risk was undertaken. 

1.19. Adequacy and Application of the Urban Electrical Safety Management System 

The Safety Management System in place in the Urban Electrical Section immediately prior to 

the dewirement incident is lacking in terms of review and audit and does not meet the needs 

of the either the Urban Electrical Section or the organisation. 

The majority of the procedures are outdated and require revision. 

There are 156 consolidated procedures, standards, guidelines and JSA's in the overhead 

document management system as presented to the investigation team. Of those, 7 were 

reviewed in 2012 and they are: 

• Procedure for isolation of overhead traction wiring; 

• Standard Specification 717M for Supply and Delivery of Isolating Transformers for use 

in 25KV AC Electrified Areas; 

• Safety Instructions for the Electrified Area - Section 5 (twice); 

• Asset Management Plan for Electrical Services; 

• Asset Management Plan for Overhead Traction Wiring Equipment; 

• Procedure for Induction of New Electrical Engineering Employees; and 
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• Procedures and Tables for ECO Blocking Routes for Insertion into Phoenix Train 

Control System. 

There were 7 documents reviewed in 2011, namely: 

• Guidelines for Earthing and Bonding in the 25KV AC Electrified Areas - 228E Part 1, 

Traction Power and Overhead Wiring Equipment; 

• Procedure for Traction Distribution System Operating Instructions; 

• Procedure for urban electrical services testing residual current devices; 

• Guidelines for Earthing and Bonding the 25KV AC Electrified Areas - 228E Part 2 

Signalling Equipment; 

• Electrical Engineering Induction; 

• Procedure for high voltage power lines crossing PTA infrastructure in the Perth Urban 

Area; and 

• Procedure for Inspection and Testing of Emergency Lighting and Illuminated Exit 

Signs. 

There were 11 documents reviewed in 2010: 

• Lighting and Design and Maintenance Guidelines; 

• Guidelines for Earthing and Bonding in the 25KV AC Electrified Areas - 228E - Part 1 

- Traction Power and Overhead Wiring Equipment; 

• Code of Practice for The Design Supply Construction and Commissioning of 25KV 

AC Traction Overhead Catenary Equipment Part A General System Specifications; 

• Electrical Design Management Guide - Perth City Link-Rail; 

• Electrical Design Management Guide - Joondalup Line Extension; 

• Communications Equipment; 

• Guidelines for Earthing and Bonding in the 25KV AC Electrified Areas - 228E Part 3 

Communications Equipment; 

• Procedure for Traction Power Substation and Track Sectioning Cabin (TSC) 

Inspection and Maintenance; 

• RUHRTAL 132KV Dis-connector with Earth Switch - Appendix C - Equipment 
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manuals from manufacturers; 

• Procedure for isolation of Claisebrook emu maintenance depot; and 

• Guidelines for Earthing and Bonding in the 25KV AC Electrified Areas - 228E Part 2 

Signalling Equipment. 

It is also noted that 37 Job Safety Analysis were reviewed on 4 t h August 2009. 

With the exception of the most recent reviews, the documents refer to position titles that no 

longer exist, they have incorrect references to various Acts, Regulations and Standards (now 

outdated), and are incomplete in part, with references to diagrams and photos that have not 

been included in the documentation. ( 

However, 50 of the documents have not been reviewed or amended since 2007 and at least 

five of these date back to 2001. [28] 

1.20. Compliance with the Document Control System 

The Senior Overhead Engineer issued a Work Instruction in relation to temporary 

construction breaks on the 9 November 2011 to the "Overhead Catenary", the Urban 

Electrical Superintendent, the acting Overhead Catenary Superintendent, and the Electrical 

Engineering Manager. 

The Overhead Maintenance Team who were issued with the Work Instruction were not 

familiar with its application. At interview the Senior Overhead Engineer indicated that the 

instruction was "live" within the system, however, the investigation identified that the work 

instruction was not subjected to document control and was only disseminated locally by ^ 

email and publication within the depot. 

A number of the email recipients indicated that they were either not aware of the instruction 

or did not believe that the instruction had application for future installation of temporary 

construction breaks, believing that it was a statement relating to existing, approved, 

temporary construction breaks that had already been installed. [29] 

1.21. Routines for Internal Checks and Audits - Adequacy of Results 

The Senior Overhead Engineer provided evidence that monthly worksite inspections were 

occurring. He undertook these inspections personally as a means of checking his team's 

compliance with process and to maintain contact with the group. 
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There is only evidence of one audit having been conducted in the last two years against the 

Urban Electrical Section Safety Management System. [30] 

1.22. Functioning of Rolling Stock and Technical Installations 

Signalling and Train Control Systems - Including Data Records 

The Train Control and ECO (SCADA) functions and voice loggers were downloaded 

following the incident. 

The Train Control replay indicated a track fault between Stirling and Warwick at 0741 hours 

in the down direction (towards Joondalup) which was ultimately identified as the 

commencement of the incident. 

Evaluation of the ECO SCADA data was pivotal in understanding the circuit breaker faults 

and resets that contributed to the failure of the catenary wire. 

There were in excess of 1300 distinct communications on both two way radios and 

telephones that were recorded on the Train Control and ECO voice logger. 

Each of these communications was reviewed to inform this report. [31] 

Rolling Stock and Infrastructure Including Automatic Data Registration 

Analysis of the ATP data from the "A" series railcars involved in the incident identified that 

the train recorded a speed of 114 km/h for a period of 14 seconds immediately prior to the 

collision with the overhead wires; the maximum permissible speed is 110 km/h. 

The "A" series ATP system accuracy is +/- 4% at its worst, which is at the lower end of the 

speed range. It is important to note that the driver's speedometer utilises the same axle 

probe speed signal but will not provide the exact same signal as recorded by the ATP 

system because it converts the signal using different hardware. 

ATP allows up to 4 km/h over speed with no intervention, between 5 and 9 km/h the system 

notifies the driver of the over speed with a tone and a flashing indicator light, and if travelling 

at 10 km/h above the speed limit then a full brake application is made by the system. 

The analysis also supported the driver's version of the incident in terms of the operation of 

the railcars, and verifies that the brakes were working satisfactorily at the time of the 

incident. There were no further issues of concern or discrepancies identified in terms of the 

safe operation of the train. [3] 
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1.23. Application of the Operating System 

Measures Taken By Staff for Traffic Control (Rail and Road) and Railway Safeworking 

The Up and Down mains between Warwick and Stirling were not immediately closed in 

accordance with the Network Rules, however the Train Controller took action appropriate to 

an emergency situation by blocking signals that controlled the entrance to the affected 

sections of track and maintaining them at stop for the duration of the outage. 

The emergency de-energisation of the overhead lines and Permit to Work (PTW) issued at 

0928 hours, and the placing of blocks on signals controlling the entrance to the section by 

the Train Controller ensured that no rail traffic was able to enter the affected section. The 

track section closure was formalised by the Perway Inspector at 1439 hours on that day. 

Traffic control was initiated by the WA Police in liaison with the Main Roads by means of 

closing the inside lane of the Mitchell Freeway North in the region of the dewirement to all 

but PTA personnel, emergency personnel and replacement Transperth buses. [31][32] 

1.24. Review of Emergency Processes 

As part of the investigation Terms of Reference the investigation team reviewed the following 

sections of PTA's Emergency Management Manual: Section 5 - General Emergencies, 

Section 7 - Rail Emergencies PTA Network and Section 10 - Evacuation Transperth Trains. 

Actions of those in the initial response - The Driver 

0745 The Driver on realising that the overhead traction power lines were coming 

down contacted Train Control giving notice of the incident. He then bought the 

train to a stop as soon as practicable. Whilst the Driver did not use the Pro 

Words "Emergency Emergency" his communication with Train Control was clear 

and easily understood. 

The Driver advised the passengers of the incident and told them not to open the 

doors and detrain for their safety. 

Train Control 

0746 to On receiving the initial call from the Driver, the Train Controller responsible for 

0749 the Joondalup line contacted all the trains in the vicinity of the incident site and 

instructed them to remain where they were and not to move, giving limited 
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information on what had occurred. 

The Train Controller also applied blocking facilities to all of the signals 

controlling access to the dewirement site to ensure that no rail traffic can be 

signalled into the area. General Broadcasts were made from Train Control to 

Drivers and Station Staff on the Joondalup line. 

