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1. Introduction

An explosion occurred in the reclaim tunnel of a minerals mine after 2 workers completed an
electrofusion welding task involving high-density polyethylene (HDPE) components at Cadia Valley
Shared Surface Infrastructure on 22 July 2024.

The workers had left the tunnel before the explosion and nobody was injured as a result of it.

2. The mine

Cadia Valley Shared Services Infrastructure is a crushing and ore processing operation within the
broader Cadia Valley gold mining operations. At the time of the incident the mine was operated by
Cadia Holdings Pty Ltd which is ultimately owned by Newmont Corporation.

3. The circumstances
3.1. The work task

The mine operator engaged a contractor to conduct repair work in the Concentrator No 2 scats
reclaim tunnel of the mine on 22 July 2024. Two workers employed by the contractor attended the
tunnel to extend the existing HDPE piping that connected to the underpans of a conveyor. The
existing HDPE pipe had been damaged when previously impacted by mobile plant. Part of the task
involved using an electrofusion process to weld HDPE coupling to the damaged HDPE pipe and
another prefabricated length of HDPE pipe.

Figure 1: Prefabricated section of pipe fitted to damaged section pipe by the electrofusion welding coupling before welding
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3.2. Electrofusion process

Electrofusion is the process of fusing, or welding together, HDPE plastic piping and specialised
fittings that incorporate electrical resistance heating wires embedded beneath or at the internal
surface of the fitting.

Figure 2: Electrofusion welding coupling used on the date of the incident

The process involves applying an electric current from an electrofusion welding unit for a defined
period (fusion time) to the wires. A barcode on the specialised fittings determines the necessary
voltage, amperage and welding time, which are automatically entered into the electrofusion welding
unit.

Figure 3: The electrofusion welder used in the welding process
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Heat generated in the wires raises the temperature of the surrounding HDPE material above the
melting point. The molten HDPE material then solidifies at either end of the heating zone (in cold
zones) creating a cavity within which the HDPE melt is constrained. The expanding HDPE material
creates pressure within the cavity so that fusion took place between the pipe and fitting interfaces.

Figure 4: The electrofusion process
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3.3. The decision to repair the pipe

The damaged edge was close to a T-joint (branch piece). There was not a sufficient distance
between the edge of the pipe and the T-joint to permit the pipe to be cut back to provide an
undamaged edge. Consideration was given to replacing the entire pipe assembly but it was
determined that repairing the pipe using an electrofusion coupling was a practicable solution.

Figure 5: Proximity of edge of damaged pipe to T-joint
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The damage to the existing pipe could not be remediated to provide an undamaged edge using
conventional methods such a rotational scraper. The workers cleaned the pipe end using abrasive
sanding pad affixed to a grinder and wiped it with paper towel. They placed paper towel into the
existing pipe to help stop a slow leak of water coming from further up the pipe. The workers had
also intended to apply sealant to any gaps that remained when the welding process was complete.

The workers were satisfied that the repair method would have sufficient integrity as the pipes were
part of a drain line that did not operate under high pressure.

3.4. The incident

The coupling and 2 pipe pieces were fitted together. The workers connected the electrodes of the
electrofusion unit to the coupling. They scanned the supplied barcode that was affixed to the
coupling. The barcode provided the product information the welding unit required to automatically
adjust the welding settings. The welding unit determined the required welding time to be 1040
seconds (17 minutes, 20 seconds).

When the welding process was complete, the workers disconnected the electrodes of the welding
unit. The welding unit was removed from the area by another worker. The workers left the tunnel to
obtain some silicone to cover any remaining gaps at which time there were no overt signs of
overheating. The workers did not smell or see smoke. When they returned to the tunnel entrance, 15
to 20 minutes later, they saw the tunnel was full of grey smoke. The workers immediately retreated
from the area and made an emergency call via the site radio.

While the emergency response was being mobilised, an explosion was seen and heard coming from
the end of the tunnel. The explosion caused some damage to equipment and infrastructure
immediately in front of the tunnel and scattered debris over a distance of 60 metres. There was
limited heat scorching and dust displacement along the tunnel conveyor and pipes running along
the ceiling of the tunnel.

The explosion was captured on CCTV.

Figure 6: CCTV of the explosion
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Figure 7: Heat damage to HDPE pipes on both sides of the welding coupling

Figure 8: Damage to pipes above and behind the coupling
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3.5. Workers exposed to risk

Although there were other workers in the reclaim stockpile area near were the incident occurred,
the only workers exposed to a risk to their health and safety were the 2 workers who undertook the
pipe repair.

3.5.1. Damage caused by fire and explosion

Apart from the damage shown in Figures 7 and 8, there was no significant damage caused by the
fire and explosion. The conveyor structure remained intact. Fire sprinklers had activated as a result
of the incident which may have resulted in some of the combustible materials being washed away.

4. Causes of the fire
4.1. Preparation of the pipes for welding

The pipes that were to be joined were not prepared for welding in accordance with the installation
manual for the coupling in that the:

e pipes were not dry during the welding process (as evidenced by the workers’ use of wipes to
stem the flow of water from the damaged pipe.)

o placement of the used wipes inside the damaged pipe provided a potential fuel source that had a
relatively low ignition temperature

e pipe and connector were not clamped into position to ensure that there was no movement during
the welding process

e end of the damaged pipe
— had an uneven peel (exterior surface);
— was not consistently round;
— was not rectangular (i.e. not square) and
— was not fully inserted (butted) into the connector.

The reason that the end of the damaged pipe could not be butted into the coupling was that the
coupling was flush against the vertical section of pipe rising up from the T-joint.

