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Abstract

Conducting effective incidentinvestigations forms a critical part of the actions taken
by organisations to enhance the safety of their employees and promote ongoing
learning. Comprehensive evidence collection and application of effective analysis
tools is integral to developing recommendations thatwill reduce the likelihood of
repeat incidents. Although there is guidance around how to identify and effectively
collect evidence, there is limited direction around the identification and application of
appropriate analytical tools. This paper starts to address this gap. Whilstthere is a
number of commercial analytical tools available to investigators there is also a range
of readily accessible analytical methods that can form an effective part of an
investigators tool kit.

Introduction

This paper will explore a number of publicly available analytical tools that
investigators can use to examine an incident. It will provide guidance on how to
apply the most appropriate tool or tools, explore whatthey can or cannottell us, and
consider their strengths and limitations. The Upper Big Branch Underground Mine
Explosion has been sued as a case study to show how to use these tools. The
primary resource for this work is the Mine Safety and Health Administration
investigation report. Please note, the paper does not re-investigate the incident, nor
focus on the conclusions and recommendations generated by the original reports.

Upper Big Branch —Underground Mine Explosion

The Upper Big Branch Underground Mine Explosion occurred on the 5™ April 2010.
A comparatively small methane explosion occurred in the presence of float coal dust
and coal dust generating a massive explosion that killed 29 underground miners and
injured two. The investigation determined thatthe original ignition started at the
longwall 21 shearer, travelled to the goaf of longwall 21 where additional methane
had accumulated and generated a methane explosion. This explosion occurred in
the presence of float coal dust and coal dust that then generated the massive
explosion. More than 20 rescue teams worked to locate and rescue the miners and
it was not until the 9" of April that all miners were found. It took several attempts to
retrieve the dead miners, the last being returned to the surface on the 13t of April. It



was approximately 24 hours after the incidentthatthe correct number of missing
miners was determined.

Upper Big Branch Mine consisted of 4 active areas: the 21 longwall, headgate 22,
tailgate 22 and the barrier section (room and pillar). The largest section of the mine
had previously been mined and sealed off. Figure 1 displays the location in the mine
where the incidentbegan and where the explosion forces travelled.

The MSHA investigation identified several mine site activities that contributed to the
incident. The predominantactivities are included only. These were activities that
promoted and enforced a production over safety culture. Miners reported being
intimidated by managementto not raise or address safety concerns or their jobs
would be jeopardised. The approved ventilation plan for preventing unsafe levels of
methane (and other dangerous gasses) and provide breathable air was not complied
with. Ventilation practices led to erratic changes in air flow volumes and airflow
direction. The approved roof control plan was not complied with. Installation of
supplemental roof supports was not undertaken leading to a roof fall in an airway
limiting air airflow. Furthermore the investigation determined that significantamounts
of float coal dust, coal dust and loose coal were permitted to accumulate in the mine.
Finally, there had been 3 previous gas related incidents — 1 non-fatal ignition /
explosion, and 2 gas inflow incidents.
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Figure 1. Map showing (West Virginia Office of Miners’ Health Safety & Training
(2012). Report of Investigation into the Mine Explosion at the Upper Big Branch Mine
April 5 2010; p.2).

The next section will use evidence and findings primarily from the MSHA
investigation report and apply several analytical tools. Please note there may be



differences in the examples provided in the paper and in the presentation due to
paper length limits.

Application of Analytical Tools

The Upper Big Branch Mine explosion was used as the case study because the
investigation conducted was extensive, large amounts of evidence was collected and
analysed, and the report was publicly available. Based on my review of the MSHA
report | identified fourtools that once applied had the potential to expand our
understanding of the Upper Big Branch Mine explosion. The selected tools were the
sequence of events chart, events and conditions chart, bow tie analysis and
Accimap. The paper begins with the application of a sequence of events chart using
the information available in the investigation report. As the paper progresses the
tools increase in complexity. This reflects the increase in information that becomes
available as an investigation progresses, learnings generated from the previous
tools, and the complexity of the issues that require understanding during the
investigation.

Sequenceof events chart

Sequence of events charts are a practical place to start to understand an incident
and can begin shortly after commencing the investigation. They generate a detailed
timeline that captures the key pre-incidentevents, the incidentitself and extends to
post-incident events. Developing a sequence of events chart can start shortly after
the incident occurs. As the investigation proceeds it becomes more detailed as
evidence becomes available. It is useful foridentifying gaps or inconsistencies in the
evidence. Over time these gaps may resolve themselves. Where they don’tthe
investigator can source additional information. For example, the number of miners
underground atthe time of the incidentvaries across the first 24 hours after the
incident. It was not until the nextday that the number of missing miners was
determined. This provides valuable information about miner tracking activities and
whatfurtherenquiries the investigation team need to pursue. Another example is the
evacuation of underground miners after the incident. Two mining teams exited the
mine up to an hour after the incidentnot having been notified. This provides valuable
information about evacuation practices.