0749 The Train Controller on the Mandurah line advised all trains to stop at their 

current locations, until advised other wise. 

0753 Train Control requested the Station Coordinator Perth Station to order buses to 

replace the trains between Leederville and Whitfords. 

0753 First trains on the Joondalup line were being moved beyond Whitfords. 

0757 Trains were running between Perth Underground and Leederville Station. 

The Electrical Control Officer 

0741 ECO notes a non command trip at Stirling but not at Warwick, trains are not 

affected as power is being fed though from the Warwick end of the section. The 

ECO has a discussion with the Electrical Superintendent on the trip 

0742 The ECO recloses the breaker and the breaker immediately trips again. Again 

trains are not affected as Warwick had not tripped and power is being fed 

through from the Warwick end. The ECO is still in discussion with the Electrical 

Superintendent. 

0745 ECO receives a non command trip at Warwick; power is cut between Stirling 

and Warwick. As this is the second trip power cannot be restored until the line 

is examined. 

0746 ECO contact the acting Overhead Superintendent to advise him of the power 

trip. Provides information on the location of the trip to the acting 
0758 

Superintendent. The Foreman and his crew are located at Claisebrook with 

another crew on the Kwinana Freeway heading toward Mandurah. 
ECO receives a call from Delta5 saying that they are on site and that there are 
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wires down. ECO advises that they need to keep everyone away from any fallen 

overhead lines. Advises the ECO of the exact location by the Mast Number. 

0830 Isolators opened and tags applied to local isolators. All ECO and Train Control 

Blocks are in place. 

0848:10 Earth Straps applied to overhead line. 

Operations Manager 

0746 Train Control advised the Operations Manager of the de-wirement. 

0810 Arrived at the incident site, the location of the disabled train. The WA Police 

were in attendance as well as two Transit Officers. Liaised with the Police and 

PTA personnel, GM TTO, Corporate Communications, Electrical Engineering 

Manager, ECO, Train Control and Manager Investigation and Safeworking. 

Transperth Ticketing Performance Manager 

Approx PTA's Liaison officer at the Main Roads Traffic Operations Centre called and 

0800 notified of the incident. Transperth Ticketing Performance Manager did not 

attend the Main Roads Traffic Operations Centre, however a PTA 

representative was already there. There were several phone calls to the 

Operation Manager on site and the Station Coordinator Perth regarding the 

arrangement for getting busses. 

0930 PTA's Liaison Officer went to Perth Station and assumed control of the train 

replacement buses. 

Shift Commander 

0746 A member of the public rang and informed the Shift Commander of the de

wirement and gave a location. 

0748 After receiving the General Broadcast from Train Control the Shift Commander 

dispatched Delta5 to the area to provide update information and assist as 

required. 
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0750 Contacts the Main Roads Traffic Operations Centre and informs them of the 

member of the publics report. 

Transit Officers 

0748 Shift Commander dispatched Delta5 to the area to provide update information 

and assist as required. 

0758 ECO receives a call from Delta5 saying that they are on site and that there are 

wires down. ECO advises that they need to keep everyone away from any fallen 

overhead lines. Advises the ECO of the exact location by the Mast Number. 

0830 Transit Officers request the provision or location of emergency steps to assist 

passengers 

Manager Investigations and Safeworking 

0830 Arrived on site and met with the Operations Manager and assisted in the 

evacuation as required. Met and discussed the issue of preservation of 

evidence with the Electrical Engineering Manager and Operations Manager 

Electrical Engineering Manager 

0748 The Electrical Engineering Manager maintained constant communications with 

the ECO and when on site spoke and organised his staff. 

Detraining Passengers 

0806 Driver requests permission to open the doors to allow fresh air in the railcars as 

the train batteries have run down and there are no fans working. At this time 

there were a large number of Police and PTA personnel on site. With Police and 

PTA personnel in the railcars the doors were opened and passengers instructed 

not to detrain until told to do so. 

0815 WA Police organised traffic management so that the passengers can be de 

trained. 

0830 Transit Officers requested for emergency steps to be provided. No emergency 
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steps could be located on the Joondalup line. Buses started to arrive to clear 

the approximate 400 passengers from the site. 

The Operations Manager following discussions with the Train Services Manager 

who was in contact with the ECO, confirmed that as there were no downed 

wires in the vicinity the passengers could be evacuated. 

Passengers were detrained through Drivers cab doors and from the open 

saloon doors, where possible PTA staff gave assistance in many cases the 

passengers assisted each other where there was no PTA personnel. 

Delta 5 confirmed that all passengers were clear of the Perway and no more 

buses were required at the incident site. 

Site Management and Recovery 

0922 Permit to Work was issued, maintenance staff on site and begin the work of 

recovery. Rollingstock Engineering Manager met with the Operations Manager 

and assessed the condition of the Railcars. 

1115 Train No 4525 stranded at Glendalough Station due to no power was issued a 

Wrong Direction order to return to Leederville arriving at 11:32. 

1430 After a request from the Operations Manager a Perway Superintendant arrived 

to assist in closing the section under the Railway Safeworking Rules. After 

Section closed the Operations Manager informed the Electrical Engineering 

Manager that he was leaving the site. 

1630 Rail Operations commence between Perth and Stirling. 

2215 Railcars of Train No. 3558 were attached to the MA class diesel locomotive and 

removed to Claisebrook. 

5/10/2012 Section handed back to Train Control. All Railway Safeworking protection and 

1217 ^ r a ' n c o n t r o ' a n c ' ^ O blocks removed. Section opens for traffic. 

In the main, the above sections of the Emergency Manual were followed, providing a safe 

working environment for those responding to the incident and ensuring the safety of the 
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passengers on the train directly involved in the dewirement, as well as trains approaching 

the location. 

There were a number of issues raised in relation to the Emergency Management Procedures 

that are detailed below and will be picked up as recommended safety actions; [33] 

• There were no SMS messages sent out to key/senior personnel using PTA's 

Emergency Callout System in order to advise of the dewirement. 

On the day of the dewirement, the substantive Shift Commander booked off duty due 

to illness. The Perth City Supervisor was sent to fill in for the Shift Commander until 

the replacement Shit Commander arrived. This person was not fully versed in Shift 

Commander duties for example, the use of the SMS callout system. Unfortunately the 

incident happened before the changeover to an experienced Shift Commander could 

occur. 

Since the incident the CMR Coordinator has been trained how to use the SMS callout 

system as a back up to the substantive Shift Commanders and acting Shift 

Commanders. This was an isolated circumstance. 

The issue of not sending out the SMS did not delay the emergency response by the 

Public Transport Authority. 

• Transperth Ticketing and Performance Manager did not go the Main Roads Operations 

Centre, which is an option in the event of a serious incident, however another 

Transperth Liaison Officer was at the Centre. 

This did not delay the introduction of buses to replace the trains between Stirling and 

Whitfords or the provision of busses to the incident site. 

There was a Transperth Liaison Officer in the Main Roads Operations Centre, however 

the organisation of buses was carried out by the Station Coordinator Perth. The 

Liaison Officer went to Perth Station at 0930 and assumed control of the train 

replacement buses. 

• The Incident Controller (Operations Manager) is required to provide a duty roster for 

onsite PTA response and recovery personnel. This was not done. 

This did not delay work that was going on to recover from the incident. 

The Discipline Managers of the personnel on site are best placed to work out rostering 

requirements for their staff. 
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Closure of the Section under Railway Safeworking Rules. 

The Closure of the section under Railway Safeworking Rules did not occur until 1438 

hours; the Train Control and ECO blocks were in place by no later that 08:30 with the 

Permit to work in place by 0928. 

This did not impact on the protection of the workers involved in the recovery phase. 

Transit Officers are required to: 

o Establish a Control point. 

The front cab of the train was where most people met, however some came in 

from different locations and began assessing the damage. ^ 

o Cordon off and guard the area. 

Whist there were number of Police and Transit Officers at the site, the site was 

1,500 metres long and was impractical to cordon off such a large area. 

o Deny entry to unauthorised people. 

Due to the 1,500 metre long site some people may have accessed the site, 

particularly members of the Press. 

o Record names and occupation of any person who enters the scene. 

The Transit Officers on arrival spoke to the Driver and were with the passengers 

ensuring that they were looked after. When the last passenger left the Perway 

they took the Driver back to his home depot and then sent reverted to their V 

normal duties. 

o Emergency stairs were not located to be transported to the site. 