The workers were aware that the fixing method they used was unlikely to achieve an effective seal,
as evidenced by their decision to use sealant for any gaps.
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Figure 9: Position of coupling against the vertical riser of the T-piece

Coupling

4.2. Fire ignition

The inability of the workers to butt the damaged pipe inside the coupling resulted in some sections
of the coupling’s weld zones being unoccupied by pipe. Ordinarily, the heat produced by the
coupling transfers to the pipe being welded, thereby enabling fusion to occur. However, if there was
not a pipe inserted flush against the weld zone, the heat remained and built up within the connector.

The electrofusion welding unit did not have an overheat cut-off function so power continued to pass
to the connector causing it and the surrounding pipes to heat further. The heat caused parts of the
pipes and the connector to melt. As the end of the new pipe was uncapped, it permitted air to enter
through the heated area of the connector and pipes. The wipes inside the pipe had a lower
flashpoint (230 degrees Celsius) than the HDPE pipes (340 degrees Celsius) and, when combined
with the heat and air passing through the connector, may have contributed to the ignition that
occurred. Alternatively, the HDPE pipes themselves may have provided the fuel source for the
ignition.

As stated earlier in the report, the workers did not observe any signs of overheating when they left
the tunnel. The lack of initial smoke was more than likely attributed to the vertical piping leading to
the overhead bins (and ultimately the stockpile outside) acting as a chimney or flue.

The burning and melting of the HDPE pipes caused comprehensive damage to the pipes in the
vicinity of the connector.
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Figure 10: Heat and fire damage to HDPE pipes
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Figure 11: Bare wires exposed by the melting of the interior surface of the connector
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5. The explosion

The burning and melting of the pipes caused ethylene and other flammable hydrocarbons to be
released into the tunnel atmosphere. This created a sizable explosive atmosphere consisting of
decomposed hydrocarbon fragments in gaseous form in the tunnel. The heat caused by the fire
resulted in the gas cloud that was produced expanding rapidly (up to 5 times its original volume).
The gas cloud ignited because of the presence of heat and/or fire. The rapid expansion of the gas
cloud pushed a pressure wave of tens of cubic metres out of the tunnel. It was likely that the gas
produced by the fire was consumed in the explosion.

Post-incident testing determined that it was unlikely that the dust that existed in the tunnel
environment contributed to the explosion. The tunnel was naturally ventilated. However, it was
noted there was an area at the base of the tunnel where the ventilation was not as effective and may
have caused an accumulation of gases.

6. Foreseeability of risk

The investigation identified that, before the incident, very limited guidance material and industry
publications existed about the risk of fire and/or explosion resulting from incorrect application of
the welding process. The manufacturer of the pipes and connector produced an Electrofusion
fittings instruction manual that identified the risk. However, guidelines produced by an industry
representative body and the material safety data sheet (MSDS) that was produced for the pipes did
not.

The manual was not provided to the mine operator or the contractor. While some online information
published by the industry representative body identified the risk, there was no evidence that a key
document it produced identifying worst case scenarios associated with electrofusion was available
to the mine operator or contractor, or that they ought to have been aware of it.

/. Reasonably practicable controls

The investigation identified several measures that would have reduced the risk of a fire or explosion
occurring.

7.1. Replacing the existing HDPE piping

The investigation established it would have been practicable to replace all HDPE piping in the
reclaim tunnel. This would have negated the inability of the workers to establish a full connection at
the T-joint. Before the incident, the contractor put this proposal to the mine operator at the same
time as it proposed the work method that was adopted by the mine operator. The cost of replacing
the pipes was $21,493.59 whereas the repair method was $7,970.83.

7.2. Using a rotational scraping tool

Using a rotational scraping tool could have assisted the workers to better prepare the pipes.
However, the damage to the surface of the existing pipe, and the limited distance between the T-
joint and the damaged end of the pipe, made using a scraping tool more difficult.
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Figure 12: Pipe being prepared with rotational scraping tool (Credit: Coupling manufacturer)

7.3. Using a fire spotter

Posting a fire spotter at the work location after the task was completed may have resulted in the
ignition being identified earlier. This may have permitted a timelier intervention and reduced the risk
of an explosion occurring.

8. Recommendations:

Mine operators are reminded of their duty to identify hazards and manage risks to health and safety
in accordance with provisions of the Work Health and Safety Act 2011 and Work Health and Safety
(Mines and Petroleum Sites) Act 2013 and Regulations.

In particular, mine operators must:

1. undertake a detailed risk assessment to identify the hazards and controls required to
manage the risks to health and safety associated with the electrofusion welding process

2. develop and implement a system of work for electrofusion welding that ensures that work
will only commence when the following actions have been completed:

a. A task specific risk assessment.

b. Issuing a valid hot work permit.

c. Establishing and maintaining a fire watch throughout the welding and cooling process.
3. require personnel undertaking electrofusion welding tasks to ensure:

a. welding zones remain dry during the process

b. pipes are cut at right angles using a proper cutting tool

c. pipes are free from damage, scarring, deep gouges and flat spots in the fusion zone.

4. provide adequate information, instruction and training to workers about the safe completion
of electrofusion welding work.

O. Further information

Please refer to the following guidance materials:

e Industry Guidelines - Electrofusion Jointing of PE Pipe and Fittings for Pressure Applications -
Plastics Industry Pipe Association of Australia Limited

¢ Industry Guidelines - Gude to Electrofusion Assembly and Welding - Plastics Industry Pipe
Association of Australia Limited
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