Sequence of events charts can be used to generate follow-up questions, identify
conflicting details in the timeline, and identify additional evidence thatneeds to be
collected. When applied thoroughly the sequence of events chart can communicate
to the reader key events that occurred during the incident. However, it does not
provide information on why the incidentoccurred. In order to understand the ‘why’,
other analysis tools are required. See Figure 2 for a worked sequence of events
chart.
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Figure 2: Proposed sequence of events chart for the Upper Big Branch Mine incident.



Events and conditionschart

Events and conditions charts were developed to enable investigators to focus on
why operators took the actions they did and why operators believed these actions
would resultin successful performance. Data is captured on the operators’ work
objectives, and the knowledge and information they had atthe time for making
decisions. Events and conditions charts firstly display the incidenttimeline from pre-
incidentand incident, through to post-incident. The decisions made by the operator
prior to their actions are captured. Finally, links between those decisions and the
knowledge the operator had at the time, their objectives, and where their focus was
at the time of the decision is portrayed. Investigators are then able to identify the
workplace and organisational factors thatinfluenced operators’ decisions. Figure 3
shows an events and conditions chartfor the Upper Big Branch Incident.

When appliedto the Upper Big Branch case study the investigator can explore why
events occurred. For example, why the methane ignition occurred? One pathway
explores why gas monitors did notdetect a methane concentration between 5 and
15%. Handheld gas monitors were not used as required by miners, and the airflow
around the shearer directed air under the gas monitor notover it. Another pathway
focuses on why gas monitoring at the tailgate did notdetect a potential pool of
methane. Gas monitoring was not being done at the tailgate as access had been
restricted due to roof falls. Events and conditions charts can be usedto look beyond
the errors operators made during an incidentand to identify what factors influenced
their decisions. By identifying the links or relationships between relevantevents and
conditions, investigators are able to identify the workplace and organisational factors
that impacted operator decisions. In addition, where a sequence of events chart has
been generated it can be useful to compare the two and identify any differences.
Discussion can then occurto determine why such differences exit. Whilstevents and
conditions charts identify the actions people performed and why those actions were
believed to meet task objectives, it does not specifically focus on other controls that
were, or were expected to be, in place at the time.

Bow Tie Analysis

Bow tie analyses are used for identifying and reviewing controls that are designed to
prevent and mitigate the causes and consequences of an unwanted event.
Traditionally used for risk management, investigators that use the bow tie tool for
incidentinvestigation, can capture the controls that were intended to prevent each
specific cause from generating the unwanted event. They can also capture the
controls the organisation had in place to prevent each of the actual outcomes or
consequences. In thisincidentthere were five outcomes. One of which has been
explored, ‘employee injury and/ or fatality’. Figure 4 shows the bow tie analysis
appliedto the Upper Big Branch Incident.



Decision to

April 4, Bpm
Pre-shift
examinations
begin

commence
LW 21 Mine closed
operations over Easter  ——
several years long weekend
earlier than
planned
Inexperienced
examiner does
not check LW
face

Examiners
nat
provided
hazard
recognition
training

April 4, 11pm
Maintenance
Crew prepare
mine for
resumption of
mining

7 water sprays Water sprays operated
remaved and and bits not with worn
not replace > examined bits and
[water pressure before work missing
to O psi) commenced water
sprays
Shearer
drill bits
create
friction
with rock
CHa flows Handheld gas cHa
under shearer o .
Floor feeder o and LW z3s o | maonitoring does concentrati
released CH4 ] monitfr *| mnot detect CH4 on btwn 5
resence
undetected P &15%
April 5,~6am April 5, 3pm i%ILSE::;T
Day shift April 5,11am- April 5, 2:30pm Shearer shut cuts ugater 2 April 5, ~3pm
COMMENCEs 1:30pm LW down by TG R CH4 ignition
waork on LW21, ! LW not » recommences > remate. Then » 'Ell.ls;onr;ects » and explosion
HG22, TG22 and operating work AFC shut down 1EN vo t?ge
Barrier section at LW face powerta
shearer
Roof support
plan not A Gas
irflow i
orth) — 2 raws caved jinbyof  |— throughnext ——| accumulated at ot done"l
~ of posts ar face inby crosscut (T- TG
install 28 cgble /| | | T split) [water and
bolts down TG roof support)

entry)

Mining process

generates coal

dust and float
coal dust

Figure 3: Proposed events and conditions chartfor the Upper Big Branch Mine incident
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When applied to the Upper Big Branch incidentthe investigator can focus on what
controls were in place to prevent explosive methane levels presenting with an
ignition source. If we focus on the cause ‘ignition source’, there are three controls to
prevent it from meeting explosive methane levels. If we focus further on the control
‘water sprays on shearer drum...’, the investigator can determine how effective the
control was. In thisincidentseven sprays had been removed from the drumand
water pressure had been reducedto O psi.