There were several phone calls relating to attempting to find them, there was 

information that they may have been at Claisebrook, or somewhere on the 

Mandurah line. However they were not located. [34] 
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1.25. Summarised Sequence of Events 

Evidence collected has been analysed and identifies that the following sequence of events 

lead directly to the failure of the catenary wire and the dewirement of the overhead line 

between Warwick and Stirling. (Refer Appendix 4 and Table 3 page 53) 

1. Isolation work was required to support the installation of the ADSS between Stirling 

and Warwick stations. 

2. Preplanning for the event was undertaken by the Urban Electrical Superintendent and 

the Electrical Control Officer which included a site visit to establish arrangements that 

suited all parties. 

3. Due to the need to have an early isolation (i.e., an isolation achieved as early as 

possible in the evening) and to keep as many stations operational as possible, it was 

decided to put in place a construction break at the insulated overlap (12.373 km). 

The construction break as designed was a speedier way of achieving an isolation than 

other options which may have been available; in terms of formal isolation points it 

allowed trains to run further north on the track than would have been achievable at 

formal isolation points. 

There was no engineering assessment done on the use of the construction breaks for 

the site. 

4. It was determined that the optimal solution was to establish a "switching" arrangement 

at the insulated overlap located adjacent to the 12.373 mast between Stirling and 

Warwick. 

5. On 19 September 2012 the temporary construction breaks were manufactured at the 

Claisebrook Overhead Depot in preparation for the work. 

6. The temporary construction breaks were installed on or about the 20 September 2012 

and were utilised as a switching arrangement for 6 days. 

7. When the work face changed, the breaks were no longer required but were 

erroneously left installed. 

8. Over the following 5 days the securement of the clamps was compromised due to the 

following factors: 

a. Variable wind speeds over the period that the clamps were in situ leading to 
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movement of the clamps on the catenary wire (See Page 19 Weather 

information); 

b. Variations in temperature over the period that the clamps were in position 

leading to movement between the clamps and the catenary wire (As above); and 

c. Arcing as a result of the above (evident on the interior and exterior face of the 

clamps and on the catenary wire). 

9. On Wednesday the 3 October 2012 at 0740 hours, a train travelling in the down 

direction between Stirling and Warwick, 4523W, has been impacted by one of the 

clamps which was attached by one end to the catenary wire with the other end 

hanging below the contact wire. 

10. Photographic evidence at Figure 8 confirms that two of the clamps were hanging from 

the catenary wire on the down side of the line secured by one end only; note the clamp 

hanging below the level of the contact wire 

Figure 8: Status of construction breaks on the 
down main immediately following the incident 

11. The impact has caused a power trip at Stirling Track Section Cabin on circuit breaker 

STG 304. The Electrical Control Officer noting the trip has then reclosed the circuit 

breaker resulting in a further trip to circuit breaker STG 304 and STG 306. 

12. At this time a track fault appeared on the Train Control panel behind train 4523W. 

13. The effect of the fault was to send a massive power surge towards the temporary 

construction clamps that had been installed on the up main. 

14. It has been estimated that the fault surge was in the vicinity of 2000 - 6000 amps (the 
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nominal operating requirement is 420 amps). The fault current and transfer of energy 

occurred on two separate occasions as the Electrical Control Officer reclosed the 

circuit breaker only to have it trip a second time. 

15. The power surges generated extreme heat, more than that required to change the 

properties of the 7 strand copper catenary wire from hard drawn to annealed, 

(metallurgist confirmed some of the copper wire strands tested were annealed) leading 

to significant arcing and melting of individual strands of the catenary wire. 

16. The result of the arcing and melting of the catenary wire spread the tension load to the 

unaffected strands of catenary wire which then failed under tensile overload. 

17. Road traffic on the Mitchell Freeway towards the city was moving very slowly at this 

time and members of the public who came forward confirm that the catenary wire on 

the up main snapped and fell down prior to the train, 3558AS, arriving at the site. 

18. The clamps which were installed on the up line adjacent to those on the down line 

were then hanging below the level of the contact wire. 

19. The driver of 3558AS observed a voltage fluctuation on the voltmeter in the cab of the 

railcar and intuitively felt that something was amiss. Looking ahead he noted that the 

overhead lines were "rolling", he immediately cut the power to the railcar and 

attempted to lower the pantograph. 

20. The pantograph on the lead railcar caught and became entangled on the low hanging 

clamp of the temporary construction break and the broken catenary wire. 

21. The driver of 3558A then applied the train brake to bring the train to a stand 1193 

metres from the point of impact.(Note the driver did not apply the emergency brake as 

this would have likely resulted in injuries to passengers) 
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Time 

Signal D 112 went Red as train 4523 passed it 0746 

Signal D 122 went Red as train 4523 passed it 0740:35 

STG 304 first trip 0741:02 

Signal D 135 west to Red as train 4523 went passed it 0741:18 

STG 304 Trip closed 0742:28 

STG 304 second trip 0742:32 

Signal D 112 went to Red due to track fault 0742:34 

Signal D 122 went to Red due to track fault 0742:43 

Signal D 145 went to Red as train 4523 passed it 0742:45 

Driver train 3537 on down main asks if power is off , • 0744:54 

Signal U 121 went to Red due to track fault 0745:47 

WRK 303 first trip 0745:48 

Signal U 134 went to Red due to track fault 0745:49 

Driver train 3558 up main reports overhead wires coming down 0745 50 

Signal U 108 went to Red due to track fault 0745:52 

Train 3558 comes to a stop adjacent to Down signal 112 0751 b7 

Table 3: Depicting the sequence of events up until to the dewirement [33] [35] 
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2. ANALYSIS 

The contributing factors of this incident were analysed using the Incident Cause Analysis 

Method (ICAM). 

Organisational 
factors 

Task/ 
environmental 

conditions 

Individual/team 
actions 

Absent or 
failed defences 

Non 
contributory 

factors 

No engineering 
authority for this 
meinou or 
temporary , 
construction 
break 

Temporary 
construction 
Dreai\ \ i_yp_e 
unknown) 

Previously used 
without issue 

Railcar driver cut 
power to the 
raiicdi, mi pdii 
down button and 
contacted Train 
Control 

No authority for 
the use of the 
icinpuidiy 
construction 
breaks , 

Railcar ATP 
registered speed 
dt̂ *fr\p/M yv 
allowable speed 
(noted variance + 
or-^4%) - , r 

Senior Over 
head Engineers 
away from the 
depot on work 
related travel at 
the same time 

Temporary 
construction 
breaks used as 
switching device 
over 5-6 days 

Train Control 
Emergency 
blocking, signals 
to stop 

No Safety Plan for 
the work in 
relation to the use 
of Temporary 
construction 
breaks 

Moderate 
increase/decrease 
in the weather 
prior to the 
incident 

No procedure for 
this type of 
temporary 
construction 
break 

Temporary 
construction 
breaks left in situ 
despite being no 
longer required 

ECO applied an 
emergency de-
energisation 

The clamps used 
in the Temp 
construction break 
were not fit for 
purpose 

No minutes or 
actions emanating 
from the Closures 
Meeting 

Work instruction 
for temporary 
construction 
breaks written 
but not fully 
communicated 

ECO issued 
Permit to work 
with the 
Nominated Person 
in the Field 

Work Instruction 
for temporary 
construction break 
not widely known 
or followed 

Operational 
rosters are not 
subject to Fatigue 
analysis through 
FAID 

Current training 
for overhead 

SOC Emergency 
Notification 

Only one Audit 
undertaken in last 
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area is ad hoc 12 months * \ ' k \ J X i 1 ft V i *S» 

Lack of Audits to CMR No SMS Senior Overhead 
test the safety sent with regard to Engineers away 
system including notification of the from the depot 
maintenance event without adequate 
activities replacement 

New training Acting Overhead , 
regime signed off Superintendent on 
and commenced leave prior to the 
formally from isolation Work 
26.11.12 
although two 
already in \\ \ ) 

program but not 
yet operational t * 

Training records Train Control Inspections 
at Urban arranged for inadequate to 
Electrical Section removal of the determine that 
and L&D not incident railcar set TCB were left in 
consistent situ or damage to 

catenary 

No dedicated Urban Electrical Method of 
Training Officer Superintendent applying clamps 
in N&l or in authorised was not adequate 
Electrical construction and in terms of 
Engineering use of temporary detecting or 
Branch construction preventing arcing , 

breaks while - or other damage 
Senior Engineers 
were away from 
the depot 

EEM not aware Temporary 
of the extent of construction 
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maintenance 
reworks from 
Ellipse 

breaks installed 
on site by 
Overhead 
Maintenance 
Team (for 7 days) 

Maintenance 
rework - impact 
on maintenance 
plan and 
isolations 

Overhead 
Superintendent on 
site when 
temporary 
construction 
breaks were 
applied, and left in 
situ 

Incompatibility 
between TTO 
and maintenance 
and isolation 
activities (i.e., 
formal isolation 
points are not 
always in the 
right places for 
maximising train 
services and 
efficiencies) 

Non suitability of 
temporary 
construction 
breaks utilising 
existing 
equipment 
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INVESTIGATION METHODOLOGY 

ICAM is an analysis tool that sorts the findings of an investigation into a structured 

framework, with the contributing factors classified into the following four categories: 

• Absent or Failed Defences: 

The situations, systems, conditions, equipment, measures or human factors which 

normally prevent this type of incident from happening. 

• Individual / Team Actions: 

The errors or violations made by people directly involved in the events. 
( 

• Task / Environmental Conditions: 

the "situational characteristics" which existed immediately prior to the incident, 

including the work situation, physical or social environment, or a person's mental, 

physical or emotional state. 

• Organisational Factors: 

Those latent system-based factors present before the incident which may have 

contributed to the presence of specific adverse task and environmental conditions, 

individual / team actions or absent / failed defences. 

2.1. Absent or Failed Defences 

Defences are those measures designed to prevent the consequences of a human act or 

component failure producing an incident. Defences include equipment or procedures for ^ 

detection, warning, recovery, containment, escape and evacuation, as well as individual 

awareness and protective equipment. 

These contributing factors result from inadequate or absent defences that failed to detect 

and protect the system against technical and human failures. These are the control 

measures which did not prevent the incident or limit its consequences. 

The absent and failed defences identified in this incident are briefly described below: 

• There was no engineering authority to construct and use the temporary construction 

breaks as directed the Urban Electrical Superintendent; (Design and adequacy of 

equipment section 1.6 Para 1 page 22) 

• The clamps used as part of the temporary construction breaks were not fit for purpose 
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and were not designed to carry 25kV load, noting alternative clamps of a different 

design have been used in other construction breaks and have proven durability; 

(Design and adequacy of equipment section 1.6 Para 6 page 22) 

• The design of the clamps was not adequate in terms of ensuring the requisite metal to 

metal contact, achieving the required level of torque to the clamps, or in terms of 

detecting arcing or other damage to the clamps or the catenary wire; (Temporary 

Construction Breaks Para 5 page 18 and 19) 

• There was a Work Instruction dated 9 November 2011 issued by the Senior Overhead 

Engineer which identified approved temporary construction breaks installed on the 

Fremantle line near the Milligan Street footbridge, the Perth Underground, and Perth 

City station platform 7, the instruction does not make reference to the type of 

equipment required for an approved design; (Temporary Construction Breaks Para 6 

and 7 pages 18 and 19) 

• The Urban Electrical Superintendent indicated that he was not aware of the Work 

Instruction despite having been a recipient of the email; (Temporary Construction 

Breaks Para 6 page 19) 

• Procedure - Traction Distribution System Operating Instructions - 8110-800-035 Rev 

2.03, 9 August 2011, section 12 - Special Feeding Arrangements, states that 

temporary construction breaks may be used as a last resort. Permission is required 

from the Electrical Engineering Manager or Representative before special feeding 

arrangements can be initiated - such permission was not obtained; (Design and 

adequacy of equipment section 1.6 Para 4 page 22 and 23) 

• Senior officers from the Electrical Engineering Branch who were strong advocates of 

applying only approved temporary construction breaks were away from the workplace 

prior to this event occurring and during the isolation preplanning phase. They were on 

work related travel on behalf of the PCL Project. (Organisational Information section 

1.11 Para 13 page 27) 

• There was no Safety Plan developed for the work of isolating the power in support of 

the ADSS Project; (1.16 Review of PTA safety plans for the isolation work Para 2 page 

32), and 

• There are no minutes or actions that are communicated from the "Closures 

Meetings".(1.16 Review of PTA safety plans for the isolation work, Para 3 page 32) 
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2.2. Individual or Team Actions 

The Individual / Team Actions identified in this incident are listed below: 

• The Urban Electrical Superintendent authorised the manufacture and use of the 

temporary construction breaks while senior officers were away from the work place on 

work related travel; he believed that he had the authority to do so; (Section 1.6 Design 

and adequacy of equipment section 1.6 Para 1 page 22) 

• The Overhead Maintenance Team (which included the Supervisor), disconnected the 

booster transformer in the overlap section and installed the temporary construction 

breaks; (Temporary construction breaks Para 1 - 4 page 18) 

• Over a period of 5 days the Overhead Maintenance Team disconnected and 

reconnected the temporary construction breaks to facilitate isolations; (Temporary 

construction breaks Para 1 - 4 page 18) 

• The Railcar Driver observed a variation to the voltmeter in the railcar cabin and noted 

that the overhead line ahead of the train appeared to be "rolling". He immediately cut 

the power to the railcar, dropped the pantograph and contacted the Train Controller. 

(The Incident section 1.1, Para 1 and 2 page 11) 

• The Railcar Driver elected to use the train brake in lieu of the emergency brake to 

minimise the impact on the passengers; (The Incident section 1.1, Para 3 page 11), 

and, 

• The train registered a speed on the Automatic Train Protection of 114 km/h 

immediately prior to the train colliding with the overhead wires. (There is a variance of 

+ or - 4% on ATP speeds and these also vary from the railcar Speedo). (The Incident 

section 1.1, Para 2 page 11) 

2.3. Task and Environmental Conditions 

These are the conditions in existence immediately prior or at the time of the incident that 

directly influences human and equipment performance in the workplace. These are the 

circumstances under which the errors and violations took place and can be embedded in 

task demands, the work environment, individual capabilities and human factors. 

Deficiencies in these conditions can promote the incident of errors and violations. They may 

also stem from an Organisational Factor Type such as Risk Management, Training, 

Incompatible Goals, or Procedures, when the system tolerates their long term existence. 
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The Task / Environmental Conditions identified at the time of the incident are listed below: 

• There was a lack of engineering sign off for the temporary construction breaks; 

(Design and adequacy of equipment section 1.6 Para 1 page 22) 

• The only guidance provided pre-manufacture was that the length of the temporary 

construction breaks should be less than the distance between the catenary wire and 

the contact wire; this requirement was not met; (Design and adequacy of equipment 

section 1.6 Para 3 page 22) 

• There was reliance on undocumented knowledge and lack of reliance on 

documentation; (Design and adequacy of equipment section 1.6 Para 3 page 22) 

• There was a misperception of the hazard created when the temporary construction 

breaks were introduced into and left on the system; (Design and adequacy of 

equipment section 1.6 Para 4 page 22 and 23) 

• Personnel responsible for the installation, use and removal of the temporary 

construction breaks failed to remove them from the system once they were no longer 

required; (Temporary construction breaks Para 5 page 18) 

• There are a number of key positions vacant within the Electrical Engineering Branch 

with the overhead area in particular short of senior personnel; (Organisational 

information 1.11 Para 1 - 5 page 26) 

• There are a number of senior engineering positions that have recently been created 

and remain vacant although it is acknowledged that an alternative interim strategy has 

been initiated. (Organisational information 1.11 Para 1 - 5 page 26) 

2.4. Organisational Factors 

Organisational Factors are the underlying organisational factors that produce the conditions 

that affect performance in the workplace. They may lie dormant or undetected for a long time 

within an organisation and only become apparent when they combine with other contributing 

factors that led to the incident. 

The Organisational Factors identified in this incident are listed below. A short description of 

what each organisational factor entails precedes a summary of issues (in no specific or 

weighted order) that were identified in relation to this incident. 
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Hardware (HW) 

• Temporary construction breaks (improvisation); and 

• Equipment not fit for purpose, clamps used were not designed to carry constant 25kV 

load. 