Once the controls an organisation expects to have in place at the time of the incident
are identified, the investigator can focus on assessing how effectively they
performed. They can then determine what factors impacted each controls’
performance. Where organisations have previously conducted bow tie analyses as
part of theirrisk managementactivities for that unwanted event, it can be used to
determine whether the expected controls were implemented, available and effective
(both as controls and their ongoing maintenance). Investigators are then able to
determine whether gaps existed in the controls. They can then use thisinformation
to develop recommendations to prevent similarincidentsin the future. When there is
a secondary event, as was the case with the Upper Big Branch incident, a second
bow tie is necessary to explore its specific preventative and mitigation controls as it
cannotbe undertaken in the same analysis. Limitations exist with the bow tie tool as
it doesn’t handle complexinter-relationships between causes, therefore, the
investigator will need to undertake further analysis.

Accimap

Jens Rasmussen firstdeveloped Accimap to graphically map the events and
decisions that occurred across all sociotechnical levels of an organisation that
contributed towards an incident. The strength of this tool is that it recognises that
organisations do not function in avacuum and are influenced by the decisions made
by external bodies such as governments and regulators. Accimap also clearly
displays the inter-relationships between each of the levels. For system safety to be
achieved, decisions at the higherlevels of an organisation need to transfer down the
hierarchy and be reflected in the decisions and actions that occur at lower levelsin
the organisation. Conversely, critical information about how the system is functioning
needsto transfer up the hierarchyto inform decisions and actions thatoccur at the
higherlevels of the organisation. The Accimap graphically displays the decisions and
actions that contributed to the incidentacross all sociotechnical levels. It displays
how these actions and decisions either influenced and/or were influenced by
activities across the other levels. This enables investigators to identify where these
inter-relationships are and promotes greater understanding of theirinfluence on
system safety. Figure 5 shows the worked Accimap. Please note for this article only
the preventative risk controls for the methane ignition have been included. The risk
control for the second incident, float coal and coal dust explosion, have notbeen
included to simplify the figure.
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Figure 4: Bow tie analysis forthe Upper Big Branch Mine incident
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When applied to the Upper Big Branch incident, the Accimap identifies several
important decisions/ actions that have an influence across several levels of the
organisation. For example, ‘senior management’'s commitment to production over
safety’. This decision impacts the implementation and ongoing effectiveness of
several risk controls, develops a work place where bullying and intimidation are
routine and impacts the activities that are undertaken to ensure safety, and finally
has an impact on the decisions and actions made by the miners.

The levels for analysis are also intended to be flexible. For example, the original
framework did not include a layer for risk controls however | have included here. The
inclusion of the risk control level enables the investigator to identify where in the
organisation the decisions and actions have (or have not) been made that identify
the need for each control and generation of resources for procurement. This is also
where the power is to ensure control implementation and ongoing maintenance, as
well as assessments to ensure controls are working as intended and continue to
prevent/ mitigate unwanted events over time. To effectively undertake an Accimap,
significanttime is required. It is also best undertaken within ateam so discussions
between members can generate deeper understanding of the incident.

Discussion

This paper has introduced a number of analytical tools that can be usedto
supplementexisting incidentinvestigation processes. They are designed to assist
the investigator to better understand the incidentand identify areas where additional
evidence requires collection. Sequence of events provide a graphic way of
communicating to others what happened in an incident. Events and conditions charts
extend this knowledge to include insightinto why the actions of operators were
performed. Bow ties can focus the investigator on the controls designed to prevent
and mitigate the consequences of an unwanted event. Finally, the Accimap identifies
the decisions and actions that contributed to the incidentacross all levels of the
organisation. It can also be used to focus on the decisions that influenced the
implementation and ongoing effectiveness of risk controls designed to prevent
incidents. There is no rightor wrong tool as such. Some tools will provide more
useful outputthan others and this is influenced largely by the nature of the incident.
Each can provide a different perspective on the incidentand assistthe investigator
understand the incidentand therefore guide the development of recommendations.
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Figure 5: Accimap for the Upper Big Branch Incident

NB: The blue filled boxes identify someofthe events and conditions for the float coal dust and coal dust explosion event. These were included to enhance understanding.