Training (TR) 

• A new training regime has been developed for technical and non-technical 

competencies for the Urban Electrical Section, and has been signed off by the 

Electrical Engineering Manager. The program officially commences from 26 

November 2012 although two members of the Overhead Maintenance Team ( 

commenced in the program in August 2012. 

• Training records held at Learning and Development and the Urban Electrical Section 

varied or were incomplete. For example assessments were undertaken by the 

Overhead EPO but a copy of the assessment documents were not held by L&D. 

• Training responsibilities are spread amongst a number of positions in the Electrical 

Engineering Branch; and 

• There is a gap between the newly developed training regime and the existing training 

and skills amongst the Overhead Maintenance Team; and 

• There was no formal training on the manner of manufacture of temporary construction 

breaks despite having a work instruction issued. 
( 

Organisation (OR) 

• There was a lack of Electrical Engineering resources at the depot when the Electrical 

Engineering Manager and the Senior Overhead Engineer were on work related travel 

on behalf of the PCL Project, without an adequate replacement for their skills being 

available. 

• There was no engineering authority for the construction and/or use of the temporary 

construction breaks; 

• The Electrical Engineering Manager was not aware of the extent of rework 

maintenance that was required; 

• Rework maintenance requirements impacted on the planning of preventative 

maintenance and isolations, and, 
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• Fatigue management practices are only aligned to the planned or "base" roster. 

Design (DE) 

• Inadequate or absent design criteria for the manufacture of temporary construction 

breaks; and 

• Temporary construction breaks did not function as expected in that there was 

insufficient contact between the catenary wire and the clamps (see Figure 4). 

Communication (CO) 

• Inadequate communications with regard to the removal of the temporary construction 

breaks once they were no longer required at that location; and 

• Work Instruction for higher quality temporary construction breaks in place at three 

locations in the City was communicated to the Overhead Maintenance Team via email 

but did not form part of the document control system. 

Procedures (PR) 

• There are a large number of outdated and /or unreviewed procedures in the Urban 

Electrical Section in some cases dating back to 2001; 

• No procedures were issued for the installation, use and removal of the specific 

temporary construction breaks that were constructed on this occasion; and 

• There was a lack of quality audits to test the health of the safety management system 

including maintenance processes. 

Organisational Learning (OL) 

In relation to the Mandurah Dewirement the following actions were proposed and remain 

relevant to this investigation: 

• Access control to incident sites - Update Emergency Management Manual (EMM) to 

include requirement for Transit Officers to provide access control at all incidents 

including gates on PTA access roads. The investigation team noted that the EMM was 

updated after the Mandurah dewirement; however these provisions were not actioned 

following this incident. 

• Evacuation of railcars - Review design of ladders for controlled evacuations of railcars; 

and 
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• Evacuation of railcars - Determine where ladders for controlled evacuations of railcars 

will be located and document in EMM. Operations Manager advises that the ladders 

are located at Joondalup, Mandurah, Kwinana, Perth and Gosnells. The Rollingstock 

Manager is investigating the installation of these ladders on all railcars. 

In relation to the Gosnells Dewirement the following action remains relevant. 

• In future, where any investigation is required the Electrical Engineering Manager is to 

catalogue and retain all evidence and not discard or reuse components that have been 

involved in the incident. This may delay the introduction of services, depending on the 

number of replacement components that are required. 

Management of Change (MC) 

• There was no application of Change Management protocols applied to the introduction 

of new equipment (temporary construction breaks) and lack of Change Management 

planning or process; and 

• Prior to implementing the temporary construction breaks there was a lack of 

stakeholder engagement outside of the Overhead Maintenance Teamand the 

Electrical Control Officers. 

Risk Management (RM) 

• Inadequate application of Risk Management processes; 

• Risk analysis was not conducted for the introduction of new equipment; and 

• Hazard identification did not comprehend installation, use and removal of the 

temporary construction breaks. 

Incompatible Goals (IC) 

• Relaxation of engineering protocols due to a lack of senior management personnel 

during the planning phase and ineffective due diligence of the work; 

• Perceived pressure from Transperth Train Operations to facilitate the running of trains 

over the Royal Show week and School holiday period and a requirement to shorten the 

extent of the isolation to enable train services to be optimised and replacement bus 

services to be minimised; 

• The mix of isolations and preventative and rework (follow up) maintenance is blurred at 

best with the number of required isolations increasing; and 
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• Lack of prioritisation of work programs leads to boundaries being pushed to ensure 

required work can be completed.(Ad hoc work patterns) 

Organisational Culture (OC) 

• "Can do" attitude prevalent amongst the Overhead Maintenance Team to the detriment 

of process; 

• All of the maintenance team members and the Electrical Control Officers were aware 

that the temporary construction breaks were being introduced into the system; 

• There are a number of vacant positions within the Overhead Maintenance Team 

leading to less than the required number of personnel being available for an increasing 

isolation and maintenance workload; and 

• There are a number of positions, including recently created positions, within the 

Electrical Engineering Branch that remain vacant despite significant attempts to fill the 

vacancies. As an interim arrangement, personnel have been placed into less 

substantive positions to ensure that there is some take up of the responsibilities of the 

new roles under the revised structure. 

Root Causes 

The root causes of the incident were: 

• The temporary construction breaks, which were used as a perceived satisfactory 

alternative to the fixed hardware manual isolation points generally used, introduced an 

inherent defect into the system; 

• The temporary construction breaks were not manufactured to a design or technical 

drawing and were not adequate for the task; and 

• The temporary construction breaks were manufactured and introduced into the system 

without authorisation from the Electrical Engineering Manager or his delegate, due to 

them being absent on project related travel. 

The immediate actions prior to the dewirement: 

• Down train service N6 - 4523W, railcars 208 and 209, 0738hrs from Stirling station 

contacted with the clamps on the temporary construction breaks on the down line 

between Warwick and Stirling station; 

• Two fault currents were generated and directed through the temporary construction 
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breaks situated on the up line, causing arcing between the clamps and the catenary 

wire; 

• Sufficient arcing damage was done to sections of the catenary wire on the up line, 

which then lead to failure of the catenary wire under tensile overload; and 

• The catenary wire then fell to a level where it was impacted by the approaching train, 

service 3558AS, causing entanglement with the pantograph, leading to the 

dewirement. 

Underlying Causes 

The underlying causes were: ( 

• "Can do" attitude prevalent amongst the Overhead Maintenance Team; 

• Shortage of human resources at both maintenance and engineering levels; 

• Increase in the number of isolations required on a nightly basis placing pressure on the 

already under resourced maintenance team; 

• Difficulty in achieving a balance between preventative and rework maintenance 

activities and isolation work; and 

• Incompatible goals and lack of prioritisation for the Overhead Maintenance team 

between running trains, providing maintenance activities and/or providing electrical 

isolations. 

( 
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3. FINDINGS 

a. There was no engineering authority to construct and use the temporary construction 

breaks. (RSA 6a)(Design and adequacy of equipment section 1.6 Para 1 page 22); 

b. Members of the Overhead Maintenance Team involved in designing and installing the 

temporary construction breaks were not aware of the impact of using the "G" clamp 

configuration. The clamps were not fit for purpose and were not designed to carry 

25kV load. (RSA 6b)(Design and adequacy of equipment Section 1.6 Para 6 page 23); 

c. The design and installation of the "G" clamps was not adequate in terms of ensuring 

the requisite metal to metal contact, or in terms of detecting arcing or other damage to 

the clamps, or the catenary wire. (RSA 6a)(Temporary construction breaks Para 5 

page 18); 

1 There was a work Instruction dated 9 November 2011 issued by the Senior Overhead 

Engineer which identified approved temporary construction earths in situ on the 

Fremantle line near the Milligan Street footbridge, the Perth Underground, and Perth 

City station platform 7, which was not widely known about and not followed. The Work 

Instruction was reviewed by the acting Overhead Superintendent prior to being issued 

and sent to the Urban Electrical Superintendent by email as part of the distribution of 

the instruction when it was completed. (RSA 6c)(Temporary construction breaks Para 

6 page 18); 

e. ^ c e d u r e - Traction Distribution System Operating Instructions - 8110-800-035 Rev 

2.03, 9 August, 2011, section 12 - Special Feeding Arrangements, states that 

temporary construction breaks may be used as a last resort, however permission is 

required from the Electrical Engineering Manager or Representative before special 

feeding arrangements can be initiated; such permission was not obtained. (RSA 

6b)(Design and adequacy of equipment Section 1.6 Para 4 page 22 and 23); 

f. There was a reliance on undocumented process and a lack of reliance on 

documentation when considering alternate feeding arrangements. (RSA 6b and 

6h)(Design and adequacy of equipment section 1.6 Para 4 page 22 and 23); 

g. Senior officers from the Electrical Engineering Branch who were responsible for 

approval of temporary construction breaks were away from the workplace (on work 

related travel on behalf of the PCL Project) prior to the dewirement occurring and 

during the isolation preplanning phase, leading to a relaxation of engineering protocols 
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and lack of due diligence in relation to the work. (RSA 6e)(Organisational information 

Section 1.11 Para 7 page 26); 

h. There are a number of vacancies in the engineering division under the Electrical 

Engineering Manager that are required to be filled as a matter of immediate priority. 

Some of these positions have been vacant for extended periods despite extensive 

recruitment efforts, although some success has been achieved with overseas 

recruitment in the last six months with four staff recruited from Europe in the last five 

months and three further staff to commence in the near future. The PTA has had to 

extend recruitment to Europe reflecting the very poor recruitment results that have 

been attainable locally. This personnel shortage has impacted on the Urban Electrical ( 

Section's capability and performance. (RSA 6d)(Organisational structure section 1.11 

Para 1 - 6 page 26) 

i. There was no Safety Plan developed for the work of isolating the power in support of 

the ADSS Project by members of the Overhead Team. (RSA 6f)(Review of plans for 

the isolation work 1.16 Para 2 page 32); 

j . There is a lack of quality audits taking place. (RSA 6g)(Routines for internal check and 

audits adequacy of results section 1.21 Para 1 and 2 page 40); 

k. Training within the Urban Electrical Section has been an ad hoc arrangement with 

responsibility for coordination falling to the position of Electrical Project Officer. Whilst 

this was recognised as deficient early in 2012, and alternative training arrangements 

were being developed with L&D, the improved training outcomes had not come to ( 

fruition. The new training plans are signed off they but have not yet been implemented 

in terms of transitioning the training from within the Urban Electrical Section, to 

centralised training through L&D. Training records held at the Depot and at Learning 

and Development were incomplete at best. Copies held by the EPO did not 

necessarily contain the same detail or documentation as those held at L&D. A decision 

has been taken to move to centrally coordinated records at L&D, and this is a work in 

progress. (RSA6i) (Overhead maintenance team training Para 1 - 8 page 28); 

I. The increasing numbers of electrical isolations being undertaken for contractors on the 

system, and the balance between undertaking preventative maintenance and rework 

maintenance is testing the limits of the maintenance teams. Coupled with the 

perception of pressure from TTO to minimise impacts to train operations, shortcuts are 

being taken and conventional isolation points overlooked. (RSA 6j and 6k)(Temporary 
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construction breaks Para 4 page 18)(Review of PTA Safety Plans for the isolation work 

section 1.16 Para 5 page 33) (Approved methodology for electrical isolations section 

1.17 Para 2 page 35); 

m. Safety risk is managed in the field by means of Job Safety Analyses amongst other 

initiatives. There are 39 JSA's identified in the Overhead documentation which were 

revised in 2009. (RSA 6k)(Adequacy and application of the overhead safety 

management system, section 1.19 pages 38 - 40) 

n. There was no risk evaluation of the temporary construction breaks to construction and 

use.(RSA 6k)( Design and adequacy of equipment section 1.6 Para 2 page 22); 
i 

o. Operational rosters for the Urban Electrical Section are not subject to fatigue 

management modelling. The FAID model is applied to the planned or "base" rosters 

but this is not carried through to the operational rosters, and (RSA 6l)(Overhead 

maintenance teams - fatigue, Para 1 - 4 page 30) 

p. There are no minutes taken or actions emanating from the "Closures Meeting" that is 

held to progress planned work from concept to inception. (RSA 6m)(Review of PTA 

safety plans for the isolation work section 1.16 Para 3 page 32) 

q. Members of the Electrical Engineering Branch including the Electrical Engineering 

Manager were instructed to quarantine all damaged components of the overhead 

equipment to enable the investigation team (including the Interfleet representatives) to 

review and analyse the damaged equipment in situ. Despite this the damaged 

catenary wire was cut up and removed from the site to the depot at Claisebrook. 

(RSA6p) (Previous dewirement events at the PTA, section 1.15 Para 2 page 32). 
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4. ACTIONS ALREADY UNDERTAKEN 

a. 10 October 2012 - Timeline was developed and distributed for 3 stage overhead 
inspection, vehicle patrol, pantograph run and thermography inspection. 

b. 12 October 2012 - Completion of vehicle patrol with no major issues identified. 

c. 17 October 12 - GM Network and Infrastructure directed purchase of Thermo graphic 
camera as a priority (Thermal imaging is used as a predictive maintenance tool to 
identify components of overhead traction wiring equipment that are overheating which 
can lead to potential hazards); Progression toward purchase of equipment, expected 
delivery prior to the end of December, 2012. 

d. 19 October 2012 - Joondalup pantograph run completed with 5 droppers requiring 
replacement or adjustment and 4 staggers on limits of upper measurements. All 
identified corrective actions have been completed. 

e. 24 October 2012 - Pantograph runs on Nowergup line completed, Fremantle line 
completed and 50% of Midland line completed. Electrical Engineering Manager 
advises thermo graphic runs will commence on 26/11/12 and take 9 days to complete. 
All inspections have now been completed and identified electrical overhead issues 
have been rectified. 

f. 24 October 2012 - GM Network and Infrastructure issued a direction that all isolations 
are to be conducted at designated isolation permanent isolation points and that there 
is a total ban on the use of temporary construction breaks until further notice. 

g. 26 October 2012 - Decision taken to engage Interfleet to undertake desk and field 
audit of overhead system. Interfleet proposal has been received and alternate 
providers are being considered. 

h. 30 October 2012 - Pantograph runs completed on the Armadale line on the 30 
October 2012, on the Mandurah line on the 2 November 2012, and on the Midland line 
on 5 November 2012 with only minor issues being noted. All identified electrical 
overhead issues have been rectified. 

i. 30 October 2012 - GM Network and Infrastructure advised his team to work with 
Interfleet to review the preventative maintenance regime and to include overhead 
equipment, in particular support vehicles. Interfleet have provided a separate proposal 
for this work which is under consideration. 

j . Safety and Strategy Directorate are working with Interfleet and other external providers 
to provide a benchmark comparison on training and competencies, and preventative 
maintenance practices, aligned to Queensland Rail, and a similar overhead system in 
the U K. 
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5. RECOMMENDED SAFETY ACTIONS 

k. It is noted that there has been an immediate ban on the use of temporary construction 

breaks until further notice, it is recommended that existing procedures that relate to the 

use of alternate feeding arrangements are reviewed in line with this decision and 

reinforced within the Electrical Engineering Branch. (Finding 5a and 5c); 

I. It is recommended that the Electrical Engineering Manager initiate a forum for the 

Urban Electrical Section and Overhead Maintenance Teams to clearly define where 

and when engineering protocols are to be observed and what level of authority is 

required when considering alternate work methods(finding 5b, 5e and 5f); 

m. It is recommended that all work instructions are introduced via the document control 

system and a clear audit trail developed to determine validated authorisation, issue to, 

and sign-off by the intended recipients. (Finding 5d) 

n. It is recommended that if suitable FTE's cannot be identified then contract personnel 

be engaged in the interim, to ensure that the required levels of skills, knowledge and 

expertise are incorporated into the group.(Finding 5h); 

o. It is further recommended that backfilling of all positions is considered before releasing 

senior engineering personnel from the workplace on leave or for other work related 

activities. (Finding 5g) 

p. The Electrical Engineering Manager is to reinforce with the Overhead Maintenance 

Teams that the requirement to submit a Safety Plan for any and all work in relation to 

the Overhead Traction Wiring Equipment is carried out in line with SIFTEA. (Finding 

5h); 

q. The Electrical Engineering Manager is to develop an inspection and audit regime for 

the Electrical Engineering Branch to ensure that there is a robust process in place to 

monitor compliance with the Safety Management System (Finding 5i); 

r. The documentation aligned to the Electrical Engineering Branch requires review as a 

matter of urgency. There are a number of documents that are outdated, incomplete or 

no longer relevant. It is recommended that an immediate review is conducted and 

when complete, the Electrical Engineering Branch, including the maintenance teams, 

are provided with ample opportunity to become familiar with the revised 

arrangements.(Finding 5f); 
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s. Responsibility for training coordination and record keeping of the Urban Electrical 

Section has been formally handed to L&D. It is recommended that L&D be provided 

with sufficient resources to fast track the RPL process and the implementation of the 

new training program to ensure that identified gaps are closed out. (Finding 5j); 

t. The Electrical Engineering Manager is to undertake a weekly review of the number of 

isolations and the extent of maintenance work scheduled, and determine priorities for 

the maintenance team, to ensure that they are able to achieve their core functions. 

(Finding 51); 

u. The Electrical Engineering Manager is to investigate the number of permanent 

isolation points currently aligned to the electrical overhead system and determine the 

need for and location of additional isolation points. (Finding 51) 

v. Risk Management protocols are to be implemented within the Electrical Engineering 

Branch as a matter of priority with facilitated workshops to ensure risks are adequately 

identified and controlled. (Finding 5m and 5n); 

w. Planned or "base" rosters are subject to FAID analysis but this has not yet flowed on to 

the make up of operational rosters. It is recommended that as a matter of priority 

operational rosters are validated through the FAID model prior to implementation, and 

(Finding 5o) 

x. The Closures Meeting is an important forum for discussion and coordination in terms 

of programming maintenance and other work on the corridor. It is recommended that 

action items are generated from the meetings and communicated to all stakeholders to 

ensure there is an auditable trail in terms of planning electrical maintenance and 

isolation work.(Finding 5p) 

y. It is recommended that a standing instruction be issued to all operating areas within 

the PTA directing that for all incidents rated at investigation level 1, 2 or 3, that there is 

a mandatory requirement for all damaged equipment and plant to be placed under 

quarantine until released by the Lead Investigator at the conclusion of the 

investigation. (Finding 5q) 
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Appendix 1 - damage to Railcar Unit 47 

Date: 5 October 2012 

The following repairs are required on Unit 47 as a direct result of the incident this railcar was 

involved in when the overhead line was brought down OnWednesday 03/10/12. 

"B" end Front: 

1. Windscreen Cracked. Requires replacement. 

2. Fibre Glass damage to top Left Hand corner of nose cone. Requires repair and polish. 

Right hand side External: 

1. Right hand side cab door Drop window cracked. Requires replacement. 

2. R4 Saloon window badly scratched. Requires replacement. 

3. R 1 & 2 Spandrel glass smashed. Requires replacement. 

4. Small dent in body between Right hand side cab door and R1 saloon door. 

Left hand side External 

1. Gutter missing from left hand side cab door, to be replaced. 

2. 2L1 saloon door and frame dented T o be straitened and repaired. 

3. L2 spandrel frame dented. To be repaired. 

4. Dent in body between L1 and L2 saloon door. 

Roof equipment 

1. 2A HVAC Removed to fit to R/C 16. Requires replacement 

2. 2B HVAC Removed to fit to R/C 16. Requires replacement. 

3. 2B HVAC Channel dented. Requires straightening. 

4. MCB written off. Requires replacement. 

5. Fuse link written off .Requires replacement. 

6. Pantograph written off .Requires replacement. 

7. Roof transformer chipped. Requires painting. 

8. High voltage cable rubber sleeve missing. Requires replacement. 
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9. Pantograph mounting insulator chipped. Requires replacement. 

10. 1B HVAC inspection panel damaged. Requires replacement. 

11. 1 A HVAC inspection panel damaged. HVAC requires replacement. 

"A" End Front 

1. "A" End roof antenna damaged. Requires replacement. 

2. "A" end top of nose cone badly scratched and slight fibre glass damage .Requires 

repair and polish. 
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Appendix 2 - Damage to railcar Unit 16 

Date: 5 October 2012 

The following repairs are required on Unit 16 as a direct result of the incident that this railcar 

was involved in when the overhead line was brought down on Wednesday 03/10/2012. 

B end Front 

1. Fibre Glass damage on the B end Left top corner of the nose cone. Requires repair 

and polish. 

Right hand side External: 

1. Small Dent in the stainless steel body situated above R4 saloon door. 

2. Small Dent in the stainless steel body situated above Right side Cab door B end. 

3. Small Dent in the stainless steel body situated above R1 saloon door. 

Left hand side External 

1. Gutter missing from Left hand side cab door, an end. Requires replacement. 

2. L2 saloon window smashed. To be replaced 

3. "Transperth" Decal to be replaced L1 spandrel. 

4. Dent in body between Left hand side cab door and L1 saloon door. 

5. Cutter above L1 saloon door damaged requires straitening. 

6. L7 saloon window frame dented and left with a sharp edge. Requires dressing up and 

sealing. 

7. Inter-car canoe "A" car Left hand side scratched. Requires buffing and polishing. 

8. L3 saloon door gutter missing. Requires replacing. 

9. L2 saloon window smashed. Requires replacing. 

10. Yellow Rubber step trim missing on L4 saloon door. Requires replacing. 

Roof equipment 

1. B HVAC damaged inspection panel and Fan grill damaged, Requires replacement 

2. 2B HVAC damaged inspection panel, requires replacement. 

3. 2 A HVAC Channel bent. Requires straightening 
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4. Pantograph written off, Requires replacement. 

5. Roof Transformer insulator fin chipped, Requires repainting to seal exposed area. 
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Appendix 3: Provisional list of replacement materials used for the recovery of the 

Overhead wire and components 

• 800 metres of Catenary wire; 

• 1600 metres of Contact wire; 

• 75 Catenary clips; 

• 100 Contact clips; 

• 50 Top insulators; 

• 50 Bottom insulators; 

• 400 x 19mm nuts, washers and spring washers; 

• 200 Spring coils; 

• 20 Copper PG clamps; 

• 25 Suspension clamps; 

• 15 Single and double Cleavis clamps; 

• 50 Snap Heads; 

• 150 Split pins; 

• 50 Swan neck snap heads; and 

• 25 Steady arms. 
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Appendix 4: Diagram of sequence of events 

07:40:06went to RED as 4523 passed it 
07:40:46went to yellow 
07:41:29wentto green 
07:42:32wenttoRED due to trackfault 

07:41:18 went to RED as 4523 passed ft 
07:43:10went to yellow 
07:43:45went to green 

07:44:54 Drfverasks if powercs lost 

07:45:50 Tra in Control confirms Trip 

07:40:35 wentto RED as 4523 passed it 
07:41:29 went to yellow 
07:42:43 wentto RED due to trackfault 

07:42:45went to RED as 4523 passed it 
07:43:45went to yellow 

Train No 3537 

619 

Train No.4523 

D14S « " = 

I 1 
l̂UUtUUlUllUUUUlLI 

sia Train No. 3558 

Mechanical 
isolators are 

located at 
Stirling 07:45:52went to RED due to tra ckfa ult 

O^^&SPJJ&XSXX 6 ^ 

7:51:573553 comes to astop near D112 

STG 304 
07:41:02 l«Tr ip 
07:42:28 Trip Closed 
07:42:34 2"aTrip 

STG 3 06 
07:4 i :541«Tr ip 
07:45:41 Closed 
07:45:462"" Trip 

\ 
Construction 

Break 07:44:20wentto RED as 3553 passed It 
07:45:22went toyellow 

Mechanical 
isolators are 

located at 
Warwick 

07:45:11wentto RED as 3558 passed it 
07:45:49trackfault maintained signal at RED WRK 303 

l 3 t Tr ip 07:45:48 
Trip was not closed. 

07:45:47 went to R ED due to tra ckfa ult 
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Appendix 5 - Electrical Engineering as at 3/10/2012 

N&t: ELECTRICAL ENGINEERING 
LEVELS 

ELECTRICAL ENGINEERING MANAGER 

N&l: URBAN ELECTRICAL OVERHEAD 
LEVEL 7 

30963 PRINCIPAL OVERHEAD ENGINEER 
VACANT 

N&l: ELECTRICAL ENGINEERING 
LEVEL2 S5% WITH 20% LOADING 

33026 STUDENT ENGINEER - ELECTRICAL 
VACANT 

N&l: ELECTRICAL ENGINEERING 
LEVEL 2 

ADMINISTRATION OFFICER 

N&l: ELECTRICAL ENGINEERING 
LEVEL 5 

30132 ELECTRICAL ENGINEER 

N&l: URBAN ELECTRICAL SERVICES 
LEVEL 5 

33480 ELECTRICAL SUPPORT ENGINEER 

N&l: URBAN ELECTRICALSERVICES 
LEVELS 

32035 PRINCIPAL ELECTRICAL SRVCS ENGNR 

N&l: URBAN ELECTRICALSERVICES 
LEVEL 5 

33128 ELECTRICALSUPERVISOR 

N&l: ELECTRICAL CONTROL URBAN 
LEVELS 

33430 ELECTRICAL PROIECT OFFICER 

N&l: ELECTRICAL ENGINEERING 
LEVEL 7 

PRINCIPAL TRACTION POWER ENGINEER 
VACANT 

N&l: URBAN ELECTRICAL OVERHEAD 
LEVEL 6 

33357 SENIOR OVERHEAD ENGINEER 

N&l: URBAN ELECTRICALSERVICES 
LEVEL 6 TRADES (LICENSED) 

31500 ELECTRICAL TECHNICIAN 

N&l: URBAN ELECTRICAL OVERHEAD 
LEVEL 6 

34454 OVERHEAD CATENARY SUPERINTENDENT 
VACANT 

N&l: URBAN ELECTRICALSERVICES 
LEVEL 6 TRADES (LICENSED) 

31502 ELECTRICALTECHNICIAN 

N&l: URBAN ELECTRICALSERVICES 

LEVELS TRADES (LICENSED) 

30157 ELECTRICALTECHNICIAN 

N&l: URBAN ELECTRICALSERVICES 
LEVEL 6 TRADES (LICENSED) 

31501 ELECTRICALTECHNICIAN 

N&l: ELECTRICAL CONTROL URBAN 
LEVEL 6 

32612 URBAN ELECTRICAL SUPERINTENDENT 

N&l: URBAN ELECTRICALSERVICES 
LEVEL 6 TRADES (LICENSED) 

33053 ELECTRICALTECHNICIAN 

N&l: URBAN ELECTRICAL SERVICES 

LEVEL 6 TRADES (LICENSED) 

30158 ELECTRICALTECHNICIAN 

N&l: ELECTRICAL CONTROL URBAN 
ELECTRICAL CONTROL OFFICER LVL4.1 
30140 ELECTRICAL CONTROL OFFICER 

N&I: ELECTRICAL CONTROL URBAN 

ELECTRICAL CONTROL OFFICER LVL4.1 

30402 ELECTRICAL CONTROL OFFICER 

N&l: ELECTRICAL CONTROL URBAN 
ELECTRICAL CONTROL OFFICER LVL4.1 
31796 ELECTRICAL CONTROL OFFICER 

N&l: ELECTRICALCONTROLURBAN 
ELECTRICAL CONTROLOFFICER LVL4.1 
31797 ELECTRICAL CONTROL OFFICER 

N&l: ELECTRICAL CONTROLURBAN 

ELECTRICAL CONTROL OFFICER LVL4.1 

32926 ELECTRICAL CONTROL OFFICER 
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Appendix 6 - Electrical Engineering as at 3/10/2012 

N&l: URBAN ELECTRICAL OVERHEAD 
5ENI0R CATENARY MAINTAINER LVL5 

30091 SENIOR CATENARY MAINTAINER 
VACANT 

N&l: URBAN ELECTRICAL OVERHEAD 
SENIOR CATENARY MAINTAINER LVLS 

30095 SENIOR CATENARY MAINTAINER 

N&l: URBAN ELECTRICAL OVERHEAD 
ADVANCED CATENARY MAINTAINER LVL6 

30081 ADVANCED CATENARY MAINTAINER 

N&l: URBAN ELECTRICAL OVERHEAD 
ADVANCED CATENARY MAINTAINER LVL6 

300B3 ADVANCED CATENARY MAINTAINER 

N&l: URBAN ELECTRICAL OVERHEAD 
NOMINATED CATENARY MAINTAINER LVL4 

33508 NOMINATED CATENARY MAINTAINER 

N&l: URBAN ELECTRICAL OVERHEAD 
NOMINATED CATENARY MAINTAINER LVL4 

33931 NOMINATED CATENARY MAINTAINER 

N&l: URBAN ELECTRICAL OVERHEAD 
ADVANCED CATENARY MAINTAINER LVLS 

34395 ADVANCED CATENARY MAINTAINER 

N&l: URBAN ELECTRICAL OVERHEAD 
LEVEL 6 

34454 OVERHEAD CATENARY SUPERINTENDENT 
VACANT 

N&l: URBAN ELECTRICAL OVERHEAD 
SENIOR CATENARY MAINTAINER LVL5 

30092 SENIOR CATENARY MAINTAINER 

N&l: URBAN ELECTRICAL OVERHEAD 
NOMINATED CATENARY MAINTAINER LVL4 

30096 NOMINATED CATENARY MAINTAINER 

N&l: URBAN ELECTRICAL OVERHEAD 
NOMINATED CATENARY MAINTAINER LVL4 

32244 NOMINATED CATENARY MAINTAINER 

N&l: URBAN ELECTRICAL OVERHEAD 
SENIOR CATENARY MAINTAINER LVL5 

30085 SENIOR CATENARY MAINTAINER 

N&l: URBAN ELECTRICAL OVERHEAD 
AUTHORISED CATENARY MAINTAINER LVL3 

33929 AUTHORISED CATENARY MAINTAINER 

N&l: URBAN ELECTRICAL OVERHEAD 
TRAINEE CATENARY MAINTAINER LVL1 

34286 TRAINEE CATENARY MAINTAINER 

X 
N&l: URBAN ELECTRICAL OVERHEAD 

SENIOR CATENARY MAINTAINER LVI5 
30093 SENIOR CATENARY MAINTAINER 

VACANT 

N&l: URBAN ELECTRICAL OVERHEAD 
ADVANCED CATENARY MAINTAINER LVL6 

30078 ADVANCED CATENARY MAI NTAINER 
VACANT 

N&l: URBAN ELECTRICAL OVERHEAD 
SENIOR CATENARY MAINTAINER LVL5 

30082 SENIOR CATENARY MAINTAINER 
VACANT 

N&l: URBAN ELECTRICAL OVERHEAD 
SENIOR CATENARY MAINTAINER LVL5 

30094 SENIOR CATENARY MAINTAINER 

N&l: URBAN ELECTRICAL OVERHEAD 
ADVANCED CATENARY MAINTAINER LVL6 

30079 ADVANCED CATENARY MAINTAINER 

N&l: URBAN ELECTRICAL OVERHEAD 
ADVANCED CATENARY MAINTAINER LVL6 

30083 ADVANCED CATENARY MAINTAINER 

N&l: URBAN ELECTRICAL OVERHEAD 
NOMINATED CATENARY MAINTAINER LVL4 

33007 NOMINATED CATENARY MAINTAINER 

N&l: URBAN ELECTRICAL OVERHEAD 
SENIOR CATENARY MAINTAINER LVLS 

30088 SENIOR CATENARY MAINTAINER 

N&l: URBAN ELECTRICAL OVERHEAD 
NOMINATED CATENARY MAINTAINER LVL4 

33930 NOMINATED CATENARY MAINTAINER 

N&l: URBAN ELECTRICAL OVERHEAD 
SENIOR CATENARY MAINTAINER LVL5 

30090 SENIOR CATENARY MAINTAINER 
VACANT 

X 
N&l: URBAN ELECTRICAL OVERHEAD 

TRAINEE CATENARY MAINTAINER LVL1 
34288 TRAINEE CATENARY MAINTAINER 

N&l: URBAN ELECTRICAL OVERHEAD 
TRAINEE CATENARY MAINTAINER LVL1 

34289 TRAINEE CATENARY MAINTAINER 
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39. Extracts from PTA's Alesco HR information system 
40. Extracts from Electrical Engineering section Job Description Forms 
41. Learning and Development review of overhead training and gap analysis document 
42. Metallurgist Report 
43. Witness statements 
44. Review of emails from GM Network and Infrastructure to Urban Electrical Section 
45. Review of emails from Corporate Manager Safety to Interfleet 
46. Electrical Overhead summary of training and competencies compiled by Electrical Project 

Officer 
47. Ellipse extract identifying rework maintenance 

Page 78 of 78 


